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See Al You Can See

In this multifaceted hobby, we share a universal desire to see all we can see. Tele Vue telescopes, eyepieces, and accessories fulfill
that desire. For example, our eyepiece designs provide extraordinary sharpness even to 110° of Apparent Field of View. They are
manufactured with custom coating designs so efficient even our most complex eyepieces are regarded among the best “planetary”
performers available. For Newtonians/Dobsonians as fast as f/3, Paracorr flattens the field and sharpens off-axis stars by neutral-
izing coma, while Dioptrx lets observers neutralize their eyes’ astigmatism—revealing the inherent performance in their Tele Vue
eyepieces. In Chester, NY we design and craft photo/visual APO refractors to deliver startling rich-field vistas yet also resolve the
finest planetary details limited only by aperture. At Tele Vue we are dedicated to the sheer performance of the equipment we create

for you. We are here to speak with you regarding applications. We are here to help you see all you can see.
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My Town,Our Planetarium # 173 El] I l]

“ Night Flight ”
at Haneda International Airport

GOTO INC has been publishing “My town, My planetarium” ads in Sky & Telescope since 1987. And we know that
these ads have increased tourism in some of the towns as visitors come to see the planetarium. But most tourists who
see the newest GOTO opto-mechanical star projector won't be staying long. That's because it is in the new
International Terminal at Tokyo’s Haneda Airport!

At the core of this new 10 meter planetarium is the new GOTO PANDIA HYBRID system. This brand new projector for
domes 6-12 meters in diameter is still being released around the world. The first installation is at Haneda. The new
PANDIA is a very compact, LED-powered starball which projects a gorgeous sky and 40,000,000 star Milky Way onto
the dome. It tells beautiful stories in the sky when synchronized with colorful, fulldome video. A one-of-a-kind electronic
LCD shutter cylinder turns transparent or opaque at the flip of a switch, giving either realistic horizon cutoffs in the tilted
dome, or a room that is filled floor to ceiling with stars. All together, the result is a true work of art.

In making this unique facility, GOTO 3 T
INC was challenged to create a dome B X
that would have multiple functions in a "
very busy airport. Working with the
airport authority and the future
operator, the dome was designed to
operate as a coffee shop each
morning, and as a cocktail lounge at
night. Both of these uses have
intimate, dimly lit tables, comfy seating,
cool jazz on the audio system, and
beautiful sky images overhead. In the
afternoons, the dome transforms into a
full-fledged planetarium with astronomy
themed shows playing to excited
audiences.

i

Unique LCD shutter cylinder in opaque mode.

W &

4 I
To learn more, contact:

The current afternoon show, “Night Flight” takes travelers
from Tokyo to a destination with a different latitude and

4-16 Yazakicho, Fuchu-shi, Tokyo 346 llimano St, Kailua, HI 96734 different culture, as the audience learns about changes in
183-8530 Japan Toll-Free from USA: 888-847-5800 the sky and the constellation legends of different lands.
o Wz International: 808-254-1898 Since Haneda is an airport, shows are short, allowing
Eﬁaﬁ?:n'gg;(ﬁgjp Eﬁéi‘):;f::s'gs@?:anh"nk.net passengers to catch their next flight. But even before they
URL: http://www.goto.co.jp Contact: Ken Miller step on board, they have already been to a different world!

J




Robert Naeye

Spectrum

MY ORIGINAL IDEA for this month’s Spectrum was to write about the

recent decadal survey report, covered on pages 22-29, and my concerns about
how the lack of funding will impact future astronomical research. But with the
recent passing of four prominent astronomers, I've had a change of heart.

In August we heard the unfortunate news that Jack Horkheimer passed
away. [ never had the pleasure of meeting Horkheimer, but I remember watch-
ing his televised Star Hustler broadcasts on PBS in the 1980s, when my child-
hood interest in astronomy was being rekindled. Horkheimer played a key role
in that process, and it wasn’t just me that he inspired. He sparked an interest in
the night sky among people across the country.

On October 8th we lost John Huchra of the Harvard-Smithsonian Center for
Astrophysics (CfA). Huchra was not only a top-notch researcher who played a key
role in mapping cosmic structure (see 50 & 25, page 10), he recently served as
President of the American Astronomical Society and was a member of the decadal
survey committee. (He appears in the photo on page 24.) Huchra frequently par-
ticipated on the CfA softball team that plays the combined S&T/AAVSO staff each
summer. I'll miss him as a great scientist and as a softball competitor.

On November 16th Allan Sandage died. I only met Sandage once, at his
Pasadena office in the late 1990s, but I knew him as a legendary figure in obser-
vational astronomy. He made immense contributions to our modern under-
standing of the extragalactic distance scale, stellar evolution, galaxy formation,
galaxy structure, galaxy evolution, and many other areas in astronomy.

And I was utterly shocked to hear the news a few days later that Brian Mars-
den died. Of these four late astronomers, I knew Marsden the best. I met him
on many occasions, and just a few months earlier we were exchanging e-mails
trying to arrange a lunch meeting. Marsden was a great friend of amateur
astronomers, and I will always be deeply grateful to him for being so supportive
of me, especially during my formative years as a science journalist.

Finally, my S&T colleagues and I are mourning the loss of Lynn Sternbergh
Donoghue, who worked in S&T’s art department from 1997 to 2005. Until the
very end in her battle with cancer, Lynn knew how to enjoy life, and she was one
of our most creative designers. I will always have fond memories of how Lynn
helped me in a big way when I moved back to S&T in 2003. We miss her dearly.

S&T: ROBERT NAEYE

Fvtet Vi
Editor in Chiﬁ&’/
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ONLY MEADE INSTRUMENTS PUTS AN

~The incredible Astronomer Inside does all this:

ASTRONOMER INSIDE YOUR TELESCOPE

LOOK &LISTEN'AS ASTRONOMER INSIDE™ -
GUIDES YOU THROUGH THE UNIVERSE. :

Meade LS™ LightSwitch® telescopes, Astronomer Inside

is built into the new AudioStar™ controller (with speaker)
included with Meade’s LX90™, LT™ and LXD75™ lines

of telescopes. Now the intelligence integrated into i
these Meade telescopes delivers all the astronomical i
knowledge and experience of a professional astronomer.

» Knows the sky so you don’t have to
Controls the telescope to find and track any
of over 30,000 celestial objects automatically

P Takes you on a guided tour
Shows you the best objects in your sky from
your location and time and then plays audio
descriptions of those objects so you learn the
details of what you are seeing

» Has over 4 hours of audio descriptions
that bring astronomy to life
Includes planets, stars, constellations,
clusters, nebulae, galaxies and more

It’s like having a personal astronomer standing next to you.

To find out more about Astronomer Inside and the entire line of
Meade Instruments products, or to buy online, visit meade.com.

6"&8" 8,108 12" 6"&8" All models
with LightSwitch Technology with AudioStar controller with AudioStar controller with AudioStar controller
Starting at S1,299 Starting at S1,799 Starting at $799 Starting at $599

You can find the complete line of Meade products at the authorized dealers below:

Telescopes.com OPT Telescopes B & H Photo Video Scope Gity
800.303.5873 800.483.6287 800.482.8143 800.235.3344

Woodland Hills Astronomics ~ Canada « Khan Scopes
888.421.8766 800.422.7876 800.580.7160

@ MEADE INSTRUVENTS

Innovative products for curious minds |
since 1972



V‘f
<o~ Letters

Young Stargazer in the Family

This past October my wife and I hosted a
family reunion at our ranch. After a long
day and nightfall, I set up the trusty Dob
for an impromptu star party. Kaci, a preco-
cious 6-year-old, stood out as the most
enthusiastic of all the eager participants.

I often wonder, however, how much my
enthusiastic guests really see in the eye-
piece. I've heard folks say “ooh” and “ahh”
when the object of interest was not even in
the field of view! So naturally I wondered
what little Kaci really saw that night.

Several weeks later, the mailman deliv-
ered an oversized thank-you note from
Kaci (see image at right). Her drawings at
the bottom were from memory.

The first (left to right) is Albireo. The
“g” and “b” are for the gold and blue colors
of the double star. The next picture is M13,
though I don’t know the meaning of the
“S.” The third drawing is Jupiter, denoted
by the backwards “J,” and the fourth is
M57 (denoted by the “N” in “Ring Neb-
ula”). Now I have no doubt that Kaci not
only “looked,” she also “saw!”

I may never know what fruit is born of
this newly minted childhood memory, but
I feel privileged to have played a part in its
making. This experience heartens me and
bolsters my own enthusiasm for future
star parties.

Bob Stine
Newbury Park, California

S&T Weekly Newsletter

and AstroAlerts:
SkyandTelescope.com/newsletters

Tips for Beginners:
SkyandTelescope.com/gettingstarted
Podcasts for

Outdoors at Night: Q
SkyandTelescope.com/podcasts

Almanac for Your Location:
SkyandTelescope.com/almanac
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Kaci’s thank-you note is accurate as well as
adorable.

Big Bang Landmark Repaired

The letter about the condition of the Bell
Labs 20-foot Horn Antenna on page 8 of
the October 2010 issue of Sky & Telescope
came to my attention (“Big Bang Land-
mark in Trouble,” by Allan Cook). I am
pleased to report that in the spring of this
year, the Alcatel-Lucent Crawford Hill
organization noted that maintenance was
needed, and over the summer of 2010
the Horn Antenna was cleaned up and
repainted.

In 2009 they paid for a set of solid-state
drive amplifiers to replace the original
electromechanical drive amplifiers that
had quit working and seemed beyond
repair. The original system is still in place
to preserve the historical configuration.

I believe that the present Alcatel-Lucent
management (and the people who work at
Crawford Hill) are proud of their consid-
erable scientific heritage and intend to
preserve the artifacts associated with it.
Robert Wilson
Holmdel, New Jersey

I grew up in Keyport, New Jersey, a town
right next door to Holmdel, where the

Horn Antenna was used by Robert Wilson

and Arno Penzias to discover the back-

ground radiation of the Big Bang. I bought

my first telescope when I was 12 and
instantly got hooked on astronomy.

My family would often take trips
through Holmdel just to view the trees
with their fall colors and ride the hills
and winding roads to view the beautiful

scenery. When we would ride by Bell Labs,
I would look over at the Horn Antenna,
which was visible from the road, and won-
der what that was and what it was used
for. As I grew and became more involved
in astronomy and cosmology, I realized
the importance of the Horn Antenna. I
moved to Florida when I was 30 and would
often go back to visit relatives in New
Jersey. On a visit a couple of years ago, |
went to see the antenna; now knowing
the importance of the instrument, I went
to take my picture alongside of the horn.
To my surprise, it was no longer on the
hill viewable from the road! I assumed it
was taken to be placed in a museum or
something. That was until I read the letter
from Allan Cook in your October issue. I
too was upset and thought of launching
a nationwide campaign to restore this
historic artifact.

On the weekend of October 23rd I
turned 60 and we went to New Jersey
to attend my wife’s 40th class reunion.
My mission was to find the horn and get
photos. I found the horn painted and on a
gravel base with a new stone monument
in place (not the one depicted in your 2007
photo). Although the antenna is back up
on a hill in the maintenance area and
not the original site, I was happy to see it
being taken care of better than the way
Mr. Cook found it. However, I believe it
still needs to be in a better place with a
more prominent location so the public can
see and learn about it.

Steven J. Rusnak
Stuart, Florida

Find us on

Facebook Tnd Ewikke

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.
Published letters may be edited for clarity and brevity.

Due to the volume of mail, not all
|etters can receive personal responses.




~ MAXIM DLz .

Astronomical Imaging Software

% . Maxim DL is widely recognized as the “gold

U Mt L Pro 5 - Mo
” . . . . qe B R Pew e Broces
standard” for astronomical imaging, providing
wiga e a complete solution for capturing your images,

processing them, and extracting scientific data.

Version 5 adds a host of new capabilities.
Maxim DL Pro’s built-in mini-planetarium provides
450 complete control and situational awareness, with
o o extensive catalogs, automatic image overlays,
graphical rotator control, dome integration, and
more. The redesigned camera controls provide
greater flexibility and power with less user effort.
Smart Stack™ performs calibration, quality
assessment, alignment, stacking, and color
combine for multiple images in one operation.

Best of all, Maxim DL is now available in five levels.
Whether you are just starting out with DSI-class
cameras, working with DSLRs, or moving up to

high-end CCD imaging, MaxIm DL is the package

IEFhaY 100%

that grows with you.

MAXPFPOINT

Disappointed with the pointing accuracy of your GOTO mount? %
The solution is at hand. MaxPoint models the errors in your telescope -
mount, and automatically corrects for them. See your target centered first
time, every time!

T CLOUD SENSOR

Having nightmares about your automated telescope collecting rain instead
of photons? The Boltwood Cloud Sensor lets you sleep easy!

Using an advanced thermopile to detect the infrared emissions from clouds, the

Boltwood Cloud Sensor gives a highly reliable indicator of cloud cover. It can be configured
to alert you when cloud or rain is detected, and even automatically close your observatory.
Or wake you up when the skies clear!

www.cyanogen.com

Ay i SRR T DIFFRACTION LIMITED Tel: (613) 225-2732 Fax: (613) 225-9688
; O ; e R a 100 Craig Henry Drive, Suite 202, Ottawa, Ontario, K2G 5W3, Canada

Maxim DL, MaxPoint and Cyanogen are trademarks of Diffraction Limited.
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Telescopes

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!

LightSwitch
Scope In Stock!

CGE Pro 1400 HD
In Stock!
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Redshift 7
Astronomy & Telescope
Control Software

In Stock!

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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. Letters

Musical Interludes

James Reid’s article on Gustav Holst’s
The Planets in the January 2011 issue
(“An Astronomer’s Guide to Holst’s The
Planets,” page 66) inspired me to think of
other classical pieces with astronomical
allusions and nicknames.

Both Ludwig van Beethoven in his
Sonata No. 14 in C-sharp Minor and
Claude Debussy in “Claire de Lune” wrote
pianistic, “Moonlight” masterpieces. Mr.
Reid’s mention of Wolfgang Amadeus
Mozart’s “Jupiter” symphony (No. 41, in
C Major) and Joseph Haydn’s “Mercury”
symphony (No. 43, in E-flat Major) also
reminded me of Haydn’s other works
with celestial connotations. The six string
quartets comprising Haydn’s Opus 20
are known as the “Sun” quartets, and his

comic opera Il Mondo della Luna (“The
World on the Moon”) depicts a tongue-in-
cheek voyage to that heavenly body.
Henry G. Stratmann
Springfield, Missouri

To my great delight, I saw on the cover
of the January 2011 issue an article on
Holst’s The Planets. Last October I asked
my wife to give me the DVD of the Hous-
ton Symphony’s presentation of this piece
for my birthday. The NASA images along
with the music make it very pleasing both
to eye and ear. While I cannot say the
length of each movement is the same as
Holst’s, it sounds beautiful. Many thanks
for the illuminating feature.

Bill Murrell

Oklahoma City, Oklahoma

50 & 25 Years Ago

March 1961

Imaging the Lunar Far Side “On October
4,1959, the Soviet Union launched its third
cosmic rocket, which orbited an automatic
planetary station (APS). The latter followed an
orbit around the moon and returned toward
the earth. Photographing the surface of the
other side of the moon was begun, by a special
command, at 3:30 Universal time on October
7th, at a distance of 65,200 kilometers from the
moon’s center.

“The photographing ceased 40 minutes
later, when the APS was 68,400 kilometers from
the lunar center. . ..

“When a photograph had been made, the
miniature camera developed, fixed, and dried
the specially prepared 35-mm. film that was
used to allow processing at a very high tempera-
ture . ..

“For televising to Earth, the negative image
was then converted into electrical signals. . . .”

The images from
Luna 3 left much to be
desired, but they allowed
astronomers to prepare
a reasonably accurate
map of the once-invis-
ible lunar surface on the
far side. One aspect that
Jjumps out is the scarce-
ness of mare relative to
the near side.

Leif ]. Robinson

March 1986

Soapsuds Universe “No one had envisioned
galaxies distributed in space ‘like suds in the
kitchen sink.” Surprising
as it may seem, galaxies
and clusters of galaxies
appear to be arranged
on the surfaces of vast
bubbles surrounding —
apparently empty o)
space. . .. i

“[Margaret] Geller
and colleagues Valerie
de Lapparent and John
Huchra came to this
conclusion as a result of a survey whose aim
was to determine the size of the largest struc-
tures visible in the universe. . ..

“To do this they measured the redshifts of
all the galaxies brighter than magnitude 15.5 in
a strip of sky 117° long and 6° wide and centered
near the north galactic pole. The region studied
... contains approximately 1,100 galaxies includ-
ing those in the Coma cluster.”

Hints of filaments and voids had been around,
both observationally and theoretically, for quite
some time. The breakthrough of this particular
research was the abundance of redshift data that
resulted in a 3-D view. Deeper surveys involving
many more galaxies have only strengthened the
case since then. Sadly, John Huchra passed away
on October 8, 2010 (see page 6).
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As FURTHER PROOF that we don’t always
know the universe as well as we think,
astronomers were recently surprised to dis-
cover that they’ve overlooked two-thirds of
the stars in the universe. This huge hidden
population consists of dim red dwarfs in
elliptical galaxies. Because red dwarfs are
so faint, they can’t be seen at all in far-oft
galaxies, so astronomers simply assumed
that they are as numerous in giant ellip-
ticals as they are in the disk of our spiral
Milky Way. Wrong.

Pieter van Dokkum (Yale) and Charlie
Conroy (Harvard-Smithsonian Center for

Astrophysics) took extremely high-quality
spectra of eight massive elliptical galax-
ies in the Virgo and Coma clusters using
the Keck I telescope on Mauna Kea. The
spectra reveal two distinct signatures
that can only come from the surfaces of
red dwarfs, which have masses less than
a third the Sun’s. For the signatures to
show at all, such stars must be some 20
times as abundant in the elliptical galaxies
as in the Milky Way. That raises the total
cosmic star count by a factor of three: to
an estimated 3 x 10% in the observable
universe (which is defined by the travel

A giant elliptical galaxy (top) dominates the cluster Abell S0740 in Centaurus. Elliptical galaxies
seem to be far richer in secretive red-dwarf stars than was long assumed.
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To get astronomy news as it breaks, visit
SkyandTelescope.com/newsblog.
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time of light since the Big Bang).

If elliptical galaxies are this “bottom
heavy,” different types of galaxies clearly
produce different proportions of stars. A
glut of red dwarfs would also mean that
giant ellipticals contain somewhat less
dark matter than was previously estimated
by subtracting the mass of known objects
from the galaxies’ gravitational masses.

“We are now observing globular clus-
ters using the same technique,” says Con-
roy. Globular star clusters have seemed, at
least up to now, to have the same type of
stellar population as elliptical galaxies.

Carbon Rules on a Hot Jupiter
The census of confirmed extrasolar plan-
ets now tops 500 — and with the Kepler
mission’s expected data release around
the beginning of February, the number

of known likely exoplanets will shoot well
past 1,000. But aside from the sheer num-
bers, the cutting-edge research in exoplan-
ets these days is in determining (if only
crudely) what they’re actually made of.

Take, for example, WASP-12b, discov-
ered three years ago crossing in front of its
host star 1,200 light-years away in Auriga.
This giant planet is so close to its star,
which is somewhat larger and hotter than
the Sun, that it completes an orbit in only
26 hours. WASP-12b should have a surface
temperature of at least 2,600 K (4,200°F),
hot enough to glow strongly.

Because of this, astronomers can take
infrared measurements just before and
after the planet disappears behind the
star, subtract one from the other, and iso-
late the glow of the planet alone. A group
took measurements at four infrared wave-
lengths (3.6, 4.5, 5.8, and 8 microns) with
the Spitzer Space Telescope, and combined
them with three others (at 1.2, 1.6, and 2.1
microns) published previously. That was
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WASP-12b glows red-hot in the foreground

of its star (which is eight times larger) in this
artist’s concept. Because the planet is very close
to the star, it’s pulled into a slight egg shape
and sheds material to form a disk even closer
around the star (shown here transparent white).

enough to sample a crude but revealing
spectrum of the infrared glow.

As Nikku Madhusudhan (MIT) and
coauthors report in the December 8th
Nature online, they found absorptions in
the planet’s atmosphere due to carbon
monoxide (CO) and methane (CH,), and,
surprisingly, little sign of water vapor.

The CO, CH,, and H,O are surely
minor constituents in an atmosphere of
mostly hydrogen and helium. Still, what
the authors call a “surprising lack of water
and overabundance of methane” argues
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that WASP-12b’s overall carbon-to-oxygen
ratio is unexpectedly high, above 1.0. This
carbon dominance is key to understand-
ing WASP-12b’s origin and evolution. In
particular, its interior could be dominated
by carbon-rich compounds instead of the
rocky (silicate) materials we're familiar with
in our solar system. A core rich in a form
of carbide, graphite, or diamond is entirely
possible.

Moreover, WASP-12b’s dayside (which
faced us when the spectra were taken)
seems no hotter than its nightside, so the
atmosphere must be whipped by extreme
winds distributing heat around the globe.

Making Sense
of Saturn’s Rings

Ask a planetary scientist to list the most
amazing unexplained things in the solar
system, and the rings of Saturn will be
right up there. We still don’t know how,
when, or why they came to exist.
Astronomy textbooks usually offer
two possibilities: Either an early satellite
strayed too close to Saturn and was pulled
to shreds by tidal forces, or those same
tides kept a primordial disk of matter from
assembling into moons in the first place.
A really good textbook might include a
third option, proposed about 20 years ago,

No Ordinary
Supernova Remnant

Most supernova remnants look cha-
otic and violent. But in the 400 years
since its explosive birth in the Large
Magellanic Cloud, the shock wave of
SNR B0509-67.5 has smoothed into
a delicate bubble shell. Apparently
the interior material is hot enough,
and the outside interstellar medium
is dense and uniform enough, that
most irregularities have piled up and
spread evenly sideways all around
the expanding shell. This view com-
bines Hubble images of the shock
front in red hydrogen light, visible-
light images of the star field, and a
Chandra X-ray Observatory image
(blue) of the X-ray-hot gas inside.
The shell is 23 light-years wide.
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that a massive comet ventured too close to
the just-forming Saturn and shed enough
icy material to create a ring system.

But none of these ideas really work. Six
years of close scrutiny by NASA’s Cassini
orbiter have confirmed what ground-based
infrared observers suspected as long ago
as 1990: the rings are almost entirely water
ice. In fact, after allowing for the meteor-
itic contamination they’ve picked up over
time, they were likely pure ice when they
formed. Yet any disrupted satellite, or pri-
mordial building blocks, would likely have
been about half ice and half rock. That’s
the composition of most moons and other
small bodies in the outer solar system.

So how can you pulverize a moon
without adding lots of rocky rubble to
the rings? The answer, proposes Robin
Canup (Southwest Research Institute), is
to dismember it very carefully. Canup says
the whole picture makes sense when you
understand what happened to Saturn’s
moons after they formed — and realize
that (unlike Jupiter) Saturn has only one
remaining large satellite, Titan.

Just as the solar system’s giant planets
must have migrated toward the Sun in the
solar system’s infancy, due to interactions
with the protoplanetary disk, Canup posits
that most big moons that coalesced in Sat-
urn’s own primordial disk spiraled in and
were swallowed by the planet. A close-in
moon of roughly Titan’s size would have
become so hot from tidal stressing that
its ice melted, causing its rocky matter to
sink to the core. As it continued to migrate
inward, the doomed moon crossed the
threshold (known as the Roche limit)
inside of which Saturn’s tidal forces began
pulling it apart.

