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With forty years of astronomical development behind us, Meade Instruments is 
commonly acknowledged as the most innovative and dynamic company in the 
telescope market. Known for our ground-breaking leaps in telescopic design, Meade 
has introduced dozens of improvements over the years that have made amateur 
astronomy easier to access and more enjoyable than ever. In keeping with that 
tradition, Meade engineers proudly introduce two new leading-edge systems to 
start off our fi fth decade.

LX800 - PICTURE PERFECT ASTROPHOTOGRAPHY

The LX800 brings together a brand-new, fast f/8 ACF™ optical system, a 
precision-machined, solid, German equatorial mount and the revolutionary 
new automatic tracking technology, StarLock™, to deliver the new standard in 
astrophotographic and visual performance.

StarLock is the revolutionary, patent-pending technology that makes target 
acquisition and accurate guiding during exposures completely automatic. There’s 
no need for a separate guider or computer and the StarLock requires no user 
focusing or guide star selection. Using StarLock’s two-imager system provides 
ultra-precise pointing, centering the target on your imaging sensor every time. 
StarLock also provides computer-assisted polar alignment using the drift method for 
extreme precision. No expensive shaft encoders or add-on guiding systems can provide this 
level of performance.

LX80 - ONE MOUNT, THREE MODES

The remarkable LX80 Multi-mount operates in three modes, German equatorial, single 
OTA altazimuth and dual OTA altazimuth. Setting up in any mode is quick and easy. 

The LX80 is built around a solid aluminum structure, with two large, tapered roller 
bearings that handle radial and thrust loads on each axis to carry larger loads up to 
a total payload of 40 pounds in EQ and Alt-Az modes and 75 pounds in dual OTA 
mode. It delivers smooth, accurate motion, and provides periodic error correction 
that dramatically reduces errors, providing performance only available on much 
more expensive mounts. The LX80 is available with a variety of optical tube 
assemblies, including Meade’s legendary Schmidt-Cassegrain systems in 6, 8 
and 10 inch apertures. The new LX80 Multi-mount is the most innovative and 
versatile mid-range telescope system available anywhere.

With the introduction of these two new systems, Meade Instruments keeps alive a 
proud, forty-year tradition of moving the telescope market forward. We invite you to 
become part of that tradition by experiencing what Meade has to offer.

OPT Telescopes  Telescopes.com Scope City Woodland Hills
800.483.6287  800.303.5873 800.235.3344 888.427.8766

Optics Planet B & H Photo Canada • Khan Scopes
800.504.5897 800.482.8143 800.580.7160
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Editor in Chief

in my offi  ce where I jot down wise and 
inspirational quotes. One of the quotes that’s been there for quite awhile 
comes from inventor Charles Kettering: “The world hates change, yet it is 
the only thing that has brought progress.”  

I suspect that you have already noticed one big change with this 
issue. Rather than spreading our monthly observing articles around the 
magazine, we’re running them all together and linking them thematically 
with a red band across the top of each page. This unifi ed observing section 
starts off  with a table of contents (page 43) and generally goes from our 
departments that cover naked-eye objects to Sue French’s Deep-Sky 
Wonders column, which mostly describes objects requiring telescopes.

You’re undoubtedly wondering what motivated this change. My 
colleagues and I felt that our readers would appreciate having all of our 
monthly observing content consolidated in one section, making it easier for 
you to fi nd what you’re looking for. In addition, it showcases the breadth of 
the observing content we include in each issue. For us, articles about what’s 
up in the night sky are the most important stories in every issue.

Please note that the actual 
content has not changed in any 
substantive manner. Everything 
that we included in previous 
issues is still there — it’s just 
that some of it has been moved 
around and arranged a little bit 
diff erently. In fact, this revised 
section, created by S&T design 
director Pat Coppola (seen at 
the upper right with her hand 
extended) and unanimously 
approved by the editorial staff , 
gives us more fl exibility, which 
will enable us to increase our 

monthly observing content. For example, we’ll be able to give an extra page 
or two each month to Alan MacRobert’s Celestial Calendar department.

As magazines evolve, so will S&T. We’re contemplating additional 
changes to give the magazine a fresher appearance while maintaining our 
long-held standards of accuracy, quality, and integrity.

I keep a whiteboard

S&T’s New 
Observing Section

S&T: DENNIS DI CICCO
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Letters

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.

Interstellar Communication
The article “How Alien Astronomers 
Could Find Earth” (S&T: January 
2012, page 24) assumes that if 
intelligent life exists, it is roughly 
as intelligent as we are. However, 
please consider that we live in a 
13.75-billion-year-old universe on a 
4.5-billion-year-old planet. It is statisti-
cally improbable that aliens are near our 
stage of intelligence. 

If there is intelligence out there (which 
seems likely), it probably discovered Earth 
hundreds of millions of years ago. They 
deliberately do not contact us for the same 
reason that humans increasingly do not 
disturb wilderness areas: had contact been 
made 100 million years ago, life on Earth 
would have evolved much diff erently.

For these reasons, helping aliens 
contact us misses the mark. If they wanted 
to contact us, they would have already.

Phinizy Spalding
McDonough, Georgia

Dr. Lazio outlines the diffi  culties for gen-
erating a recognizable signal with which 
to communicate our presence to other 
civilizations. These diffi  culties doubtless 
explain the lack of results from the SETI 
program, since any other advanced civili-
zation would undoubtedly have arrived at 
the same roadblocks to interstellar com-
munication as we have. Therefore, we and 
our galactic neighbors all have our SETI 
earphones on, passively listening for a 
signal that no one is willing to transmit!

Gene Homme
West Milford, New Jersey

Wonderful article about how alien astrono-
mers could fi nd us on planet Earth. 
Author Joseph Lazio wonders if such 
aliens could pick up our light pollution, 

as well as episodes of Gilligan’s Island. It 
turns out that they could — if they set up 
a gravitational-lens telescope 550 astro-
nomical units from their own Sun-like 
star and used it to magnify an image of 
Earth. Such was reported by Seth Shostak 
(SETI Institute) in a past issue of a British 
astronomy magazine. 

Such a distant observing outpost is 
beyond our current capabilities (the 
Voyager spacecraft are only about 100 a.u. 
away). But if aliens did manage to observe 
us that way, would they visit us pronto 
instead of waiting for their signal to reach 
us? I think they would.

Julian Grajewski
Hamburg, Germany

Author’s Note: The gravitational lens method 
could technically work but may not be practi-
cal. What happens if you want to point the 
lens telescope in a diff erent direction? The 
spacecraft has to be moved. How far the space-
craft has to move depends upon how much 
you want to change the direction in which the 
telescope is pointing. Changing the point-
ing direction by only 1° requires moving the 
spacecraft by about 10 a.u., Saturn’s distance 
from the Sun. In the worst case (looking the 
opposite direction), the spacecraft has to move 
more than 1,000 a.u.  

