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Memories of Leif
former S&T Editor in Chief Leif Robinson stopped 

by our offi  ce during one of his infrequent trips to the U.S. from his retirement 
home in Costa Rica. We could sense that his health was declining. But it still 
came as a shock when Dennis di Cicco walked into my offi  ce last February 28th 
moments after receiving an e-mail that Leif had died the previous day.

As many of you know, Leif was a towering fi gure in the history of S&T, serv-
ing 38 years on the editorial staff , the fi nal 20 years (1980–2000) as Editor in 
Chief. During his tenure the magazine grew in circulation and stature. Follow-

ing in the footsteps of editors Charles Federer, 
Jr., and Joseph Ashbrook, Leif adeptly guided 
the magazine through changing times.

I worked under Leif for only six months, 
during an internship in 1991. But he instilled 
in me a total commitment to journalistic 
integrity and accuracy, which are the core prin-
ciples that still guide everything we do at S&T. 
I’ve asked Dennis and Alan MacRobert, who 
worked with Leif for 26 and 18 years, respec-
tively, to refl ect on their former colleague.

Dennis: It’s impossible to detail, let alone 
summarize, Leif’s infl uence at S&T and on 
the people who knew and worked with him. 
I was constantly impressed by how few times 

he was ever wrong, not just with facts and fi gures, but with big-picture issues. 
He spotted the digital revolution before most amateurs owned computers and 
only a handful had ever heard the term CCD. He led the charge for pro-am col-
laboration well before it was fashionable. And he was an advocate of organized 
eclipse tours before they became a cottage industry.   

Leif loved to travel, and accompanying him was always an adventure. The 
staff  reveled in the outrageous stories we’d bring back from places such as 
Australia, Africa, Indonesia, South America, and Mexico. I’ll miss Leif’s 
wisdom and vast knowledge about things astronomical and otherwise. I’ll miss 
his advice both professional and personal. I’ll miss his friendship. But most of 
all, I’ll miss him. May he rest in peace.

Alan: I came to S&T from a career as an editor used to whipping manu-
scripts into shape, but Leif taught me a lot. He could always make a story more 
readable and entertaining, and he continued his two predecessors’ obsession 
with accuracy. But most of all, he honored Charlie’s and Joe’s core principle 
that made S&T a success while so many other magazines came and went: “Put 
the reader fi rst.” That’s kept us going for 70 years, and if we last through the 
changes of the next 70, that will be why.
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NEW HD-60 EYEPIECES
 
60° AFOV. LONG EYE RELIEF.
THE NEW STANDARD 
IN PERFORMANCE AND VALUE.

WIRELESS ILLUMINATED RETICLE EYEPIECES

The all-new Series 5000 HD-60 Premium Eyepieces have a wide, 60 degree apparent 
fi eld-of-view (AFOV) that is fl at and sharp all the way to the edge, with a minumum of 

17mm eye relief for easy, comfortable observing. These eyepieces feature super fully 
multi-coated lenses with blackened edges and rotating adjustable eyecups. Available in 

4.5mm, 6.5mm, 9mm, 12mm, 18mm and 25mm focal lengths. Now you can own a set of 
high-performance eyepieces at an incredible price.

All focal lengths - ONLY $79 EACH!

These specialty eyepieces are very useful for 
astrophotographers or for observers making astronomical 
measurements. Their etched reticle patterns are internally red 
illuminated to stand out against a dark sky.

9mm, 12mm - $79 • 12mm - $99 • 25mm - $129

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

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

Series 5000 six and seven element UWA eyepieces are the 
ultimate in eyepiece design. Featureing an astounding 
82˚ AFOV and fl at, sharp images to the edge, these eyepieces 
deliver breathtaking wide-angle views of the heavens. 
For uncompromising views that make any telescope better 
and the best optics, like ACF, reach their full potential. 

4.7mm, 6.7mm, 8.8mm, 14mm - $129 each
18mm - $149 • 24mm - $249 • 30mm - $299

NEW! 2" DIAGONAL WITH SCT ADAPTER

Boost telescope performance with the new 2" Series 5000 enhanced diagonal. This enhanced 
dielectric-coated diagonal delivers 99% refl ectivity. With the included SC thread adapter, it 
attaches to both slip-fi t and thread-on systems. Also includes 1.25" eyepiece adapter.

Diagonal with adapter - $149

NEW!
NEW!
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Death of Long-Time Editor in Chief
I was so saddened by the news of the pass-
ing of Leif J. Robinson (see page 6). He 
was Editor in Chief when I found Sky & 
Telescope some 20 years ago. Reading his 
editorials, I got to know Leif’s character 
and felt he was a decent, clever, ethical, 
educated, and intelligent man. He defi -
nitely was instrumental in my continuous 
fi delity as a subscriber to S&T, and his “50 
& 25 Years Ago” columns, though short, 
are among my favorite articles.

 “Leif Robinson” will always remain 
a great name in the amateur astronomy 
community, and I hope some asteroid will 
be christened with his name in his honor 
(if it has not been done already). I feel like 
I have lost a friend.

Jacques Toraille
Clermont, Ferrand
France

Editor’s note: Asteroid 3819 Robinson is 
named in Leif’s honor.

Comet Clarifi cations
Let’s hope that the December “storm” of 
tiny SOHO comets indeed indicates that a 
major Kreutz sungrazing comet will arrive 
soon to bedazzle skywatchers (“Mini-
Comets Storm the Sun,” April issue, page 
16). But in alluding to the great 1965 sun-
grazing comet Ikeya-Seki, your statement 

that “similar but lesser sungrazing 
comets were seen in 1843, 1882, 1963, 

and 1970” propagates a misperception 
that appears on several NASA-sponsored 
websites. These other sungrazers were 
decidedly not “lesser” than Ikeya-Seki.

One way to compare the greatness of 
comets is by their absolute magnitudes: 
how they would have appeared at a dis-
tance of 1 astronomical unit from both the 
Sun and Earth. This corrects for diff er-
ences in observing geometries. In a study 
of the major 20th-century Kreutz-family 
comets (International Comet Quarterly,
Vol. 14, page 89, 1992), former Sky & 
Telescope “Comet Digest” columnist John 
Bortle derived the absolute magnitudes 
of comets C/1963 R1 (Pereyra), C/1965 S1 
(Ikeya-Seki), and C/1970 K1 (White-Ortiz-
Bolleli) as 5.4, 6.4, and 5.8 respectively. A 
1964 study by S. K. Vsekhsvyatskii gave 
the great comets of 1843 and 1882 absolute 
magnitudes of 4.9 and 0.8. This makes 
Ikeya-Seki the intrinsically “least great” of 
the fi ve! 

It is mind-boggling to think that, grand 
as it was, Ikeya-Seki was the runt of the lit-
ter of major 19th- and 20th-century Kreutz 
sungrazers. Surely this bodes well for what 
we might expect from the next sungrazer; 
however, much will depend on the observ-
ing geometry and solar elongation. 

Joseph N. Marcus
St. Louis, Missouri

Science vs. Human Nature
I must disagree with Dale E. Lehman’s 
Focal Point essay, (“Science as Human 
Nature,” April issue, page 86), though 
I don’t recall the article on Galileo’s 
observations of the Moon to which he 
refers. The reason modern science diff ers 
from traditional science, and is “foreign 
to human nature,” is that it requires the 
discipline to control for the possibility of 
bias on the part of the observer. Everyone 
today should understand that it was bias 
in the mind of Percival Lowell that led 
him to draw repeated maps of canals on 
Mars. The important point is that Lowell 
did not realize he was biased, or that his 
bias could aff ect what he saw. 

Nowadays, people working in public 

Letters

relations say, “Perception is reality.” They 
know that if you want people to spend 
money, you manipulate their perceptions. 
Science tells us that reality is independent 
of our thoughts about it. But people who 
haven’t been trained in this generally don’t 
realize how important it is to know that 
reality and our perception of reality are 
two diff erent things.

There’s a good reason why the random-
ized double-blind study is the highest 
standard for gathering and evaluating 
data. The researchers themselves have 
bias that they are not aware of. If they 
want to publish, they have an obvious bias. 
In studies with small sample sizes, where 
statistical reliability goes down, the control 
of bias becomes especially important.

 Among other things, the natural way 
for humans to think is to make what stat-
isticians call Type I errors — to see causa-
tion in every correlation. It takes training, 
discipline, and scrupulous honesty to do 
modern science successfully, and those 
things do not come naturally.

Leon Elliott
Kingman, Arizona

If my years of doing public outreach in 
astronomy have taught me anything, it’s 
that an understanding of — and apprecia-
tion for — science is anything but inher-
ent to human nature. Most people, when 
asked to explain the scientifi c method, 
draw a blank. Even in a society that 
depends on technology, most of us have 
little understanding of what a scientist 
does. So I must disagree with Dale E. 
Lehman’s Focal Point. 

Lehman asserts that the fundamental 
question underlying all science is, “What 
works?” However, if a caveman killing an 
animal with a pointy stick is doing sci-
ence, as Lehman claims, then a sea otter 
using a stone to break open an abalone 
shell is a scientist.

I remember when the fi rst close-up 
pictures of the moons of Jupiter were 
returned. An astronomer interviewed on 
TV said how thrilling it was to discover 
that, not only was each of those worlds 

Write to Letters to the Editor, Sky & Telescope,
90 Sherman St., Cambridge, MA 02140-3264, 

or send e-mail to letters@SkyandTelescope.com.
Please limit your comments to 250 words.
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Letters

May/June 1936
Coronal Mystery  
“One of the most obvi-
ous problems to be 
attacked through eclipse 
photographs is the deter-
mination of the origin 
of the coronal [spectral] 
lines (of which several 
dozen are known, and 
none identifi ed); a reasonable hope of solution 
would seem to lie in securing additional data 
from photographs taken this spring in the ultra-
violet and infra-red.”
Not until 1942 did Bengt Edlén identify several of 
these lines as due to highly ionized atoms, such as 
iron and calcium, produced by a million-degree 
coronal temperature.

June 1961
The Sun’s a Blast  
“From a vast dark sea 
of gas in the northern 
half of the sun erupted 
a brilliant crimson fl are, 
large enough across its 
base to engulf our earth 
20 times. . . .

“Thus began the big-
gest solar disturbance of recent years. For hours 
during the geomagnetic storm that followed, 
long-distance radio communication did not 
exist over most of the earth, and the orbiting 
time of satellite Echo I decreased. The decrease 
was due to both the heating and expansion of 

the earth’s atmosphere.”
This solar fl are happened on November 12, 
1960. Our ability to forecast such events has 
dramatically improved in the past half century. 
Yet surprises happen and consequences continue.   

June 1986
Milky Way Blackouts  
“Anybody who observes 
the Milky Way on a 
clear, dark night is soon 
struck by the prominent 
breaks or rifts that mark 
its outline. . . . New 
information about the 
nature of these dim 
regions was recently reported by Thomas Dame 
and Patrick Thaddeus. . . .

“The observers tuned their equipment to 
the characteristic emission of carbon monoxide 
(a tracer of otherwise undetectable hydrogen 
molecules) at 2.6 mm.

“Dame and Thaddeus discovered that 
approximately half of the detected emission 
came from relatively nearby material and half 
from distant molecular clouds in the inner spiral 
arms of our galaxy.”

Editor’s note: Due to Leif Robinson’s recent 
passing, this will be his fi nal column. Please 
see our tribute to Leif on page 6 of this issue 
to read some of our staff  members’ fondest 
memories of him. Starting next month, 
this column will be produced by senior 
contributing editor Roger Sinnott.

75, 50 & 25 Years Ago     Leif J. Robinson

unique, each was beautiful. The inter-
viewer then asked what possible application 
this could have on Earth. In other words, 
the interviewer was asking how knowledge 
of the Galilean moons would make some-
thing “work.” That we had just improved 
our understanding of the universe was 
considered more or less pointless. 

Science is not about making things 
work or bringing a new product to market; 
those are spinoff s. The fi nest of our sci-
entists have never contented themselves 
with such mundane matters as building a 
better photocopy machine. They have con-
centrated their eff orts on fi nding our place 
in the universe and answering fundamen-
tal questions that may or may not have 

practical applications. They have pursued 
knowledge for its own sake. I believe there 
is a beauty in that, and I think nobleness 
as well. 

As astronomers, we need to hold onto 
that concept and spread it to others. To 
allow ourselves to think that science is 
natural to human nature, and that others 
will simply “get it” without help, is to con-
cede defeat. 

Gordon Reade
Palo Alto, California

For the Record
✹ In the April issue, page 62, the lunar 
eclipse dated “Oct. 17, 2004” happened on 
October 27th–28th of that year.
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NGC 2023 Image Courtesy Ken Crawford. Alta U9000 camera, RCOS 20” Truss, Paramount ME, Astrodon filters.

Great Image!  The Rest of the Story:

©2010 Apogee Imaging Systems Inc.(formerly Apogee Instruments Inc.)  Alta is a registered trademark of Apogee Imaging Systems Inc.

151 N. Sunrise, Ste 902151 N. Sunrise, Ste 902
Roseville CA 95661Roseville CA 95661
Tel: 916-218-7450Tel: 916-218-7450

Fax: 916-218-7451Fax: 916-218-7451
www.ccd.comwww.ccd.com

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

"My Apogee Alta U16M is an incredible instrument!  Its superior 
contrast and vanishingly low noise enable me to surface faint distant 
structures I simply could not detect with other cameras at similar 
exposure lengths."    R. Jay GaBany
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To get astronomy news as it breaks, visit 
SkyandTelescope.com/newsblog.
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Two teams of astronomers working 
independently have turned up what may 
be the fi rst known members of a new 
spectral class of “stars” having roughly 
room temperatures. These would fall in 
the temperature gap between the coolest 
known brown dwarfs (440°F, or 225°C) 
and Jupiter (–190°F, or –120°C). One of 
the newfound objects has an estimated 
temperature of roughly 80°F (27°C), nice 
shirtsleeve weather.

“I think it’s pretty neat to fi nd a ‘star’ 
that could have a temperature similar to 
that of Earth,” says Kevin Luhman (Penn 
State University), who led one of the 
teams. Luhman and two colleagues have 
been studying their object with NASA’s 
infrared Spitzer Space Telescope. The 
object, known as WD 0806-661 B, is the 
companion of a faint white-dwarf star at 

Balmy Brown Dwarfs:
Spectral Type Y ?

least 2,500 astronomical units from it. 
WD 0806-661 B emits only feeble 

infrared emission, and none that’s been 
detected at wavelengths shorter than 4.5 
microns. Luhman’s team “guesstimated” 
its temperature based on its luminosity 
at this one wavelength and the inferred 
age of the white dwarf. If the age and 
luminosity estimates are correct, WD 
0806-661 B should have about 7 times 
the mass of Jupiter. By some defi nitions 
that would make it a “planet-mass object” 
rather than a “brown dwarf.”

Even if its temperature is pleasant, it’s 
not exactly habitable. As a gaseous body 
it has no surface, and even of you were 
riding in the gondola of a balloon, you’d be 
squashed fl at by about 15 g s of gravity. 

 The other group, led by Michael 
Liu (University of Hawaii), identifi ed a 

The wide pair WD 0806-661 A and B, a white dwarf and a brown dwarf in Volans, are imaged here 
at 4.5 microns in the infrared by the Spitzer Space Telescope.

The supercool dwarf binary CFBDSIR J1458+1013 
in Leo is imaged at four near-infrared wave-
lengths by Keck. The two objects are only 0.11 
arcsecond apart, or 2.6 astronomical units as 
seen projected on the plane of the sky.

cool object orbiting a slightly warmer 
brown dwarf in Leo. From near-infrared 
spectroscopy, Liu and eight colleagues 
estimate that CFBDSIR J1458+1013 B is 
roughly 200°F (93°C). Its mass probably 
falls between 6 and 15 Jupiters.

At such low temperatures, the new 
objects should be the fi rst known 
members of a proposed new stellar 
spectral class. For more than a century 
astronomers have classifi ed most stars by 
their spectra into types O, B, A, F, G, K, 
and M, from hottest to coolest. In the last 
15 years astronomers have added two new 
spectral classes, L and T, for even cooler, 
dimmer dwarfs. But theorists predict that 
for T dwarfs below roughly 450°F (230°C), 
new infrared spectral features of ammonia 
and water clouds should appear and other 
spectral features should disappear. In 1999 
Davy Kirkpatrick (Caltech) proposed to 
name these objects spectral class Y.

Astronomers haven’t obtained good 
enough spectra of either object to observe 
such features, so they are only candidates 
for class Y. But they off er a glimpse of 
what astronomers expect to see when they 
image warm Jupiters around other stars.
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New Light on the Voorwerp
The most famous fi nd to come out of 
the Galaxy Zoo data-mining project 
(March issue, page 18) has to be Hanny’s 
Voorwerp, a complicated green blob 
of gas nearly 100,000 light-years wide. 
Dutch schoolteacher Hanny Van Arkel 
spotted it in 2007 while browsing Sloan 
Digital Sky Survey fi elds on her computer. 
Astronomers soon concluded that it’s a 
type of light echo. The gas is fl uorescing in 
radiation coming from a mini-quasar off  
to the north in the galaxy IC 2497, but the 
quasar has since stopped shining as seen 
from Earth’s direction.

That conclusion gained support from 
the Hubble Space Telescope image above, 
the best yet. It shows a pocket of young 
star clusters (arrowed) where a jet from 
the neighboring galaxy seems to be 
striking the green gas and compressing 
it. Such jets are the hallmark of an 
active galactic nucleus, or mini-quasar. 
Astronomers now estimate that the 
quasar turned off  200,000 years ago as 
seen from Earth, a revision of the 70,000 
years suggested earlier. “We just missed 

catching the quasar,” says William Keel 
(University of Alabama).

Radio observations confi rm that the 
green stuff  is just one part of a long, mostly 
invisible stream of gas curving around IC 
2497. This is apparently a tidal tail pulled 
out when another galaxy swung by the big 
spiral roughly a billion years ago.

The round hole in the green area is 
probably the shadow of an object near the 
galaxy’s center that blocked part of the jet.

Adds Keel, “Galaxy Zoo participants 
have found more, smaller analogs, one fully 
half the size of Hanny’s Voorwerp, which 
should keep us busy for a good long time.” 

A Galaxy at Redshift 10
The current “farthest thing ever seen” 
is a mini-galaxy in the young universe 
that seems to be at about redshift 10.3. 
This would mean that its light has been 
traveling toward us for 13.2 billion years 
and that we’re seeing it when the universe 
was just 500 million years old — well 
before star formation reached its peak 

throughout the universe about 2 billion 
years later (see pages 24–25).

UDFj-39546284, as it’s designated, 
seems to have just 1% of the mass of the 
Milky Way, typical of the mini-galaxies 
that fi lled the early universe. It was visible 
only at the longest infrared wavelength 
that Hubble can detect (1.6 microns), 
which led to the redshift estimate.

Observations of ultra-high-redshift 
galaxies help tell how and when 
galaxies fi rst formed. The discovery 
team concludes that “starbirth at 500 
million years [after the Big Bang] was, 
astonishingly, about 10 times less than 
starbirth at 600 million years.”

Four Exoplanets 
in a Tightly Locked Dance
In February the science team for NASA’s 
Kepler mission released data on 170 stars 
that seem to have two, three, four, fi ve, or 
even six planets crossing their faces (last 
month’s issue, page 12). This has set off  a 
feeding frenzy among dynamicists eager 

Hanny’s Voorwerp (Dutch for “Object”) 
fl uoresces due to radiation coming from a 
now-dead quasar in the galaxy IC 2497 to its 
north (above). Both objects are about 650 
million light-years away. This Hubble image 
reveals nests of star formation (arrowed) in 
the green gas, apparently where a jet of matter 
from the former quasar plows into the gas and 
compresses it.

A very deep-sky object. The baby galaxy UDFj-39546284 is seen in part of the Hubble Ultra Deep 
Field 2009–2010, taken with Hubble’s Wide Field Camera 3 in the near infrared — the deepest near-
infrared image ever made.
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For more than 20 years, the Hubble Space 
Telescope has been amassing discover-
ies that rival those of history’s greatest 

scientists and explorers, making it the most 
important—and most productive—scientific 
instrument ever built. And as Hubble enters 
the third decade of its operational life, now is 
the perfect time to assess its accomplishments in 
astronomy during the 1990s and 2000s. 

Experiencing Hubble: Understanding the 
Greatest Images of the Universe is an unfor-
gettable visual feast of carefully chosen images 
taken by this fascinating telescope. Drawing 
on one noted astronomer’s top 10 list, this 
overview takes you on a dazzling voyage of 
discovery that will delight your eyes, feed your 
imagination, and unlock new secrets of the 
cosmos in 12 spectacularly illustrated lectures.

Your guide is Professor David M. Meyer of 
Northwestern University, an award-winning 
educator and frequent user of the Hubble 
Space Telescope in his research. Professor 
Meyer has made Hubble images the hallmark 
of his popular astronomy lectures to students, 
amateur astronomers, and the general public. 
For this course, he has selected iconic Hubble 
images based on their visual beauty, scientific 
impact, and breadth of subject matter. 

As you venture from the realm of our solar 
system to the farthest reaches of the universe, 
you’ll get a wide-ranging education in such 
subjects as

comet crashes and star births,
warped space and deep time,
dark matter and colliding galaxies, and
possible evidence for the big bang.

For those new to astronomy, Experiencing 
Hubble reviews all the background needed for 
a well-informed tour of the otherworldly realm 
investigated by Hubble. And for experienced 

stargazers, these lectures offer a fascinating 
insider’s perspective on the work of the super-
star of telescopes.

About Your Professor
Dr. David M. Meyer is Professor of 

Physics and Astronomy at Northwestern 
University. He is also Director of the 
Dearborn Observatory and Co-Director of 
the Center for Interdisciplinary Exploration 
and Research in Astrophysics. Professor 
Meyer’s teaching awards include the Charles 
Deering McCormick Professorship of Teaching 
Excellence, Northwestern University’s highest 
teaching honor.

About The Great Courses
We review hundreds of top-rated profes-

sors from America’s best colleges and uni-
versities each year. From this extraor-
dinary group, we choose only those rated 
highest by panels of our customers. Fewer 
than 10% of these world-class schol ar- 
teachers are selected to make The Great 
Courses. 

We’ve been doing this since 1990, producing 
more than 3,000 hours of material in modern 
and ancient history, philosophy, literature, 
fine arts, the sciences, and mathematics for 
intelligent, engaged, adult lifelong learners. If 
a course is ever less than completely satisfying, 
you may exchange it for another or we will 
refund your money promptly.

Lecture Titles
1. The Rationale for a Space Telescope
2. Comet Shoemaker-Levy 9 and Jupiter
3. The Sagittarius Star Cloud
4. The Star Factory inside the  
 Eagle Nebula
5. The Cat’s Eye Nebula— 
 A Stellar Demise
6. The Crab Nebula— 
 A Supernova’s Aftermath
7. The Sombrero Galaxy— 
 An Island Universe
8. Hubble’s View of Galaxies Near  
 and Far
9. The Antennae Galaxies— 
 A Cosmic Collision
10. Abell 2218— 
 A Massive Gravitational Lens
11. The Hubble Ultra Deep Field
12. Hubble’s Legacy and Beyond

About Our Sale Price Policy
Why is the sale price for this course so 

much lower than its standard price? Every 
course we make goes on sale at least once a 
year. Producing large quantities of only the 
sale courses keeps costs down and allows us 
to pass the savings on to you. This approach 
also enables us to fill your order immediately:  
99% of all orders placed by 2 pm east-
ern time ship that same day. Order 
before July 1, 2011, to receive these  
savings.

Experience the Wonders of the Hubble Telescope
View the mysteries of the universe through the lens of the world’s most famous space  

telescope with these 12 richly illustrated lectures by an expert astronomer.

S A V E  $ 1 6 0 ! 
OFFER GOOD UNTIL JULY 1, 2011

1-800-832-2412
Fax: 703-378-3819

Special offer is available online at
www.THEGREATCOURSES.com/9sky

       The
Great Courses®

4840 Westfields Blvd., Suite 500 
Chantilly, VA 20151-2299

Priority Code 51895

Please send me Experiencing Hubble: Understanding the 
Greatest Images of the Universe, which consists of 12 
30-minute lectures plus a Course Guidebook.

n DVD $39.95 (std. price $199.95) SAVE $160!
 plus $5 shipping and handling

n Check or Money Order Enclosed
Special price for shipping, processing, and
lifetime satisfaction guarantee—this offer only.

* Non-U.S. Orders: Additional shipping charges apply.  
     For more details, call us or visit the FAQ page on our website.
** Virginia residents please add 5% sales tax. 
*** Indiana residents please add 7% sales tax.

Charge my credit card:

Account Number                                                             Exp. Date  

Signature

Name (please print)

Mailing Address

City/State/ZIP

Phone (If we have questions regarding your order— required for international orders)

n   FREE CATALOG. Please send me a free copy of   
     your current catalog (no purchase necessary).

Special offer is available online at www.THEGREATCOURSES.com/9sky
Offer Good Through: July 1, 2011
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to test theories of planet-planet interactions 
and planetary-system formation.