The genius of Canup’s model is this:
the Roche limit for disrupting a rocky
body is closer to a planet that the limit for
an ice body, because rock is denser and
thus its gravity holds it together more
tightly. So, while the moon’s icy exterior
was falling off and spreading into a ring,
the rocky core remained intact and eventu-
ally spiraled into Saturn.

This would certainly have supplied
plenty of ice — perhaps 1,000 times more
than the ring system holds now. But
that is not a problem. Since rings tend to
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The Whirlpool Galaxy, as seen by the Hubble Space
Telescope, is about 25 million light-years away from us.

that explains exactly how that came to be, beginning
with a grounding in the basic “machinery” of matter,
forces, and energy which reveals itself throughout the
universe.
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odds seem overwhelmingly in favor of some kind of
life out there.
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In this telescopic image from the Cassini orbiter,
Titan looms in the background behind Saturn’s
rings, and tiny, icy Epimetheus hangs in the
near foreground.

spread out as their material jostles and
interacts, lots of it would have spiraled into
Saturn, and lots would have migrated out-
ward — beyond the Roche limit — where
it could clump together into stable ice
satellites. Tethys, for example, is 660 miles
(1,066 km) across, yet it has the bulk den-
sity of pure ice.

Say French ring specialists Aurélien
Crida and Sébastien Charnoz, “Canup’s
model offers, for the first time, a convine-
ing starting point for a consistent theory of
the origin of Saturn’s rings and satellites.”

If she’s right, the Saturnian ring sys-
tem has been around for nearly 4% billion
years. Yet the ongoing gravitational tugs
of war between the rings and little moons
like Atlas argue that the rings formed
much more recently, something like 500
million years ago. Moreover, meteorites
should have dirtied up their once-pure ice
in as little as 100 million years — unless
the system is far more massive than has
been assumed.

With more time and a little luck, Cas-
sini data should allow scientists to better
estimate how much meteoritic grit is soil-
ing the rings and also determine the ring
system’s mass to within a few percent.

Akatsuki Fails to Orbit Venus
On December 6th Japan’s half-ton Akat-

suki probe, formerly known as the Venus
Climate Orbiter, failed to brake into orbit
as it flew past Venus. About a third of the
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way into its planned 9-minute rocket burn,
the craft began to rotate unexpectedly and
the engine automatically shut down.

Akatsuki remains alive, however. Its
new solar orbit won’t bring it back near
Venus for about six years, and even then
it’s on a trajectory to miss by 2.3 million
miles (3.7 million km). But project man-
ager Masato Nakamura says that enough
fuel remains on board to close that gap
and attempt another orbit-insertion
maneuver. However, if Akatsuki’s engine
nozzle is damaged as engineers suspect,
this might not be possible.

Akatsuki was designed to study Venus’s
atmosphere from above the cloudtops down
to the surface. Its science projects would
have complemented those of the European
Space Agency’s Venus Express, which has
been orbiting the planet since April 2006.

More Crowdsourced

Astro Research
Humans still beat computers at some
pretty routine tasks, such as classifying
faint galaxies by their indistinct shapes
and noticing interesting things in gigantic
imaging surveys. Recognizing this,
astronomers have mobilized hundreds of
thousands of home volunteers to examine
images that have never before been stud-
ied, or perhaps even seen, by human eyes.
NASA has recruited “clickworkers” to
search its vast archive of high-resolution
Mars landscapes (some with resolutions
as fine as 1 meter) for important geologic
features. NASA also used 26,000 home
volunteers to locate microscopic specks of
comet dust in the aerogel brought back by
the Stardust Mission. The Stardust effort
inspired the Galaxy Zoo projects, which
began by setting up home users with
Sloan Digital Sky Survey images to find

Artist’s concept of Akatsuki braking into orbit.
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Gas bubbles visible in the infrared often mark
where stars are forming or dying. Some bubbles
are easy to identify and trace, as shown; others
are subtler. Although computers can do a fairly
good job of it, human volunteers are better.

faint supernovae and classify galaxies by
Hubble type. The “Zooniverse” of volun-
teers is now also working on Moon Zoo,
Solar Stormwatch, and others.

The two latest Zoo endeavors are the
Milky Way Project and Planet Hunter. For
the former, Robert Benjamin (University
of Wisconsin) has volunteers find and
characterize bubble-shaped features in
images from the Spitzer Space Telescope
taken for the GLIMPSE and MIPSGAL
infrared sky surveys. Using graphical
tools, you draw on the images to mark
sizes and shapes. In addition to bubbles,
you can spot and tag glowing knots of gas,
little star clusters, “fuzzy red objects,”
and other infrared denizens of the Milky
Way’s stellar birthplaces. Once the project
went public, the Zooniverse community
(354,000 registrants and growing) soon
passed 50,000 bubbles drawn. There’s a lot
of real estate to cover; GLIMPSE has more
than 440,000 infrared images that wallpa-
per about 85% of the Milky Way’s galactic
longitude. Join up at www.zooniverse.org.

Planet Hunter serves up stellar light
curves from the Kepler mission. Volun-
teers search for repeating patterns in the

ZOONIVERSE (2)



noise that might have been missed by
the project’s computers. Prospects here
are less certain; the brain is notorious for
overinterpreting randomness and seeing
patterns that don't exist. “Planet Hunters
is an experiment,” says Yale exoplanet
researcher Debra Fischer. “We're looking
for the needle in the haystack.” Try your
hand at www.planethunters.org.

Amateur Research Widens
It’s one thing to examine someone else’s
images; it’s a whole different game to make
research observations yourself. More than
100 amateur and professional astronomers,
fascinated by the serious research that
diligent, persistent amateurs can do with
modern equipment, are expected at this
year’s Symposium on Telescope Science to
be held in Big Bear, California, May 24-26.
This will be the 30th annual gathering of a
movement with a bright future.

The annual event, which overlaps the
RTMC Astronomy Expo nearby, is hosted
by the Society for Astronomical Sciences.

At last year’s gathering amateurs presented
papers on obtaining high-precision light
curves of asteroids and variable stars; using
video cameras for asteroid occultations,
Jovian satellite mutual events, and meteors;
using spectroscopes to monitor the spectra
of eclipsing and pulsating variable stars;
and using polarimeters to examine the
light-scattering properties of material in
and around various celestial objects. The
eclipsing star Epsilon Aurigae received
special attention, with hot-from-the-spec-
trograph news about its ongoing two-year
eclipse — including hints of rings in the
dark disk that does the eclipsing.

Research projects that need more ama-
teur attention, professionals said, include
asteroid light curves and fast-cadence pho-
tometry of old novae and other cataclys-
mic variable stars. A workshop discussed
equipment and techniques for small-tele-
scope spectroscopy, such as monitoring
Be stars that show changing emission
lines. Attendees were treated to new-prod-
uct highlights from several sponsoring

companies. The progress on display bodes
well for this year’s meeting and the future
of small-telescope science. 4

Oliver Thizy came from France to the Sym-
posium on Telescope Science in 2007 with
the LHiRes spectrograph that his company
designed and sells to amateurs.
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Cosmic Relief

David Grinspoon

What does the discovery of arsenic-eating microbes
really tell us about finding life elsewhere?

WHAT DID THEY EXPECT? NASA can’t plant

expectations of a major astrobiology story without also
releasing seeds of wild speculation. The actual discovery
announced on December 2nd was tame compared to
alien life rumors that had mutated across the internet.
Researchers working in the Mono Lake area of California
had found microbes that, unlike any other known organ-
ism, seem to use arsenic instead of phosphorus in DNA
and other crucial molecules. This is important because
astrobiologists often list the biogenic elements — carbon,
hydrogen, oxygen, nitrogen, sulfur and phosphorus — as
essential for life anywhere.

An epidemic of criticism soon erupted. Did the
researchers actually demonstrate that arsenic is replacing
phosphorus in DNA? Did these microbes really evolve to
do this in the wild, or were they merely made to go along
with “the plan” in an unnatural laboratory situation?

The press conference encouraged sensational news
stories about “arsenic-based life,” a “fundamentally new
form of life,” and even a “second genesis” or a “shadow
biosphere” on Earth. But if these critters can actually use

MONO LAKE In this California lake

arsenic where the rest of us need phosphorus, does this
really have huge implications for the search for alien life?

Yes and no. It’s certainly an expansion of life’s known
limits and chemical bag of tricks. But these microbes
are still carbon based. They don’t represent “arsenic-
based life,” and they don’t reveal a shadow biosphere or
a distinct origin. No, these are clearly our relatives and,
like the rest of us, they use giant carbon molecules to
build cells and carry information. They reveal the edges
of Earth’s biosphere to be a bit wider than we imagined.
This shows we will have to look farther afield for any true
shadow biosphere, for life that exists in conditions so dif-
ferent from ours that carbon or DNA cannot rule.

The discovery may actually help astrobiologists resist
an intellectual trap. At the press conference there was
discussion of how to alter future missions to Mars or
elsewhere to search for arsenic. But that’s the wrong les-
son. We don’t need to start looking specifically for arsenic
on other planets. Rather, the take-home message should
be that we cannot assume we know what the biogenic ele-
ments are. Any of them. We still have no idea if life else-
where will even be based on organic (carbon) chemistry.
It’s too easy to assume that all life must be just like life

here. I don't believe we’re capable of thinking clearly about
the prospects for life that is built on fundamentally differ-
ent chemical or physical systems. We're always looking for
ourselves out there. We can't think of anything better, but
that may say more about us than life in the universe.

We can follow our geocentric hunches about alien
biochemistry, as long as we remain alert for life’s general
signature in anomalous chemistry and disequilibrium.
What we do know is that life takes advantage of excess
energy and redistributes it in ways that affect the local
equilibrium. Whatever it eats or breathes, it will produce
waste and exhaust that will change its environment.
While we search for what we think life is, we should keep
in mind that all we really know is what life does. 4

& . .\ researchers found microbes (inset) that can
Q use arsenic rather than phosphorous.

. e\
5 microns |

Noted book author David Grinspoon is Curator of Astrobiol-
ogy at the Denver Museum of Nature & Science. His website
is www.funkyscience.net.

NASA, INSET: JODI SWITZER BLUM
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THE NATIONAL ACADEMIES PRESS

A recent report will set the research agenda for the coming decade.

For the past half century, the American astronomical
community has enjoyed remarkable success getting built
the extraordinary ground-based and space telescopes it
needed. Some of these telescopes have cost billions of dol-
lars. Some have involved hundreds of scientists working
together. All have required cutting-edge technology that
could have easily failed.

On top of these practical difficulties, astronomers
have also had to convince members of Congress, largely
uneducated and uninterested in astronomical affairs, to
fund these risky and expensive ventures. Despite these
obstacles, the telescopes were built, and they have revolu-
tionized our understanding of the universe.

How have astronomers done it? Their effort has always
begun at a Washington think tank. Every 10 years or so,
the National Academy of Sciences commissions a com-
mittee of astronomers to put together a decadal survey,
describing the research anticipated in the next decade
and the kinds of new telescopes this research will require.
The U.S. government has repeat-
edly made an effort to follow these
recommendations, building a high
percentage of what the astrono-
mers have asked for.

After almost two years of effort,
the sixth decadal survey was
published in August 2010, calling
for, among other things, the con-
struction of large ground-based
telescopes and a powerful infrared
telescope in space.
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Whether this most recent decadal survey will be as suc
cessful as the past six, however, remains to be seen. “The
astrophysics budget isn’t going up,” notes Edward Weiler,
NASA'’s associate administrator for science. “We don't live
in a world where NASA prints money.” Worse, the continu-
ing large cost overruns to build the James Webb Space
Telescope (JWST) are having an impact that could extend
not only into this decade but into the decade beyond.

Past Decadal Surveys
Though the first “decadal” report was written in 1964, the
history of the decadal surveys truly began in 1972. The
1964 report focused solely on ground-based astronomy,
and as the 1960s space race was then in full bloom and
the potential for space-based astronomy was rapidly
becoming evident, astronomers immediately realized that
a new survey was necessary, and it should include both
ground- and space-based proposals.

The subsequent 1972 report, written by a commit-
tee chaired by Jesse Greenstein (Caltech) and dubbed
Astronomy and Astrophysics for the 1970s, was the result of
four years of discussions among almost all the important
astronomers in the country. Its significance for late-
20th-century astronomy cannot be overstated. Not only
did its recommendations lead to the construction of
important observatories such as the Very Large Array

N The entire decadal survey report, and

= @ a summary, can be found at www.nap
. .edu/catalog.php?record_id=12951.



TOO BIG TO FAIL? This full-scale model
shows the enormous size of NASA’s James
Webb Space Telescope, which will launch no
sooner than 2015. If JWST is launched and
functions as planned, it will almost certainly
make great discoveries in the fields of galaxy
formation, star formation, and exoplanets.

NASA
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(VLA) in New Mexico, the 3-meter NASA Infrared Tele-
scope Facility on Mauna Kea, the Einstein X-ray Observa-
tory, and two other high-energy space observatories, its
success solidified the pattern of decadal surveys for the
next four decades.

The subsequent three decadal surveys, in 1982, 1991,
and 2001, each had their own specific impact on astron-
omy. For example, the 1982 report recommended the
construction of an advanced orbiting X-ray telescope, an
orbiting far-ultraviolet spectrograph, and an expansion of
the VLA to link it with other radio telescopes around the
globe. All three were built: the Chandra X-ray Observa-
tory, the Far Ultraviolet Spectroscopic Explorer (FUSE),
and the Very Long Baseline Array (VLBA).

DECADAL SURVEY COMMITTEE Standing (left to right): Paul Vanden Bout,
Joshua Frieman, Juri Toomre, Michael Turner, Debra EImegreen, Adam Burrows
(almost hidden in the back center), Fiona Harrison, Claire Max, Tim Heckman, John
Carlstrom, Martha Haynes, Dan McCammon, Tom Young, Marcia Rieke, Scott Tre-
maine (mostly hidden in the back right), and Steve Ritz. Kneeling: Michael Moloney,
Rob Kennicutt, the late John Huchra, chairman Roger Blandford, Jonathan Lunine,
and Steve Battel. Not Pictured: Lars Bildsten, Lynne Hillenbrand, and Neil Tyson.

Burrows and Moloney attended meetings but were not official committee members.
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This diagram compares the projected NASA astrophysics
budget and the projected JWST budget for the next 5 years.
The budget projections come from different sources,

and both could face significant future revisions. Still, the
projections clearly demonstrate the fundamental problem
facing astronomers: With JWST consuming such a large
percentage of NASA’s astrophysics budget, there is little
money available to develop other space observatories. But
JWST'’s costs should also be put in perspective. NASA is
expecting to receive about $20 billion in 2011, meaning JWST
will take up only 3.5% of the agency’s budget in that year,
and a smaller percentage in future years. In addition, NASA’s
budget is only about 0.5% of the overall U.S. federal budget.
S&T: LEAH TISCIONE; SOURCE FOR NASA ASTROPHYSICS BUDGET: WWW.NASA.GOV/PDF/

420990MAIN_FY_201_%20BUDGET_OVERVIEW_I_FEB_2010.PDF; SOURCE FOR JWST BUDGET:
HTTP://WWW.NASA.GOV/PDF/499224MAIN_|]WST-ICRP_REPORT-FINAL.PDF

Similarly, the top recommendation of the 1991 decadal
survey, the Space Infrared Telescope Facility (SIRTF),
became NASA'’s Spitzer Space Telescope, launched in
2003. The 1991 survey also pushed for the completion of
the SOFIA flying observatory (which is just now begin-
ning full operation, see the October 2010 issue, page 22)
and an international partnership to construct 8-meter
telescopes in both the Northern and Southern hemi-
spheres. These telescopes, Gemini North and Gemini
South, are currently making major contributions.

These astronomical decadal surveys have been so suc
cessful that other scientific fields are now emulating them
in order to better influence Congress’s funding decisions.
For example, the Earth science community produced its
own decadal survey in 2007, recommending that NASA
and the National Oceanic and Atmospheric Administra-
tion (NOAA) maintain at all costs their capability to study
Earth’s atmosphere and how various factors influence
it. This panel recommended a whole program for Earth
observation for the next decade, including 14 NASA mis-
sions and 3 NOAA missions, many of which have since
been accepted.

Writing the 2010 Survey

The latest astronomy decadal survey committee was
chaired by Roger Blandford, the Director of the Kavli Insti-
tute for Particle Astrophysics and Cosmology at Stanford
University. The committee of 23 scientists from 20 differ-
ent institutions first surveyed the astronomical community
to get a sense of what astronomers thought the focus of the
next decade should be. Not only did committee members
spend two years attending meetings across the country,
they took the advice of nine additional subpanels appointed
by the National Research Council. Astronomers also sub-
mitted to the committee nearly 450 white papers, outlining
in great detail all manner of research goals along with a



plethora of ground- and space-based telescope proposals.

This information helped Blandford’s group structure
and write its report. “At the beginning, the thing seemed
an impossible task,” recalls committee member Jonathan
Lunine (currently on sabbatical at the University of Rome,
Tor Vergata). “But in fact, having the panels, having their
conclusions, having the white papers which gave a really
good cross section of what the community was thinking
about, made the process much easier.”

The committee spent many meetings going over
this information, sometimes revisiting prior decisions
when members had second thoughts. “There was a lot of
debate,” recalls Lunine. “You come to the next meeting
after having decided some things at the previous meeting
and you find you have to go over it again.”

“We were very happy with our results, but it wasn’t
easy to get there,” adds committee member Lynne Hil-
lenbrand (Caltech).

In the end, the committee agreed that astronomy
research in the next decade will center around three top-
ics: studying the formation of the first galaxies, finding
the closest habitable exoplanets, and solving the mysteries
of dark energy, dark matter, and a variety of other ques-
tions in fundamental physics.

The committee then turned to the various government

PAST WINNERS

S&T: ROBERT NAEYE

Gemini South

GEMINI OBSERVATORY

agencies (NASA, the National Science Foundation, and
the Department of Energy) that fund the telescopes neces-
sary to do this research and asked them for rough budget
estimates. They also asked an outside group to provide
independent cost estimates for developing various proj-
ects, which would help the group avoid recommending
telescopes that might experience large future cost over-
runs. Unfortunately, the expected budgets for astronomy
over the next decade generally appeared flat, with little
anticipated growth. Stating the obvious, the committee
concluded, “This report is written at a time when the
nation’s finances are severely stressed.”

The resulting report, titled New Worlds, New Horizons
in Astronomy and Astrophysics and released on August 13,
2010, therefore included a somewhat limited number of
recommendations — listed in priority order — for both
space and ground-based projects.

In space, the survey’s number one recommendation
calls for a near-infrared 1.5-meter space telescope dubbed
the Wide Field Infrared Survey Telescope (WFIRST),
estimated to cost around $1.6 billion. The concept of this
space telescope was actually a merging of three similar
near-infrared proposals submitted to the committee by
astronomers: the Joint Dark Energy Mission/Omega, the
Microlensing Planet Finder, and the Near-Infrared Sky

These observatories were all assigned high priority by previous decadal surveys. With the possible exception
of SOFIA (which is just beginning science operations), all of these projects have been extremely successful.

NASA [ TOM TSCHIDA

Chandra

NASA IRTF
NASA

NASA

NASA
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WFIRST WAS FIRST The committee
gave its highest space-based observatory
ranking to the Wide Field Infrared Survey
Telescope. No single astronomer or team
of astronomers specifically proposed the
WFIRST mission, but it combines the sci-
ence goals of several different proposals.
The spacecraft is in the very early stages
of its design, so this illustration is based
largely on guesswork.

© ISTOCKPHOTO.COM / ANDREY KRASNOV

Surveyor. Though all three had different science goals,
their hardware was very similar, making a merger into
one project relatively easy. “What we did was broaden the
science goals,” explains Hillenbrand. “If you're going to
launch this mission it shouldn’t do just microlensing or
just sky survey or just dark energy. We wanted it to do all
three of these things.”

For ground-based research, the committee assigned top
priority to the Large Synoptic Survey Telescope (LSST).
This 8.4-meter optical telescope, now under development
for an estimated cost of about $465 million, is scheduled
for completion in 2016 (S&T: September 2008, page 30).
Unlike other large ground-based telescopes, LSST will have
a very wide field of view, 9.6 square degrees, allowing it to

THE “LOSERS”
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repeatedly image the entire available sky every three nights.
This data stream will enable astronomers to track changes
in the night sky that have never been tracked before, from
every kind of variable star to the discovery of new comets
and asteroids. “LSST was viewed as pathfinding science,
feasible, and ready to go,” says Hillenbrand.

The report also called for the federal government
to become a partner in one of the giant ground-based
optical telescopes now in the planning stages, either the
24.5-meter Giant Magellan Telescope or the Thirty Meter
Telescope (S&T: April 2008, page 20).

The report recommended increased NASA participa-
tion in the Laser Interferometer Space Antenna (LISA),

a space mission designed to detect gravitational waves,
as well as commit monies to begin the design work for
a large international high-resolution X-ray space tele-
scope. But scientists on these missions hardly consider
themselves “winners.” By not listing either mission as
top priority for a large space mission, the committee has
probably postponed their launch by at least a decade.

The committee also studied expensive missions whose
launches lie years in the future. Missions like these, such
as Terrestrial Planet Finder and the Space Interferometry
Mission, were recommended for modest levels of funding
for continuing technology development. “We thought it
prudent to have more technology development first, since
discoveries or changing circumstances could lead in a
different direction for a given problem,” says committee
member Debra Elmegreen (Vassar College).

The report included many other recommendations cov-
ering a wide range of activities (see page 29). For example,
it asks NASA to increase its support for the construction
and launch of moderately sized space telescopes, similar in
scale to existing low- and medium-cost (but highly produc-
tive) observatories such as Swift and GALEX.

LISA spacecraft
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The Community’s Reaction

Since its release, the response of the astronomy com-
munity has been generally supportive, though some-
what muted. Many astronomers are disappointed in the
report’s lack of visionary proposals, especially in the field
of exoplanet research. “In the sense that they mentioned
exoplanets, I think they could have painted a grander view
of what is possible,” notes Matt Mountain, Director of the
Space Telescope Science Institute.

“They write many, many words about exoplanets, but
the program is unclear,” says Shrinivas Kulkarni (Caltech).
“There’s not much money to do much. It’s not a bold
vision.” Rather than the WFIRST effort to use gravitational
microlensing to gather statistics of exoplanets toward the
galaxy’s bulge, Kulkarni would have preferred an effort to
actually observe and characterize the features of nearby
exoplanets. “Let’s go look for them around nearby stars,
because that is the next frontier,” says Kulkarni.

The committee’s recommendations also didn’t pro-
vide much support for astronomers doing cutting-edge
spectroscopy, especially at ultraviolet wavelengths, which
can only be done from space. As noted by Mountain, “If
you look at some fields — ultraviolet spectroscopy and
the interstellar medium — that community didn’t get the
kind of follow-on missions it was hoping for.”

Similarly, though many astronomers had hoped that
the survey would recommend the construction of a new
optical/ultraviolet space telescope to replace the aging
Hubble Space Telescope, the committee declined to do so.
As committee member and cosmologist Michael Turner
(University of Chicago) noted, “The technology is not
quite there yet to build a 4- or 8-meter optical/ultraviolet
telescope at an affordable cost.”