I was disappointed that you spent 7 pages 
of the January 2012 issue talking about 
the futility of trying to say “Here we are” 
to neighboring stellar civilizations when a 
single paragraph can express that futility 
quite well. Intelligent beings could hardly 
be expected to waste the prodigious 
amounts of energy that Lazio describes, 
just to signal other star systems. And no 
intelligent being is likely to use any of the 
known communication methods to connect 
with another system’s inhabitants. Imagine 
trying to play chess with someone 50 light-
years away. By the time they responded to 

your move, you’d be long gone. There 
will be no interstellar “communication” 

until signals can be exchanged via 
subspace or some other as-yet-to-be-
discovered faster-than-light process.

I’d also like to ask for a clarifi cation: In 
the sidebar “Could Aliens Listen to Our 
Radio or Watch Our TV?” (page 30), you 
said that “any nearby civilization must 
have telescopes 100 times more sensitive 
than our current radio telescopes to have 
any hope of detecting our TV signals.” 
This statement seems rather vague. How 
close is “nearby?” And how close would 
a civilization with our current level of 
technology have to be to listen in on our 
radio and TV broadcasts?

Jack Ryan
El Dorado, Arkansas

Author’s Note: The short answer is that, 
with our current level of technology, we could 
only detect ourselves slightly outside the solar 
system and certainly not farther than about 
1,000 a.u. That estimate is based on a com-
bination of assumed values for things such as 
the TV channel frequency, transmitter power, 
and the sensitivity of the radio antenna that’s 
receiving the signal. For example, if we were to 
use India’s Giant Metrewave Radio Telescope 
to detect a TV broadcast of 600 MHz (about 
channel 30), the GMRT could be at most 
about 400 a.u. away. For reference, Alpha 
Centauri is more than 300,000 a.u. away. 
Thus, with our current technology one would 
need a telescope at least 100 times as sensitive 

S&T: LEAH TISCIONE
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Letters

  75, 50 & 25 Years Ago    Roger W. Sinnott

March–April 1937
The Sun’s Artillery  
“Research has conclu-
sively demonstrated that 
sun-spots are huge solar 
cyclones, whirlwinds in the 
solar atmosphere, accom-
panied by pronounced 
magnetic conditions. . . .

“It has been suggested 
that the presence of huge magnetic fi elds in 
sun-spots results in their acting as howitzers to 
pour forth charged particles of matter into the 
interplanetary realm. If the earth is in the range 
of the howitzer, its atmosphere is the recipi-
ent. . . .Such terrestrial phenomena as auroral 
displays, magnetic storms, and eff ects on long 
distance radio reception should then occur.”

Since Loring B. Andrews penned these words, 
astronomers have fi gured out that fl ares erupting 
in association with large sunspots, and not the 
spots themselves, are the “howitzers” — although 
the short cannon comparison needs a little 
stretching now. 

April 1962
Cassegrain-Type 
Telescopes  “Recently, the 
writer decided to compare 
the performance to be 
expected of a Cassegrain 
telescope with those of 

various other systems . . . evolved from it. The 
study was made in the course of developing an 
automatic lens-design program for use on the 
IBM 7090 computer at United Aircraft Research 
Laboratories. . . . 

“The last and most complex member of the 
Cassegrain family that I have examined is the 
Schmidt-Cassegrain. . . .”

The Schmidt-Cass was then almost unheard-
of, but it fared quite well in Ronald R. Willey’s ray 
traces. Willey’s S&T article inspired Celestron’s 
founder to switch to the Schmidt-Cass design, 
ultimately turning the amateur telescope 
marketplace on its end.  

April 1987
Giant Galactic Arcs  “Per-
haps the most remarkable 
announcement at the 
January meeting of the 
American Astronomi-
cal Society concerned 
the detection of giant 
arcs encircling at least 
two distant clusters of galaxies. Their scale is 
truly staggering. . . . In fact, they are the largest 
known entities in the universe that shine in vis-
ible light.”

At the time of Leif Robinson’s report, many 
astronomers didn’t yet realize that the arcs were 
mirages — light from a galaxy far beyond each 
galaxy cluster, lensed by the cluster’s gravity.

as the GMRT, which is among the most sensi-
tive telescopes at the relevant frequencies.

Why is it so hard? For essentially all radio 
astronomy observations, the amount of power 
contributed by whatever source we’re trying 
to detect is an incredibly small fraction of 
the total received power. Competing sources 
include the Milky Way, other sources in the 
sky, natural radio emissions from Earth, 
and even the radio telescope itself (the last 
two are good examples of radiation emitted 
because objects have a temperature). Which 
of these various contributions dominates 
depends upon the frequency we’re observing 
at. At frequencies relevant for radio and 
TV broadcasts, the dominant, or nearly 
dominant, contribution is the radio emission 
produced by highly relativistic electrons 
spiraling in the magnetic fi eld of our galaxy.

For the Record
✹ In the map on page 74 of the January 
2012 article previewing Venus’s June 
transit, the region encompassing North 
America should be labeled “Transit in 
progress at sunset,” not sunrise. The map 
on page 70 of the article has the correct 
labels.

✹ On page 22 of the February 2012 article 
“Einstein’s Shadow,” the labels for the Sgr 
B1 and Sgr B2 star-forming regions are 
reversed. Thanks to Dave Mehringer for 
pointing out the switcheroo.

For a list of past errata, 
please go to SkyandTelescope
.com/Errata.
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Designed to meet the demand for lifelong learning, 
The Great Courses is a highly popular series of 
audio and video lectures led by top professors 
and experts. Each of our more than 350 courses 
is an intellectually engaging experience that will 
change how you think about the world. Since 
1990, over 10 million courses have been sold.

DVD $254.95�NOW $69.95 
+$10 Shipping, Processing, and Lifetime Satisfaction Guarantee
Priority Code:  63569

Dark Matter, Dark 
Energy: The Dark 
Side of the Universe
Taught by Professor Sean Carroll
california institute of technology

lecture titles

1.  Fundamental Building Blocks
2. The Smooth, Expanding Universe
3. Space, Time, and Gravity
4.  Cosmology in Einstein’s Universe
5.  Galaxies and Clusters
6. Gravitational Lensing
7.  Atoms and Particles
8.  The Standard Model of Particle Physics
9.  Relic Particles from the Big Bang
10.  Primordial Nucleosynthesis
11.  The Cosmic Microwave Background
12.  Dark Stars and Black Holes
13.  WIMPs and Supersymmetry
14.  The Accelerating Universe
15.  The Geometry of Space
16.  Smooth Tension and Acceleration
17.  Vacuum Energy
18.  Quintessence
19.  Was Einstein Right?
20.  Infl ation
21.  Strings and Extra Dimensions
22.  Beyond the Observable Universe
23.  Future Experiments
24.  The Past and Future of the Dark Side

SAVE $185

Dark Matter, Dark Energy: 
The Dark Side of the Universe
Course no. 1272 | 24 lectures (30 minutes/lecture)

What is the Universe 
Really Made Of ?
In recent years, scientists have discovered that 95 percent of the contents of the 
cosmos is invisible to all current methods of direct detection. Yet something 
is defi nitely there, governing the shape and fate of our universe. These 
phenomena, called dark matter and dark energy, are the most eagerly studied 
subjects in astronomy and particle physics today. And for good reason—
What could be more exciting than cracking the mystery of the fundamental 
components and composition of the universe?

