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What We Like:

Essentially perfect optics

“Immersive” observing experience

What We Don't Like:

Trying to nail down why the observing

experience is so pleasurable.

—Dennis di Cicco, Sky & Telescope
June 2011

Delos-Where ifs |st /2° with 20mm Eye-elief.

VWelcome to Eyepiece Paradisel

Delos is a beavutiful Greek island and mythical birthplace of Apollo, god of light. More importantly,
the name recognizes Paul Dellechiaie, principal designer of both the Delos and Ethos eyepieces.

The 6mm and 10mm Delos are the first avail-
able from our new line of midto-short focal
length eyepieces, all with 72° apparent fields

of view and 20mm
eye-elief. The Delos
was conceived as a
narrower field Ethos,
where every optical,
mechanical, and er-
gonomic aspectwas
designed fo achieve

reference-standard

Delos’s large eyelens
provides great viewing
comfort.

performance for any
visual application.

7TeIeVue®

Visionary

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

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

eyepiece body are handy reference guides
for setting the perfect position.

Both models are parfocal with Tele Vue
14" eyepieces and threaded for 174" filters.

Try a Delos. Itwill be “love at first light!"

32 Elkay Drive, Chester, New York 10918 845.469.4551 www.TeleVue.com
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ST-i mosaic image of the moon taken with a TeleVue NP101

/ ST-i shown actual size
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The New ST-i Planet Camera ' 'Y Only $595! Includes:

and Autoguider from SBIG .. TheSky v.5, CCDSoftVs,
\ /-~ CCDOPS with PlanetMaster

* High Performance in a Small Package: 1.25" Diameter, 3.5" Long
» Low Noise, High Sensitivity CCD with 16-bit A/D
* Built-in Mechanical Shutter for Automatic Dark Frames
* USB 2.0 Powered, Up to 20 frames per second
_ * Opto-isolated, ST-4 Compatible Autoguider Port
‘ ' ity S = * Includes Custom Carrying Case, Software, USB and Tracking Cables

Unguided image Autoguided image * Available in Mono or Color

Incredible performance at an incredible price! SBIG

5 L
Santa Barbara Instrument Group, a Division of Aplegen, Inc., 147-A Castilian Drive, Santa Barbara, CA 93117 A&gﬁ%ﬁgﬁ;gﬁs
Tel: (805) 571-7244 Fax: (805) 571-1147 Home page: http://www.sbig.com E-mail: sbig@sbig.com




August 2011

VOL. 122, NO. 2

SKY

& TELESCOPE

A CENTURY OF EXOPLANET ILLUSIONS

On the cover:
Artist Don Davis
depicts a very
large asteroid

THIS MONTH'’S SKY ALSO IN THIS ISSUE

slamming into 40 Northern Hemisphere’'s Sky 6 Spectrum
Earth about 600 By Fred Schaaf By Robert Naeye
million years
after the planet 43 August’s Sky at a Glance 8 Letters
formed.
45 Binocular Highlight 10 50 & 25 Years Ago
FEATURES By Gary Seronik By Roger W. Sinnott
20 Pummeling the Planets 46  Planetary Almanac 12 News Notes
Scientists are debating whether the ) .
2l entire solar system suffered a 48 Sun, Moon, and Planets 18 Cosmic Relief
barrage of impacts long after the By Fred Schaaf By David Grinspoon
planets formed. .
By Emily Lakdawalla 50 Exploring the Moon 64 Telescope Workshop
By Charles A. Wood By Gary Seronik
28 The Exoplanets lestial Calend p |
that Weren't 53 Celestial Calendar 76  Gallery
. . . By Alan MacRobert
Misadventures in planet discovery .
. 86 Focal Point
have continued from 1855 through ,
: 58 Deep-Sky Wonders By Walt McLaughlin
the present time. By Sue French
By Brandon Tingley Y oue Frenc
62 Going Deep N

34 NEAF Turns 20 . @ Visit SkyandTelescope.com

By Ken Hewitt-White J

68

72

The annual Northeast Astronomy
Forum has something for every

amateur regardless of experience.
By Dennis di Cicco & Sean Walker

Spectroscopy

for Everyone

With inexpensive equipment, you
can easily reveal the spectral
signatures of everything from
nearby planets to distant quasars.
By Tom Field

Trading Techniques
Attending an astrophotography
meeting can boost your imaging
skills.

By Sean Walker
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4 It took Caroline 14-years
- to become a SkyProdigy.

.

On November 7, 2008 at
age 14, amateur astronomer
Caroline Moore became the
youngest person to discover
a supernova.

\
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4 s \ Explore the Universe at the touch of a button
. with your personal SkyProdigy. DISCOVER SKYPRODIGY
= Celestron’s revolutionary StarSense Technology makes our new computerized ST ) IO STES A (O T
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:p;,. SkyProdigy the smartest — and easiest - telescope in the Universe. Simply wiww.celestron/prodigy.com
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::: will be exploring the night sky. SkyProdigy’s Sky Tour option will even YOUR ADVENTURE STARTS HERE
%e0 identify and locate the best sights for you to see for your exact time, www.CELESTRON.com
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Robert Naeye

Spectrum
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AsS TECHNOLOGY rapidly changes, S&T is developing new ways to serve
its readers. Recently we put out our SkyWeek app, which is free to users of
both Apple and Droid mobile devices. We now offer digital subscriptions
to S&T. Last year we introduced our S&T DVD archive, which has been so
successful that later this year we’ll be offering a DVD archive of The Sky and
The Telescope, the two magazines that merged in 1941 to form S&T. We’ll also
be releasing a DVD archive of Night Sky magazine.

As part of this broader effort, we're now producing videos for our website.
We have already filmed video profiles of associate editor Tony Flanders,
imaging editor Sean Walker, and yours truly. We have also recorded a video
tutorial in which senior editor Alan MacRobert explains how to use our center

W TRACK MEDIA
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90 SHER

MAN S

COMPANY
TREET

star chart (see page 45).

Jessica Kloss, who has an undergraduate
degree in astronomy from Princeton and a
graduate degree from Boston University in
science journalism, joined our staff in January as
an editorial intern. She took on our video projects
with considerable enthusiasm, and we’re very
pleased with the results. Jessica left us at the end
of April to take a full-time position at MIT.

Shweta Krishnan, another recent graduate of
Boston University’s science journalism program,
has stepped into Jessica’s role and will produce
videos through the summer. One of her projects
will be to help us create a video to celebrate S&T’s
70th anniversary. You can watch all of our videos
by visiting SkyandTelescope.com/videos.

If you haven’t done so already, check out
the interviews filmed at this April’s Northeast
Astronomy Forum. These videos, hosted by senior
editor Dennis di Cicco (see pages 35 and 70), allow
manufacturers to showcase their latest products
and services.

On a final note, I want to extend a fond fare-
well to Rick Corson, who left our staff in late April
to head his family’s insurance business. Rick was
S&T’s production director for many years, and
was later promoted to VP of production for all of
New Track Media’s publications. Rick was by far
and away the best athlete on our staff, so we’ll
definitely miss him on the softball field too.

Eﬂ&ﬂ‘/\/zzgjﬂ/

Editor in Chief
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THE MEADE® X200 ACF".

A SERIOUS TELESCOPE FOR
- THE SERIOUS AMATEUR

Meade’s LX200 is the most widely used advanced amateur telescope on Earth. And for good reason. It combines

the most sophisticated optical system available with rock-solid mechanical and electronic elements to

create the most versatile astronomical system available. With its unbelievable list of features and

capabilities — and the new Series 5000™ Auxiliary Equipment Mounting System — the advanced
amateur or researcher can load it up to perform almost any astronomical task with ease.

Every LX200 comes standard with:

Advanced Coma-Free™ Optics. ACF design produces a coma-free, flatter field of view with no
diffraction spikes that equals traditional Ritchey Chrétien systems at a fraction of the cost. Combine
this with Meade’s patented UHTC™ coatings that increase light transmission by 20% over standard
coatings, for the sharpest, brightest images you can get.

Primary Mirror Lock. Eliminates focus and mirror shift during long exposures. Like all of the
features on this list, a Meade exclusive.

Smart Mount™ And Smart Drive™. The LX200 constantly refines pointing accuracy
\ each time an object is centered and provides Permanent Periodic Error Correction on both axes
over the course of one or more training periods. Works in both alt-az and equatorial modes.

Solid Fork Mount With Heavy Duty 5.75" Gears. Large, high-quality worm-
gear drives in both axes provide smooth movements with low periodic error that are
critical for long exposure astrophotography. Providing the freedom to go horizon to
horizon without any meridian flip, unlike German Equatorial Mounts.

Autostar Il Controller. Puts over 145,000 objects at your fingertips with the
fastest GoTo performance available (8° per second). Or you can control the system
from an external computer.

Rock-Solid Field Tripod. Depending on aperture, each LX200 comes with an
adjustable Standard Field Tripod, Giant Field Tripod or Super Giant Field Tripod for a
solid, research-grade foundation.

To customize your LX200, these optional accessories are also available:

NEW! Series 5000 Auxiliary Equipment Mounting System. Machined
aluminum dovetail plates, rings and counterweight systems (shown here with the
Series 5000 102mm ED APO refractor) designed specifically for the Meade LX series
of telescopes. They join seamlessly to create the ideal custom configuration. Available
for 8",10",12", 14" and 16" LX scopes.

Zero Image-Shift Microfocuser. Allows precise focus with no image movement
at four speeds with a press of a button. Perfect for long exposure astrophotography.

Heavy-Duty Ultra Wedge. For precise polar alignment in equatorial mode which
eliminates field rotation in long-exposure astrophotographs. Die-cast aluminum

Lx2 00 AcF construction and no-tool knobs for quick and sturdy set up.
-
\ I . h .

£/10 Advanced Coma-Free * 8". 10", 12" 14" and 16" \ Vibration Isolation Pads. Highly desirable for sensitive imaging

- applications, these pads reduce typical vibration damping times to less
Starting at $2,499

than one second.
Because the LX200-ACF is reliable, light weight, compact and

easy to use, it is the telescope of choice for thousands of
amateur astronomers around the world.

Shown with optional equipment. ] .
For more information about the

LX200-ACF line of telescopes, or to
shop online, go to meade.com.

Telescopes.com Woodland Hills OPTYEIERHL: s Astronomics
800.303.5873 888.427.8766 (0[0) 483.628 800.422.7876

Optics Planet Scope City ~ Canada ¢ “€ljly pes
800.504.5897 800.235.3344 800.581 Nl

@ MEADE INSTRUVMENTS

Innovative products for curious minds

‘ since 1972
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The Amazing Race
Thanks to Trudy E. Bell and all of you at
Sky & Telescope for the excellent article
in your June issue (“The Great Telescope
Race,” page 28). By coincidence, I just fin-
ished reading Stargazer: The Life and Times
of the Telescope by Fred Watson (reviewed in
S&T: November 2005, page 96). For those
who might like to put Bell’s article in fur-
ther historical perspective, Watson’s book is
a fine read!

Dave Talbott

Dennis, Massachusetts

“The Great Telescope Race” described
so well by Trudy Bell may have reached
farther afield than even she realized.

A fairly large refractor on a Warner &
Swasey mount in the observatory at the
American University of Beirut is clearly
unused and in a poor state of repair. The
observatory building itself has now been
converted into an office building. In 1980,
when I first saw it, most of the controls on
the refractor were frozen, but I was able to
lower it and climb up on the movable stair
used for viewing and look at the objec-
tive. It was 12 inches across, and at the
edge there was an inscription: “Brashear
Pittsburgh 1896.” I was told it had been
used for serious research at one time, but I
don’t know any details.

I happened to be in Beirut again in
2001. I took another look at the scope then
and discovered that the 12-inch objec-
tive had been removed. Nobody admitted
knowing when or how the objective was
taken. Why someone would take it is also

On the Web

S&T Weekly Newsletter
& AstroAlerts:

SkyandTelescope.com/newsletters

n | ]

Find us on
Facebook & Twitter
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a mystery, although it might have been to
protect it from damage. Whoever has it is
not talking.

Elmon Coe

Owensboro, Kentucky

I really enjoyed the latest article in S&T
about the history of telescopes in the U.S.,
and I especially enjoyed the “reason” for
all the telescopes. Although there were
lots of great telescopes and a long list of
people who would fund them, there weren’t
enough qualified people to use them.

The civic pride that drove the creation
of new telescopes seems to have trumped
the scientific need. This was later repeated
in the U.S./Soviet space race, so maybe
NASA needs to stoke that “button” of the
American people! Several people in the
Warren Astronomical Society remarked
how much they enjoyed that article, espe-
cially Ken Bertin, our resident astronomi-
cal history buff. Rather than just a bunch
of facts listing the makers of telescopes,
dates, etc., the article supplied lots of cool
information that raised it way above stan-
dard history articles.

Bob Berta
Macomb Township, Michigan

Reacting to NASA’s Conservatism
Thanks to Daniel N. Baker for raising
concerns about an increasingly conserva-
tive NASA (“Paralyzing Effects at NASA,”
June issue, page 86). Given the cost-saving
fever in Congress, it’s understandable
that NASA would want to avoid failure in
future robotic missions.

Tips for Beginners:
SkyandTelescope.com/gettingstarted

Podcasts for Outdoors at Night:
SkyandTelescope.com/podcasts

Almanac for Your Location:
SkyandTelescope.com/almanac

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.

NASA should learn from super-resilient
past missions such as Voyager. Use double
probes wherever possible and retain cre-
ative engineers at the home base. Also, get
the word out, in terms the average person
can understand. Be creative in the spirit
of the late Carl Sagan, who could make
the most basic mission seem like another
episode of Star Trek. Then NASA can con-
tinue to be a national treasure!

Earl Finkler
Medford, Wisconsin

Memories of Leif

On behalf of the SuperNova Early Warn-
ing System collaboration of neutrino
experimenters, we would like to extend
condolences for the loss of your former
editor Leif J. Robinson.

We met Leif when he attended our
first workshop in Boston in 1998. He later
helped to explain our network of neutrino
detectors with a lively 1999 article in S&T.
This great communicator will be missed,
and he will be in our thoughts when the
next nearby stellar core collapses!

Kate Scholberg

Durham, North Carolina
Alec T. Habig

Duluth, Minnesota

Liver Tastes Yummy
“Oh Boy, An F Grade Kills Me,” or “Oh
Boy, A Fine Girl Kissed Me,” are both
classic mnemonic devices to help learn
the classification of stars, from hottest to
coolest. But with the addition of L, T, and
Y stars, a new mnemonic device is needed
(“Balmy Brown Dwarfs: Spectral Type
Y?” June issue, page 12). My suggestion:
“Onions, Bacon, And Fried Green Kale
Make Liver Taste Yummy.”

David Schuliz

St. Paul, Minnesota
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“° ‘= Check out the'-new
Ascente A29050

halll 29-megapixel camera
at www.ccd.com!
NGC 2023  Image Courtesy Ken Crawford. Alta U9000 camera, RCOS 20” Truss, Paramount ME, Astrodon filters.

Great Image! The Rest of the Story:

For more than 15 years we’ve been refining our designs to meet the increasing needs of our most demanding customers. From
the beginning, we’ve offered professional shutters from Vincent and Melles Griot and coated fused silica windows. Along the
way, we’ve added deeper cooling to 75C below ambient, knife edge baffles, IR pre-flash, and high precision filter wheels
unequaled in astronomy. With our lifetime guarantee on the inner chamber seal and two year parts and labor warranty, you can
feel confident that you’re buying a time-tested platform from a company that stands behind their products. And with expert
advice on your whole system from our Tim Puckett, you’ll be certain that you’re getting the best system for your needs.

151 N. Sunrise, Ste 902

W A ogee , Roseville CA 95661
F Tel: 916-218-7450

IMAGING SYSTEMS | Fax: 916-218-7451

www.ccd.com

©2011 Apogee Imaging Systems Inc.(formerly Apogee Instruments Inc.) Alta and Ascent are registered trademarks of Apogee Imaging Systems Inc.




Woodland Hills

Telescopes

/ ISiL AR,
A 555IEM ] D

Exclusive Lunt Stocking Dealer
60mm Ha Telescope with Doubles-Stacked External
Etalon System and B600 with Pressure Tuner $2,242

MEADE

LX200 ACF GPS
In Stock!

CORCNADO

Rich View SolarMax II
In Stock!

CELESTRON

CGE Pro 1400 HD
In Stock!

EXPL E

Introducing

the 6"Apo by

Explore Scientific

Taking orders now at $5995.00

WWW.TELESCOPES.NET

5348 Topanga Canyon Blvd.
Woodland Hills, CA 91364

Mon-Sat: 9am-6pm (PST)
Toll Free: (888) 427-8766
Local:(818) 347-2270
Fax:(818) 992-4486
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BLAST Findings

I've always had a thing for very-high-
altitude, balloon-borne telescopes with
highly specialized instruments aboard.
That is why I thoroughly enjoyed the
article “Having a BLAST in Antarctica,”
by Mark Devlin and Mark Halpern (June
issue, page 20).

It was gratifying to finally have an
answer to the question whether the com-
bined infrared/submillimeter background
detected by the Cosmic Background
Explorer (COBE) satellite comes from
gas in the early universe or many indi-
vidual galaxies. I had always leaned more
towards Ultraluminous Infrared Galax-
ies (ULIRGs) with high star-formation
activity but didn’t really know until now.
So you can imagine how pleased I was
when I saw the images of distant galaxies
taken at 500 microns, 350 microns, and

250 microns showing conclusively that
starburst galaxies (ULIRGs) accounted for
the energy COBE detected but was unable
to resolve. It was also good to find out that
one of the detectors aboard ESA’s Her-
schel Space Observatory confirmed the
findings of BLAST.

Although it was sad to read about the
unfortunate demise of BLAST, it was
encouraging to read that Mark Devlin
and Mark Halpern were able to retrieve
the detectors aboard BLAST and went
on to build BLAST-pol — almost like
the Phoenix rising from its own ashes.

It should be interesting to find out with
BLAST-pol’s polarizing grids if magnetic
fields are the reason why young stars
support themselves against gravity longer
than previous models had predicted.

Eric F. Diaz

Indianapolis, Indiana

SRR (FIEWIGIV  Roger W. Sinnott

August 1961
Visual Observing of Double Stars “A century
ago, nearly all observational astronomy was
visual, but today few professional astronomers
look through their telescopes except while
guiding. . .. Yet in one field of astronomy —
the observation of close double stars — visual
work is still supreme.

“The eye has two important merits as a light
receptor: It perceives a star image very quickly,
and hence can react to fleeting moments of
good seeing; it is connected to an efficient
computer — the brain — which permits a rapid
analysis of results. These advantages make the
eye superior to photography in the observation
of double stars separated by less than about
two seconds of arc.”

Charles E. Worley
headed the U.S. Naval
Observatory’s double-
star program from 1961
until his death in 1997.
He personally made
40,000 visual measures
with large refractors,
then steered the pro-
gram’s switch to inter-
ferometric  techniques
in the mid-1990s.

August 1986

Smaller Milky Way?

“A combination of

new and old observ-
ing techniques has
revealed that the Milky
Way may be 25 percent
smaller than previ-
ously thought. . ..

“At a recent semi-
nar, Mark Reid of the
Harvard-Smithsonian
Center for Astrophysics . . . described how his
group used four radio telescopes spanning the
United States from California to Massachusetts to
observe the molecular cloud Sagittarius B2 North
at a wavelength of T centimeter [and obtained] a
distance to the galactic center of 23,000 + 4,000
light-years. This value is very much smaller than
the traditional 33,000 light-years found in most
astronomy textbooks and somewhat less than
the official distance of about 28,000 light-years
sanctioned by the International Astronomical
Union in 1985.”

While no doubt on the low side, this value was
certainly a move in the right direction. More recent
studies by Reid and others, using a variety of tech-
niques, put the galactic center at about 26,000
light-years.

Sky &
[elescape.
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Get a Grip on Calculus

Calculus has made it possible to build bridges that span miles of river, to
travel to the moon, and to predict patterns of population change. Yet for
all its computational power, calculus is the exploration of just two ideas—
the derivative and the integral—both of which arise from a commonsense
analysis of motion. Master them and open a new world for yourself!

So why didn’t you grasp calculus the first time? In school, many of

us didn’t continue with mathematics, and so this great achievement
remains a closed door. And for those of us who did, award-winning
Professor Michael Starbird—coauthor of the acclaimed math book for
nonmathematicians, 7he Heart of Mathematics: An invitation to effective
thinking—can correct the clumsy classroom delivery that hid its beauty. In
Change and Motion: Calculus Made Clear, 2! Edition, the concepts
and insights at the heart of calculus take center stage.

Change and Motion:

Calculus Made
Clear, 2™ Edition

Taught by Professor Michael Starbird
THE UNIVERSITY OF TEXAS AT AUSTIN

LECTURE TITLES

1. Two Ideas, Vast Implications
2. Stop Sign Crime—The First Idea
of Calculus—The Derivative
3. Another Car, Another Crime—The
Second Idea of Calculus—The Integral
4. The Fundamental Theorem of Calculus
5. Visualizing the Derivative—Slopes
6. Derivatives the Easy Way—
Symbol Pushing
7. Abstracting the Derivative—Circles and Belts
8. Circles, Pyramids, Cones, and Spheres
9. Archimedes and the Tractrix
10. The Integral and the
Fundamental Theorem
11. Abstracting the Integral—Pyramids and Dams
12. Buffon's Needle or = from Breadsticks
13. Achilles, Tortoises, Limits, and Continuity
14. Calculators and Approximations
15. The Best of All Possible Worlds—Optimization
16. Economics and Architecture
17. Galileo, Newton, and Baseball
18. Getting off the Line—Motion in Space
19. Mountain Slopes and Tangent Planes
20. Several Variables—Volumes Galore
21. The Fundamental Theorem Extended
22. Fields of Arrows—Differential Equations
23. Owls, Rats, Waves, and Guitars
24. Calculus Everywhere
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Course no. 177 | 24 lectures (30 minutes/lecture)
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Great Courses is a highly popular series of audio and
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our more than 300 courses is an intellectually engaging
experience that will change how you think about the
world. Since 1990, over 9 million courses have been sold.
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ON A DARK NIGHT far from city lights
you can just make out 55 Cancri, a
6.0-magnitude pinprick in northern Can-
cer. Shining from 41 light-years away, it’s
a main-sequence G8 star slightly cooler,
smaller, and less luminous than the Sun.
It’s also now the brightest star in the sky
known to have a planet crossing its face.

Barely glimmering to the naked eye north of the
Beehive Star Cluster, 55 Cancri (Rho' Cancri)
forms a nice binocular pair with 53 Cancri, an
unrelated red giant far in the background. A
large fraction of all stars are now thought to
have planets of some kind.
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The planet is 55 Cancri e, the closest-in
of the star’s five known worlds. Astrono-
mers discovered all of them by the radial-
velocity wobbles that they induce in 55
Cancri. The weak wobbling due to planet
e reveals that it has only 8.6 + 0.6 Earth
masses — a super-Earth.

Astronomers had figured that planet
e revolves around the star every 71 hours.
But late last year Rebekah Dawson, a
graduate student at Harvard, and Dan
Fabrycky, now at the University of Califor-
nia, Santa Cruz, followed up on a sugges-
tion that the period might be ambiguous
and untangled the star’s wobbles differ-
ently. They proposed that planet e speeds
around with an orbital period four times
faster: in just 17 hours 41 minutes. That
would put the planet even closer to the
star, increasing the likelihood of transits.

Based on this lead, a team led by Joshua
Winn (MIT) followed 55 Cancri for two
weeks using Canada’s MOST (Microvar-
iability and Oscillations of Stars) satellite.
MOST is designed to track tiny brightness
variations in bright stars for long observ-
ing runs. And indeed, MOST recorded
weak transits happening like clockwork on
the faster schedule.

The amount of dimming during the
transits gives the planet’s size: it’s just
60% wider than Earth. Combined with the
planet’s known mass, this yields an aver-
age density of 11 + 3 grams per cubic cen-
timeter, significantly greater than Earth’s
5.5 grams per cc, implying a large iron
core overlaid by rock. The surface gravity
on this world must be about 3 gs.