Instead, the decadal survey recommended that NASA
spend $40 million over 10 years on the technology

The decadal survey committee gave high rankings to

the Laser Interferometer Space Antenna (left) and the
International X-ray Observatory (right) because of their
tremendous scientific potential. But because these
missions ranked behind WFIRST and will each cost several
billion dollars (but less than JWST), it’s very unlikely that
either mission will be funded at a level that will enable it
to be launched in the coming decade. LISA could detect
gravitational waves from numerous sources, including
merging supermassive black holes. IXO would build upon
the achievements of Chandra and XMM-Newton, with

the ability, for example, to test Einstein’s general theory of
relativity in the vicinity of black holes. Both missions include
significant international partnerships, particularly with the
European Space Agency, to reduce costs for NASA.

WHO PAYS FOR TELESCOPES?

Space-borne U.S. observatories and planetary missions
are mostly funded through NASA and space agencies from
other nations. Ground-based U.S. observatories are mostly
funded by the National Science Foundation, universities,
and various public and private sources. The U.S. Depart-
ment of Energy also contributes to space- and ground-
based astronomical projects.

research required to make such an optical/ultraviolet
space telescope project possible in the next decade. “The
hope is that with the investment that will be made over
the decade, we will be ready to go in 2020,” Turner says.
“It was not as much as we hoped for, by at least a factor
of three,” counters Marc Postman (Space Telescope Science
Institute), who had been part of a team that had proposed
several different large optical/ultraviolet space telescopes
to replace Hubble. He adds, however, that, “It’s unclear
any other decadal committee could have come up with
anything dramatically different, considering the extreme
budget limitations the committee was operating under.”

The Future?

In fact, every scientist commenting on the decadal
survey, both pro and con, recognized the budget issue as
the central constraint on all of the committee’s recom-
mendations. And the biggest constraint of all was the
state of JWST, several years behind schedule and many
times over budget. A recent report points out that JWST
will need an additional $1.5 billion (raising its total cost
to at least $6.5 billion), and that the launch will slip to
September 2015 at the earliest (last month’s issue, page
20). “This decadal survey was between a rock and a hard
place because of the excesses of our past,” says Kulkarni.
“There’s not much money because of unconstrained out-

SkyandTelescope.com March 2011 27



. Priorities for the Next 10 Years

Large Synoptic Survey Telescope

LSST CORPORATION

GIANT MAGELLAN TELESCOPE / GMTO CORPORATION

TMT OBSERVATORY CORPORATION

28 March 2011 SKY & TELESCOPE

of-control missions like Webb. Webb is breaking the bank
in this decade.”

For example, until JWST is launched, it will be impos-
sible for NASA to begin serious funding of WFIRST.
Though the agency is immediately allocating funds for
WFIRST’s initial design studies, Weiler says, “In terms of
real funding, when you start hiring hundreds of engi-
neers and cutting metal, that won’t be available until
JWST launches.”

Due to the shortage of funds, many scientists are ques-
tioning whether WFIRST should even be built. As one
astronomer (who wished to remain anonymous) noted,
“I've heard, second hand, that NASA headquarters has
said it will drag its feet, stating a possible WFIRST launch
date of 2023, 2024, 2025 . . . hoping it goes away.”

Weiler vehemently disagrees, saying, “Our playbook is
the National Academy decadal surveys. I am not going to
differ from them. It is the most senior respected scientific
body on Earth.”

Nonetheless, the budget difficulties are further com-
pounded by the significant changes to Congress following
the 2010 elections. The federal government’s $13.8 trillion
debt, and the likely shift of Congress toward tighter fiscal
policy, suggest that finding funds for the decadal survey’s
recommendations is going to be difficult, even with the
committee’s effort to base its recommendations on a
relatively flat federal astrophysics budget. As Weiler notes,
“Tell me which way Congress is going to go. Will the new
Congress like NASA or will it not like NASA?”

Space-based astronomy faces a perilous future. The
recommended high-cost space projects all require more
money than might be available. Worse, as the decadal sur-
vey noted, “With the possible exceptions of the JWST and
SOFIA, none of the missions operating or starting today are
expected to be operational at the end of the decade.” Thus, if
Congress decides not to fund any of the high-cost missions
proposed by the 2010 survey, there might be hardly any
large space-based NASA telescopes in operation by 2020.

Compounding these issues is the lack of any proposed
compelling space-based project proposed by the decadal

BRIGHT FUTURE The decadal survey committee ranked the
Large Synoptic Survey Telescope (top) as the highest priority

for large ground-based telescopes. Given its affordable cost and
multiple sources of funding, it will almost certainly be conducting
its unprecedented deep all-sky survey before 2020. The decadal
survey committee also gave high priority to the construction

of a giant ground-based telescope. This probably means that
either the Giant Magellan Telescope (center) or the Thirty Meter
Telescope (bottom) will receive funding from the National Sci-
ence Foundation, and both are already receiving financial support
from a variety of public and private sources. One or both of these
observatories are likely to be built in the next 10 years. LSST,
GMT, and TMT will all have the potential to make revolutionary
discoveries in many different fields of astronomy.



survey that can capture the imagination of both the
public and Congress, such as a bigger and more advanced
optical telescope to replace Hubble, or a space telescope
that could image nearby exoplanets. As interesting and
exciting as WFIRST might be, it lacks the sex appeal of

a space-based optical telescope, which produces images
comparable to what our own eyes would see, or a telescope
that will take the first images of an Earthlike planet. Con-
vincing Congress and the public to fund WFIRST to the
tune of $1.6 billion is not going to be easy.

Fortunately, the future of ground-based astronomy
seems less dire. Other nations as well as private sources
are already funding the construction of the recom-
mended ground-based telescopes such as LSST and the
various giant segmented telescopes, so the overall costs
are significantly lower. Moreover, their gigantic nature,
scanning the heavens quickly and frequently in optical

wavelengths, makes them something the public can more
easily get excited about.

At the August 13th press conference announcing
the release of the 2010 survey, committee member Neil
deGrasse Tyson (Hayden Planetarium) summed up the
importance of all of astronomy’s decadal surveys: “What
a luxury that we can prioritize science, knowing that the
fruits of our discoveries, if and when they arrive, will be
page one stories in the press.” He then added, “We as a
community invented this concept of the decadal survey. It
has been a remarkable exercise in consensus building.”

Whether such consensus building, however, is going to
lead to bigger and better telescopes in the coming decade
remains at this moment an unanswered question. 4

Contributing editor Robert Zimmerman covers the world of
science and space from his website, behindtheblack.com.

A Design for the Decade

The Hubble Space Telescope. The Spitzer
Space Telescope. The Chandra X-ray
Observatory. These majestic observatories
and many others have thrilled us with

their iconic images while providing data

for decades of discoveries. But how do the
dreams of new missions and telescopes get
transformed into reality?

On a national scale, the road often begins
with the Astronomy and Astrophysics
Decadal Survey. | was privileged to serve on
Astro2010, whose New Worlds, New Horizons
committee report is highlighted in the
accompanying article. With unprecedented
community input, we were guided by the
visions of astronomers nationwide. We
decided on the most compelling science,
and selected projects to enable research
under the broad themes of early universe,
exoplanets, and fundamental physics.

Unlike previous surveys, we had agency
budget guidelines and independent cost
and risk assessments, so our recommended
programs would not suffer huge cost
overruns. Our choices were exceedingly
difficult, and necessarily left much of the
community disappointed, because great
ideas exceeded predicted funding by a
factor of 10. Exciting but technologically
immature projects had high projected costs
because of uncertainties in achieving timely

completion. For many of these concepts, we
recommended aggressive research in this
decade that might lead to missions in the
following decade. For example, our highest-
ranked medium-scale space priority is an
integrated plan of technology development
for exoplanet detection and characterization,
to prepare for a future large telescope
targeting Earth-like planets.

Our report is a guideline for Congress,
funding agencies, and astronomers. We
recommend a balance of small, medium,
and large programs. The top-ranked large
programs are a Wide Field Infrared Space
Telescope (WFIRST) and a ground-based
optical Large Synoptic Survey Telescope
(LSST), which both have broad astronomy
goals. We also recommend investment in a
30-meter telescope. These were selected to
build on observations by the James Webb
Space Telescope (JWST). If Congressional
budgets are austere, we present streamlined
priorities. We have built-in tripwires too: for
example, the LISA gravitational-wave mission
is contingent on a successful pathfinder
mission. We also recommend forming an
advisory committee to consider redirections
in the event of unforeseen circumstances,
such as further delays to JWST.

Numerous smaller projects were given
equal priority to large projects. We call

for nearly annual launches of low-cost but
high-science-return satellites like WMAP
and Swift, and suborbital launches, which
provide a rapid return on data while

helping to train the next generation of
instrumentalists. The top-ranked medium
ground-based project is CCAT, a 25-meter
submillimeter wide-field telescope to
complement ALMA, which is currently under
construction. We also recommend funding
other competitively selected projects, which
may include adaptive optics, pathfinders

for the Square Kilometer Array, and high-
energy detectors; plus continued support of
national observatories and basic research,
including observations, theory, computation,
and laboratory astrophysics. We also discuss
how astronomers are educated and trained,
where they are employed, how computation
and data are handled, and how astronomy
benefits society.

After two years of work on the Decadal
Survey committee, I'm optimistic that we
have laid the groundwork for a tremendously
exciting decade of new worlds and new
horizons.

Decadal survey committee member Debra
Meloy Elmegreen is President of the American
Astronomical Society and Maria Mitchell
Professor of Astronomy at Vassar College.
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of modern CCD images.
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ITALIAN ASTRONOMER Giovanni Virginio

Schiaparelli was arguably the most skillful visual plan-
etary observer of the 19th century. Born in Savigliano in
1835, he trained under Johann Encke at the Berlin Obser-
vatory and under Friedrich Georg Wilhelm von Struve at
the Pulkovo Observatory in Russia. But in 1860 Schiapa-
relli returned to Italy and spent his remaining 40-year
career at the Brera Observatory in Milan.

Although his most important work was demonstrat-
ing the link between meteor swarms and the orbits of
periodic comets, he is best remembered for his studies of
Mars, which began during the grand opposition of 1877.
Using an 8-inch Merz refractor mounted within a cupola
on Brera’s roof, Schiaparelli drew a new map on which he
introduced the system of nomenclature that is the basis of
the one still used today. He also introduced the groovelike
markings he called canali (later “canals”), which would set
off a furor about the possibility of intelligent life on the
Red Planet.

Schiaparelli also devoted a great deal of time to
Mercury. His meticulous observing logbooks are care-
fully preserved in the Brera Observatory’s library. As
part of a reevaluation of Schiaparelli’s Mercury work,
Brera astronomer Alessandro Manara made copies of his
drawings; ALPO transit recorder John Westfall computed
central meridians and other data; and William Sheehan
communicated this data to amateur CCD imager John
Boudreau, who imaged the planet under circumstances
similar to those of Schiaparelli’s observations. The result
is a comprehensive reassessment of what Schiaparelli
thought he saw — and why.

A New Challenge
Before Schiaparelli, Mercury observers had struggled in
vain to discern any surface details during twilight, when
the planet’s paltry image was vexed by rushing air cur-
rents. German amateur Johann Hieronymus Schroeter,
using a large reflector at his observatory at Lilienthal in
1800, published a rotation period of about 24 hours based
on his reported sighting of an extremely high mountain.
There were no further notable results until 1870. That
year, British observers Warren De la Rue and William Hug-
gins reported “markings, like the lunar craters, of a daz-
zling whiteness and seen as through a veil of mist.” About
the same time German photometric astronomer Karl Zoll-

MERZ REFRACTOR In 1882-83 Schiaparelli observed Mercury
with this 8-inch Merz refractor at the Brera Observatory in Milan.
The refractor has been refurbished and restored.

i 1

BRERA OBSERVATORY The cupola of Milan’s Brera Observa-
tory appears in the center. Schiaparelli lived just a few blocks away.

ner suggested that Mercury, based on its low albedo, must
be a body “the surface condition of which must be nearly
the same as that of our Moon,” and furthermore “probably
does not hold an appreciable atmosphere.”

De la Rue and Huggins’s observations appeared in
an obscure astronomical journal, so few paid attention.
Zollner’s work was published in a journal read only by
physicists. Being a traditionalist about scientific disci-
plines, Schiaparelli believed that astronomers should
stick to astronomy and leave physics (spectroscopy and
photometry) to physicists, so he was unsympathetic to the
approach and probably didn't keep up with the physics
literature. Unfortunately, Schiaparelli failed to absorb this
important clue that Mercury was a world without air or
clouds. This would prove to be an unfortunate oversight.

In June 1881 Schiaparelli began testing a new approach
to studying Mercury. Instead of observing in the unfavor-
able twilight periods as previous observers had done, he
used the equatorial mount’s setting circles to flush the
planet from its hiding place in the midday sky. Though
his initial test proved promising, he decided to wait until
January 1882 — the depth of winter, when conditions
in Milan were often superb for planetary viewing — to
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SCHIAPARELLI
This portrait of
Schiaparelli was

DRAWINGS: BRERA ASTRONOMICAL OBSERVATORY (2)

CCD IMAGES: JOHN BOUDREAU (2)

1880s, around
the time he was
diligently observ-
ing Mercury. The
Italian astrono-
mer was one of
the great observ-

GIOVANNI

created in the

ers of his day.

launch a full-scale investigation.

The planet was then east of the Sun, and at 200X,
Schiaparelli found delicate but definite markings. He saw
bands and bright spots but “vague and diffused ... from
the want of fixity of the edges.” His sketches and notes
of these ambiguous markings reveal occasional exclama-
tions such as “momento stupendo,” but more often his
notes contain expressions of frustration at the difficulty of
the observations and dissatisfaction with his sketches.

The Figure “5”

Almost at the start, Schiaparelli had a break; the features
seem to sort into a pattern resembling the numeral 5. By
keeping the planet in the eyepiece for several hours at a
time, and noting no change in the disposition of these
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features, he showed that the rotation period must be
much longer than 24 hours. But just how long?

Following the planet around the Sun and back again,
he observed it east of the Sun in May. The atmosphere
was now less forgiving than it had been in the winter
(at times, the cupola containing the Merz refractor was
“infernally hot”), and he made only half as many draw-
ings as in January and February. Still, he saw — or
thought he saw — the figure 5 again. He now had a per-
ceptual bias that would mold the rest of his investigation.

In fact, our study of Schiaparelli’s logbooks shows
that he was actually examining Mercury’s opposite
hemisphere. The central meridian during his May—June
observations was centered on or about longitude 260°,
give or take 10°. In January—February, it was on or about
longitude 70°.

Schiaparelli kept Mercury under surveillance through-
out the summer. In early August 1882, he heroically
chased it right up to superior conjunction, to within only
312° of the Sun. These observations seared his eyeball,
and led to a “weakening” of his eyesight that forced an
early retirement from visual observing in the 1890s and
perhaps contributed to complete blindness in his final
year of life (he died in 1910).

When Schiaparelli seemed to recover the figure 5
around Mercury’s next great elongation east of the Sun at
the end of September, his ideas finally converged on some
definite conclusions. No doubt in the back of his mind
was the evolution of the Earth-Moon system, recently
treated in an 1877 publication by British astronomer
George Howard Darwin (son of the famous naturalist).
Darwin had shown how tides raised by Earth on the
primordial Moon had gradually slowed the Moon’s spin,
until it turned on its axis in the same period that it takes
to complete one orbit around Earth.

Schiaparelli had every reason to suppose that tidal fric-
tion with the Sun had also produced a “captured rotation”
for Mercury, locking its day into the period of its year
— 879693 days. The fact that the planet seemed to show
the same face each time it came around the Sun similarly
locked in his thinking, and by October 30, 1882, Schia-
parelli announced to his favorite correspondent, Francois

MERCURY COMPARED Schiaparelli’s Mercury drawings (top
left and bottom left) are compared to John Boudreau’s CCD
images (top right and bottom right). Top: This comparison shows
Mercury at a central meridian of about 87°. A figure resembling
the numeral 5 appears in both pictures, suggesting that Schiapa-
relli was indeed seeing actual surface features at the limits of his
perception. Bottom: In the drawing at left, at a central meridian
of 237°, Schiaparelli drew a 5 that has no corresponding feature in
Boudreau’s image taken at almost exactly the same central merid-
ian. Schiaparelli may have been filling in detail with his imagina-
tion, based on his erroneous assumption that Mercury’s rotation
period is the same as its orbital period. South is up in all images.



Terby at the University of Louvain in Belgium, a tentative
result in Latin hexameters. What he wrote, in English
translation, was:

Mercury on its axis turns like the Moon:
One side has lasting day, the other night;

One side in everlasting fire doth swoon, MERCURY
While th'other hides forever from the light. IMAGER John
Boudreau, a
In fact, Schiaparelli had not yet published his result. leading amateur
Though already by the end of 1883 Schiaparelli had planetary CCD
followed Mercury through seven synodic periods and :;?;lg:::’spc(ﬁes

amassed an archive of 150 drawings, his health broke

. ) telescope at his
down — probably in part from overwork. By the time he

home observatory

JOHN BOUDREAU

recovered, he awaited the delivery of a new 18-inch Merz in Saugus,
& Mahler refractor, and wanted to confirm his observa- Massachusetts.
tions with the larger instrument.

Installed in 1886, he observed three more years more secure than Mercury’s rotation period. The finding
(though not with the same intensity as in 1882-83), and that Antoniadi once called “the most beautiful of all the

finally, in November 1889, published “On the Rotation of ~ Italian astronomer’s telescopic discoveries” appeared to be
Mercury.” This classic monograph includes his celebrated  established beyond reasonable doubt.
map of the supposed daylight side of the planet. On

December 8, 1889, he gave a lecture in the Quirinal Pal- Fudge Factor

ace in Rome before the king and queen of Ttaly. Then, in 1965, astronomers absorbed two tremendous
His main conclusion: “Mercury revolves around the shocks. First, Mariner 4 flew past Mars, sweeping away

Sun in a manner similar to that in which the Moon the legendary canals and showing the planet instead to

revolves around Earth.” He claimed to have established be a stark world of ubiquitous craters. Meanwhile, radio

the identity of the rotation and revolution periods to 1 part  astronomers Gordon Pettengill and Rolf Dyce, using

in 1,000. Later astronomers, including E. M. Antoniadi the 305-meter antenna at Arecibo, Puerto Rico, proved

and Audouin Dollfus, concurred. In fact, right up until that Mercury’s rotation period is 58.65 days, not 87.9693

1965, there was probably no result in planetary astronomy  days. Italian dynamicist Giuseppe Colombo realized soon

-90° CYLINDRICAL
PROJECTIONS
Top: The authors created
this cylindrical projection
of Mercury from some of

-30°

0° f

BRERA ASTRONOMICAL OBSERVATORY [ AUTHORS

Schiaparelli’s best drawings,
corrected for the planet’s
300 58.65-day rotation period.
Bottom: Coauthor John Bou-
dreau has shot a series of
90° CCD images of Mercury, and
0° 90° 180° 270° 360°  assembled them into this
_90° projection with the same

longitudinal projection as
the Schiaparelli map. Note
that the figure of 5 is barely
visible around 60° to 90°.
South is up in both images.

For more information on observing
Mercury, visit the Mercury Section
at http://alpo-astronomy.org.

0° 90° 180° 270° 360°
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MERCURY MAP Schiaparelli drew this map of Mercury’s

supposed day-lit hemisphere in 1889, years after his most
active period of observing the innermost planet.

afterward that the rotation period was exactly two-thirds
of a Mercury year.

Stock in visual observations dropped to unprecedented
lows. For a time, it seemed that Schiaparelli and other
observers might have been mapping nonexistent illusions.
Only gradually did things begin to make more sense.

In fact, Mercury’s surface markings are exasperatingly
indefinite and vague, consisting of brightish patches
(which NASA’s Mariner 10 and Messenger spacecraft have
shown to be rayed craters) scattered against a halftone
background. Schiaparelli him-
self had mentioned the “want
of fixity of the edges” that left
“room for a certain choice” in
their depiction. Not only that,
but the appearance of features
on Mercury is greatly affected
by observing geometry relative
to Earth, the local altitude of the
Sun, and the phase. Even if one
imagines that one is making out a familiar face at differ-
ent seasons of observation, that face may be disguised,
like a Venetian masquerader at carnival.

Schiaparelli’s logbooks show that his recorded features
shifted from day to day, but Schiaparelli thought he was
seeing an effect of librations similar to but even more
extreme than those of the Moon. Even making allowance
for such effects, he could not reconcile all the observa-
tions; sometimes markings that should have been present
were fragmentary or missing. As early as November 1882,
Schiaparelli informed British amateur and fellow Mer-
cury observer W. F. Denning that he found the markings

March 2011 is an excellent
month to observe Mercury
in the evening sky due to
its favorable elongation
from the Sun (see page 48).
Can you discern any subtle
surface markings on the
planet’s surface?
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“extremely variable,” and sometimes “partially or totally
obscured.” That gave him a convenient fudge factor that
kept him from realizing that different parts of the planet
were drifting into view. Instead, Schiaparelli wrongly
surmised the existence of a Mercurial atmosphere whose
clouds were “more frequent and obliterating” than those
of Mars.

Autosuggestion

Since 2007 John Boudreau has made hundreds of CCD
images of Mercury (S&I: October 2009, page 70), and
discovered many images in which conditions match those
when Schiaparelli was sketching the planet in the 1880s.
For example, in March—April 2010 the planet’s eastern
apparition closely duplicated the basic conditions of
Schiaparelli’s early observations in 1882. A comparison of
images with sketches shows some cases of striking agree-
ment. Clearly, Schiaparelli was seeing real features, and
recording them with considerable skill. He did as well as
possible given the difficulty of his project.

But the figure 5 was the idee fixe that led him astray.
Look at the cylindrical projection of Mercury’s features.
Among such ambiguous markings, it was easy to eke
a bit from here, and a bit from there, to conform to his
expectation. Once he assumed the effects of librations
and clouds, he could explain away all discrepancies.
William Sheehan has written of this process: “Once a
definite expectation is established, it is inevitable that one
will see something of what one expects; this reinforces
and refines one’s expectations in a continuing process
until finally one is seeing an exact and detailed — but
ultimately fictitious — picture. Schiaparelli’s work is a
remarkable case study in autosuggestion.”

The case of Mercury’s rotation serves as a classic
reminder of the fallibility — but ultimately the self-cor-
recting nature — that is the greatness of science. We
may be tempted to condescend to the visual observers
who struggled against great odds, and ended up mired
in mirages and illusions. But as English poet Alexander
Pope wrote,

We think our fathers fools; so wise we grow,
Our wiser sons may someday think us so.

How many of our own cherished ideas will prove to be
similar cases of autosuggestion? 4

Contributing editor William Sheehan is a psychiatrist and
astronomical historian based in Willmar, Minnesota. Mas-
sachusetts amateur and avid ALPO member John Boudreau
has specialized in the CCD imaging of Mercury since 2007.
Brera Observatory astronomer Alessandro Manara studies
the physics and dynamics of minor bodies and the history of
astronomy.
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Astronomics can give you the stars .
and star clusters, the Milky Way, nebulae,

“Easy” is just as
important as “affordable.”

Know nothing about astronomy? A Meade
LightSwitch is the scope for you. If you can turn on
a light, you can use a Meade LightSwitch. Flip one
switch and your LightSwitch lines itself up on the sky,
then takes you on a nightly narrated guided tour of
the heavens . .. all by itself!

All you have to do . . . is enjoy the view.

Available in 6” and 8” sizes, completely equipped
and ready to go, priced from $1399 to $1999.

Want to save money?
Get telescope and accessory discounts at
astronomics.com when you join Cloudy Nights
for free at www.cloudynights.com/register.

With 46,000+ members, and dozens of active forums to answer
your questions or just chat, Cloudy Nights is the world’s largest,
friendliest, and most informative astronomy gathering place.