Join the search in Dark Matter, Dark Energy: The Dark Side of the 
Universe. This mind-expanding course of 24 lectures, taught by expert 
theoretical physicist and award-winning Professor Sean Carroll, explains the 
latest complex picture of the universe in easy-to-follow terms. Embark on a 
fascinating voyage of scientifi c discovery, from the insights of Albert Einstein to 
the latest ground-breaking concepts in theoretical physics and astronomy. You’ll 
quickly discover how this “dark side” of the cosmos has brought us, for the fi rst 
time in history, to the brink of knowing what the universe is made of.

Off er expires 04/29/12
1-800-832-2412
www.thegreatcourses.com/7sky
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12 April 2012 sky & telescope

News Notes To get astronomy news as it breaks, visit 
SkyandTelescope.com/newsblog.

New Maps of Dark Matter
Tiny distortions in the images of more 
than 10 million distant galaxies are giving 
astronomers a big-picture view of where 
the universe’s dark matter hangs out — in 
particular, the ways it clumps together 
and takes shape on a cosmic scale. The 
Canada-France-Hawaii Telescope Lens-
ing Survey (CFHTLenS) has produced the 
largest maps yet of the unseen, mysteri-
ous, non-atomic stuff  that makes up more 
than 80% of cosmic matter.

The maps, such as the purple one below,  
reveal clumpy fi laments outlining gigantic 
empty spaces. The clumps align closely — 
though perhaps not exactly — with large 
visible galaxy clusters. This is excellent 
news for the standard model of cosmology, 
which accounts for the development of the 
universe since the earliest moment of the 
Big Bang. The dark-matter web looks like 
the detailed theoretical simulations pro-
duced a few years ago, based on the stan-

dard model, by the Millennium Simulation 
Project at the Max Planck Institute for 
Astrophysics in Germany. Except it’s real.

CFHTLenS has deeply imaged four 
large patches of sky covering a total of 155 
square degrees. Typical faint galaxies in the 
images are about 6 billion light-years away. 
Their light doesn’t come to Earth in per-
fectly straight lines. Instead it is “weakly 
lensed”: distorted slightly as it passes 
through the gravitational fi elds of matter 

Dark matter shows itself only 
by its gravity. New maps of 
its distribution, based on the 
gravitational bending of light 
from the far background, 
reveal a weblike network of 
gigantic dense and empty 
regions (below). The largest 
concentrations match the 
locations of massive
clusters of galaxies.

LUDOVIC VAN WAERBEKE / CATHERINE HEYMANS / CFHTLENS COLLABORATION (4)
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Go Wide, Go Deep!

9mm 120° Series
Argon-Purged Waterproof Deep Sky Eyepiece

Experience the world’s
first 120° AFOV eyepiece for
astronomy ever made!  

To get an idea of what it is like,
hold this page 1 inch in front
of your eye.  This simulated
view with this eyepiece and
the Explore Scientific ED127
of NGC253 produces over
1 degree true field of view 
at 106X!

*Instant Rebate at Time of Purchase.
  Offer Good Through May 2012 
 
Specifications: 
9mm f.l.; 13mm Eye-Relief; 2-inch Barrel; 
12 Elements in 8 Groups; Argon-Purged and
Waterproof

Includes the Explore STAR Transferrable 
Extended Life of the Product Warranty! 

Reg. $1499.95 w/Rebate *$999.95

888.599.7597 - ExploreScientific.com
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14 April 2012 sky & telescope

News Notes
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Planet

Planet

Red giant

Hot B
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concentrations scattered along the way.
Strong lensing turns a background 

galaxy into an obviously distorted arc, an 
eff ect familiar from Hubble images of 
dramatic cases. But most of the galaxies 
in the survey are lensed only about 1%, 
nowhere near enough to be recognizable 
on a case-by-case basis. With large enough 
numbers, however, even weak distortions 
of galaxy shapes show up statistically.

It wasn’t easy. Team member Thomas 
Erben (Bonn University, Germany) says 
the group originally expected the galaxy-
shape analyses to be done in one year. 
They took four.

Already the project is 100 times larger 
than any previous deep lensing survey 
(though not as deeply penetrating as 
some). The largest of the four sky patches, 
shown on page 12, is 7° wide. This is 1 bil-
lion light-years wide at its typical detection 
limits. The largest pools of dark matter it 
shows amount to 100 trillion solar masses.

The project continues. Its sky coverage 
should increase by 10 times in the next 
three years, and 3-D maps will become 
possible. 

Smallest Black Hole
No wilder and weirder place is known 
than the region just outside a black hole. 
From some of these places, astronomers 
have rich but puzzling data to sift for clues 
about the exotic things going on.

As material spirals down toward a 
black hole it becomes X-ray-hot, and weird 
eff ects imprint the X-ray emission. Over 
the past 35 years, astronomers have found 
that most accreting holes exhibit four dis-
tinct types of X-ray fl ares and pulsations. 
These diff er in duration and magnitude 
depending on the hole’s size, spin, accre-
tion rate, and perhaps other phenomena.

Then there’s GRS 1915+105, also known 
as the variable star V1487 Aquilae. It 
consists of an orange K giant orbiting a 
roughly 14-solar-mass black hole. The star 
is pouring enough gas toward the hole 
to turn it into a “microquasar”; the hole 
emits blobby jets from the direction of 
its poles at 98% of the speed of light. Its 
immediate surroundings display more 
than a dozen distinct classes of X-ray sig-
nals, typically lasting seconds to hours.

In particular, a pattern dubbed “the 
heartbeat” seems to fl ip the entire jet on 
and off  rapidly. Apparently the inner accre-
tion disk grows hot enough to blow a pow-
erful wind, which halts the jet-formation 
process. The inner disk keeps growing 
hotter until it disintegrates and collapses 
into the hole, ending the wind and allow-
ing the jet to restart. This cycle sometimes 
repeats as fast as every 40 seconds. 

This “heartbeat” behavior used to be 
unique, but now there’s a second such sys-
tem. IGR J17091–3624 in Scorpius shows 
X-ray signals remarkably similar to those 
of GRS 1915+105 but consistently speedier. 
Here the “heartbeat” cycle sometimes hap-
pens every 5 seconds. The likeliest expla-
nation is that the black hole has less than 
3 times the Sun’s mass and everything is 
scaled down accordingly.

That’s just about at the theoretical bor-
derline between black holes of the mini-
mum possible mass and neutron stars that 
are not quite heavy enough to collapse.

Deep-Fried Exoplanets
Strange new exoplanets just keep on 
coming. Scientists working with NASA’s 
Kepler mission have announced two 
planets that seem to have been deep-
fried inside a red-giant star that has since 
evolved on to the next stage of its life.