So 55 Cancri e now holds the record
not only for transiting a naked-eye star,
but also for the fastest orbital period of
any known planet. It’s even closer to its
star than Corot-7b (the “Planet from Hell”
of S&T’s May 2009 cover story) and the
similar Kepler-10b (April issue, page 12).

S&T: LEAH TISCIONE
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This illustration shows how 55 Cancri e and
its host star compare to how Earth and Jupiter
would appear transiting the Sun.

Its star-facing side should be as hot as
3000 Kelvins (4900°F), making it also the
hottest known planet.

All three of these roasted super-Earths
have high densities and seem to form a
class of their own. But because it orbits
a 6th-magnitude star, 55 Cancri e holds
better promise for future investigations.
“We can study it in a way Kepler-10b and
Corot-7b cannot be studied,” says MIT exo-
planet expert Sara Seager. Their stars are
magnitudes 11.0 and 11.7, respectively.

Following up quickly, in January the
Spitzer Space Telescope’s infrared cameras
recorded a single 55 Cancri e transit —
and found the planet to be 30% larger
than deduced from MOST’s observations.
The disparity could be due to measure-
ment errors or by thin gas forming a very
extended outer atmosphere that blocks
infrared but not visible wavelengths.

Could any of 55 Cancri’s other four
planets transit too? Probably not. The
:@ To get astronomy news as it breaks, visit

/, SkyandTelescope.com/newsblog.
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MOST data indicate that planet e’s orbit
may be inclined as far as 7° from our line
of sight. If so, and if the rest of the orbits
are coplanar with it, even the next-closest
planet would miss the star from Earth’s
viewpoint. On the other hand, exoplanet
hunters have been finding that in some
systems, planets orbit in very different
planes than their host star’s equator — as
if they were stirred every which way by
early chaotic interactions (presumably the
same effect that has left many exoplanets
looping in very elongated orbits).

The other worlds of 55 Cancri, named
b, ¢, f, and d in order counting outward,
have fairly circular orbits with periods
of 15, 44, 261, and 5,200 days. These four
planets are more massive; their influences
on the star imply that they have at least
260, 54, 45, and 1,200 Earth masses, or
0.82, 0.17, 0.14, and 3.8 Jupiter masses.
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Top: MOST recorded the brightness of 55 Cancri almost continuously for 14 days (with a few gaps).
Bottom: The transits of planet e are overlaid on one another. The black line shows a best fit. Statisti-
cally, the transits clearly stand out from the noise — though individual ones are hardly obvious.

SOURCE: JOSHUA WINN

A Supernova Companion’s

Strip-Tease?

On the evening of November 11, 1572, the
great Danish astronomer Tycho Brahe
went out for an after-dinner stroll. “I sud-
denly and unexpectedly beheld near the
zenith an unaccustomed star with a bright

In the remnant of Tycho’s supernova, does this
X-ray-bright arc, or ring, indicate material that
was stripped from the sides of a companion star
too close to the blast?

14 AuguStZOII SKY & TELESCOPE

NASA / CXC / CHINESE ACADEMY OF SCIENCES / F. LU, ET AL

radiant light,” he later wrote. He described
how it rivaled Venus for weeks, how it
remained fixed in Cassiopeia, and how
sharp-eyed “country folk” could even spot
it through the blue daytime sky.

More than 400 years later, the super-
nova’s expanding debris cloud appears
about 20 light-years wide. NASA’s Chan-
dra X-Ray Observatory has imaged it in
several X-ray wavelengths, as seen at left.
The highest-energy X rays (blue) mostly
come from the shocked interface where
the blast’s leading edge continues to plow
into the surrounding interstellar medium
at a supersonic speed.

Supernovae have two very different
origins. Some result when the core of
an aging giant star collapses in on itself
gravitationally, releasing more than
enough energy to blow the rest of the star
apart. The other variety, spectral Type Ia,
apparently explodes when a white dwarf
collects too much material from a close
companion. When the dwarf exceeds 1.4
solar masses, its center becomes hot and
dense enough to fuse carbon and set off
a runaway thermonuclear reaction that
blows apart the entire star.

The Tycho supernova’s debris has
proved to be rich in the silicon, sulfur,

iron, and other elements expected from

a Type la event. But another uncertainty
remains. Do these blasts stem from a
white dwarf drawing material off a larger,
normal companion star, or from two tiny
white dwarfs spiraling together?

In 2004 Maria Pilar Ruiz-Lapuente
(University of Barcelona) identified the
purported companion star at the center of
the remnant. Tycho G, as she called it, is a
solar-type star slightly offset from the rem-
nant’s center (S&T: February 2005, page
22). Tycho G is moving four times faster
than the average for stars in its area, as if
it were flung off from a tight orbit by its
partner’s sudden disappearance.

Now Fangjun Lu (Institute of High
Energy Physics, Beijing) calls attention to
the bright arc arrowed in the X-ray image
here. It seems aligned toward Tycho G’s
position. Lu’s team suggests that the arc
represents a Jupiter’s worth of material
that the titanic blast stripped from the
sides of the companion star. “We found
that it is actually in the interior of the rem-
nant,” Lu says, “and is most probably due
to the interaction between the stripped
companion envelope and the supernova
explosion.” Other astronomers, however,
say the case is far from closed.
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Left: On the Moon’s Mare Imbrium near the
Alpine Valley is the crater pair Plato K, which
appears to be a simultaneous hit. This Lunar
Reconnaissance Orbiter image shows ejecta
sprays that formed perpendicular to the line
between the craters, as if their ejecta collided in
flight. Right: Twin Martian craters, each about 1
mile (1.6 km) wide, appear in this January 10th
image from Mars Reconnaissance Orbiter.

Double Whammies

on Mars and the Moon

NASA’s Mars Reconnaissance Orbiter
continues to image vast swaths of Mars
with resolutions as small as 1 foot (0.3 m)
in search of interesting finds. A recent one
was the pair of craters above right, in the
Icaria Fossae region. They seem to have
formed simultaneously, judging by the
very straight ridge between them and the
ejecta plumes that apparently collided in
flight and sprayed toward the top and bot-
tom of the frame.

A similar pair of colliding-ejecta cra-
terlets can be seen on the Moon near the
Alpine Valley. Such events no longer seem
like impossible coincidences; radar and
light-curve studies are showing that many
small asteroids are close binary pairs.

Gravity Probe B:

Relatively Important?

Perhaps you heard the news when it came
out in May: Einstein’s general theory of
relativity is correct, according to a $750
million NASA satellite designed to test it.

You may have wondered: didn’t we
already know this?

The Gravity Probe B mission was the
child of five decades of planning, lobbying,
and execution. First funded in 1963 and
launched in 2004, it was designed to test
two predictions of general relativity. The
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first, the “geodetic effect,” describes the
dent that Earth’s mass creates in the fabric
of spacetime. The second is “frame-drag-
ging,” the twisting of spacetime near Earth
caused by our planet’s rotation. “Imagine
Earth as if it were immersed in honey,” says
Francis Everitt of Stanford, GP-B’s project

; leader from the beginning. “As the planet

rotates, the honey around it would swirl,
and it’s the same with space and time.”

The ultra-precise gyroscopes at the
experiment’s heart, said Everitt, showed
that Earth’s warping of space matches
Einstein’s prediction to within 0.3%, and
that a frame-dragging effect was also seen
and matches Einstein to within 19%.

That would have been quite a triumph
in 1963, though neither result was as
good as hoped due to subtle problems in
the gyroscopes. But by the time of GP-B’s
much-delayed launch, other confirmations
of these effects were already in hand.

In particular, geodetic precession (the
exact effect that GP-B’s gyros measured)
had been confirmed to a similar 0.3% level
by laser-ranging experiments to the retro-
reflector mirrors that the Apollo astro-
nauts left on the Moon. More significantly,
space curvature (the cause of geodetic
precession) has been confirmed to 0.002%
accuracy, 150 times better than by GP-B,
by measuring the delay in radio signals
from the Cassini spacecraft as they pass
through the Sun’s gravitational field.

And “gravitomagnetism,” the cause of
frame-dragging, has already been con-
firmed to 0.15% accuracy, or 130 times
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The four gyroscopes of Gravity Probe B were
free-spinning spheres coated with supercon-
ducting niobium. As they spun they created
a magnetic field, whose orientation could be
tracked to milliarcsecond precision.

better than GP-B, by lunar laser ranging.
“I won’t say there is no value in testing
physics in a novel way,” says Tom Murphy
(UC San Diego), a member of the lunar-
ranging project, “but any discrepancy
would have been incredibly jarring.”

Another Year, Another
Observatory Wildfire

McDonald Observatory in West Texas is
the latest great astronomy facility to escape
destruction by wildfire. For three weeks

in April, McDonald was threatened as

the Rock House Fire burned 490 square

On April 17th fire raged on Black Mountain,
seen behind the dome of McDonald Observa-
tory’s Hobby-Eberly Telescope. The bright lines
above the dome are the advancing Rock House
Fire and a control burn set by firefighters to
head it off.

miles of surrounding countryside. When
the fire came within a mile of the peak
of Mount Locke, firefighters set backfires
that succeeded in stopping the advance.
Also spared was the Prude Ranch 10 miles
away, site of the annual Texas Star Party.
The fire brought back memories of
the August 2009 Station Fire near Los
Angeles that nearly consumed Mount
Wilson Observatory. In November 2007
the Poomacha Fire approached, but did
not damage, the Palomar Observatory east
of San Diego. The University of Arizona’s
Steward Observatory had a close call
during the Aspen Fire in June 2003. The
American West is in a long-term drying
trend that has increased the number and
severity of fires in wild areas, where major
observatories tend to be sited. So is Aus-
tralia, whose Mount Stromlo Observatory
was destroyed by a wildfire in July 2003.



Do Loose Planets
Outnumber Stars?

I have seen the dark universe yawning
Where the black planets roll without aim,
Where they roll in their horror unheeded
Without knowledge or luster or name.

— H. P. Lovecraft, Nemesis (1918)

Ask an astronomer how many stars
populate the Milky Way, and the usual
answer is 200 to 400 billion. But new
microlensing results suggest that a full
census of the big bodies drifting loose in
our galaxy may total a trillion — because
Jupiter-mass “planets” roaming alone in
interstellar space may outnumber the
stars themselves.

The evidence comes from two teams of
observers: the Microlensing Observations
in Astrophysics (MOA) collaboration and
the Optical Gravitational Lensing Experi-
ment (OGLE) collaboration.

In 2006—-07, the MOA and OGLE teams
used telescopes in New Zealand and
Chile, respectively, to monitor the bright-
nesses of 50 million stars in the Milky
Way’s central bulge. Led by Takahiro
Sumi (Osaka University), the two groups
recorded the brightness of each star at
least once an hour for a large fraction of
the time. After boiling down the data, they
found that 474 stars temporary surged in
brightness in the special way that indi-
cates gravitational microlensing: the bright-
ening of a distant star due to an unseen
foreground object passing nearly in front
of it from our viewpoint. The gravity of the
foreground object bends and concentrates
the starlight passing by. Such an event is
called “microlensing” when it occurs in
the case of stars or planets, rather than
galaxies or quasars.

Microlensing searches aren’t new:
they’ve long been used to search for mas-
sive dark or dim objects in the galaxy.

But the MOA and OGLE teams found 10
of these events that lasted less than two
days — too short to be caused by stars, as
usually happens, but just right for Jupiter-
mass objects. Based on these statistics, the
teams estimate that big planets must be
far more common than believed, and in
fact must outnumber all the Milky Way’s

An artist’s portrayal of a black planet drifting alone through interstellar space, lit only by starlight.

normal stars by about two to one.

During these 10 brief events, there
were no corresponding, broader lensing
surges to betray the presence of a nearby
star. So the teams conclude that these
“Jupiters” must either be more than 10
astronomical units from their host stars
(more than Saturn’s distance from the
Sun), or they are orphans drifting freely.
They’re more likely to be free-floaters, the
researchers say, because previous direct-
imaging searches have found that giant
planets rarely exist in very wide orbits.

The implications of this discovery are
profound, say experts, but not unexpected.
Theorists have argued for years that the
Milky Way should teem with unbound
“planets,” from two possible sources.

First, some argue that lone brown
dwarfs having just a Jupiter mass or two
might form the same way that heavier
brown dwarfs and stars do: directly from
collapsing clouds of interstellar gas and
dust. These would be “failed stars” in
terms of how they formed, but “giant plan-
ets” in terms of their mass. The still-warm
planet-mass objects seen accompanying a
few young stars at wide separations may
be such objects. They're probably much
too far away from their stars to have been

born inside a protoplantary disk.

The other source of loose dark worlds
strikes closer to home. Some 80 to 90
percent of newborn planetary systems
(estimates exoplanet expert Geoff Marcy)
seem to go through an early period of
chaotic interactions. These cause some
planets to flip each other’s orbits into high
inclinations, and cause many planets to
end up parked in highly elliptical, loop-
ing orbits that they could not have been
born with. Such chaos episodes would
also fling planets of every description out
of the system completely, to roam the cold
interstellar dark forever.

The large number of MOA-OGLE dis-
coveries implies that the flung-from-chaos
origin is the more important of the two.
There seem to be too many loose Jupiters
for a miniature version of star formation
to make enough of them easily.

This in turn implies that planetary sys-
tems are so numerous that most stars
have them. This too matches what
astronomers have come to think. Marcy
estimates that perhaps 80% of all stars are
born with planets — “and it’s not 100%
only because of binary stars” that flung
away their planets (or the raw material to
make them) completely. 4
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Cosmic Relief

David Grinspoon

Is There Art on Other Planets?

The author wonders whether other worlds produce creatures who create art.

I’'VE RECENTLY SPOKEN at several art muse-

ums in conjunction with the current tour of “NASA Art:
50 Years of Exploration.” The diverse range of artistic
responses provoked by the space age, from Rockwell to
Warhol, is both inspiring and dizzying. And as spacecraft
continue their reconnaissance, artists will continue to
find new ways to help us assimilate the experience.

In Colorado Springs the NASA show was paired with
a major exhibition by Monica Aiello, a Denver artist
who finds inspiration in the moons of Jupiter, mimick-
ing or riffing their colored surfaces with materials and
techniques that do not so much faithfully resemble the
landscapes as evoke deep responses to them.

But is there art on other planets? In one sense, obvi-
ously yes. Certainly we find artistic qualities in the burst-
ing flowers of lonian volcanoes and the tangled roots of
Europa’s cracked, icy surface. But why?

Theories about art are like theories about life. Volumes
have been written about the search for life even though
nobody can define it well. Of course Earth is beautiful
to us and aesthetically evocative; our senses and minds

il TERS B T e
lonian Garden, center panel, by Monica Petty Aiello

18 August 2011 SKY & TELESCOPE

evolved in response to it. But what about planets, where no
ancestor of ours has ever laid eyes or set foot, root, or cilia?

I don’t think it’s a coincidence that the places in our
solar system that seem most promising for astrobiology
are also the most aesthetically evocative. Mercury and the
Moon are dead; they are scientifically important but not
as artistically inspiring as Titan and Mars. Energy flow
and activity, phase transitions and complexity — these
make for the most beautiful places, the most interesting
to explore, and the most likely to produce life.

In this vast galaxy, which we now know is well popu-
lated with planets, will such active worlds occasionally
produce other art makers? Our cultures are born of sym-
bolic languages, including the creating of art in every
human society. Now that chimpanzees, crows, and octopi
have been found to also use tools, what is unique about us?
Archaeologists use the presence of art in ancient sites to
distinguish humans from non-human ancestors. Art mak-
ing seems so widespread, so intertwined with our other
unique capacities, that it makes me wonder if it might be
universal — inherent in the evolution of curious, commu-
nicating civilizations. Or is it some local evolutionary pecu-
liarity of our brains? I'd like to think it’s something deeper
than that, but as a scientist I'm obligated to be particularly
suspicious of any thought that I would like to be true.

We often focus on the ability to build machines, and in
particular radio telescopes, as the hallmark of extraterres-
trial intelligence. This is pragmatic but perhaps suspect,
since this criterion was invented by radio astronomers.
We debate whether intelligence inevitably produces sci-
ence and technology. We cite dolphins, swimming and
singing with big brains but too streamlined for opposable
thumbs, as an example of intelligence without technology.
Dolphins don’t create brick-and-mortar art, but do they
have something analogous to choral music or poetry?

Perhaps, like life or intelligence, extraterrestrial art is
something that we can’t define but can still search for and
hope to recognize and understand. This leaves room for
misunderstandings of cosmic proportions. 4

Noted book author David Grinspoon is Curator of Astro-
biology at the Denver Museum of Nature & Science. His
website is www.funkyscience.net.
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EMILY LAKDAWALLA

Humans have evolved appreciate Earth’s blue sky,
lush green forests, and oceans teeming with life. But our
planet’s beauty and serenity belies its violent history. The
inexorable motions of Earth’s tectonic plates, and the slow
erosive power of wind and water, erase our planet’s dis-
tant past. With no craters or rocks dating back more than
4 billion years, scientists must look elsewhere to uncover
our solar system’s early history.

Fortunately, just 239,000 miles away, the Moon’s bat-
tered countenance preserves a record of a tumultuous

past, when the solar system was not such a tranquil realm.

Its overlapping impact basins are the marks left behind
from a time when brutally large impacts were common.

The entire solar system must have suffered under
the same rain of asteroids and comets. When scientists
examine crater densities and measure the ages of rocks
returned by the Apollo astronauts, they find that the bom-
bardment may have been even fiercer than they imag-
ined. The rocks showed evidence of alteration by impacts,
leading researchers to conclude that nearly all the craters
pockmarking the lunar highlands might have formed in
a brief period, less than 100 million years long; and this
cataclysm may have befallen the Moon and Earth not 4.5
billion, but instead 3.9 billion years ago — 600 million
years after both worlds formed.

Nearly 2,000 impacts as large as, or larger than, the
one that ended the reign of the dinosaurs would have
resurfaced 80% of the Moon. Being a much more massive
target, Earth would have suffered a cataclysm 10 times
worse. The largest impacts would have gouged continent-
sized basins, vaporized the oceans and even rocks,
superheated the atmosphere, and seared the surface. Pale-
ontologists have searched for evidence of life in Earth’s
oldest rocks, finding evidence of biologically influenced
carbon isotopes 3.85 billion years ago. But with no rocks
older than this, scientists can’t tell whether nascent life
on Earth was destroyed by a cataclysmic rain of debris.

This 4-billion-year-old conflagration has come to be
known as the Late Heavy Bombardment (LHB). But was it
really an unusual time in the Earth-Moon system, or was

WHAM! Artist Don Davis portrays a large asteroid slamming
into Earth some 4 billion years ago. If the Late Heavy Bombard-
ment (LHB) occurred, and if lunar cratering rates are extrapolated
to Earth, LHB impactors would have gouged about 20,000 craters
at least 20 kilometers (12 miles) across, 40 basins with diameters
of about 1,000 km, and several basins larger than 5,000 km. Earth
would have suffered severe environmental damage about once a
century. Complex life could not have survived the pounding.

© DON DAVIS

Scientists are debating whether the entire solar system
suffered a barrage of impacts long after the planets formed.

it just the tail end of a long history of pummeling? And if
there really was a spike in the impact rate, what force of
nature sent asteroids and comets cascading into the realm
of the planets? The mystery of the LHB remains one of
the most intractable and controversial puzzles in plan-
etary science.

Clues from the Moon

Everyone agrees that many more and much larger aster-
oids and comets were hitting the Moon 4 billion years ago
than there are today. In 1966 William K. Hartmann (now
at the Planetary Science Institute) studied photo maps of
the Moon to determine that the battered highlands bore
32 times as many craters as the smoother maria.

Counting maria craters and comparing their density
to that on the ancient rocks of northern Canada, Hart-
mann estimated the maria to be 3.5 billion years old.

“I was lucky that it turned out about right,” he remarks
about this pre-Apollo research. But that ancient maria age
implied an astonishing fact about the Moon’s early his-
tory. “If there are 32 times as many craters, and they had
to form in the first 700 or 800 million years, that means
the early cratering rate was many hundreds of times
higher than the rate we've seen since then.”

Hartmann and other geologists assumed that this
“early intense bombardment,” as he called it, represented
the end stages of the solar system’s formation, the final
days of planetesimals whacking one another to form the
planets. By studying the Moon’s highland rocks, we could
learn about how the Earth and Moon were built. Geolo-
gists expected lunar samples to exhibit a wide variety
of ages, indicating that rocks that congealed from large
impacts formed at different times.

Geologists trained Apollo astronauts to look for
“Genesis rocks” that would contain information about
the period that has since been obliterated from Earth’s
geologic record. A dozen moonwalkers dutifully gathered
and returned samples that had formed with the Moon’s
earliest crust, but had been altered in the tremendous
heat of the impacts that created the giant basins. When
Caltech geologists Fouad Tera, Dimitri Papanastassiou,
and Gerald Wasserburg measured the rock ages, they
were astonished to find that they all clustered within a
relatively narrow window of time around 4 billion years
ago, a period they called the “lunar cataclysm.”

The combination of Apollo rock ages and careful study
of the overlapping relationships between the ejecta depos-
its of nearside basins led Don Wilhelms (U.S. Geological
Survey) to conclude in 1987 that 10 to 12 basin-forming
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erosion, and
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the Moon
preserves a
record of the
solar system’s
early batter-
ing. The giant
basins all date
to about 3.9
billion years
ago, suggest-
ing a frenzy of
impactors 600
million years
after the plan-
ets formed.
But it’s also
possible that
the impact
rate remained
high long after
the planets
formed, and
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the severe
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that accom-
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formation.
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impacts, from Nectaris as the oldest to Imbrium as the
youngest, occurred within a span of only 70 million years,
from about 3.92 to 3.85 billion years ago, supporting the
lunar cataclysm.

Not all scientists embraced the lunar cataclysm, to put
it mildly. A fundamental problem was that nobody could
explain how or why a population of bodies large enough
to create the Moon’s basins (tens to hundreds of kilome-
ters in diameter) would wait around for 600 million years
and then suddenly get flung into orbits that intersected
the Earth—Moon system. Moreover, the lunar highlands
are saturated with impact craters, meaning each new
crater destroys a previous one. Pre-cataclysm lunar basins
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could have been erased by later impacts. The Moon has an
ancient surface, but it might not be old enough to tell us
exactly what was going on more than 3.9 billion years ago.

Apollo Samples Aren’t Enough
For years, everyone knew that a potential bias lurked in
the Apollo age data. To facilitate radio communications,
the Apollo landers had to touch down on the Moon’s
near side, and not far from the equator. As a result, every
mission may have sampled the impact that excavated the
enormous Imbrium basin. Even Tera and his collabora-
tors recognized this possibility in their original paper.
Arguments that the Apollo samples might be biased



were bolstered by results from a gamma-ray spectrometer
on NASA’s Lunar Prospector, which orbited the Moon in
1998-99. That instrument measured the abundance of
chemical elements with radioactive isotopes. When the
Lunar Prospector map was published, lunar scientists were
surprised — and chagrined — to discover that the Apollo
landing sites clustered in a geochemically anomalous area
whose surface appears unusually rich in potassium (K),
rare-earth elements (REE), phosphorous (P), and other
elements, collectively referred to as KREEP. (Seriously.)
The KREEP signal blazed from the area surrounding the
Imbrium impact.

Scientists have found more than 150 lunar meteorites
from places outside the KREEP terrain, coming from per-
haps 60 different spots on the Moon. Unlike the Apollo
samples, lunar meteorites should represent a random
sampling of rocks from both the Moon’s near side and
far side. Indeed, the lunar meteorites turned out to be far
less KREEPYy (a term that’s actually in general use!) than
the Apollo samples. “We don’t know exactly where each
meteorite comes from,” says planetary scientist Barbara
Cohen (NASA/Marshall Space Flight Center), “but they’re
not from the same sites as Apollo.”