Statistically, both Kepler and ground-
based searches are fi nding that when 
a star is discovered to have one planet, 
there’s about a one-in-fi ve chance that it 
has at least one more planet discoverable 
by current techniques. Most newfound 
planets orbit their stars very closely, 
because those are the easiest to spot. 
Multiple-transit systems are especially 
welcomed because they are less likely to 
be false alarms, and because they off er 
clues on how planetary systems originate 
and evolve.

Jack Lissauer (NASA/Ames Research 
Center) and 25 coauthors have taken a 
close look at Kepler’s most interesting 
multi-candidate systems. They report that 
in a remarkable four-planet system around 
a faint star designated KOI-730 (“Kepler 
Object of Interest”), all four are locked in 
a dynamical dance: their orbital periods 
have a ratio of  8 : 6 : 4 :3 to a precision of one 
part in a thousand. In other words, the 
innermost planet completes eight orbits 
in the average time it takes the next one 
out to complete exactly six, the next exactly 
four, and the outer one exactly three.

Initially the team members thought 
that the two middle planets shared the 
same orbit, making the ratio 6 : 4 : 4 :3. 
However, they say, “Further study of the 
light curve strongly supports the 8 : 6 : 4 :3 
period commensurability.”

Resonant relationships among exo-
planets are expected and often found (S&T:
January 2005, p. 44), but not always. In the 
Kepler system with six transiting planets, 
none is in resonance with any other — 
even though they’re nested closely and 
must interact, swapping a bit of orbital 
energy whenever one passes another.

What Makes 
Iapetus So Weird?
Saturn’s moon Iapetus has long been 
known as two-faced, ever since Giovanni 
Domenico Cassini found in 1671 that 
it’s much brighter when on the western 
side of its orbit than on the eastern side. 

Close-ups by NASA’s Cassini orbiter have 
revealed that one side is snowy and that 
the dark stuff  on the other side neither 
erupted from within nor drifted down 
from Iapetus’s other neighbors — which 
had been the two leading theories. 
Instead, the topmost layer of ice has 
apparently sublimated (vaporized) away 
on Iapetus’s leading side, leaving a thick 
coating of carbon-rich dregs.

At the same time, Cassini scientists 
were confronted with a new Iapetus 
mystery: a towering, remarkable straight 
mountain ridge up to 10 miles (15 km) high 
running right along the moon’s equator for 
a third of the way around. This apparently 
ancient ridge can’t be explained well by 
ordinary geologic processes and has baffl  ed 
planetary scientists since its discovery.

Iapetus has another vexing problem. 
Its rotation rate is locked to its 79-day orbit 
around Saturn, similar to how the Moon 
is locked to Earth, but Cassini found that 
Iapetus is not round but distinctly oblate. 
This shape implies that it solidifi ed while 
spinning quite fast, once every 16 hours. 
But Iapetus is so far away from Saturn 
that the planet’s tidal eff ect would have a 
hard time slowing down such a rapid spin. 
So what did?

Dynamicist Hal Levison and three 
colleagues at the Southwest Research 
Institute have taken a stab at making sense 
of both the “fossil bulge” and the equatorial 
mountain line. Their scenario: something 
whacked Iapetus hard enough to create a 
close-in debris disk and a moonlet orbit-
ing farther out. The scientists fi nd that, 
by tidally interacting with Iapetus, the 
moonlet can slow the spin and — bonus! 
— force the disk to collapse onto the 
equator to form the equatorial ridge in just 
a few thousand years. “The infalling debris 
will have velocities nearly tangential to the 
surface at only 300 meters per second,” says 
team member Kevin Walsh. There would 
be more than enough to form the ridge.

All this gravitational give and take 
would slowly draw the moonlet farther 
away until it escaped Iapetus’s grasp and 
started orbiting Saturn. But that freedom 
would have been short-lived: there’s a 90% 
chance that it eventually collided with 
Iapetus and gouged out one of the big 
basins now scarring Iapetus’s icy crust.

KOI–157

KOI–500

KOI–707

KOI–730

KOI–70

KOI–117

KOI–952

KOI–880

KOI–834

KOI–191

Orbital period (days)

Kepler’s Richest Planetary Systems

1 10 100 1000

Kepler has found 
10 stars that have 
four, fi ve, or six 
transiting planets. 
Each horizontal line 
represents a system. 
The circles show 
the diameters of 
the planets at their 
correct relative scale. 
The colors indicate 
the size order within 
each system. Note 
that the horizontal 
scale is logarithmic, 
which makes the 
planets appear more 
evenly spaced than a 
linear scale would.S&

T:
 L

E
A

H
 T

IS
C

IO
N

E 
/ 

D
A

TA
: J

A
C

K
 L

IS
S

A
U

ER
 E

T 
A

L

A strikingly straight ridge up to 10 miles 
(15 km) tall girdles much of Iapetus’s 
equator. Heavy cratering implies that the 
ridge is very old.
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Why the Sun Had No Spots
The solar minimum that recently ended 
was the longest in more than a century. 
The same physicists who worry about the 
consequences of a frenetic solar maximum 
(next due in 2013; February issue cover 
story) were scratching their collective heads 
about this deep, prolonged solar minimum.

The Sun’s 11-year activity cycle seems to 
be governed by a slow fl ow of the topmost 
layer from the equator to the poles. Near 
the poles it sinks to great depths (all the 
way to the bottom of the convection zone), 
returns toward the equator, and rises again. 
This “meridional fl ow” is similar to some 
ocean currents on Earth.

A trio of theorists off ers a new model of 
solar circulation that, they claim, explains 
why the Sun’s face remained blank for so 
long. Dibyendu Nandy, Andrés Muñoz-
Jaramillo, and Petrus Martens say the key 
is how fast the meridional fl ow moves and 
how it interacts with a second component 
motion running around the solar 
midsection: the Sun’s diff erential rotation. 
They found that a dearth of sunspots 
would result if the meridional fl ow was 
faster during the fi rst half of the last cycle, 
from about 1998 to 2003, and slowed in the 
second half, from 2004 to 2009.

However, others reported last year that 
the fl ow sped up in the cycle’s second half.

In any case, all agree that the up-
coming solar maximum should be weak, 
perhaps one of the mildest on record. ✦

On March 10th the Sun off ered observers 
with safely fi ltered telescopes a fi ne array of 
new spots.
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All These Worlds
The Kepler spacecraft continues to reap a harvest of new planet discoveries.

recently made 
two impressive announcements that give us reason to 
anticipate more from this wonderful spacecraft as it 
steadily reveals our galaxy’s diversity of planets.

The fi rst is Kepler-11, a bizarre system with 6 planets 
huddled so close to their Sun-like star that they would all 
fi t inside the orbit of Venus. Thanks to some reliable phys-
ics and clever analysis, we know much more about these 
six new worlds. As they orbit, they gravitationally jostle, 
like roller-derby skaters pushing and pulling one another 
ahead or behind, causing subtle changes in orbital timing 
that reveals the mass of each planet. 

With their small distances from the star, these worlds 
must be smoking hot. Size and mass yields density, which 
narrows the range of possible compositions. They are 
all surprisingly light for their sizes, their low densities 
revealing puff ed-out atmospheres. These sizzling, fl uff y 
atmospheres must be furiously losing gas to space. Why 
are they still there at all? For those trying to understand 
the evolution of planetary atmospheres, this is juicy stuff .

We can only deduce this information because these 
planets all orbit in our line of sight. The large majority of 
randomly oriented systems will not display themselves so 
conveniently for our interstellar voyeurism. Did we just 
get lucky? In a sense, yes, except that Kepler is designed 
to make its own luck. It monitors enough stars (156,000) 
so that the small percentage of planetary systems that 
would be randomly oriented in our direction will add up, 
if planets are reasonably commonplace, to a decent demo-
graphic slice. This scheme is paying off  in droves of new 
discoveries, slowly revealing the planetary demographics 
of our galaxy.

The Kepler strategy of calculated luck is also refl ected 
in the announcement of 1,235 candidate planets discov-
ered during the fi rst 4 months of science operations, 
including a handful that are roughly Earth-sized and 
zoned for liquid water. This is not the same as announc-
ing planet discoveries. The Kepler method is sure to pro-
duce false positives. A star appearing close to another star 
might be varying in brightness, or a multiple-star system 
could mimic a planet discovery. Each candidate must be 
verifi ed with repeat observations and, where possible, 
other instruments and methods. 

The kepler science team

Cosmic Relief
David Grinspoon

In science we frequently have a tension about when to 
release an important result. Should you wait until you’re 
certain, or should you spill the beans when it seems fairly 
promising? There are risks either way. Often there is no 
magic moment, and with Kepler the process of discovery 
is stretched out over years.

I’m thrilled that the Kepler team decided to announce 
the statistics of candidates. Most will turn out to be actual 
new worlds. Sharing your data when it’s still at this stage 
of immaturity assumes some maturity among the public. 
It requires an understanding of probability and uncer-
tainty. This is a crucial part of the mathematical and sci-
entifi c literacy needed to understand some urgent current 
issues. So much of the brouhaha over climate change, for 
example, comes from misunderstanding or misrepresent-
ing of scientifi c uncertainty. So I applaud the Kepler team 
for releasing these candidates and expecting people to 
understand that it will take time to know which ones are 
really planets. It’s a tease — a respectful tease. ✦

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

N
A

S
A

 /
 K

EP
LE

R
 M

IS
SI

O
N

 /
 D

A
N

A
 B

ER
R

Y

CR Layout June11.indd   18 3/28/11   9:11 AM



Ten Great 
Reasons to 
Buy from
Orion

Orion 
has been putting 
customers first 
since 1975.

Quality 
Orion products at 
affordable prices.

Easy returns – 
your satisfaction 
guaranteed 100%.

Have a 
question? We’re 
here to help. E-mail, 
chat online, or call – 
(800) 676-1343

We know 
our products and 
can be reached live 
before and after 
your purchase.

Broad and deep 
selection of industry 
leading telescopes, 
binoculars and 
accessories.

Customize 
your own Dobsonian 
with our Build-A-
Scope program.

Same day shipping 
on in-stock items 
ordered by noon 
Pacific Time.

Deep 
discounts on 
closeout and 
refurbished products 
in our Clearance 
Center.

Shop how YOU 
like: Click, call, mail, 
or fax.

OrionTelescopes.com

Everything for the 
Amateur Astronomer

Check out the Orion page on Facebook
www.facebook.com/oriontelescopes

Prices subject to change.
Dealer pricing and/or 
promotions may vary.

Orders: (800) 447-1001
Customer Service: (800) 676-1343
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Premium 
Telescope 

Accessory Kit
#8890  $149.95

Apex 90mm Maksutov-Cassegrain
#9820  $229.95

SkyQuest XT10g 
GoTo Dobsonian

#8949  
$1,099.95

SkyQuest XT10i 
Computerized 

IntelliScope
#27184  

$699.95

SkyQuest XX12i 
IntelliScope 

Truss 
Dobsonian

#9793  
$1,299.95

20x80 Astro-Binocular
#51464  $149.95

SkyQuest 
XT8 Classic 
Dobsonian 

#8943  
$329.95

1.25" 2x 
Shorty-Plus 
3-Element 
Barlow Lens
#5121  
$84.95

8" f/4.0 
Newtonian 
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our small group of graduate 
students and scientists traveled to Antarctica with an 
instrument called the Balloon-borne Large Aperture 
Submillimeter Telescope, or BLAST. We had a simple 
goal: Find out where half of all the light ever produced by 
stars has gone, and from that, fi gure out the universe’s 
star-formation history.

Our team had spent fi ve years designing, building, 
and testing this specialized telescope to fl y under a NASA 
high-altitude balloon. The journey would keep us away 
from our homes and families for months at a time. Our 
inspiration was the magnifi cence of the night sky that has 
compelled every generation to ask, “How did this all get 
here? How and when did the stars form?” 

Our Milky Way Galaxy forms about 4 stars per year, 
and is about 10 billion years old, so it could have formed 
40 billion stars at its current production rate. But our 
galaxy has more than 100 billion stars. Combined with 
the fact that many stars have died, the star-formation rate 

In late 2006

mark devlin and mark halpern

Having a

BLAST
in Antarctica

must have been much higher at some point in the past. 
Massive galaxies have been observed that are so distant 

that we see them when the universe was only about 1.5 
billion years old. Some of these galaxies were forming 
stars at rates close to 1,000 times our Galaxy’s rate today. 
If we lived in such a galaxy, we would see a dramatic 
night sky with 1,000 times more Orion Nebula-type star-
forming regions, some of which would be much closer 
and brighter. There would be 1,000 times the number 
of young, ultraluminous stars, and there would be a 
supernova in this galaxy almost once a year! Was our 
galaxy like this billions of years ago? For all this to be 

By fl ying the balloon-borne BLAST telescope 

over Antarctica, astronomers have determined 

where half of the universe’s starlight has gone.
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true, star formation must have taken place as a burst of 
activity, just a short event on a cosmic timescale. What 
triggered it? What caused it to stop? BLAST was designed 
to help answer these questions. 

Where Does Starlight Come From?
Stars form inside giant clouds that consist mostly of 
hydrogen gas, but which include trace amounts of silicate 
dust particles. The dust absorbs the ultraviolet light and 
most of the optical light coming from the very hot and 
luminous stars forming within the cloud. Although 
Hubble and other telescopes can take wonderful images 
of the Eagle Nebula and other star-forming regions, dust 
obscures our view of the light from where stars actually 
form. Fundamental information, such as the star-
formation rate, must be inferred by other means. 

Fortunately for astronomers, the energy from the 

absorbed light is not lost. It heats the dust to 30°C above 
absolute zero (30 kelvins) — extremely cold, but still 
warm enough that it radiates energy in the range of 
about 0.1 to 1 millimeter. By surveying the sky in this 
submillimeter portion of the spectrum, astronomers 
can fully account for the star formation in our galaxy 
as well as others. But doing so is extremely challenging 
technically and had never been done until recently.

Much of the energy of star birth is radiated at shorter 
infrared wavelengths. A spectrometer on NASA’s COBE 
satellite discovered a background glow of infrared 
and submillimeter light that pervades the universe. 

LAUNCH DAY  BLAST’s maiden Antarctic launch, on December 
21, 2006, went off  without a hitch, as captured by coauthor Mark 
Halpern. The towering peak in the background is 12,448-foot 
Mount Erebus, the southernmost active volcano on Earth.
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COBE scientists found that this combined infrared/
submillimeter background roughly equals the total 
energy contained in all of the universe’s visible light. 
That’s a lot of energy. But COBE’s angular resolution 
was very coarse, so the team couldn’t determine what 
produced this extremely important background light. 
Was this energy from a genuinely diff use source, like the 
gas in the early universe, or from a collection of many 
individual galaxies?

The most obvious known sources for this background 
light were Ultraluminous Infrared Galaxies (ULIRGs), 
large galaxies that appear to be undergoing a sudden 
burst of star formation. What triggered these starbursts? 
What stopped them? When did most of the stars form? 
Addressing these questions would require a complete 
census of these galaxies, determining each ULIRG’s age, 
and showing that they add up to the total brightness of 
the background light.

Because ULIRGs contain huge amounts of dust, 
they’re extremely diffi  cult to fi nd with optical telescopes. 
Using a submillimeter instrument on the James Clerk 
Maxwell Telescope on Hawaii’s Mauna Kea, astronomers 

in the late 1990s fi nally found a handful of such galaxies, 
and after another decade astronomers managed to 
locate about 100 more. While tantalizing, these sources 
amounted to only a few percent of the background’s 
intensity. The mystery remained.

Hanging from a Balloon
To solve mysteries like this, astronomers have applied 
increasingly specialized instruments and taken them 
to ever more exotic places in search of the best possible 
observing conditions. Earth’s atmosphere is the major 
reason why the earlier measurements were not more 
successful. Even at Mauna Kea’s altitude of nearly 14,000 
feet, the atmosphere’s thermal emission and absorption 
limits observations to the relatively long wavelength of 
850 microns, probing a limited subset of distant ULIRGs. 
ULIRGs shine brightest at 300 microns, where the 
atmosphere is essentially opaque.

The obvious next step was to lift a telescope 
above most of the atmosphere, where it would have 
an unimpeded view of the ULIRGs. Suspending an 
instrument from a large helium balloon and letting it 

PREPARING FOR FLIGHT  Left: The BLAST payload hangs from a crane moments before its June 12, 2005 launch (at 2:00 a.m.) from 
Esrange Space Center, above the Arctic Circle in northern Sweden. The mirror was either damaged by a rough launch or through ice for-
mation during ascent, which compromised the data on BLAST’s fi rst fl ight. Right: BLAST team members focus the 1.8-meter telescope 
at the National Science Foundation’s long-duration balloon facility, located about 6 miles from McMurdo Station in Antarctica. The two 
long, white tubes above the mirror are daytime star cameras, which are used to point the telescope during fl ight.

Balloon Astronomy
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drift in the stratosphere is the most economical way 
to accomplish this — if your measurements can be 
performed in a few weeks and if your instrument can be 
made small enough to launch.

BLAST was designed specifi cally to probe the largely 
unexplored submillimeter portion of the electromagnetic 
spectrum and to produce a statistically signifi cant survey 
of ULIRGs. The telescope scans the sky autonomously 
while hanging beneath a 28-million-cubic-foot NASA 
helium balloon fl oating 125,000 feet (38 kilometers) above 
sea level while circumnavigating Antarctica over the 
course of about 10 to 12 days.

Detecting submillimeter light is a tricky business. The 
BLAST instrument operates at three diff erent “colors,” 

with bands centered at 250, 350, and 500 microns. 
Individual photons at these wavelengths have very little 
energy, about 0.1% that of an optical photon. These 
photons do not meet the minimum energy threshold to be 
registered by conventional CCD cameras used on optical 
telescopes. We need to apply diff erent techniques that are 
very diffi  cult to implement. 

BLAST essentially detects the “heat” from the galaxies. 
The detectors are bolometers, or “heat meters.” Imagine 
your hand as a bolometer. Go outside on a sunny day. 
With your eyes closed, move your hand across the sky 
until you feel the warmest point — toward the Sun. 
Because the Sun is so hot and your hand is relatively cold 
(5800 K vs. 310 K), this measurement is easy. But if you 
try to locate the full Moon (about 400 K) at night, you 
would have a very diffi  cult time because your hand and 
the object have a similar temperature. If you cooled your 
hand to 4 K (not a good idea!), the Moon would seem 
blazingly hot and you would have no problem detecting it.

Since BLAST is trying to detect submillimeter light 
from galaxies that are a mere 30 K, we need to cool the 
detectors to 0.3 K. Using bolometers manufactured at 

ANTARCTIC LAUNCH  BLAST is just about to take off  on its 
maiden Antarctic fl ight (and second overall) from the National 
Science Foundation’s balloon-launch complex, near McMurdo 
Station. The 5,500-pound (2,500-kilogram) payload is at the far 
right, the red parachute is in the center, and the partially infl ated 
balloon is on the left. Everything to the left of the parachute is 
part of the balloon, but it does not fully infl ate until it reaches its 
fl oat altitude of 125,000 feet (38 kilometers).

LET THE CELEBRATION BEGIN  Above: BLAST team members celebrate the 
impending fi rst launch from Antarctica. After spending two months in a frigid, barren 
environment, most of the crew know they will soon be heading home. Right: This image, 
taken through a telescope, shows the balloon fully infl ated after reaching its fl oat altitude 
of 125,000 feet. It took the balloon about 3.5 hours to reach this altitude.
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NASA’s Jet Propulsion Laboratory and homemade low-
temperature refrigerators, BLAST’s camera achieves the 
sensitivity to detect these very cold submillimeter galaxies.

BLAST’s primary mirror was damaged at launch on the 
fi rst science fl ight from northern Sweden in 2005, limiting 
its sensitivity. BLAST’s second fl ight, over Antarctica in 
2006, was a complete scientifi c success. The cryogens that 
keep the camera cold enough to operate lasted 11 days 
while the balloon circumnavigated the continent.

BLAST provided the fi rst deep observations of 
the thermal emission from star formation made at 
wavelengths near its peak energy. Time was divided 
between galactic sources and distant extragalactic fi elds. 
For Milky Way observations, we explored the dynamics 
of individual star-formation centers. The details of how 

gas clouds cool and form clumps, and how these clumps 
break up into individual stars at the fi nal moments 
of collapse, are crucial if we’re going to have a model 
that tells us the rate at which stars form and how the 
distribution of star masses is produced. 

A Detailed Picture
BLAST’s map of star formation in the constellation Vela 
is an enormous and detailed picture (below). It literally 
contains thousands of star-forming regions, each of which 
could host tens to hundreds of nascent stars. It’s a fi rst 
statistically signifi cant glimpse at this earliest stage of 
stellar birth. 

To the uninitiated, BLAST’s deep extragalactic images 
look like smudgy, spotted nonsense (page 26). But the 

uniform smudgy appearance is because 
the starburst galaxies (ULIRGs) are so 
numerous they crowd the image and 
mostly cannot be resolved. The images 
contain 1,000 newly discovered ULIRGs 
in a wavelength regime where only a 
single one had been seen before. We 
can estimate rough redshifts (distances) 
of these galaxies by looking at the 
three BLAST bands, something earlier 
measurements were unable to do. If we 
assume that, on average, they all have 
temperatures of 30 K, then cosmological 
redshifting will make the ones that 

RELIEVED SCIENTISTS  Left: BLAST scientists Chris Semisch (left) and Jeff  Klein pose with the vessel that contains BLAST’s two 
computers and two hard drives. The computers were totally destroyed when fi erce polar winds dragged the parachute and container 
120 miles across rough ice. The hard drives were banged up, but miraculously, they retained enough structural integrity to preserve 
BLAST’s precious data. Right: Using data from multiple sources including BLAST, astronomers produce graphs such as this one, which 
plots the universe’s star-formation history. Results consistently show that star formation peaked when the universe was only about 3 
billion years old and has declined ever since. If the universe’s expansion continues to accelerate, star formation will grind to a halt in 
the far-distant future, and most of the universe’s activity will eventually die out in a Big Chill.
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MILKY WAY  This BLAST image of the Vela region, taken at submillimeter wavelengths, shows 
star-forming clouds about 2,300 light-years away. The blue areas show dusty regions heated by 
young stars to greater than 20 kelvins, green areas are 18 K, and red areas are below 12 K.
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To watch clips from the movie BLAST! 
and to purchase the home DVD, and to 
link to the offi  cial BLAST website, visit 
SkyandTelescope.com/BLAST. 
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are at higher redshift appear cooler. By measuring the 
temperature we get the redshift and distance. Since we 
measure the fl ux, we can use this information to derive 
the star-formation history.

Our images also contain the fl ux from several hundred 
thousand fainter unresolved galaxies. We have shown 
that BLAST starburst galaxies account for the entire 
background light discovered by COBE. Because we 
can estimate redshifts, we can infer how long ago each 
ULIRG emitted the fl ux seen by BLAST. Combining 
BLAST-measured star-formation rates with infrared 
data enabled us to produce a star-formation history of 
the universe, demonstrating that the epoch of rapid star 
formation peaked about 10 billion years ago. Our universe 
has experienced its galactic growth spurt and is now 
approaching middle age.

While BLAST’s fi rst Antarctic fl ight was a stunning 
success from a scientifi c perspective, the telescope itself 
did not survive. At the end of a fl ight the payload separates 
from the balloon by radio command and parachutes to 
Earth. Once the telescope has landed, a second radio 
command is sent to release the parachute. This command 

When my brother Mark suggested I join 
him in northern Sweden to capture the 
balloon launch of his new telescope 
on video, I had no idea that his casual 
invitation would lead me on a fi ve-year 
journey across fi ve continents, including 
Antarctica, to document an amazing 
scientifi c adventure.

The result is BLAST!, a feature-
length narrative that aspires to reach a 
mainstream audience by demystifying 
astronomy and dramatizing the failures 
and triumphs of an ambitious experiment. 
Having grown up in a family of scientists, 
I wanted to emphasize their enthusiasm 
and expose their personal challenges. 
My access through my brother gave me 
a rare opportunity to delve into aspects 
of science usually ignored by traditional 
programming.

Breaking convention, however, is never 
easy. My independent fi lms have been 
screened all over the world. But BLAST! was 
my most diffi  cult project yet. Capturing a 
story that stretched around the globe for 

years with delays and disasters was one 
thing. Even more daunting was trying to 
convey complex scientifi c concepts to a 
mainstream audience and still keep the 
narrative engaging. 

With the help of BLAST!’s exotic 
locations, cliff -hanging story line, 
and emphasis on the humanity of the 
scientists, we attracted fi nancing and 
acquisitions from broadcasters in Sweden, 
Japan, the Netherlands, and elsewhere. 
A recent global broadcast on BBC World 
News reached hundreds of millions of 
viewers in up to 120 countries. In the U.S., 
BLAST! opened theatrically in New York to 
enthusiastic reviews from The New York 
Times, Variety, and even The Onion. Ira 
Flatow interviewed Mark and me on NPR’s 
Science Friday (http://bit.ly/9fwRyn), which 
led Stephen Colbert to invite Mark on The 
Colbert Report (http://bit.ly/aNsUy6). It’s 
hard to make science more mainstream 
than that! 