Astro-Tech. Lots of light,
not a lot of loot. »

Outside the solar system, the more light you gather, "%{»
the more see. And no scope is more cost-effective when it
comes to gathering light than a Dobsonian reflector.

Astro-Tech Dobsonians don’t cost a fortune ($379.95 &

freight paid for the 8” /6, and $499.95 freight paid for the 10”
/4.9), yet they come with two eyepieces, 8x50mm finder,
dual speed focuser, and lots of quality light-gathering.

Want to see more and pay less?

Every photon of light your telescope collects
is filtered through your eyepieces, so your eye-
pieces should be as good as your scope .
better.

But good eyepieces don’t have to cost a fortune. From $29.95 to $159.95,
the eight Astro-Tech eyepiece series make your scope look good without emp-
tying your wallet. Astro-Tech lets you see what you’ve been missing.

$1995 or $0.00024 per pixel.

Either price is a bargain.

No matter how you price it, when you choose either the mono-
chrome or single-shot color SBIG ST-8300 8.3 megapixel CCD
camera, you’ve got your hands on a true astro-imaging bargain

from SBIG, the leader in CCD. $1995

Gol stars?

galaxies, the Sun, the Moon, and more . . .

for less than you might think!

A Celestron NexStar SE

gives you stars for less!

Priced from $499 to $1199 to fit every budget,
Celestron NexStar SE 4” Maksutov and 5”7, 6”, and 8”
Schmidt-Cassegrains have a SkyAlign go-to computer
that will show you over 45,000 celestial sights, an ad-
justable height tripod, a Pléss| eyepiece, and a red dot
finder. Easy to set up and easy to use, a Celestron
NexStar SE is ready to observe right out of the box.
And their affordable low prices make them four of the

best buys in go-to astronomy.
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Imaging was never easier ==
or more affordable. === Y

Whether it's the award-winning $449
Astro-Tech AT8IN 8” f/4 imaging

Newtonian, or its new 6”, 10”, and
12” brothers, you get great perfor-
mance at a reasonable price. A
magazine review said the eco-
nomical 8” AT8IN was “optimized
for astroimaging, but just as adept
for backyard viewing . . . a versa-
tile instrument that will take you
into the depths of the universe in
style.” The review named it one of
their 2010 Star Products.

Each Astro-Tech Imaging Newt
has a fast /4 focal ratio for wide
field imaging and viewing; pre-

Don’t know the sky? Let the Celestron
SkyScout show you around. 4

The Celestron SkyScout hand-held
GPS non-magnifying personal plan-
etarium locates and identifies 50,000
sky objects for you, including every
one you can spot by eye.
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Astro-Tech imaging Newtonians: Left to right:
AT6IN 6 f/4, $299; AT8IN 8" f/4, $449;
AT10IN 10” f/4, $599; and AT12IN 12" f/4, $749.
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mium features galore; and each
is ready to install on your mount
in minutes. Just add a DSLR or
eyepiece and you are ready for
serious imaging and viewing at an
affordable price.

A 5-line text and
graphics display de- A
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while earbuds tell you many of their
stories. It’s a neat way to learn the sky!
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$499

close and personal with the nearest star?
Unlike ordmary solar filters, the Coronado PST personal solar tele-
scope shows you more than just sunspots. The PST
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many big enough to swallow the Earth —
the Sun’s surface, a display of raw explosive power
that changes even as you watch.
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Anyone can sell you a telescope. We’ll sell you the right telescope.”

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

Mike Boessen

WE'VE ALL HEARD stories about some guy walking in the
woods and finding a 1936 Duesenberg rusting away
in a long-forgotten tin shed, and the automobile turns
out to be one of only a handful that were ever made.
You never think something like that is going to hap-
pen to you.

About 2002, after my fourth back surgery, I arrived
at the conclusion that I was no longer going to play
golf. Casting about for something to do with my spare

Here's the tale of how a nearly time, I joined the local astronomy club, the Central
forgotten telescope became Missouri Amateur Astronomers (CMAA). My first

. star party was a Messier marathon at a small piece of
the showpiece of an amateur land we call Wildhaven. Located on the property are
astronomy club in Missouri. two small, unassuming buildings.

As the evening wore on and the cold set in, it was

ALL PHTS COURTSV F THE AUTHOR
1. After more than a century of service, a well-traveled 7)2-inch Merz & Mahler refractor was retired in the early 1960s and put into storage at the University
of Missouri. Upon learning that the tube and mount were going to be scrapped in the 1980s, the Central Missouri Amateur Astronomers (CMAA) held a
fund-raising campaign and acquired the instrument. A planned restoration project stalled, however, and the scope sat mostly neglected in a shed at the
club’s dark-sky property. Early last year, with the club’s endorsement, the author moved the instrument to his home workshop (shown here) and began a
lengthy restoration project. 2 & 3. Close-ups reveal the general poor condition of the mount’s heavy brass castings and the peeling paint that covered them.
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announced that coffee and chili were available in the
“large” building. I walked through the front door, and
there was my Duesenberg. I couldn’t believe my eyes.
Standing before me, 11 feet tall, 12 feet long, and with
an 8-inch aperture, was the biggest refractor I had ever
seen. It was covered in dust and had been painted battle-
ship gray with a brush, but it still retained the austere
dignity of my maternal grandfather. A brown paper bag
had served as its dew cap, and the pier was a condo for
rodents. I was struck with a mixture of awe and sadness,
and not knowing it consciously at the time, a strange
romance had been kindled.

The Road to Missouri

Rewind to post-Renaissance Germany, when astronomy
was finally recovering from the repression of the Middle
Ages, and real science was advancing our knowledge of
the universe. In the 1820s the field was blessed with a
true genius named Joseph von Fraunhofer, the 11th child
of Franz Xaver Fraunhofer, a master glazier in Munich,

Germany. When tragedy befell his family life, young
Fraunhofer was apprenticed to a glass cutter. Later, after
setting out on his own, he joined the optical shop of

a Munich instrument company headed by Joseph von
Utzschneider. Fraunhofer excelled, and by 1809 he was
managing the optical shop, eventually becoming a busi-
ness partner with Utzschneider.

When Fraunhofer joined the firm, lens making was a
wide open field. Telescope objectives at this point, while far
improved from the days of Galileo, were still fairly rudi-
mentary. Nevertheless, before long Utzschneider
and Fraunhofer established themselves as the
world’s premier manufacturers of optical
glass. Also, Fraunhofer developed the first
equatorial mount in their factory. That
design is used with little change to this
very day and is still referred to as a Ger-
man equatorial mount.

Following Fraunhofer’s untimely death .
in 1826 at age 39, Utzschneider ran the company Fraunhofer

4. Since the original falling-weight clock drive for the mount had long ago disappeared, the author substituted a drive of similar vintage, which had been

previously restored by another CMAA club member. Nevertheless, this drive’s manufacturer remains a mystery, and the author welcomes any insight

that readers can offer. 5. While the scope’s original wooden pier had been replaced by a Warner & Swasey cast-iron pier and wedge in the early 20th

century, the mount retains the equatorial head made by Merz & Mabhler in the late 1840s. The scope’s original objective is on display at the University of

Missouri, having been replaced in the current scope with an 8-inch doublet made by a club member in the 1960s.
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6. Suspended by wires in the author’s workshop, cleaned and polished brass pieces of the mount dry after being coated with a protec-

tive layer of clear automotive urethane. 7. A close-up view shows the workings of the mount’s declination clamp and tangent-arm slow-

motion control, which are both operated by concentric shafts extending to the eyepiece end of the tube. The locking shaft rides inside

the hollow shaft that drives the bevel gear for the tangent-arm drive screw.

with Georg Merz, who had worked with Fraunhofer since
1808. Merz, too, was a genius and he singlehandedly per-
fected the manufacture of optical glass to the point where
he could produce instruments with apertures of 10 or
more inches, tripling the light-gathering potential of most
existing telescopes.

Merz and the wealthy businessman Josef Mahler
bought the company in 1839. They achieved the “mass
production” of telescopes of unparalleled quality and
performance, bringing the heavens to the doorstep of
any institution of significant means. Two notable Merz &
Mabhler refractors in the United States are the 11-inch at
Cincinnati Observatory, and a true monster of its day, the
15-inch at Harvard College Observatory.

About 1847 Joseph Winlock of Shelby College in Ten-
nessee contracted Merz & Mahler, ordering a 7%2-inch
equatorial refractor for the school. (Winlock eventually
become the third director of Harvard Observatory.) In the
mid-1850s the instrument was moved to Cambridge, Mas-
sachusetts, where it was used extensively by Winlock and
astronomer Benjamin A. Gould.

After the scope was returned to Shelby College, it was
used by Winlock to observe the 1869 total solar eclipse.
America’s famous telescope makers George and Alvan
Clark were part of that effort, and insured that the Shelby
refractor was in top working order for the once-in-a-life-
time event. In 1879 the telescope was acquired by the
rapidly growing University of Missouri, most of the cost
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personally covered by university president S.S. Laws, for
whom the university’s current observatory is named.

By the early 1900s, the refractor’s wooden pier was
in disrepair and another prominent American telescope
company, Warner & Swasey, was contracted to provide a
cast-iron pier and wedge. The instrument, still with its
original wooden tube, was also outfitted for photography
and photometry. In the early 1950s, the university’s metal
shop replaced the wooden tube with a modern one made
of aluminum and steel.

In the early 1960s the university constructed a new
physics building, which included a metal dome and mod-
ern 16-inch reflector. The old observatory was abandoned
and later demolished. My “Duesy” was put into storage
in the new physics building, and then, in the early 1980s,
was slated to be scrapped. Fortunately, university astrono-
mer Charles Peterson contacted the CMAA, and the
club had a fund-raising campaign that saved the historic
refractor. In the mid-1990s a building was constructed at
the club’s Wildhaven site and the instrument was moved
there, but the planned restoration project languished.

Fast Forward to the Present

At the CMAA’s April 2010 meeting, I broached the issue
of the neglected telescope. After much deliberation, we
decided that our small club didn’t have the resources to
make the necessary repairs to the building, much less
restore the old scope.



8. The freshly painted cast-iron pier awaits final assembly of the telescope. 9. With the help of club members and several colleagues

from his workplace, the author repaired and updated a roll-off-roof observatory at the club’s dark-sky observing site and then installed

the restored refractor. First light took place at the end of August last year, with the scope providing “spectacular” views of Jupiter and

the Moon. The CMAA is planning to use the scope for regularly scheduled public observing nights in the near future.

I wasn’t content with the thought of the telescope’s
continuing decline. With the support of the club’s presi-
dent, Val German, I loaded my truck with tools, hitched a
trailer, and assisted by several club members, dismantled
the scope and moved it to a workshop behind my house.

The restoration work was incredibly challenging.
There were few manufacturing standards at the time the
scope was made. Each company made its own screws and
bolts with different diameters and thread pitches. Just
restoring a damaged bolt could take hours.

Val and his brother Farrell helped me remove the
horrible paint from the scope’s beautiful brass castings,
and they also helped with the subsequent cleaning and
polishing. I spent several weeks scraping, sandblasting,
and wire brushing the iron, steel, and aluminum parts.
These were then dressed it in a beautiful coat of snow-
white paint, and the gleaming brass was protected with
clear automotive urethane. When I reassembled the scope
in the workshop and stood back, tears came to my eyes.
She was, indeed, a beauty.

Only two hurdles remained. The university has the
original Merz & Mahler objective and lens cell in a display
case in the physics building. But the club had an 8-inch
doublet made in the 1960s by the late Monty Gruwit, a for-
mer member. Val helped me modify the tube for the new
lens, and I then modified the lens cell to fit the tube.

The other hurdle involved the scope’s original clock-
work mechanism, which has been lost to history. Some

years ago a former club member, John Reed, showed an
amazing clockwork mechanism of appropriate vintage at
a club meeting. Val contacted Reed, who is now living in
the Boston area, and he graciously donated the clockwork
for our project. Reed had beautifully restored the mecha-
nism, but it had worn-out gears that were impossible to
replace. I spent weeks with a loupe stuck in my eye, filing
gear teeth by hand. We don’t know who manufactured
this clockwork, and we welcome any insight that Sky &
Telescope readers can offer.

With more help from Val, Farrell, and several work
colleagues, I repaired the original building at Wildhaven,
painted it, and installed electricity and lights. After
overcoming a few optical and mechanical hurdles, the
restored scope had a new first light last August 27th. We
first turned the refractor to Vega, and followed with Jupi-
ter and the Moon. The views were spectacular.

The club is planning a grand opening for the public,
and eventually we’ll have regularly scheduled open nights.
My joy could not be greater, nor my satisfaction more com-
plete, knowing that this grand old pre-Civil War telescope
will once again bring the heavens down to us humble
humans. It truly is a beautiful instrument, and in my mind
I can hear my grandfather exclaim: “It’s a Duesy!” 4

Mike Boessen is an X-ray machine repairman at Boone
Hospital Center in Columbia, Missouri. He can be reached at
mboessen@bje.org.
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New Product Showcase

» IPOD GO-TO Now you can use your iPhone,

iPad, or iPod Touch as a powerful telescope control-

ler thanks to SkyWire ($79) from Southern Stars. This
adapter adds a 30-inch cable and RS-232 port to your
Apple device, allowing you to control any telescope that
accepts a serial connection. SkyWire works with the
Southern Stars SkySafari planetarium app (formerly
SkyVoyager), turning your smart device into a go-to
controller with an interactive sky chart and tens of thou-
sands of objects accessible with just a few taps on the
screen. SkyWire is an Apple-approved accessory that
requires no modification to your Apple device. Some Southern Stars
telescopes may require an additional cable to adapt 210 Fell St. #4, San Francisco, CA 94102;
SkyWire’s standard DB9 connector. 415-671-6251; www.southernstars.com

N
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v 8300 FROM THE U.K. Starlight Xpress joins the “8-
megapixel club” with its new SXVR-H18 CCD camera ($2,460).
This model features Kodak’s 8.3-megapixel KAF 8300M sensor
with 5.4-micron-square pixels in an array measuring 18 x 13)4
millimeters. The camera housing keeps with the manufacturer’s
signature cylindrical design and is 70 mm (2.76 inches) in
diameter and 75 mm long. It features a mechanical shutter and
regulated, two-stage thermoelectric cooling down to 40° C
below ambient temperature. Full-frame exposures download in
approximately 4} seconds via a USB 2.0 computer interface.
The SXVR-H18 includes a proprietary autoguider output as well
as a 42 mm “T2” threaded aperture. Additional information is
available on the company’s website.

DIGITAL SCT FOCUSER William Optics has incorpo-
rated an innovative digital readout into its popular dual-
speed 2-inch Schmidt-Cassegrain focuser. The new Digital
Display Gauge (DDG) SCT Focuser ($248) is designed

to thread onto the rear cell of most commercial Schmidt-
Cassegrain and Maksutov-Cassegrain telescopes. The DDG
and 10-to-1 speed reduction allows precise, repeatable
focus, which is displayed with an absolute reading of 0.01
millimeter. A built-in dial thermometer enables you to moni-
tor temperature throughout the evening. The focuser, which
can be rotated 360°, has two locking screws for securing
the focus position when heavy cameras and accessories are
attached. A 1)4-inch adapter is included with purchase.

Starlight Xpress

The Office

Foxley Green Farm, Ascot Rd.,
Holyport, Berkshire

SL6 3LA, United Kingdom
+44-0-1628-777126
www.starlight-xpress.co.uk

William Optics

30F, No. 29-5, Sec. 2, Zhongzheng E. Road New Product Showcase is a reader service featuring innovative equipment and software
P . of interest to amateur astronomers. The descriptions are based largely on information

Danshui, Talpel 251, Taiwan supplied by the manufacturers or distributors. Sky & Telescope assumes no respon-

+886-2-2809-3188; www.wiIIiamoptics.com sibility for the accuracy of vendors’ statements. For further information, contact the
manufacturer or distributor. Announcements should be sent to nps@SkyandTelescope.
com. Not all announcements can be listed.
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Fred Schaaf

Northern Hemisphere's Sky

Many lesser-known treats adorn these constellations.

OUR CENTERFOLD MAP on the following pages

AKIRA FUJII

shows the starry sky at 8" sidereal time, when the 8-hour
line of right ascension coincides with the sky’s central
meridian. We can call this the Gemini Hour, after the
constellation that’s just southwest of the zenith now.

This month, let’s bypass bright Gemini itself and delve
for some dimmer but delightful objects near the meridian
and a little east of it. Among these wonders is one that’s

Halley’s Comet was bright in 1986, as shown above. It’s almost
undetectable now — a dim, distant, icy ball resting up in Hydra
for its next pass through the inner solar system in 2062.

tremendously too faint for us to see — until a half century
from now, when the object next approaches Earth. I'm
referring to Halley’s Comet, our planet’s most famous
visitor, which 25 years ago this month of March was at its
best during its most recent return.

Clusters of Puppis. Right on the southern horizon
is Puppis, the poop deck of the defunct ship Argo. This
constellation has no extremely bright stars, but on a clear,
moonless evening in the country, the naked eye shows
remarkable numbers of faint stars here. And telescopes
show several superb open star clusters.
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The clusters M46 and M47 shine at magnitudes 6.1
and 4.4, respectively, in the northwest corner of Puppis —
about 15° east of Sirius. They’re only 1%2° from each other
but appear very different. M47 consists of a few bright,
scattered stars, while M46 is more orderly, with dimmer
but more numerous stars. Intermediate in appearance
between M46 and M47, but more compact than either,
is 6.2-magnitude M93, which lies about 1%2° northwest
of 3.3-magnitude Xi Puppis. Southernmost (declination
-3912°) but possibly best of Puppis’s great clusters is 5.8-
magnitude NGC 2477, which contains several hundred
stars of 11th magnitude and dimmer. NGC 2477 lies just
212° northwest of the constellation’s brightest star, 2.2-
magnitude Zeta Puppis, also known as Naos.

Triangles for treasure-finding in eastern Hydra.
Procyon and Regulus form a nearly right triangle with
Alphard (Alpha Hydrae), the lonely, orange, 2nd-magnitude
heart of Hydra the Sea Serpent. The fairly dim but compact
and therefore conspicuous little head of Hydra lies less
than 10° due east of Procyon. Procyon and Hydra’s head are
the northern corners of an equilateral triangle whose other
corner is marked by one of the “lost” Messier objects — the
big 5.8-magnitude open cluster M48. M48, near Monoceros
but just within the boundaries of Hydra, also forms a nice
triangle with Hydra’s head and Alphard.

There is a small triangle (roughly the size of Hydra’s
head) composed of rather dim naked-eye stars not too far
southeast of Alphard. The easternmost star in this tri-
angle, Mu Hydrae, lies 134° north of NGC 3242, the bright
planetary nebula called “the Ghost of Jupiter.”

East of Mu Hydrae is brighter Nu Hydrae — and they
form the base of an equilateral triangle whose northerly
apex is U Hydrae, one of the reddest of all stars in bin-
oculars and small telescopes. U Hydrae varies from about
magnitude 4.8 to 6.5 over a period of roughly 450 days.

The “winter home” of Halley’s Comet. Halley’s
Comet was a 2nd-magnitude object low in the predawn
sky in March 1986. Now the comet is beyond Neptune’s
orbit, coasting slowly toward its 2023 aphelion. Its “winter
home” for the next few decades is near the celestial equa-
tor, just a few degrees south or west of Hydra’s head. 4

Fred Schaaf welcomes your comments at fschaaf@aol.com.
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Visible March 7 through 31
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STARS TRAIL ABOVE a moonlit field of canola flowers in Hungary.

The volcanic hill in the background is named Csobanc.
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March 2011

DAWN: Venus is to the right or upper right of
the thin crescent Moon (for North America),
as shown on page 49.

EVENING: Algol is at minimum brightness
for roughly 2 hours centered on 9:03 p.m. PST
(11:03 p.m. CST); see page 63.

NEW MOON (3:46 p.m. EST).

EVENING: Algol is at minimum brightness
for roughly 2 hours centered on 8:53 p.m. EST.

DUSK: Binoculars should show Mercury
lower left of a very thin crescent Moon very
low in the west shortly after sunset.

DUSK: Jupiter is left of the crescent Moon.
FIRST-QUARTER MOON (6:45 p.m. EST).

DAYLIGHT-SAVING TIME begins at 2 a.m.
for most of the U.S. and Canada.

DUSK: Mercury passes just to the right
of Jupiter, as shown on page 48. This is your
easiest chance to locate Mercury all year.

DUSK: Mercury continues its best evening
apparition of 2011 for observers at mid-
northern latitudes, shining more than 10°
above the western horizon a half hour after
sunset.

FULL MOON (2:10 p.m. EDT).

SPRING BEGINS in the Northern Hemisphere
at the equinox, 7:21 p.m. EDT.

ALL NIGHT: Spica is near the Moon from
shortly after dark until sunrise.

EVENING: This is a good time to view the
zodiacal light from mid-northern latitudes.
Find a dark location with a clear western
horizon, and start looking about 80 minutes
after sunset for a vague but huge, tall
pyramid of pearly light slanting upward

and left along the path of the zodiac.

EVENING: Algol is at minimum brightness
for about 2 hours centered on 8:38 p.m. PDT.

LAST-QUARTER MOON (8:07 a.m. EDT).

DAWN: Venus is lower right of the thin
crescent Moon, as shown on page 49.

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

Using the Map

WHEN

Late January Midnight
Early February 1 p.m.
Late February 10 p.m.
Early March 9 p.m.
Late March Dusk

These are standard times.

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 southeast) 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 a

little so that “Facing SW” is at

the bottom. Nearly halfway from
there to the map’s center is the
constellation Orion. Go out, face
southwest, and look halfway up the
sky. There’s Orion!

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-March.

Galaxy
Double star
Variable star
Open cluster
Diffuse nebula
Globular cluster

Planetary nebula

You can make a sky chart
customized for your location
at any time at Skyand
Telescope.com/skychart.

Binocular Highlight:
M93 and Company

SOME DEEP-SKY OBJECTS are loners — they dominate a
region of sky and reside in splendid isolation. Other binocu-
lar targets have company and share the field of view with
interesting neighbors. M93, in Puppis, is one of the latter.

The easiest route to M93 is to begin at Delta (8) Canis
Majoris and proceed two binocular fields east to 3.3-mag-
nitude Xi (§) Puppis. The 6.2-magnitude cluster is in the
same field as Xi, northwest of the star. I was able to find
M93 easily with my 10x30s, which show it as a rich, compact
grouping crossed by a prominent east-west bar of 8th- and
9th-magnitude stars. My 10x50s provide essentially the
same view, but add a little more substance to the cluster’s
background haze. It’s a lovely grouping.

After checking out M93, return to Xi for a closer look.

Xi is a pleasing, wide double star consisting of 3.5- and 5.3-
magnitude components separated by nearly 5. What I find
interesting is that the stars appear to have different colors,
even though they’re both of spectral class G. This may be an
illusion arising from the pairing’s unequal brightness, but
it’s interesting nonetheless. Do you see it?