In the 1990s, laboratory techniques finally permitted
the age dating of the tiny blebs of impact melt preserved
in lunar meteorites. “When I was researching my doctoral
dissertation,” says Cohen, “I naively thought for sure I was
going to nail this; I was going to find the 4.0-, 4.2-, even
4.4-billion-year-old impact-melt rocks, and I was going to
solve the puzzle, and it was going to be awesome.”

- -

HUMAN SAMPLE RETURN Apollo 17 astronautand |
geologist Harrison Schmitt was the only moonwalker who
was a trained scientist. In this image, taken by Eugene

Cernan, Schmitt is collecting a sample to bring back to Earth.
Apollo rocks all date to about the same time, but they came

from a chemically anomalous region of the Moon.
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In fact, Cohen found nothing older than 3.94 billion
years of age in any of her samples. She and her University
of Arizona colleagues, Tim Swindle and David Kring,
published a paper in 2000 announcing that their results
supported the lunar-cataclysm hypothesis. But other
scientists disagreed.

Hartmann was one of their critics. “When they gave
that paper at meetings, I would say, ‘Your data don’t have
a spike in impact ages at 3.9 billion years ago, so I don’t
understand how you can say it supports a cataclysmic
shower of impacts at that time. Lack of samples before 4.0
doesn’t prove that a burst of impacts happened at 3.9!"”

Cohen agrees that the puzzle is not yet solved. “The
lunar meteorites show us is that it’s not easy to find pre-
3.94-billion-year-old impact-melt rock. But what that fact
means is still a topic of scientific debate.” There may have
been a heavy bombardment 3.9 billion years ago, but it
might have been just as heavy before then.

Some scientists think that a robotically retrieved lunar
sample from the oldest impact site on the Moon, the
South Pole-Aitken Basin, might resolve the question of
whether there was a lunar cataclysm. Cohen belongs to a
team that has proposed MoonRise, a mission in NASA’s
New Frontiers program, to do just that.

Hartmann remains unconvinced, “I'm really worried
whether the returned rocks would actually give the date of
the impact of the South Pole-Aitken Basin,” he says. After
all, explains Hartmann, maybe the samples would simply
repeat the Apollo bias problem. The MoonRise team’s
research suggests such concerns are unfounded. “If we
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RANDY KOROTEV (WASHINGTON UNIVERSITY IN ST. LOUIS)

LUNAR METEORITES This rock, known as Yamato 86032, is
one of the 150 known lunar meteorites, and it’s one of the largest
lunar meteorites found in Antarctica. Unlike the Apollo rocks,
lunar meteorites come from all over the Moon. Yet most of them
show evidence for melting events about 3.94 billion years ago,
probably from basin-forming impacts. This particular meteorite
is lacking in KREEP elements.

KREEPY SIGNAL The
gamma-ray spectrom-
eter aboard NASA’s
Lunar Prospector
orbiter returned data
that scientists con-
verted into this map

of the near side. The
bright area shows an
enhanced concentration
of thorium. This ele-
ment is a trace element
in the lunar regolith that
indicates the presence
of potassium (chemical
symbol K), rare-Earth
elements (REE), and
phosphorous (P). The
elements are collec-
tively known as KREEP.
The Apollo missions

all landed in or near

the KREEP zone, which
means the astronauts
returned chemically
anomalous rocks. The
lunar far side generally
lacks the enhanced tho-
rium signatures seen on
the near side.

% Pythagoras

Mare Imbrium

DAVID ). LAWRENCE (JHU / APL), ET AL
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pick an appropriate landing site, we’ll get what we need,”
says Cohen.

It's Neptune’s Fault

Meanwhile, other researchers have attempted to explain
what could have caused a pulse in impacts long after the
planets accreted. For example, perhaps there were enough
leftover materials from the accretion process to cause the
terminal bombardment. Unfortunately, models of solar-
system formation suggest that accretion was essentially
complete within 100 million years, much sooner than

the time of the cataclysm. Others have suggested that a
massive collision in the asteroid belt broke up a Ceres-
sized object that resulted in a pulse of impactors being
redirected toward the inner solar system. But an object as
large as Ceres (about 480 km across) is difficult to disrupt.

Then came the Nice Model (S&T: September 2007,
page 22). Named for the beautiful French seaside city in
which it was developed in 2004 by Hal Levison (South-
west Research Institute) and three coworkers, the Nice
Model was motivated by an attempt to explain the orbital
eccentricities of Jupiter and Saturn, and then how planets
as massive as Uranus and Neptune could have formed so
far from the Sun.

The Nice Model begins with the giant planets in a
more compact configuration, surrounded by a cloud of
planetesimals (the precursor of today’s Kuiper Belt) that
had about an Earth mass. Jupiter and Saturn migrated
through a 2:1 or other orbital resonance, producing a grav-
itational chain reaction that sent Neptune plowing into
the planetesimal disk (a new version of the Nice Model, to
be published in the future, will invoke a different trigger).
“That disk goes kaplooey,” says Levison. “It scatters bodies
all over the solar system, part of it raining down and hit-
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IMPACT RATES This graph compares a proposed lunar
impact rate with the LHB (blue) and without the LHB (orange).
Note the dramatic difference between the two scenarios.
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The Nice Model

SOURCE: HAL LEVISON (SW RESEARCH INST.), ET AL. (4)

THE NICE MODEL Computer simulations depict a possible chaotic phase in our solar system about 600 million years after it formed.

1. Jupiter and Saturn start off at 5.5 and 8.2 astronomical units (a.u.). Neptune (at 11.5 a.u.) starts off closer than Uranus (14.2 a.u.). A disk of icy
planetesimals, the precursor of today’s Kuiper Belt, extends from 15 to 35 a.u. 2. As the giant planets scatter comets into deep space, Jupiter
migrates inward to about 5.2 a.u. The other three planets migrate outward. 3. Jupiter and Saturn briefly pass through a 2:1 orbital resonance
that gravitationally perturbs the orbits of Uranus and Neptune. The two outermost planets exchange position, and their highly elongated orbits
carry them into the Kuiper Belt, where they begin scattering enormous numbers of planetesimals, some of which bombard the inner planets.

4. The outer planets settle into their final orbits, leaving behind a severely depleted Kuiper Belt. Jupiter’s inward migration also destabilizes the
asteroid belt, sending swarms of bodies into the inner solar system.

ting the Moon, and everything else.”

The Moon, being a relatively small target with low grav-
ity, would have been one of the least damaged bodies. The
wayward comets destabilized the asteroid belt as well; so
bodies in the inner solar system, from Mercury to Mars,
received a double whammy. The Earth—-Moon system
(along with Mercury, Venus, and Mars) would have been
hammered by roughly equal numbers of comets and aster-
oids. Because of its proximity to the asteroid belt, Mars
would have suffered as badly as more massive Earth; the
number of cometary impacts alone could have delivered a
volume of water equivalent to 5% that of Earth’s oceans.

The hailstorm of comets would have been even more
intense in the outer solar system. Ganymede, twice as
massive as our Moon and close to gargantuan Jupiter,
would have suffered 80 times as many comet crashes as
our Moon. So many impacts at such a high rate may have
melted Ganymede’s upper layers of ice and kick-started its
internal geology. Similarly sized Callisto was somewhat
spared because being farther from Jupiter, it would have
felt “only” 40 times the lunar impact rate, and experi-
enced lower-velocity crashes.

This rain of impactors is really just a byproduct of the
Nice Model, which also explains the sizes, shapes, and
inclinations of the orbits of the giant planets and all the
smaller pieces of the outer solar system. “We explain Jupi-
ter’s Trojan asteroids and we make the irregular satellites
and we get the right orbital-element distribution in the
Kuiper Belt,” says Levison. “We get the outer edge of the
Kuiper Belt. We get the extended scattered disk. We get
the orbits of the giant planets right, too. Before the Nice
Model we didn't really have good explanations for any of
these things. The Nice Model gives us all of them. And
the more we push it, the better it seems to work.”

Suddenly there was a mechanism to deliver a late pulse
of comets and asteroids to bombard the Moon and every
object in the solar system 3.9 billion years ago. According
to Cohen, this came as a huge relief to scientists who were
trying to justify the LHB. “Even if this specific model is
wrong, the fact that they’re showing that you could have
bodies winging around the solar system hundreds of mil-
lions of years after it formed makes it easier for the com-
munity to think about the lunar cataclysm as something
that could be real.”

WHAT ABOUT MARS?

Like the Moon's heavily cratered terrain, Mars’s southern
highlands preserve a record of a heavy bombardment in the
ancient past. But it might be too young to reveal what was
happening more than 3.9 billion years ago.

Topography data from the laser altimeter aboard NASA's
Mars Global Surveyor orbiter, and model crustal thickness
data, revealed about 30 buried and visible impact basins larger
than 1,000 kilometers across on the Red Planet. Recent stud-
ies by Herbert Frey (NASA/Goddard Space Flight Center) find
that these largest basins cluster within a narrow window in
time, with no evidence for prior large impacts. The Late Heavy
Bombardment predicted by the Nice Model would produce
exactly this kind of pattern.

Frey and his colleague Rob Lillis (University of California,
Berkeley) have suggested that the LHB played a role in the
demise of Mars'’s global magnetic field, which left the planet’s
atmosphere unprotected from the ravages of the solar wind. If
true, the LHB was a major factor in eroding the Martian atmo-
sphere, turning what had been a warm-and-wet planet into a
frigid desert wasteland. — Robert Naeye
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BATTERED WORLDS The LHB would have profoundly affected the entire solar system, including the outer planets and their moons.
Jupiter’s gravity would have drawn wayward objects toward it, exposing its moons to a horrendous pounding. Left: Ganymede lacks
impact craters because geological activity erased many of its ancient scars. Right: Callisto has remained inactive for billions of years,

so its surface bears numerous impact craters. The outer rings of the Valhalla impact basin (bright region at lower left) extend 1,500 km
from the center. Amateur astronomer Daniel Machédéek assembled the mosaics from Galileo (Ganymede) and Voyager (Callisto) images.

Even Hartmann, a lunar cataclysm skeptic, acknowl-
edges the beauty of the Nice Model. But he points out
that “the model itself does not tell you when this surge
of cratering occurred.” When the impact spike occurs in
the Nice Model depends largely on the choice of the disk’s
initial mass outside the orbits of the giant planets.

Evidence Under Our Noses
Meanwhile, another line of research is opening a new
window into the earliest days of the solar system. Geolo-

MINI TIME CAPSULE This electron microscope image shows
a 200-micrometer-wide zircon from Western Australia. Its core
crystallized 4.18 billion years ago. A flash heating event 3.96
billion years ago, possibly from an impact, produced the curved
bands near the edge. The heating age matches that of the LHB.
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gists have discovered that a few extremely hardy mineral
crystals, notably zircons (zirconium orthosilicate, or
Z1Si0y), are practically indestructible. Once they crystal-
lize in magma, they’re almost impossible to melt (melting
only at temperatures higher than 1000°C). They don't dis-
solve in hot or acidic fluids, and they only reluctantly give
up any elements trapped within them even when heated
to near-melting temperatures. As terrestrial rocks have
been eroded, reburied, and even partially melted in the
roots of ancient mountains, ancient zircons have survived.

Geochemist Stephen Mojzsis (University of Colorado)
and his collaborators have dated 200,000 individual zircon
crystals. The oldest zircon comes in at a whopping 4.38
billion years in age, predating Earth’s oldest known rocks
by more than 300 million years.

The researchers have recently developed a technique
by which they use an ion microprobe to burn slowly into
single microscopic zircon crystals, analyzing minuscule
quantities of uranium, thorium, and lead isotopes to arrive
at an age-to-depth profile through the zircon grain. All
10 zircon crystals that Mojzsis has so far depth-profiled
— which come from rocks of different ages — contain a
region only a few micrometers wide that records a sharp
pulse of heating at 3.96 billion years ago. The crystals, and
presumably the rocks they resided in, had been heated to
temperatures around 1200°C for a period of only months.
“This was remarkable,” says Mojzsis. “There really isn’t
any geological condition on Earth that can do that, but
impact melt sheets can.”

None of the zircons show evidence for any similar
pulse of heat earlier than 3.96 billion years ago, going back
to 4.3 billion years. “It’s not proof of the Late Heavy Bom-
bardment on Earth, but it’s compelling,” says Mojzsis.

One might conclude that an intense bombardment
of the early Earth would have wiped out any nascent life



forms, and that all creatures living today descend from
microbes that originated after the LHB. But recent math-
ematical modeling by Mojzsis and his colleague Oleg
Abramov have produced surprising results. Even though
any individual LHB impact would have sterilized the sur-
rounding crust, there would have been plenty of refugia
for unicellular life, especially for microscopic critters that
loved the high-temperature fluids that percolate around
volcanically active zones. So life could have originated

on Earth more than 4 billion years ago and survived the
LHB, but evidence for that epic event may be lost forever.

Solving the Puzzle

Hartmann, Cohen, and Mojzsis all agree that garden-
variety meteorites from the asteroid belt are an underuti-
lized resource in addressing the LHB mystery. Early data
suggest that age dates among meteorites do not show a
sharp spike at 3.9 billion years, but the number of analyzed

To watch a video of the Nice
Model, visit SkyandTelescope
.com/LHB.

@

controversial Allan Hills 84001, which shows that the 4.5
billion-year-old rock suffered a heating event at — guess
what? — 3.9 billion years ago.

After five decades of interplanetary missions, we still
don’t know whether the solar system’s violent infancy
tapered off gradually into a sedate adulthood, or if there
were tempestuous teen years. The maddening puzzle of
the Late Heavy Bombardment will motivate researchers
for decades to come. 4

Planetary Society web editor and S&T contributing editor
Emily Lakdawalla blogs daily at planetary.org/blog. She

samples remains small.

What about Martian meteorites? Mojzsis says we
have one date from a single Martian rock, the famously

is the 2011 recipient of the prestigious Jonathan Eberhart

Planetary Sciences Journalism Award from the American
Astronomical Society's Division for Planetary Sciences.

Did the Late Heavy Bombardent Flame Out or Fizzle Out?

FOR YEARS, planetary scientists
assumed that if the LHB was for
real, it ended almost as abruptly
as it began. But recent geological
discoveries suggest it might have
tapered off gradually, with Earth
continuing to suffer enormous
impacts long after the LHB’s
initial pulse.

The evidence comes from
rocks in Western Australia and
South Africa, the only known
places that preserve sediments
from 3.8 to 2.5 billion years
ago. Geologists Donald Lowe
(Stanford University), Gary Byerly
(Louisiana State University),
Bruce Simonson (Oberlin
College), and others have found
numerous well-preserved layers of
spherules containing extraterres-
trial material embedded in these
ancient strata. The thickest layers
span several centimeters, much
thicker than the 3-millimeter layer
found between Cretaceous and
Tertiary sediments. These beefier
layers suggest that the largest
impacting objects were consider-

ably bigger than the 6-mile-wide
impactor that hit 65 million years
ago and wiped out all dinosaurs
except birds. Based on the spac-
ing of the layers, ancient Earth
suffered a giant impact every 40
to 50 million years, compared to
the modern rate of one every sev-
eral hundred million years.

A recent dynamical study by
Bill Bottke (Southwest Research
Institute) and his colleagues sug-
gests that the impactors respon-
sible for the LHB'’s extended tail
originated in the “E-belt,” an inner
extension of the main asteroid
belt that once stretched nearly to
Mars. If the Nice Model is cor-
rect, E-belt bodies were scattered
about 4 billion years ago when
the giant planets began their late
migration. Some of these aster-
oids ended up smashing into the
Earth and Moon. The few surviv-
ing E-belt members make up the
Hungaria asteroids, whose mem-
bers have highly inclined orbits
between 1.8 and 2.0 astronomical
units.

for the LHB to fizzle out before it
could start developing the condi-
tions necessary for the evolution
of complex, multicellular life.

Bottke points out that the larg-
est LHB impacts ended by 2.5
billion years ago, which coincides
with the rapid buildup of oxygen

in Earth’s atmosphere. Further
research may reveal whether S&T editor in chief Robert Naeye
is glad he wasn’t around to

experience the fury of the LHB.

this was just a coincidence, or
whether our planet had to wait

IMPACT SPHERULES This close-up photo of a 2.54-billion-year-old rock
from Western Australia shows a 1-cm-thick layer of spherules at the bottom,
with the largest spherules being about T mm across. The spherules formed
during the intense heat of an impact, and consist of target rock and a few
percent extraterrestrial material. The spherules flew into space as molten
balls and rained back to Earth. The surrounding layers are solidified sea-
floor mud. Geologists have found at least 10 similar layers in ancient strata
from Western Australia and South Africa, suggesting that LHB impactors
continued to hit our planet until 2.5 billion years ago.
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The

Exo

that

Misadventures in planet discovery
have continued from 1855 through

the present time.

AROUND NOON on January 15, 1992, at the American

Astronomical Society meeting in Atlanta, Andrew Lyne of
the University of Manchester and Jodrell Bank Observa-
tory stepped to the podium to speak on his epochal dis-
covery the previous July: a planet was orbiting the pulsar
PSR 1829-10. He had found it by tracking slight, cyclical
changes in the apparent spin period of the pulsar. A low-
mass object seemed to be orbiting it, regularly tugging it
slightly back and forth. Lyne’s remarkable find had been
hailed as the first genuine discovery of a planet beyond
the solar system after more than a century of highly
publicized mistakes. But as Lyne began his presentation
he surprised everyone by saying, “The planet just evapo-
rated.” The pulsar was not actually wobbling at all. Lyne
explained that he and his team had failed to account accu-
rately enough for Earth’s orbital motion around the Sun.
Instead of it being the crowning glory of a distinguished
career, Lyne’s mistaken “discovery” added his name to a
different, nearly as prestigious list: astronomers who have
announced finding an exoplanet only to be proven wrong.
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BRANDON TINGLEY

The First “Discovery”

The idea that alien worlds exist, and the excitement that

it arouses, go very far back indeed. The first recorded
conjectures about the plurality of worlds are credited to
the Greeks Leucippus and Democritus in the 5th century
BC. With remarkable foresight, they theorized that Earth
assembled through the random collisions of tiny, irreduc-
ible “atoms,” and that this event was unlikely to be unique.
Metrodorus of Chios, a member of the school of Democri-
tus (and perhaps his student), said that a singular Earth in
an infinite universe would be as improbable as an entire
field of millet having but a single kernel.

It would take more than two millennia before astrono-
mers had enough data to dare announce an actual new
planet among the stars. But ultimately, dare they did.

The first “discoveries” of exoplanets were based on
astrometry: the careful measurement of star positions on
the sky. Whenever one object orbits another, each moves
by an amount proportional to the other’s mass. In the
case of a distant star being orbited by a much lighter



planet, the star’s motion is extraordinary small. Sirius,
for instance, wobbles by about 3 arcseconds due to the
50-year orbit of Sirius B, another star. That’s the width of
a human hair seen from 7 feet (2.1 meters) away. A giant
planet might have only about a thousandth the mass

of Sirius B, causing a side-to-side wobble 1,000 times
smaller: the width of a hair seen from 7,000 feet away.
And yet Sirius is one of the closest stars in the sky.

Astronomers made the first high-quality astrometric
measurements visually, using crosshairs in a telescope’s
eyepiece. The most precise detections of a star’s motion
are measured with respect to other stars in the same field
of view. Astronomers originally did this visually with a
filar micrometer, a device in which the observer could
adjust crosshairs to measure the separation of two stars,
and rotate the whole thing to measure their orientation.
Photographic plates began replacing micrometers about a
century ago. Plates were easier to measure under a micro-
scope at a desk and could be archived for rechecking.
Even so, the slightest unaccounted glitch — combined
perhaps with excitement and wishful thinking — could
create ripe opportunities for a false detection.

In 1855 Captain William Stephen Jacob of Madras
Observatory in Madras (now Chennai), India, probably
became the first astronomer to “discover” an exoplanet.
He was careful and thorough. Analyzing 35 years of his
own measurements of the visual binary star 70 Ophiuchi,
along with a handful of measures made earlier by others,
he encountered difficulty in fitting an orbit to the posi-
tions of the fainter star with respect to the brighter one.

The positions did not quite fit a smooth, proper ellipse.
The discrepancies were first in one direction, then
another. Jacob, inspired by the recent astrometric discov-
eries of unseen bodies orbiting Sirius and Procyon (which
later turned out to be white dwarfs), tried including a dark
body in his calculations for 70 Ophiuchi. The solution
he derived surprised him. Given the small size of the
unexplained perturbation (0.08 arcsecond, compared to
the binary star’s 9”-long orbit), he concluded that the third
body could only be a planet orbiting the smaller star with
a period of about 26 years. Using modern values for the
distance and mass of 70 Ophiuchi B (an orange dwarf 16.6
light-years away), the dark object would have a mass of
about 40 Jupiters: what we would now call a brown dwarf.

Jacob’s “discovery” enthralled astronomers for decades,
and they diligently continued measuring 70 Ophiuchi
as its stars revolved. In 1896 Thomas Jefferson Jackson
See (then at McCormick Observatory at the University of
Virginia in Charlottesville) noted that many astronomers
had calculated the system’s orbital period without any real
agreement — and that a strange trend was apparent in
the published periods. Early data favored periods around
80 years, those made from 1845 to 1880 favored periods
longer than 90 years, and those after 1880 again began to

THE DEFENDER Peter van de
Kamp (1901-95) never admitted
that he had failed to discover
planets orbiting Barnard’s Star
and 70 Ophiuchi. He directed
Swarthmore College’s Sproul
Observatory (background) from
1937 to 1972.
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favor periods shorter than 90 years.

See investigated further, using in particular the work
of Wilhelm Schur of Géttingen University Observatory
in Germany. Schur had compiled about 400 astrometric
measures of the pair from the sources he judged to be
best. From these he calculated an orbit that he thought
would be definitive. But See’s own measurements in

1895 demonstrated a significant drift (more than 5
orbital degrees) less than two years after Schur’s publica-
tion. Observations by other astronomers were showing
similarly large deviations. See proposed that the obvious
explanation was a low-mass third body tugging one of
the stars around with a period of less than 40 years — as
Jacob had said.

This solution, however, was unpalatable even to See.
The dark object had about half the orbital period of the
binary star and would likely be unstable. Forest Ray
Moulton soon calculated that such a three-body system
could not last; the low-mass object would quickly be flung
away by interactions with the more massive revolving pair.
Triple systems with at least two massive bodies are only
stable when two of the three form a tight pair and the third
orbits them at a wide distance — far enough that the pair
might as well be a single body, gravitationally speaking.
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ORBIT PUZZLE In 1896, T. |. J. See thought he had confirmed the 41-year-old claim that a planet orbits the fainter star of the 70
Ophiuchi binary. The primary star is at the center of the axes; the dots are measurements of the secondary’s position with respect to it.
See compared the orbit calculated earlier by Wilhelm Schur (dashed line) to his own better fit (solid line). See thought he saw a signifi-
cant wavering of the secondary star around his orbit line due to an unseen planet.

The orbit of 70 Ophiuchi continued to confound observ-
ers until remarkably recently; even the 1984 periastron
(when the two stars passed closest to each other in space)
occurred much later than expected. Only when their orbit
was calculated using nothing but photographic obser-
vations was the situation resolved: the earlier, eyeball
measures proved to be somewhat less precise than the
astronomers had assumed, throwing off the calculations.

After See’s announcement, no more exoplanets were
forthcoming for several decades — perhaps unsurpris-
ingly, considering the advances in photographic astro-
metry. But this situation would not last.

When Even the Plates Deceive

The next round of false exoplanet discoveries began dur-
ing World War II. They all have a common element: Peter
van de Kamp of Swarthmore College’s Sproul Observa-
tory. Sproul boasts a 24-inch f/18 refractor that was well
suited for state-of-the-art astrometric work. In January
1943, Dirk Reuyl (van de Kamp’s cousin) and Erik Holberg
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of McCormick Observatory in Virginia announced a 10-
Jupiter-mass dark object in the ever-baffling 70 Ophiuchi
system, this time with a 17-year orbit. One month later Kaj
Strand, a research associate of van de Kamp’s at Sproul,
announced the discovery of a 17-Jupiter-mass companion
in a 4.9-year orbit around the orange dwarf 61 Cygni A.