The star is known as KOI (Kepler 
Object of Interest) 55. Today it’s a very 
hot, type-B subdwarf: the core remaining 
from a red giant that has lived out its life 
and shed the bulk of its material back to 
space. Orbiting this star very closely are 
two roughly Earth-diameter objects, KOI 

55.01 and 55.02. They circle just 750,000 
and 1 million km (470,000 and 620,000 
miles) from the star’s surface. In order 
to be so close to it, they must have had a 
remarkable past. “Our two planets were 
most probably swallowed by their parent 
star when it became a red giant, a stage 
that ended only about 18 million years 
ago,” writes a research team led by Sté-
phane Charpinet (University of Toulouse, 
France). “They were probably orbiting 
farther away and may have been dragged 
deep into the red-giant envelope to their 
current positions.”

Such survivors may be showing us the 
fate of Earth. Some 7 billion years from 
now the Sun will swell to a couple hundred 
times its present size, engulfi ng Mercury, 
Venus, and possibly Earth. Astronomers 
had assumed that such ill-fated worlds 
would spiral in so deep that they would be 
vaporized completely. But KOI 55.01 and 
55.02 are telling a diff erent story.

There’s also another possibility: they 
could be new objects that, after the star 
ended its red-giant phase, formed from 
material left behind.

If the two were in fact engulfed, they 
may have themselves hastened the giant’s 
disruption by stirring up or fl inging off  
its thin outer layers. Such a process might 
limit the damage to the planets, allowing 
the star only to shrink their orbits some-
what and erode them partially. How rare 
would such a lucky balance be? The fact 
that even one such a system has already 
been found suggests that it’s not an 
unlikely fl uke. This hints that some self-
regulating process was at work.

The star KOI 55 is a hot, 
blue subdwarf nearly 
at the end of its life. 
Its two planets likely 
formed farther out, were 
engulfed when the star 
swelled to become a red 
giant, eroded and spi-
raled down through the 
giant’s thin outer layers, 
then were left hanging 
when the star blew its 
outer layers away.

Evolution of KOI 55

S&T: LEAH TISCIONE

NN layout.indd   14 2/3/12   10:46 AM



ETX-LS LightSwitch
The revolutionary ETX-LS 
astronomical telescope 
features the most advanced 
electronics and optics ever 
applied to a consumer 
telescope.

LX200-ACF SERIES
  ADVANCED Coma-Free 
TELESCOPES

The 8, 10, 12 & 14” 
LX200-ACF
 With Ultra-High 
Transmission Coatings 
(UHTC™)

TT320X-AG Tracking 
Mount
With Auto-Guiding port for 
Digial SLR 
Cameras includes Asto Trac 
Illuminated 
Polar Scope, 
12 Volt Car Battery Adapter

The David H. Levy 
Comet Hunter™
Special Edition Telescope
The Comet Hunter comes 
standard with a two-inch, 
30mm focal length eyepiece 
with a wide 70° 
apparent  eld. This eyepiece 
combined with the short focal 
length of the telescope pro-
duce an amazing 2.86 ° true 
 eld of view with a 6.2mm 
exit pupil.

PST, 
SolarMax 
40 Telescopes, 
60 & 90mm systems

100° Apparent 
Field
6mm, 8mm 13-mm 
17-MM Ethos Sky & 
Telescope Ratings 
Optical Performance

STARTING AT

$1399.99

STARTING AT

$2599.99

$390.95

$489.95 $495.95

The Imaging Source 
640 x 480 Monochrome 
FireWire Telescope 
Camera

2 Image Control 
System with Special 
MGA Device, Advanced 
Re  ex Control

Big Discounts

MiniTower Advanced 
Portable GoTo Altazimuth 
Mount with Metal Case, 
Tripod, Supports 25 lbs.

CGEM 925, 9.25” 
Schmidt-Cassegrain 
Telescope

• CGEM Computerized  
   Equatorial Mount 
• Celestron’s premium 
   StarBright XLT coatings 
• 6x30  nderscope to help 
   accurately  nd objects 

Nexstar SE Series 
5SE, 6SE, 8SE,

INCLUDES: 
• XLT Coatings 
• Orange Removable OTA,  
• 40,000 object database, 
• Nexstar Remote Software,
• The Sky Software
• Adjustable Tripod

STARTING AT

$749.99

STARTING AT

$2199.99
STARTING AT

$499.99

8” Dobsonian 
1200mm Focal 
Length (f/5.9)

with 2” Crayford Style 
Focuser, 
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Plossl Eyepieces, 8x50 VF, 
& Rocker Mount.

SE

Check our web site for a full line of:

Software Bisque

Rigel Systems

Telrad

• Photography,  

• MP3 Players,  
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• Home Of  ce,  
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• Video,  

• Photo Lab,  
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News Notes

In a remarkable demonstration of the 
Kepler mission’s versatility, KOI 55.01 and 
55.02 were not found the way most Kepler 
planet candidates are, by transiting across 
a star’s face. The star itself was being 
studied because it exhibits a wide variety 
of throbbing pulsations that cause its 
brightness to vary slightly in many com-
plex modes. Kepler excels at measuring 
these patterns, which lay bare the details 
of a star’s interior structure. Charpinet 
and his team found two periodic sets of 
weak brightenings with periods too long 
to be inherent to the star. After ruling out 
other possibilities, they concluded that 
the brightenings must be the star’s light 
being refl ecting off  the gibbous and full 
faces of planets that swing behind it every 
5.8 and 8.2 hours. Working the numbers, 
the researchers conclude that the planets, 
presumably rocky, have diameters just 
76% and 87% that of Earth. Some astrono-
mers, however, say more data is needed to 
confi rm this interpretation.

The First Exo-Mars
Pushing discovery limits further, another 
Kepler group has identifi ed a dim little 
red-dwarf star with three candidate 
planets crossing its face, all smaller than 
Earth. One is only half Earth’s diameter: 
comparable to Mars.

The star (KOI 961) and planets are not 
only small, they form the most compact sys-
tem found to date. In fact, the whole array 
is sized more like Jupiter and its four large 
satellites than what we’d normally think of 
as a planetary system, as illustrated below. 

An amateur astronomer was key to this 
fi nd. The diameters of faint red dwarfs 
are notoriously hard to determine. But 
British amateur Kevin Apps, who devours 
research papers and memorizes star-

catalog data in his spare time, noticed 
something. He wrote to the discovery 
team that the photometric colors of KOI 
961 match those of Barnard’s Star only 6 
light-years away, one of the nearest and 
best-studied red dwarfs in the sky. “It was 
as if it was the exact same star,” says team 
member John Johnson (Caltech). Being so 
close, Barnard’s Star has a diameter that’s 
well determined: half what the team had 
assumed for KOI 961.