BLAST! was chosen as an Offi  cial 
Special Project of the International Year of 

Astronomy 2009 and is now being shown 
regionally on select PBS stations in the 
U.S. We produced an Educational DVD 
with special versions of the movie and a 
Teacher’s Guide designed for classroom 
use. And the home DVD with the uncut, 
feature-length version of BLAST! is now 
available.

Paul Devlin has won 5 Emmy Awards for his 
work in sports television with CBS and NBC.

BLAST! The Motion Picture

BROTHERS  Filmmaker Paul Devlin (left) 
and astrophysicist Mark Devlin enjoy one 
of the few relaxing moments of their stay 
in Antarctica. Despite the beard, Mark is 
the younger brother. They were raised in 
New Jersey.
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suff ered extensive damage (nothing a few good whacks 
with a hammer couldn’t fi x!), the bolometers (the heart 
of the experiment) were unharmed. Retrieving these 
detectors allowed our team to continue pursuing our 
scientifi c agenda. We rebuilt the gondola, telescope, and 
the associated infrastructure, transforming BLAST into 
BLAST-pol. 

With small polarizing grids added in front of each 
detector, BLAST-pol is sensitive to the polarization of 
submillimeter light. In December 2010, we launched 
BLAST-pol from Antarctica with a new team of graduate 
students at the helm. It made detailed observations of 
star formation in our galaxy. The previous fl ight showed 
that the gas clouds that eventually collapse into young 
stars support themselves against gravity for much longer 
than simple models predicts. One theory is that magnetic 
fi elds provide a breaking mechanism that slows the 
collapse. If true, then the magnetic fi elds will also align 
the small dust grains in the clouds, turning them into 
little antennas oriented the same way. This will cause the 
light emitted by the dust to be slightly polarized. So, if we 
can measure the polarization, we can infer if magnetic 
fi elds are playing a signifi cant role in star formation.

The instrument landed completely intact, and our 
team recovered most of it in January. The data analysis 
is underway and we should have the answer about a year 
from now. The team is already thinking about what big 
problem to tackle next. The quest goes on! ✦

Mark Devlin is a professor of astronomy and astrophysics 
at the University of Pennsylvania. He builds instruments 
to study the structure and formation of the universe, 
observing from high-altitude balloon platforms, 17,000-foot 
mountaintops in Chile, and from mountains in West Virginia.

Mark Halpern is a professor of physics and astronomy at the 
University of British Columbia. His main work is to study the 
cosmic microwave background using custom-built instruments, 
including a cryogenic sounding rocket and WMAP.

DISTANT GALAXIES  The main objective of BLAST was to locate distant star-form-
ing galaxies. Left: The large frame consists of a central image (circled) that probes a 
0.8-square-degree fi eld at great depth. That fi eld lies inside a larger fi eld imaged at 
shallower depth, where only the brightest submillimeter sources show up. Above: By 
taking these close-ups of the circled region through three fi lters of diff erent wave-
lengths, scientists can estimate each galaxy’s redshift (a proxy for distance).

RECENT RECOVERY  On January 17, 2011, BLAST team members recovered the 
telescope and data vessel after the most recent fl ight. This time, the instruments 
and hard drives were completely intact, which will make it easier to fl y the experi-
ment again. The scientists fl ew to the site in the pictured Twin Otter airplane.

never got through. The Antarctic winds infl ated the 
parachute and dragged BLAST across 120 miles of ice 
fi elds, strewing crucial bits of broken hardware as it went, 
fi nally lodging in a deep crevasse. Happily, National 
Science Foundation Polar Programs mountaineers 
retrieved the data vessel after several aerial searches. 
The entire epic story is documented vividly in the movie 
BLAST! (see BLAST! The Motion Picture, page 25).

Since BLAST’s 2006 fl ight, the European Space 
Agency launched the Herschel Space Observatory. One 
of Herschel’s instruments has confi rmed all of BLAST’s 
results and has probed all the same regions with exquisite 
precision. 

An Ongoing Quest
The BLAST instrument was not completely lost in 
Antarctica. The cryogenic receiver was ripped off  the 
telescope while it was being dragged. Although it 
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alone can boast thirty public and private 
observatories of note, we have not in the 
whole United States one that deserves 
the name,” thundered well-known U.S. 
astronomer Nathaniel Bowditch in The 
North American Review in 1822.

Nearly half a century after the American 
Revolution and a decade after the War of 1812, 
both wars were still within living memory, 
because the confl icts had so impoverished 
the young nation that the United States was 
poorer in the 1820s than the former colonies 
had been. Great Britain was still not only a 
bristling military threat, it was also a formidable intel-
lectual titan, as was the rest of Europe. Even though the 
United States was expanding westward in large gulps, 
intellectually the New World seemed to many on both sides 
of the Atlantic to be sinking back into the forest primeval. 

In 1826, President John Quincy Adams’s fi rst annual 
message to Congress noted that “throughout the whole 
American hemisphere. . .we have neither observatory nor 

In the 19th century, the 

United States transformed 

itself from a scientifi c 

backwater into an 

astronomical juggernaut.

“While great britain

History of American Astronomy

Great Telescope
The

Race

HARVARD COLLEGE OBSERVATORY  The Great Comet of 
1843 inspired some of Boston’s wealthiest citizens to donate 
enough money for Harvard to purchase this 15-inch Merz & 
Mahler refractor. It was tied with a nearly identical refractor at the 
Pulkovo Observatory in Russia as the world’s largest telescope, 
until being supplanted by the Dearborn Observatory’s 18½-inch 
refractor in 1864. The telescope is still mounted in its original 
dome at Harvard, although it is not currently in operation. All 
images from the S&T archive unless otherwise credited. 
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observer. . .and the earth revolves in perpetual darkness 
to our unsearching eyes.” Yet his call for building a U.S. 
astronomical observatory and supporting a full-time 
astronomer drew highly public ridicule for its memorable 
image of observatories being “lighthouses of the skies.” 
Over the next decade, the few costly telescopes that were 
acquired for schools or individuals were all crafted by 
English, French, or German opticians.

That was then. Fast forward to the end of the Gay 
Nineties. 

By 1900 the U.S. had more observatories than any other 
nation — at least 220 (by modern recount) — to the point 
where several well-known astronomers publicly objected 
to a literal glut of equipment. Four U.S. observatories had 
claimed momentary fame as home to the world’s largest 
refractor, all crafted by the American fi rm of Alvan Clark & 
Sons. Smaller observatories laid claims to other fi rsts (fi rst 
in their state, farthest west, highest altitude, largest in 
their state, largest by that telescope maker, etc.). 

Many had been fi nanced by wealthy U.S. philanthro-
pists, or even by public subscription — philanthropy of the 
common man. “So great, indeed, has become the generos-
ity of those who are not astronomers,” commented Lick 
Observatory astronomer W. J. Hussey in 1897, “that. . . 
astronomers have only to ask for instruments and observa-
tories to fi nd appreciative persons to supply their needs.”

Triumph was especially sweet because “European sci-
entists now come occasionally to see what is doing here,” 
remarked Williams College astronomer Truman H. Saf-
ford in 1888. Indeed, by 1900, telescope envy had shifted 
across the Atlantic to Great Britain. “British observatories 
would, perhaps, receive a much increased means of sup-
port,” wrote an anonymous author in Nature, “if it were 
not for the possible impression that the best work can 
only be done in America.”

In less than one human lifetime, the United States 
utterly transformed itself from a rustic scientifi c back- 

water to a world-class astronomical juggernaut. Although 
other countries also built signifi cant observatories in the 
19th century, the sheer magnitude of the U.S. observa-
tory-building movement was internationally unique.

Why did astronomy so grip the imagination of the 
19th-century American public that telescope fever swept 
the nation? U.S. observatory building was actually a 
broad cultural movement, energized by several important 
nonastronomical motives, which ultimately left American 
astronomers with too much beautiful equipment and too 
little ongoing support for research.

Cultural Cold War
Traditionally, historians have claimed that the Leonid 
meteor storm of November 12–13, 1833, followed by two 
spectacular comets, inspired some Americans to clamor 
for telescopes and answers. To be sure, the unexpected 
Great Comet of 1843 — so brilliant it could be seen even 
at noon — spurred funding for the Harvard College 
Observatory to acquire a 15-inch refractor from the excel-

CINCINNATI OBSERVATORY  An observer (probably Ormsby 
MacKnight Mitchel) looks through the 11¼-inch Merz & Mahler 
refractor at the Cincinnati Observatory, which was fi nanced by 
the citizens of Cincinnati.

HUDSON OBSERVATORY  The Hudson Observatory (now 
named the Loomis Observatory), in Hudson, Ohio, was built 
in 1838, making it one of the oldest in the U.S. It was and still 
is home to a 3.8-inch refractor made by Simms of London.
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lent Munich optical fi rm Merz 
& Mahler. When mounted in 
1847, the Harvard telescope 
was a twin to that of the Impe-
rial Observatory at Pulkovo 
near St. Petersburg in Russia, 
then the largest in the world.

But a purely astronomical 
explanation is insuffi  cient to 
explain the sheer power and 
duration of the 19th-century 
U.S. observatory-building 
movement. After all, the 
comets also hung silently 
in the heavens over Great 
Britain, and the meteors also 
rained over France and Ger-
many. Why didn’t the same 
apparitions inspire similar 
observatory-building move-
ments in those nations? In 

the U.S., motives included a mixture of wounded national 
pride, a wholesale embracing of the Industrial Revolution, 
a love of antiaristocratic rags-to-riches success stories 
that became the narrative of American opportunity, and 
religious appeal.

In the early 19th century, Americans smarted under 
dismaying portrayals by Old World intelligentsia of 
pioneer society being uneducated and boorish. Yearning 
for cultural acceptance, Americans internalized European 
aspirations and sought to emulate European appearances. 
“An Observatory has long been considered by enlight-
ened nations as one of the noblest objects that can claim 
the patronage of the public or of individuals,” wrote an 
anonymous correspondent to The North American Review 
in 1818 in a passage much quoted over the next two 
decades. “We are almost the only nation of any preten-
sions to learning and the arts, which has totally neglected 
to provide for this branch of knowledge.”

Even blunter were the impatient words of Cincinnati 
astronomer and railroad surveyor Ormsby MacKnight 
Mitchel in 1842: “While Russia with its hordes of 
barbarians boasted the fi nest observatory in the world 
[Pulkovo], our own country with all its freedom and 
intelligence. . .[does not] possess a single observatory 
within all its vast extent.”

But by 1842 the U.S. had six observatories, including 
the Hudson Observatory of the Western Reserve College 
in Hudson, Ohio (founded 1838) and the Philadelphia 
Central High School Observatory (founded in 1840). But 
never mind pesky outdated facts. Mitchel’s politically 
incorrect “hordes of barbarians” speech so whipped up 
the indignation of Cincinnati citizens that within two 
days he had raised $1,000 (equivalent to between $25,000 

and $250,000 today). Three years later (1845), Cincinnati 
was the proud possessor of an 11-inch Merz & Mahler 
refractor — largest in the entire United States until sur-
passed in 1847 by Harvard College Observatory’s 15-inch 
refractor (S&T: August 2009, page 30).

The Victorian Space Race
With Harvard’s acquisition of a twin “world’s largest 
refractor,” did Americans feel equality with Europe? “We 
are to learn the. . .not very pleasant paradox, that America 
cannot keep pace with Europe in Science except by going 
ahead of her,” declared Harvard mathematician Benjamin 
Peirce to the American Association for the Advancement 
of Science in July 1853. “The New World must begin to 
build on a new level above that of the Old World, and it 
must build from its own materials.” Thus, the U.S. pitted 
itself against Europe in a race to build and retain title to 
the world’s largest astronomical refractor — a title that 

MASTER OPTICIAN  Alvan Clark 
(1804–1887) played a pivotal role in 
the American telescope-building 
movement. On 5 occasions (4 in the 
U.S.) his business’s newest refrac-
tor ranked as the world’s largest.

DEARBORN OBSERVATORY  Funded by donors from the 
Chicago Astronomical Society, Dearborn Observatory’s 18½-
inch Clark refractor saw fi rst light in 1864 at the old University 
of Chicago. It was moved to Northwestern University in Evan-
ston, Illinois, in 1889 after the original University of Chicago 
went bankrupt.
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seesawed across the Atlantic for the next three decades. 
The great telescope race was enabled by the Industrial 

Revolution, which Americans had fi rmly grasped. Cultur-
ally in the New World, the terms “bold,” “technological,” 
and “world’s largest” were in the air. When completed 
in 1825, the 363-mile-long Erie Canal from Albany to 
Buff alo was the longest canal in the world. Beginning 
in the 1840s, railroads spread through forest and prairie 
and even solid rock, followed quickly by telegraph poles 
and wires alongside the tracks, linking both coasts of 
the vast North American continent with the pounding of 
the Transcontinental Railroad’s golden spike in 1869. No 
daring engineering venture, no matter how breathtaking, 
seemed impossible in America. With every technologi-
cal conquest, Yankee ingenuity and swagger grew only 

bolder: what was one world’s record but a challenge to set 
the next? Why not the world’s largest telescope?

Moreover, democracy was in the air — an antiaris-
tocracy democratic ideal that asserted that a common 
bricklayer was every bit the equal of a Boston Brahmin, 
that intellectual knowledge was not the exclusive hoard of 
any elite, but that any boy through hard work, luck, pluck, 
and virtue could triumph over birth and class.

In magazines and books, American telescope makers 
were portrayed as fi tting magnifi cently into that Ameri-
can myth. Alvan Clark made wonderful copy, starting as 
a Cambridgeport, Massachusetts printer’s engraver and 
portrait painter who taught himself optical techniques, 
and in his 50s began fashioning the largest telescopes in 
the world. So did Worcester Reed Warner and Ambrose 
Swasey, two New England boys who, seemingly after 
building the mount and pier of one 9-inch refractor, 
landed a contract to build all the mechanical parts and the 
dome of the world’s largest telescope, the 36-inch refractor 
for the Lick Observatory.

Never mind that such popular mythmaking down-
played key facts: Clark’s 12 diffi  cult years of optical trial 
and error and his frustrating struggle as a scientifi c 
outsider to get astronomers to recognize his ability, and 
Warner’s and Swasey’s 11 crucial years at Pratt & Whitney 
mastering precision engineering, marketing, and project 
management before founding their own company.

In the post-Civil War Gilded Age of wealthy industrial-
ists, the American-European great telescope race ulti-
mately became a contest between successful American 
entrepreneurs who sought to leave their fortunes to noble 
causes, including observatories. In October 1872, the 

CAPTAINS OF INDUSTRY  Worcester Reed Warner (left, 1846–
1929) and Ambrose Swasey (1846–1937) founded a company that 
built the entire mechanical assemblies for the great Lick and Yer-
kes refractors. They also constructed many other telescopes in the 
late 1800s and early 1900s for various institutions and individuals, 
their largest being the McDonald Observatory 82-inch refl ector.

WARNER & SWASEY  Above: The Warner & Swasey factory in Cleveland, Ohio, 
as it appeared from 1893 to 1900, typifi ed the explosive growth in U.S. heavy 
industry during the late 19th century. Right: Being amateur astronomers, Warner 
and Swasey built themselves a private observatory, equipped with a 9½-inch 
Brashear refractor, in the backyard of their adjacent homes in Cleveland. The 
telescope and dome were later donated to Case Western Reserve University.
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monthly periodical Manufacturer and Builder published 
the fi rst of an eight-year series of articles calling for “a 
million dollar telescope” — a call promptly echoed by 
Scientifi c American and other magazines, and credited in 
part with inspiring California millionaire James Lick in 
1873 to bequeath $700,000 to found the Lick Observatory 
(completed in 1888).

Andrew Carnegie, in the fi rst publication of his soon-
to-be-famous 1889 essay “The Gospel of Wealth,” recom-
mended Lick’s example to his fellow capitalists, noting 
that instrumentation technology was progressing so fast 
“that every few years a new telescope might be judiciously 
given to one of the observatories upon this continent, the 
last being always the largest and the best.”

Redefi ning Culture 
“In all ages, astronomy has been an index to the civiliza-
tion of the people who cultivated it,” declared Simon New-
comb, director of the U.S. Nautical Almanac Offi  ce and 
eff ectively the dean of American astronomy. Not only did 
the light of science doom superstition to “speedy extinc-
tion,” Newcomb explained, but also an observatory was a 
kind of spiritual refuge to “enjoy the fresh air of heaven” 
— a moral breathing space in our business life “free from 
those taints which aff ect this struggle for existence.”

The president of the Chicago Astronomical Society 
went even further: “In some sense, then, the Observatory 
is a moral institution, an ally of the biblical institute,” 
stated H. A. Johnson at the ceremony for laying a corner-
stone for a new building for the Dearborn Observatory 
in 1888. “The contemplation of the divine wonders of 
the celestial vault leads the thought away from the small 
things of time and sense, and opens the eternal volume.”

So compelling were such cultural and religious convic-
tions that in speeches and articles, solid practical returns 
for navigation and geodesy were given a back seat to the 
intellectual and spiritual utility of astronomy. “The high-
est value of scientifi c truth is not economic, but diff erent 
and more noble,” Princeton solar astronomer Charles A. 
Young concluded in a rousing address to the American 
Association for the Advancement of Science in 1884.        
“. . . [S]cience, for truth’s own sake, comes to be loved and 
honored along with poetry and art, leading men into a 
larger, higher, and nobler life.”
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GOODSELL OBSERVATORY  Carleton College, in Northfi eld, 
Minnesota, completed this new observatory in 1887 to replace a 
smaller one. Later named Goodsell Observatory, after the donor of 
the land for the college, it housed a 16.2-inch Brashear refractor.

LICK OBSERVATORY  Left: Lick Observatory’s 36-inch refractor 
reigned as the world’s largest telescope from 1888 to 1897, when 
it was supplanted by the Yerkes 40-inch refractor. Right: The 
observatory, built on Mount Hamilton near San Jose, California, 
was funded by wealthy businessman James Lick. The observatory 
remains an important center of research, and its more-modern 
120-inch Shane refl ector has discovered dozens of exoplanets. 
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The Finish Line
By the 1890s, astronomy had so captured the U.S. public 
imagination that amateur societies had sprung up in 
many cities. Bankers, lawyers, journalists, and even 
bricklayers and housewives gathered by the hundreds, 
sometimes even the thousands, to hear evening lectures 
on the wonders of the universe. Adoring crowds fl ocked 
to observatories in such large numbers that they became 
an actual pest, compelling several observatories to strictly 
limit visiting hours.

“In the popular imagination, an observatory exists for 
the purpose of being visited — like a parsonage,” mocked 
astronomer Mary E. Byrd at the laying of the cornerstone 
for the second observatory at Carleton College (later 
named Goodsell Observatory) in Northfi eld, Minnesota, 
in 1886, “or that it is held to be some grand celestial 
amphitheater where there are nightly shows of moon and 
stars and planets, with the astronomer for chief show-
man. . .much as Barnum likes to show trained elephants 
and dancing ponies.”

Meanwhile, the demand for telescopes in the U.S. was 
so great in the last quarter of the 19th century it exceeded 
the manufacturing capability of Alvan Clark & Sons and 
John A. Brashear. Indeed, the high demand created a 
market for a host of now nearly forgotten fi gures: John 
Byrne, John Clacey, A. K. Eaton, Harry Fitz, William and 
David Mogey, Charles A. Spencer, and dozens more. By 
modern recount, these lesser-known telescope makers 
collectively built more than half the telescopes made in 
19th-century America, including both portable and per-
manently mounted instruments. 

So rapid was the growth in the number of American 
observatories of all sizes that by the end of the century 
astronomers actually were caught in an ironic bind: they 
suff ered from a glut of equipment, but simultaneously 
also a shortage of support for ongoing research. “Our 
country has very many excellent observatories: and yet 
little work is done in comparison, because no provision 
has been made for maintaining the work,” physicist 
Henry A. Rowland noted with alarm as early as 1883. “A 

great telescope is of no use without a man at the end of 
it,” Newcomb cautioned at the dedication of the Yerkes 
Observatory in 1897. “...[A]llow me to commend to your 
fostering care the men at the end of the telescope.”

Lack of support for research should have been a 
predictable downside of founding observatories through 
cultural appeals to people who fundamentally had no 
abiding interest in the science of astronomy. Although 
astronomical research projects had benefactors such as 
Catherine W. Bruce, Mrs. Henry Draper, and Uriah A. 
Boyden, they were generally not the same people who 
founded observatories. And many philanthropists who 
founded observatories were not interested in funding 
exacting micrometer or spectroscopic measurements by 
a lone astronomer hidden under a dome in the wee hours 
of the night. Instead, these wealthy benefactors sought 
public affi  rmation from the press and general citizenry 
for being a patron of American culture — by creating a 
tangible institution that was once a symbol of America’s 
shame, but was now her crowning glory. ✦

Trudy E. Bell has written 19 bylined feature articles that 
have captured top journalism awards. She is the author of a 
dozen books, including the Smithsonian Science 101 volume 
Weather (2007). For the second year she is a Presidential 
Fellow at Case Western Reserve University. Visit her website 
at www.trudyebell.com.

YERKES OBSERVATORY  Funded by Chicago transportation 
tycoon Charles T. Yerkes, the great 40-inch Yerkes Observatory 
refractor, mounted in 1897, still remains the world’s largest tele-
scope of its type, though it is no longer being used for research. 
Like the Lick Observatory, the optics were made by Alvan Clark & 
Sons and the mechanical assembly by Warner & Swasey. 

To listen to a recorded audio inter-
view with author Trudy E. Bell, visit 
SkyandTelescope.com/telescoperace. 

Listen to an AUTHOR INTERVIEW

CREDIT: ROXANA BELL
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a century ago when the Ameri-
can Association of Variable Star Observers (AAVSO) was 
formed. Only a few hundred stars were known to vary 
in brightness, and the astronomers at Harvard College 
Observatory who asked a group of local amateurs to moni-
tor them did much of the preparatory work. The astrono-
mers identifi ed the important variables, created fi nder 
charts, and used photographic techniques to calibrate 
comparison stars that the amateurs used to estimate a 
target star’s brightness.

Fast forward to today. There are hundreds of thou-
sands of known variables and thousands of researchers 

The world’s premier variable-star organization begins its second century

with one of the greatest photometric surveys ever undertaken.

Life was simpler studying them. Many of the observ-
ing techniques have improved. For 
example, we now have digitized views 
of the sky and accurate astrometric catalogs, which make 
identifying target stars and generating fi nder charts 
relatively easy. But even in 2011, someone has to manually 
choose comparison stars and determine their accurate 
magnitudes and colors. Unfortunately, while we have 
great astrometric catalogs, we don’t have an equivalent 
high-quality photometric catalog covering the entire sky.

The need for such a photometric catalog is greater today 
than ever before. Exoplanet surveys such as XO or HAT 
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cover large areas of sky looking for stars that experience 
minuscule dips in brightness due to a transiting planet. 
These surveys have a signifi cant number of false positives 
caused by variable stars that mimic these small brightness 
changes. Time must be spent removing this “chaff ” in 
order to fi nd true transiting systems. Some time is used 
for spectroscopic studies to measure the candidate star’s 
radial velocity, but knowledge of the star’s color, especially 
as a function of its light-curve phase, is an essential pre-
cursor to scheduling a big telescope for spectroscopy.

Photographic archives such as the one at Harvard 
College Observatory are being digitized (S&T: March 
2010, page 31), and calibration stars are needed on each 
plate to derive accurate photometry. Researchers studying 
asteroid light curves need accurate calibration stars across 
wide fi elds since their targets move from night to night. 
Another use involves data mining of a multicolor photo-
metric catalog itself.

The best existing all-sky photometric data is in the 
Tycho-2 Catalogue, which was generated from the star 
tracker on the Hipparcos satellite mission. It covers the 
entire sky down to about 11th magnitude in two colors that 
are not standard photometric passbands. There are pieces 
here and there from other projects, but they don’t form a 
homogenous photometric catalog. The Sloan Digital Sky 
Survey (SDSS) covers 8,000 square degrees of northern 
sky to fainter than 14th magnitude; a catalog compiled 
with the Carlsberg Meridian Telescope covers the sky 
between declinations –30° and +50° in the Sloan-r′ band; 
and the All-Sky Automated Survey lists stars from 8th to 
14th magnitude, but only for the V band. Thus, there is a 
desperate need for a survey of the entire sky in the mag-
nitude range typically observed by amateurs — roughly 
stars brighter than about 16th magnitude.

Sky surveys can be very expensive. Witness the many 
millions of dollars for PanSTARRS, or the southern VLT 
Survey Telescope, or the half-billion-dollar cost of the 
upcoming Large Synoptic Survey Telescope. (Editor’s note: 
These surveys were described in the September 2008 
issue, page 30.) But modern commercial telescopes, imag-
ing equipment, and software have had huge impacts on 
the fi eld. Just as today’s amateur astrophotographers are 
creating beautiful deep-sky pictures that would have been 
the envy of professionals with 4-meter telescopes only 
a few decades ago, the photometric work being done by 
today’s amateurs has astronomers clambering for more.