These two announcements, made by different astrono-
mers using different telescopes, both had copious photo-
graphic evidence to back them up: almost 100 photographic
plates of the 70 Ophiuchi pair and 11 plates for 61 Cygni A
and B, both spanning decades. In each case, precise mea-
sures of the star images seemed to reveal subtle sinusoi-
dal variations with a faster period than that of the visible
binary pair.

The scientific world was jubilant: here was clear
evidence of the first extrasolar planets. The photographic
analyses could be repeated by anyone and were therefore
presumably irrefutable.

More astrometric discoveries followed. The next ones
looked even better; they did not involve binary stars,
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whose own large motions complicate the situation; a
small error in the analysis of a binary star’s orbit could
create the illusion of an exoplanet’s influence. In 1951 van
de Kamp and his research assistant Sarah Lee Lippincott
announced that Lalande 21185, a single red dwarf in Ursa
Major 8.3 light-years away (the sixth closest star to the
Sun), had an unseen object with at least 30 Jupiter masses
tugging it around. Then in 1963 van de Kamp reported a
planet orbiting Barnard’s Star in Ophiuchus, a single red
dwarf 6.0 light-years away. This planet had a period of 24
years and a mass of only 1.5 Jupiters.

All these discoveries had ample photographic evidence.
The Barnard’s Star planet was based on more than 2,400
plates covering nearly 50 years. Moreover, van de Kamp
had a reputation as an impeccable scientist. He did every-
thing possible to minimize his errors, going so far as to
have 10 different people measure the stars’ positions on
each plate, then averaging the results.

Other groups were able to reproduce van de Kamp’s
analysis based on the same data. An analysis by Oliver
Jensen and Tadeusz Ulyrch in 1973 even suggested that
more planets might be orbiting Barnard’s Star. Van de
Kamp’s historical legacy seemed secure.

The first sign of trouble came in 1973, just after van
de Kamp retired and moved back to his homeland of
Holland. George Gatewood, a Ph.D. student at the Uni-
versity of Pittsburgh working under Heinrich Eichhorn,
analyzed an independent set of observations made with
another telescope using new machinery that measured
star positions to very high precision automatically. He
found no wobble in Barnard’s Star at all.

If that weren't enough, even worse news came to light
later that year. Measuring old plates taken with Sproul’s
24-inch refractor, John Hershey found a wobble in another
red dwarf, Gliese 793, very similar to the wobble that van de
Kamp had found in Barnard’s Star. Both abruptly shifted

by 60 milliarcseconds (the width of a hair seen from 900
feet, or 275 meters) in a particular direction in 1949 and
then back again over the course of the second half of 1957.

Such a coincidence was extremely unlikely; had some
tiny systematic error snuck in? It turned out that the
24-inch had been modified a few times — once in 1949,
when the cast-iron cell of the primary lens was replaced
and a new emulsion was chosen for the photographic
plates, and again in 1957, when the lens was adjusted sev-
eral times. Van de Kamp knew of these events, of course,
but apparently failed to notice how his tiny deviations
happened at the same time as changes in his instrument.

Van de Kamp’s assistant Wulff Heintz, who succeeded
him as observatory director, had privately harbored
suspicions about the Barnard’s Star planet for some time.
When Heintz told van de Kamp that he too was having
trouble duplicating the wobble findings even from the
Sproul plates, “I was denounced among his friends,”
Heintz recalled in 2001, “including top administrators, as
a nasty character and probably mentally disturbed.”

Of course it’s devastating to a scientist to have his
greatest discovery shown to be a mistake. Naturally he
will defend it; challenge and defense are at the heart of
the scientific process. But when evidence of a mistake
becomes plain to everyone else, the unfortunate discov-
erer can go several ways. He can acknowledge the error
and move on, or he can try to turn up convincing new
evidence in the slim hope that he was right after all. Or he
may become increasingly dogmatic and rigid.

There’s a famous saying that every great new idea is
at first ignored, then laughed at, then hotly opposed, and
finally everyone says they knew it was right all along.
There is a sadder, parallel process that works in reverse.
When a scientific idea that everyone thought was right
turns out to be untrue, its die-hard defenders are at first
hotly debated, then laughed at (however quietly and

EARLY MEASURER AND EQUIPMENT Left: Sarah Lee Lippincott (1920— ) worked with van de Kamp from 1945 to 1972; in 1951
they announced signs of a planet orbiting Lalande 21185. Here she prepares to load a plate into the Sproul refractor in 1964.
Right: A filar micrometer for measuring double stars visually is attached here to the back end of Sproul’s 24-inch refractor.
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DESKTOP ASTROMETRY Before digitization, photographic
plates were measured with a “measuring engine”: a microscope
riding on massive rails with high-precision analog vernier dials to
read out its position.

politely), and then finally ignored. Van de Kamp never
gave up and never admitted that he may have made a
mistake, unto his dying day at age 93 in 1995.

But even the skeptical Gatewood was not immune
from false exoplanet discoveries. In 1996, 23 years after
reporting that the Barnard’s Star planet was an illusion,
Gatewood announced that improved astrometric equip-
ment was revealing that Lalande 21185 had multiple
planets. These would have been relatively far from the
star — the most distant being 0.8 arcsecond — so they
should have been observable with a telescope equipped
with an efficient coronagraph to block the central star’s
light. Efforts to detect them both by direct imaging and
by radial-velocity observations have come up empty, cast-
ing severe doubts on this claim.

THE SKEPTICAL SUCCESSOR Wulff Heintz took over as
director of Sproul after van de Kamp retired. Within a few years
he published a detailed refutation of van de Kamp’s erroneous
Barnard’s Star planet claim.
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Recent Retractions

Everything finally changed starting in 1992, when Alek-
sander Wolszczan at Penn State University announced
that two planets with about four times Earth’s mass are
tugging on the pulsar PSR B1257+12 in Virgo. Their
motions induce slight wobbles in the arrival times of

the spinning neutron star’s pulses — this time for real.
(Wolszczan announced his discovery in the presenta-
tion immediately following Lyne’s famous retraction in
January 1992, a cruel irony.) Then in 1995, Michel Mayor
and Didier Queloz at the Geneva Observatory announced
the first planet orbiting a normal star, 51 Pegasi, based on
the radial-velocity wobbles that the planet induces in the
star’s spectrum. Thanks to the planet’s fast, 4.2-day orbital
period, Geoff Marcy and Paul Butler were able to quickly
confirm 51 Pegasi’s wobbles after taking spectral data at
the Lick Observatory’s 3-meter Shane reflector.

Since then nearly all exoplanet discoveries have proved
genuine beyond doubt — first a trickle, then a flood. As of
this writing many teams of astronomers have announced
a total of 552 confirmed exoplanets, mostly by the radial-
velocity signatures they induce in their stars’ spectra or by
slight dimmings as they periodically transit a star’s face.
Some are seen doing both. In February the team running
NASA'’s Kepler transit-hunting satellite announced 1,235
planet candidates; at least 90% of these are expected to
prove real. And the Kepler mission is still young.

But a few false discoveries continue, some of them
embarrassingly high profile.

The Geneva Observatory radial-velocity group retracted
three of its announced exoplanets after later observations
showed strong correlations between the supposed radial-
velocity variations and slow brightness variations in the
stars themselves. A planet could not cause both effects,
but starspots rotating across the star’s face certainly could.

Last year the WASP transit-hunting group, headed
by Andrew Cameron of the University of St. Andrews
in Scotland, had to retract one of its announced planets,
WASP-9. In this case the star showed slight, regular dips
in brightness just as if a planet were crossing its face.
Subsequent measurements of the star’s velocity variations
seemed to show that the orbiting body had a planetary
mass. The group confidently announced its discovery —
only to find from further observations that WASP-9 con-
sists of three very similar stars, two of which eclipse each
other grazingly. The two eclipsing stars each rotate so fast
that their spectral lines are broadened to near-invisibility.
With their light blending into the light of the third star,
we see tiny, periodic dips in the triple’s total brightness
that mimic those of a transiting exoplanet.

History appears set to repeat itself as another recent
exoplanet claim is being called into question. Stephen
Pravdo and Stuart Shaklan of the Jet Propulsion Labora-
tory announced a low-mass body orbiting VB 10, a tiny,
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very dim red dwarf just 20 light-years away that’s right at
the lower mass limit for hydrogen burning. They deduced
the planet’s presence from side-to-side astrometric
wobbles in the star’s apparent position, harking back to
the bodies once thought to orbit Barnard’s Star, Lalande
21185, and the rest. But trouble surfaced quickly. A team
led by Jacob Bean (then at Georg-August University, Got-
tingen, Germany), using a new spectrograph capable of
highly precise radial-velocity measurements in the infra-
red, failed to find the expected radial-velocity wobbles
induced by the planet, ruling out its existence.

Not even the person who made the first real exoplanet
discovery has been immune. Aleksander Wolszczan, who
found the first two genuine pulsar planets, added a third
in 1994 that has only twice the mass of the Moon. Then in
2005 he announced a fourth, this one orbiting far from the
pulsar and with a lower mass still. Although the first three
have been thoroughly confirmed, the signal of the fourth
turned out to be spurious. It was detected at only one fre-
quency, and a re-tuning of the radio telescope to a shorter
wavelength showed no sign of pulse-time perturbations.
Wolszczan has since attributed the signal to changes in
the interstellar plasma along the line of sight.

Just last September we saw what may turn out to be
the most embarrassing false exoplanet since the van
de Kamp era. Publicized worldwide as the “Goldilocks
Planet,” Gliese 581g had only 3 or 4 Earth masses and
was orbiting its star, the dim red dwarf Gliese 581 (20
light-years away in Libra), at a distance that would be “just
right” for liquid water on its surface. Announced by the
Lick-Carnegie Exoplanet Survey led by Paul Butler and
Steven Vogt, it seemed to be the first such case clearly
known and was trumpeted in the news media (S&T:
December 2010, page 16).

But the planet quickly came under serious challenge.
Its radial-velocity signature amid the star’s complex
wobbles (caused by at least four other planets) was barely

SWAPPING NON-PLANETS George Gatewood helped show
that the Barnard’s Star planet doesn’t exist. He went on to see
signs of planets around Lalande 21185 — but those too evaporated.

OOPS! The “Goldilocks Planet,” supposedly orbiting in the hab-
itable zone of the red dwarf Gliese 581, was exposed as probably
nonexistent soon after the Lick-Carnegie Exoplanet Survey team
announced its discovery last year. The team made this painting
available with its press release.

above the noise level — and other radial-velocity measure-
ments showed no sign of it. A re-analysis of the original
data called even that into question; the discoverers had
assumed that the planet had a circular orbit, and when
that assumption was dropped, no evidence for the wobble
was apparent. The case of the Goldilocks Planet isn’t quite
closed yet, but it seems likely to be a classic mistake. Since
then the Kepler team has announced 54 planet candidates
that orbit in their stars’ habitable zones (May issue, page
12), but these have received less public attention.

Humble Pie
The moral of the story is this: nature is craftier than we
give her credit for. Or perhaps that’s being too anthropo-
centric. Rather, even good scientists can be more credu-
lous than they think. Even the best will sometimes over-
look, or too readily brush over, a small but crucial detail.
We can also say that more than a century of hard work
was most definitely not in vain. Efforts to verify the early
claims steadily pushed the technology to the point where
astronomers began to make real detections. These days,
none of the mistaken discoverers are viewed as failures.
Instead, we see them as intrepid explorers who, while
unable to find their City of Gold, nevertheless blazed
trails that others followed, ultimately to success. 4

Brandon Tingley is a researcher specializing in transiting
exoplanets. He currently works at the Instituto de Astrofisica
de Canarias on the island of Tenerife, on the science team of
the Corot exoplanet-hunting spacecraft.
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The Northeast Astronomy Forum (NEAF) has come a long
way in the past two decades. What began as a “crazy idea” during

a casual conversation among Rockland Astronomy Club members
Al and Judi Nagler and the late Allan Green has grown to become
one of amateur astronomy’s premier events. Thousands of people
now make the annual springtime pilgrimage to the campus of
Rockland Community College in Suffern, New York, for the two-day
extravaganza. They come to hear lectures by prominent amateur

and professional astronomers, talk shop with other astronomy
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1. Celestron’s flagship 14-inch scope shared the spot- ‘\ \
light with the company’s soon-to-be-released SkyProdigy

technological wonder.

2. A prototype 8-inch Schmidt-Cassegrain telescope generated a
lot of comments at the Explore Scientific booth.
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3. SBIG’s new company owner and CEO, Ron Bissinger (left) and Alan
Holmes were on hand to talk about their new CCD-based ST-i planetary
camera and autoguider (inset), which features 16-bit images.

4. Bresser's new Messier line of reflectors and refractors includes this hand-
some 6-inch f/8 Newtonian, which attracted lots of attention.

5. Scott Roberts of Explore Scientific showed off an attractively priced 6-inch
apo refractor due out this summer and a prototype heavy-duty German
equatorial mount now being field tested.

\

Visit SkyandTelescope.com/neaf2011 to see video interviews with

/ some of the manufacturers exhibiting at NEAF this year.
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enthusiasts, and renew acquaintances. But most of all they
come to see (and purchase) the latest astronomy equipment
on display by scores of dealers and manufacturers.

Sky & Telescope, a long-time NEAF sponsor, always has
a big turnout, and this year all of our editors were on hand.
Pictured in this story (and identified with numbers at the
lower left corner of each image) are the people and products
that especially piqued our interest. The notes below for
selected images expand on the captions that appear with
the pictures.

1. Celestron’s soon-to-be-released SkyProdigy telescopes,
which currently includes a 70-mm refractor, 90-mm
Maksutov-Cassegrain, and 130-mm reflector, use onboard
“StarSense technology” to automatically identify stars and
initialize the scopes’ Go To computers. They offer telescopic
exploration of the heavens to people with no previous
knowledge of the sky.

2. The folks at Explore Scientific were soliciting feedback
on a prototype 8-inch Schmidt-Cassegrain telescope fitted
with an illuminated 8x50 erect-image finder and 2-inch star
diagonal with enhanced coatings.

3. People who stopped by the SBIG booth to check out
the new CCD-based ST-i planetary imager and autoguider
also got a chance to meet the company’s new owner
and CEO, Ron Bissinger, who is a long-time amateur
astronomer currently involved with pro-am collaborations
on observing exoplanet transits.

4. Bresser’s new Messier line of refractors and
Newtonian reflectors (exclusively distributed in the
Americas by Explore Scientific) includes full-feature
telescopes for all levels of serious observing from beginning
to advanced.

5. Of special interest at Explore Scientific’s booth was
the upcoming 6-inch apo refractor featuring a carbon-
fiber tube, air-spaced triplet objective made with extra-low

dispersion Hoya glass, and a 3-inch, dual-speed rack-
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6. Approximately 150 exhibitors were spread across NEAF’s expansive floor space.

7. The precision-engineered astrographs from Dave Tandy’s AG Optical have honeycomb tubes (inset).

8. QSI’s new 600 Series cameras have internal 8-position filter wheels.

9. Optec’s high-precision FastFOCUS moves the secondary mirror of Celestron’s Fastar-compatible scopes.
10. Eyepiece and accessory cases from Wood Wonders combine style with utility.

11. Urban Observatories incorporates boat-building technology in its compact domes.
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and-pinion focuser. The right-angle, errect-image 8x50 finder has
separate focus adjustments for the eyepiece reticle and the finder.

7. Industry newcomer AG Optical displayed several astrographs
with impressive design credentials. Systems based on Newtonian
and Dall-Kirkham optics (both equipped with image correctors) are
currently available in 121-, 16-, and 20-inch apertures.

9. Optec’s high-precision FastFOCUS system takes advantage of
the removable secondary mirror in Celestron’s Fastar-compatible
Schmidt-Cassegrain scopes. The prototype on display was for the
11-inch EdgeHD scope, but another is in the works for the 14-inch.
The FastFOCUS system allows the user to focus the EdgeHD scopes
after engaging their highly effective primary mirror locks that
eliminate image shift.

12. One of the “must-see” items at the Vixen display was the
pocket-sized Polarie tracking mount planned for release later this
year. Looking at first glance like an oversized point-and-shoot
camera and powered by two internal AA batteries, the Polarie has
a bubble “level” calibrated for latitude and a peep-sight for aligning

the mount on Polaris. Another noteworthy feature is a half-sidereal

drive rate, which is one of the “secret” techniques used to take many
of today’s outstanding starscape photographs.

14. After making a name for itself with its highly acclaimed
tangent-arm tracking systems, AstroIrac is developing an extremely
portable German equatorial mount for astrophotographers wanting
dual-axis guiding capability.

15. The tiny all-weather, all-sky camera from Moonglow
Technologies is made for monitoring sky conditions at remote
observatories. An optional “uploader” system converts the camera’s
video signal for computer display, making it easy to monitor
conditions over the internet.

16. MallinCam’s new Xtreme model offers shutter speeds from
112,000 second to 100 minutes, making the color video camera
suitable for everything from high-speed solar and lunar observing
to long-exposure deep-sky imaging. The camera also features a

built-in title generator, and options include a chip-cooling system

and wireless exposure controller. 4
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12. Brian Deis shows off Vixen’s upcoming Polarie tracking
camera mount powered by internal batteries.

13. Markus Ludes of Lunt Solar Systems exhibited a proto-
type 230-mm (9-inch) hydrogen-alpha solar telescope.

14. AstroTrac’s Richard Taylor (right) talks about his highly
portable German equatorial mount with Walter Hildebrand
of Astrosysteme Austria.

15. The tiny all-sky camera from Moonglow Technologies can
remotely monitor the sky day and night in any weather.

16. MallinCam Xtreme melds the performance needed for
deep-sky imaging with video-camera simplicity.
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Northern Hemisphere's Sky

Take your time exploring the summer sky.

Took an untrodden path once where the swift don’t win the race,
It goes to the worthy who can divide the word of truth.
— Bob Dylan, I and I

THERE ARE MANY KINDS of untrodden paths. But

as I step out on a clear summer night, far from city lights,
I see one in the sky. It’s the great road of the sky, the
Milky Way itself, scanned with the unaided eye or optical
aid, evoking in people of all times poignant feelings of
connection and longing.

Walking the Milky Way. Our all-sky map on page
44 shows the sky when the constellation Sagittarius
is nudging up to the meridian. This Sagittarius Hour
features the constellation of the Archer at its highest,
though that’s not very high for viewers at mid-northern
latitudes. But what’s most impressive at this time, at least
in dark skies, is the Sagittarius Milky Way.

The bright part of the Milky Way band now pours over
the shoulder of the sky from high in the east in Cygnus,
down the south-southeast mid-sky in Scutum, and into
the low south in Sagittarius. Is it a mystic waterfall,
frozen by distance? Or the mist of star clouds thrown up
from the unseen cataract?

Messier 8, the Lagoon Nebula, is one of the glories of the Sagittarius Milky Way.
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Some cultures have seen the Milky Way as the
backbone of night, others as the river of stars — and
others as a mystical path of souls. If it’s a path, you
certainly can’t tread on it, unless you tread with your eyes,
admiration, and imagination.

Take your own star walk. You would think that the
constellations of summer, the season famous for mild,
serene nights and people at leisure, would have been
observed as completely as possible by now. Or at least the
famed Milky Way regions of these constellations would
have been trampled up and down like Broadway.

Why be anxious to explore what’s already been
explored by others?

Reading about these celestial wonders, or even looking
at wondrous images of them, is not the same as seeing
them directly with your own eyes. The great 20th-century
deep-sky observer and writer Walter Scott Houston joked
one night at Stellafane, Vermont’s summer meeting
of amateur astronomers and telescope makers, that so
many people had viewed Messier 13 through the Porter
turret telescope that the great globular cluster might be
worn out. It’s the kind of joke that’s all the more potent
because we laugh — and then are struck with a shock of
recognition. If a great sky wonder can never be worn out
by looking, shouldn't it also be true that we can never
wear out our own wonder in looking at it?

Where the swift don’t win the race. Clear summer
nights are peaceful — so calm down and take all the time
you need to enjoy the sights along the Milky Way. Try
limiting yourself to studying just one constellation per
night. In fact, the sights both of Cygnus and Sagittarius
are too many and too various to take in even in a whole
night. I'll devote the next two months of this column to
objects in Cygnus alone.

And what about the Sagittarius region at the
Sagittarius Hour? Even our basic all-sky map shows 11
Messier objects in the span from the rich open cluster
M11in Scutum to the big open clusters M6 and M7 at the
tail of Scorpius. In between are four fabulous nebulae
(M8, M20, M17, and M16), three more open clusters (M11,
M23, and M25), and a superb globular cluster (M22). 4

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



Experience the 36 Events That Forever Changed History

Discover the profound importance behind the greatest moments in the story of human
civilization in these engaging lectures by an award-winning professor.

istory is made and defined by land-
Hmark events—moments that irrevocably

changed the course of human civilization.
Without them, human history as we know it today
would be shockingly unfamiliar. In short, because
of these events, our world would never be the same
again.

The World Was Never the Same: Events
That Changed History is a captivating course in
which Professor J. Rufus Fears—a master historian
and captivating storyteller—provides you with
36 of the most definitive events in the history
of human civilization. Guided by his decades of
immersion in the study of the past, he weaves a
captivating story about each event: what led up
to it, how it unfolded, and how the world was
changed as a result. More important, he uses these
events as guides for understanding and learning
from the past.

Explore the importance of moments such as
the trial of Jesus, the discovery of the New World,
and the dropping of the first atomic bomb. And
Professor Fears also makes compelling cases for
events you might not have considered, such as the
creation of the Hippocratic Oath and the opening
of the University of Bologna. More than just learn-
ing about the past, with this course you’ll feel as if
you’re actually engaging with it.

About Your Professor

Dr. J. Rufus Fears is David Ross Boyd Professor
of Classics at the University of Oklahoma, where
he holds the G.T. and Libby Blankenship Chair
in the History of Liberty. An acclaimed scholar
with more than 20 teaching awards, he was chosen
Professor of the Year on three occasions by stu-
dents at the University of Oklahoma.

About The Great Courses

We review hundreds of top-rated professors
from America’s best colleges and universities each
year. From this extraordinary group we choose
only those rated highest by panels of our custom-
ers. Fewer than 10% of these world-class scholar-
teachers are selected to make The Great Courses.

We've been doing this since 1990, producing
more than 3,000 hours of material in modern and
ancient history, philosophy, literature, fine arts, the
sciences, and mathematics for intelligent, engaged,
adult lifelong learners. If a course is ever less than

About Our Sale Price Policy

Why is the sale price for this course so much
lower than its standard price? Every course we
make goes on sale at least once a year. Producing
large quantities of only the sale courses keeps costs
down and allows us to pass the savings on to you.
This also enables us to fill your order immediately:
99% of all orders placed by 2 pm eastern time ship
that same day. Order before August 26, 2011, to

receive these savings.

completely satisfying, you may exchange it for
another, or we will refund your money promptly.

Lecture Titles
1.  Hammurabi Issues a Code
of Law (1750 B.C.)
2. Moses and Monotheism (1220 B.C.)
3. The Enlightenment of the Buddha
(526 B.C))
4. Confucius Instructs a Nation
(553-479 B.C.)
5. Solon—Democracy Begins (594 B.C.)
6. Marathon—Democracy Triumphant (490
B.C.)
Hippocrates Takes an Oath (430 B.C.)
Caesar Crosses the Rubicon (49 B.C.)
9. Jesus—The Trial of a Teacher
(A.D. 36)
10. Constantine I Wins a Battle (A.D. 312)
11. Muhammad Moves to Medina—
The Hegira (A.D. 622)
12. Bologna Gets a University (1088)
13. Dante Sees Beatrice (1283)
14. Black Death—
Pandemics and History (1348)

® N
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15. Columbus Finds a New World (1492)
16. Michelangelo Accepts a
Commission (1508)
17. Erasmus—A Book Sets Europe
Ablaze (1516)
18. Luther’s New Course Changes
History (1517)
19. The Defeat of the Spanish
Armada (1588)
20. The Battle of Vienna (1683)
21. The Battle of Lexington (1775)
22. General Pickett Leads a Charge (1863)
23. Adam Smith (1776) versus
Karl Marx (1867)
24. Charles Darwin Takes an
Ocean Voyage (1831)
25. Louis Pasteur Cures a Child (1885)
26. Two Brothers Take a Flight (1903)
27. The Archduke Makes a State
Visit (1914)
28. One Night in Petrograd (1917)
29. The Day the Stock Market
Crashed (1929)
30. Hitler Becomes Chancellor
of Germany (1933)
31. Franklin Roosevelt Becomes
President (1933)
32. The Atomic Bomb Is Dropped (1945)
33. Mao Zedong Begins His Long
March (1934)
34. John F. Kennedy Is Assassinated (1963)
35. Dr. King Leads a March (1963)
36. September 11, 2001
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consists of 36 30-minutes lectures plus Course

Guidebook.
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[ DVD $69.95 (std. price $269.95) SAVE $200!
plus $10 Shipping & Handling

[0 Check or Money Order Enclosed
Non-U.S. Orders: Additional shipping charges apply.
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Meade scopes not only
go to, but they talk to you
after they get there!