Using Barnard’s Star as a base, the 
astronomers determined KOI 961’s proper-
ties to high accuracy. From this informa-
tion they found sizes for the orbiting bod-
ies: 73%, 78%, and 57% of the diameter of 
Earth, half what they originally fi gured. 
They thanked Apps by making him a 
coauthor of their paper.

This fi nd raises hopes of detecting more 
tiny planetary systems around inconspicu-
ous dwarfs. “It’s kind of like cockroaches,” 
says Johnson. “If you see one….” 

Staggered Planets
The Kepler mission has 207 likely Earth-
size planets in its public data set, and 
many more are about to be announced. 
Most remain unconfi rmed, but the Kepler 
science team expects 80% to 95% to prove 
real. The statistics already indicate that 
Earth-size and smaller planets are even 
more abundant throughout the universe 
than the larger worlds that are easier to 
fi nd. This means that most stars probably 
have terrestrial-size planets.

Of Kepler’s confi rmed exo-Earths, two 
reside in a system that defi es explana-
tion. They’re Kepler-20e and f, two of 
fi ve worlds closely orbiting a G8 yellow 
dwarf 950 light-years away and not quite 
as large and hot as the Sun. The other 

three are roughly Neptune-like in size 
and mass. The fi ve show an unexpected 
arrangement. In our solar system, small, 
rocky worlds orbit fairly close in and gas 
giants farther out, where planet-formation 
models predict each should form. But the 
planets of Kepler-20 alternate in size: big, 
little, big, little, big. And all are closer to 
the star than Mercury is to the Sun.

“The architecture of this system is 
nuts!” says codiscoverer David Charbon-
neau. “I dare astronomers to explain it.”

Norman Edmund, 1916–2012
Amateur science, and especially amateur 
astronomy, would not have taken root in 
postwar America quite as they did had it 
not been for Norman Wilson Edmund, 
who died on Janu-
ary 16th at age 95.

A tinkerer and 
hobbyist, Edmund 
started selling 
government-sur-
plus lenses during 
World War II from 
boxes under his 
bed. His business 
grew to become Edmund Scientifi c of 
Barrington, New Jersey. Its catalog of tele-
scopes, electrostatic generators, chemistry 
sets, and other fascinating gizmos was 
thumbed ragged by the science-minded 
kids of the baby boom. The company’s 
mirror-making kits enabled a genera-
tion of amateur telescope makers, and its 
simple, diagram-fi lled books on telescopes 
and the sky formed a major route into 
amateur astronomy. In 1975 Edmund 
retired and turned the company over to his 
son Robert, who continues as CEO. Read 
more at skypub.com/normanedmund. ✦

Planet 02

Io

KOI 961

Jupiter

Europa Ganymede Callisto

01 03

The sizes of Kepler-22e and f are compared to the sizes of Venus and Earth. The two new planets’ 
actual appearances are unknown, but both are hot roasters close to their star.

The KOI 961 planetary system is compared to 
the Jupiter system, shown at the same scale.
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Finger Lakes Instrumentation
FLI

For astrophotos, life begins in black and white.  

Astrophotographers know that the most beautiful 
color images begin their lives as black and white 
captures.  At Finger Lakes Instrumentation, we build 
the fi nest cameras so you can color process your 
images on a superior foundation for your artistry.  
Then again, you might just want to keep them in 
black and white. Your choice.

Visit us at fl icamera.com for more information about our 
cooled CCD cameras, focusers, and color fi lter wheels.

© COPYRIGHT BY FINGER LAKES INSTRUMENTATION

flicamera.com

Lagoon Nebula Region in H
ProLine PL16803 | John Gleason

YOUR ADVENTURE STARTS HERE

WiFi Access  
to the Universe

Celestron’s innovative  
new SkyQ Link WiFi 

Module takes the technology  

behind our SkyQ app even further by activating  

a wireless control feature for most computerized  

Celestron telescopes. More than merely 

enabling completely wireless operation 

(including telescope alignment), the SkyQ 

Link Module will allow you to automatically 

slew the scope to an object with a simple tap 

on your iPhone/ iPad planetarium interface. 

And a SkyTour feature will even 

generate a list of the best 

stars, galaxies, and nebulas 

to see based on the user’s time 

and location.

Learn more about  
SkyQ Link by scanning  
the QR code with your 
smart phone or visit  
www.celestron.com/link 

Ash-Dome is recognized internationally by major astronomical groups, amateurs, universities, colleges,  and 
secondary and primary schools for its performance, durability, and dependability. Manual or electrically operated 
units in sizes from 8 to 30 feet in diameter available. Brochures and specifications upon request.

FOCUS ON
AYER Observatory — Milton Academy

Milton, Massachusetts

The ASH-DOMEs pictured are 8’ and 12’6” diameter 
units, electrically operated. The observatory domes shel-
ter a 5” Clark refractor and a 9” Takahashi reflector. The 
observatory is on campus and primarily used by the 
Milton students in the Astronomy class each semester. 
The public is invited during open houses.

www.ashdome.com
Email: customerservice@ashdome.com
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Cosmic Relief
David Grinspoon

18 April 2012 sky & telescope

Days of Powder and Planets
A conference about exoplanet climates reveals our rapidly changing understanding.

the ExoClimes 2012 Confer-
ence in Aspen, Colorado, where astronomers, planetary 
scientists, and Earth scientists have gathered in early 
morning and evening sessions to share results and ideas 
about the climates of extrasolar planets. Our afternoons 
are free for skiing.

The combination of mental stimulation and physical 
exhilaration facilitates insight and collaboration among 
the disparate specialists. Although it’s been a bad winter 
here for skiing, we emerged from the fi rst day of talks 
to fi nd the valley fi lled with freshly fallen snow. What a 
planet! It’s large enough for plate tectonics to raise these 
uppity mountains, and warm enough for water to be at 
the “triple point” — where it can be liquid for biochemis-
try, vapor for climate regulation, and solid for skiing. But 
how rare is this winning combination that supports our 
biosphere of aspens, archeobacteria, and astrobiologists? 

Since the fi rst ExoClimes conference two years ago, 
Kepler and other telescopes have shown us that planets 
are common, their sizes range from smaller than Earth to 
larger than Jupiter, and that some orbit in their host star’s 
habitable zone. It’s only a matter of time before Kepler 

I’m writing from fi nds its holy grail — an Earth-sized planet in the habit-
able zone. How many of these might be habitable, and 
what it really takes for a planet to qualify, are hot topics 
here. Bright young researchers are applying clever new 
techniques to glean a surprising amount from the scant 
signals of distant, modulated starlight.

But what can we really say about the detailed environ-
ments of these worlds? How many rocky planets have 
plate tectonics, which is so important on Earth? Adrian 
Lenardic (Rice University) presented models suggesting 
that it’s insuffi  cient to know a planet’s mass, density, and 
temperature — two planets with these same parameters 
may have diff erent global tectonics, depending on their 
histories. It’s diffi  cult to imagine knowing an exoplanet’s 
geologic history when we still don’t know Venus’s history! 
But these behaviors would produce diff erent atmospheres, 
which we might in time be able to predict and observe.