At the AAVSO, we thought that such a survey was 
becoming essential to the future of our organization. We 
were spending hundreds of hours every year generating 
charts for objects that our observers wanted to study. 
When a new nova was discovered, we had to quickly fi nd 
whatever photometric data was available for surrounding 
stars in order to create a sequence that observers could 
use to monitor the nova’s rapidly changing brightness.

With the great need for a uniform all-sky photometric 
catalog, and the necessary equipment to create one avail-
able at reasonable cost, now was the time to act. Aided by 
two grants from The Robert Martin Ayers Sciences Fund, 
we have begun the AAVSO Photometric All-Sky Survey 
(APASS). This survey will cover the entire sky from 10th 
to 17th magnitude in fi ve passbands: Johnson B and V, 
and Sloan g′, r′, and i′. This gives transitional coverage 
between the Johnson wavelengths traditionally used in 
the past and the passbands many professionals use today.

The entire sky encompasses 41,254 square degrees. 
The U.S. Naval Observatory’s UCAC3 astrometric catalog 
was made with an imaging system that covered a square 
degree in a single exposure. As such it needed 40,000 
images to cover the sky once, but it actually required 
more than 200,000 images taken over six years to produce 
the fi nal catalog, given the need for overlapping fi elds to 

New ky Survey
 AVSO’s

The survey telescopes covering the Northern Hemisphere sky are 
located in Weed, New Mexico. Note the white targets used for 
making fl at-fi eld exposures.

The survey is covering the southern sky with telescopes set up 
at Cerro Tololo Inter-American Observatory in Chile. They are 
housed in a clamshell dome (arrowed) originally built for a project 
to monitor gamma-ray bursts. 
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remove systematic eff ects. APASS must cover the sky a 
minimum of four times to remove night-to-night photo-
metric calibration errors, and do this in fi ve passbands — 
10 times more coverage than the minimum required for 
UCAC3. We have to plan carefully if we expect to accom-
plish our goals in a reasonable length of time!

Our fi rst optimization is to establish observing sites 
in the Northern and Southern Hemispheres, and equip 
each with twin telescopes on a single mount. Each scope 
exposes a common area of sky with a diff erent fi lter, 
increasing our effi  ciency by a factor of two. It also ensures 
that we obtain simultaneous photometry in two pass-
bands, which is often useful for poor sky conditions or for 
variable stars that change color quickly (such as a rapid 
eclipsing binary or cataclysmic variable). We do not need 
the spatial resolution of UCAC, so our cameras have a 
fi eld of view covering 8.4 square degrees, giving a signifi -
cant increase in effi  ciency. We expect the observations for 
APASS to require about two years.

Our survey uses entirely off -the-shelf hardware. The 
telescopes are Astro Systeme Austria (ASA) N8 astro-
graphs. These 8-inch f/3.6 Newtonian refl ectors are 
well-made, solid performers, with a Wynne corrector near 
the focal plane to fl atten the fi eld and remove the Newto-
nian’s inherent coma. The Apogee U16m CCD cameras 
use Kodak’s 16-megapixel KAF-16803 detectors. Software 
Bisque provided long-term loan of its fl agship Paramount 
ME, and Diff raction Limited and DC3 Dreams donated 
the software programs MaximDL and ACP Scheduler, 

respectively. Dirk Terrell of the Southwest Research Insti-
tute provided the control computer.

The Northern Hemisphere system is currently installed 
at Tom Smith’s Dark Ridge Observatory near Weed, New 
Mexico. The Southern Hemisphere APASS system is at 
Cerro Tololo Inter-American Observatory (CTIO) in Chile, 
where Dan Reichart (University of North Carolina) is loan-
ing us an empty dome and spare Paramount ME.

We take the longer blue exposures (through the B 
and g′ fi lters) with one astrograph while the other one is 
shooting the shorter redder exposures (through V, r′, and 
i′ fi lters). As such, we cover each fi eld in the fi ve passbands 
during the time it takes to obtain the two 180-second blue 
exposures. With the time needed for image readout and 
telescope slewing, it takes about 9 minutes per fi eld to 
acquire the data. We can shoot between 50 and 70 fi elds 
per night, so we’ll need a minimum of about 330 photo-
metric nights to cover the sky the required four times.

The secret to APASS’s productivity is its software, and 
it was some of the most challenging aspects of our survey. 
MaximDL and ACP Scheduler are designed for a single 
camera on a single mount. To run the twin telescopes, 
Terrell created a pair of virtual Windows XP operating 
systems on a single Linux computer. One controls a cam-
era and the Paramount, while the other controls the sec-
ond camera. Communications between them keeps both 
imaging systems in lockstep so that APASS doesn’t move 
to its next fi eld until all fi ve exposures are completed. 
ACP Scheduler uses a list of fi elds created by Doug Welch 

Described in detail in the accompanying text, each survey instal-
lation uses a pair of 8-inch astrographs riding on a single mount. 
A ring of LEDs mounted on each dew cap illuminates a white 
panel when making fl at-fi eld calibration exposures.A
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(McMaster University) to automatically cover as much sky 
as possible each night.

Data processing begins in the morning after the tele-
scopes are done imaging. The exposures are calibrated 
with master dark frames and fl at fi elds on the local Linux 
computer. Custom software does the star fi nding and 
photometry, producing a star list for each image. These 
are transferred via the internet to the AAVSO’s head-
quarters in Cambridge, Massachusetts, where additional 
software astrometrically calibrates each star list using 
UCAC3. The software also uses Landolt and SDSS stan-
dards recorded each night to photometrically calibrate 
the star lists. Stephen Levine (Lowell Observatory) is 
volunteering his time to handle much of the processing 
at AAVSO headquarters. The fi nal step is to integrate the 
star lists with a master photometry database, from which 
ancillary programs form mean magnitudes for each 
object and make them available to the world.

Transferring star lists is a much more effi  cient way 
of sending data than transferring images. Each night, 
APASS acquires about 16 gigabytes of images. Transfer-
ring this much data to headquarters via our internet con-
nection would take about 30 hours. The compressed star 
lists only take about 30 minutes. We are also permanently 
archiving the original and processed images by swapping 
1.5-terabyte external drives on the control computers and 

mailing them to headquarters on a bimonthly schedule.
APASS has been running in New Mexico since 

December 2009, and has made more than 80 million 
individual measurements of stars. As of February 2011, 
approximately 5,000 square degrees of the northern sky 
have been covered at least twice. The APASS system at 
CTIO was installed in November 2010 and is progressing 
rapidly through the southern sky. We have had two data 
releases totaling 8 million stars from both hemispheres. 
They are available on the AAVSO website.

While the catalog is being used to create photomet-
ric sequences for variable stars in the AAVSO program, 
professionals are also using it to calibrate photographic 
plates, to provide fl ux calibration for multi-object spectro-
graphs, to establish standard stars for multi-night asteroid 
photometry, and for monitoring bright Cepheid variables 
with multiple fi lters. School classrooms can use the data 
to study galactic reddening, do star counts in diff erent 
directions, and to map the extent of open clusters, just to 
give a few examples. We welcome readers to contact the 
AAVSO if they want to learn more about how they can 
join in the fun! ✦

A professional astronomer specializing in observing, instru-
mentation, and software, Arne Henden became director of the 
AAVSO in 2005.

While the survey’s principal mission is to create a massive database of star magnitudes and colors, the raw data can also be used to 
assemble accurate color images of the sky. This view of the well-known Double Cluster in Perseus was assembled from exposures 
made through the Sloan g′, r′, and i′ fi lters.
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Available from Springer,
233 Spring St., New York, NY 10013;
212-460-1500; www.springer.com

SPECTROSCOPY FOR AMATEURS  
Springer, 241 pages
ISBN 978-1-4419-7238-5

Ken M. Harrison’s new book Astronomi-
cal Spectroscopy for Amateurs ($34.95) is 
a complete guide for people interested in 
producing real science with their tele-
scopes. Harrison takes the reader through 
a history of spectroscopy, and presents 
a thorough explanation of the theory of 
spectra. Sections include descriptions of 
the various designs of spectroscopes avail-
able today, as well as designs you can build 
yourself. The author also includes instruc-
tions on processing spectroscopic data 
captured with CCD and DSLR cameras, and 
gets you started with a series of projects 
that will produce scientifi cally useful data.
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New Product Showcase

◀ DOUBLE FILTER WHEEL  Finger 
Lakes Instrumentation releases its 
new CenterLine CL1-10 Filter Wheel 
($2,495) for large-format CCD cam-
eras. The CL1-10 incorporates two 
overlapping 5-position fi lter wheels 
that hold up to ten 50-millimeter-
square fi lters. The unit’s symmetrical 
design and centrally located aper-
ture evenly distributes mass and 
eliminates the off set weight problems 
associated with most fi lter wheels. 
Measuring 13½ by 11 inches, the 
fi lter wheel’s symmetrical design 
is ideal for shooting at prime focus 
on large astrographs. It’s powered 
by two internal stepper motors and 
TruMotion synchronous belts. The 
internal wheels are supported by ball 
bearings that provide smooth, quiet, 
and repeatable operation. The CL1-10 
attaches to your CCD camera via a 
zero-tilt adapter custom machined 
to fi t your particular camera, and is 
controlled via a USB-2 connection. 

Finger Lakes Instrumentation
7298 W. Main St., P.O. Box 19A;
Lima, N.Y. 14485; 585-624-3760
www.fl icamera.com

▶ SKY-WATCHER MOTOFOCUS  JMI Telescopes continues its long tradition of 
developing useful accessories with the introduction of its new Moto-focus ($169) for 
the Sky-Watcher Pro Series 80ED Refractor. The motor slips over the fi ne-focus knob 
of the Sky-Watcher’s dual-speed focuser, and a mounting bracket attaches to its 
base with existing screws, enabling you to adjust your telescope’s focus at the 
push of a button. Each order comes complete with motor, mounting bracket, 
replacement hardware, and a hand-paddle controller. 

JMI Telescopes
8550 West 14th Ave.
Lakewood, CO  80215
800-247-0304
www.jmitelescopes.com

New Product Showcase is a reader service featuring innovative equipment 
and software of interest to amateur astronomers. The descriptions are 
based largely on information supplied by the manufacturers or distributors. 
Sky & Telescope assumes no responsibility for the accuracy of vendors’ 
statements. For further information contact the manufacturer or distributor. 
Announcements should be sent to nps@SkyandTelescope.com. 
Not all announcements can be listed.
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astronomicsastronomics
680 24th Avenue SW, Norman, OK  73069 (800) 422-7876

Mastercard, Visa, Discover, American Express, PayPal. E-mail: questions @ astronomics.com Prices and specifications current as of 3/1/11, but subject to change.

Our 31st year of friendly service,
reliable advice, and money-saving prices.

TM

astronomics.comTM

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

Anyone can sell you a telescope. We’ll sell you the right telescope.™
Our family business has been supplying backyard astronomers with

the right telescope for over 30 years. The right telescope, the right
accessories, the right advice, and the right price.

Call us today toll-free at (800) 422-7876 and find out for yourself.

Want scopes? We got ’em.

Meade

10” LX90-SC
10” f/10 SCT

$2399

Call it a C-note, call it a Benjamin, call it whatever
you like. We simply call it your big Celestron instant
savings. Buy a Celestron CPC go-to Schmidt-
Cassegrain from May 1 to May 31 and you save
$100 to $300 on the spot!

These Celestron CPC go-to scopes with GPS are
fully-equipped, easy to use, and ready to observe right
out of the box. Here’s your chance to save big on a
CPC . . . instantly!
The 8” CPC is $1899 after your $100 rebate!
The 9¼” CPC is $2299 after your $200 rebate!
The 11” CPC is $2699 after your $300 rebate!

Celestron
CPC800 GPS
8” f/10 SCT

$1899
after

rebate!

Get a $398 bonus when
you buy a Meade.

Save a C-note or three
on a Celestron CPC.

Buy a Meade LX90 or LX200 go-to telescope before
May 30 and Meade will send you their 2” Series 5000
99% reflectivity dielectric star diagonal and a 2” 24mm
Ultra Wide Angle 82° field eyepiece (a total retail value of
$398) absolutely free.

With your choice of SCT or Advanced Coma-Free
optics, these fully-equipped Meade GPS scopes are
ready for premium observing right out of the box.

Take your choice of LX90 apertures, from 8” to 12”. Prices
start at $1799, with a free $398 bonus.

Available in apertures from 8” to 16”, LX200 prices start
at $2499, and the $398 bonus is yours free.

Astro-Tech Dobs.
Big apertures at little prices.

Outside the solar system, the more light you gather,
the more you see. When it comes to gathering light, no
scope is more cost-effective than a Dobsonian reflector.

Astro-Tech Dobsonians don’t cost a fortune (only $379.95
for the 8” f/6, $499.95 for the 10” f/4.9, both freight paid), yet
they come with two eyepieces, 8x50mm finder, dual speed
focuser, and lots of quality light-gathering.

AT10D
10” f/4.9

$49995

Even if price is no object,
these are worth every penny.

If price takes a back
seat to optical ex-
cellence in your

back yard, Questar,
Takahashi, and TMB
can give you back
your front row seat
on the Universe.

Questar has
been producing

“the finest small tele-
scopes made” since 1950.
3.5” Questar fully mounted
Maksutov-Cassegrains
start at $4250.

Takahashi has been at the cut-

ting edge of apochro-
matic refractor de-
sign since 1979.
An 85mm Takahashi

OTA can be had
for $3395, while

a fully mounted
85mm go-to starts

at $9349.
The TMB 130 5.1” ED triplet

apochromatic optical tube was
a 2007 “Hot Product.” Its su-
perb optical performance has
been exciting serious astro-

photographers and visual observ-
ers ever since.

Questar 7”
Classic

Titanium,
fork mount,
astro pier,

$22,294

Takahashi
TOA-150B
6” f/7.33

apo triplet,
EM-400 go-
to mount,

$27,549

TMB Optical
TMB-130 5.1” f/7

apo ED triplet
optical tube,

$3,999

Want accessories? We have those, too.

freight paid

Want to save money?
Get telescope and accessory discounts at

astronomics.com when you join Cloudy Nights
for free at www.cloudynights.com/register.

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

Unlike ordinary solar filters, a Coronado
PST personal solar telescope shows you
more than just sunspots. Your PST shows you

immense solar flares and prominences – many big
enough to swallow the Earth – leaping off the Sun’s sur-

face. It’s a display of explosive power that changes as you watch.

$499

Barlows:  We have seven
brands, more than two dozen
models, at prices ranging from
$34.95 to $499.

With 49,000+ members, and dozens of forums to answer your
questions or just chat, Cloudy Nights is the world’s largest,

friendliest, and most informative free astronomy gathering place.

CCD Cameras: We have
dozens of the most popular
imaging systems, priced from
$99 to over $10,000.

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

Dovetail Plates and
Adapters: We have them by
the dozens, from six differ-
ent manufacturers, priced at
$25 and up.

Dust Covers, Scope Cov-
ers, Light Shrouds: We have
over f ive dozen from four
manufacturers, for all popular
scope models and types, start-
ing at $30.

Eyepiece Containers: We
have bolt-style plastic contain-
ers in six sizes, each with foam
inserts at no extra cost, start-
ing at $2.49.

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

non-magnifying, illuminated, dark
crosshair, in colors to match

your scope, straight, right-
angle, red dot, multiple

reticle, all starting at $29.95.

Filters: Color, neutral density,
light pollution, CCD imaging, 2”,
1.25”, 50mm, 50mm square, at
prices from $11.95 to $1975.

Star Diagonals: Choose
prism, mirror, 1.25”, 2”, BK7,
quartz, dielectric, priced from
$42.95 to $495.

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

Wheeley Bars: They make
moving your telescope out to
your observing site easy.
Prices start at $223.
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A Star by Any Other Name
Why are some stars singled out with proper names?

column I discussed celebrating 
the 25/50 anniversary of Halley’s Comet (25 years since 
its last return, 50 years until its next).

In commemoration, why not try to observe an object 
that Halley’s Comet passed near in April 1986: the great 
globular cluster Omega Centauri? It had been cataloged 
as a star for more than a millennium before Edmond Hal-
ley fi rst realized that it’s actually a cluster. Late spring is a 
good time for northerners to try to catch it transiting just 
above the south horizon after nightfall. I’ve seen it from 
almost 41° north, and a bit farther north is possible.

Another object connected with Halley and his comet 
is the far-south star Beta Carinae, also called Miaplacidus, 
which lies in Halley’s now-forgotten constellation Robur 
Carolinum (Charles’ Oak). The head of Halley’s Comet will 
pass in front of this 1.7-magnitude star on May 8, 2134, one 
day after the comet’s closest approach to Earth since 837.

But Halley’s Comet is not my main topic in this col-
umn. Instead, we’re going to discuss some of the constel-
lations and named stars at the times listed for our all-sky 
map on page 44, which we can call the Arcturus Hour.

Naming names at the Arcturus Hour. Zero-
magnitude Arcturus dominates its constellation Boötes, 
1.0-magnitude Spica its constellation Virgo. To the left 
(east) of Boötes are the semi-circle of Corona Borealis the 
Northern Crown, Hercules, and then ascending stars of 
the Summer Triangle (brilliant Vega, Deneb and Altair). 
To the left of Spica is faint Libra the Scales and (low in the 

In last month’s

Fred Schaaf
Northern Hemisphere’s Sky

south-southeast) blazing Scorpius the Scorpion.
I’ll survey a few of these constellations in an unusual 

way — on the basis of the proper names of their stars.
We soon fi nd that being part of the zodiac increases a 

constellation’s chance of having many stars with proper 
names. A Dictionary of Modern Star Names, by Paul 
Kunitzsch and Tim Smart (SkyandTelescope.com/k&s), 
lists names for six stars in dim but zodiacal Virgo: 
Spica or Azimech, Zavijava, Porrima, Vindemiatrix or 
Almuredin, Zaniah, and Syrma (respectively Alpha, Beta, 
Gamma, Epsilon, Eta, and Iota Virginis).

Some non-zodiacal constellations also have many 
named stars. Kunitzsch and Smart list seven for Boötes: 
Arcturus, Nekkar, Seginus, Izar or Pulcherrima, 
Muphrid, Alkalurops, and Merga — respectively Alpha, 
Beta, Gamma, Epsilon, Eta, Mu, and h Boötis. Non-zodia-
cal Hercules is dim but named for the most famous hero 
in Greek mythology, so it has at least fi ve named stars: 
Rasalgethi, Kornephoros or Rutilicus, Marsic, Maasym, 
and Cujam (respectively Alpha, Beta, Kappa, Lambda, and 
Omega Herculis). And being in the zodiac doesn’t save 
dim Libra from having only two well-known star names: 
the unforgettable Zubenelgenubi and Zubeneschamali 
(Alpha and Beta Librae).

But the advantage of being in the zodiac is undeniable: 
spring’s very dim Cancer has four named stars, autumn’s 
dim Capricornus and Aquarius about 10 between them.

Don’t forget that each of these named stars is also a 
sun of its own, worthy of our closer observation. Some 
are particularly interesting — such as Porrima, Gamma 
Virginis, the wonderful double star that is Saturn’s close 
companion throughout June 2011 (see page 48). Indeed, 
we should be fascinated during the several years Saturn 
takes to traverse long Virgo to watch its progress past 
the constellation’s named stars near the ecliptic: fi rst 
Zavijava, then Zaniah, Porrima, and Spica. But between 
Porrima and Spica the planets pass another notable star, 
Theta Virginis. In his classic work Star Names: Their Lore 
and Meaning, Richard Hinckley Allen wrote: “Moderns 
have no name for it, but in the Surya Siddhanta it was 
Apami-Atsa, the Child of the Waters.” ✦

Fred Schaaf welcomes your comments at fschaaf@aol.com.
Here’s what the great globular cluster Omega Centauri looks like 
through binoculars when it’s 1° above the horizon.
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State of Engineering Art in both its design and a new
“Green” fabrication. Designed with the latest 3-D Modeling
CAD software, the tooling was CNC machined for
unprecedented accuracy. A new digital control system
further expands the envelope but we are also pushing the
boundaries of closed mold infusion for fiberglass fabrication.
We have eliminated emission of offensive volatile compounds
while producing the lightest and strongest structure.

Extreme Engineering like Computational Fluid Dynamics (CFD) and Finite
Element Analysis (FEA) assure the highest quality, broadest functionality,
and a product that will last.

Domes range from 7-foot to 20-foot in diameter and feature an elegant
simplicity to “open up” your viewing and reduce your cost of ownership. 

And this is just the beginning!

WE PROMISED TO EXPAND THE ENVELOPE...
AND WHAT A BEAUTIFUL
SHAPE IT HAS TAKEN.

5 SHUTTERS!

949-215-3777 • www.astrohaven.com

ALCONEXPO/2011-bryce
canyon national park

June 29 ~ July 2, 2011 at Ruby’s Inn,
Bryce Canyon City, Utah
26 South Main Street • www.rubysinn.com
Sponsored by the Astronomical League and the Salt Lake Astronomical Society
For more details and registration: http//:alcon.astroleague.org
[ Bryce Canyon National Park features some of the darkest skies in the United
States. The League will hold a nightly public star gaze at the Bryce Canyon Visitor’s
Center for both park visitors and ALCon attendees, and for registered attendees at
Rainbow Point. [ Ruby’s Inn is family-oriented with many options for family fun
including hiking, mountain biking, horseback riding, and ATV tours. Ruby’s Inn is a
full-service resort with several shops offering supplies and souvenirs.
[ Some featured speakers ~ John Dobson; Carolyn Shoemaker; Arne Henden,
Director AAVSO; Dr. Tyler Nordgren, author of “Stars Above, Earth Below;” Bob
Parks, Executive Director, IDA; and the “Dark Ranger,”Kevin Poe
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Call 866-726-7371 or Visit www.HandsonOptics.com

Hands on ptics

NEW  AstroTelescopes 

Classic optical design; Crisp, high-contrast views;
Excellent color performance; Faster cooling aluminum tube; 

2-speed, fully rotating focuser;
OTA

The Clear Choice

The Cambridge Atlas of  
Herschel Objects

JAMES MULLANEY

Illustrated by WIL TIRION

$35.00: Spiral bound: 978-0-521-13817-8: 190 pp.

Deep-Sky Companions: 
The Secret Deep

STEPHEN JAMES O’MEARA

$48.00: Hardback: 978-0-521-19876-9: 400 pp.

The Cambridge Star Atlas

WIL TIRION

$32.99: Spiral bound: 978-0-521-17363-6: 96 pp.

Find these and more new titles at 
www.cambridge.org/us/astronomy

4th
Edition!

www.cambridge.org/us
800.872.7423

Prices subject to change.

NEW SPRING TITLES!

SUBSCRIBE 
to Sky & Telescope 

and SAVE 47% OFF 
the newsstand price—and 

receive 12 big issues. 
PLUS, you will receive 4 FREE gifts!

Visit www.SkyandTelescope.com/subscribe

Let's Go Stargazing, your guide to getting started in 
astronomy and getting the most from your telescope.

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

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

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

1
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4

The Mercury Illusion  p. 30

Amateurs Restore 
Historic Telescope  p. 36

Current Binocular Highlights  p. 58

S&T Test Report: 
3 Low-Cost Telescopes  p. 52

Visit SkyandTelescope.com
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Improve Your Imaging: 
Demystifying Flat Fields  p. 72
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Inside Saturn’s Cassini Division  p. 50
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See SkyandTelescope.com/ataglance for 
details on each week’s celestial events.
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Jupiter
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PLANET VISIBILITY SHOWN FOR LATITUDE 40  NORTH AT MID-MONTH.

Visible June 22 through July 24
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M O O N  P H A S E S

P L A N E T  V I S I B I L I T Y

 1 NEW MOON (5:03 p.m. EDT). A partial eclipse 
  of the Sun is visible over much of the Arctic. 
  Parts of Japan, Alaska, and the Canadian Mari-
  times also experience a very slight partial 
  eclipse; see SkyandTelescope.com/2011Jun01.

 3–5 DUSK: In North America, the waxing crescent
  Moon is below Castor and Pollux, the Twin
  Stars, on June 3rd, between Procyon and the
  Twin Stars on the 4th, and left of the Twin Stars
  on the 5th, as shown on page 48.

 6–12 EVENING: Saturn makes its closest approach 
  to the fi ne double star Gamma Virginis (April 
  issue, page 56). They’re less than 16′ apart, 
  visible in a single telescopic fi eld of view at 
  180× — or higher with a wide-angle eyepiece.

 8 FIRST-QUARTER MOON (10:11 p.m. EDT).

 9–11 EVENING: The waxing gibbous Moon passes
  below Saturn and Spica, as shown on page 48.

 14 Evening: Antares is right of the Moon.

 15 FULL MOON (4:14 p.m. EDT). A total lunar 
  eclipse is visible over all of Africa and Australia, 
  most of Asia, and parts of Europe and South 
  America; see SkyandTelescope.com/2011Jun15.