All Meade LX90, LT, and LXD75 6” to 12” go-to telescopes
now include Meade’s unique new AudioStar™ computer hand
control with a built-in speaker and Astronomer Inside™ audio
\.  software at no extra cost.

\ Astronomer Inside™ has over four hours of fascinating

. professionally-recorded information to tell you about the

. . celestial wonders your scope is showing you. And with

more than 30,000 stars and celestial sights that its go-to

computer system can lead you to, you have a lot of
heavenly wonders waiting for you.

From $799 to $3199, these Meade’s are fully-

equipped and ready to observe ... and talk.

Sunspots bore you? Want to get up close
and personal with the nearest star?

The Coronado PST personal solar telescope shows
you more than just sunspots, like an ordinary solar
filter. The PST shows you flares and prominences that
are bigger than the Earth itself bursting off the Sun’s surface. It's a
fascinating display of raw power that changes even as you watch.

Want really good? You want a TeleVue.
From the 60mm TeleVue TV-60 to the 127mm TeleVue NP-
127is, the TeleVue refractors we carry have gotten rave re-

‘ i views from magazines and owners alike. Optically and

L 4 Meade b4
LT 6 S
6” /10 SCT

$799

$499

mechanically superb, TeleVue refractors (like TeleVue eye-
pieces) make their owners very happy.

Want scopes? We got ’em.

! $379

Instant savings on every
Celestron NexStar SE.

Saving on a Celestron is simple this June. Buy any
Celestron NexStar SE computerized go-to Maksutov or
Schmidt-Cassegrain telescope between June 1 and June 30 nocmarooe
and you save $50 to $100 instantly. There’s no form to fill & #10SCT
out, no waiting, just instant savings on the spot!

Each NexStar SE has Celestron’s incredibly fast and easy
SkyAlign system so you don’t need a degree in astronomy
to line it up on the sky. Each is a joy to use and is fully
equipped and ready to observe right out of the box. It's time
for you to save on a NexStar SE . .. instantly!

The 4” NexStar 4SE Mak is $449 after your $50 rebate! $7ﬂ19 \
The 5” NexStar 5SE SCT is $649 after your $50 rebate! rebate!
The 6” NexStar 6SE SCT is $719 after your $80 rebate! ® amioo

The 8” NexStar 8SE SCT is $1099 after your $100 rebate!

Astro-Tech Dobs. a‘%" |

Big apertures, little prices. = .
Astro-Tech Dobsonians don’t cost a fortune (only $379.95
for the 8” /6, $499.95 for the 10” f/4.9, both freight paid), yet they
come with two eyepieces, an 8x50mm finderscope, dual speed
Crayford focuser, top quality images, and lots of light-gathering
for serious deep space and solar system observing. $499%

A perfect grab-and-go or vacation take-along.
. AT72ED 72mm 6 The Astro-Tech AT72ED ED doublet refractor doesn’t
. cost nearly as much as its excellent image quality would

suggest. Available in six tube colors, with images free of
spurious color, it’s ready to pop on a photo tripod or equa-
torial mount and start observing on a moment’s notice.

Want accessories? We have those, too.

Barlows: We have seven brands,
more than two dozen models, at
prices ranging from $29.95 to $499.

Dust Covers, Scope Cov- r
ers, Light Shrouds We have 47 |
over 60 from four manufactur- |

f ers, for all popular scope mod-
J els and types, starting at $30.
CCD Cameras: We have

dozens of the most popular im-
aging systems, priced from $99
to over $10,000.

Dew Shields and Dew Heat-
ers: We have them for all popu-
lar scopes. Dew shields start at
$24.95; heated dew shields start
at $49; and dew heater strips
start at $25.

Eyepiece Containers: We
have bolt-style containers in
" | six sizes, each with foam in-
| serts at no extra cost, starting
at $2.49.

Eyepieces: We have nearly 200
individual eyepieces of all types,
from 12 manufacturers, at prices
from $22.95 to over $700

Vibration Dampeners: Stop
@p) the shake when you focus your
scope. $49.95 to $95 a set.

Finderscopes: We have magnifying,
non-| magnlfylng, illuminated, dark

crosshairs, in colors to frosn:a;ri[;:ggrns?lzijrggle(
match your scope, right- v 1.25,, or 2, BK7
mirror or quartz, dielectric
or aluminum, from $42.95
to $495.

angle, straight-through,
red dot, starting at $29.95.
Filters: Color, neutral density, light
8 pollution, CCD imaging, 2", 1.25",
\ ¢ 50mm, 50mm square, at prices from
225" $11.95 to $1975.

Wheeley Bars: Make
moving your telescope
out to your observing site
easy, starting at $223.

Dovetail Plates and
Adapters: We have them

by the dozens, from six
different manufacturers,
all priced at $25 and up.

Want savmgsﬂ L ook no further.

You get telescope and accessory discounts at
astronomics.com when you join Cloudy Nights —
the best astronomical resource on the web - for
free at www.cloudynights.com/register.

What is Cloudy Nights? Just the largest, friendliest, and most
informative free astronomy gathering place in the world. Cloudy
Nights has over 49,000 members, with dozens of forums where
you can get answers to all your telescope questions, or just
chat — and CN members get discounts at astronomics.com.

Anyone can sell you a telescope.

Our family business has been supplying backyard astronomers and
schools with the right telescope for over 30 years. The right telescope,

_astronomic

680 24th Avenue SW, Norman, OK 73069

Mastercard, Visa, Discover, American Express, PayPal.

(800) 422-7876

E-mail: questions @ astronomics.com

We’ll sell you the right telescope.”

the right accessories, the right advice, and the right price.
Call us today toll-free at (800) 422-7876 and find out for yourself.

3 Starting our 32nd year of friendly service,

reliable advice, and money-saving prices.

PHONE AND LIVE CHAT: 9am - 8pm CST Mon - Fri, Sat noon - 5pm.
STORE HOURS: 9am - 5pm Mon - Fri; Sat noon - 5pm.

Prices and specifications current as of 4/1/11, but subject to change.
' .
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Sky at a Glance

MOON PHASES
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PLANET VISIBILITY

Visible August 27 through September 18

Hidden in the Sun's glow all month
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August 2011

ALL NIGHT: Vesta shines at magnitude 5.6.
This is the brightest asteroid apparition until
2018; see page 53.

DUSK: The waxing crescent Moon is below
Saturn on the 3rd and Spica on the 4th, as
shown on page 48.

FIRST-QUARTER MOON (7:08 a.m. EDT).

PREDAWN: Mars is less than 1° south of M35,
low in the east-northeast.

EVENING: Binoculars and telescopes
show the 2.9-magnitude star Pi Sagittarii
disappearing behind the dark edge of the
gibbous Moon for the eastern half of North
America. See SkyandTelescope.com/
Aug20T10ccult for details.

THE PERSEID METEOR SHOWER peaks
late tonight. Unfortunately, the full Moon
will hide all but the brightest meteors.

FULL MOON (2:57 p.m. EDT).

PREDAWN: Mars is 1/2° south of 3.0-
magnitude Epsilon Geminorum.

LATE EVENING: Jupiter rises below the
waning gibbous Moon.

LAST-QUARTER MOON (5:54 p.m. EDT).

LATE EVENING: The Pleiades rise above
the Moon.

ALL NIGHT: Neptune is at opposition,
opposite the Sun in the sky, rising around
sunset and setting around sunrise. See the
July issue, page 28.

DAWN: Mars is just left of the thin crescent
Moon (for North America) and well to the right
of similarly bright Castor and Pollux.

DAWN: Faint Mercury is far lower left of the
thin crescent Moon, as shown on page 49.

NEW MOON (11:04 p.m. EDT).
DUSK: Spica is to the upper left of the thin

crescent Moon, and Saturn is to the Moon’s
upper right.

See SkyandTelescope.com/ataglance for
details on each week’s celestial events.

SkyandTelescope.com August 2011 43
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Facing West

Galaxy
Double star
Variable star
Open cluster
Diffuse nebula
Globular cluster

Planetary nebula

Using the Map

WHEN

Late June la.m*
Early July Midnight *
Late July 1 p.m.*
Early August 10 p.m.*
Late August Dusk

*Daylight-saving time.

HOW

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

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

Example: Rotate the map so that
“Facing West” is at the bottom.
Halfway from there to the map’s
center is the bright yellow-orange
star Arcturus. Go out, face west,
and look halfway up the sky.
There’s Arcturus!

Note: The map is plotted for

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

August.

To watch a video
tutorial on how to
use this sky map,
hosted by S&T
senior editor Alan
MacRobert, visit
SkyandTelescope
.com/maptutorial.

Binocular Highlight:
Summer Star Cloud

IN THE ENTIRE FIRMAMENT only a handful of deep-sky
wonders look their absolute best in binoculars. Most of these
are so large that they’re diminished by the restrictive fields
of view provided by typical telescopes. One such target is
M24, otherwise known as the Small Sagittarius Star Cloud.
It’s a spectacular binocular sight, yet it’s unremarkable in
most telescopes.

To the unaided eye, M24 looks like a little wisp of steam
floating above the Teapot of Sagittarius. And though it’s
comprised of many, many stars, M24 isn’t a cluster but
an isolated patch of Milky Way. Indeed, it’s regarded as a
discrete object primarily because it’s bounded on all sides by
dark nebulosity. M24 is like a patch of blue sky seen through
a hole in the clouds.

In my 10x50s, M24 is a huge, oval-shaped glow oriented
roughly northeast by southwest. Superposed on this haze are
roughly two dozen individual stars, the brightest of which
form a pair of neat little triangles with their apexes nearly
touching. Impressive as M24 is, I find the surrounding dark-
nebula complexes even more fascinating. Most conspicuous is
the finger of darkness that defines M24’s southeastern edge.

The extra magnification of my 15x45 image-stabilized
binos helps the dark nebulae stand out better, which in turn
makes M24 more conspicuous. However, moving up to my
15x70s is a step backward. Although these binos show more
stars than the 15x45s, they have a slightly narrower field of
view. So they don’t include enough of the surrounding star
field to show M24 at its best. 4

— Gary Seronik
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Planetary Almanac

Mercury Sun and Planets, August 2011

L _ Sun 1 8428 41812 — 268 33”7 — 1015

Aug 1 1

( August  Right Ascension  Declination ~ Elongation Magnitude  Diameter  lllumination  Distance

31 10" 35.3™ +8° 54 — -26.8 317 417 — 1.010

Mercury 1 10" 06.9™ +8° 05 23° Ev +1.2 9.7” 24% 0.693

1 9h 55.5™ +7° 32 12° Ev +3.4 11.0” 6% 0.610

21 oh 27.1m +10° 56 8° Mo +4.1 10.4” 3% 0.646

31 9h 27.0m +13°59”  17° Mo +0.3 8.0” 31% 0.839

Venus 1 8h26.2m +20° 10 4° Mo -3.9 9.7” 100% 1.727

1 9" 16.6™ +17° 05 2° Mo —4.0 9.6” 100% 1.731

21 10" 05.3™ +13°12 2° Ev —4.0 9.6” 100% 1.729

Jupiter 31 10" 52.4™ +8° 43’ 4° Ev =39 9.7” 100% 1.722

Mars 1 5h52.3m +23° 43" 40° Mo +1.4 4.4” 95% 2.129

16 6h 35.8™ +23°40"  44° Mo +1.4 4.5 94% 2.069
31 7"18.0m +22° 55 49° Mo +1.4 4.7” 93% 1.997
\ Jupiter 1 2h 27.3m +13°13"  89° Mo -2.4 40.6” 99% 4.858

31 273297 +13°34° 17°Mo  -26 4467  99% 4417

Saturn 1 120485m  -2°38  64°Ev. +0.9 1657 100%  10.051

31 12'585m  -3°46"  38°Ev 409 1597 100% 10434

Saturn Uranus 16 0"15.4™  +0°50' 139°Mo  +5.8 377 100%  19.309
Neptune 16 22"07.4™  -12°09’ 173°Mo  +7.8 247 100%  29.001

Pluto 16 18"209m  -18°59° 132°Ev +14.0 017 100% 31390

16
s 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

Uranus ') equatorial diameter. (Saturn’s ring extent is 2.27 times its equatorial diameter.) Last are the percentage of a planet’s disk
- - illuminated by the Sun and the distance from Earth in astronomical units. (Based on the mean Earth-Sun distance, 1a.u.
Neptune ) is 149,597,871 kilometers, or 92,955,807 international miles.) For other dates, see SkyandTelescope.com/almanac.

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

/e
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LOC.AL TIME OF TRANSIT
4am

The Sun and planets are positioned for mid-August; 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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Jupiter’s Moons

\

Aug 1

Callisto

anymede

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.

(SAO

'hrmr'om\ swin. cdu au

SWINBURNE ASTRONOMY ONLINE

e Fullyonllne ¢ [Focus on

postg raduate degree programs et SR
Taught by

research astronomers.
Programs range from a 6-week short course . Designed for

to a Masters degree. = . educators, science communicators,
amateur astronomers, and anyone

Join students fromaround the globel &

Celebrating 10 years of online education. SAO is.'f'uﬂy

accredited and run by Australia’s Swinburne University: with a love of astronomy.

PER:FORMANCE AND VAIUE.

The all-new Senes 5000 HD-60 Premlum Eyepieces -
have a wide, 60 degree apparent field-of-view (AFQV)"
that is flat and sharp all the way to the edge, with a-
minumum of 17mm eye relief for easy, comfortable
observing. These eyepieces feature super fully multi-
coated lenses with blackened edges and rotating adjustable
eyecups. Available in 4.5mm, 6.5mm, 9mm, 12mm, 18mm and
25mm focal lengths. Now you can own a set of high-performance eyepieces at an
incredible price.

NiftocalllengthSEIONIYASTIEACH]

ULTRA-WIDE ANGLE (UWA) EYEPIECES
82° AFOV.

Series 5000 six and seven element UWA eyepieces fous
are the ultimate in eyepiece design. Featureing Qzimm #
an astounding 82° AFOV and flat, sharp images to O

the edge, these eyepieces deliver breathtaking *“_,,_,
wide-angle views of the heavens.

For uncompromising views that make any

telescope better and the best optics, like ACF,

reach their full potential.

Va7 mm 67 mmY8smm Y1 ammietS129leach]
18mmeS 149 eY2amm et 249k X50mmi=lS 299,

For more information about these products or Meade Instruments comprehensive line
of high-quality eyepieces and accessories, visit or shop online at www.meade.com
or visit one of our authorized dealers.

©2011 Meade Instruments Corp. All rights reserved. Specifications subject to change without notice. 30-11035

@ MEADE INSTRUVENTS

Innovative products for curious minds |
since 1972
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Fred Schaaf

Sun, Moon, and Planets

August is the last month this year for good evening views of Saturn.

AT DUSK IN AUGUST,
Saturn is fairly low in the west-southwest.
Bright Jupiter rises in late evening, about
an hour after Saturn sets. Mars comes up
in Gemini well after midnight. By morn-
ing twilight Jupiter is high in the south
and Mars is well up in the east — with
Mercury coming into view far lower left of
Mars during the last few days of August.

DUSK AND EVENING

Saturn begins August roughly 25° high in
the west-southwest when it first becomes
easily visible (about ¥2 hour after sunset)
at latitude 40° north. But by month’s end
it’s less than half that high at the corre-
sponding time of evening, preventing
crisp telescopic views.

Saturn, in Virgo, shines at magnitude
+0.9 well to the right of almost identically
bright Spica. Binoculars show that Saturn
continues to move eastward away from
3rd-magnitude Gamma Virginis (Porrima).
Telescopes show that Saturn’s rings are
tilted about 9° from edgewise to Earth.

Pluto, 14th magnitude in Sagittarius,

Dusk, Aug 2—4

1 hour after sunset

VIRGO

Spica
e/ Porrima
Saturn

Moon
Aug 4 )

Looking West-Southwest
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is best observed shortly after the sky
grows fully dark. See last month’s issue,
page 64, for a finder chart.

LATE NIGHT

Jupiter shines around magnitude -2.5
in southwestern Aries. It rises around
midnight (daylight-saving time) as August
opens and 10 p.m. as the month closes.
Jupiter’s direct motion (eastward relative to
the stars) slows to a halt on August 30th.
Telescope users will want to view
Jupiter at or near the beginning of dawn,
when it’s quite high in the sky. Jupiter’s
disk grows from 41” to 45” wide in August,
and the planet reaches western quadra-
ture (90° west of the Sun) on August 1st.
That means Jupiter’s moons are at the
maximum distance from their shadows
as they transit (cross in front of) Jupiter’s
disk, and the moons spend the maxi-
mum amount of time eclipsed in Jupiter’s
shadow. See the timetable of events on
page 54. SkyandTelescope.com/jupmoons
shows the configuration of Jupiter’s
moons at any moment.

Aug 19-21
Around midnight
these evenings

Pleiades

Moon
[ Aug 21

ARIES

Looking East-Northeast

Neptune and the asteroid Vesta are
at opposition on August 22nd and 5th,
respectively, so they're technically visible
just about all night long. But it’s best to
observe them in the middle of the night,
when they’re highest.

Neptune is in western Aquarius,
its 2.4”-wide speck of a disk shining at
magnitude 7.8. See page 33 of last month’s
issue for a finder chart.

Vesta is especially exciting this sum-
mer, for two reasons. One is that the Dawn
spacecraft should begin its historic orbiting
of Vesta in mid-July and reach its lower
survey orbit in mid-August. Also, Vesta
reaches magnitude 5.6 in the first week of
August, its brightest close approach until
2018. That’s bright enough to see with the
naked eye in a dark sky. Unfortunately for
northern observers, Vesta is in Capricornus
about 24° south of the celestial equator. See
page 53 for more information.

Uranus, shining at magnitude +5.8
near the Circlet of Pisces, rises in the
late evening. Its 3.7”-wide disk is best
observed when it’s highest, not long before

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.
For clarity, the Moon is
shown three times its
actual apparent size.

Jupiter



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

the onset of morning twilight. See next
month’s issue or SkyandTelescope.com/
uranus for a finder chart.

Mars rises around 2 or 3 a.m. in
August. Although Mars remains only
magnitude +1.4, and its disk appears just
41" in diameter, the planet is well worth
watching this month as it takes a lovely trek
across much of Gemini. Mars appears only
about ¥2° from the big star cluster Messier
35 on August 6th and 7th. On the 18th and
19th Mars is 1¥2° south of 3.0-magnitude
Epsilon Geminorum — Mebsuta, the star it
spectacularly occulted for North American
viewers 35 years ago. At the end of August
the orange-yellow planet shines near
3.5-magnitude Delta Geminorum (Wasat)
and forms an elongated triangle with
Pollux (distinctly brighter than Mars) and
Castor (slightly dimmer than Mars).

By month’s end, Mars stands more
than 30° above the eastern horizon as the
sky grows light.

Aug 22-23,1 am
Algol /

PERSEUS

Pleiades

Moon
Aug 22

.

TAURUS

Aldebaran

Looking East-Northeast -

March {
equinox \

Saturn

ORBITS OF THE PLANETS

December solstice

U
June solstice

o —

Mars \

/\
Venus ./

g_\
) M

_Sept.
equinox

/. Earth

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

DAWN

Venus is lost from view in August. It
leaves the dawn sky, going through supe-
rior conjunction (passing behind the Sun),
on August 16th. At Venus’s next conjunc-
tion with the Sun — on June 5-6, 2012

— it will cross the fiery solar face for its

\

Castor

Pollux

Moon
Aug 26

CANIS
MINOR

&
Dawn, Aug 25-27 X

45 minutes before sunrise Procyon

Moon
Aug 27
o

Looking East

second and last transit of the Sun during
the 21st century.

Mercury zooms through inferior
conjunction on August 17th but is too dim
to see in the dawn until the final few days
of August. Roughly doubling in bright-
ness every three days, Mercury shines at
magnitude +0.3 on August 31st and rises
about 12 hours before the Sun.

MOON PASSAGES

The Moon is a waxing crescent well below
Saturn on August 3rd and closer below
Spica the next evening. The dark edge

of the waxing gibbous Moon blots out
2.9-magnitude Pi Sagittarii for the eastern
half of North America on the evening of
August 10th (see SkyandTelescope.com/
Aug20110Occult).

The waning gibbous Moon stands not
far above Jupiter after they rise late on the
evening of August 19th. Just after last-
quarter phase, the Moon is straight below
the Pleiades around 1 a.m. on August
22nd. The waning lunar crescent floats
close to the right of Mars at dawn on
August 25th.

On August 31st, the thin waxing cres-
cent is back in the evening sky, forming a
triangle with Saturn and Spica. 4
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Charles A. Wood

Exploring the Moon

Trace the largest impact basins visible from Earth.

THROUGHOUT ITS EXISTENCE, the Moon

has been pummelled by impactors of all sizes. These
hypervelocity projectiles gouged pits ranging from
microns across all the way up to 1,000-kilometer-wide
basins — the very largest craters visible today. The
impacts that formed the basins deeply fractured the

crust and scattered ejecta across the entire lunar surface.
Although basins filled with lava (the maria) are easily vis-
ible, the basins themselves were essentially overlooked for
centuries. But since 1949, at least eight mare-filled basins
have been discovered on the lunar near side.

The Imbrium Basin (A), which includes Mare
Imbrium, is the largest observable impact basin. Its most
prominent rim segment is Montes Apenninus, one of the
most dramatic mountain chains on the Moon, marking
the basin’s southeast edge. The curved front of these

mountains encourages the eye to trace out a bright cir-
cular rim that includes Montes Caucasus, Montes Alpes,
and the unnamed terrain from Plato past Sinus Iridum.
The Apennines also extend to the west as a range of lower
and discontinuous peaks known as Montes Carpatus, the
Carpathian Mountains.

The Moon’s second most prominent basin is less
inundated with lava than is Imbrium, thus revealing
more of its structure. Nectaris Basin (B) is bordered by
Rupes Altai along its western edge, similar to the Apen-
nines, with a prominent scarp facing the basin’s center.
The scarp shows that the Altai were either uplifted, or the
crust inside subsided. The Altai are much less conspicu-
ous east of crater Piccolomini, with a less-obvious scarp
and isolated peaks continuing eastward around crater
Colombo. To the north, the basin ring mostly disappears
and can only be traced with a dol-
lop of imagination and faith.

Because Nectaris contains
just a small patch of mare, two
smaller mountainous rings are
visible within the larger Altai one.
These are best seen on the west
side of the basin, particularly
when the sunrise terminator is
just west of the Altai. The edge of
Mare Nectaris is an inner ring,
visible as a low scarp from Fra-
castorius crater bending around
toward Bohnenberger on the east.
Between this mare edge ring and
the Altai Scarp is a broad arc of
low hills, made noticeable because
of the smoother material on either
side of them. Because of the mul-
tiple rings that Nectaris and most
other basins share, they are often
called multi-ring basins.

Overlooked for most of observational
history, the rims of the great lunar
impact basins are traceable with careful
observations and a bit of imagination.