If you're up for a couple of dark-sky challenges, scan east
of Xi and M93 for a short, northwest-southeast finger of
dark nebulosity. This unnamed strip of darkness spans the
distance between the double and the cluster and is obvious
in my 15x70s. Finally, park Xi at the upper right of your bin-
ocular field and have a look to the lower left for open cluster
NGC 2527. Listed at magnitude 6.5, this grouping shows
up in 10x50s as a faint, compact patch of star mist with
perhaps a dozen stars that pop in and out of view. 4

— Gary Seronik

CANIS MAJ

OR /

.20 binog,, - .
.c) IOCU/‘?}
-PUPPIS
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. Planetary Almanac

Sun and Planets, March 2011

March  Right Ascension Declination ~ Elongation ~ Magnitude ~ Diameter Illumination  Distance

Sun 1 22 45.7m -7°52 — -26.8 3217”7 — 0.991

31 0" 35.9m +3°52 — -26.8 32" 02" — 0.999

Mercury 1 23" 00.0m -8° 07 4° Ev -1.7 5.0” 99% 1.349

11 0" 08.3™ +0° 45’ 12° Ev -1.2 5.6” 87% 1.205

21 1" 04.0m +8° 55’ 18° Ev -0.5 7.0” 52% 0.956

31 10 24.7m +12° 27 15° Ev +1.7 9.5” 15% 0.710

Venus 1 207 01.8™ —-19° 34 41° Mo —4.1 15.8” 71% 1.053

11 207 51.0m —17° 23’ 40° Mo —4.1 14.9” 75% 1.122

21 21h39.1m —14° 23’ 38° Mo -4.0 14.0” 77% 1.189

31 22h 25.9m —10° 42’ 35° Mo -3.9 13.3” 80% 1.253

Jupiter

Mars 1 220 27.2m -10° 50 5° Mo +1.1 4.0” 100% 2.365

16 230 11.4m —6° 19 9° Mo +1.1 4.0” 100% 2.357

31 230 54.6™ -1°37 12° Mo +1.2 4.0” 99% 2.348

Jupiter 1 0" 29.7m +2° 00 28° Ev -2.1 34.0” 100% 5.804

31 0" 55.8™ +4° 48’ 5° Ev -2.1 33.27 100% 5.943

16 ' Saturn 1 13h 03.4m —3°52" 144° Mo +0.5 18.9” 100% 8.786
31 120 55.9m -3°01" 175° Mo +0.4 19.3” 100% 8.616

Saturn

Uranus 16 0"01.4m -0°37 5° Ev +5.9 3.3” 100%  21.077

Neptune 16 22" 06.0™ -12°13"  26°Mo  +8.0 22" 100%  30.905

\ Pluto 16 18"30.3™ —18° 45’ 78° Mo  +14.1 0.1” 100%  32.192
16 .

The table above gives each object’s right ascension and declination (equinox 2000.0) at 0" Universal Time on selected
Uranus C)) dates, and its elongation from the Sun in the morning (Mo) or evening (Ev) sky. Next are the visual magnitude and

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

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

/ 8h 6h
- : "RIGHT ASCENSION *

. LOCAL TIME OF.TRANSIT -
Midnight J10pm-

The Sun and planets are positioned for mid-March; the colored arrows show the motion of each during the month. The Moon is plotted for evening dates in the Americas when it’s waxing (right
side illuminated) or full, and for morning dates when it's waning (left side). All Moon dates are in March. “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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Saturn’s Moons

Mar 16 0" UT

J

Mar 1

Enceladus

The wavy lines represent five of Saturn’s satellites; the vertical
bands are Saturn’s globe and rings. Each gray or black horizontal
band is one day, from 0" (upper edge of band) to 24" UT (GMT).
The ellipses at top show the actual apparent orbits; the satellites
are usually somewhat north or south of the ring extensions.

FOCUS ON

The St. Paul’'s School Astronomy Center
Concord, New Hampshire

This observatory provides the students a “hands-on”
opportunity to receive instruction in the use of profes-
sional equipment. All students board at the high school
and may readily work on projects using CCD cameras,
astrographs and spectrographs. Darkroom and image-
processing computers are also located at this site.

ASH MANUFACTURING COMPANY
PO. Box 312, Plainfield, IL, USA 60544
815-436-9403 ® FAX 815-436-1032 ¥
www.ashdome.com L i ~
Email: customerservice@ashdome.com
Ash-Dome is recognized internationally by major astronomical groups, amateurs, universities, colleges, and

secondary and primary schools for its performance, durability, and dependability. Manual or electrically operated
units in sizes from 8 to 30 feet in diameter available. Brochures and specifications upon request.

New stand-alone GoTo
controller for our
Temma mounts. See
website for details.

FSQ-106ED

The FSQ-106ED is a vastly improved version of our popular FSQ-106.
Some examples:

+ 106 mm aperture f/5 (530 mm focal length)

* Back focus increased to 178 mm; accepts more CCD cameras and bino viewers
» Smaller tube length (16.7") makes it easily airline transportable

* 4-element ED Petzval optics render superior images

« Color correction extended to 1000 nm to provide non-bloated imaged stars

+ New fine focuser with camera rotator carries 5-kg load for large CCD cameras

* Produces an 88 mm image circle with a 9.5° field

+ Optional new f/3.6 reducer with 44 mm image circle and 6.5° field

« Optional Extender Q for superb high-magnification views of Moon and planets

TAKAHASHI

Texas Nautical Repair, Inc., 1925A Richmond Avenue, Houston, Texas 77098
Phone: 713-529-3551 « Fax:713-529-3108  www.takahashiamerica.com




Sun, Moon, and Planets

The Changing of the Guard

Saturn shines all night after Jupiter disappears.

THE NUMBER of planets visible
at dusk keeps changing in March. At the
beginning of the month only Jupiter is vis-
ible, low in the west. Then Mercury begins
a fine appearance there too. By mid-month
it passes Jupiter, appearing higher each
evening while Jupiter sinks lower.
Meanwhile, on the opposite side of the
sky, Saturn has been rising earlier every
night. After Jupiter and Mercury set in
early evening, Saturn remains the only
planet in view — until Venus rises around
the start of dawn.

DUSK

Jupiter sets about 2 hours after the Sun
on March 1st, when the giant planet is still
the lone light low in the west during dusk.
Mercury becomes visible to the naked
eye early in the second week of March, far
to Jupiter’s lower right, and climbs closer

Dusk, March 5-7

20 minutes after sunset

Moon
\EYs
N

Jupiter

Looking West
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to Jupiter day by day. This soon becomes
Mercury’s best evening apparition for
2011, and Mercury’s proximity to Jupiter
makes it especially easy to locate. Look for
it less than 5° from Jupiter on March 12th,
about 3%2° on March 13th, and 212° on
March 14th. On the 15th, North American
viewers see the two planets at their closest
— about 2° apart — and Mercury is at last
slightly higher than Jupiter.

Jupiter shines at magnitude —2.1 that
night (and all month), while Mercury is
-1.0, about a half magnitude dimmer than
when it first appeared. At the conjunc-
tion, Jupiter’s fully lit disk is 33” wide in
a telescope, while Mercury’s gibbous, 70%-
illuminated disk is only 6.2” wide.

By an amazing coincidence, the two
conjunction-mates are both are at peri-
helion (closest to the Sun in space) in the
next two days: Mercury on March 16th

Dusk, March 13

40 minutes after sunset

Dusk, March 14

40 minutes afier sunset

Jupiter Jupiter

«*- *Mercury

Mercury

Looking West Looking West

and Jupiter on the 17th — and Mars was at
perihelion on the 9th! Jupiter only reaches
perihelion once every dozen years.

By late March Jupiter sets early enough
to be lost in the solar afterglow. (Jupiter
will reach conjunction with the Sun on
April 6th.) Mercury continues to appear
higher each evening after mid-month,
attaining greatest elongation, 19° from the
Sun, on the American evening of March
22nd. On that date Mercury shines at
magnitude —0.2, and its 7.5”-wide disk is
43% lit. Even by month’s end Mercury still
sets an hour after the Sun — but it has
faded to magnitude +1.7, making it hard to
locate even with binoculars.

DUSK TO DAWN

Saturn, in Virgo, shines in the southeast
during evening. It rises more than two
hours after sunset on March 1st but right

Dusk, March 16

40 minutes after sunset

Dusk, March 15

40 minutes after sunset

Mercur
Mercury Y
* *

+

Jupiter Jupiter

Looking West Looking West

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 previ-
ous 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.



To see what the sky looks like at any

given time and date, go to
SkyandTelescope.com/skychart.

around sunset by month’s end. Saturn is
at opposition to the Sun on the American
evening of April 3rd, just 22 days before
Jupiter reaches solar conjunction. So the
two biggest planets are now essentially
opposite each other in the sky, each rising
when the other sets.

Saturn reaches its maximum bright-
ness and diameter for 2011 in late March:
magnitude +0.4 and 19.3” wide. The rings
are narrowing slightly, to 9° from edge-on
by the end of March. Saturn is best seen
through a telescope when it’s highest in
the sky, around the middle of the night.

By late evening observers around
40° north latitude find Saturn directly
above Spica in the southeast. The planet
increases its separation from Spica from
9° to 11° in March, crawling westward
toward Porrima (Gamma Virginis). Saturn
is 4° from Porrima by month’s end. On
March 13th binoculars show Saturn only
9’ from 6th-magnitude 46 Virginis.

DAWN

Venus is the bright “Morning Star” low
in the east-southeast during dawn. In

Dawn, March 1-3

. 9 1
Altair 40 minutes before sunrise

Looking East-Southeast

Venus

- R~
Saturn s

March its lead on the rising Sun decreases
slightly, from 2 to 134 hours, and its mag-
nitude dims slightly, from —4.1to -3.9. It
spends the month crossing Capricornus,
passing just 9" south of Neptune around
12 UT on March 27th, when the planets
are above the horizon in the predawn skies
of Central Asia

By the time the two planets rise on the
morning of the 27th in North America,
Venus has pulled about %2° east of Nep-
tune. A telescope will definitely show
Venus’s now-little gibbous disk and should
show Neptune if conditions are good. But
Venus outshines 8.0-magnitude Neptune
by a factor of 60,000.

‘Dawn, March 29 — 31

40 minutes before sunrise

Looking East-Southeast

December solstice

U
June solstice

™~
o < > .]upiter
S~

M.arCh —. @ <
equinox sl Mars.f

® Uranus

Neptune

ORBITS OF THE PLANETS
The curved arrows show each planet’s move-
ment during March. The outer planets don’t
change position enough in a month to notice at
this scale.

Pluto glows dimly in Sagittarius at
magnitude +14.1, about 250 times fainter
than Neptune. It’s high enough to detect
in a big telescope before the sky starts
to brighten, but it will be much easier to
observe later in the year.

Mars and Uranus are lost in the glare
of the Sun.

MOON AND SUN

The Moon stands as a thin crescent not
far to Venus’s left or lower left at dawn on
March 1st. Just 20 minutes after sunset
on March 5th, use binoculars to help look
for the very thin crescent Moon low in the
west with challenging Mercury to its lower
left, as shown on the facing page. A some-
what thicker crescent is right of Jupiter on
the evening of the 6th and above Jupiter
on the 7th.

The full Moon glows well to the upper
right of Saturn on the evening of March
19th and much closer upper right of Spica
the next evening. At dawn on March 31st,
the crescent Moon shines not far to the
upper left of Venus.

The Sun reaches the equinox on March
20 at 7:21 p.m. EDT, starting spring in the
Northern Hemisphere and autumn in the
Southern Hemisphere. 4
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Thomas A. Dobbins

The most visible division in Saturn’s rings is not devoid of material.

THE CASSINI DIVISION is by far the most promi-

Right: The
Hubble Space
Telescope
recorded this
view of Saturn
in 2004. Above:
The subtle
difference
between the jet
black shadow
cast by Saturn’s
globe on the
ring system and
the dusky gray
Cassini Division
is evident in

the enhanced
detail.

nent of the many thousands of gaps in Saturn’s rings.
Discovered in 1675 by Jean Dominique Cassini, itis a
dark gap about 2,900 miles (4,700 kilometers) wide that
separates the bright A and B rings. Although it’s compa-
rable in width to the Atlantic Ocean, the Cassini Division
subtends only 0.7 arcsecond to Earth-bound observers
even when Saturn is at its closest, corresponding to the
apparent diameter of a penny as seen from a distance of
just over 3 miles (5 km).

High-resolution images, as well as radio and stellar
occultation data obtained during NASA’s Voyager space-
craft flybys of the early 1980s and by the Cassini spacecraft
currently orbiting Saturn, have revealed that the Cassini
Division is not an empty void. The material within the gap

is about five times sparser than the material in the adja-

|

B ring

Above: This Cassini spacecraft view of the intricate structure of Saturn’s rings as viewed from the unlit side reveals the uncanny similar-

cent A and B rings. Like the C ring, the Cassini Division
is the site of a host of narrow concentric ringlets, some
sharp-edged and opaque, others diffuse and translucent.

The Cassini Division not only bears a strong resem-
blance to the C ring in structure and particle density, but
also in composition and color as well. The icy particles in
the A and B rings reflect 40% to 50% of the sunlight that
strikes them, but the particles in the Cassini Division
and the C ring reflect only 15% to 20%. While the princi-
pal constituent of all of the rings is nearly pure, colorless
water ice, the traces of an unknown non-icy contaminant
that weakly absorbs blue light are not as prevalent in the
Cassini Division or in the C ring, which lack the exceed-
ingly subtle warm hue of the A and B rings.

If the Cassini Division is almost identical to the C
ring in apparent surface brightness, why does it appear

Huyge‘ns Gap Encke Gap

|| i

Cassini Division Aring

ity in particle density, color, and composition of the Cassini Division and the C ring.

50 March 2011 SKY & TELESCOPE

NASA [ ESA [ ERICH KARKOSCHKA (UNIVERSITY OF ARIZONA)

/ssI

NASA / JPL



Whenever exposure times are sufficiently

long to record Saturn’s faint C ring, images of
Saturn’s rings invariably record the Cassini Divi-
sion as dark gray rather than jet black. Sheldon
Faworski and Don Parker captured this stunning
image by using a 10-inch Takahashi Mewlon-
250 and Philips ToUcam Pro on the evening of
February 19, 2006. South is up.

so much darker through a telescope? After
all, it isn’t uncommon for visual observers
to describe the appearance of the Cassini
Division as “jet black” when they extol the
optical performance of a telescope or the
quality of the seeing during an observ-

ing session. A recently published guide to
observing Saturn even advises readers that
“any divergence from a completely black
intensity for Cassini’s Division is simply
the result of poor viewing conditions, scat-
tered light, or inadequate aperture.”

The source of the illusion lies in the
stark contrast between the narrow Cassini
Division and the comparatively brilliant
adjacent edges of the A and B rings, which
are the brightest regions of the entire ring
system. More than a century ago, Austrian
physicist Ernst Mach demonstrated that
if two unequally bright extended surfaces
are brought into contact with each other,
the less brilliant of the two will appear
even dimmer where it appears to touch the
brighter surface. On the other hand, the
gap between the inner edge of the C ring
and the globe of Saturn is almost devoid of
matter, providing a truly black border that
accentuates rather than overwhelms the
faint light reflected by the C ring.

A few visual observers, some equipped
with surprisingly modest instruments,
have managed to overcome these difficul-
ties. Although the Voyager spacecraft are
usually credited for discovering material in
the Cassini Division, the historical record

clearly indicates that the spacecraft merely
confirmed suspicions that had been har-
bored for well over a century.

The description of the tenuous mat-
ter in the C ring in the first edition of
Thomas William Webb’s classic observer’s
handbook Celestial Objects for Common
Telescopes, published in 1859, includes a
remark that “a similar material may fill
Cassini’s Division.” Webb cited observa-
tions by the Director of the Madras Obser-
vatory in India, Captain William Stephen
Jacob, who in 1852 had noted that the
Cassini Division did not appear black but
had the color of slate through his 6.2-inch
refractor. Four years later, Jacob reported
that the shadow cast by Saturn’s globe
across the rings “could also be seen across
the dark space between the two bright
rings, which therefore cannot be a mere
opening but must be filled with matter of
some kind.”

Thomas Gwyn Elger, a keen-eyed Brit-
ish amateur who is remembered today
chiefly for his lunar studies and map of
the Moon, commented in 1888 that the
Cassini Division “has never impressed
me as being perfectly black” through his
8.5-inch Newtonian reflector. In 1899 the
French astronomer Camille Flammarion
described the appearance of the Cassini
Division through his 9.6-inch refractor as
“dark gray, not black” and inferred that
“there is probably some matter in it.” Fif-
teen years later his countrymen Georges
and Valentin Fournier reported that on the
steadiest nights, the 19.7-inch refractor of
the Jarry-Desloges Observatory in Algeria
showed that the Cassini Division was “not
devoid of particles.”

As the rings of Saturn appear to gradu-
ally open in coming years, opportunities
to duplicate these challenging observa-
tions will continue to improve. Carefully
comparing the appearance of the Cassini
Division with the jet black shadow cast by
the globe across the rings is the best way
to avoid being deceived by the detrimen-
tal effects of diffraction and atmospheric
turbulence. 4

Sky & Telescope contributing editor Thomas
Dobbins has observed the ringed planet for
well over one Saturnian year.
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S&T Test Report  Tony Flanders and Joshua Roth

Three Low-Cost Telescopes

Yes, you can buy high-quality scopes for $100 in today’s market.

Authors Joshua Roth (left) and Tony Flanders
pose with the test telescopes. The two tabletop
units are attached to sturdy photo-tripod legs,

AT PUBLIC STAR PARTIES and astronomy
classes, people often ask us how much they need to spend
to buy a decent telescope. There are many fine options
for less than $300, and at least one great telescope for less
than $200 — the StarBlast 4.5-inch Astro from Orion
Telescopes & Binoculars (reviewed in S&T, June 2003,
page 46). But in the sub-$100 price range, low-quality
scopes outnumber good ones by a huge margin. Up to
now, our highest-rated scope in that price bracket was
another unit sold by Orion: the SpaceProbe 3 Altazimuth
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Orion SpaceProbe 3 Altazimuth Reflector
their favorite setup for field use. Orion SkyScanner 100mm TableTop Reflector
Orion GoScope 80mm TableTop Refractor

RAJANI FLANDERS

U.S. price: $99.95 (for each scope)
Orion Telescopes & Binoculars
OrionTelescopes.com;
800-447-1001

Reflector, reviewed together with 10 other telescopes in
the December 2005 issue, page 86.

So we were greatly interested when Orion introduced
two new telescopes for $99.95, the same price as the
SpaceProbe 3. These are the SkyScanner 100mm TableTop
Reflector (a scaled-down and simplified version of the
StarBlast) and the GoScope 80mm TableTop Refractor, a



short-tube refractor on a nearly identical mount. Could
they match or exceed the performance of the venerable
SpaceProbe? To find out, late last year we purchased cur-
rent versions of the three scopes and set up a shootout.

Out of the Box
Assembling the SpaceProbe for the first time might be a
little daunting for some people. The instructions are very
clear, and all necessary tools are included, but there are
lots of individual pieces and screws. Still, anybody with
normal mechanical aptitude should be able to put the
scope together in a half hour or less.

The two tabletop units, by contrast, come almost fully
assembled. We were observing with both scopes within
five minutes of opening the boxes.

The Mounts
It’s impossible to overstate how important it is for a tele-
scope to have a steady mount that lets you point the scope
smoothly and surely in all directions. Wobbly tripods and
mounts that jerk or slip have long been the Achilles” heel
of low-cost telescopes. Old-fashioned long-tube 60-mm
refractors often had (and still have) excellent optics, but
they’re traditionally mated with grossly inadequate mounts
that make them a misery to use, especially for beginners.
The SpaceProbe’s mount looks exactly like the mounts

S&T: TONY FLANDERS

Author Flanders’s
daughter decided

to try the SkyScan-
ner hand-held — a
surprisingly effective
arrangement at 20x.

for some of those low-cost long-tube refractors, but it
works vastly better. We suspect that’s because the tube is
in almost perfect balance. Regardless of the reason, the
SpaceProbe moves smoothly and stays where you point

it. It’s a little wobbly, especially when the legs are fully
extended, but we judge it to be well within acceptable
limits as long as the air is calm. Unfortunately, it shakes a
lot in a stiff breeze — hardly surprising considering that
the whole setup weighs only 8 pounds.

As for the tabletop mounts, they’re superb. They’re
shipped with the azimuth motion a little too loose, but
that’s easily adjusted, as explained in the owner’s manual.
Once that’s done, their motions rival those of alt-azimuth
mounts costing hundreds of dollars. The mounts work
well on tables, and they also have sockets in the base
allowing them to be attached to any tripod with standard
3- or Y4-inch threaded posts.

S&T: DENNIS DI CICCO (3)

The Orion SpaceProbe 3 Altazimuth Reflector (left) has a time-tested yoke mount with a thumbscrew slow-motion bar (chrome) for
vertical motion. The telescope is balanced well enough to work fine without the slow-motion control, but the bar makes it more stable
in a breeze. The SkyScanner 100mm TableTable Reflector (center) is a little bigger than the GoScope 80mm TableTop Refractor (right),

but both scopes are exceptionally compact.
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The optical tubes connect to the mounts with Vixen-
style dovetail bars (a de facto industry standard), making
it easy to put the scopes on different mounts if desired.
You can also attach the optical tubes to standard photo tri-
pods using the %4-20 threaded holes tapped in the dovetail
bars. And the SkyScanner works surprisingly well hand-
held, as shown on page 53.

The only shortcoming of the tabletop mounts is that
they’re not quite tall enough for the optical tubes. The
SkyScanner can clear the base when pointing at the
zenith, but only if it’s pushed forward in the dovetail
holder, making it somewhat front-heavy. And the Go-
Scope’s star diagonal bumps into the base even when the
scope is all the way forward in its dovetail. This prevents
the scope from pointing anywhere within 18° of the
zenith, and risks damaging the diagonal if you push the
scope too hard. (The SpaceProbe also can’t point directly
upward, but it can get a lot closer to the zenith.)

Optical Design

The SpaceProbe 3 is a 3-inch (76-mm) £/9.2 Newtonian
reflector. (That means that its focal length — approxi-
mately equal to the length of the tube — is 76 X 9.2 =700
mm.) This is a classic design that’s easy to manufacture,

and the relatively long focal ratio works well with inexpen-

sive eyepieces. The manual has clear directions for colli-
mating (aligning) the telescope’s optics, a collimation tool

Both tabletop scopes attach to their mounts with standard
dovetail bars. Each bar has three detents on the side and two
¥4-20 threaded holes on the bottom, the latter allowing the opti-
cal tube to be attached to a photo tripod. With the GoScope,
the finder is also held with a dovetail — a great convenience.
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Even when the GoScope

is advanced to its foremost
position in the dovetail, it can
only point 72° degrees above
horizontal.

is provided, and the mirror is
center-spotted to aid the pro-
cess. But £/9.2 is so forgiving
of minor collimation errors
that you will probably never
need to adjust the mirrors.

The SkyScanner is a
100-mm f/4 Newtonian
reflector, a much less
forgiving design in terms
of collimation. There’s no
provision for adjusting the tilt
of the primary mirror. And while it’s possible to adjust
the secondary, there’s no centering spot on the primary,
making collimation a challenge. In any case, our scope
arrived in good collimation right out of the box.

The GoScope is an 80-mm /4.3 achromatic refractor.
This design inevitably shows colored halos around all
bright objects. But as we shall see, this scope held some
pleasant surprises for us.

All three scopes have clear light paths that allow the
entire light cylinder entering the objective to reach the
eyepiece — at least in the center of the field of view.
They’re supplied with 3-element eyepieces with appar-
ent fields of view around 50°. These work very well in the
£/9.2 SpaceProbe and adequately in the other two scopes.
The center of the field of view is quite crisp in all cases,
but due to the short focal ratios of the SkyScanner and
GoScope, stars begin to grow strange-shaped spikes about
halfway to the edge of the field. Nonetheless, the overall
quality is good enough to frame objects in the center of
the field and locate bright stars or objects even if they just
graze the edge.
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Finders and Focusers
All three scopes use Orion’s standard EZ Finder II, which
projects a red dot onto a window. You view your target
through the window, move the scope until the target lines
up with the red dot, and you're done! It would work better
at night if the red dot appeared less bright. Even so, this
unit is infinitely preferable to the junky 5x finderscopes
often supplied with low-cost scopes.