Several researchers describe the role of less obvious 
gases and parameters in determining planetary climate, 
suggesting that our standard notion of the habitable zone 
— having enough greenhouse gases to support liquid 
water at a certain distance from a star — needs revision. 
Ray Pierrehumbert (University of Chicago) shows how 
large amounts of hydrogen might warm climates enough 
to expand the zone’s outer edge, but also how methane-
producing organisms on such worlds might eat up the 
hydrogen and carbon dioxide molecules, collapsing the 
greenhouse and dooming their own world. As Colin Gold-
blatt (University of Victoria, Canada) stated, “Habitability 
and inhabitance are inseparable.” 

Perhaps our search for “another Earth” is driven 
by naïve assumptions. But our growing awareness of 
exoplanets is providing incentive for new models with a 
much wider range of parameters, such as including less 
obvious greenhouse gases (like nitrogen) that may be 
more important than we have realized. And so it goes: the 
observers give us theorists new puzzles and we provide 
them with new clues to search for as we strive to under-
stand what kinds of planets are out there. ✦

David Grinspoon, a barely competent skier on planets at 1g, 
is Curator of Astrobiology at the Denver Museum of Nature & 
Science. His website is www.funkyscience.net.©
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www.celestron.com

Starizona
Adventures in Astronomy   

and Nature. Our friendly service  
and helpful advice has earned 

 us a worldwide reputation  
as more than just a  

“place to buy a telescope”

5757 Oracle Road, Suite 102 
Tucson, Arizona 85704

Phone: 520-292-5010
www.starizona.com 

 Focus Scientific 
Putting the Universe  
in focus since 1975

911 Carling Avenue  
Ottawa, Ontario, Canada K1Y 4E3

Toll Free: 877-815-1350
Phone: 613-723-1350

www.focusscientific.com

The Observatory
The most complete telescope  

store in Texas

17390 Preston Road, #370 
Dallas, Texas 75252

Phone: 972-248-1450
www.theobservatoryinc.com

Khan Scope Centre
Our 25th Year! Telescopes, Spotting 
Scopes, Microscopes & Accessories 

“We know Celestron telescopes, 
because we use them!”

3243 Dufferin Street 
Toronto, Ontario, Canada M6A 2T2

Toll Free: 800-580-7160
Phone: 416-783-4140
www.khanscope.com 

Camera Bug Atlanta, Inc
For over 30 years, Camera Bug has 

been the largest and most experienced 
telescope,  binocular and telescope 

accessory retailer in Georgia

1799 Briarcliff Road NE 
Atlanta, Georgia 30306

Toll Free: 877-422-6284
Phone: 404-873-4513
www.camerabug.com

KW Telescope / Perceptor
A 30-year history of providing stellar 

customer service by experienced  
astronomers for customers worldwide

100 Victoria Street North  
Kitchener, Ontario, Canada N2H 6R5

Toll Free: 877-345-5757
Phone: 519-745-5757

www.kwtelescope.com 

NEW
FRONTIERS

Monetary prizes of $5,000–$50,000 will be awarded to about 16 winners.

The competition aims to inspire students to consider careers in science and to nurture 
their enthusiasm for the subject. Educators are encouraged to inform talented 
students of this extraordinary opportunity.  This program is being organized as part 
of the New Frontiers in Astronomy and Cosmology: An International Grant Competition 

for Scientists. Winners will be notified September 2012.

Essay deadline:  June 15, 2012  22:00 UTC

Visit www.NewFrontiersinAstronomy.org for details.

We seek essay submissions from talented, scientifically minded 
students addressing two of the Big Questions  we face today 
in astronomy and cosmology.

High School Essay Topic:
Are we alone in the universe? Or, are there other life and 
intelligence beyond the solar system? 

College Essay Topic:
What is the origin of the complexity in the universe? 
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By kicking the 

ultraviolet window 

wide open, GALEX 

has given astronomers new 

insights into galaxy evolution.

michael rich

Ultraviolet Space Telescope

New Light
Galaxies

Seen in a

ALL IMAGES COURTESY NASA / JPL-CALTECH UNLESS OTHERWISE CREDITED
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 an L1011 jet rumbled 
into the early morning skies of Florida’s Cape Canav-
eral Air Station, carrying a cruise-missile-like Pegasus 
rocket to an aerial launch. Although the Pegasus vehicle 
had experienced several prior failures, it was the only 
option, because its payload, the Galaxy Evolution Explorer 
(GALEX) satellite, was a small Explorer-class NASA mis-
sion with a hard cost cap of $100 million — a bargain in 
our era of billion-dollar space telescopes. GALEX was 
NASA’s fi rst mission after the tragic loss of Space Shuttle 
Columbia. The successful launch, followed by spectacular 
ultraviolet images of objects in deep space, gave NASA a 
much-needed lift. 

GALEX’s 16-inch telescope has surveyed nearly 80% 
of the sky at ultraviolet wavelengths ranging from 150 to 
280 nanometers — about twice the energy of the ultra-
violet-B rays that cause nasty sunburns. No all-sky map 
of this important spectral region existed before GALEX. 
Although NASA’s Great Observatories had surveyed and 
examined the sky from gamma rays (Compton) to the 
infrared (Spitzer), the UV window was virgin territory. 
GALEX’s objective was to discover where stars are form-

On April 28, 2003,

SkyandTelescope.com April 2012 21GALEX Field of View

1.2°

ing in the nearby universe, and to shed light on how star 
formation and its cessation can transform galaxies.

In contrast to the Hubble Space Telescope, whose 
fi eld of view is the size of a small lunar crater, GALEX’s 
1.2-degree-wide fi eld is large enough to capture the galax-

Technicians at Orbital Sciences Corporation test the solar arrays 
on the 620-pound (281-kg) spacecraft. GALEX is one of the small-
est space telescopes launched by NASA in recent years.

Facing page: GALEX’s stunning image of 
the nearby small spiral galaxy M33 reveals 
bright regions of active starbirth. Most of 
the yellowish dots are foreground stars in 
our galaxy. Right: GALEX’s 1.2°-wide fi eld 
of view is easily large enough to encompass 
the spiral galaxy M81 and its irregular com-
panion M82. The bright, blue areas in M81 
show where star formation is most active 
whereas the yellowish area in M81’s bulge 
comes from old ultraviolet-bright stars. The 
Moon is shown to the same angular scale. 
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ies M81 and M82 in the same image. GALEX’s detectors 
are extremely sensitive to the ultraviolet light emitted by 
young stars, which are particularly bright in the UV. So 
despite GALEX’s small aperture, it can detect traces of 
star formation missed by other telescopes. GALEX can 
also image starburst galaxies (galaxies that are rapidly 
forming stars) out to redshifts of nearly 1, corresponding 
to a look-back time of roughly 6 billion years. 