 19–22 PREDAWN: Mars (magnitude +1.4) and the 
  Pleiades fi t in the same 5° binocular fi eld of 
  view. Look for them low in the east-northeast 
  about 25° lower left of much brighter Jupiter.

 21 THE LONGEST DAY of the year in the Northern 
  Hemisphere. Summer begins at the solstice, 
  1:16 p.m. EDT.

 23  LAST-QUARTER MOON (7:48 a.m. EDT).

 28 DAWN: Look above and below the thin crescent 
  Moon for the Pleiades and Mars, respectively.
  The view is best about an hour before sunrise.

 29 DAWN: The very thin crescent Moon forms a 
  triangle with Mars and Aldebaran. The best  
  views are about 45 minutes before sunrise.

 30 DAWN: North Americans can search for an 
  extremely thin crescent Moon 1° to 3° lower left
  of Venus just above the east-northeastern hori- 
  zon starting a half hour before sunrise, as   
  shown on page 49. Clear air and a completely  
  unobstructed horizon are essential, and binocu- 
  lars will be a huge help.

  DUSK: Mercury forms a straight line with
  fainter Castor and Pollux low in the west-
  northwest 45 minutes after sunset.

I M A G E  B Y  T O N Y  F L A N D E R S

last longest around 
the summer solstice. Make sure you fi nd time to savor them fully!

Sunrise, sunset, and twilight
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Using the Map

WHEN

Late April 2 a.m.*

Early May 1 a.m.* 

Late May  Midnight* 

Early June 11 p.m.*

Late June Dusk

*Daylight-saving time.

HOW

Go outside within an hour or so 
of a time listed above. Hold the 
map out in front of you and turn 
it around so the yellow label for 
the direction you’re facing (such 
as west or 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 so that 
“Facing NW” is at the bottom. 
About two-thirds of the way from 
there to the map’s center is the Big 
Dipper. Go out, face northwest, 
and look two-thirds of the way up 
the sky. There’s the Dipper!

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-June.

Although the constellations have precisely 
defi ned boundaries, this isn’t apparent when viewing the 
actual sky. Indeed, when it comes to fi nding our away 
around, it’s often simpler to associate some objects with 
the “wrong” constellation. Galaxy M104 is a good exam-
ple. Technically it belongs to the constellation Virgo, yet 
for me it’s the prize possession of Corvus, the Crow.

The easiest (and most visually interesting) route to 
M104 is to begin with the attractive binocular pair of Delta 
(δ) and Eta (η) Corvi. Just north of these stars we come to 
an arrow-shaped asterism of 6th-magnitude stars. Look 
closely at the topmost star in the arrow. In my 10×50s, I 
can resolve it into three components. Our target galaxy is 
just a little northeast of this triple.

M104 is a nearly edge-on galaxy, widely known as the 
Sombrero Galaxy from its appearance in big telescopes 
and in photographs. An outlying member of the Virgo 
Cluster, M104 is one of the easier binocular targets in that 
collection. However, the galaxy is not exactly a “gimme” — 
especially if your skies are brightened by light pollution.

At magnitude 7.9, M104 isn’t particularly faint, but 
because of its proximity to a handful of fi eld stars, discern-
ing the galaxy’s full extent can be a tricky proposition. In 
10×50s, the galaxy appears obviously wider along its east-
west axis. The impression of elongation is enhanced by 
groupings of stars on either side of M104 and a faint star 
just to its west. I can separate the star from the galaxy if I 
resort to using my 15×70s, but otherwise it tends to merge 
with M104’s glow. ✦

— Gary Seronik

Binocular Highlight:

M104 and the Crow
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Watch a SPECIAL VIDEO

To watch a video 
tutorial on how to 
use this sky map, 
hosted by S&T 
senior editor Alan 
MacRobert, visit 
SkyandTelescope.
com/maptutorial.
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The Sun and planets are positioned for mid-June; the colored arrows show the motion of each during the month. The Moon is plotted for evening dates in the Americas when it’s waxing (right 
side illuminated) or full, and for morning dates when it’s waning (left side). “Local time of transit” tells when (in Local Mean Time) objects cross the meridian — that is, when they appear due south 
and at their highest — at mid-month. Transits occur an hour later on the 1st, and an hour earlier at month’s end.

Sun  1 4h 33.6m +21° 57′ –– –26.8 31′ 33″ ––  1.014

   30 6h 33.7m +23° 13′ –– –26.8 31′ 28″ ––  1.017

Mercury  1 3h 36.8m +18° 09′  14° Mo  –1.0  5.5″  85%  1.226

   11 5h 03.8m +23° 23′   3° Mo  –2.2  5.1″  99%  1.319

   21 6h 38.6m +24° 55′  10° Ev  –1.3  5.2″  93%  1.282

   30 7h 53.5m +22° 46′  18° Ev  –0.5  5.8″  77%  1.168

Venus  1 3h 09.2m +16° 19′  21° Mo  –3.8 10.6″  93%  1.579

   11 3h 58.6m +19° 30′  18° Mo  –3.8 10.3″  95%  1.617

   21 4h 49.8m +21° 50′  15° Mo  –3.8 10.1″  96%  1.650

   30 5h 37.1m +23° 04′  13° Mo  –3.8 10.0″  97%  1.675

Mars  1 2h 51.7m +16° 00′  25° Mo  +1.3  4.1″  98%  2.284

   16 3h 35.7m +19° 02′  28° Mo  +1.4  4.1″  97%  2.257

   30 4h 17.2m +21° 14′  32° Mo  +1.4  4.2″  97%  2.226

Jupiter  1 1h 49.8m +10° 06′  41° Mo  –2.1 34.8″ 100%  5.671

   30 2h 10.9m +11° 57′  63° Mo  –2.2 37.0″  99%  5.327

Saturn  1 12h 42.3m –1° 43′ 120° Ev  +0.8 18.3″ 100%  9.078

   30 12h 42.6m –1° 52′  93° Ev  +0.9 17.4″ 100%  9.536

Uranus  16 0h 16.5m +0° 59′  80° Mo  +5.9  3.5″ 100% 20.232

Neptune  16 22h 11.9m –11° 43′ 114° Mo  +7.9  2.3″ 100% 29.587

Pluto  16 18h 26.7m –18° 47′ 167° Mo +14.0  0.1″ 100% 31.054

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

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

Sun and Planets, June 2011

 June Right Ascension Declination Elongation Magnitude Diameter Illumination Distance

Planetary Almanac
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Enceladus

Dione

Rhea

Tethys

Titan

June 16 0h UT
Saturn’s Moons

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

Strange New Worlds
The Search for Alien Planets and Life beyond Our Solar 
System
Ray Jayawardhana
“Jayawardhana brings the latest cutting-edge science to all those 
astounding science-fictional visions of alien worlds, showing us 
that the universe is every bit as exciting as the masters of science 
fiction have always claimed.”
—Robert J. Sawyer, Hugo Award–winning author of Wake, Watch, 
and Wonder

Cloth  $24.95  978-0-691-14254-8  

Discoverers of the Universe
William and Caroline Herschel
Michael Hoskin
“Discoverers of the Universe is full of fascinating information that 
has never before seen the light of day. No other account comes 
close to the richness of detail found in this book, which will 
become the definitive reference source on the Herschels. Hoskin is 
exactly the right person to write such a biography.”
—Owen Gingerich, author of God’s Universe

Cloth  $29.95  978-0-691-14833-5

Beyond UFOs
The Search for Extraterrestrial Life and Its Astonishing 
Implications for Our Future
Jeffrey Bennett
“The search for extraterrestrial intelligence today has almost 
theological status in terms of its implications, and yet it is a 
rigorous science conducted by world-class scientists. Jeffrey 
Bennett’s book is one of the finest primers on this burgeoning 
new field.”
—Michael Shermer, publisher of Skeptic and columnist for 
Scientific American

Paper  $18.95  978-0-691-14988-2

See our E-Books at 
press.princeton.edu
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Fred Schaaf
Sun, Moon, and Planets

Giant Planets at Dusk and Dawn
Saturn and Jupiter are best viewed at opposite ends of the year’s shortest nights.

eclipses for 
many people (though not most North 
Americans) and interesting planetary 
sights for all.

The partial solar eclipse on June 1st 
happens mostly across the Arctic, but a 
tiny bite out of the Sun can be seen as far 
south as northern Japan, central Alaska, 
and parts of the Canadian Maritimes. 
June 15th’s very long and deep total eclipse 
of the Moon is visible at least in part 
almost everywhere except North America. 
See SkyandTelescope.com/2011Jun01 
and SkyandTelescope.com/2011Jun15 for 
details on both eclipses.

Saturn is fairly high in the south-
southwest at nightfall for almost everyone 
on Earth. In contrast, the four planets that 
gathered at dawn in May are still mostly 
very low for observers at mid-northern 
latitudes — and now they’re scattering. 
One of the participants, Mercury, drops 
out of the morning twilight and peeks up 
in dusk toward the end of June. The other 
three (Jupiter, Mars, and Venus) are spread 
from moderate height in the east (Jupiter) 

June 2011 offers down to very low in the east-northeast 
(Venus) in the dawn skies of June.

D U S K  A N D  E V E N I N G
Mercury is brightest (magnitude –2.3) at 
superior conjunction on the night of June 
12–13, but that’s when it’s unobservable 
almost directly behind the Sun. Skywatch-
ers at mid-northern latitudes should be 
able to see Mercury in the evening sky 
without optical aid starting around June 
22nd — the beginning of a long but rather 
low apparition. By month’s end Mercury 
has faded to magnitude –0.5, but it’s far 
enough from the Sun to remain about 
5° above the west-northwestern horizon 
45 minutes after sunset. On that last day 
Mercury forms a nearly perfect straight 
line with Pollux and Castor, as shown on 
the facing page.

Saturn shines at magnitude +0.8 about 
halfway up the south sky at dusk as June 
begins. It appears a little lower each eve-
ning, but even at month’s end it’s still 30° 
up in the southwest as the sky grows fully 
dark. The rings reach a minimum tilt of 

7.3° from edgewise in early June, but they 
will open up to 10° by mid-September, 
when Saturn fi nally disappears into the 
sunset glow.

Saturn halts retrograde motion (west-
ward relative to the stars) on June 14th and 
then begins direct motion (eastward). But 
this turnabout is slow so that Saturn this 
month stands almost motionless among 
the stars — and in a very interesting place. 
Saturn spends the entire month within ½° 
of the 3rd-magnitude double star Gamma 
Virginis (Porrima) — with planet and star 
separated by as little as ¼° around June 
11th. This month off ers a rare opportunity 
to use moderately high magnifi cation and 
see the double star (separation only 1.7″) 
split in the same fi eld of view as Saturn’s 
globe and rings.

M I D N I G H T  T O  D A W N
Pluto, in Sagittarius, reaches opposition 
on June 28th, so it’s highest in the south 
in the middle of the night, around 1 a.m. 
daylight-saving time. You will probably 
need at least an 8-inch telescope in very 

dark skies to pick this 14th-
magnitude world out of the rich 
Milky Way star fi elds.

Uranus and Neptune are in 
Pisces and Aquarius, respec-
tively. Both are reasonably high 
in the predawn sky, and easy 
to fi nd with a telescope and the 
charts at SkyandTelescope.com/
uranusneptune.

Spica

Saturn

Moon
June 9Moon

June 10Moon
June 11

V I R G O

C O R V U S

Porrima

1
4  apart!

Looking South-Southwest, halfway up

Dusk, June 9 –11
1 hour after sunset

These scenes are drawn for near the 
middle of North America (latitude 
40° north, longitude 90° west); Euro-
pean observers should move each 
Moon symbol a quarter of the way 
toward the one for the previous date.

Dusk, June 3-5
1 hour after sunset

Castor

Procyon

Pollux

Moon
June 3

Moon
June 4

Moon
June 5

Looking West
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Moon
June 28

Moon
June 29

Moon
June 30

Pleiades

H y a d e s

Looking East-Northeast

Dawn, June 28 –30
30 minutes before sunrise

Antares

Moon
June 13

Moon
June 14

S C O R P I U S

Looking Southeast

Dusk, June 13 –14
1 hour after sunset
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Neptune
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Pluto

Saturn

Mars
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Sun

Mercury Venus

March
equinox

Sept.
equinox

December solstice

June solstice

ORBITS OF THE PL ANETS

The curved arrows show each planet’s movement 
during June. The outer planets don’t change position 
enough in a month to notice at this scale.
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D A W N
Jupiter shines at magnitude –2.1 or 
–2.2 near the southwestern corner of 
Aries. It rises about 2 hours before the 
Sun on June 1st and almost 4 hours before 
sunup on June 30th. But the best time 
to observe it telescopically is when it’s 
higher, in morning twilight.

That’s also when you can see much 
fainter Mars (magnitude +1.3 or +1.4) far 
to Jupiter’s lower left. And if you wait until 
a half hour before sunrise, you can also 
see Venus shining at magnitude –3.8 to 
Mars’s lower left. This long line of worlds 
is the last remnant of May’s amazingly 
compact four-planet congregation.

M O O N  A N D  S U N
The waxing crescent Moon passes 
through Gemini during evening twilight 
on June 3rd and 4th and below Regulus 
on the 6th and 7th. The waxing gibbous 

Moon poses below Saturn and Spica from 
June 9–11 and is left of Antares on June 
14th, the day before full Moon. A slender 
waning lunar crescent shines between the 
Pleiades and Mars on the morning of June 
28th. It forms a triangle with Aldebaran 

and Mars the next morning. Finally, about 
30 minutes before sunrise on June 30th, 
an ultrathin Moon is close to the lower left 
of Venus.

The Sun arrives at the June solstice 
at 1:16 p.m. EDT on June 21st, starting 
summer in the Northern Hemisphere and 
winter in the Southern Hemisphere. The 
Sun and Moon are involved in two June 
eclipses, as described above. ✦

Castor
Pollux

Mercury

Looking West-Northwest

Dusk, June 30
45 minutes after sunset

10
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Charles A. Wood
Exploring the Moon

The Best Lunar Map So Far
NASA’s LRO mosaic shouldn’t spell the end to lunar observing.

object other than 
Earth that spacecraft visited at the dawn of the space age.
There have been nearly 50 missions to study the Moon 
since Luna 2 arrived in 1959, but only now are high-qual-
ity image maps of our entire satellite becoming available. 

Up until 1960 there were mostly hand-drawn maps 
and a few photographic atlases of the side visible from 
Earth, but the far side was completely unknown. Various 
lunar spacecraft gradually provided images of the entire 
far side, but it wasn’t until the Clementine mission in 
1994 that a single spacecraft imaged nearly the entire 
surface. Unfortunately, most Clementine images were 
obtained under full Moon lighting conditions, so surface 
topography was poorly represented with the exception of 
the poles. 

In the mid-2000s, Europe, China, India, and Japan each 
sent orbiters to the Moon, but none of these missions thus 

The moon was the first far have produced high-resolution mosaics of the entire 
surface. Finally, there is a magnifi cent new mosaic of the 
nearside that was obtained by NASA’s Lunar Reconnais-
sance Orbiter (LRO). This spacecraft is equipped with a 
high-resolution camera that reveals objects on the lunar 
surface only a few feet across. This Narrow Angle Cam-
era (NAC) has captured well-publicized images of all the 
Apollo landing sites and most of the Soviet landers, as well 
as millions of extreme close-up views of the lunar surface. 

Lesser known until now is the spacecraft’s smaller 
Wide Angle Camera (WAC), which records broad views 
yielding resolution of roughly 500 feet per pixel. For a two-
week span during December 2010, WAC captured images 
under a nearly constant illumination angle. Scientists have 
combined the images into a massive mosaic depicting the 
entire near side of the Moon. The image is so large that 
whenever it is printed, its scale is reduced so much that 
the splendid detail it shows is lost. Fortunately, the LRO 
team at Arizona State University has found a way around 
this. Its website displays the mosaic in a zoomable browser 
(http://wms.lroc.asu.edu/lroc_browse/view/wac_nearside) 
that allows easy viewing and enlargement of any place on 
the nearside. You should try it, because you will see the 
Moon as never before. 

Viewing the Moon at 500-foot resolution — about 8 
to 10 times sharper than the best visual observations 
possible from your backyard — is best appreciated by 
starting at a familiar location. Most observers are familiar 
with Plato and know that if they can detect a few of the 
largest craters on its fl oor, that the seeing is pretty good 
and their telescope optics are in collimation. The WAC 
mosaic reveals more than 100 craters within Plato. Farther 
east, the central rille that we strain to observe on the fl oor 
of the Alpine Valley is clearly shown along with many 
small impact craters, a ridge or two, and small off sets. 
You may, as I did, spend nearly an hour just cruising 

NASA’s Lunar Reconnaissance Orbiter spent mid-December 
2010 shooting a complete mosaic of the Moon’s Earth-facing 
hemisphere with its Wide Angle Camera (WAC). Each of the 
1,300 image strips used to create this 560-megapixel map were 
recorded at a similar illumination angle to reveal shallow topo-
graphical features. N
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lroc.sese.asu.edu/news/index.php?/archives/345-Farside!-
And-all-the-way-around.html).

You may look at these spectacular mosaics with both a 
sense of awe and disappointment. Is the 400-year period 
of telescopic observation of the Moon at an end? Is there 

any useful telescopic work 
left for amateurs to do? The 
answers are no and yes. Ama-
teurs won’t detect any small 
features that aren’t depicted 
in this and other LRO mosa-
ics. But observers can still 
usefully monitor the Moon 
for impact fl ashes, helping to 
refi ne the present bombard-
ment rate. High-resolution 
telescopic imaging near the 
terminator may detect low 
slope features not seen on the 
present mosaic. But the most 
satisfying reason to observe 
the Moon is to increase your 
personal understanding of 
the origin and evolution of its 
surface. ✦

WAC mosaic or not, Chuck Wood 
continues to observe the Moon 
with his four backyard telescopes.

The Moon  •  June 2011
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For key dates, yellow dots indicate what part of the Moon’s limb is tipped 
the most toward Earth by libration under favorable illumination.

Phases
New Moon June 1, 21:03 UT

First quarter June 9, 2:11 UT

Full Moon June 15, 20:14 UT

Last quarter June 23, 11:48 UT

Distances
Perigee June 12, 2h UT 
226,380 miles diam. 32′ 48″
Apogee June 24, 4h UT
251,560 miles diam. 29′ 31″

Librations
Byrd (crater) June 10

Nansen (crater) June 12

Neper (crater) June 15

Drygalski (crater) June 24

12June 10

15

24

This crop of the WAC mosaic (area shown in yellow box below) hints at the 
dozens of small craters that litter the lava-fl ooded fl oor of the crater Plato (upper 
left). At right, the Alpine Valley is accompanied by a narrow central rille. 

across this mosaic, zooming in to reveal unprecedented 
detail on features that caught my interest. If you ever tire 
of this nearside mosaic, there are also six additional new 
mosaics of the Moon centered at 60° increments, each 
recorded at roughly 100-meter (330-foot) resolution (http://

NASA / GSFC / ARIZONA STATE UNIVERSITY
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Urban Binocular Projects
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fi rst telescope, I always brought along 
modest (8×42) binoculars to locate my targets in wide fi elds 
before narrowing in with the scope. Over the years my 
telescopes grew larger and more expensive. But those original 
binoculars still accompany me on every observing session. At 
home they stand by the door and remain one of my favorite 
ways to view the night sky. Often, when I don’t have the time 
to set up a telescope, I use them to scan for familiar targets 
— and often chance upon an intriguing double star or an 
interesting pattern to add to my list of celestial sights that are 
visible with binoculars through light-polluted skies. 

Here then is the fourth and last in my series on binocular 
showpieces, both famous and unfamiliar, for light-polluted 
observers who may not realize how much there really is to see 
even under poor conditions.

The photos here serve as fi nder charts for many of the 
sights, but every amateur astronomer needs at 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 of deep-sky objects to 
magnitude 10, 11, or 12 depending on type. The descriptions 
here give each object’s right ascension, declination, and
Pocket Sky Atlas (PSA) chart number.

Hugh BartlettHugh Bartlett shares the sky with the public at the Chabot Space 
and Science Center in Oakland, California. You can e-mail him 
at hughandmaret@earthlink.net.

Plan well, and even a light-polluted sky 
off ers riches for binocular astronomy

Binocular
Sightsfor
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Gamma and 11 Ursae Minoris Star pair and more
R.A.: 15h  21m  Dec: +71.8°
The third-brightest star in the Little Dipper is a 
fairly easy double for the unaided eye: magnitudes 
3.0 and 5.0, ¼° apart. But to discern these stars’ 
shades of amber and white, you need binoculars.

And while you’re here, check the much fainter 
pair 8 and TT Ursae Minoris just inside the lip of 
the Little Dipper’s bowl, 0.8° northeast of bright 
Kochab. They’re 7th magnitude, yellow-orange and 
orange, 0.1° apart. TT is a semiregular variable 
that hardly budges from magnitude 7.0, essentially 
identical to 8 UMi. Will you ever catch it brighter or 
fainter? Labels for TT, 8, and 11 have been added to 
the chart below. PSA Chart 41.
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λ and 2 Draconis Star pair R.A.: 11h  31m Dec: +69.3°
κ and 6 Draconis Star pair R.A.: 12h  33m Dec: +69.8°
These two groupings are positioned like the blown-off  
pieces of a pressure-cooker lid on the Big Dipper. Lambda 
Draconis, the Dragon’s tail-tip, is orange-red with an orange 
companion: magnitudes 3.8 and 5.2, separation 0.4°. Kappa, 
blue-white, is part of a little row of four; the other three are 
orange. Kappa’s closest companion among them is 6 Dra; 
magnitudes 3.8 and 5.0, separation ¼  °.  PSA Chart 31.

Sunken Crouton Asterism
R.A.: 11h  35m Dec: +56°
A little-known triangle aster-
ism sits in the bottom of the Big 
Dipper’s bowl like a sunken crou-
ton in a bowl of soup. It’s made 
of stars 5th to 7th magnitude, so 
it’s noticeable in binoculars (with 
a little eff ort) even through a pol-
luted sky.

Why isn’t it better known? It’s 
not exactly eye-grabbing, but once 
you’ve found it once or twice, it’s 
always there waiting when you 
scan the Dipper. How many other 
interesting little asterisms await 
your discovery with just a bit of 
imagination?  PSA Chart 32.

Mizar and Alcor Star pair and more 
R.A.: 13h  24m Dec: +54.9°
Sometimes called the “Horse and Rider,” this famous na-
ked-eye pair (magnitudes 2.0 and 4.4, separation 0.2°) in the 
handle of the Big Dipper contains a faint binocular Easter 
egg. Not quite between the two is Sidus Ludovicianum, 
“Ludwig’s Star,” magnitude 7.6, remembered for an 18th-
century astronomer who laid an egg by announcing to the 
world that it was a new, moving planet.  PSA Chart 43.

Alpha1, Alpha2 (α1, α2) Librae Double star
R.A.: 14h  51m Dec: –16.0°
Turning to the southern sky, scan 18° 
(about three binocular fi elds) west from 
the top of Scorpius to fi nd α Librae, or 
Zubenelgenubi (extra credit for memoriz-
ing the name). This is a wide, landmark 
binocular pair, magnitudes 2.7 and 5.2, 
yellow-white and blue-white, 231″ apart. 
The reason the fainter one received the α1 
designation is because it’s the western of 
the two, and hence it was the fi rst to cross 
the north-south crosshair in a star cata-
loger’s transit telescope.  PSA Chart 57.

The Baby Scorpion Asterism in Hydra
R.A.: 14h  48m Dec: –26.1°
From Zubenelgenubi move 10° due south 
to fi nd Sigma (σ) Librae and the Baby 
Scorpion, with a shape reminiscent of 
Scorpius but only 5° long. Its stars are 
magnitudes 5 to 8.  PSA Chart 57.
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Urban Binocular Projects

Mu1, Mu2 (μ1, μ2) Scorpii Star pair
R.A.: 16h  52m Dec: –38.0°
This stunning white duo is the third bright star down the 
body of Scorpius from Antares. Magnitudes 3.0 and 3.6, 
separation 0.1°.  PSA Chart 58.

M8; 7 and 9 Sagittarii Nebula and stars
R.A.: 18h  03m Dec:  –24.4° 

The Lagoon Nebula, one of the best 
diff use nebulae anywhere, can be 
detected in binoculars even through 
skyglow. It’s above the puff  of 
“steam” — the Large Sagittarius Star 
Cloud — rising from the spout of the 
Sagittarius Teapot.

Binoculars show the star 9 Sagittarii 
(magnitude 5.9) embedded in it, 7 
Sagittarii (magnitude 5.4) just to its 
west, and a magnitude-6.9 star just to 
its east. Many fainter stars lie in and 
around the nebula. The whole array is 
more than ½° wide.  PSA Chart 67.

M22 Globular cluster
R.A.: 18h  36m Dec:  –23.9°
About half a binocular fi eld (2.4°) 
northeast from the top of the 
Sagittarius Teapot lies the second-
closest globular cluster, about 10,000 
light-years away. At magnitude 5.1 
it’s a showpiece in any instrument. 
Binoculars show it as a hazy gray “star,” 
brighter at its center.  PSA Chart 67.