The SpaceProbe and SkyScanner come with standard
rack-and-pinion focusers. These are perfectly acceptable at
the highest magnifications we could push these scopes to,

For more information see SkyandTelescope.com/$100scopes.
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but by no means exceptional. The GoScope, by contrast,
uses an unconventional design where the focuser moves
the front lens instead of the eyepiece — and it’s truly a
delight to use. The tension and gearing are just right.
The focuser is smooth but not sloppy, fast yet extremely
accurate.

Under the Night Sky

We tested the telescopes in an urban park, in Roth’s sub-
urban backyard, and at some fairly dark sites in Boston’s
outer suburbs. Targets included the Moon, Jupiter, Sat-
urn, Venus, the Pleiades and several other star clusters, a
number of galaxies, and the Orion Nebula.

Not surprisingly, the SpaceProbe 3 is the clear winner on

the Moon and planets when used with its supplied eyepieces.

Each scope comes with a 10-mm eyepiece, but because of
the telescopes’ different focal lengths this yields 35x with the
GoScope, 40x with the SkyScanner, and 70x with the Space-
Probe. The SpaceProbe’s extra magnification allowed us to
see much more detail on the Moon and planets.

Moreover, the SpaceProbe continued to deliver the best
planetary images even when we used our own eyepieces
to boost all three scopes to their maximum usable magni-
fications. Jupiter was stunning in the SpaceProbe, show-
ing the North Equatorial Belt in crisp detail, a hint of the
South Temperate Belt, and subtle shading in the polar
regions. This scope would give a 60-mm apo refractor a
good run for its money.

The SkyScanner proved the weakest of the three
scopes at high power. The image refused to “snap” into
focus, a classic sign of spherical aberration. Nonetheless,
Jupiter’s North Equatorial Belt and Saturn’s rings showed
quite clearly even at the 40x delivered by the stock 10-mm
eyepiece.

The GoScope was the surprise, come-from-behind
winner. There are limits to what can be expected of an
f/4.3 two-element, achromatic lens. And because it’s

Orion TableTop
Telescopes

The GoScope’s diagonal threads directly onto the optical tube.
This unconventional system works well but precludes attaching
accessories such as correct-image diagonals to the telescope.

impossible to suspend the laws of physics, the Moon,
Venus, and Jupiter appear with garish violet haloes. But
if you can ignore that, planetary images are quite good.
When we used an auxiliary Barlow lens to boost the
GoScope’s magnification to 70%, Jupiter showed nearly as
much detail as it did in the SpaceProbe. Aside from the
color halo, this scope compares favorably with Orion’s 80-
mm f/5 ShortTube Refractor, at a fraction of the cost.

We judged the GoScope to be the overall winner for
viewing star clusters. Like the SpaceProbe, it shows the
stars as pinpoints, but its extra aperture makes fainter
stars visible, and its low, 17.5x magnification does a much
better job of framing the Pleiades than the SpaceProbe’s
28x. The SkyScanner also does well in this category. Stars
aren’t as sharp as in the other two scopes, but SkyScan-
ner’s extra aperture makes the stars brighter, and the two
effects more or less balance each other.

For galaxies and nebulae, where light-gathering capa-

Small Package, Big Impact

To an old-timer like me, it’s a miracle that one can buy

a well-designed, fully equipped telescope for $100. But
Orion Telescopes & Binoculars doesn't stop there. The
scopes reviewed here also come with a DVD boasting
seven authoritative video segments on the solar system
as well as a CD with a starter version of Starry Night — an
easy-to-use “desktop planetarium” program that simulates
naked-eye and telescopic views of the night sky. What'’s
more, the disk includes a PDF of the 192-page book Starry
Night Companion by planetarium veteran John Mosley — a
comprehensive and highly readable introduction to the
hobby and science of astronomy. — Joshua Roth
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bility is paramount, the telescopes perform in aperture
order. The 100-mm SkyScanner is best, the 80-mm
GoScope comes second, and the SpaceProbe third. The
difference is particularly striking when viewing the
Andromeda family: Messier 31, 32, and 110. In the outer
suburbs all three scopes showed all three galaxies, but
M32’s appearance was barely non-stellar in the Space-
Probe, and seeing M110 required careful use of averted
vision. All three galaxies were quite obvious in the Sky-
Scanner, thanks to its additional aperture.

Conclusions
If your primary goal is great views of the Moon and

planets, and you have only $100 to spend, the 3-inch Space-

Probe is clearly the scope for you. It delivers 70x right
out of the box, which is enough to give gorgeous views of
Saturn’s rings and show quite a lot of detail on Jupiter.

The other scopes have just enough magnification to
show Saturn’s rings and Jupiter’s main belts with the
supplied eyepieces. But you would need an auxiliary high-
power eyepiece or Barlow lens to get the best possible
planetary views from these scopes, and that would push
you well beyond the $100 limit. At that point, you have to
wonder if it isn’t worth spending $199.95 for the 4.5-inch
StarBlast, which delivers significantly better views than
any of these three scopes.

If you consider simplicity and small size a premium,
the tabletop units have a clear advantage over the Space-
Probe — as long as you have some kind of table or tripod
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When a tabletop scope points high in the sky, it’s sometimes
rather awkward to look through the finder.

to support them. We suspect that most people will find
the GoScope the more attractive of the two thanks to its
fine optics and excellent focuser. But deep-sky enthusiasts
may well prefer the SkyScanner because of its greater
light grasp and its ability to point directly upward.

Frankly, you can’t go wrong with any of these tele-
scopes; they're all outstanding performers for their price.
We just wish that scopes like these had been available
when we were children! 4

S&T associate editor Tony Flanders owns three scopes with
apertures between 60 and 100 mm, and former S&T senior
editor Joshua Roth owns four.

A Scope for Experts?

Novices aren’t the only ones who
like simple, compact telescopes.
| had some free time on a clear
weeknight while writing this
review, so | took the GoScope
and SkyScanner out for a tour
of the sky in my local park. My
high-quality eyepieces — similar
to the ones that any experienced
stargazer would likely own
— bring out the best in these
short-focal-length scopes. And in
winter, there’s an endless supply
of targets for even the smallest
instrument. From the Orion
Nebula to the glorious Double
Cluster in Perseus (pictured
here), I've rarely had such an
enjoyable couple of hours.

— Tony Flanders

RAJANI FLANDERS
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Gary Seronik

Whither ATMing?

Are amateur telescope makers becoming an endangered species?

IN SEPTEMBER 1998, soon after I settled into my

desk at S&T, Roger Sinnott presented me with a huge
mail tub filled with ATM article submissions. Since I was
taking over the telescope-making department from Roger,
that tub had become my weighty responsibility. Those
were my halcyon days of overseeing the department, with
far more material submitted than we could ever fit in the
magazine. Fast forward to the present, and I'm fortunate
to receive a single unsolicited article in a month. Is this

a sign that telescope making is becoming a thing of the
past? To get a broader perspective, I sought out the opin-
ions of several prominent ATMs.

Telescope making, like other aspects of amateur
astronomy, has had its ups and downs. But as Oregon
ATMer Mel Bartels notes, “There are probably more
telescope makers today than in 1965 when I started out.
Of course, there are more people now too, so I reckon that
the percent of the population participating in ATMing has
remained roughly constant over the past 45 years.”

Don Surles presides over the annual Mid-Atlantic
Mirror Making Seminar, held each March in Delaware.
Working with new ATMs leaves Don feeling optimistic.
“I've been pleasantly surprised for the past 10 years at
how fast our event fills up,” he remarks. “My guess is that
amateur mirror making is not only alive, but in very good
condition. I also believe that, thanks to new tools and
techniques, amateur-made mirrors are better today than
at any time in the past.”

Don makes a good point — with computerized mirror-
test analysis and powerful design software, the hobby has
seen the emergence of better optics, as well as new kinds
of instruments. One example is Ed Jones’s Chiefspiegler
telescope, which was featured in our November 2008
issue, page 87. “I guess I was a little disappointed that
more interest wasn’t generated by the Chiefspiegler,” says
Ed. “I think it reflects back on the fact that there may be
fewer telescope makers today.”

Ed’s pessimistic reading of the situation might be fall-
ing prey to the ATM community’s tendency to approach
new concepts cautiously. Initially the Dobsonian design
was greeted with skepticism, especially by entrenched
telescope makers. It was a new generation of hobbyists
that pushed the Dobsonian into the mainstream.

So what are we to conclude from these disparate
opinions? I suspect that there are fewer builders today,
but that doesn’t mean that telescope making is in trouble.
Historically, amateurs have been reluctant builders. It was
often the expense of commercial telescopes that drove
them to build their own. Many wouldn’t have become
ATMs if they could have afforded to buy.

With so many inexpensive scopes available today (see
page 86), fewer people are turning to ATMing. Gone are
the “reluctant” builders of the past — those who remain
are the hobby’s vital core of individuals driven by the
desire to craft something with their own hands purely for
the joy of it. Such ATMs have always been in the minority,
but they exist and they keep moving the hobby forward. 4

Gary Seronik can be reached at www.garyseronik.com.

ntic Mirror Making Seminar, organized by

The annual Mid:
Don Surles (seen here grinding a 10-inch mirror) and hosted
by the Delmarva Star Gazers of Delaware, fills up quickly.

DON SURLES
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¥ Binocular Projects

Good observing is about good
planning — whether you're a professional who’s

Plan well, and even a light-polluted sky

waited years for a precious 50 minutes on the Hubble,
or a hobbyist with a star atlas and binoculars just Oﬁrs rewardsfbr binocular astron,omY,
taking an after-dinner step outdoors away from
Earthly concerns.

“Planning” means knowing what your instru-
ment will and will not do, and charting out projects
accordingly.

CATHY COOKE EVERS

Here’s the third in my series on binocular show-
pieces, both famous and unfamiliar, for observers . \
under light-polluted skies who may not realize what’s ‘ :
available even under poor conditions.

. . 64
The photos here serve as finder charts for many E 65° %

of the sights, but every amateur astronomer needs at Pollux ~  GEMINI

ASTROPHOTOS BY AKIRA FUJII

least one detailed star atlas. For binocular observing,

I like the Pocket Sky Atlas. It’s compact, inexpensive,

and it shows all stars to magnitude 7.6, with hundreds 64, 65 Geminorum Star pair M35 Open Cluster
of deep-sky objects to magnitude 10, 11, or 12 depend- RA: 7" 30™ Dec: +27.9° RA: 6" 09"  Dec: +24.4°
ing on type. The descriptions here give each object’s A little-noticed binocular gem in the This faint smudge
right ascension, declination, and Pocket Sky Atlas field of Castor and Pollux is this naked- above Castor’s trailing
(PSA) chart number. eye doublet, magnitudes 5.0 and 5.1, foot is a huge (}5°)
separation 4°. Close examination with city of more than 200
binoculars reveals muted tones of stars about 2,800 light

Hugh Bartlett shares the sky with the public at the

teninen s wn St G O ye.llow and white. Just to the west . years away, producing
o e (right) are brighter lota (1) Gem and its enough photons to
California. You can e-mail him at hughandmaret@ wide companion 59 Gem — also yellow show through all but
earthlink.net. and white, magnitudes 3.8 and 5.8. the brightest urban
PSA Chart 25. skyglow. PSA Chart 25.
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M44 Cluster in Cancer
RA: 8" 40™ Dec: +19.7°

The brightest members of the Beehive Cluster
form a dome-shaped beehive with bees
buzzing out of its top and swarming around.
It contains multiple star groupings; the most
striking is the yellow-and-white pair forming
the beehive’s peak on the north: 39 and 40
Cancri, magnitudes 6.5 and 6.6, separation
150”. PSA Chart 24.

Rho' (p) Cancri Double star
RA: 8" 53" Dec: +28.3°

From M44, sweep 9° north to pick up lota
Cancri (a pretty telescopic double). Slightly
more than 1° east-southeast from lota are
Rho' (55) and 53 Cancri, a pair of yellow
and orange-yellow beacons, magnitudes
6.0 and 6.3, separation 278”. Rho' is known
to have five planets, including one of the
first discovered outside the solar system.
A little farther on in the same direction is
Rho?, a single star. PSA Chart 24. Orion’s
Sword

Betelgeuse

* Pollux

Orion’s Sword Asterism

RA: 5" 35" Dec: -6°

No matter how often you return here,
you can always learn Orion’s Sword in
a little more depth. Its basic structure
is four multiple-star groups in a north-
south row. Group 1 is the loose open
cluster NGC 1981. Group 2 includes 42
and 45 Orionis. Group 3 sports the
Great Orion Nebula, M42, with the
binocular double Theta (6) Orionis at
its heart. Can you see other stars in
the nebula? Group 4 is highlighted by
lota (1) Orionis, magnitude 2.8. Just 8’
southwest of lota is the lovely but tight
binocular double Struve 747 (X747),
magnitudes 4.8 and 5.7, separation 36”.
PSA Charts 16 and Closeup B.

Orion’s Belt Asterism
RA: 5" 35™ Dec: -1°
There’s more in Orion’s Belt too than many observers notice.
Trace out “Orion’s S,” and note the red giant inside the S’s
bottom loop. How much of the Orion’s Belt field do you know
well enough to draw from memory? PSA Chart 16.

22 and 27 Orionis Two star pairs

RA: 5" 20m Dec: -1°

Just west of Orion’s Belt are two easy binocular doubles that few
skywatchers know. The slightly brighter one is 22 Orionis and

its companion: magnitudes 4.7 and 5.7, separation 242", both
blue-white. One degree southeast are yellow-orange 27 Orionis
and its white companion: magnitudes 5.1 and 6.1, and more than
twice as wide at 571”. PSA Chart 16.
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Sirius

RA: 6" 46"
Sirius is not only the brightest star in the night sky but, at a distance of 8.6 light-
years, it's the closest nighttime star visible to the naked eye from mid-northern
latitudes. (A few faint red dwarfs are closer). When seen in binoculars low through
thick air, Sirius often flashes in vivid, prismatic colors. At higher altitudes on many
nights it practically buzzes with faster, icy shimmers. PSA Chart 27.

Brightest star
Dec: -16.7°

M41 Open cluster below Sirius

RA: 6" 46" Dec: -20.8°

Look one binocular field south of Sirius for this coarse group centered around two
amber giant stars. Just to its south-southeast is slightly brighter 12 Canis Majoris.

Note the landmark triangle of 5th- and 6th-magnitude stars 2° to the cluster’s east
(left). PSA Chart 27

Xi (€) Puppis Double star

RA: 7" 49" Dec: -24.9°

From the star at the end of Canis Major’s tail, shift northeast 7° (a little more than
one binocular field) to find this yellow supergiant with a yellow giant companion.
They’re magnitudes 3.3 and 5.3, separation 300”, and are not physically related.
See also page 45. PSA Chart 26.
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Boomerang Asterism in Canis Major
RA: 7" 15 Dec: -26°

This 2° semicircle of 4th- to 6th-magnitude stars is
centered on Delta Canis Majoris, the Big Dog’s rump.
You can extend the Boomerang’s north end farther
northwest and west (right) with fainter stars to more
than double its size. David Elosser of Kernersville, NC,
sees a goose here. What do you make of this group?
E-mail me at the address on page 58. PSA Chart 27.

. Cor Caroli

BERENICES

Denebola =

Coma Star Cluster Open cluster

RA: 12" 25™ Dec: +26°

Best seen in wide-field binoculars, this 5°-wide
cluster lies halfway between Cor Caroli (o

Canum Venaticorum) and Denebola (B Leonis).

Its bright stars form the cryptic glyph outlined
above. Forming one corner of the glyph is the
binocular double 17 Comae, magnitudes 5.2
and 6.6, separation 146”. PSA Chart 45.
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Magdalena Ridge Observatory

THE ASTRONOMICAL COMPANION Socorro, NM
www.mro.nmt.edu

In the fall of 2006 we
completed the installation w
of the 40.375 foot Ob- CAT

serva-DOME at Magdalena
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will house a 2.4 Meter
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Alan MacRobert

Celestial Calendar

Keep track of this pulsing red giant with binoculars or a small telescope.

THE B1G DIPPER climbs the northeastern sky on
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February and March evenings, and very close to it is a
deeper, more changeable sight to keep watch on. T Ursae
Majoris, a red Mira-type variable star, pulses from about
magnitude 13.0 to 7.7 and back every eight months. It
should reach maximum brightness around February
22nd, fade slowly for several weeks afterward, and then
drop more rapidly.

To find it, start from the star where the Dipper’s
‘12h10m

12h 40m- * . ..‘] 2h 20m
o

q2h 30m :

o®70 4 o +61°

Twilight Lunar Occultation

handle joins the bowl (Delta Ursae Majoris) as shown on
the diagram below. The little blue rectangle there shows
the area covered by the larger chart.

Using your finderscope, shift 212° northeast from
Delta to pick up a north-south pair of 5th- and 6th-mag-
nitude stars 1/3° apart. From there, hop 1° northeast to T
and its surroundings. The numbers next to stars are their
visual magnitudes to the nearest tenth with the decimal
point omitted. Notice in particular the two stars about 8th
magnitude %2° to T’s east, forming a triangle with it.

To use the map, you'll need to orient it to your tele-
scope’s view. On all our star maps, celestial north is up
and east is left. To find where north is in your view, nudge
your scope slightly toward Polaris; new stars will enter
from the north edge. Turn the map around to match.

East is 90° counterclockwise from north if your tele-
scope gives a correct-reading image, as a Newtonian reflec-
tor does. If your scope has a right-angle star diagonal, it
probably gives a mirror image instead. In that case east is
clockwise from north, and you’ll have to mentally flip the
map left-for-right.

The variability of T Ursae Majoris was discovered in
1860 by the astronomers at Bonn Observatory in Germany
who were compiling the great
Bonner Durchmusterung star
catalog and atlas. The star’s
peaks have sometimes been
as bright as magnitude 6.6
and as faint as 9.

BIG DIPPER

The third-brightest star that the Moon
will occult this year for North America
slides behind the Moon’s dark edge
after sunset on Sunday, March 13th, for
observers in the Northeast and along
the Eastern Seaboard. The star is Mu
(1) Geminorum, magnitude 3.2 and
orange-red. The Moon will be just past
first quarter and very high in the south.

SKY & TELESCOPE

Some disappearance times: Halifax,
9:28 p.m. ADT; Montreal and central
Massachusetts, 8:06 p.m. EDT,;
Toronto, 7:51 p.m. EDT; Washington,
DC, 7:53 p.m. EDT; Miami, 6:59
p-m EDT. In most of this range the
occultation happens in twilight,
sometimes bright twilight. Farther west
it happens in daylight. Be sure to set

up early — which will be easy with the
Moon so bright and well placed.
For a larger timetable and a map,

go to www.lunar-occultations.com/

iota/iotandx.htm and scroll down

to “Upcoming Occultation Events.”
Here you'll also find listings of all the
brightest occultations worldwide for

the year.
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Algol, now high in the northwest, usually
shines at magnitude 2.1 but fades to 3.4 every
2.87 days. It remains near minimum light for
two hours and takes several additional hours to
fade and to rebrighten. The numbers here are
comparison star magnitudes with the decimal
points omitted.

Two NICE ASTEROID occultations are
predicted for North America in March:
Late on the night of March 8-9, 12th-
magnitude 72 Feronia hides the 8.4-mag-
nitude star SAO 138141 in Leo as seen
from a narrow track from Haiti across the
Florida Keys and Louisiana to Oregon.
The star may be gone for up to 7 seconds.
On the morning of March 20th, 12th-
magnitude 224 Oceana occults the 8.3-
magnitude star SAO 138776 in Virgo for up
to 5 seconds as seen from a track running

A—0

Minima of Algol

Feb. ut Mar. ut
1 12:50 2 5:03
4 9:39 5 1:53
7 6:28 7 22:42
10 3:18 10 19:32
13 0:07 13 16:21
15 20:57 16 13:10
18 17:46 19 10:00
21 14:35 22 6:49
24 11:25 25 3:38
27 8:14 28 0:27
30 21:17

These geocentric predictions are from the heliocentric
elements Min. = |D 2452253.559 + 2.867362E, where
Eiis any integer. Derived by Gerry Samolyk (AAVSO),
they reflect a slight lengthening in the star’s period that
seems to have occurred in early 2000.

from Lake Superior to southern Alaska.
For many more asteroid-occultation
predictions worldwide all year, see www
.asteroidoccultation.com/IndexAll.htm.
For lots more about observing and tim-
ing these events: www.asteroidoccultation
.com/asteroid_help.htm. 4

Last August, 12 observers at different locations
accurately timed the asteroid Psyche occult-
ing a star (yellow lines), yielding an outline of
Psyche’s size and shape.
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Sue French

Deep-Sky Wonders

Y

)

Look beyond the constellation’s well-known showpieces.

Many a night from yonder ivied casement, ere I went to rest,
Did I look on great Orion sloping slowly to the West.
— Alfred, Lord Tennyson, Locksley Hall

ORION DRAWS our gaze with its splendid panoply of

POSS-II / CALTECH / PALOMAR OBSERVATORY

stars and alluring deep-sky wonders. Yet many intrigu-
ing marvels go unnoticed, lost among the constellation’s
glorious riches. Let’s explore a few of these little-known
treasures, starting near Orion’s belt and wending our way
northward.

We'll begin with the little star group FSR 983. In 2007
astrophysicists Dirk Froebrich, Alexander Scholz, and
Claire Raftery listed it as a possible cluster based on star-
density maps derived from the Two Micron All Sky Survey.
However, current catalogs indicate that the stars are not
moving together through space. The asterism was brought
to my attention by French amateur Alexandre Renou, who
independently discovered it the following year.

FSR 983 is located halfway between 22 and 25 Orionis,
which share a finderscope’s field of view, and it’s brack-
eted by a nearly east-west set of 8.8-magnitude stars 11’
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apart. At 23x with my 130-mm (5.1-inch) refractor, the
group merely looks like a small hazy area with 4 stars, but
102x reveals a nice little gathering of a dozen stars cozied
together in 412" x 21/2".

Next we’ll visit the perfectly matched double star 52
Orionis, which shares a finder field with Betelgeuse
in Orion’s shoulder. Each pale yellow-white component
shines at magnitude 6.0. They’re aligned northeast-
southwest and only 1.1” apart. Although it’s easier to split
equal pairs than unequal ones, this is a challenging test
for small telescopes. With the exceptional seeing (atmo-
spheric steadiness) prevalent at the Winter Star Party, I've
separated the twins with my 105-mm refractor at 203x
and my 130-mm at 234x. Even at those magnifications,
they looked very snug. Do you have seeing good enough
to part this pair?

In an e-mail last year, British amateur Sakib Rasool
suggested writing about young stellar objects with com-
etary reflection nebulae. One such object is the star/disk
combination known as FU Orionis and its associated
nebula Cederblad 59. The star is in the early stages of its
evolution, still girdled by a disk of gas and dust. Near the
close of 1936, inflow of material from the disk must have
increased dramatically. The inner disk greatly brightened,
far outshining the star, and swelled the amount of mat-
ter being dumped onto the nascent star. Disk and star
brightened from 16th to 9th magnitude over the course of
a few months. FU Ori has hardly faded since then, but it
varies irregularly between about magnitude 9.3 and 9.8 on
a timescale of weeks or days.