GALEX’s main surveys are nearing completion, but 
the telescope has also notched some unexpected discov-

eries. These include the discovery of gigantic star-forming 
disks three times larger than our Milky Way, “living dino-
saur” galaxies resembling those from the early universe, 
a black hole caught in the act of devouring a star, sup-
posedly “dead” galaxies with signs of star formation, and 
a spectacular comet-like tail associated with the bright 
variable star Mira. 

Living Dinosaurs
GALEX was 10 years in the making, the dream of princi-
pal investigator Chris Martin (Caltech). The science team, 
which includes astronomers from the U.S., France, and 
South Korea, knew GALEX could be a discovery engine 
like its visible-light predecessor, the Palomar Sky Survey.

The universe’s brightest sources of UV radiation are 
the youngest stars (10–100 million years old), some of the 
oldest stars (such as white dwarfs and hot post-red giants), 
and gas swirling around interacting binary stars and 
black holes. GALEX is so sensitive that it can also detect 
UV radiation in unexpected places, such as elliptical 
galaxies whose light is dominated by red giants, the tidal 
tails of interacting galaxies, and the outermost disks of 
spiral galaxies.

One of GALEX’s fi rst achievements was to isolate the 
nearby counterparts of galaxies ordinarily seen in the dis-
tant universe: rare ultraviolet-luminous galaxies (UVLGs). 
These extreme galaxies pack 10 billion Suns of ultraviolet 
luminosity into a volume only 10% the size of our Milky 
Way. In 1996 Charles Steidel (Caltech) discovered the 
faraway versions of UVLGs at redshifts of 3 or greater, 
corresponding to at least 11.5 billion years of look-back 
time. GALEX’s relatively nearby UVLGs, within 1 to 2 bil-
lion light-years, are literally the astronomical equivalent of 
fi nding a living dinosaur in the present time. 

The UVLGs detected by GALEX are close enough for 
Hubble follow-up studies. Images taken by Roderik Over-
zier (European Southern Observatory) reveal spectacular 

LIVING DINOSAURS  GALEX enabled astronomers to identify rare ultraviolet-luminous galaxies (UVLGs) within 2 billion light-years. 
UVLGs, which are mere point sources in GALEX images, are compact galaxies more commonly found at much greater distances. These 
six follow-up Hubble Space Telescope images resolve individual starbirth regions in relatively nearby UVLGs, as well as their nuclei. 
Some of these nuclei appear to be emitting X-rays and forming supermassive black holes. Each frame is about 5,000 light-years across.

FAR-OUT STARS  This GALEX image clearly shows patches of 
UV light — the hallmark of star formation — well beyond spiral 
galaxy M83’s visible disk (the bright inner region). This result 
startled astronomers by informing them that stars can somehow 
manage to form in gas-poor environments.
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giant star clusters and the occasional galactic nucleus star 
cluster as the bright sources of UV emission. Intrigu-
ingly, some of these galaxies appear to have nuclei that 
might be on the way to producing a supermassive black 
hole — but as yet still do not exhibit all of the hallmarks 
of black-hole formation. These nuclei might contain pre-
cursors of the supermassive black holes found in many 
galactic centers, making them objects of keen interest. 
Eventually, these galaxies might evolve into giant ellipti-
cals such as M84, M86, and M87 in the Virgo Cluster.

At about the same time, GALEX imaged the nearby 
spiral galaxy M83 and found star formation way beyond its 
visible disk, where only hydrogen gas had been detected. 
This result tells us that it takes far less hydrogen to form 
stars than we thought; many spirals consequently have 
much bigger disks of stars than we previously realized.

The Green Valley
GALEX’s most fundamental contribution is an improved 
diagram for galaxies analogous to the Hertzsprung-
Russell diagram for stars. When astronomers plot the 
luminosities of stars against their temperatures in an 
H-R diagram, they see distinct groups: stable hydrogen-
burning stars (the main sequence), red giants, and white 
dwarfs (S&T: December 2010, page 30). A similar diagram 
for galaxies plots their intrinsic brightness (luminosity, or 
absolute magnitude) against their “color” — red to blue.

When we do this in optical colors using, for example, 
the Sloan Digital Sky Survey’s huge database, the bright-
est galaxies, such as Virgo’s giant ellipticals, tend to be 
red. In fact, these galaxies defi ne a “red sequence” of gal-
axies that have similar populations of older stars. In very 
dense galaxy clusters such as the Coma Cluster, nearly all 
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THE GALAXY H-R DIAGRAM  Astronomers have produced a galaxy version of the famous Hertzsprung-Russell diagram for stars. 
Left: This plot from Sloan Digital Sky Survey data classifi es galaxies according to their colors in visible light. Almost all galaxies are 
members of either the red sequence (old stars) or the blue cloud (young stars). Right: This diagram incorporates GALEX ultraviolet 
data in the color index. Blue galaxies form a more clearly defi ned sequence rather than an amorphous cloud. In addition, a third region 
known as the green valley emerges. Galaxies in this class appear to be in transition from the blue sequence to the red sequence. 

ANDROMEDA PORTRAIT  GALEX’s ultraviolet image of the Andromeda Galaxy (M31) is one of the observatory’s iconic images. 
Nearly concentric rings of bright star-forming regions surround the center. The nucleus’s surprising brightness in ultraviolet light is 
probably due to ancient stars that are fusing helium in their cores as they near the end of their lives.
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GALEX has made stunning discoveries in our 
own galaxy. The red-giant star Mira would, it 
seems, surely be no candidate for an ultravio-
let study. Its fame derives from its 900-day 
period of variability from naked-eye visibility 
to invisibility. Mira is a huge, cool star that 
was expected to be invisible in the UV. While 
inspecting a portion of the All-sky Imaging 
Survey, GALEX team scientist Karl Forster 

(Caltech) noted a strange smudge, like a 
comet. Much to his surprise, the smudge coin-
cided with Mira’s coordinates in the constella-
tion Cetus. GALEX principal investigator Chris 
Martin (Caltech) obtained deeper exposures 
that revealed a bow shock and a comet-like 

tail 13 light-years long that results from the 
erosion of Mira’s extended atmosphere as it 
plows through interstellar gas. Much to every-
one’s surprise, the tail glowed most brightly in 
the far-UV, most likely the radiation of excited 
hydrogen (H

2
) molecules.

NOT A COMET  Astronomers were stunned when GALEX revealed a 13-light-year-long tail extend-
ing from the variable-star Mira (far right). As Mira moves through space, collisions with interstellar 
material blows off  some of the gas in the star’s outer atmosphere at a rate of about one Earth mass 
per decade. In this follow-up GALEX image, the left end of the tail consists of material shed by Mira 
30,000 years ago, when our home planet was still caught in the grip of the last Ice Age.

Mira’s Extended Tail

the galaxies fall on the red sequence. But most galaxies 
don’t reside in very dense clusters; some dwell in small 
groups and others live in relative isolation, and many of 
these tend to have young stars and disks. These galaxies 
are fainter and bluer than the red galaxies, falling in a 
region of the galaxy H-R diagram called the “blue cloud.”