Zeta1, Zeta2 (ζ1, ζ2) Scorpii and NGC 6231  Star pair and more
R.A.: 16h  54m Dec.: –41.8°
One binocular fi eld south of Mu are Zeta1 and Zeta2 Scorpii, 
blue and orange-red, magnitudes 2.6 and 3.6, 408″ apart. A 
third star of magnitude 6.0 lies just to their south, forming a 
roughly equilateral triangle with them.

North of this group by ½° lies the 5th-magnitude open 
cluster NGC 6231. North of there runs a curving spray of 
stars nearly 2° long known as Collinder 316. The whole array 
looks a bit like a false comet with the Zeta pair (or triple) as 
its head. The fi eld is sometimes called the Scorpius Jewel 
Box. Too bad it’s so far south!  PSA Chart 58.

Cat’s Eyes, M7 and M6 Star pair, open clusters
R.A.: 17h  34m Dec.: –37.1°
The brightest stars in the Scorpion’s tail, Lambda (λ) and 
Mu (μ) Scorpii, are known as the Cat’s Eyes, though the 
eyes are unequal and are usually seen at an odd tilt for a cat. 
They’re bright, magnitudes 1.6 and 2.6, and 0.6° apart.

They’re also the starting point for fi nding the big cluster 
M7 and the more compact cluster M6 about one binocu-
lar fi eld (5°) to the east-northeast and north-northeast, 
respectively. A splendid pair of clusters near a splendid pair 
of stars! But again, quite far south.  PSA Chart 58.

Nu1, Nu2 (ν1, ν2) Sagittarii Double Star in Sagittarius
R.A.: 18h  54m Dec: –22.8°
Less than a binocular fi eld (4.2°) east of M22 are these lovely yellowish twins, 
magnitudes 4.9 and 5.0, generously separated (by ¼°) and delicately tinted. A 
couple degrees farther northeast is the brighter bowl of the Sagittarius Teaspoon.  
PSA Chart 67. 
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Join S&T Editor Robert Naeye and Australian S&T Editor Greg Bryant for an unforgettable trip to 
the land Down Under to witness one of nature’s most glorious spectacles: a total solar eclipse. 
You will see the November 13th eclipse from a site near the resort city of Cairns, on Australia’s 
northeastern peninsula. Weather prospects in this area are excellent. The tour also includes:

·  A visit to the world-famous Parkes radio telescope
·  A tour of the Siding Spring Observatory, home of the Anglo-Australian Telescope
·  A boat ride to the Great Barrier Reef
·  A free day in Sydney to see its famous Harbor Bridge and Opera House
·  A drive through Australia’s beautiful Blue Mountains
·  The option to view the eclipse from a hot-air balloon, the beach, or the Outback
·  First-class hotels and restaurants

For full terms, conditions, and detailed information on this tour, please visit: 
http://www.InSightCruises.com/SolarEclipse

$8,999/person based on double occupancy; includes round-trip air from LAX. Book now for 
a $500/person early-bird discount. Off er valid through May 31, 2011. For more information, 
please contact Neil at 650-787-5665 or send a message to neil@InSightCruises.com.

© 2011 Sky & Telescope Media, LLC. All rights reserved.                  CST 2065380-40
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Telescopes & Binoculars continues to grow 
its presence in the world of astronomical imaging. Today 
the company boasts nine models of electronic cameras. 
It also has a full range of imaging telescopes, equatorial 
mounts, and astrophotography accessories, making it the 
only North American manufacturer to off er all the major 
components necessary for a serious deep-sky setup. In the 
past I’ve reviewed Orion’s StarShoot II camera (April 2008 
issue, page 32) and the StarShoot Pro (February 2009, 
page 34). This time I had a chance to put the company’s 
newest fl agship CCD camera — the Orion Parsec 8300 — 
through its paces. 

The Parsec is built around Kodak’s 8.3-megapixel 
KAF-8300 chip, which features 5.4-micron pixels and an 
imaging area measuring 14 by 18 millimeters. The small 
pixels make the Parsec attractive to users of short-focus 
refractors and Newtonian refl ectors. The chip has anti-
blooming protection (to prevent streaks on bright stars), 
high sensitivity, and low dark current, which is further 
reduced by a regulated, two-stage thermoelectric cooler 
that can bring the chip to as much as 35° C below ambi-
ent air temperature. The camera is Orion’s fi rst to have a 
mechanical shutter, so you can make dark frames without 

Orion Parsec 8300M
Does Orion’s newest CCD camera live up to claims that it’s 

the company’s best model yet for deep-sky photographers?

Orion Parsec 8300M
U.S. price: $1,999.95

Orion Telescopes & Binoculars

OrionTelescopes.com; 800-447-1001

Orion’s Parsec 8300 CCD camera is the company’s most 
advanced model yet. Available with either a Kodak KAF-8300 
chip for “one-shot” color or monochrome shooting, the Parsec 
features fan-assisted, two-stage thermoelectric cooling and a 
mechanical shutter. The author was particularly impressed with 
the images it produced, calling them by far the best he’s ever 
made with his 33-year-old, 12½-inch telescope.

Orion

S & T Test Report  Johnny Horne
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having to manually cover the telescope’s aperture — a 
major convenience.

The Parsec is off ered in two models. The 8300C is 
a “one shot” color camera, while the 8300M is a mono-
chrome camera, which can be used with the optional 
Orion Nautilus Motorized 4″ × 2″ Filter Wheel ($449.95) 
and 2-inch Orion LRGB Imaging Filter Set ($349.95) to 
produce color images. Both cameras must be controlled 
by external computers via USB 2.0 connections (the Nau-
tilus fi lter wheel also requires a USB 2.0 connection).

Since many astrophotographers prefer the greater sen-
sitivity and versatility of a monochrome camera, S&T bor-
rowed the Parsec 8300M and Nautilus fi lter wheel for this 
review. I tested them in my backyard observatory with a 
33-year-old 12½-inch Classical Cassegrain, working pri-
marily at the telescope’s f/4 Newtonian focus. The setup 
included a Baader MPCC coma corrector and covered a 
fi eld slightly more than ¾° wide at an image scale of 0.88 
arcsecond per pixel.

The camera comes with a 60-day trial version of 
MaxIm DL Pro, which runs on Windows XP, Vista, and 
7 operating systems. When the trial period ends, Parsec 
owners are entitled to a $100 discount on the purchase of 
a permanent license for the software. MaxIm has many 
advanced features for capturing and processing images, 
including the ability to automate the imaging process, 
which is especially desirable for color work. 

The Parsec requires 12-volt DC power with a maximum 
draw of about 2 amps. It comes with a wall transformer 
as well as a cable for powering it with a car battery. While 
the USB cables for the camera and fi lter wheel are about 
9½ feet long, the transformer cord is less than 6 feet, and 

required me to use an AC 
extension cord for my obser-
vatory setup.

 The 2¼-pound (1-kg) 
camera is roughly 4 inches 
square and 3 inches deep, 
and the front aperture has 
standard female T-threads 
(a 2-inch nosepiece is 
supplied). There’s a 
convenient ¼-20 tripod 

socket on the camera body as well as another on the fi lter 
wheel. I used the one on the camera to attach a “safety 
cable” between it and the telescope to prevent a disaster 
should the camera slip from the telescope’s focuser.

Orion recently introduced adapters that allow you to use 
the Parsec with Canon and Nikon camera lenses. This is 
an extremely welcome accessory for those of us who want 
to do wide-fi eld imaging. Unfortunately, the adapters only 
work with the camera alone, since the added back focus 
required for the Nautilus fi lter wheel places the lenses 
too far from the CCD to reach focus. There’s no problem 
focusing without the fi lter wheel, but some provision 
would need to be made for adding an infrared-blocking 
fi lter, since most camera lenses perform poorly when used 
without one on astronomical CCD cameras.

The only problem I had getting everything set up and 

WHAT WE LIKE:

Outstanding image quality

MaxIm DL software
(trial version) included

Attractive price

WHAT WE DON’T LIKE:

Orion’s camera-lens 
adapter won’t reach focus 
with the fi lter wheel

The combined weight of 
the camera and fi lter wheel 
require that a telescope’s 
focuser be reasonably 
robust. Both devices require 
their own USB 2.0 computer 
connections, but only the 
camera has a 12-volt DC 
power cord, since the fi lter 
wheel is powered through its 
USB cable. 

The author assembled this full-frame view of the Horsehead Nebula in Orion from 
sequences of 200-second sub-exposures through red, green, blue, and clear (lumi-
nance) fi lters that were captured automatically with the MaxIm camera-control 
software and his 12½-inch telescope working at f/4.
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Shown with the fi lter wheel’s cover 
removed, the 2-inch fi lters will not 
vignette the Parsec’s KAF-8300 chip 
even when used with very-fast-focal-
ratio optics. As explained in the 
text, however, the added back-focus 
requirement of the fi lter wheel pre-
vents it from being used with Orion’s 
new camera-lens adapter.

58 June 2011 sky & telescope

Quick Look

working involved the fi lter wheel. 
While it comes with stand-alone 
control software that worked 
fi ne, you must install a separate 
ASCOM driver for the fi lter 
wheel to be controlled by MaxIm. 
I had initial problems with 
MaxIm “seeing” the fi lter wheel. 
I never did get to the bottom of 

the problem, since I found a relatively straightforward 
workaround that involved unplugging the Nautilus USB 
cable and then reinserting it at the start of each imaging 
session after all the software was running. 

Under the stars
I only needed to look at the fi rst raw images as they down-
loaded from the Parsec to realize that this camera delivers 
on its promise of high resolution, low dark current, and 
high sensitivity. My fi rst deep-sky exposure of the large 
spiral galaxy NGC 253 bested anything I had ever shot on 

fi lm with this telescope.
Downloading a full-resolution image takes about 20 

seconds in the “normal” readout mode and 14 seconds 
in the “fast” mode. Binning the pixels 2-by-2 boosts the 
camera’s sensitivity and speeds up the download time, at 
the expense of lower image resolution. I found binning 
useful for composing shots and achieving rough focus. A 
mouse-selectable subframe and the fast download setting 
allow short focusing exposures to be read out rapidly. 
MaxIm can display large digits for a selected star’s peak 
pixel values and its “full-width half-maximum” diameter, 
making it relatively easy to achieve critical focus, even 
when you’re watching the monitor from several feet away. 

I had used a “light” version of MaxIm for my review of 
an earlier Orion camera, but the full version is far more 
advanced, and, accordingly, there was far more for me to 
learn. I certainly recommend that people new to the soft-
ware spend time doing indoor tests before venturing out-
side in the dark. I had the relative comfort of working in a 
domed observatory with a desktop computer, but becoming 
comfortable with the software and learning to confi gure 
the camera for automated LRGB imaging sequences still 
took a few nights. MaxIm can control two cameras at once, 
allowing one to be used as an autoguider, though I used 
my 20-year-old SBIG ST-4 to autoguide my test images. 

The Parsec 8300M created the most impressive deep-
sky images I have ever made with my old 12½-inch scope, 
assembled from commercial parts in 1978. The high-res-
olution chip brought the vintage telescope to a new level. 

by Dennis di Cicco

S&T Test Report

Tele Vue’s New 
Delos Eyepieces
U.S. price: $345 estimated street price
Tele Vue dealers worldwide
www.televue.com

Tele Vue has a new line of eyepieces. But 
unlike the company’s most recent product 
introductions, this one doesn’t push the 
optical envelope — at least not when you look 
at it on paper. Looking through the eyepieces, 
however, is a diff erent matter.

With a family resemblance to the ground-
breaking Ethos line, the physically smaller 
Delos eyepieces are made in 6- and 10-mm 
focal lengths (more are planned). Their 72°°
apparent fi elds rank behind those of the 100°
Ethos and 82° Nagler designs, but are larger 
than the highly regarded 68° Panoptics.

The Delos models have a touch more 
than 20 mm of eye relief, making them 
comfortable for the majority of those who 
wear eyeglass. And they are compatible with 
Tele Vue’s Dioptrx astigmatism correctors. 
The eyepieces have sliding eye guards that 
are infi nitely adjustable (no click stops) and 
lock in place with a collet when you twist the 
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MaxIm is an ideal platform to drive the Parsec and well 
worth the discounted $399 cost for a permanent license 
when the 60-day trial ends. This would bring the com-
bined price of the Parsec, fi lter wheel, LRGB fi lters, and 
permanent license to a little less than $3,200. That’s still 
very attractive for such an advanced camera-control and 
image-processing package. 

The Parsec is a compact camera that takes full advan-

tage of the capabilities of Kodak’s KAF-8300 chip. Anyone 
who has been shooting with cameras having smaller 
chips will be immediately impressed by the Parsec’s large, 
detailed images. ✦

Longtime newspaper photo editor and astrophotographer 
Johnny Horne used the Parsec 8300M as an excuse to 
upgrade his telescope for advanced CCD imaging.

This view of the colorful nebulosity surrounding the star Merope within the Pleiades star cluster shows how the Parsec 8300M’s anti-
blooming feature eff ectively suppresses blooming artifacts on bright stars while maintaining the CCD’s sensitivity to faint light.

textured grips in opposite directions. I really 
like this feature, since it keeps the eye guard 
fi xed when I’m swapping eyepieces in and out 
of scopes.

Delos is the Greek island that mythology 
holds as the birthplace of Apollo (god of light) 
and his twin sister, Artemis (goddess of the 
Moon). Furthermore, the name pays homage 
to Tele Vue’s Paul Dellechiaie, who did the 
optical design for the Delos and Ethos lines.

The Delos eyepieces I tried were on loan 
from Tele Vue. Made to test diff erent styles of 
barrel engraving, they were otherwise identical 

to production models. I spent several nights 
viewing the Moon, Saturn, stars, and nebulae 
with a variety of telescopes, including a 6-inch 
f/12 Maksutov, a 12-inch f/5 Newtonian, and a 
Tele Vue NP-101 (4-inch f/5.4) apo refractor.

The Delos eyepieces are “easy” to look 
through despite the need to position your eye 
carefully in the exit pupil. They have fl at fi elds, 
delivering absolute pinpoint stars from edge 
to edge with no hit of color aberration. The 
view, especially during the daytime, is very 
pure with no noticeable color tint. And there 
wasn’t a hint of ghosts or refl ections, even 
with the brightest stars. To be fair, I wasn’t 
expecting less, given the high standards Tele 
Vue has obviously set for itself with its recent 
eyepiece designs.

What caught me a bit off  guard, however, 
was something that’s best described as 
the observing experience. It was distinctly 
pleasurable. Realizing that such perceptions 

are highly personal, I initially attributed 
it to the wide, yet defi ned, apparent fi eld 
(I could see the entire circular fi eld stop 
without moving my eye — something I fi nd 
comforting). But after comparing views 
through many eyepieces, including one that, 
on paper, should have had a similar “feel” to 
the 10-mm Delos (a Tele Vue 9-mm Nagler 
type 6), I decided it was something else.

The Delos’s very large eye lens is 1.4 inches 
(35 mm) wide, making it appear far out in my 
peripheral vision when I’m observing. As such, 
I have the sensation of looking out of a circular 
window rather than into an eyepiece. I have 
other eyepieces with large eye lenses, but the 
“window” eff ect seems more pronounced with 
the Delos. I’m curious to hear if others agree.

Regardless, Tele Vue has once again proven 
that we should never become complacent 
with the idea that the “last word” in eyepiece 
design has been written. 

WHAT WE LIKE:

Essentially perfect optics

“Immersive” observing experience

WHAT WE DON’T LIKE:

Trying to nail down why the observing 
experience is so pleasurable
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Eclipsing Binaries of Summer
Try your skill at some analogs of Algol.

Most issues of Sky & Telescope contain 
a table showing when the bright variable 
star Algol is at minimum brightness. We 
omit the table in late spring and early 
summer, when Algol is too low to observe 
from mid-northern latitudes. But summer 
has two similar bright variables of its own.

Algol is the brightest and best-known 
example of an eclipsing binary — a double 
star whose orbit is aligned so that one com-
ponent periodically blocks some or all of 
the other one’s light. In most cases there’s a 
primary eclipse when the cooler star passes 
in front of the hotter star, and a secondary 
eclipse when it’s the other way around.

Beta Lyrae
The brightest eclipsing binary of summer 
is Beta (β) Lyrae, also known as Sheliak, 6°
south-southeast of dazzling Vega. It varies 
from magnitude 3.3 to 4.3 with a period of 
12.94 days — up from 12.89 days in 1784, 

Tony Flanders
Celestial Calendar

when John Goodricke discovered its varia-
tions. The increase is due to the fact that 
the two stars orbit so close to each other 
that the more massive one siphons about 
4.5 Earth masses of material per year off  
the atmosphere of its companion. The sto-
len gas forms a disk around the massive 
star that blocks most of its light, making 
it, paradoxically, the fainter of the two 
from our viewpoint. The net eff ect is that 
we’re essentially viewing one strangely 
shaped object with two bright parts. Its 
brightness varies continuously as we view 
it from diff erent angles, as shown below.

To estimate Beta Lyrae’s brightness, 
compare it to the other stars that form 
Lyra’s distinctive geometric shape. At its 
brightest, Beta is a near-twin of nearby 
Gamma (γ). At its faintest, it’s 0.2 magni-
tude fainter than Zeta (ζ) to its north.

If you want to make more accurate 
measurements, try using a digital SLR, as 

explained on page 64 of the April issue. If 
you obtain a light curve this way, report 
it to the American Association of Vari-
able Star Observers (www.aavso.org). The 
star’s changing orbital period needs to be 
tracked; the changes are key to helping 
scientists understand Beta Lyrae’s evolv-
ing nature, which is still fairly mysterious. 
In addition, there’s strong evidence that 
some primary eclipses are shallower (less 
dim) than others, but nobody knows why.

If you have a telescope, don’t forget to 
check out M57, the Ring Nebula, just ¾°
east-southeast of Beta Lyrae. Also, Beta 
has a 6.7-magnitude companion 46″ to its 
southeast, a lovely sight at low power.

While you’re in the area, use binoculars 
or a telescope to search out two of Lyra’s 
other variable stars using the photograph 
at lower left: T and HK Lyrae. These are 
remarkable not so much for their variabil-
ity as their color. Most so-called red stars, 

Magnitudes of comparison stars are shown with the decimal point omitted. Mu (μ) Librae is a tight 
double star whose components add up to magnitude 5.0. 
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such as Antares, are actually a rich orangy 
white. But T and HK are carbon stars, with 
atmospheres containing carbon com-
pounds that absorb most of the blue and 
green light. So carbon stars have a deep, 
saturated color that’s variously described 
as ruby red or copper. T Lyrae, which 
varies irregularly around 7th magnitude, 
is the brighter and redder of the two. 
Little-known HK Lyrae shines around 8th 
magnitude and is less shockingly red.

Delta Librae
The other bright, easy, eclipsing binary of 
summer is Delta (δ) Librae, which varies 
from magnitude 4.9 to 5.9 with a period of 
2.327 days. Ultraviolet observations hint 
that there may be a small amount of mass 
transfer between the components, but 
for most purposes they behave like two 
distinct stars. The pair shines at almost 
constant brightness 70% of the time, when 
the light from both reaches us unim-
peded. During primary eclipse, the bright-
ness drops rapidly for 4½ hours and then 
rises again over the same amount of time. 
Secondary eclipse is barely perceptible.

You’ll probably need binoculars to see 
Delta Librae well. At its brightest, Delta 
is a near-twin of Epsilon (ε) Librae, on the 
opposite side of Beta. When Delta is in 
eclipse, you can estimate its brightness by 
comparing it with the string of 5th- and 
6th-magnitude stars to its southwest, 
labeled in the photograph on the facing 
page. Again, for high-precision measure-
ments you’ll need a digital SLR or CCD 
camera. There’s a long-standing debate 
whether Delta Librae’s orbital period is 
stable or gradually increasing; perhaps
you can help settle it. ✦

Minima of Delta Librae
 May UT

 2 20:09

 5 4:00

 7 11:52

 9 19:43

 12 3:35

 14 11:26

 June UT

 2 2:18

 4 10:09

 6 18:01

 9 1:53

 11 9:44

 13 17:36

 July UT

 2 8:29

 4 16:20

 7 0:12

 9 8:04

 11 15:55

 13 23:47

  Minima of Beta Lyrae
Date UT

May 12 4:12

May 25 2:48

June 7 1:24

June 20 0:01

July 2 22:37

July 15 21:14

July 28 19:51

Date UT

Aug. 10 18:28

Aug. 23 17:05

Sept. 5 15:43

Sept. 18 14:21

Oct. 1 12:58

Oct. 14 11:36

Oct. 27 10:14

UT

4:12

2:48

1:24

0:01

22:37

21:14

19:51

UT

18:28

17:05

15:43

14:21

12:58

11:36

10:14

 16 19:17

 19 3:09

 21 11:00

 23 18:52

 26 2:43

 28 10:35

 30 18:26

 16 1:27

 18 9:19

 20 17:10

 23 1:02

 25 8:54

 27 16:45

 30 0:37

UT

20:09

4:00

11:52

19:43

3:35

11:26

19:17

3:09

11:00

18:52

2:43

10:35

18:26

UT

2:18

10:09

18:01

1:53

9:44

17:36

UT

8:29

16:20

0:12

8:04

15:55

23:47

1:27

9:19

17:10

1:02

8:54

16:45

0:37

See SkyandTelescope.com/eclbin2011 for more information about these predictions.
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toward a dazzling nucleus. At 102× starry rays and arcs 
adorn the halo, with many relatively bright gems sharply 
standing out from the fainter chips. Outliers stick closer 
to home in the northwestern quadrant than elsewhere. 
M5’s glittering core is partly resolved into stars across its 
entire face, and pale yellow 5 Serpentis is revealed as a 
double star, whose bright primary minds a much fainter, 
reddish orange companion to its northeast.

Through my 10-inch refl ector at 213×, M5 is a glorious 
abundance of suns! I see the halo’s sparse outer fringes 
spanning 21′, and its arcing stars bring to mind a multi-
armed spiral galaxy such as the Pinwheel (M101 in Ursa 
Major). Another twist of the imagination coifs M5 in an 
untidy hairdo, with most of its tousled tresses drooping 
roughly southeastward. The cluster is positively opulent 
in my 14.5-inch refl ector at 276×, and the outermost part 
of its core is threaded with a twisty dark lane meandering 
most of the way around it.

Just 2.3° south-southwest of M5, we come to a much 
more diffi  cult globular cluster, Palomar 5. With my 
10-inch scope at 220×, I see a delicate 6½′ haze set 
between a 9.0-magnitude star to the southwest and a 
10.6-magnitude star off  the opposite side. A faint fore-

The Far Country
The Serpent’s head hosts showpieces bright and faint.

and unusual 
destination for pilgrims of the stars — the only discon-
tinuous constellation in the sky. It represents the serpent 
being held by Ophiuchus, whose fi gure divides Serpens 
into two unconnected parts. East of Ophiuchus we see 
Serpens Cauda, the serpent’s tail, while to the west we 
fi nd Serpens Caput, which includes its head.

Come with me now to Serpens Caput, which hosts 
Messier 5, one of the most spectacular globular clusters in 
the northern sky. Following an imaginary line from 109 to 
110 Virginis and continuing it for nearly that distance again 
will bring you right to this lovely cluster. In my semirural 
sky, M5 is bright even in my 8×50 fi nderscope, where it’s 
closely guarded by the 5th-magnitude star 5 Serpentis. 

M5 is quite pretty in my 130-mm refractor at 37×, 
ruffl  ed with a diamond-dust halo elongated northeast-
southwest for 14′. The cluster’s brilliant 3′ core intensifi es 

Serpens is a fascinating

Come with me now, Pilgrim of the stars,
For our time is upon us and our eyes
shall see the far country
and the shining cities of Infi nity.

— Robert Burnham, Jr., Burnham’s Celestial Handbook

Sue French
Deep-Sky Wonders

These frames from the Sloan Digital Sky Survey have identical exposures and scales (both are 13.5′ wide). They show the dramatic 
contrast between two globular clusters: rich, nearby Messier 5 (left) and faint, distant, star-poor Palomar 5.
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ground star pins the northern edge and another sits near 
the cluster’s center. A few painfully dim stars pop in and 
out of view. The 14.5-inch refl ector at 170× shows about 15 
very faint stars, mostly in the southwestern half of Pal 5.

Why the big diff erence in appearance between M5 and 
Pal 5? M5 is approximately 24,000 light-years away and 
rules 286,000 stars, while Pal 5 is an incredible 76,000 
light-years distant and commands only 5,000 stars. Pal 5 
is being torn asunder by tides exerted by our galaxy. Its 
population of low-mass stars depleted, Pal 5’s remaining 
stars average twice the mass 
of those in normal globular 
clusters. Studies indicate that 
tidal debris is smeared into 
opposing tails that span 10°
on the sky and contain more 
mass than the cluster itself.