NASA /| GSFC / ARIZONA STATE UNIVERSITY



Deep gouges known collectively as the Imbrium Sculpture are easiest to spot around crater Ptolemaeus. These valleys clearly formed in

the cataclysmic impact that created the Imbrium Basin.

The most famous lunar basin is Orientale (C), whose
center is located just over the western limb. Recognition
of impact basins would have come centuries earlier if this
magnificent bull’s-eye basin had been centered on the
Moon’s Earth-facing side. If we had seen it stare down
at Earth, perhaps we would have thought we were being
spied upon. In any case, Orientale is the Moon’s youngest
basin, allowing us to see that it has three or four different
rings with only slivers of mare inside the main rings and
a central puddle of lava known as Mare Orientale.

Having been guided to the ring structures of the three
largest basins, you can look for similar multiple rings
at Humorum (D), Crisium (E), and along the northeast
limb, Humboldtianum (F). It’s challeng-
ing to identify rings around maria such as
Serenitatis (G) and Nubium (H), because
these basins are older and inundated with
mare lavas. If you aren’t sure that rings
exist there, you're in good company. Pro-
fessional lunar scientists today differ on
the diameters and exact locations of rings
for these ill-defined basins. LT

While observing these basins, recog-

Phases
First quarter
Full Moon
Last quarter

) i : X Distances
nize that maria and rings are the easiest .

. Perigee
parts to see. Just as important but harder 225 532 miles
to notice are the billions of tons of debris

Apogee

that were excavated by the formative
impacts and ejected vast distances across

249,417 miles

Perigee
the .lun.ar surface. The best-preserve'd 226,380 miles
basin ejecta surround the young Orientale

Librations

Basin. Although its position on the limb
makes observing and understanding what
we see difficult, massive ejecta flows are
just visible southeast of the basin — see
Vallis Bouvard — and farther north sur-
rounding and inside the crater Grimaldi.

Gauss (crater)

Mare Humboldtianum August 4

Cabeus (crater)
Mare Orientale

Great walls of ejecta were also swept away from the
Imbrium impact site, scouring walls of pre-existing
craters. The resulting ridges and gouges were discov-
ered more than 100 years ago and named the Imbrium
Sculpture. These are easiest to see in the area surround-
ing the crater Ptolemaeus, particularly just to the east of
the crater. Pasty flows of ejecta also swept across Montes
Haemus and the region near Julius Caesar. In all of these
areas, groves and lineations point back accusingly toward
their source: the Imbrium Basin. 4

NASA / GSFC [ ARIZONA STATE UNIVERSITY

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

The Moon e August 2011

August 4

August 6, 11:08 UT

August 13, 18:57 UT
August 21, 21:54 UT
August 29, 3:04 UT

August 2, 21" UT
diam. 32" 55”
August 18, 16" UT
diam. 29" 46”
August 30, 18" UT
diam. 33" 12"

August 7
August 18
August 23

S&T: DENNIS DI CICCO
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For key dates, yellow dots on the map indicate what part of the Moon’s limb
is tipped the most toward Earth by libration under favorable illumination.
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Alan MacRobert

Celestial Calendar

As the Dawn spacecraft images Vesta, with Ceres up next, follow both from your yard.

THE T.WO.BRI.GHTEST _150 21Ma0m . 21h20m o ) 20" 40™s
asteroids inhabit the dim realm south .

of Pegasus this observing season, when
one of them will be making a lot of news.
NASA’s Dawn spacecraft is set to enter
orbit around 4 Vesta in mid-July and begin
high-resolution mapping in mid-August.
After remaining at Vesta for nearly a year,
Dawn will then fly off toward 1 Ceres and
take up orbit around it in February 2015.

Both asteroids are visible in binoculars
and are easy catches in a low-power, wide-
field telescope — if you know where to look.

Vesta is looping through the interior
of Capricornus. On July 1st Vesta is
magnitude 6.3; on August 1Ist, 5.7; August
6th (at opposition), 5.6; September 1st, 6.3;
October 1st, 7.0; November 1st, 7.5.

Ceres is farther east, looping between
the end of Cetus and the water-bucket
spills of Aquarius. It’s larger than Vesta
but fainter, being a little farther from
both Earth and Sun and displaying
much darker terrain. Its magnitude on
July 1st is 8.7; August 1st, 8.4; September
1st, 7.8; September 16th (at opposition),

7.6; October 1st, 7.8; November 1st, 8.4;
December 1st, 8.7.

Jun7 1 ‘May 30

Star magnitudes
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Right: Ticks every 8 days mark the position of
Vesta and Ceres at 0:00 Universal Time. (In

the time zones of the Americas, this falls on

the afternoon or evening of the previous date.)
Interpolate between the ticks to put a pencil dot
on the track for when you plan to go looking!
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. Celestial Calendar

EVEN THE SMALLEST TELESCOPE will
show Jupiter’s four big Galilean moons,
and binoculars will usually show at least
two or three. Identify them with the
diagram on page 47. Listed below are all of
their interactions with Jupiter’s disk and
shadow during August.

The Great Red Spot
was at the central
meridian when Chris-
topher Go took this
stacked-video image
on November 9,
2009, with an T1-inch
Schmidt-Cass scope.

Phenomena of Jupiter’s Moons, August 2011

Aug.1 | 0:02 IRAN 9:56

On Jupiter itself, the dark South Equa-
torial Belt — which vanished for most of
2011 — had returned as of May as a bicol-
ored pair of bands: red-brown and gray.
The North Equatorial Belt was still broad,
obvious, and dark red-brown.

Jupiter’s most famous marking is its
more difficult Great Red Spot. Below are
the times and dates (in Universal Time)
when the center of the spot should cross
Jupiter’s central meridian:

August 1, 5:43, 15:38; 2, 1:34, 11:30, 21:25; 3,
7:21,17:17; 4, 3:13, 13:08, 23:04; 5, 9:00, 18:55; 6,
4:51, 14:47; 7, 0:42, 10:38, 20:34; 8, 6:29, 16:25; 9,
2:21, 12:16, 22:12; 10, 8:08, 18:03; 11, 3:59, 13:55,
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Perseids in the Moonlight

The annual Perseid meteor shower, due
to peak on the morning of August 13th,
will be mostly mooned out this year. The
Moon is full that night, shining as bright
as can be from dusk to dawn. Only the
brightest meteors will show through the
moonlit sky.

Next year will be much better, with the
Moon just a waning crescent.

23:50; 12, 9:46, 19:42; 13, 5:37, 15:33; 14, 1:29, 11:24,
21:20; 15, 7:16, 17:11; 16, 3:07, 13:03, 22:58; 17, 8:54,
18:50; 18, 4:45, 14:41; 19, 0:37, 10:32, 20:28; 20, 6:23,
16:19; 21, 2:15, 12:10, 22:06; 22, 8:02, 17:57; 23, 3:53,
13:49, 23:44; 24, 9:40, 19:36; 25, 5:31, 15:27; 26, 1:22,
11:18, 21:14; 27, 7:09, 17:05; 28, 3:01, 12:56, 22:52;
29, 8:48, 18:43; 30, 4:39, 14:34; 31, 0:30, 10:26, 20:21.
(Assumes the spot is at System IT longitude 173°.)
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Every day, interesting events happen between Jupiter’s satellites and the planet’s disk or shadow. The first columns give the date and mid-time of the event, in Universal Time (which is 4 hours ahead of
Eastern Daylight Time). Next is the satellite involved: I for lo, Il Europa, Ill Ganymede, or IV Callisto. Next is the type of event: Oc for an occultation of the satellite behind Jupiter’s limb, Ec for an eclipse
by Jupiter’s shadow, Tr for a transit across the planet’s face, or Sh for the satellite casting its own shadow onto Jupiter. An occultation or eclipse begins when the satellite disappears (D) and ends when it
reappears (R). A transit or shadow passage begins at ingress (1) and ends at egress (E). Each event is gradual, taking up to several minutes. Predictions courtesy IMCCE / Paris Observatory.
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Let Sky & Telescope help you get the most
out of the eclipse and the glories of Down
Under. Join us November 8-15, 2012 for a swing

through Australia, astronomy-style.

Join Greg Bryant, Editor of Australian Sky & Telescope,
to bring you eclipse expertise, the latest on Australian
astronomy, and a behind-the-scenes look at the

innovative instrumentation and research found in Oz.

See beyond the obvious. We’ll orient ourselves in
Sydney, enjoying its fresh vibe and hear the latest
on Australian astrophysics research from University
of Sydney astrophysicist Julia Bryant, Ph.D. Then off
to Australia’s astronomy corridor. We'll visit “The Dish”
at Parkes and the Siding Spring Observatory

at Coonabarabran (Astronomy Capital of Australia).

North to Caimns, with suspense building. While we're
in the neighborhood, we’ll unwind with a visit to the
Great Barrier Reef. After the eclipse, if you'd like to
move on to Uluru, the wine country, wildlife viewing,
and beyond, we can make your concept a reality. S&T
is poised to assist you to extend and customize your
journey with pre- and post-packages as you wish.

& TELESCOPE

Map out a robust intellectual adventure. Reserve

DAY 1: Nov. 8
Arrive Sydney

Upon your arrival at Sydney Airport, you'll be
met by your guide for a City Tour of Sydney,
including a tour of the Sydney Opera
House, a refreshing stop at Bondi Beach,
and a view of the historic Rocks area. In
early afternoon, we’ll relax on a luncheon
cruise of Sydney Harbor, then check in to
The Four Seasons Hotel of
Sydney. We'll have an
early dinner at a local
restaurant, and
call it an evening.

FOUR SEASONS

Lunch provided. Tlotels arcd Towsents

DAY 2: Nov. 9
Free day in Sydney

Enjoy a day at leisure on your own.

We highly recommend the Royal Botanic
Garden (with its famous flying foxes),

The Art Gallery of New South Wales, and
the Taronga Zoo — excellent options all
within easy walking distance from our hotel.

Breakfast provided.

DAY 3: Nov. 10
Travel to Parkes

Wake up Sydney hotel
Breakfast, 7am
Check-out/leave hotel at 8:30am
Arrive Parkes hotel, 4:30pm
(lunch en route at a resort)
Dinner in Parkes hotel
(Country Comfort Inn), 5:30pm
Depart hotel 7:30pm for night-time
Southern sky observing
Night-time Southern sky observing at 8pm
(weather permitting)
Back at hotel in Parkes at 10pm
Spend night in Parkes hotel

CAIRNS
See detail

now, and join kindred spirits in a timeless moment.
Visit http://www.insightcruises.com/SolarEclipse

| SYDNEY
See detail
bottom left



Today we head out to Australia’s astronomy
corridor. We'll traverse the UNESCO World
Heritage Site Blue Mountains, preserved
because of their unique mix of rain forest,
blue mists, golden red sandstone escarp-
ments, eucalyptus forest, and canyons.
We'll pause in Katoomba to take in the
view of The Three Sisters, and head into
Central New South Wales for lunch in a
country town. Our journey continues through
picturesque farmland, arriving at Parkes in
late afternoon. We'll have a relaxing dinner
and take an informal first look at Southern
Hemisphere skies.

Breakfast, lunch, and dinner provided.

DAY 4: Nov. 11

Visit Parkes Observatory

Wake up in Parkes hotel

Breakfast, 7am

Check-out/leave hotel at 8:30am

Arrive Parkes Observatory 9am

Lunch at Parkes Noon to 1pm

Leave Parkes 1:15pm

Arrive hotel in Coonabarabran at 4:30pm

BBQ dinner at Coonabarabran hotel
(Matthew Flinders), 5pm

Depart hotel 7:30pm for nighttime
observing

Night-time Southern sky observing at 8pm
(weather permitting)

Back at hotel in Coonabarabran at 10pm

Spend night in Coonabarabran hotel

This morning we head up the Newell
Highway to the Australia Telescope National
Facility, Parkes Observatory: The Dish. While
we can't enter the observatory

building itself, we’ll receive exclusive
briefings on the radio astronomy work
executed with the 64-meter parabolic

dish, and learn about Parkes’ role in the
Apollo 11 Moon landing, and other Apollo
missions. Punctuated by the rumbling

and whine that signals the movement of
the dish, we’ll wrap up our visit with lunch
at The Dish Cafe (Elvis recommends the
scones) and memorable photo ops.

After lunch it's onward to Coonabarabran,
Astronomy Capital of Australia. With luck,
we'll see emus, and with a lot of luck, we
may spy kangaroos and koalas in the
landscape. 5pm-ish we’ll check in to our
classic country motel, and unwind over a
poolside barbeque. After dinner, we'll go to
a local commercial observatory, and be-
neath a canopy of stars, tour the southern
sky with a Siding Spring astronomer.

Breakfast, lunch, and dinner provided.

DAY 5: Nov. 12

Visit Siding Spring Observatory ECLIPSE DAY ... at Dawn

Wake up in Coonabarabran

Breakfast, 7am

Check-out/leave hotel at 8:30am

Arrive Siding Spring, 9am

Depart Siding Spring, Noon

Sandwiches on bus

Arrive Tamworth Airport 3:30pm

Depart for Cairns at 5pm

Arrive Cairns 10:30pm

Check into hotel (Shangri-La) at 11:30pm

Wake up in Coonabarabran to the sound

of parrots and kookaburras. We'll have a
simple country breakfast, and head into
Warrumbungle National Park. We head
through eucalyptus forests, past the World’s
Largest Solar System Drive to Siding Spring
Observatory, Australia’s premier optical as-
tronomy center, atop Mt. Woorut. Get the
scoop on cutting-edge tools and exploration
at the Australian Astronomical Observatory
with an exclusive briefing, and visit some of
the dozen other observatories on site.

We're off, then, through New South Wales’
“New England” region, headed to Tamworth
and our transfer to Cairns, Queensland,
and our base at the Shangri-La Hotel.

Breakfast, lunch, and dinner provided.

DAY 6: Nov. 13

The Great Barrier Reef
Breakfast in Shangri-La, 7am

All aboard at 8:30am for a Big Cat Green
Island Reef Cruise. On a smooth-sailing
catamaran, we head for the Great Barrier
Reef World Heritage Area, one of the Seven
Natural Wonders of the World. On a 6,000-
year-old coral cay, Green Island National
Park’s tropical vine forest is home to 60
species of birds. Offshore in the surrounding
reef live green and hawksbill turtles, clams,
fish, stingrays, and a diversity of creatures.

Your cruise includes five hours on Green
Island, a semi-sub coral-viewing tour, the
choice of a glass-bottom boat tour or
snorkelling equipment for the day, a fish
feeding display, lunch, and self-guided is-
land walks. The Big Cat cruise ends at 5pm
with a transfer back to our hotel in Cairns.

You're on your own for dinner, but our hotel is

right on the water, downtown Cairns. Every
imaginable food option, and price range,
from dozens upon dozens of restaurants, is
within a 10-minute walk. For those tuckered
out by snorkeling all day at The Reef, either
the fancy Aisan Fusion restaurant, or the
water front full-service cafe, both on the
property of the Shangri-La, are fine choices!

Breakfast and lunch provided.

DAY 7: Nov. 14

Choices choices! Early this morning we
leave the Shangri-La for our pre-selected
eclipse viewing site options.

Option One: On the Beach

You can settle in at our gorgeous beach
selected for weather and viewing prospects,
positioned above the high-tide line for the
entire eclipse experience, with exclusive
use of an ocean-front cafe. We'll have a
breakfast buffet going before, during, and
after the eclipse ... just a 30-second walk
down from the water’'s edge and equally
“distant” to your camera equipment. We
have rooms booked right next door in a
charming, tropical motel ... a place to store
your equipment or recharge your batteries.

Options Two and Three: In The Outback

You can choose to head to the statistically

sunniest spot in the Outback, on the dry

side of the Great Dividing Range. Once

there, you have two options:

= Observe on the ground at a site in the
Outback

= Hop into a hot air balloon in Mareeba
(guaranteed to the first 45 people who
book; any unused by the first 45 will
be assigned to people in the order in
which they book) optimizing our position
for eclipse viewing “on the fly”

Tonight, join us for an eclipse celebration

reception, by the sea, followed by a sit-
down dinner of regional foods.

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

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

Data for our approximate viewing sites:

The Beach

Total duration is 2 minutes and 0.2 seconds.

Event

1st contact:
2nd contact:
Mid eclipse:
3rd contact:
4th contact:

Local Time Alt.*
5:44:40.8 AM 1°

6:38:26.6 AM 14°
6:39:26.7 AM 14°
6:40:26.8 AM 14°
7:40:13.5 AM 28°

The Outback — Balloon launch site:
Total duration is 1 minute and 40.2 seconds.

Event

1st contact:
2nd contact:
Mid eclipse:
3rd contact:
4th contact:

Local Time Alt.*
5:44:54.8 AM 1°

6:38:44.0 AM 14°
6:39:34.1 AM 14°
6:40:24.2 AM 14°
7:40:13.1 AM 28°

For those not ballooning, we’ll head north a

few clicks:

Total duration is 1 minute and 58.8 seconds.

Event

1st contact:
2nd contact:
Mid eclipse:
3rd contact:
4th contact:

Local Time Alt.*
5:44:38.6 AM 1°

6:38:15.3 AM 13°
6:39:14.7 AM 14°
6:40:14.1 AM 14°
7:39:48.1 AM 28°

*Alt. — Atltitude of the Sun over the horizon

DAY 8: Nov. 15

Fly Home

Check-out/leave Cairns hotel, 10am
Fly home from Cairns; arrive LAX 7pm, Nov. 15

SES|

THE JOURNEY WITHIN

(ST# 2065380-40




Sue French "p ‘

Deep-Sky Wonders

A rich patch of Milky Way adorns these constellations.

Messier 11 (left center) is prominent near the northeastern corner of the Scutum
Star Cloud, as seen in this photograph by S&T senior editor Dennis di Cicco.
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OFTEN LINKED in heraldry and emblems of state,
the eagle and shield are everlastingly bonded in the starry
sky as the neighboring constellations Aquila and Scutum.

Scutum, the Shield, is a small and dim constellation
with two great claims to fame: the magnificent Scutum
Star Cloud and the stunningly beautiful open cluster
Messier 11.

The Scutum Star Cloud is a splendid bright patch in
the Milky Way roughly 5° across. It’s visible to the unaided
eye in a dark sky, while binoculars reveal a pointillistic
haze draped with brighter loops and chains of stars. The
renowned American astronomer Edward Emerson Barnard
praised this cloud, calling it “the gem of the Milky Way.”

When we gaze at the Scutum Star Cloud, we're looking
through an unusually clear window, relatively unsmudged
by the obscuring dust lining much of the Milky Way. This
window allows us a 20,000-light-year line of sight through
the Sagittarius spiral arm and deep into the stars of the
great Scutum-Centaurus arm as it leaves our galaxy’s thick
central bar and curves toward us.

At a distance of 6,100 light-years, Messier 11 is pro-
jected against the northeastern edge of the teeming Scu-
tum Star Cloud. M11 is a beautiful thing to behold in any
telescope. Through my 130-mm refractor at 23%, the main
mass is a sparkly mix of crystalline specks and powder with
a brighter shard embedded in its southeastern edge. In the
same direction, a prominent star pair attends the sparse
fringes of the cluster. At 102x, gleaming rafts of stars
fractured by dark lanes comprise the large, densely settled
core, which is sheltered by a bedraggled eastward-pointing
V of suns. My 10-inch scope at 68x bares about 100 stars,
most in a 5 core curiously broken into rectilinear bars. The
thinly scattered sparks of the halo swell M11 to 11".

M17’s angled core and outlying V inspired William
Henry Smyth to write in his 1844 Bedford Catalogue that
the cluster “somewhat resembles a flight of wild ducks in
shape.” Thus the group’s popular nickname, the Wild Duck
Cluster, was born.

Two obscure planetary nebulae lie east-southeast of M11.
The first, Vyssotsky 1-4 (PK 27-3.2), is 45" from the clus-
ter’s center and visible in my 130-mm scope at 102x as the
southern of two close faint “stars.” Adding an oxygen III (O
ITI) filter makes the identification certain, as the planetary



looks brighter and the star disappears. Vy 1-4 is clearly visible
as a 14” disk through my 10-inch reflector at 299x. In a filter-
less view it seems brighter in the center, but with an O III filter
it exhibits uniform surface brightness. Through my 14.5-inch
reflector at 245x, the nebula’s central star is intermittently vis-
ible. The star’s visual magnitude is listed as 15.6, but that value
may be in error by as much as a half magnitude.

The second planetary is Abell 49 (PK 27-3.1), located 8.7/
west-southwest of Vy 1-4 and 2.2’ southeast of a 9th-magnitude
star. It’s visible only through large telescopes — and even then
it’s challenging quarry. From my semirural home, I could
barely detect it with my biggest scope, a 15-inch reflector. At
192x with an O III filter, the nebula was very elusive even with
averted vision. It looks round and is more than twice the diam-
eter of Vy 1-4. Abell 49 sits at the right angle of the triangle it
makes with the 9th-magnitude star and an 11th-magnitude
star 1.7 southwest.

Crossing constellation boundaries eastward takes us to
the tail of Aquila, the Eagle, where we find the pretty opti-
cal double star 15 Aquilae. This bright, yellow-orange pair is
widely split with my 130-mm refractor at 23x. Unlike a physical
double, an optical double is a chance alignment of two inde-

pendent stars. Different parallaxes for the components of 15 . : et
Aquilae indicate that they lie different distances away from us. ‘ . : T e UTU I\;I -
Similar in brightness to 15 Aquilae, the white star 14 Aqui- Ao BT e

lae lies 37’ to its west-northwest. From there we can sweep
3.3° north to the planetary nebula NGC 6741 and the open
cluster NGC 6735.

NGC 6735 is casier to find because it contains a 7.2-mag-
nitude yellow star, the brightest star within a degree of that - Vy 14y,
spot. Through my 130-mm scope at 37x, 10 very faint stars ‘ :
flock around the bright one, like a frugal version of winter’s
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Abell 49

Tau Canis Majoris Cluster (NGC 2362). At 102X, the cluster Use this photograph below to track down small, intense Vyssotsky 1-4 and
expands to include 35 faint to very faint stars spread across elusive Abell 49. The 8th-magnitude star near the lower-right corner of the
10’, with the topaz gem offset northeast of the group’s center. photo is plotted on the chart above.

Treasures of Scutum and Aquila

Object Type Mag(v) Size/Sep. RA Dec.

Messier 11 Open cluster 5.8 1 18" 51.1m  —6° 16"
Vy 1-4 Planetary nebula  13.6 15” 18" 54.0m  —6° 26
Abell 49 Planetary nebula  16.2 35” 18" 53.5m  —6°29’
15 Aqgl Double star 5.5,7.0 40.5” 19" 05.0m  —4° 02’
NGC 6735 Open cluster — 10 19" 00.6m —0° 29"

NGC 6741  Planetary nebula  11.4 9" x7” 19" 02.6m -0°27

Sh 2-71 Planetary nebula  12.3 21°%1.3" 19"02.0m +2°09”

Angular sizes are from recent catalogs. Visually, an object’s size is often smaller than the
cataloged value and varies according to the aperture and magnification of the viewing
instrument. Right ascension and declination are for equinox 2000.0.

STEFAN BINNEWIES / JOSEF POPSEL
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. Deep-Sky Wonders

ADAM BLOCK / NOAO / AURA / NSF

German stargazer Uwe Glahn sketched NGC 6741 (left) as seen at 720x with
no filter through his 16-inch Dob, and Sharpless 2-71 as seen at 257x with an
O lil filter through the same scope.

Sharpless 2-71 shows in exquisite detail in this 105-minute exposure through a
20-inch telescope.
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NGC 6735 was discovered in 1827 by John Herschel,
whose position refers to the bright star rather than the
center of the cluster. Although there is certainly a group
of stars visible here, NGC 6735 was deemed nonexistent
in the Revised New General Catalogue (Sulentic and Tifft,
1973) and is absent from many lists of deep-sky objects.