Far Left: The cometary
nebula Cederblad 59 is
embedded in the inconspic-
uous dark nebula Barnard
35. A subtle band of light
lines B35’s western edge.
Left: The bright spot at the
southwestern end of NGC
2022 is a faint star super-
posed on a concentration
in the planetary nebula’s
outer ring. North is to the
upper right.
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FU Orionis and Cederblad 59 sit 2.1° east of deep yel-
low Phi? (¢?) Orionis. In my 105-mm refractor, they simply
look like a fuzzy star embedded in the inconspicuous
dark nebula Barnard 35. The view is much improved with
my 10-inch reflector at 70x. B35 is a nearly starless region
about 25" long and one-third as wide, elongated west-
northwest to east-southeast. Near its heart, small faint
Ced 59 enfolds FU Ori and broadly fans northeastward.

Bipolar outflows from FU Ori sculpt two bowl-shaped
hollows in B35. The light from the yellowish inner disk
and its star is scattered by the remaining dust and the
walls of these hollows. We see one of them as comet-
shaped Ced 59, but the corresponding nebula on the far
side of the disk is heavily obscured. On images of the area,
a semicircular arc of nebulosity starts 7’ south of FU Ori,
runs around the western side of B35, and ends 19’ north of
the star. I didn’t see this thin ribbon of light. Can you?

Just 48" west of FU Ori, NGC 2022 is the brightest
planetary nebula in Orion. My 105-mm refractor at 87x
shows a small, round, blue-gray disk, while 275x sug-
gests a slightly darker center and brighter patches on the
nebula’s northeast and southwest edges. My 10-inch scope
at 220x confirms the view and makes it clear that the
nebula is an oval tilted north-northeast.

The part of NGC 2022 visible through my telescopes is
about 21”7 x 18”, but it has an outer halo 12" across. Folks
with 18-inch telescopes have been able to see traces of this
halo as well as a sparkle that may be the dim star super-
posed on the southwestern rim of the bright annulus.

Pinned to Orion’s western shoulder, the planetary
nebula Kohoutek 1-7 was discovered in 1962 by Czech
astronomer Lubos Kohoutek while examining Palomar
Sky Atlas prints. It sits 1° north of 32 Orionis in the
slanted (western) side of a 5 trapezium of stars, magni-
tude 10%2 to 12%2. K 1-7 is visible in my 130-mm scope at
102x as a small, faint, round glow with a very faint star
close to its south-southeastern edge. Averted vision helps
the nebula stand out better, as does boosting the magni-
fication to 164x. A nebula filter makes the view too dark,
but an O III filter offers significant improvement when I
use my 10-inch reflector.

K 1-7, also known as Abell 10, is a relatively easy catch
for folks who enjoy collecting Abell planetaries — yet
Orion contains an even brighter one. There’s a good
chance that Abell 12 would have made it into the New
General Catalogue (NGC) if it weren't hiding in the glare
of Mu (u) Orionis, just 50” to its east-southeast.

To view Abell 12, I affix a thin strip of aluminum foil
to the field stop of my eyepiece with rubber cement. A
strip of electrical tape works fine, too. When Mu is hidden
behind this occulting bar, Abell 12 is very easy to see as a
moderate-size, roundish planetary with my 10-inch reflec-
tor and an O III filter at 147x. This same trick lets me
glimpse the nebula through my 130-mm refractor at 111x.

Climbing 49" north of Mu brings us to the ancient
open cluster NGC 2141. A 2009 journal paper deduces
an age of 2.2 to 2.4 billion years. Only very rich clusters
can hold their stars together for such a long time, but
since the cluster is 13,000 light-years away, its many stars
appear quite faint through a backyard telescope.

Through my 130-mm scope at 63x, NGC 2141 is an 8’
granular patch adorned with a dozen very faint stars and
framed by a wheel of brighter ones. At 102x the cluster
has a delicate charm, with many stars popping in and out
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Deep-Sky Wonders

Lower's Nebula is thought -
" to glow from the energ‘y of -
" tHe btightest of the'blue ' -
: stars hestled near its core.

of view as I shift my gaze. Quite a few of
these may be foreground stars, because
the cluster’s brightest possible members
are 12th magnitude.

Our final target is Lower’s Nebula
(Sh 2-261), discovered on a photograph
taken with the 8-inch f/1 Schmidt camera
built in 1935 by California amateur Harold
Lower and his father, Charles.

Lower’s Nebula is perched 1° north-
northeast of Nu (v) Orionis. In the mir-
ror-reversed view of my 130-mm refractor
at 23x, the 12° nebula is a fairly faint, very
fat C with a trapezium of stars nestled in
the C’s dark indentation and several lesser
stars strewn upon the haze. The brightest

POSS-Il / CALTECH / PALOMAR OBSERVATORY

trapezium star is the intensely hot, blue-
white star (spectral type O7.5) thought to
be the energy source for this huge emis-
sion nebula. A narrowband filter nicely
enhances contrast between the backdrop
of the sky and Lower’s Nebula, which is
softly wispy, and brightest in the south.
Star clusters and asterisms; double and
newly emerging stars; planetary, cometary,
emission, and dark nebulae — Orion has
them alll Take a little time to discover some
of Orion’s unsung wonders before he slopes
below your western horizon this spring. 4

Sue French welcomes your comments at
scfrench@mnycap.rr.com.

Little-Known Treasures of Orion

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

FSR 983 Asterism 9.3 4% x 2% 5h23.m +0° 38’
52 Orionis Double star 6.0, 6.0 11”7 5n48.0m +6° 27’
Cederblad 59 Cometary nebula — 3'x2 5h45.4m +9° 05
NGC 2022 Planetary nebula 11.6 29” % 28” 5h42.1m +9° 05
Kohoutek 1-7 Planetary nebula 14.0 377 x 36" 5h31.8m +6° 56
Abell 12 Planetary nebula 12.0 37" 6" 02.3m +9° 39’
NGC 2141 Open cluster 9.4 10 6" 02.9m +10° 27
Lower’s Nebula Emission nebula 8.4 33" %29 6" 08.8™ +15° 47

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

equinox 2000.0.
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Steve Gottlieb

Going Deep

Explore this little-known cluster in Cancer,

MARCH BEGINS the season for galaxy hunting in the

SHELDON FAWORSKI / SEAN WALKER
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Northern Hemisphere with a countless supply of targets
stretching from Ursa Major in the north to Centaurus in
the south. As a seasoned deep-sky observer, I generally
chase challenging prey, but let’s warm up with an eye-
candy treat. NGC 2903, easily located 1.5° south of 4.3-
magnitude Lambda (A) Leonis, is an unusual starburst
spiral containing “hot spots” of energetic star formation
surrounding the nuclear region, and a central bar studded
with scores of H II regions.

In my 18-inch Dobsonian this luminous galaxy
extends 9 x 4/, sloping north-northeast to south-south-

NGC 2903 is one of the most prominent barred spiral galaxies
in the sky. The inner region is very bright, but the faint outer
arms are rarely spotted through the eyepiece of a telescope.

SKY & TELESCOPE

west, with a slightly brighter bar running through the
major axis. The center is sharply concentrated, with an
intense, clumpy core due to the hot-spot regions. A faint
H II knot sparkles at the south end of the bar, and a spiral
arm emerges sweeping clockwise to the east. A brighter
knot is visible near the north end of the bar and just
beyond a fainter, ill-defined arm curves a short distance
to the west. This arm structure carries its own catalog
designation, NGC 2905, as both William and John Her-
schel assumed it was a separate adjacent nebula.

Now let’s scoot 3.8° southwest, crossing into Cancer
to the small galaxy cluster AWM 1. In 1977 this group
caught the attention of Yerkes Observatory astronomers
Elise Albert, Richard White, and William Morgan during
a search for giant elliptical galaxies that reside outside
their usual environment — the core of a rich Abell
cluster. AWM 1 is the first entry in a short list of 7 galaxy
groups meeting these criteria.

The 25’ field containing AWM 1 is packed with a dozen
galaxies and several 9th- to 11th-magnitude stars. NGC
2804, the dominant 12.3-magnitude elliptical, is imme-
diately recognizable in my 18-inch Dob at 100x. Bumping
the magnification to 285x reveals a bright core embedded
in a nearly uniform outer envelope extending 1.2" x 0.9".

An 8-inch scope should nab NGC 2804 along with
slightly smaller, 12.8-magnitude NGC 2809, which lies
about 9” southeast. Its oval halo spans 0.9 X 0.7” and
gradually increases to a small core punctuated by a faint,
starlike nucleus. Several faint companions of NGC 2809
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The AWM 1 galaxy group is cradled by three 9th-magnitude stars (see the chart on the facing page). The field shown here is 35" wide.

huddle nearby, including 16th-magnitude 1€ 2457 just
1.6” to the northwest. I missed this diminutive galaxy, pos-
sibly mistaking it for a dim star.

Just 2.5” south-southwest of NGC 2809 lies 15th-mag-
nitude NGC 2807, a weakly concentrated glow, perhaps
24”7 x 20”. With careful viewing at 285X, a very close
companion, PGC 26212, can be detected as a 15” hazy
knot just west of the south edge of NGC 2807. Several
sources, including the Uranometria 2000.0 Deep Sky Atlas,
misidentify PGC 26212 as NGC 2806.

So where’s the real NGC 2806° John Louis Emil
Dreyer, the compiler of the NGC, logged this object in
1876 using Lord Rosse’s 72-inch speculum-metal reflector
while making micrometric measurements of stars near
NGC 2807 and 2809. His description reads: “A very faint
star or considerably small, extremely faint nebula preced-
ing (sky bad), forming an equilateral triangle with [NGC
2807] and [NGC 2809].” At precisely this position (2.4" due
west of NGC 2809) is a 15th-magnitude star that Dreyer
thought might be nebulous in poor seeing conditions.

PGC 26226 is a 15” feeble ember 5" north-northeast of
NGC 2809. Using averted vision, this 14th-magnitude gal-
axy wasn'’t difficult to snag 1.4” southwest of an 11th-mag-
nitude star. Now shift to the southeast side of the cluster
where 9th-magnitude SAO 80743 resides.

This relatively bright star nearly overpowers NGC
2813, a 25” pale glow just 2" to the northeast. With direct
vision, I can tease out a faint stellar nucleus within a
tiny brighter core. NGC 2813 forms a close pair with
15th-magnitude NGC 2812, one of the more challeng-
ing members of AWM 1. Look for a ghostly, slender
streak, 0.5 x 0.15’, hiding in the glare of SAO 80743. Even
tougher is 16th magnitude PGC 26239, a featureless 6”
dust mote 2.4” southwest of the star.

I tracked down three more members to the west of
SAO 80743. I picked up PGC 26221 with averted vision as
an 18” x 12” oval, just 40” north-northwest of a 12.5-mag-
nitude star. This galaxy forms the eastern vertex of an
equilateral triangle with similar PGC 26182 6.0" south-
west and NGC 2801 6.7" northwest. NGC 2801 is a uni-
form 25” patch with a very low surface brightness. In 1865
Albert Marth discovered NGC 2801, 2812, and 2813 using
a 48-inch f/9.4 equatorial at Malta but missed nearby PGC
26182, 26221, and 26239. Take a look and see how many of
these challenging galaxies you can ferret out. 4

Steve Gottlieb has observed more than 10,000 deep-sky
objects with his 18-inch Dob and other scopes. He will rotate
authorshop of Going Deep with Ken Hewitt-White and other
well-known deep-sky observers in future months.
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SO SN By Alan MacRobert

The editors of Sky & Telescope answer your questions about astronomy.

Gravity, Shaper of Worlds
Why are stars and planets round?
— Gus Greaves, New York, NY

Their gravity pulls them into shape. But
round is not always the shape that it pulls
them into.

When something is as big and mas-
sive as a planet, rock deforms under its
own weight and slowly squishes toward
the planet’s average level. It’s seeking

Stellar Burning Glass
How big a lens would you need to

collect enough starlight to start a fire?
— Hector C. Johnson, Washington, DC

If you can set a piece of paper on fire
with sunlight and a 3-inch magnifying
glass, the answer is simple. The Sun
shines at apparent magnitude —26.7.
Sirius, the next brightest star in the
sky, is magnitude 1.4, mean-

ing that it’s 1.3 x 10" times

fainter. So that’s how much
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what physicists call a minimume-energy
configuration, or “hydrostatic equilib-
rium.” (On Earth an example is sea level.)
Everything tries to go downbhill, or fill up,
to this level.

Given the strength of Earth’s gravity,
Mount Everest is about as high as any
deviation from equilibrium can get before
rocks deform and the deviation sinks
under its own weight faster than moun-

more light-collecting area you'd need:
a telescope mirror 5.4 miles (8.7 km)
wide. (A lens that big would absorb too
much of the light, despite our cartoon.)
This assumes that it concentrates the
Sirius-light into the same size spot
on the paper as the magnifying glass
concentrates sunlight.
Another way to look at it: On a cold
winter’s night, Sirius casts about as
much heat on your entire town as
would warm your finger if it were
all gathered there.

S&T: LEAH TISCIONE

tain-building forces can push it up. Mars
has a little less than half Earth’s gravity.
Therefore its highest mountain (Olympus
Mons) is a little more than twice as high
as Mount Everest.

There are three big exceptions to the
overall roundness thing:

1. If a rocky body is smaller than about
500 miles (800 km) across, or if an icy
body is smaller than about half that size,
it won't have enough gravity to deform
itself and reach hydrostatic equilibrium.
That’s why small bodies such as asteroids
are lumpy and irregular. (An exception
to this rule is when the asteroid is such a
loose rubble pile that any jostling causes
heights to settle and low areas to fill in. An
example seems to be little round Dactyl,
the 1-mile-wide moon of the larger, irregu-
lar asteroid Ida.)

2. If a planet or a star is spinning, the
shapes of hydrostatic equi-

librium are not spheres but

flattened (oblate) ellip-

soids. “Centrifugal force”
(momentum) makes the
body’s equator bulge out. Earth
is only 0.3% wider at the equator than
at the poles, not enough to notice with-
out instruments. But Jupiter is 7% and
Saturn 11% wider at the equator. These
planets are visibly flattened in a telescope.
Fast-spinning stars are even more oblate:
for Altair the ratio is more than 20%; for
Achernar it’s about 55%.

3. When an object closely orbits
another (“closely” meaning compared to
its own size), the different gravitational
pulls on its near and far sides deform it
into an egg shape or even a blunt teardrop
with a point. At the point of the teardrop,
material can and does fall off toward the
other object. A ship sailing on the “sea
level” of such a body could sail right off
the edge of the world into space.



A Tidal Secret

Ifthe Moon and Sun look the same size
in the sky, why does the Moon cause
stronger tides?

— Richard Kilgallen, Alexandria, VA

Because the Moon is denser. Period. Any
two objects showing the same angular
diameter exert the same tidal force on
Earth, if they have the same density. It
does not matter how near or far they are.
At all. (Assuming they’re far compared to
Earth’s own diameter.)

Why? The volume of objects that have
the same apparent diameter — in other
words, the amount of stuff they contain
— increases with the cube of their dis-
tance. But tidal force decreases as the cube
of distance. So the two cancel out.

In fact the Moon and Sun are not the
same density. The Moon averages 3.35
grams per cubic centimeter, and the Sun
averages 1.41. So that’s almost exactly the
ratio of their tidal effects on Earth and its
mobile oceans.

Worlds Without End, Amen
How many stars are there? How many
planets?

— Timothy Timoshenko, Paducah, KY
Well, let’s start with the easier part. Planet-
formation specialists estimate that at least
half of all stars are born with planets. Our
solar system’s tally of eight may be about
normal. So a reasonable guess is that a few
times as many planets exist as stars.

Now the hard part. Run-of-the-mill gal-
axies have about 10 billion to 1 trillion (10"
to 10'?) stars. Some 10" galaxies are theo-
retically within range of the Hubble Space
Telescope, though most of these are seen
in the early universe when galaxies were
smaller on average than they are now.
Within our event horizon — the farthest
we can see due to the Big Bang having
happened only 13.7 billion years ago —
the current best estimate is 3 x 10** stars.

We cannot see beyond our horizon.

Send questions to QandA@SkyandTelescope.com
for consideration. Due to the volume of mail,
not all questions can receive personal replies.

Light from farther stars hasn’t had time to
reach us, and with the expansion of space
speeding up, light from farther ones will
eventually never catch up with us.

But what if you ignore the speed
of light and imagine a God’s-eye view
of everywhere at once? Then the uni-
verse should be much, much larger. The
inflationary-universe process — which
accounts just right (so far) for all the
details of how the Big Bang happened
and pretty much everything else we know
about cosmology — says the universe
must be at least 10* times wider than our
event horizon. It also says that conditions
should be about the same throughout this
enormous volume, making for at least 10%®
stars and planets.

Some inflation experts peg the inflated
universe as being at least 101000:000000000
times wider than our event horizon, for at
least 10*000000.000023 stars and planets. More
or less.

In fact, if you take inflation theory at
face value, it predicts that space is infinite
— in which case no number applies, no
matter how large. But cosmologists and
philosophers have no idea whether physi-
cally real infinities are possible.

For an examination of the four ways in
modern physics that the universe, or mul-
tiverse, could be infinite or at least fantas-
tically large, see Max Tegmark’s landmark
review at SkyandTelescope.com/tegmark.
If your mind isn’t blown yet, that’ll do it.

The Stars from Space
How much brighter would the stars look
from space than from the ground?

— Sherwood Waggy, Morris Plains, NJ
Not at all. Clear air absorbs or scatters only
15% to 25% of the light coming straight
down from space. In other words, the
air dims stars overhead by only about
0.2 magnitude. That’s barely enough to
detect by eye.

And consider this. When you look up
from Earth there’s nothing between your
eyeball and the stars. An astronaut has
to look through a helmet or a spacecraft
window. Either is likely to absorb, scatter,
and/or reflect as much light as a ground-
based skywatcher loses to the atmo-
sphere. 4
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¢ Imaging Technique

Demystifying

Fiel

Whenever I'm in the company of other astrophotogra-
phers, I like to take a quick survey: how many of you are
calibrating your images using flat fields? The results are
not surprising. Invariably, few beginner amateur imagers
raise their hands. After all, flat-fielding techniques seem
to have a mystique associated with them, even among
professional astronomers. This need not be so. With a bit
study of the theory and practice, flat fielding can be under-
stood and applied to great advantage by every imager.

Understanding the workings
of flat-field calibration will greatly
improve your CCD images.

Peter Kalajian

Flat Fielding Explained
Every beautiful astrophoto begins with some basic calibra-
tion before the imager moves on to additional processing.
Flat fielding is the part of this calibration that mitigates
the effect of the CCD’s pixel-to-pixel variation in sensitiv-
ity, vignetting in the optical system, and shadows created
by dust on the components of the imaging system.

Let’s imagine a perfect imaging system without hot or
cold pixels, dust, and vignetting. If we expose this hypo-

S&T: DENNIS DI CICCO (2)

Producing the best astrophotos with CCD cameras requires more than just clear, steady skies. A series of calibration frames are needed to remove
unwanted signal such as dark current and hot or dead pixels. One important calibration step involves flat-field frames, which correct for small variations
of pixel sensitivity across the CCD detector, as well as vignetting in the optical system and dust shadows within the optical path. The pictures above
show the results of an image processed without flat-field calibration (left) versus the same data processed with this important step (right).
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thetical setup to a uniform light source, then every pixel
in this image should have the same analog digital unit
(ADU) or pixel value after exposure.

Of course, CCDs are not perfect, so pixel values in
this “flat-field” image will vary. Just how much they vary
tells us exactly how to modify each pixel in the image of
an astronomical target to correct for the imaging setup’s
imperfections.

The entire calibration process can be summarized suc-
cinctly by the following simple relationship:

Calibrated (Raw PV —Dark PV)

PV = (Flat PV —Dark PV)/(Mean Flat PV —Mean Dark PV)

This equation deals with pixel values (PV) from four
separate images: a raw frame, a master dark frame made
up of an average (or mean) of many dark frames of equal
duration and temperature to the raw frame, a flat-field
frame, and the flat field’s own appropriate master dark
frame taken at the same exposure length and temperature
of the flat-field frame.

The equation’s numerator is simply the raw exposure
of an astronomical target corrected for any thermal “dark”
signal due to non-photon-induced electrons in the CCD.

To understand the denominator, think back to the
perfect CCD, where each pixel responded perfectly to the
even illumination and needs no correction (in which case
the denominator would have a normalized value equal to
1). Assuming the light source is perfectly uniform, the
mean of all the pixel values in the flat-field image is a good
approximation of the uniform pixel value from the perfect
CCD. If a pixel value in the flat-field image is below the
mean value, then it is “underreporting,” while any pixels
that have values above the mean are “overreporting.”

Normalization

By dividing the flat-field pixel value by the mean of all the
pixels in the flat-field image, we arrive at the normalized
pixel value. A pixel that has a value equal to the mean will
be normalized to 1, while a pixel that has a value less than
the mean will be normalized to less than 1, and pixels
with values above the mean will be normalized to more
than 1. Any image-processing program that performs
calibration takes care of this normalization automatically,
but it’s important to understand the process, as we’ll see
when we talk about how to get good flats.

Dark subtraction

It should now be apparent that master dark frames must
be applied to both the raw image and the flat-field image
in order for the pixel to be calibrated properly. Failure

to subtract the dark current from a flat-field frame will

Author Peter Kalajian
with his Flat Man
XL, an electrolumi-
nescent panel used
to record evenly
illuminated flat-field

images.

JACOB GERRITSEN

make the denominator incorrectly large, resulting in an
improper correction to the raw image. Always dark cali-
brate your flats!

Characterizing Your CCD Camera

To reduce non-uniformity in your flats, make them with
an exposure length that is long enough to eliminate the
effects of the camera’s shutter sweeping across the detec-
tor, but short enough to obtain pixel values within the
linear range of the CCD detector. Exposing for at least two
seconds takes care of most cameras’ shutter latency prob-
lems, though larger chips may require longer exposures
to truly mitigate its effect. How to decide on an upper-
end limit depends on characterizing the linearity of your
camera’s detector.

Most anti-blooming CCD detectors do not have a
linear response to photons across their entire dynamic
range, and because of slight differences in each CCD,
no two cameras will have the exact same range of linear
response. My SBIG ST-2000 CCD camera becomes non-
linear when pixel values reach about 25,000, well below
the 56,000 saturation limit. As such, I shoot for flat-field
images with a maximum pixel value of about 24,000 just
to be on the safe side. The consequence of using a flat-

S&T: DENNIS DI CICCO (2)

While both of these flat fields are suitable for calibrating their respective images,
their different appearance arises from being recorded through a camera lens hav-
ing very little vignetting, and the one at right being through a telescope.
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Before shooting flat-field exposures, it’s important for you to
characterize your CCD camera. The author made this plot of a
9th-magnitude star near the zenith recorded with increasing
exposures. As explained in the text, the plot shows that his CCD
is linear until pixel values reach about 25,000. Flats must be
exposed within the linearity range of a CCD detector.

field image with nonlinear response to photons is that
the normalized pixel values will be too small, resulting
in overcorrected images. Imagers using cameras with
non-antiblooming detectors should shoot for pixel values
close to full-well capacity (saturation), but avoid blooming.
This ensures that the recorded flats take advantage of the
majority of the CCD’s entire dynamic range.
Characterizing the linearity of your CCD is fairly
easy to do. A simple technique is to point the imaging
system at a 9th-magnitude star near the zenith and take
sets of five images at increasing exposure lengths until
the star’s image saturates (reaches the maximum pixel
value). Using the photometry tool in your image-acquisi-

Telescopes and lenses with wide field of views
become problematic for flats made with the
traditional twilight sky. One alternative is to use
electroluminescent panels that offer a large,
evenly-illuminated target.
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tion software, draw a box around the star, then measure
the total flux and maximum pixel value inside the box for
each image.