NGC 5921, the bright-
est galaxy in Serpens at 
magnitude 10.8, resides 3.1°
northeast of M5 and 1.7° east 
of 3 Serpentis. Its light is 
unevenly distributed, making 
some parts much easier to 
see than others. Through my 
130-mm refractor at 37×, the 
galaxy is a small elongated 
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Bright Messier 5 and NGC 5921 should be easy to locate with 
this chart, which shows stars down to magnitude 6.5. A detailed 
chart for Seyfert’s Sextet appears later in this article, and the 
article “Galaxies near Bright Stars” has a detailed chart that 
includes Palomar 5.

smudge visible with averted vision. It crowds the north-
westernmost of three stars that form a nearly equilateral 
3′ triangle. At 102× the galaxy is 1½′ long and one-quarter 
as wide, tipped north-northeast and accented by a slightly 
brighter center. 

Through my 10-inch refl ector at 118×, NGC 5921 is a 2′ 
× 1′ oval with a small bright core. Boosting the power to 
192× reveals a little wisp curving more or less northwest 
from the oval’s north-northeastern end and another arc-
ing southeast from its opposite end. A very dim oval halo 
tilts northwest. The view is very nice at 220×. The wisps 
can be followed a bit farther along their curves, and the 
halo covers 3′ × 2′. A very faint star hugs the edge of the 
halo west-northwest of the galaxy’s center.

NGC 5921 is a barred spiral galaxy, with the bar 
running the length of an interior ring. With my 10-inch 
scope, I see these two structures blending together as the 
central oval while the wisps proceed from its tips. Can 
you distinguish the bar from the ring?

Next we’ll climb up to Delta (δ) Serpentis, a bright 
star pair with the companion 4.1″ south of its primary. 
They’re well separated through my 130-mm refractor at 
102×, and both appear yellow-white. About 210 light-years 
away, these stars are subgiants evolving away from the 
main sequence of stable stars that burn hydrogen in their 
cores. Currently shining with 76 and 31 times the lumi-
nosity of our Sun, Delta’s components are on their way to 
becoming giant stars. This transition takes but a small 
fraction of star’s life, making subgiants relatively rare.

Serpens Caput is also home to the renowned galaxy 
group Seyfert’s Sextet, an ultracompact bunch of galax-
ies crammed within 2′ on the sky. Despite the name, there 
may be only four related galaxies here, about 200 million 
light-years distant. The smudge in the northeast is prob-
ably a tidal tail or the remains of a shredded galaxy, while 
the little face-on spiral is thought to be a background 
galaxy more than four times farther away. The physically 

Treasures of the Serpent’s Head

Object Type Magnitude Size/Sep. RA Dec.

Messier 5 Globular cluster 5.7 23′ 15h 18.6m +2° 05′

5 Serpentis Double star 5.1, 10.1 11.4″ 15h 19.3m +1° 46′

Palomar 5 Globular cluster 11.8 8.0′ 15h 16.1m –0° 07′

NGC 5921 Galaxy 10.8 4.9′ × 3.9′ 15h 21.9m +5° 04′

Delta Serpentis Double star 4.2, 5.2 4.1″ 15h 34.8m +10° 32′

Seyfert’s Sextet Galaxy group 12.6 1.8′ 15h 59.2m +20° 46′

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 magnifi cation of the viewing instrument. Right ascension and declination are for 
equinox 2000.0.

Type 

Globular cluster 

Double star 

Globular cluster 

Galaxy 

Double star 

Galaxy group 

Size/Sep. 

23′ 

11.4″ ″

8.0′ 

4.9′ × 3.9′ 

4.1″ ″

1.8′ 

Dec.

+2° 05′

+1° 46′

–0° 07′

+5° 04′

+10° 32′

+20° 46′
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Deep-Sky Wonders

discern the galaxies more easily at 315×, and I thought I 
might be catching a glimpse of NGC 6027d (79e) now and 
then, so I boosted the magnifi cation to 441×. Fortunately, 
the transparency of the sky and the seeing (image steadi-
ness) were both good that night, and I was able to spot 
little NGC 6027d. Evidently I needed to get it far enough 
away from brighter NGC 6027 to detect.

While seeing Seyfert’s Sextet as a blended glow isn’t 
too diffi  cult, trying to distinguish individual objects is not 
for the faint of heart. I spent more than an hour carefully 
studying the group with my 14.5-inch refl ector, but it’s a 
thrilling accomplishment to ferret out the shining cities 
of this far country. ✦

Sue French welcomes your questions and comments at 
scfrench@nycap.rr.com.

The Hubble Space Telescope captured Seyfert’s Sextet in exqui-
site detail. Sadly, no eyepiece view will even come close.

16h00m 15h55m 15h50m

+21°

+20°

UGC
10127

6008

Seyfert's
Sextet

ρ

Star magnitudes
5 6 7 8 9 10

associated objects are packed together so closely that they 
occupy less space than our own Milky Way. 

The members of Seyfert’s Sextet have visual magni-
tudes ranging from about 13.5 to 15.6, the brightest being 
NGC 6027. Carl Seyfert discovered the other objects in this 
assemblage in 1948, and he later designated them NGC 
6027a through 6027e. In 1982 Paul Hickson lettered the 
fi ve galaxies in his catalog of compact groups, so those are 
also known as Hickson 79a through 79e. Because the NGC 
and Hickson letters diff er, they have often been mixed up.

Seyfert’s Sextet is visible as a very faint fuzzy patch in 
my 130-mm refractor at 117×. The slightly lumpy glow is 
too large to be only one galaxy, and I suspect it’s a blend of 
the three brightest. My 10-inch scope at 220× reveals three 
fuzzy lumps nicely sandwiched between two faint stars 
about 1¼′ east-southeast and 1¾′ west. They are NGC 6027 
(Hickson 79b), NGC 6027b (79c), and NGC 6027a (79a).

My 14.5-inch refl ector at 276× shows another star east-
southeast of the galaxies. NGC 6027 appears brightest 
and has a brighter center. NGC 6027b seems to be the 
next brightest, while NGC 6027a looks larger but a little 
dimmer. NGC 6027c (79d) and NGC 6027e are visible 
with averted vision, the latter just a ghostly blur. I could 

NGC 5921 is a magnifi cent example of a barred spiral galaxy.
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For more information email your questions 
to: registrar@rtmcastronomyexpo.org
or visit our website below at:
www.rtmcastronomyexpo.org
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at the Northwoods Resort
in Big Bear, California

For further information, please 
visit our website at:

www.socastrosci.org
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In the fall of 2006 we 
completed the installation 
of the 40.375 foot Ob-
serva-DOME at Magdalena 
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Gary Seronik
Telescope Workshop

A 12-inch Planet Catcher
A long-focus Newtonian off ers superb high-power viewing.

is unique 
among telescope designs. No other confi guration boasts 
as broad a useful range of apertures and focal ratios. This 
makes the humble Newtonian ideal for customizing for 
a specifi c observing task. And when it comes to high-
magnifi cation views of the planets, it’s hard to beat a 
long-focus refl ector. From my own experience building a 
6-inch f/9 Newtonian (described on my website), I know 
that these scopes can really deliver the goods.

Another fan of long-focus Newtonians was the late 
Tom Cave. This mirror-making legend and master plan-
etary observer from southern California had the means 
to build essentially any refl ector he desired, but when 
it came to crafting one for his personal use, he chose a 
12-inch f/11 Newtonian. By his account, it was a stun-

ning success. “My memories of the breathtaking images 
that the telescope delivered on the fi rst night of really 
good seeing are undimmed by the passage of time,” Cave 
wrote. “They surpassed my fondest dreams — minor divi-
sions in the rings of Saturn stood out boldly and Jupiter 
displayed a fantastic welter of intricate belt detail.”

Some 50 years later, De Soto, Kansas, telescope-maker 
Doug Zubenel set out to build his own dream scope. “I 
really liked the photos I’d seen from the 1950s of Clarence 
P. Custer’s Springfi eld-mounted, long-focus Newt,” 
Doug recalls. “I also thought it would be great to have an 
instrument similar to Leslie Peltier’s 12-inch refractor, 
which I had the privilege of using many times in the 
1970s.” With that in mind, Doug ordered a 12½-inch 
mirror-grinding kit from Willmann-Bell and got busy.

Doug found that one of the trickiest issues when it 
comes to a long-focus mirror is the shallowness of the 
required curve. Indeed, it’s so shallow that the mirror 
won’t automatically become a sphere during polishing, 
as shorter focal-ratio optics tend to do. “I found it chal-
lenging simply getting the mirror spherical,” he recounts. 
“Nice wide channels in the pitch lap did the trick, and the 
mirror needed just the slightest bit of deepening to bring 
it to its fi nal fi gure.” In the end, it turned out very well 
indeed — good enough to win second prize for optics at 
Vermont’s annual Stellafane convention in 2006.

In an eff ort to replicate the views he had with Peltier’s 
big refractor (but minus the color aberration inherent in 
an achromatic lens that size), Doug opted to make his 
Newtonian’s spider with three curved vanes, thus elimi-
nating the diff raction spikes produced by straight-vaned 
spiders. The vanes were fabricated from 1-inch-wide strips 
of 1/32-inch-thick aluminum.

While a curved-vane spider only appears to lessen dif-
fraction eff ects, using a small secondary mirror actually 
reduces the total diff raction within the image. “I use two 
secondaries in this scope,” Doug reports. “For lunar and 
planetary viewing, I install one with a 1.83-inch minor 
axis. But for deep-sky viewing with 2-inch eyepieces, 
which benefi t from a larger fully illuminated fi eld, I swap 
in a 2½-inch fl at.” Each secondary is mounted in its own 
holder so he can quickly install either one without the 
need to recollimate the system.
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The newtonian reflector

Doug Zubenel’s 12½-inch f/10 Newtonian is dubbed “Planet Catcher” 
for good reason — it excels at high-contrast views of solar-system tar-
gets. That same contrast also provides great views of deep-sky objects, 
especially globular clusters and planetary nebulae, which are Zubenel’s 
main observing interest.
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As the picture on the opposite page 
makes obvious, a 12½-inch f/10 is a big 
telescope. With more than 12 feet of focal 
length, the scope needs a very rigid tube 
and a sturdy mount. The tube is made 
from ¼-inch-thick Sonotube sealed inside 
and out with polyester resin. “The inside 
diameter is 16 inches, which provides 
plenty of air space around the primary and 
helps keeps the thermals down,” Doug 
notes. The Planet Catcher’s heavy-duty 
equatorial mount and drive system is 
the work of Doug’s long-time friend and 
talented machinist, Mike Larkin of Blue 
Springs, Missouri.

Did Doug’s eff orts pay off ? “Planet 
Catcher saw fi rst light on the evening of 
August 20, 2003,” he recalls. “I excitedly 
aimed the scope at Mars, then only days 
from its close approach to Earth, and 
stared in awe as Solis Lacus — the eye of 
Mars — stared back at me!” And Mars 
wasn’t the only eagerly awaited target. 
Saturn also beckoned, but Doug had to 
wait two long months for a morning of 
excellent seeing before he got his fi rst 
really good look. “At 635×, Saturn was 
absolutely unbelievable,” Doug enthused. 
“With the rings opened up, I could even 
see the thin, black hairline of the Encke 
Gap in the bright, outer A ring.”

Tom Cave would have been pleased!
Readers can contact Doug via e-mail at 

dougzubenel@gmail.com. ✦

Contributing editor Gary Seronik has built 
numerous telescopes, several of which are fea-
tured on his website, www.garyseronik.com.

Planet Catcher’s curved-vane spider yields refrac-
tor-like views by eliminating the diff raction spikes 
that typically accompany bright stars and planets 
in telescopes having straight-vane spiders.
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orders-hd-individuals@springer.com (for rest of World). Prices subject to change without notice. All 
prices are net prices.

Guidebook to the Constellations
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Series: Patrick Moore’s Practical Astronomy Series
Written by Phil Simpson
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This handbook is a guide to exploring the night sky and its wonderful telescopic 
sights. All 88 offi  cially recognized constellations are organized into logical and 
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1,001 Celestial Wonders to See Before You Die
The Best Sky Objects for Star Gazers
Series: Patrick Moore’s Practical Astronomy Series
Written by Michael Bakich

2010, 479 pp., 262 illustrations, Softcover; ISBN: 978-1-4419-1776-8; Price:  $44.95  

This guidebook shows you how to spot constellations you’ve heard of but never 
found. It includes more than 250 astro-images that readers can identify and then 
compare with their own telescope views.

The Kaguya Lunar Atlas
The Moon in High Resolution
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2011, 174 pp., 133 illustrations, Hardcover; ISBN: 978-1-4419-7284-2; Price:  $39.95

This atlas presents the fi rst photos taken from space in high-defi nition, 
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P.O. Box 312, Plainfield, IL, USA 60544
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and early summer usher in moderate 
temperatures, a welcome relief following the cold winter 
observing months. This seasonal change also ushers in a 
plethora of deep-sky objects, many of them remote galax-
ies. Finding these elusive objects can be challenging for 
both beginners and seasoned observers.

For the past few years I’ve assembled a list of deep-sky 
objects that happen to lie next to bright stars. An example 
in the winter sky is NGC 2024, the Flame Nebula, which 
is next to the 2nd-magnitude star Alnitak (Zeta Orionis) 
in Orion’s Belt. A glimpse through a telescope shows the 
nebula as large hazy glow suspended northeast of the 
bright star.

Although the spring sky doesn’t contain a multitude 
of bright stars such as Alnitak, there are still plenty of 
fainter naked-eye stars that can be used as guideposts to 
fi nd deep-sky objects. I have compiled a list of 16 galaxies 
visible in late spring and early summer, most of which 
lie within 40′ of a star that’s 5th magnitude or brighter. 
That means that both are visible simultaneously in the 
fi eld of a typical Plössl eyepiece at 60×. In a few cases you 
will have to stretch a little farther, or use a fainter star as 
a guidepost.

This article contains star charts for all the objects 
described in it, but if you want to fi nd other objects near 
bright stars, you will need your own charts. They can be 
displayed on the screen of your laptop or printed on paper 
— everyone has his or her own preference. While com-
puter charts off er greater detail and larger scales, laptops 
are susceptible to battery failure when used in the fi eld. 
An excellent and economical choice of a printed atlas is 
Sky & Telescope’s The Pocket Star Atlas. The scale is quite 

Late spring

These faint fuzzies are easy to fi nd, but not always easy to see.

Glare from 109 Virginis is visible at the bottom of this photo of 
NGC 5746, one of the fi nest edge-on spiral galaxies in the sky. 
The star off  NGC 5746’s tip glows at magnitude 8.5. North is to 
the upper left.
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respectable, yet it’s small enough to nearly fi t in the glove 
box of your car on the way to an observing site.

 Another helpful accessory is a good pair of binocu-
lars. They don’t have to be big — 7×35’s are perfectly 
adequate — because you’re only using them to help fi nd 
the relatively bright stars that will serve as guideposts to 
your target objects.

Like all galaxies, the ones in this tour are best viewed 
under dark skies. Many of them should be visible from 
suburban backyards through an 8-inch telescope, but the 
darker your skies are, the greater the chances of your see-
ing interesting details within the galaxies.

Let’s start our tour near the well-known Big Dipper 
asterism. About 4¼° west-southwest of Merak (β Ursae 
Majoris), the southernmost “pointer” star, is the 5.6-mag-
nitude star HR 4165, as shown in the chart above. The star 
appears faint to the naked eye, and may even be invisible 
if there’s too much skyglow, but it’s easily seen in binocu-
lars and fi nderscopes.

HR 4165 appears quite bright through a telescope, 
but this shouldn’t prevent you from seeing NGC 3310, a 
10.8-magnitude galaxy only 10′ to the star’s south-south-
west. This face-on spiral will probably appear as a fuzzy 
round spot, resembling an unresolved globular cluster.

Now let’s try a fainter galaxy near a somewhat brighter 
star. Scan 2½° north-northwest from HR 4165 (or 4¼° 
west from Merak) for 4.8-magnitude 36 Ursae Majoris. If 
this star is centered in a telescope at 60×, NGC 3264 will 
be in the same fi eld 16′ to the star’s east-northeast. This 
large, 12.0-magnitude edge-on galaxy is visible in a 6-inch 
telescope under dark skies. Normally it would be diffi  cult 
to fi nd, but the bright star helps pinpoint its exact location.

If you have trouble seeing NGC 3264 — or any of the 
galaxies in this article — trying moving the guidepost 
star just outside the fi eld of view, so that its glare doesn’t 
mask the galaxy’s glow. Higher magnifi cations can also 
help, by increasing the apparent separation between the 

star and galaxy. Calculate the fi eld of view of each of 
your eyepieces so you can use it to measure the distance. 
Other tricks for fi nding faint objects are averted vision — 
looking off  to the side of your target — and moving the 
telescope gently back and forth. 

Moving to the opposite end of the Big Dipper, the 
star at the end of the handle is Alkaid, η Ursae Majoris. 
Scan 7½° east of Alkaid, into the northwestern corner of 
Boötes, where you’ll fi nd the irregular variable star CH 
Boötis, which fl uctuates between magnitudes 5.7 and 5.9. 
The large, 11.2-magnitude galaxy NGC 5676 lies about 
19′ to the west-northwest of CH. Interestingly, CH lies at 
a distance of approximately 800 light-years, but the galaxy 
is about 100 million light-years away.

This frame from the Palomar Sky Survey is similar to what you’d 
see through a telescope, with NGC 3310 10′ south-southwest of 
the 5.6-magnitude star HR 4165. 
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Observing Galaxies

Galaxies near Bright Stars
Object Constellation Magnitude Size RA Dec.

NGC 3310 UMa 10.8 3.1′ × 2.4′ 10h 38.8m +53° 30′

NGC 3264 UMa 12.0 2.9′ × 1.2′ 10h 32.3m +56° 05′

NGC 5676 Boo 11.2 3.9′ × 1.8′ 14h 32.8m +49° 27′

Messier 98 Com 10.1 9.4′ × 2.8′ 12h 13.8m +14° 54′

Messier 99 Com 9.9 5.3′ × 4.6′ 12h 18.8m +14° 25′

NGC 4494 Com 9.8 4.8′ × 3.5′ 12h 31.4m +25° 47′

NGC 5334 Vir 11.3 4.2′ × 3.0′ 13h 52.9m –01° 07′

NGC 5345 Vir 12.4 1.6′ × 1.5′ 13h 54.2m –01° 26′

NGC 5746 Vir 10.3 7.4′ × 1.3′ 14h 44.9m +01° 57′

NGC 5740 Vir 11.9 2.8′ × 1.5′ 14h 44.4m +01° 41′

NGC 5813 Vir 10.5 4.0′ × 2.8′ 15h 01.2m +01° 42′

NGC 5814 Vir 13.8 0.9′ × 0.5′ 15h 01.4m +01° 38′

NGC 5806 Vir 11.7 3.2′ × 1.6′ 15h 00.0m +01° 53′

NGC 5838 Vir 10.9 4.2′ × 1.5′ 15h 05.4m +02° 06′

NGC 5846 Vir 10.0 4.0′ × 3.7′ 15h 06.5m +01° 36′

NGC 5850 Vir 10.8 4.5′ × 3.9′ 15h 07.1m +01° 33′

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

Constellation 

UMa 

UMa 

Boo 

Com 

Com 

Com 

Vir 

Vir 

Vir 

Vir 

Vir 

Vir 

Vir 

Vir 

Vir 

Vir 

Size 

3.1′ × 2.4′ 

2.9′ × 1.2′ 

3.9′ × 1.8′ 

9.4′ × 2.8′ 

5.3′ × 4.6′ 

4.8′ × 3.5′ 

4.2′ × 3.0′ 

1.6′ × 1.5′ 

7.4′ × 1.3′ 

2.8′ × 1.5′ 

4.0′ × 2.8′ 

0.9′ × 0.5′ 

3.2′ × 1.6′ 

4.2′ × 1.5′ 

4.0′ × 3.7′ 

4.5′ × 3.9′ 

Dec.

+53° 30′

+56° 05′

+49° 27′

+14° 54′

+14° 25′

+25° 47′

–01° 07′

–01° 26′

+01° 57′

+01° 41′

+01° 42′

+01° 38′

+01° 53′

+02° 06′

+01° 36′

+01° 33′

Shifting south to the Virgo Cluster, the 10.1-magnitude 
galaxy M98 is rather faint for a Messier object, but it’s 
easy to locate because it happens to lie 32′ due west of the 
5.1-magnitude star 6 Comae Berenices. If you’re viewing 
at 60× or higher, you may need to de-center 6 Comae, 
placing it near the eastern edge of the fi eld, in order to get 
the star and galaxy into the same view. The galaxy’s edge-
on appearance is easily discernible in small telescopes.

Now move the telescope almost 1° east-southeast of 6 
Comae and look for the 6.5-magnitude star HD 107170, 
which is plotted but not labeled on the chart at upper 
left. The 9.9-magnitude galaxy M99 will look like a faint 
refl ection 10′ southwest of the star. M99 was the second 
galaxy (after M51) to have its spiral structure recognized. 
Both discoveries were made by Irish astronomer Wil-
liam Parsons (Lord Rosse) in the spring of 1848. A hint 
of M99’s structure is visible in large amateur telescopes, 
especially the northern spiral arm.

Many other galaxies crowd the Coma Berenices area, but 
a particularly interesting one is 9.8-magnitude NGC 4494, 
which lies just 6′ south-southwest of the 7.9-magnitude star 
HD 109030. To locate it, fi rst fi nd the 5th-magnitude double 
star 17 Comae Berenices, then move about ½° eastward. 
The 10th-magnitude galaxy has relatively high surface 
brightness, appearing like a ghostly image of HD 109030.

We’ll fi nish this tour in eastern Virgo, which is high-
est in the south shortly after the sky grows fully dark in 
late May and early June. If you center the 5.2-magnitude 
star 90 Virginis in a telescope at 80× and then scan 35′ to 
the northwest, the 11.3-magnitude barred spiral galaxy 
NGC 5334 will enter the fi eld of view before the star 
leaves it. The galaxy will appear faint and elongated in an 
8-inch telescope, but it should be easy to see in smaller 
telescopes if you shift the star out of the fi eld of view. If 
you want a greater challenge, look for NGC 5345, only 8′

Above: Studies hint that the barred spiral galaxy NGC 5850 may 
have been disrupted by a close encounter with the giant elliptical 
galaxy NGC 5846, shown here 10′ to 5850’s west-northwest. Note 
tiny, bright NGC 5846A nestled just south of NGC 5846.
Left: This chart shows stars down to magnitude 8.5. The labels 
for HD 107170 and 109030, near the target galaxies M99 and NGC 
4494, have been omitted for clarity.
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northeast of 90 Virginis. At magnitude 12.4 it should be 
visible in a 10-inch telescope even in moderately light-pol-
luted skies, but you’ll have to shift 90 Virginis completely 
out of the fi eld to see it.

Our standard constellation “stick fi gure” shows 3.7- 
magnitude 109 Virginis at the left end of Virgo’s upper 
leg. If you center this star in a telescope at 80×, you should 
see the 10.3-magnitude galaxy NGC 5746 20′ to the west. 
This large, low-surface-brightness edge-on spiral should 
be visible in an 80-mm refractor in a dark sky, and it’s 
easy in larger telescopes. The slightly fainter face-on 
spiral NGC 5740 31′ to the west-southwest of 109 Virginis 
can fi t in the same fi eld of view, making a beautiful trio.

Just 4° east of 109 Virginis is the 4.4-magnitude star 
110 Virginis, which lies in the foreground of a modest 
but attractive galaxy group. Scan 36′ southwest from the 
star at about 80× and look for NGC 5813, a large elliptical 
galaxy that’s quite easy to see. NGC 5814 lies less than 5′
southeast of 5813, but at magnitude 13.8 this small galaxy 
is perhaps best reserved for users of large telescopes. Also 
in the fi eld will be 11.7-magnitude NGC 5806.

Now we’ll look on the opposite side of 110 Virginis, 
where the main concentration of this galaxy group lies. 
Start with 10.9-magnitude NGC 5838 38′ due east of the 
star. Then move another 34′ southeast to fi nd NGC 5846, 
the massive elliptical that dominates the entire group. 
At magnitude 10.8, it’s the brightest non-Messier galaxy 
in our tour. Large scopes may also show NGC 5846A, a 
tiny but intense galaxy embedded in NGC 5846’s halo 40″
south of the larger galaxy’s core, as shown in the image 
on the facing page. And fi nally, look 10′ east-southeast 
of NGC 5846 for NGC 5850, a large galaxy whose low 
surface brightness make it seem fainter than its listed 
magnitude of 10.8 suggests.

When a star lies in the same fi eld as a deep-sky object, 
not only does it provide an easy way to fi nd the object, but 
it also makes a very attractive view. It’s also staggering to 
think how close they appear yet how far in actual distance 
they are from each other.

The coming summer season off ers even more 
beautiful deep-sky objects near easy-to-fi nd stars. One 
particularly notable example is the famous Veil Nebula, 
a supernova remnant whose westernmost arc slices 
through the 4th-magnitude double star 52 Cygni. There 
will be a detailed observing guide to the Veil in a future 
issue of Sky & Telescope. ✦

Kent Blackwell observes the deep sky with telescopes big and 
small from dark sites near his home on the Virginia coast. 
You can reach him at kent@exis.net.