NGC 6741 is 30 east of NGC 6735 and 2.7" south of a
10.7-magnitude star. This little planetary is small, round,
moderately bright, and bluish through my 130-mm scope
at 102x. At 273x, it appears slightly oblong east-west. In
my 10-inch scope, the nebula’s hue is blue-green, and a
faint star guards its western end. At high magnifications,
some observers have noticed NGC 6741’s brighter north-
ern and southern rims. Can you?

NGC 6741 is sometimes called the Phantom Streak. I
was curious about this nickname, which likely originated
with John Mallas’s article Visual Atlas of Planetary Nebu-
lae V (June/July 1963, Review of Popular Astronomy). S&T
senior editor Dennis di Cicco and planetary-nebula guru
Kent Wallace came to my rescue with the article’s text.
Mallas writes:

The “Phantom Streak.” First you see it and then you don't. .
.. In the 4-inch after it was located, and using high powers,
NGC 6741 looks like a broad silver line. Almost uniform in
brightness, the ends appear broken and diffused. . . . My visual
impression agrees with H. D. Curtis’s description of this object.
He states: “It shows some trace of a ring structure, being some-

what fainter along the major axis.”

Our final target is the fascinating planetary nebula
Sharpless 2-71 (PK 36-1.1). Drop 1.7° south from the
bright U of stars that includes the double Theta () Ser-
pentis to the arc of three stars containing 64 Serpentis.
Just 1° eastward you'll find a pair of golden-hued 7th-mag-
nitude stars with a similar star %2° to their south. Sh 2-71
sits 14" east-northeast of the southern star and is inscribed
in the head of a 9" eastward-pointing arrow of four 9th- to
12th-magnitude stars.

In my 130-mm refractor at 91x, Sh 2-71 is a borderline-
visible, north-south glow. Nebula filters make it vanish.
The planetary is easier at 117x and appears oblong with
a star near the center. At 164x the star stands out better,
and the 2’ x 1" nebula may be slightly darker in the center.
Folks with larger telescopes have confirmed the central
void and also noted a fading of the nebula at its southern
end as well as a dimmer star north-northwest of the one
I saw. Deep images show that the dimmer star is actually
a very close pair. The star I saw is often given as the plan-
etary nebula’s central star, but a recent study indicates
that a 19th-magnitude star immediately to its northwest is
a better candidate. 4

Sue French welcomes questions, comments, and observing
reports at scfrench@mnycap.rr.com.
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Ken Hewitt-White

Going Deep

Three strikingly different galaxies line up side by side.

IN HIS REVIEW of George R. Kepple and Glen W.

Sanner’s The Night Sky Observer’s Guide (S&T: July 1999,
page 78), my observing colleague Lee Johnson had space
to discuss only a few of this book’s thousands of deep-
sky entries. He chose one of his favorite groupings as an
example: a tiny area in Draco containing a face-on galaxy,
an elliptical galaxy, and an edge-on galaxy. Lee noted that
his wife called this intriguing trio the Sampler.

You'll find the Sampler less than 2° east-northeast
of 3.3-magnitude Iota (1) Draconis. Arranged in a 15
long row, oriented east-southeast to west-northwest, the
galaxies make an attractive medium-power field. The

descriptions below focus on each member of the set, plus
a few smaller galaxies nearby. I made the observations at
several high-elevation sites in southern British Columbia
with my 17.5-inch /4.5 Dobsonian reflector unless other-
wise noted.

The easternmost galaxy, NGC 5985, is a tightly wound
spiral. About 5.5" X 3.0” in extent, NGC 5985 is certainly
the largest, if not the most prominent, member of the
Sampler. Its magnitude of 11.1 is tempered by a modest
surface brightness of magnitude 14 per square arcminute.
At 166x I see a diffuse cloud elongated 2:1. Its major axis
is essentially perpendicular to the line of galaxies, and

. / NGC5981 . ~ , NGC5976
, : : P

NGC 5982
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it aims at an 11.5-magnitude star immediately north. At
222x the object brightens toward an oblong core less than
1" in length. A magnification of 285x picks up a vague
patchiness north and south of the core. Lee Johnson has
glimpsed a portion of two opposing spiral arms with his
17.5-inch scope, but I didn’t notice them the night I cen-
tered the galaxy in a friend’s 20-incher at 400x. My goal
next time out is to grab those arms!

The middle object, NGC 5982, is a moderately
elongated elliptical galaxy. It’s 2.6" X 1.9 in extent, the
long dimension nearly in line with the row. Although it
possesses the same total magnitude as its neighbor to
the east, NGC 5982 stands out better thanks to a surface
brightness of magnitude 12.9 per square arcminute.
Other than that, NGC 5982 boasts no unusual features.
An eyepiece yielding 222x reveals an oval fuzz that
brightens strongly toward a tack-sharp nucleus in the
middle. When the sky is very dark and transparent, my
averted vision can pick up a tenuous halo all around.
This three-part structure reminds me of the popular
Cat’s Eye Nebula (NGC 6543), also in Draco, whose

slightly elliptical disk is accompanied by a bright nucleus

(the central star) on the inside and an exceedingly faint
halo on the outside.

The western galaxy, NGC 5981, is another spiral but
viewed essentially edge on. The 13.0-magnitude sliver
measures 2.7’ X 0.3’, oriented southeast-northwest, with
a 10.8-magnitude star 3’ off its northwest end. Because
of its small size, modest total brightness, and low surface
brightness, NGC 5981 is the least prominent member of
the trio. But this diminutive spindle provides the contrast
in shape that makes the Sampler so appealing — and it
rewards patient scrutiny. Beginning at around 150 I see
wispy, tapered “wings” extending from a broad central
bulge. I can’t detect the dust lane directly, but at high

Galaxies in Draco Sampler

Galaxy Mag. (v) Size RA Dec.

NGC 5985 111 5.5 x3.0° 15" 39.6m  +59° 20’
NGC 5982 1.1 2.6’ x1.9 15" 38.7m +59° 21
NGC 5981 13.0 2.7"x0.3" 157 37.9m  +59° 23’
NGC 5976 14.8 0.8"x 0.4 15"36.8"  +59° 24
NGC 5976A 14.6 1.0"x 1.0 157 36.1™  +59° 34
NGC 5989 13.1 0.9"x 0.9 15" 41.5m  +59° 45’
UGC 9972 14.9 1.0 x 0.4 15" 39.8m  +59° 49’
PGC 55758 15.3 0.5"x 0.3 15"40.3m  +59° 36’

Angular sizes are from recent catalogs. Visually, an object’s size is often smaller
than the cataloged value and varies according to the aperture and magnification of
the viewing instrument. Right ascension and declination are for equinox 2000.0.
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power the galaxy’s northeast flank seems sharper than
the opposite side, indicating that a dark thread runs along
that edge. I've confirmed this subtle detail using the
20-incher mentioned earlier.

In his book review, Lee Johnson noted that the Observ-
er’s Guide neglected to mention three other NGC galaxies
near the Sampler. No wonder; the biggest is just 1" across.
NGC 5976, a 15th-magnitude smudgy dot 8” west of
NGC 5981, fails to turn the trio into an obvious quartet.
A further 12" northwest is NGC 5976A (also called PGC
55561), which I consider a bit easier than NGC 5976. Only
1/2° northeast of the chain is 13.1-magnitude NGC 5989,

a round patch with a bright center. Those who enjoy
challenges should look almost 14" west-northwest of NGC
5989 for tiny UGC 9972 (also called PGC 55734). Like-
wise, PGC 55758 is just northwest of a 10.7-magnitude
star halfway between NGC 5989 and NGC 5985.

The Sampler’s high declination (+59°) means that it’s
circumpolar for mid-northern observers. The trio is well
placed all summer long, so give it a try sometime soon. 4

Vancouver Canucks fan Ken Hewitt-White samples galaxies
from the mountains of southern British Columbia.
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Gary Seronik

Telescope Workshop

You can make this mount even if you've never built anything

more complicated than IKEA furniture.

WOULD YOU BELIEVE thatthe photograph below

ALL PHOTOGRAPHS BY THE AUTHOR

was captured with a camera riding on a tracking mount
that costs less than $10, takes less than an evening to
assemble, and doesn’t require batteries? It’s true. Meet
the hinge tracker.

If you're like most Sky & Telescope readers with a
DSLR camera, you've considered dipping a toe into the
astrophotography waters. But a camera is only part of the
equation. Unless you're only interested in shooting star-
trail images, a tracking mount is necessary for exposures
longer than a few seconds. Most suitable mounts are
relatively bulky, or expensive, or both. But not the hinge
tracker. And best of all, it’s so simple to make that anyone
can build one. The most sophisticated tool I used to make
mine was an X-ACTO knife.
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Parts and Assembly

The heart of my tracker is a heavy-duty, 8-inch strap
hinge made by Stanley Hardware. You can use any brand
— the crucial parameter is the distance from the center
of the hinge pin to the center of the hole at the far end of
the hinge, which should be close to 7316 inches (183 mm).
You'll also want a hinge that has minimal play, which

is why I like the Stanley model. It has nylon bushings
between hinge halves, providing a smooth, sturdy assem-

This view of the Milky Way around the tail of Scorpius was
captured with a Nikon D200 DSLR camera riding on the hinge
mount described here. One of the tracker’s great virtues is that it’s
portable enough to fit into any suitcase. The author took this photo
during a trip to Costa Rica.




bly. When you're at the hardware store, try a few out and
pick the one that has the best feel.

The second important part of the hinge tracker is
the drive screw. It must have 32 threads per inch, or the
mount won't track at the correct rate. I used a 2-inch-long,
10-32 brass screw for my mount, but the material it’s
made of isn’t critical. You'll also need a few other bits of
hardware, which are given in the parts list on this page.
None of these items are exotic; you should be able to buy
everything at your local hardware store and walk out with
change from a $10 bill.

The first step in assembling the hinge tracker is to glue
one of the 10-32 nuts over the hole farthest from the hinge
pin, and the ¥4-20 nut to the lower of the two holes near-
est the pin. As shown in the accompanying photographs,
both of these nuts go on the inside face of the lower hinge
wing. The 10-32 nut is for the drive screw, while the other
serves as the tripod socket for attaching the mount to your
camera tripod. It’s important for the drive screw to bear
against a flat surface, so you need to glue the large fender
washer to the underside of the top hinge wing such that it
covers the hole farthest from the hinge pin.

I tested several adhesives for this project, but the one
that worked best is a two-part epoxy made by J-B Weld. If
you want to assemble the hinge tracker in one sitting, use
the version that sets in four minutes (called J-B Kwik). Do
your best to make sure that the nuts are centered over the
appropriate holes and that no glue ends up on the threads.

The next step is to assemble the drive mechanism with

the hardware you purchased and a drive wheel you have
to make. The wheel for my tracker is a 6Y2-inch-diameter
plastic lid from a margarine container. I trimmed off the
lid’s lip with the X-ACTO knife, making the lid relatively
floppy, which is a good thing — you don’t want to jiggle
the mount whenever you touch the drive wheel. Having
a flimsy piece of plastic helps ensure that only rotational
motion is efficiently transferred to the drive screw.

Use a permanent marker and a protractor to make
tick marks on the outer edge of the disk every 6°, with
every fifth tick drawn a little longer than the rest. You’ll
be turning the wheel once every minute, so each tick cor-
responds to one second. Make a hole in the center of the
wheel for the drive screw to fit through.

For the wheel’s pointer, I used a scrap of plastic from
a margarine container, cut to shape with scissors and
bent to form a stretched out Z. I used double-sided tape
to attach it to the top wing of the hinge. This placement
keeps the spacing between the pointer and the wheel
constant as you turn the drive screw.

After the epoxy hardens, you're ready for the tracker’s
final assembly. Run the 10-32 drive screw through the
center of the plastic wheel with a small washer on both
sides. Thread on a nut and tighten everything down so
that the wheel is firmly clamped between the washers.

The hinge mount is assembled from a handful of common
hardware-store items and requires no machining. In addition to
the tracker, you'll need a photographic ball head and a regular
camera tripod to complete the setup.

Parts list
Strap hinge (Stanley model 141620)
10-32 bolt 2 inches long
10-32 nuts (2 needed)
10-32 acorn nut
74-20 nut
%-20 bolt Y5-inch long
Large fender washer
Small washers for 10-32 bolt (2 needed)
Washer for %4-20 bolt

Next, thread the drive screw onto the mount from the
underside, then screw on the acorn nut. Lastly, run a
2-inch-long %4-20 bolt through a washer and the top half
of the hinge and into the base of a camera ball head.

Polar Alignment

You need to align the hinge tracker with the celestial pole
before you start taking pictures. For most purposes, sim-
ply sighting along the hinge to aim at Polaris (or Sigma
Octantis in the Southern Hemisphere) will provide suf-
ficiently accurate polar alignment. However, if you want
to be more precise, use the following procedure:
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Left: The mount’s drive mechanism consists of a plastic disk affixed to a 10-32 brass screw, which threads through a nut glued to the

lower hinge arm. An acorn nut bearing against the flat surface of a fender washer lifts the hinge arm, resulting in the tracking motion.

Index marks on the disk are for monitoring the drive rate. Right: Polar alignment of the tracker is accomplished by eyeballing the hinge

pin at Polaris. A more accurate alignment method is detailed in the text.

1. Set up your mount with the hinge pin on your left when
you're facing north and use the tripod’s pan/tilt adjust-
ments to aim the hinge pin at Polaris.
2. Center Polaris in the camera’s viewfinder by adjusting
the ball head.
3. Swing the camera through 180° by lifting the top half
of the hinge and observe the arc that the stars trace in the
camera’s viewfinder.
4. Use the ball head to tweak the camera’s position until
it’s pointed at the center of the circle that the stars traced
in the viewfinder (this aligns the center of the viewfinder
with the rotational axis of the hinge).
5. Now adjust the tripod so the camera is centered on
Polaris, and repeat steps 2 through 4 until it doesn’t
appear to move when you perform step 3.

The process takes only a minute once you've done it
a couple of times. You can also save time at night if you
align the camera’s viewfinder with the hinge axis during
the day by replacing Polaris with a distant object on the
landscape and performing steps 2 to 4. Then at night you
simply perform step 5.

Using the Hinge Mount
Once the tracker is polar aligned, aim your camera at your
target by adjusting the ball head only. To track the stars,
you turn the drive wheel counterclockwise one rotation
per minute. You can monitor your progress by watching
the second hand of a wristwatch or by listening to the
ticks of a short-wave radio tuned to a WWV time signal.
I've simply recorded a few minutes of metronome beats
onto my iPod, which I listen to with headphones.

In practice, you probably won't have to turn the wheel
in 1-second increments. If you're using a lens with a focal
length of 50 mm or less, you can move the wheel five tick
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marks once every five seconds instead. This reduces the
chances of jiggling your mount. If you find trailing on
pictures taken with longer-focal-length lenses, turn the
wheel more frequently.

The mount will track for about 10 minutes before its
accuracy starts to decline due to “tangent error” caused
by the straight drive screw. One benefit of DSLR cameras
for wide-field star photos is that you rarely have to take
exposures longer than 2 or 3 minutes. You can achieve
the equivalent of longer exposures by taking several short
ones and stacking the frames together with software,
such as the freeware program DeepSkyStacker. 1 have
achieved fine results with the tracker and 135-mm lenses.

Several camera accessories will make your life easier. A
remote shutter release (preferably with an interval timer)
is a real help. And a right-angle viewer that attaches to
your camera’s viewfinder saves a lot of neck strain.

The hinge tracker won't take the place of a more
sophisticated mount, but for a quick and easy entry into
astrophotography, it can’t be beat. The version presented
here is as basic as it gets and there are plenty of modifica-
tions you can make. On my website I've posted informa-
tion on slightly more complex hinge mounts, including
a motorized version and a unit that’s even more portable
than the one described here.

Finally, if you manage to take some great pictures
using a hinge mount, send a few our way — we’d love to
see the fruits of your labor. (See this issue’s Gallery sec-
tion for submission details.)

Happy tracking! 4

Contributing editor Gary Seronik has built numerous
telescopes and tracking platforms for astrophotography. He
can be contacted through his website, www.garyseronik.com.



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

Transit of Venus 2012

HAWAII - JUNE 3§ 7TH, 2012
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http://InSightCruises.com/Transit
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=The Asteroid Impact Threat The day’s itinerary:
= Cassini at Saturn, Part 1: The Planet & Rings = 8:30am: Depart Waikoloa Beach
= Cassini at Saturn, Part 2: The Moons Marriott Resort
= 9:00am: Arrive at Keck Observatory HQ for
DAY 3: June 5

two 90-minute presentations and tour
i = 12:30pm: Depart Keck Observatory HQ
Transit Day — Welcome to
the Keck Observatory

= 1:00pm: Arrive at Waikoloa Beach
Today we climb Mauna Kea to the summit,

Marriott Resort
= Relaxed afternoon on the Resort property
to the Keck Observatory (pictured above),
at nearly 14,000 feet of elevation, to

DAY 5: June 7
observe the transit. Above the cloud ceiling ~ Fly Home Depart from KOA Airport
we're practically guaranteed to have clear

skies and a perfect view. For those sensitive
to very high altitude, we will also be observ-  Qptional Tour
ing from the Mauna Kea VIS (aka Onizuka to the ‘Imiloa

Visitor's Center) at 9,300 feet.
. Astronomy Center
The day’s itinerary:

» 10:00am: Depart Waikoloa Beach Marriott ‘Imiloa Astronomy Center
= Noon: Arrive VIS, picnic lunch served of Hawai‘i is an astr'onomy
» 12:10pm: Venus first touches the Sun and culture education

« 1:00pm: Group departs VIS for the center located in Hilo,
Observatory on Mauna Kea Hawaii. It features exhibits and shows dealing

» 4:00pm: Afternoon snack with Hawaiian culture and history, astronomy

= 6:45pm: Transit ends, group departs VIS (particularly at the Mauna Kea Observatories),

= 8:15pm: Return to Marriott and the overlap between the two. (June 8)

= 8:30pm: Celebration reception
and dinner

DAY 4: June 6

Keck Headquarters

This morning we take a 30-minute bus the |
drive to the Keck Observatory headquar-  * 12:30pm: Lunch in Hilo

ters in Waimea. We'll hear two lectures = 3:00pm: Depart the ‘Imiloa Astronomy
by prominent astronomers, “scope out” Center

the Keck telescopes on the Mauna Kea = 4:30pm: Arrive at Waikoloa Beach
summit (through a telescope in the lobby Marriott Resort

of the headquarters), and spend some » Farewell cocktail party

quality time in the

unique gift shop.

Experience the 2012 Transit of Venus in an Otherworldly

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

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

Itinerary for The ‘Imiloa Astronomy Center:

= 8:30am: Depart Waikoloa Beach
Marriott Resort

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

DAY 1: June 3

Arrive Kona

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

DAY 2: June 4

Full Day of Classes
Waikoloa Beach Marriott

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

=The Hubble Space Telescope’s Greatest
Scientific Achievements

KECK OBSERVATORY
HEADQUARTERS

KECK
OBSERVATORY

MAUNEA KEA
VISITORS CENTER

WAIKOLOA BEACH

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

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

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

MARRIOTT RESORT (¢

J IMILOA

{1s) ASTRONOMY
3 CENTER

AIRPORT

Kailua-Kona

HAWAII VOLCANOES
NATIONAL PARK

party on June 3 = Celebration
cocktail rec_eptlon and dinner w%?%s Arrive Kona:
at the Marriott on June 5. | v Day2: —
u Day3: —
(ST#2065380-40 THE JOURNEY WITHIN 0255 10 15 20 Miles Day 4: —
™ ™ e Optional Day 4: ems
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With inexpensive equipment, you can easily
reveal the spectral signatures of everything
from nearby planets to distant quasars

Imagine using a 90-mm telescope in a light-polluted
backyard to detect methane in the atmosphere of Uranus.
Or how about turning an inexpensive security camera
toward a quasar 2 billion light-years away and recording
its redshift, seeing firsthand evidence of the expansion of
the universe? What if you could aim a simple video cam-
era at a comet and capture the spectroscopic signatures
of the complex organic molecules that are thought to be
the building blocks of life? Sound exciting? I speak from
experience when I say that it is. And in recent years more
and more amateurs are discovering this new dimension
of observing and imaging.

Although spectroscopy is one of the principal tools of
astronomical research, until recently it’s been relatively
costly and too complicated for most amateurs. But that’s
changing. With the simple hardware and user-friendly
software now available, it’s become much easier to get
started in spectroscopy. In some ways, it’s even easier
than astrophotography because it’s quantitative — you
leave behind the qualitative visual aesthetics demanded
by the human eye. But make no mistake: spectroscopic
results can be just as captivating as color images of celes-
tial objects.

I've also found that spectroscopy has greatly expanded
my understanding of astronomy. It’s one thing to have

The spectra appearing with this article were captured with a
Star Analyser grating attached to digital cameras such as the
Imaging Source video camera shown here. Amateurs have
obtained excellent results with everything from simple webcams
to advanced astronomical CCD cameras.
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The author’s RSpec software can create real-time graphs

along with reference lines of prominent spectral features

for a spectrum captured with a video camera. The webcam
image in the window at bottom, obtained with an 8-inch
Schmidt-Cassegrain telescope, shows the star Vega as a bright
dot (called the zero-order image) at left and its spectrum at
right. The window above it shows the spectrum’s graph with
reference positions for the hydrogen Balmer lines.

passive, theoretical knowledge of a subject, but once I
started doing spectroscopy, I found that I was reading
astronomical literature much more closely and with a
much deeper understanding.

Getting started in spectroscopy can be surprisingly
affordable, especially if you already own a camera. Ama-
teurs are doing quality spectroscopic work with DSLRs,
video cameras, webcams, and, of course, astronomical
CCD cameras. The only additional hardware you need is
an inexpensive diffraction grating that splits light into the
rainbow-like spectrum we frequently see in publications.
A diffraction grating capable of producing the low-resolu-
tion spectra accompanying this article costs about $180.

If you live in an urban area you’'ll be glad to know that,
unlike astrophotography, spectroscopy tolerates light
pollution very well. For example, one of the pioneers of
amateur CCD imaging and spectroscopy, Christian Buil
(http://astrosurf.com/buil), achieves outstanding results
from his light-polluted home in France.

Today’s light pollution typically occurs in specific
ranges of the visual spectrum. So-called light-pollution
filters take advantage of this limited spectral range and

transmit only the “important” astronomical wavelengths
while filtering out those of artificial light sources. By
definition, spectroscopy spreads out light by wavelength,
making it easy for us to observe astronomical features at
certain wavelengths while ignoring the light pollution
occurring at others.

Another advantage of spectroscopy is that you can
learn observing techniques with very easy objects such as
the bright star Vega. On your first spectroscopic outing,
you can shoot an image of the object’s spectrum and
later analyze the image to produce a profile graph of the
spectrum. With bright objects, you can even use modern
software to create real-time simultaneous views of the
spectrum and the profile graph. In addition to being excit-
ing, seeing spectroscopic features in real time, such as
dips in the profile due to hydrogen absorption in a star’s
atmosphere, makes it easy to focus and adjust our equip-
ment for the best results.

There are many interesting objects that we can study
with low-resolution spectroscopy. For example, it’s easy to
detect the atmosphere of Uranus. As seen in the illustra-
tion below, deep dips in the long-wavelength (red) portion
of the profile graph are due to atmospheric methane that
is absorbing sunlight. Reflected sunlight shows as the
highest-intensity part of the profile on the left, blue-green
end of the graph. This pattern explains why Uranus
appears blue-green in a telescope — the sunlight that
Uranus reflects is missing most of its red due to methane
absorption.

The spectrum of the Saturn Nebula at the top of page
70 illustrates that meaningful spectroscopic data can be
recorded in spite of light pollution. This is a typical spec-
trum for emission nebulae. The bright emission lines are

Uranus

Intensity —
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S&T: GREGG DINDERMAN / SOURCE: TORSTEN HANSEN

German amateur Torsten Hansen used an 8-inch Newtonian reflector and
Imaging Source DMK 21AU04.AS video camera to capture this spectrum of
Uranus, which has been corrected for the spectral variations of sunlight and
the camera’s response. Deep dips in the spectrum are due to absorption by
methane in the planet’s atmosphere.
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The spectra of most emission nebulae show just a few bright lines. The well-
known planetary NGC 7009 includes prominent emissions due to oxygen
and hydrogen, which can be seen in this spectrum captured with a 9%-inch
Schmidt-Cassegrain telescope and astronomical CCD camera.