Enter the data into a spreadsheet and make a column
that divides the total flux by the exposure time, which
gives us the flux per second. Since the star’s flux is
constant over time (be careful not to choose a variable
star), the flux per second will remain constant when it is
within the linear range of the CCD, but will start to drop
off as the CCD’s anti-blooming gate kicks in. When this
happens there will be a noticeable drop in flux per second
and the CCD will be at the top of its linear range. Armed
with this measurement, you should expose your flat-field
frames to keep the pixel values below those where the flux
per second starts to diminish.

Uniform Illumination

This is the toughest part of the flat-field process; gener-
ating a perfectly uniform illumination source for your
flat-exposures. Knowing when you have a uniform source
is harder still.

Traditionally, imagers start out using the twilight sky
as an illumination source. The trick is to point the tele-
scope at a neutral point in the sky once the Sun has gone
down enough so that the CCD detector does not saturate,
but when there’s still enough light to obtain good photon
statistics. You have to race against the clock to get enough
flat-field frames to assemble a master frame with enough
of a signal-to-noise ratio so that the flat doesn’t add noise
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to your final image. To make matters worse, you have
to do this for each of the filters that you plan to image
through for the night.

These “twilight” flats can be good, especially in sys-
tems with small fields of view, using automated acquisi-
tion software that adjusts exposure time to compensate
for changing lighting conditions. Wide-field imagers will
be disappointed with twilight flats on the whole, since
there’s always some brightness gradient present in the
sky. Some imagers mitigate the gradient by covering
the telescope’s aperture with some sort of diffuser, like
a piece of translucent white acrylic or even a tee shirt
stretched across the front aperture.

The problem with twilight flats is that you never know
what the quality of the flat is like until it’s applied to your
image. Were there some high clouds that interfered with
the evenness of illumination? Did you choose an appro-
priate neutral point in the sky? Were there gradients from
ambient lighting in your neighborhood?

To avoid the problems with twilight flats, many
imagers use artificial illumination. This can range from
specially constructed light boxes placed over the telescope
to white screens that are illuminated by multiple light
sources. Recently, electroluminescent panels with the
proper diffusion and power-supply regulation have shown
great promise for producing evenly illuminated flats.

To evaluate the uniformity of illumination of your flat
field, you can perform this simple test. Take an image of
your illumination source, and then rotate your camera by
90° and take another image. Now calibrate the first image
using your master dark and using the second image as
the flat field. Doing this is essentially “flat-fielding a flat”,
so your resulting calibrated image should be completely
uniform.

The best way to evaluate the uniformity is to check

Analyzing a “flatted
flat,” the author mea-
sured the uniformity of
his electroluminescent
panel and ST-2000M
CCD camera using
Maxim DL. He found
the image’s average
(mean) pixel value to be
24,271.441 and the stan-
dard deviation 9.491.
His results yielded an
impressive uniformity
of 0.3%. Astrophotogra-
phers should shoot for
a uniformity of 1% or
less to achieve the best
results when calibrating
their exposures.

Screen Stretch

Information

the histogram of this flattened flat. It should look like a
symmetrical Gaussian distribution or bell curve, and the
width of the distribution is proportional to the uniformity
of illumination. To make a numerical estimate of unifor-
mity, look at the standard deviation of pixel values in the
image using the information window of your acquisition
program. In a Gaussian distribution, 99.7% of all values
lie within three standard deviations (commonly referred
to by the symbol 6) of the mean on either side, so you can
calculate the degree of uniformity of your flat field using
this simple formula:

% of variation 100% X 2 x 306

from uniformity =

Mean pixel value of “flatted flat”

Our goal is to try to shoot for less than 1% variation
from uniformity for best results. Non-uniform flats will
result in poor image calibration where artifacts are still
visible in the final image.

Proper flat-fielding techniques are critical steps in the
image-processing workflow. With a little understanding
of the math behind the calibration process, you can begin
to hone your calibration techniques. Getting to know your
CCD’s linear range is an essential first step in the quest
for good flat-field images. Astrophotographers who evalu-
ate their flat-field illumination for uniformity may find
that twilight flats aren’t up to the task of wide-field image
calibration, and those who use artificial light sources can
check to see if their flat boxes are uniform. 4

Peter Kalajian is president of Alnitak Astrosystems (www.
alnitakastro.com). He teaches high-school math and science
at the Watershed School in Rockland, Maine.
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Sean Walker
Gallery

GALACTIC CHANGE

Tim Khan

Known informally as the
“Silver Dollar Galaxy,” NGC-
253 in Sculptor is among the
brightest and dustiest spirals
in the night sky.

Details: TEC APO180FL
refrattor with an FLI MicroLine
ML8300 CCD camera.

Total exposure wds 32 hours
through Baader color filters.
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<«THE COLORFUL LAGOON A FAINT MOON RISING

Roth Ritter Stefano De Rosa

Located north of the spout of the “teapot” asterism within The gibbous Moon, only a few days away from full, rises
Sagittarius, M8 is among the brightest emission nebulae alongside of the Basilica of Superga in Turin, Italy.

in the sky and is faintly visible without optical aid. Details: Canon EOS 1000D DSLR camera with zoom lens at
Details: RCOS 10-inch Ritchey-Chrétien astrograph with an 370 mm. Exposure was /1,600 second at f/7.1, ISO 100.
SBIG STL-11000M CCD camera. Total exposure time was

11 hours through Astrodon color filters.

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

A OLD MOON AND EARTHSHINE

Thomas Faber

A thin crescent Moon presented itself after a long night
of observing for attendees of the Peach State Star Gaze
in Crawfordville, Georgia.

Details: Canon PowerShot SX100 IS digital camera.
Snapshot captured on the morning of October 6, 2010.

» THOR’S HELMET

Wolfgang Promper

NGC 2359 is a complex nebula formed by fierce stellar
winds of a Wolf-Rayet star (at its center) interacting with

a nearby molecular cloud.

Details: 16-inch f/8 Hypergraph with an FLI ProLine PL16803
CCD camera. Total exposure was 90 minutes through red,
green, and blue color filters. 4

78 March 2011 SKY & TELESCOPE




" The cosmos just got
_more compact. * - -

Introducing The Complet TR o o [\ '
Sky & Telescope: Seven | ' ‘ '
Decade Collection. REBEEE 2|7
Sky & Telescope has covered astronomy and = -8 5 5 o g g
space exploration since before Eisenhower | g R ER ER E E | 8 b "
created NASA. Now you can own all 818 | sz 212 g- E- 2;‘ ﬂ 'H -.
monthly issues, from November 1941 through gl 1s °q 8 ~ £ ¥ 1-3 B
December 2009--69,792 fascinating pages K2 B2 K 12122315 Vg -
--on easy-to-access DVDs. elelele R ® ; Tt o Sy
« An unparalleled collection of timeless, ‘ 4 § ? v %* z g ‘& o . .
practical and expert material % 2 3 KR el = i
« High-resolution, full-color reproduction, 21z 13 13 '§ '% LR BB
including original illustrations and 3 %
advertisements = =0 0 = = = o
0 voivivle
« Thousands of articles on the Sun, Moon, =18 g N % \D 8 f
planets, and stars 12121215124 51 =
« Detailed coverage of major telescopes l:.)
« Seven decades of telescope-making articles g
« Every “Deep-Sky Wonders” column R
Accessible and easy to use:
- 818 monthly issues, arranged by decade Al -cal-ial -
- Searchable text by issue and decade 14 §m; f_m A Al EUI
« Index CD of all seven decades 3 =§ 5 35 e E 3 =§
« PC and Mac compatible TMTNMTNNE Y] N S| S

« Mouse click flips pages
« Zoom and scroll functions

With your paid order,
you'll also receive a full-
size reprint of the very first
Sky & Telescope issue
- November 1941.

This offer is good only
while supplies last.

At www.SkyandTelescope.com/collection
Or call toll-free 888-253-0230

Sky & Telescope readers pay only $249
(That's $50 off retail price of $299.) Plus shipping and handling.

US Orders Ship Free
100% SATISFACTION GUARANTEE (See details online.)

© 2010 Sky &Telescope Media, LLC. All rights reserved.



SKY

& TELESCOPE

Your essential source for
astronomical products

ACCESSORIES ACCESSORIES ACCESSORIES

Foster Systems

BEob's Knobs

Serving astronomers and observatories worldwide TRA CK’NG for D OBS

\ WeatherAlert

Meade, Celestron, Intes,

Takahashi ...and more! Weather Monitor * High power cbserving and group viewing
6976 Kempton Rd. «Rain/Snow alert *Astro-imaging with NO field rotation
Centerville IN 47330 ~ «Cloudy/Clear sky alert . ca{f‘wﬂfe or e-mail for fre‘e brochvre
765-855-5109 USA *Dewing/Wind Speed alert 15;‘3(5)'*‘('30{“1]"% PL-‘\TFUEMS 33:::-27;-:19;-:45
i . : cQuiston Lane rass Valley
WWW. knobs.com Configurable USB and ASCOM compliant d
Z bobsknobs.co From $299 Visit us at www.fostersystems.com tomosy@ncen.net -equatorialplatforms.com
Order on-line at: ) Adi ble Height Tel Pi
www.meridiantelescopes.com With Hubble 5-star Justable Height Telescope Piers
We carry: Serving ATMers Since 1999 Artificial Star(s) ‘ « Lifts telescope automatically
Mirror Cells, Spider Vanes telescopes are truly easy ! * Push button 20" vertical travel |

Focusers, Finderscopes, Telrads to test and collimate!

Eyepieces, Diagonals, Barlows $29.95 SHIPPED T WWw - Pler-Tech * com l

Laser Pointers, Collimators, WORLDWIDE PIER-'E‘H, Ine.
Kydex, Threaded Inserts and More!! Call: 630.841.6848 | Email: sales@pier-tech.com

bigbineculars.cem
Astronomical binoculars (40mm - 150mm)
and accessories at down-to-earth prices.
Visit our online store at-
www.bigbinoculars.com
or call toll-free 9:00am to
5:00pm (EDT) -
B66-BIG-BINOD (244-2460)

-

The Synthesis of Technology

=1 P SCA Laser Collimator

for Newtonian Telescopes

for Cassegrain Telescopes : : Awarded S&T 2009 Hot Product
Awarded S&T 2010 Hot Product

r

= ’
A SCA Field Flattener
4 — Achieving perfect image w/ confidence i
Astro Aipfer uttimate Star Gazing & lllumination Tool SCA T-Adapter
The most reliable imaging adapter

JMI Cases for
. Most Telescopes

+ For use with most tripods,
DOBs and piers

» 10" Pneumatic tires for soft ride

$295.00
Plus S&H
Approx. $30 Shipping Call Now!
USA Y

1-800-247-0304
card accepled.

Visa & Mastorcard

' SCOPEBUGGY =
P.0. BOX 834 ~ JMI MicroFocus
Rt utte, N Fits most Meade & Celestron SCT's
Patent Pending

(P .
b $189  Eooppusrer

Toll Free: 866-312-8449
www.scopebuggy.com Info 303-233-5353 - Fax 303-233-5359 - Orders 800-247-0304 - info@jmitelescopes.com

80 March 2011 SKY & TELESCOPE



ACCESSORIES

Simplify your CCD imaging

+ Tru-Balance LRGB imaging filters

+ 3 and 5 nm narrowband filters (H-a, Olli, Sli, NIi)
+ 100% coated Sloan & UVBRI photometric filters
« MOAG, MonsterMOAG off-axis guiders
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THE DEEP SKY FILTER — The BEST light pollution filter
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THE ULTRA HIGH CONTRAST FILTER — The ULTIMATE
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THE OXYGEN IIl FILTER — Legendary performance
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of diffuse, planetary and
extremely faint nebulae.

1.25” - $99.95 « 2” - $199.95

THE HYDROGEN-BETA FILTER — View extremely faint
objects such as the Horsehead and
California Nebulae. Ideal for use with
8” and larger telescopes.

1.25” - $99.95 « 2” - $199.95

LUNAR AND PLANETARY FILTERS — Increased contrast
on Lunar and Planetary details.
Optimized for both visual and
photographic applications.

Visit www.lumicon.com for details.
1.25” - $19.95 « 2” - $29.95

MULTIPLE FILTER SELECTORS — Switch back-and-forth
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Visit LUMICON.COM for a complete list of superior quality filters, accessories
and photographic equipment. TO ORDER: please call us o visit our website for
a complete list of authorized Lumicon dealers worldwide. Prices do not include
shipping and handling or applicable state taxes.

Shop Online at www.LUMICON.com or Call 1.800.420.0255

LUMIC@N

THE WORLD’S BEST FILTERS

750 Easy St, Simi Valley, CA 93065 . US 800.420.0255 . 805.520.0047
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many pounds lighter. $72.99/pair &
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reaching your pupil by up to 65%
while eliminating vignetting.
10"-14" scopes. $74.99

® 2" TUBE ADAPTER (not shown) shortens optical train
by eliminating the microfocuser. $49.99

@ EZ FOCUS™KIT Precision bearings virtually eliminate
focuser backlash. All Meade 7"-12" scopes. $29.99

® MOUNTING ASSISTANT™ Greatly simplifies LX400/
200/90 mounting. Compact & non-intrusive. $79.99

® BUCK’S GEARS™ Optimize tracking performance,
adjusting drives while replacing plastic RA & DEC
gears with precision steel gears. 7"-12" LX200 GPS &
R scopes $107.99. 14" LX200 GPS & R $127.99
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locks the most unbalanced LX400/200/90 $29.99

EZ BALANCE™ 3.3# on-axis counterweight for nose-
heavy 10"-14" LX400/200/90 scopes. $41.99

© TRIPOD SHRINK KIT shortens giant field tripod. $52.99

© AZ ARM BIAS WEIGHT for precise imaging. $19.99

EZ BINOC MOUNT KIT

5-axis outdoor mount handles

all size binocs. View standing,
sitting or reclining. 10 sec setup.
Kit contains all parts requiring
machining, welding, drilling,
tapping plus special parts. You
supply inexpensive pipe sections
readily available locally. $99.99

Peterson Engineering Corp.
(401) 245-6679 | www.petersonengineering.com

Howie Glatter s Lasers

Collimators & Accessories: Shockproof-Individually Tested
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ULTIMATE
TOOLBOX

FOR IMAGERS

SOFTWARE SAVVY,
BOOK SMART!

For details in depth visit willbell.com

Now Build your own
custom adapter at

www.preciseparts.com

PRECISEPARTS

CUSTOM PARTS FOR ASTRONOMY

305 253-5707
info@preciseparts.com
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- constant innoyations for astrophotography

- high quality frém Germany

« multiple cén
M8, T2 EO
e : focuser |

* wwaw.teleskop-express.com
- +49(0)89 189287-0
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UltraWide 2” DSLR
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for Canon EOS/Rebel, Nikon, Sony Alpha, Pentax
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-
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1.25" Variable

A

1.25" Eyepiece
Projection Kits EP Projection Kits
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Use coupon code SKY for 10% off!

\www. TelescopeAdapters.com,

(" Robo-Focus™ )
Digital Focusing

Precision focus control via PC
Autofocus capability

Full manual operation as needed
Temperature compensated
Automatic backlash correction
Remote power outlet box (option)
Fits most scopes & focusers

$425

See www.homedome.com for details

TECI INICAL INNOVATIONS
301-977-9000 dormnepage@erols.com

\_ 'RoboFocus is a gem!" )
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ScopeStuff

Telescope Accessories & Hardware

Featuring Items From:
TeleGizmos Covers ° Astrozap Dew Shields
Dew-Not Dew Heaters * Peterson Engineering
Antares ¢ Telrad ° Rigel Systems * Sky Spot
Starbound Chairs » Smart Astronomy
David Chandler ° Lightwedge * Baader
ScopeStuff Piggyback & Balance Kits
Rings, Rails, Dovetails, Cables, ATM,
Eyepieces, Filters, Diagonals, Adapters
Green Lasers ¢ And Much More!

www.ScopeStuff.com 512-259-9778
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Starfish Guide Camera

+ 1.3 Mpixel

- ST-4 Port

+ 12 Mpix/sec
* Mac/PC

\,

fishcamp
. engineering
www.fishcamp.com

COMPUTER SOFTWARE

UNIVERSE
ON DISK

AND WHAT AN
INTERFACE

For details in depth visit willbell.com

Rec/shift

The leading Planetarium Software
with Telescope Control

www.redshift-usa.com

DRIVES/MOUNTS

Alt-Az Mounts and Tripods

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

“iscMounts, Inc

HANDCRAFTED BY TOM PETERS

wwuw.DiscMounts.com
954.475.8574

ORGANIZATIONS

www. darksky.org

DRIVES/MOUNTS

Mathis Instruments
Custom Fork and German Mounts

N

MI-750 Fork

Our equatorial mounts are designed for
telescopes to 24-inch aperture. With over
32 years experience, we offer mounts
that provide the stability and precision
for serious astronomical observation.

mathis-instruments.com

925 838-1487

OBSERVATORIES/DOMES

Hate to Rotate?

Discover why our clamshell
domes are simply the best

solution. (7ft to 20ft Diameter)

949.215.3777
www.ASTROHAVEN.com
domesales@astrohaven.com

SIRIUS-
Designed and Manufactured in Australia
We ship to anywhere in the world

Complete observatory - 2.3m, 3.5m, 5m, 6.7m dia.

» Dome only « Completely waterproof
+ Dome rotation and shutter operation

* Manual

* Motorised

« Computerized (ASCOM compatible)
« Stainless steel fittings

www.siriusobservatories.com info@siriusobservatories.com
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Moonlite - Hotech « Vixen - Baade - ADM - iOptron
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& NEW « USED - TRADE-INS

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




Image Courtesy of Stephane Murphy
(taken with CDK12.5) i

OFFICINASTELLARE

Pro RCseries

TELESCOPES

The CDK Optical Design delivers flat
"coma free fields with no off-axis
.astigmatism across a 52mn field.

- CDK 12.5" +$9,990 °
CDK 17" - $22,000
CDK 20" - $32,600"

INSTRUMENTS

1815 W. 205th St #303 — Tarrance, BA 90501
Phone: (310) 787-0411' Fax. (310) 634-0439

Pro RC360 - 14"/8
1.2um RMS @ 26mm off axis

of professionals

www.officinastellare.com os Flagship Dealers in USA: www.optcorp.com - www.scopecity.com - www.nmsouthernskies.com

TELESCOPES

THE NEW SvQ DUAL FLUORO

ISTELLARVUE'S
110 MM -6
g FEAT. FIECD
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MLKY WAY OVER THE STELLARVUE [ARR SKY STAR PARTY

@ STELLARVUE"®
~— WWW.STELLARVUE.COM
11820 KEMPER RODAD
AUBURN, CA 95603
PHONE: (530) B23-77396
MAILESTELLARVUE.COM

TELESCOPES

ASTRO-PHYSICS

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

Telescopes, Go-To German Equatorials,
Visual and Photographic Accessories

Unparalleled Serv and'Support

Experience the legend that is

ASTRO-PHYSICS!

+ ﬂ; '.‘
]

. +160mm 7.5
StarFire EDF

O TALBOT

'i Ores s F

Machesney Park, IL 61115, USA

Ph: 815-282-1513, Fax: 815-282-9847
www.astro-physics.com

TELESCOPES

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

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

[BORG

BORG Fluorite

stro Hutec

Enjoy Japanese Fluorite Quality

Features:

» Aperture: 71mm, F5.6/400mm f.1.

» Fluorite optics produced by Canon Optron,
producer of precision optics for Canon in
Japan

» Features premium optics yielding
ultra-sharp views

» Super-fast astrograph available

877-BUY-BORG
www.astrohutech.com

CLASSIFIEDS

ASTRONOMY CAMP STAF
ww.campeb.org or http://anal
cqlol
SUNDIALS: Whether you design, construct ,
or just want to learn about sundials, join the North American
us at http://sundials.org. Click Join.

AUTHORS/SOFTWARE DEVELOPERS:
see your work published by Willmann-8

FORRENT:

Sky Village

trans
arizona-dreaming.com
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i S NI Albert Boudreau

How Good We Have It

If you think telescope prices are high today, consider what they were in 1958.

FILLED WITH TEENAGE enthusiasm, I
raced for the mailbox. Yes, there’s my May
Sky & Telescope! The cover sported bold
blue bands top and bottom with that dis-
tinctive S&T title across the top. Centered
on the cover was a black-and-white picture
of Clarence P. Custer with his 12%2-inch
reflector on a tall pier. “How could any
amateur have a telescope that large?” I
wondered. The year was 1958.

Recently I compared advertisements
from that issue with the May 2010 S&T. 1
needed to multiply every 1958 price by a
factor of 7.5 according to inflation tables.
The first thing that strikes you is the color
in today’s S&T versus the black-and-white
format of the older issue. But there are
other big
differences.
In 1958 you

wouldn’t
find

S&T ARCHIVES
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Celestron, Tele Vue, or Orion. No Astro-
nomics, Adorama, OPT, JMI, or Lumicon.
There was no “Market Place” section in
the back with cool gizmos. You certainly
wouldn't find CCD cameras.

The 1958 S&T included techni-
cal articles, but I preferred “Getting
Acquainted with Astronomy” and “Glean-
ings for ATM’s.” I was grinding a 6-inch
mirror, coached along by S&T plus the
classic book Making Your Own Telescope by
Allyn J. Thompson. Some of the 1958 ads
were from Criterion selling “Dynascopes,”
Questar selling small tabletop Maksutovs,
Stellar Scientific selling 6- to 16-inch
reflectors, and Unitron selling high-drool-
factor refractors.

To start my comparisons, I picked a
1958 6-inch Newtonian reflector with
equatorial mount, motor drive, and setting
circles. Criterion sold its 6-inch Dyna-
scope for $405. Inflate that 7.5 times to get
the modern price of $3,040. Stellar sold a

similar scope for $420 ($3,150 today), and
Astrola for $445 ($3,340). So the average
inflated price of a 6-inch reflector was
nearly $3,200.

In May 2010, Orion was selling a 6-inch
reflector for only $420. Astronomics and
other retailers were selling a Meade 6-inch
LXD-75 for $600 and Celestron’s 6-inch
f/8 reflector on an equatorial mount for
$500 (add a Go To capability for $300
more). The Konus 8-inch went for $670.
What Schmidt-Cassegrains could you
buy for around $3,200? Astronomics was
selling the Celestron 11-inch CGEM 1100
HD Go To for $3,500. The Meade 10-inch
LX200R with Go To capabilities on a fork
mount went for $3,600.

In 1958 Edmund Scientific sold a
4-inch refractor for $247 ($1,850 today),
but the real Cadillac refractor was made
by Unitron. Four-inch Unitrons went for
$465 ($3,500). The dream scope was that
6-inch Unitron decorating the May 1958
back cover for a “mere” $5,660. No, that’s
not inflated; inflated it’s $42,450. Most
amateurs dreamed of owning a Unitron
refractor in those days — I know I did.
Such a scope resides not far away and I
hope to peer through its pricey optics in
the near future. I'll compare it to my own
$1,100 6-inch Celestron refractor on a Go
To mount.

These comparisons heighten my
enjoyment of the old S&Ts. As you thumb
through modern S&T ads, you're seeing
equipment and prices unimaginable back
in 1958. No question: we really have it
good today. 4

Albert Boudreau, a retired aerospace engi-
neer, now lectures on astronomy in Vermont,
where he enjoys his own dark-sky observatory
in Bridport.
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