Left: This chart of eastern Virgo shows stars to magnitude 6.5. Labels have been omitted for clarity inside the black box at upper left. A 
close-up of this area appears at right. Right: This close-up chart can be used to fi nd the galaxies discussed in this article and the faint 
globular cluster Palomar 5, which is described in “Deep-Sky Wonders” on page 62.

Messier 99 is a splendid example of a face-on spiral galaxy.
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quality of amateur 
astrophotos creates a conundrum for imagers. Since there 
are so many great pictures to look at, many people invest 
only a few seconds looking at an image unless something 
hooks their attention, reels them in, and provides incen-
tive to linger. 

Three essential image ingredients for capturing a 
person’s attention are color, clarity, and contrast. Each 
tends to overlap the other, but when carefully managed 
together, they enable the astrophotographer to produce 
truly memorable pictures. 

The ever-increasing

r. jay gabany

Bring out the faintest details in your images 

with this powerful Photoshop technique.

Of the three, contrast is perhaps the most important 
because it involves the viewer’s ability to distinguish 
between an object and its background. The human eye 
is more sensitive to changes in contrast than luminance. 
Controlling contrast in astronomical images is challeng-
ing because of their large brightness range. 

Light intensity (pixel values) of an astronomical image 
can be plotted as a graph called a histogram that shows us 
the amount of information recorded in the bright, faint, 
and dark regions of the image. Most of the interesting 
information is often in the faint region, where our eyes 
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be twice that of a pixel collecting only 100. As a result, a 
signifi cant portion of the faintest information captured by 
the camera’s sensor is squeezed into a small portion of the 
histogram that has to be rescaled or stretched. You can do 
this with tools such as Digital Development (DDP), found 
in many astronomical image-processing programs. But 
these tools off er only limited control of the entire image. 
My personal reliance on these one-stop histogram-stretch-
ing algorithms waned several years ago in favor of a more 
hands-on technique I use in Adobe Photoshop.

While there are several methods for making global 
contrast adjustments in Photoshop, I fi nd that the Curves 
and Levels tools provide more control than DDP, plus the 
application has other less-obvious functions that enable 
even greater control. But once I’m done uniformly stretch-
ing the entire image, it’s time to dig into specifi c regions 
to accentuate contrasts and give my images that extra 
hook to hold the observer’s attention. 

Layered Contrast Stretching
Several years ago I began using a technique I call Lay-
ered Contrast Stretching (LCS). It is highly eff ective for 
managing subtle contrast variances and increasing the 
intensity diff erence between faint structures and their 
background. The approach also enables me to enhance 
images at any post-calibration stage. It’s important to note 
that this technique shouldn’t be used on images intended 
for scientifi c research.

LCS leverages Photoshop’s ability to blend multiple 
images in layers. Typically an altered version of the astro-
photo is placed into a layer on top of the original picture, 
then the two images are proportionately mixed. 

I manage the proportional control of the mix by adjust-
ing the opacity of the layer and by using masks that hide 
or reveal selected portions of the layered picture. These 
functions are the most powerful tools for managing 
contrast and producing pictures with rich color and good 
clarity because they off er virtually infi nite control of the 
blending process. 

Here’s how you do it. Open an image you’ve previously 
stretched. Also display the Layers window (Window/

are most sensitive to contrast variances. Unfortunately, 
this also tends to be the noisiest area of an image.

Images with a suffi  cient signal-to-noise ratio have 
the greatest contrast potential. Many astrophotographers 
mistakenly think the principal benefi t of longer expo-
sures is the ability to capture fainter objects, and there is 
some truth to this. However, the biggest reward of long 
exposures is the increased signal-to-noise ratio because it 
improves contrast in the faintest areas. 

Excellent calibration frames, particularly fl ats, are also 
critical for producing compelling pictures because of 
their impact on the data’s signal-to-noise ratio. A good fl at 
will help to distinguish faint structures from the back-
ground sky that would otherwise be masked by noise or 
mistaken as brightness gradients.

Stretching Out the Truth
Digital images store light intensity values based on the 
number of photons striking each pixel of the imaging 
chip. The value for a pixel that receives 200 photons will 

Left: Extracting faint detail from CCD images can prove a daunt-
ing task for today’s astrophotographers. Author R. Jay GaBany 
uses a powerful technique he calls Layered Contrast Stretching 
(LCS) to bring out faint structures buried in his images. The 
original view of M74 at left displays a basic, non-linear stretch, 
whereas the right half uses LCS layers to enhance the fainter 
areas. All images are courtesy of the author.

Right: Enhancing your photos using LCS requires image layers 
and masks. After creating two layer copies of an image, you 
change the layer blending mode of the top layer from Normal 
to Soft Light and the middle layer from Normal to Screen. The 
Screen layer doubles brightness values of the lower layer, while 
Soft Light increases contrast and color saturation.

Stars

Faint Detail
Background

Astronomical objects have a large ranges of brightnesses, so 
virtually all deep-sky astrophotos require nonlinear stretching to 
show the entire extent of the subject. This histogram plots the 
intensity of various components of a typical nebula image before 
any processing. Everything to the right of the peak represents the 
brightest information in the image, primarily stars.  

ART Image Layers.indd   73 3/28/11   8:59 AM



74 June 2011 sky & telescope

Advanced Imaging

Layer) and keep it open throughout the process. Next, 
copy the picture (Layer/Duplicate Layer) twice to create 
two additional layers. At this point, there will be three 
identical layers. Next, change the top layer blending 
mode to Soft Light and the middle layer to Screen. Soft 
Light adds sharp contrast to the image’s histogram and 
increases color saturation without adding noise, whereas 
Screen essentially doubles the brightness value of the 
image’s tonal curve. 

Next, add layer masks to the top and middle layer 
(Layer/Layer Mask/Hide All). At this point, only the 
image in the bottom layer, known as the Background, will 
be visible. Now it’s time to begin blending the top and 
middle layer images into the bottom image. 

Select the paint brush from the Tools Palette, making 
sure its foreground color is set to white. Set its hardness 
to 0% and its opacity and fl ow to 15%. Find an area of 
your image that contains a low-contrast structure and 
adjust the size of the paint brush so that its diameter 
approximates or is slightly larger than the structure’s size.

If the area of low contrast is faint compared to the sur-
rounding region, select the Screen layer mask, and simply 
paint over that region of the picture with the brush. If the 
area is brighter than the surrounding region, select the 
upper Soft Light layer mask. 

You may not notice much diff erence with the fi rst 
stroke of the paintbrush, but repeating the stroke several 
times will start to visibly change the image. You can 
often get a good feel for the changes made by blinking 
the layer off  and on (clicking the “eye” box to the left of 
the layer thumbnail).

As you paint, you are blending that portion of the 
Screen or Soft Light layer with the original image visible 
in the Background layer. Because your brush is soft, the 
amount of blending varies within the brush stroke itself. 
At the center of the brush stroke, the opacity is 15% but 
this drops off  considerably toward the edges of the brush, 

Selectively blending the two layers with the background image 
requires that a layer mask be added to each copied layers, as 
shown here. These masks initially hide the eff ect of their respec-
tive layers on the background image.

Painting the masks with the Paint Brush tool allows imagers to 
selectively blend the layers. Because we want to build our blend-
ing mask slowly, we should lower the brush’s opacity and fl ow 
settings. The brush radius (displayed as a circle) should also be 
adjusted to cover the width of the area you’d like to enhance.

Soft Light and Screen blending layers add distinctly diff erent 
enhancements to your image. Paint on the Screen layer mask 
(middle layer) in areas you want to brighten, such as faint nebu-
losity. Paint on the Soft Light mask (top layer) in areas where 
additional contrast is required, such as in the inner core of galaxies.
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resulting in a “feathering” eff ect. While each individual 
brush stroke produces relatively insignifi cant changes, 
the changes imparted by additional brush strokes accu-
mulate in a somewhat random manner.

This technique makes it diffi  cult for the user to “paint” 
a structure into the fi nal image where none previously 
existed. It also enables us to exaggerate the contrast 
around the structure and thus make it more evident.

If a structure appears too bright using the Screen layer 
mask, paint on the Soft Light layer mask to darken it. The 
picture will benefi t from simultaneous strokes to both 
layer masks, too. The Soft Light layer is also useful to 
darken dim structures such as threads of dark dust seen 
in distant galaxies.

You can also introduce other layers to enhance con-
trast using LCS. An Overlay layer is like Soft Light on 
steroids, so use an even lower opacity brush when mask-
ing it in. Linear Dodge and Linear Burn layers will have 
a dramatic eff ect on contrast, so I apply these sparingly 

and with brush settings of only 5% or less. Interestingly, 
Color dodge and Color burn are also eff ective, even on 
monochrome images. Although it’s considered a sharpen-
ing tool, the High Pass fi lter (Filter/Other/High Pass) is a 
wonderful method for enhancing subtle contrast. I use it 
sparingly and rarely exceed a radius setting of 7 pixels.

LCS is extremely powerful for increasing the contrast 
of faint structures. Often an inspection of the image using 
Photoshop’s Equalize function (Image/Adjustments/Equal-
ize) will help identify where dim regions are located so you 
can target them for enhancement using this technique.

I frequently revisit my old images to see if LCS can 
improve my earlier results. It can increase the impact of 
a picture and make the wonders of the universe more 
evident for casual viewers. ✦

R. Jay GaBany is the recipient of the American Astronomi-
cal Society’s 2011 Chambliss Amateur Achievement Award 
(S&T: April 2011, page 18). 

LCS works on any deep-sky astrophoto. 
The author processed this image of M20 
with LCS to enhance both the outer refl ection 
nebula and the dark lanes within the core.
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Gallery showcases the fi nest astronomical images submitted to us by our 
readers. Send your very best shots to gallery@SkyandTelescope.com. We 
pay $50 for each published photo. See SkyandTelescope.com/aboutsky/
guidelines.

◀ ABOVE A CAULDRON OF FIRE
Andrea Gabrieli
The Milky Way rises above the summit of Kilauea in 
Hawaii. Cascading down from upper left, the star cloud 
M24 is followed by pinkish M8 before our gaze lands at 
Baade’s Window, a clearing through which we peer at old 
stars populating the inner regions of our home galaxy.
Details: Nikon D700 DSLR camera with 24-70mm zoom lens. 
Total exposure was 30 seconds at ISO 6400.

▾ A LONELY PLANETARY
Dean Salman
Purgathofer-Weinberger 1 (PuWe1) is a large, though exceed-
ingly faint planetary nebula located in Lynx, which will test 
the skills of observers and astrophotographers alike. 
Details: 8-inch f/4 Maksutov-Newtonian astrograph with SBIG 
ST-10XME CCD camera. Total exposure was 28 hours through 
Astrodon color and hydrogen-alpha fi lters.
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▴ BEYOND THE GALACTIC VEIL
Neil Fleming
Often favorite targets early in the year for northern 
observers, M81 and M82 reside in Ursa Major behind 
thin wisps of galactic dust within our Milky Way.
Details: 8-inch TMB 203 f/7 refractor with SBIG STL-6303 
CCD camera. Total exposure was 36 hours through Astro-
don color and hydrogen-alpha fi lters.

◀ SATURN STORM RAGES ON
Wayne Jaeschke
A bright storm erupted on Saturn during mid-Decem-
ber 2010, and has since spread to encircle the planet at 
roughly 40° north latitude. South is up in the photo.
Details: Celestron C14 Schmidt-Cassegrain telescope with  
Point Grey Research Flea3 video camera. Stacked video 
frames recorded through Astronomik color fi lters.
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NEW YEAR SHOWPIECE
Edward Henry
Prominent at the beginning of each year, M42 dazzles observers 
with its expansive tendrils of nebulosity surrounding the Trape-
zium star cluster at its heart.
Details: 10-inch Meade Schmidt-Cassegrain telescope with SBIG STL-
4020CM CCD camera. Mosaic of nine frames totaling more than 40 
hours of exposure. ✦

Visit SkyandTelescope.com/
gallery to see more gallery 
images online. 
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JOIN SKY & TELESCOPE'S Editor Robert 
Naeye on this astronomy adventure to view 
the southern skies in Chile. We will visit 
some of the world's leading professional 
observatories, spectacular geological 
sites, and cultural landmarks while 
touring northern Chile. 

Whether you have seen the Southern 
Hemisphere skies before, or if this is 
your fi rst time, this will surely prove 
to be an astronomical adventure. Chile 
has some of the most sophisticated and 
modern telescopes in the world. Not only 
will you tour these world-class facilities, we 
have also scheduled nighttime viewing through 
large amateur telescopes. Don’t miss out on this 
southern sky adventure, sign up today!

’ ’
’

Pricing starting at $3,695/person. Contact Lisa Ralph at 
Spears Travel: LRalph@spearstravel.com or 800-688-8031 
For more trip information visit www.skyandtelescope.com/chile

“I sure hope you can join me 
on our trip to Chile. Having 
visited this beautiful country twice 
before, I know this trip will be a 
wonderful experience you won't 
want to miss!” – Bob Naeye

with Sky & Telescope and Spears Travel!

Trip of a
Lifetime!

September 21ST-29TH

20112011
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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

For over     years, your source for 
camera quality Japanese optics
Planetary Orthoscopics 

Online Store 
www.universityoptics.com

50

70-80° Oculars
Aluminum Mirror Cells

800-521-2828
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Now Build your own
custom adapter at
www.preciseparts.com

305 253-5707
info@preciseparts.com

8

9

j GET-A-GRIP™ Ergonomic
    handles make your big Meade feel 
    many pounds lighter. $72.99/pair
k EYEOPENER® Increase light 
    reaching your pupil by up to 65% 
    while eliminating vignetting. 
    10"-14" scopes. $74.99
l 2" TUBE ADAPTER (not shown) shortens optical train 
    by eliminating the microfocuser. $49.99
m EZ FOCUS™KIT Precision bearings virtually eliminate   
    focuser backlash. All Meade 7"-12" scopes. $29.99
n MOUNTING ASSISTANT™ Greatly simpli es LX400/
    200/90 mounting. Compact & non-intrusive. $79.99
o 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
    BUCK’S DRIVE TUNE-UP Tools, parts & directions to   
    achieve Buck’s Gears precision on Meade 7"-12" LX200  
    & 400 already equipped with precision metal gears. $42.99
p EZ CLUTCH™KIT Lightly tightening DEC clutch knob  
    locks the most unbalanced LX400/200/90 $29.99
q EZ BALANCE™ 3.3# on-axis counterweight for nose-
    heavy 10"-14" LX400/200/90 scopes. $41.99
r TRIPOD SHRINK KIT shortens giant eld tripod. $52.99
s AZ ARM BIAS WEIGHT for precise imaging. $19.99

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

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

     Are you
PETERSON 
  EQUIPPED?

s

SEE MORE NEW STUFF AT OUR WEBSITE

33918 Macomb, Farmington, MI 48335
248-476-5893 FAX: 248-919-9867        

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

Manufacturer of Clock Drives from 5.6" to 32" 
diameter gears; AC, DC, Stepper motors & GO-TO 
controllers from $440 to $4800 and Equatorial 
Mountings from 1" to 6" shaft diameters with a range 
of accessories from $300 to $12,000. Serving the 
Astronomical community for the last 26 years.

1

9
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O P T I C S

R E A L  E S T A T EO R G A N I Z A T I O N S

D R I V E S / M O U N T S

Mathis Instruments
Custom Fork and German Mounts

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.

MI-750 Fork

mathis-instruments.com 
925 838-1487

Where the Seeing is 
Believing, day and night!

www.NMSouthernSkies.com
or 219-746-3132 (Tom Simstad)

New Mexico 
Skies

Astronomy
Enclave

The world's fi nest amateur 
astronomy community. 

Famous for our dark night skies 
and superior seeing.

C O M P U T E R  S O F T W A R E

C C D  E Q U I P M E N T

C C D  E Q U I P M E N T

VERNONscope & Co.
Phone: 607.659.7000

A C C E S S O R I E S

HOME-DOME AND PRO-DOME
OBSERVATORIES

PROFESSIONAL DESIGN — AMATEUR PRICE

Call or write for a FREE Brochure 

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

6', 10' and 15' Diameter
Stand-alone or On Building
All Fiberglass
Easy Assembly
Manual/Computer Automated
Full Height/Handicap Access
Priced from $3,295

CloudWatcher
Low cost, accurate 
system to detect 
cloud cover, light levels 

www.darksky.org

can save
the night

only you
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T E L E S C O P E  D E A L E R S

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

KHAN SCOPE CENTRE
Our 24th Year!

T E L E S C O P E S

C L A S S I F I E D S

Authorized dealer: Vixen, Orion, Celestron, Meade, 
Tele Vue, Fujinon, Adlerblick, Home-Dome

Books, Charts, Software,
Service • Repairs • Private Lessons

Free instruction at night with every telescope purchase.

(2 Traff ts North of mp ll Rd
Dallas, TX  75252 (972) 248-1450

The Most Complete
Telescope Store

in Texas

17390 Preston Rd. #370
ic Ligh Ca be .)
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Classified ads are for the sale and purchase of 
noncommercial merchandise, unique items, or job 
offers. The rate is $1.50 per word; minimum charge 
of $24; payment must accompany order. Closing date 
is 15th of third month before publication date. Send 
to: Ad Dept., Sky & Telescope, 90 Sherman Street, 
Cambridge, MA 02140.

FOR SALE: Orion Mega View 30 x 80 and Garrett 
Optical Gemini 20 x 80 giant binoculars. $150.00 each. 
Phone: 218-262-5114 (Minnesota).

FOR SALE: Pinon Ridge Observatory 38-ft. by 16-
ft. building, 280 sq-ft roll-off room upstairs, insulated 
living area with half bath downstairs. 35 dark secluded 
acres at 7200’, spectacular views. West of Montrose, 
Colo. $285,000. Phone 970-249-1993 or email tom@
jaskunas.net.

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

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

Image Courtesy of Stephane Murphy

(taken with CDK12.5)

1815 W. 205th St., #303 – Torrance, CA 90501
Phone: (310) 787-9411 – Fax: (310) 634-0439

The CDK Optical Design delivers fl at 
coma free fi elds with no off-axis 

astigmatism across a 52mm fi eld.

CDK 12.5" - $9,990
CDK 17" - $22,000
CDK 20" - $32,500

www.planewave.com

Advertise in the Marketplace of S&T!

SEPTEMBER 2011 ISSUE

Ad Space Close: June 1st

Ad Material Close: June 8th

CONTACT LESTER STOCKMAN AT
PHONE: 617.758.0253

FAX: 617.864.6117
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IN THE NEXT ISSUE

Mountains of Fire
Spacecraft reveal that active volcanoes 
are all over the solar system, but many 
are quite diff erent from those on Earth. 

Neptune’s Year in Review
As Neptune completes a full orbit 
since it was discovered in 1846, it’s a 
good time to refl ect on one of the great     
stories in the history of astronomy. 

Dive into the 
Whirlpool
We present a 
detailed guide to 
the spiral arms of 
this magnifi cent 
face-on galaxy.

Amateur Astronomy’s 
Next Step
Obtaining spectra of planets, stars, and 
other astronomical objects has become 
easy, aff ordable, and scientifi cally 
rewarding.

SkyandTelescope.com
800-253-0245
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Paralyzing Effects at NASA
Excessive risk aversion threatens the future of U.S. robotic space exploration.

The recent record of U.S. robotic 
space missions is quite sobering. NASA’s 
James Webb Space Telescope is now 
estimated to cost in the $6 to 7 billion 
range. The cost of the next Mars rover 
has grown to well over $2 billion and its 
launch has been delayed more than two 
years. Numerous other space missions are 
plagued by countless briefi ng charts, huge 
numbers of reviews, and heavy loading 
of overseers when they should feature 
streamlined design and test reporting.   

It’s depressing to witness these 
stifl ing eff ects of increasing 
conservatism that have come to 
overlay so many of the U.S. 
robotic space programs. 
Costs have skyrock-
eted, schedules have 
stretched, 
and content 
has dimin-
ished both 
in boldness 
and reach. 
Failure is 

no longer an option. Everyone can under-
stand the pressures for assured success 
in such forefront space missions. But the 
institutional reaction to that pressure — 
attempting to avoid failure often regardless 
of cost — is ultimately eroding NASA’s 
capabilities and mortgaging its future, 
especially in this era of budgetary austerity.

To reverse the decline and to again 
propel the U.S. into indisputable interna-
tional leadership, NASA must be allowed 
— actually encouraged — to take the risks 
that come with pursuing missions that 
are bold and far-reaching, scientifi cally 
and technically challenging.

Reinvigorating U.S. space science 
programs means that national 
policy change is essential. 
Advice must be directed at 

those who control policy. 
NASA needs a thought-
fully crafted purpose 
with strong, consistent, 
and committed political 
support. It needs daring 
deeds. If the nation 

wants a future NASA 
befi tting its iconic 

past, then we 
must enter into 
a dialog on 
risk versus sci-
entifi c payoff .

NASA must be asked to attempt un-
imaginably bold missions of discovery 
across the breadth of its portfolio. NASA’s 
charter must leverage the public’s appetite 
for adventure, Hollywood’s imagination 
for daring deeds, and the nation’s strate-
gic need to continually push technology. 
We should allow occasional failure in 
exchange for bold attempts, so NASA can 
someday aff ord to operate robotic sub-
marines on Europa, sail boats on Titan’s 
methane lakes, cruise about in Saturn’s 
rings, move an asteroid, provide solutions 
to the challenge of climate change. Do 
missions crisply, visibly, and aff ordably. 
Yes, aff ordably. 

The value of civilian space — of excit-
ing scientifi c and technological adven-
ture — has seemingly been lost in this 
nation. We need again to take greater risk 
and increased initiative. That is diff erent 
than being careless. But whatever is done, 
NASA’s mission must be courageous and 
nearly impossible to imagine as being 
achievable. Risk taking, with the tremen-
dous benefi ts of success and the possibil-
ity of heartbreaking failure, must again 
become the mainstay of NASA’s mission. 
NASA was born, thrived, and endured 
under this prior paradigm. It’s the recipe 
for a lasting presence.

Civilian space exploration can again 
become a hallmark of national pride and 
an engine of scientifi c accomplishment. 
Anything less is doomed to deepen the 
downward spiral of an admired but declin-
ing national treasure: NASA. ✦

Daniel Baker is Director of the Laboratory 
for Atmospheric and Space Physics at the 
University of Colorado at Boulder. He coau-
thored the February 2011 S&T cover story 
about solar superstorms.

Focal Point Daniel N. Baker
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TheSkyX Professional has landed.

TheSkyX.  The Leading Astronomy Software on this  Planet or any Other.

F I N D  Y O U R  S P A C E     B I S Q U E . C O M  

* Optional TPoint Add On for professional-
   quality telescope pointing. 

TheSkyX Pro for Mac or Windows is a robust, 
seamlessly integrated, multi-threaded application 
designed to enhance your astronomy experience. 

User interface can be 
customized to match 
your work flow. 

Real-time, video-like refresh 
rates let you breeze through 
the night sky.

Ultra-reliable, automated
astrometric solutions 
for small, medium or  
wide field photos.

Integrates with CCDSoft, AutomaDome 
and Orchestrate for Windows.

Tightly integrated, native telescope
control make observing sessions
more productive.

Supports the latest astronomical
catalogs including NOMAD and UCAC3.

** Digitized Sky Survey plus 140 GB
     of stellar data with the optional 
     TheSkyX Pro Database Add On.

TheSkyX Professional – $349.00    * Optional TPoint Add On – $249.00    ** Optional TheSkyX Pro Database Add On – $219.00
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For a limited time, you can purchase a legendary 
Meade LX200-ACF or LX90 telescope —  featuring 

Advanced Coma-Free® (ACF™)  or Schmidt-Cassegrain 
(SC) optics, world-renowned for their brightness, 

crispness and clarity — and receive a 24mm  Ultra-Wide 
Angle (UWA) eyepiece ($249 value) and Series 5000™

premium 2-inch diagonal ($149 value) absolutely free. 

The 24mm UWA is the ultimate in eyepiece design. Fully 
multi-coated and boasting an 82° apparent fi eld of view (AFOV), 

it delivers a higher power and wider actual fi eld of view than 
a standard 40mm Plössl eyepiece. Combined with the premium 

2" Series 5000 diagonal  — with 99% refl ectivity — these bring you 
uncompromising views that make any telescope better and let the best optics, 

like ACF, achieve their full potential.

This fantastic limited-time offer, ends May 31st — so act now!
Just purchase a new Meade LX200-ACF or LX90 from April 1st through May 31st, 

2011 to be eligible. Visit meade.com/eyepiecespecial for more information 
and to download the special sales coupon to take advantage of this 

offer, while supplies last. 

For more information about LX200-ACFs, 
LX90s with Astronomer Inside™, our complete 

selection of premium telescopes and 
accessories, visit and shop online 

at www.meade.com.

Or contact an Authorized Meade Instruments dealer:

Shown with optional equipment.
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