Quasar 3C 273

Hydrogen Beta
Hydrogen Alpha

| | | | |
5000 6000 7000 8000
Angstroms
S&T: GREGG DINDERMAN / SOURCE: ROBIN LEADBEATER

Using a 9-inch Cassegrain reflector and modified low-light security
camera, English amateur Robin Leadbeater recorded the spectrum of the
13-magnitude quasar 3C 273 in Virgo. Its hydrogen emission lines are
shifted toward the red end of the spectrum because cosmic expansion is
essentially “stretching” the wavelength of the quasar’s emitted light.

Hydrogen Nova Cygni 2008

Beta

Hydrogen
Alpha
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S&T: GREGG DINDERMAN / SOURCE: ALAIN LOPEZ

Novae and supernovae are often readily identified by their spectral signatures.
This spectrum of a nova that appeared in Cygnus in March 2008 (V2468 Cyg)
was captured with a DSLR and reveals emissions from hydrogen and iron.
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due to ionized gases that have been excited to shine by
radiation from the nebula’s central star. These lines occur
at very specific wavelengths and can be spotted even if
there is considerable light pollution at other wavelengths.

One of my favorite examples of a low-resolution
spectrum is shown at center left for the 13th-magnitude
quasar 3C 273 in Virgo. It was obtained by Robin Lead-
beater (www.threehillsobservatory.co.uk). Using a modi-
fied low-light security camera and a 9-inch telescope, he
made a stack of forty 30-second exposures. The quasar’s
hydrogen emission lines are shifted about 16% toward the
red end of the spectrum, because the universe’s expan-
sion is “stretching” the wavelength of the quasar’s light.
A simple calculation shows that this redshift corresponds
to a distance of about 2 billion light-years. It’s remarkable
that backyard equipment can measure such distances!

In the study of variable stars, there’s a golden opportu-
nity for spectroscopists to collaborate with photometrists
who are making brightness measurements. For example,
amateurs are using low-resolution spectroscopy to classify
novae. Some types of novae show clear emission lines in
the red part of the spectrum due to iron and hydrogen,
while other types have a lot of features at the blue end of
the spectrum with the rest of the profile virtually feature-
less. Easily obtainable spectra of these objects enable
rapid identification of their types.

Like novae, supernovae also have characteristic
spectral features that allow us to determine their type.
Every year a few supernovae occur that are brighter than
magnitude 14 and can be recorded spectroscopically using
modest amateur equipment.

The spectroscopic work mentioned above can be done
with an inexpensive, slitless spectrograph. But if you catch
the spectroscopy “bug” and want to advance your skills,
there is commercial equipment available to do higher-res-
olution spectroscopy. The European amateur community
has done a lot of pioneering work in this field. A high-reso-
lution, slitted spectrograph opens up additional observing
opportunities, such as measuring the rotational speed of
Saturn’s rings, the radial velocities of stars, and detecting
spectroscopic-binary stars and exoplanets.

One particularly important high-resolution observ-
ing opportunity is a professional/amateur collaboration
involving Be stars. These are hot B-type stars with at least
one emission line (usually one of the hydrogen Balmer

@

During the 2011 Northeast Astronomy Forum last April,

Sky & Telescope’s senior editor Dennis di Cicco spoke with
author Tom Field about amateur spectroscopy. You can
watch a video of the interview and see a demonstration of
Field’s RSpec software at www.SkyandTelescope.com/tfield.
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lines). The spectra of some Be stars can vary over peri-
ods from several hours to many years. Scientists don't
fully understand the cause of these variations, or the
actual structure and characteristics of these stars or their
circumstellar disks that give rise to the emission lines.
Amateurs are working with professionals to monitor
spectroscopic changes of Be stars on various timescales
and contributing their results to an international database
maintained at the 'Observatoire de Paris—Meudon (http://
basebe.obspm.fr/basebe).

As with visual imaging, successful spectroscopy
involves properly post-processing your images. When I
started out, I couldn’t find any spectroscopy software that
would allow me to easily go from the image of a spectrum
to a calibrated profile graph. To fill this gap, I wrote a pro-
gram that I call RSpec (www.rspec-astro.com). In addition
to creating profile graphs from still images, it can make
real-time profiles from images obtained with a video
camera. It is currently used by observers, teachers, and in
outreach programs.

I can’t close without mentioning the annual August
meeting of spectroscopists at 'Observatoire de Haute
Provence (OHP) in southern France. This gathering
brings an international collection of amateurs together
in a star party/workshop format. Nights are for observing
and days are for learning, with lectures and spectrum-
processing workshops. All levels of amateur spectrosco-
pists are welcome at OHP, and I learned a tremendous
amount at the 2010 meeting. My wife and I were warmly
welcomed and we found the language barrier almost non-
existent. We look forward to attending again this year (as
well as spending some extra time exploring the beautiful
French countryside). If you get involved in spectroscopy,
OHP should be on your “must-go” list. You won't regret it.

It’s amazingly easy to get started in spectroscopy. With
a minimal investment, you can achieve meaningful and

Simple gratings for capturing the low-
resolution spectroscopy featured in
the accompanying article are available
from several sources including:

Paton Hawksley Education Ltd.
European source: www.shelyak.com
U.S. source: www.rspec-astro.com

Rainbow Optics
www.starspectroscope.com

www.rigelsys.com

Gratings and Spectrographs

Advanced spectrographs capable of
capturing high-resolution spectra are
manufactured by:

Baader Planetarium
www.baader-planetarium.com

Santa Barbara Instruments Group
(SBIG)
www.sbig.com

Shelyak Instruments
www.shelyak.com

During a recent meeting of the Society for Astronomical Sciences, Olivier
Thizy demonstrated the LHiRes spectrograph made by Shelyak Instruments.

compelling results, and I encourage everyone to jump in
and give it a try! You'll find that spectroscopy is a challeng-
ing and rewarding activity. And I'm sure your appreciation
and understanding of the physical science of astronomy will
grow by leaps and bounds. 4

Despite living in rainy Seattle, Washington, Tom Field is an
enthusiastic observer. He wishes to thank the amateur spectroscopy
community for its enormous assistance and patience in coaching
him and others as they entered the field.

Further Reading

Only a handful of books

have been written for
amateur spectroscopists,

but the latest is also one

of the best. Ken Harrison’s
Astronomical Spectroscopy
for Amateurs (ISBN 978-1-4419-
7238-5) is heavily illustrated
and packed with valuable
information on the design,
construction, and use of
spectrographs. There’s ample
background on the science
of spectroscopy, and most
chapters are accompanied

by reading lists and up-to-
date links to material on

the web. Of special note

is a chapter on observing
projects for backyard
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spectroscopists, with sections
on the Sun, planets, many
types of stars, and deep-sky
objects. The $34.95 book is an
excellent resource for everyone
interested in the subject. See
www.springer.com for more
information.

Ken M. Harrison

tronomical
eCLroscopy



& Imaging Conferences

Trading
Techniq

Attending an astrophotography
meeting can boost your imaging skills.

I'm not going to lie to you; high-end astrophotography
is a complex endeavor. Although modern equipment such
as robotic telescope mounts, autoguiders, and remote-
controlled observatories have relieved us of the need to
spend long, lonely nights at the telescope carefully guid-
ing on a faint star, that is less than half the work needed
to produce great astrophotos. The real work is done using
a suite of computer software programs to calibrate, com-
bine, and massage data until the efforts bear fruit. Most
of these processes cannot be automated. But learning the
best techniques doesn’t have to be a solitary endeavor.
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SEAN WALKER

Specialized imaging conferences have been sprouting
up throughout the U.S. and Europe, featuring well-
known astrophotographers and scientists sharing their
techniques. Are these gatherings worth your time?

Having attended roughly a dozen events, my answer is
a resounding yes. And regardless of whether you've just
started replacing your eyepieces with digital detectors or
are a seasoned pro, these conferences have something to
offer for every level of astroimaging expertise.

The Advanced Imaging Conference

The brainchild of Steve Mandel, the Advanced Imag-

ing Conference (www.aicccd.com) began in November
2004 and is held annually in or near San Jose, California.
Mandel’s idea was to host a conference with the best astro-
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photographers in the field giving presentations on their The growing popularity of imaging conferences is producing a new generation
image-processing techniques and imaging projects. Since  of skilled astrophotographers. Attending these focused gatherings can
then, world-famous imagers such as Rob Gendler, Ron improve your image-processing knowledge by leaps and bounds. In addition,

Wodaski, Don Goldman, and Adam Block have shared you can interact face to face with like-minded amateurs and scientists.
their experiences with attendees from around the world.

Amateurs aren’t the only presenters; professional AIC concentrates on deep-sky CCD astrophotography
astronomers including Zolt Levay and Lisa Frattare of capture and processing techniques, with general sessions
the Space Telescope Science Institute have revealed their for overview discussions, and separate workshops on spe-
secrets for producing the eye-catching images captured cific software and equipment. Often these workshops cover
with Hubble and other telescopes. processing methods that many attendees hadn’t considered

AIC president Ken
Crawford showed
attendees how to com-
bine narrowband and
broadband color-filtered
images to produce
breathtaking astro-
photos that reap the
benefits of both tech-
niques. In this rendition
of the Pelican Nebula,
IC 5067, Crawford com-
bined a natural-color
version of the star field
with a deep tri-color
narrowband image to
avoid the magenta or
cyan-colored stars that
often occur in narrow-
band images.
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. Imaging Conferences

before. Several years ago Adam Block of the Mount Lem-
mon SkyCenter ran a series of workshops chock full of
advanced processing techniques he developed in his years
of running the imaging programs at Mount Lemmon and
previously at the Kitt Peak Visitor Center.

A vendor area caters to the astrophotography commu-
nity, where attendees can check out the latest imaging
gear. On display is everything from big CCD cameras,
astrographs, robotic mounts, remote-observatory-control
systems, and premier post-processing software, with
knowledgeable staff on hand to explain the nuances of
each product. Many of the vendors, such as Software
Bisque, Diffraction Limited, and DC-3 Dreams, host
workshops that showcase additional features within their
products.

The Northeast Astro-Imaging Conference
Another well-established astrophotography get-together is
the Northeast Astro-Imaging Conference (www.rock-
landastronomy.com/neaic) in Suffern, New York, which
has preceded the Northeast Astronomy Forum (NEAF)

in recent years. NEAIC is organized by Jim Burnell and
Bob Moore of the Rockland Astronomy Club. Although
similar in many respects to AIC, NEAIC is organized into
subsets of special-interest groups. Whether your passion
is deep-sky imaging, planetary photography, or DSLR
astrophotography, NEAIC presents a well-rounded selec-
tion of speakers who cover all levels of interest.

French astrophotographer Thierry Legault showed off his amazing

S&T: SEAN WALKER, INSET: THIERRY LEGAULT

During the past few years, NEAIC lectures have been
loosely subdivided into three groups: aesthetic imaging,
scientific research, and beginners’ workshops. Aesthetic
imaging presentations discuss the artistic techniques
used to produce the eye-popping images often seen
in this magazine and on premier websites such as the
Astronomy Picture of the Day (APOD: http://apod.nasa.
gov/apod).

high-resolution videos of the International Space Station (inset) at
last April’s Northeast Astro-lmaging Conference.

Amateurs recently bitten by the astrophotography bug
can quickly get up to speed with inexpensive gear and
processes by sitting in on David Snay’s introduction to
telescopes and astro-imaging workshops. In addition,
premier imager Jerry Lodriguss has demonstrated how

DSLR cameras can record quality astrophotos, once again
proving you don’t need to have a small fortune’s worth of
equipment to produce world-class astronomy images.

Those interested in spectroscopy, astrometry, or any
type of survey work can get ideas for their next project by
attending NEAIC presentations. Past lecturers included
Mike Simonsen of the American Association of Variable
Star Observers (AAVSO) and team members of the Her-
schel Space Observatory.

Although the talks are categorized by subject, it’s often
beneficial to attend some that aren’t within your principal
realm of interest. For example, if you already do most of
your image processing with a particular software pack-
age, try checking out what other programs are available.
Each year I make a point to attend the presentations for
new programs and often come away with a desire to incor-
porate them into my own imaging routine. It certainly
never hurts to learn something new.

One of the major
benefits of attending
imaging conferences

is the opportunity

to interact with
other imagers face
to face. Austrian
astrophotographers
Johannes Schedler
(left) and Wolfgang
Promper discuss

the finer nuances of
printing astrophotos.
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Presentations at imaging conferences can sometimes be surprising. At the 2008 Advanced Imaging Conference, Chris Ford of Pixar
Animation Studios (and an accomplished imager in his own right) gave a presentation on creating 3-D animations of his astrophotos,

allowing viewers to “fly by” nebulae and star clusters.

Other Conferences

Besides these major conventions, other imaging work-
shops have sprouted up recently. Prior to September’s
Pacific Astronomy and Telescope Show (PATS) in Pasa-
dena, California, the Riverside Astrolmaging Workshop
(http://patsimage.org) features presentations to help you
hone your imaging skills, and is conveniently located at
the foot of Mount Wilson. In Europe, the biennial Central
European Deep-Sky Imaging Conference (www.cedic.at/
en/cedic.php) was held this past March in Linz, Austria,
and featured premier imagers from around the globe.
Many of the major star parties worldwide also include
astrophotography workshops, so chances are you can get a
taste for these events while spending the evenings enjoy-
ing the night sky at a dark location.

Regardless of which conference you attend, one of the
biggest benefits is learning about a fellow imager’s pro-
cessing workflow. No matter how much you use programs
such as Adobe Photoshop or MaxIm DL, chances are you'll
find something in a presentation that you hadn’t consid-
ered before. For example, at the 2005 AIC, I learned how
to use a great technique known as high-pass filtering in
Photoshop while attending a demonstration by Don Gold-

man. There’s nothing like watching a live demonstration
to absorb hands-on experience. Afterwards, Goldman
answered questions from the audience, which made it a
breeze to incorporate this great contrast-enhancing tool
into my own workflow.

Expanding Future Networks

Besides the talks, conferences provide a chance to meet
and trade ideas with other enthusiasts from around the
globe whom you may have only corresponded with over
the internet. Some of the best ideas often come from
impromptu brainstorming sessions that spontaneously
occur over lunch, or between the official sessions. Many
times these spirited discussions can lead to new tech-
niques themselves.

Regardless of your astrophotography experience,
attending these specialized gatherings can increase your
understanding of the latest tools and techniques available
in the digital age. And who knows, you might find your-
self as a presenter at a future conference. 4

Sky & Telescope’s imaging editor Sean Walker can often be
found among the crowds at imaging conferences.

SkyandTelescope.com August 2011 75



Sean Walker
Gallery

v DEEP INTO THE LAGOON » TUMULTUOUS SATURN

Taha Ghouchkanlu David Tyler

A showpiece target for observers through- Since its mid-December 2010 discovery,

out the world, the Lagoon Nebula, M8, the massive storm in Saturn’s North Tropi-

gets its name from the dark band of dust cal Zone continues to spread unabated.

between open cluster NGC 6530 at left, and Complex swirls of white clouds intermix

the brightest region at right known as the with darker material dredged up from lower

Hourglass Nebula. altitudes in the planet’s atmosphere.

Details: Orion Telescopes 190-mm Maksutov- Details: Celestron C14 Schmidt-Cassegrain

Newtonian telescope with a modified Canon telescope with Lumenera SKYnyx2-0 Visit SkyandTelescope.com/
EOS 40D DSLR camera. Total exposure was monochrome CCD video camera. Stacked = gallery for more gallery online.
28 minutes from Abyaneh, Iran. video frames recorded through color filters.
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ATHE CHURNING PHOTOSPHERE

Emil Kraaikamp

This extremely high-resolution view of a sunspot complex
last April 23rd reveals solar granules where superheated
hydrogen gas rises to the top of the photosphere.

Details: Meade Starfinder 10-inch Newtonian reflector with
Baader Planetarium AstroSolar Safety Film, and a Basler ACE
acA640-100gm video camera. Stack of multiple video frames.

v PERIGEE MOONRISE

Paco Bellido

The particularly close perigee full Moon last March

19th is seen rising over Castle Espejo in Andalucia, Spain.
Details: 80-mm refractor with Canon EOS 550D DSLR camera.

¥ SOUTHERN ALL-SKY VIEW

Tung Tezel

The Milky Way arcs across the southern sky as seen

from Mangaia, a member of the Cook Islands in the

South Pacific Ocean. The feeble glow of the zodiacal light is
just visible across the top right of the image, with brilliant
Venus embedded within.

Details: Modified Canon EOS 5D DSLR camera with a 17-mm
f72.8 fisheye lens. Total exposure was 5 minutes at ISO 3200.
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A LIFTOFF!

Alan Friedman

A massive prominence hovered for hours over sunspot 1166 this
past March 3rd, as seen from West Summerland Key, Florida.
Details: Astro-Physics 92-mm Stowaway refractor with 90-mm
Coronado SolarMax hydrogen-alpha solar filter, and Point Grey
Research Scorpion CCD video camera. Stack of multiple frames.

» STARBIRTH IN THE LMC

Robert Gendler and Ryan Hannahoe

Active starbirth region N11 in the Large Magellanic Cloud
surrounds NGC 1760, a cluster of hot, young, blue stars. Many
of these stars will end their lives as spectacular supernovae. 4
Details: 142-inch RCOS Ritchey-Chrétien with SBIG STL-11000XM
CCD camera. Total exposure was 14 hours through color filters.

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

Telescope Accessories & Hardware

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

Flat-Top Brandons Ready
Phone: 607.659.7000

’@ Astrodon” www.astrodon.com 512-259-9778

Foster Systems
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TOOLBOX | .+
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vernonscope.com
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* Push button 20" vertical travel &

www - Pier-Tech - com | [

ACCESSORIES
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+ EZ Focus Kit
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Free
Shipping!

ﬂu%l Now Build your own
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Mathis Instruments

Fork and German mounts designed for
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www.mathis-instruments.com
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Sky Publishing, PO Box 420235-0235,
Palm Coast, Florida 32142

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

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 RENT: Beautiful new, fully furnished 3BR/2BA
adobe home in Jack Newton’s Arizona Sky Village
(www.arizonaskyvillage.com). Observe under the
darkest, clearest, most transparent skies in the Lower
48! Contact ikitzman@yahoo.com, 203-856-6864,
www.arizona-dreaming.com
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IN THE NEXT ISSUE

NASA’s New Jupiter Mission

Scientists are set to launch Juno to study
Jupiter’s inner workings.

Light Pollution Success Stories
Amateur astronomers and their allies are

making progress in the fight against light
pollution.

Aussie Astrophotographer
Thanks to amateur astrophotographer
Anthony Wesley, scientists realize that Jupi-
ter gets hit more often then they thought.

Dig Deep
in the Veil
There’s more

to this famous
nebula than the
well-known arcs
and triangle.

SkyandTelescope.com
800-253-0245

On newsstands August 2nd!

Find us on
Facebook & Twitter



N IR Walt McLaughlin

A view of the Andromeda Galaxy turned the
author into a galaxy fanatic.

I FIrsT sPOTTED the Andromeda Gal-
axy (M31) with my binoculars back in
December 2003. I stood along the edge of
a farmer’s field stomping my feet to stay
warm and craning my neck until that
ghostly object suddenly appeared. Then
my casual interest in astronomy became
an obsession bordering upon madness. By
the end of the month, I bought a 4.5-inch
Newtonian reflector and was on my way
deep into space.

Some amateur astronomers are happy
enough looking at the Moon, the plan-
ets, or any one of the many astronomical
curiosities relatively close at hand. Galaxy
hunters range much farther out, lured
beyond the Milky Way by wild cosmo-
logical theories. We're also driven by a
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profound skepticism. Scientists tell us that

“island universes” exist out there, and we
feel compelled to see them for ourselves.
In January 2004 I finally viewed M31
through my telescope, leaving no doubt
in my mind about what it is. Yet I under-
stood how past astronomers could mistake
Andromeda for one of the Milky Way’s
many nebulae. It took William Herschel’s
18.7-inch telescope, built in the 1780s, to
suggest that the Andromeda Nebula could
be visually resolved into stars. Another 140
years slipped past before Edwin Hubble
used Cepheid variable stars to measure
its immense distance, thus identifying

Andromeda as a galaxy similar to our own.

Chet Raymo once wrote that looking
through a telescope is 50% vision and
50% imagination. The Hubble Space
Telescope’s high-resolution photos show
countless galaxies out there, but that
doesn’t make them any easier to compre-
hend. No matter how clear the picture
may be, it’s almost impossible to grasp
something 100,000 light-years across,
containing a trillion solar masses, and 2.5
million light-years distant.

After Andromeda I found two galax-
ies above the Big Dipper, about 11 million
light-years away. One was the face-on spi-
ral M81, and the other was the elongated
M82. Again, they were only smudges of
light, but their location agreed with my
charts. After those I found the Pinwheel
Galaxy (M101) and the Whirlpool Galaxy
(M51) even farther out. That was the
outermost range of easy galaxies with

my telescope. Still I continued hunting. I
found, for example, the closer but fainter
spiral M33 in Triangulum, and M65 and
M66 in Leo.

As a galaxy hunter, I am driven as
much by a sense of wonder as a desire to
understand. I agree with Chet Raymo’s
assessment in The Soul of the Night: “The
night sky is the hunting ground of the
mystic and the philosopher, the scientist
and the theologian.” Deep space is fertile
ground for anyone drawn to abstractions.
Every galaxy is one more piece of the
jigsaw puzzle. Every new object is another
clue in the great mystery of the universe.

When Immanuel Kant first wrote of
“island universes” in 1755, few people took
him seriously. In the 1920s, Edwin Hubble
proved him right. Now we revel in the
reality of hundreds of billions of galax-
ies stretching from here to the outermost
limits of the visible universe. Deep space
is where nature with a capital “N” unfolds
in all its glory. And it’s all right there for
anyone to see. 4

Walt McLaughlin is a writer, naturalist, and
amateur astronomer in Vermont who blogs
regularly at woodswanderer.com.
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The Paramount MX goes
wherever astronomy takes you.

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

Paramount ME-like homing,

tracking, slewing and pointing

performance

Rapid polar alignment using the
optional polar alignment scope

Includes TheSkyX Professional
Edition and TPoint for Mac

GEM design can track and slew or Windows

2 hours past the meridian
without flipping sides

Flip a switch to engage,
balance or lock the gears

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

($8,500)

Introducing the Paramount MX - Space to go.

Tue RosoTic TELESCOPE MouUNT ENGINEERED To Go WHERE You Go.
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FIND YOUR SPACE BISQUE.COM

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



OBSERVATORY CLASS TELESCOPES

(EVEN IF YOU DON'T HAVE AN OBSERVATORY)

THE MEADE 20" MAXMOUNT
AND 16" LX200-ACF

PUT RESEARCH-GRADE SYSTEMS
WITHIN YOUR REACH

‘x_ Unmatched, these two observatory-class
\ "' powerhouses offer features and performance
g, X 5
; demanded by the world’s premiere research
facilities, but at a price that’s within your
budget. To be selected by so many institutions,
universities and professional observatories
your instruments need to exceed the very
demanding expectations of professional
researchers. These field-proven workhorses
deliver with feature-packed performance, some of
which are not available anywhere else at any price.

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

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

for your backyard observatory —

or a really good reason to build one.

For more information on these

and our complete line of telescopes,
visit meade.com or scan the QR code
with your smart phone.

% The 16" LX200 (rear) and 20" MaxMount (front) are both

available in tripod and custom alt-az pier configurations.  Telescopes.co Telescopes B & H Photo Video Scope City
800.303.587 .483.6281 800.482.8143 800.235.3344

Woodland Hills Optics Planet ~ Canada  Khan Scopes
888.421.8766 800.504.5897 800.580.7160

@ MEADE INSTRUVENTS

Innavative products for curious minds ’
since 1972