Star-forming galaxies such as M33 and the Magel-
lanic Clouds live in the blue cloud. Surprisingly, even 
though the Milky Way and Andromeda galaxies are still 
forming stars, they fall on the red sequence because the 
old stellar populations of their inner disks and bulges 
outshine the younger, bluer stars in the spiral arms. If 
we plot this graph using visible light only, the red galax-
ies show some sense of a sequence, whereas the blue 
galaxies fall in the amorphous “blue cloud.”

But when astronomers measure galaxy brightnesses 
in GALEX’s near-UV fi lter, and plot their intrinsic optical 
magnitudes against an optical–UV color index, the plot 
becomes more interesting: there’s a red sequence of old 
galaxies and a separate blue sequence of galaxies that 
are actively forming stars. Falling between the red and 
blue sequences is a gap christened the “green valley” 
because it’s a region with relatively few galaxies (a “valley”) 
whose members are a kind of hybrid between the red 
and blue sequences. By applying GALEX’s UV data to 
this plot, astronomers could classify the galaxies in the 
blue sequence as mostly star forming, those in the red 

sequence as lacking young stars, and those in the green 
valley as possibly being in transit to the red sequence.

We’re interested in the green valley because that’s 
where we can fi nd galaxies on the move, so to speak, 
thanks to the processes that cause galaxy evolution. Some 
galaxies in the green valley may have just experienced a 
“wet merger,” in which two gas-rich galaxies merged and 
converted nearly all their gas into stars, with no gas left 
to form new stars. Some green-valley residents appear to 
have been forming stars until an active galactic nucleus 
turned on, producing radiation and gas outfl ows that 
may have quenched their star formation. Other green-
valley members appear to be red-sequence galaxies (our 
“red-and-dead” seniors) that are taking a fl ing with youth, 

ULTR AVIOLET LIGHT
Ultraviolet light is a form of radiation sandwiched 
between the X-ray and visible-light portions of the 
spectrum. UV wavelengths range from 100 to 400 nano-
meters, shorter than visible light but longer than X rays. 
Most UV photons are absorbed by Earth’s atmosphere, 
which is a good thing for us because excessive exposure 
to this high-energy radiation causes sunburn and skin 
cancer. But it also means that astronomers must loft 
telescopes into space to detect cosmic UV sources. 
Normal CCDs don’t work in the UV, so GALEX uses a 
combination of old and new technology to detect UV 
photons while rejecting 100% of visible-light photons.

NASA / JPL-CALTECH / C. MARTIN / M. SEIBERT
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forming stars from some newly acquired hydrogen gas. 
We think those galaxies will be back on the red sequence 
in less than a billion years. Alternatively, they could 
instead be galaxies that once had massive disks like our 
Milky Way, and are fading onto the red sequence. We’re 
not completely sure, and that is why the green valley off ers 
a trove of interesting case studies to explore in great depth.

Unexpected Discoveries and the Future
GALEX has made many other discoveries. In March 2004, 
the satellite serendipitously caught a burst of UV emis-
sion from the nucleus of a distant galaxy. Suvi Gezari 
(Johns Hopkins University) discovered this on a series of 
GALEX images while she was working at Caltech. The 
fading of the burst matched nearly exactly the predictions 
for what we would see if a star was tidally shredded as it 
fell into a 100-million-solar-mass black hole.

GALEX has even been used to isolate nearby stars that 
are good candidates to be young enough to host planets 
still visible by their own radiation. UCLA astronomers 
David Rodriguez and Ben Zuckerman used the UV 
properties of nearby stars to winnow through thousands 
of objects to fi nd just the right candidates that might have 
young Jupiter-mass planets shining in infrared light from 
their heat of formation, making them bright enough to be 
seen with adaptive-optics imaging.

Despite GALEX exploring the ultraviolet sky for nine 
years, some problems in UV astronomy remain unsolved. 
Among the enduring mysteries is the exact cause of UV 
radiation seen in very old red galaxies and bulges. This 
mysterious light was one of the fi rst important discover-
ies made by any space satellite (in this case, the Orbit-
ing Astronomical Observatory-2 in the late 1960s). We 
know that the rising UV fl ux comes from a population 
of very old stars that burn helium as their energy source. 
But the exact stellar population remains a mystery. The 
Hubble Space Telescope might reveal the individual stars 
responsible in Andromeda’s bulge. But the mystery might 
persist until an 8-meter UV-optical space telescope can be 
lofted into orbit.

About two years ago, GALEX’s far-UV detector failed, 
leaving the satellite to undertake its mission with only its 
near-UV detector. But the near-UV eye is so sensitive that 
the 16-inch mirror can still image, in only about an hour 
of integration time, galaxies out to 10 billion years of look-
back time, and quasars to even greater distances.

GALEX had been slated to continue surveying the area 
of the Sloan Digital Sky Survey to a depth of 23rd mag-
nitude in the near-UV band, and it would have provided 
critical complementary data to a new generation of sur-
veys, including the 8-meter Large Synoptic Survey Tele-
scope (LSST). Unfortunately, NASA must stop its funding 
of the GALEX surveys in early 2012, and unless private or 
international funds can be found to continue the mission, 
GALEX will be shuttered, detecting its last UV photon.

But in what may be its fi nal few months, GALEX has 
undertaken one of its most exciting missions: mapping 
the plane of the Milky Way, the bulge, and the Magellanic 
Clouds — regions once considered too dangerous to point 
at for fear of damaging sensitive detectors. After GALEX’s 
mission ends, the satellite will continue orbiting but not 
operating. A deeper survey of the ultraviolet sky will 
remain a dream for future generations of astronomers.

Even after GALEX ceases operation, team scientist 
Mark Seibert (Carnegie Observatories) will produce a 
fi nal catalog from the mission. GALEX data is being com-
bined with those of NASA’s Wide-Field Infrared Space 
Explorer (WISE) mission. The combination of the vast 
GALEX trove with all of these new data sets has resulted 
in yet more discoveries and will doubtless spur research 
for decades to come. Despite its small size and low cost, 
GALEX has beautifully complemented the missions of 
the Great Observatories (Compton, Hubble, Chandra, 
and Spitzer), fueling astronomical discoveries just as 
eff ectively as its visible-light cousin, the 48-inch Palomar 
Schmidt telescope, did a half-century ago. ✦

GALEX science team member Michael Rich is an astronomer 
at the University of California, Los Angeles.

HELIX NEBULA  GALEX turned its eye on the Helix Nebula 
(NGC 7293), a nearby planetary nebula. The hot central white 
dwarf is faint in visible light, but is very bright in the UV. GALEX 
also reveals gas well outside the area of optical emission.

To see more beautiful GALEX images of 
galaxies and other objects, and to listen to 
an interview with author Michael Rich, visit 
skypub.com/galex. 

Listen to a BONUS AUDIO INTERVIEW
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Mercury’s
Marvels

Don’t let its plain appearance fool you — 

the innermost planet has an enormous 

iron core, a surface awash with ancient 

volcanic fl ows, and a composition that 

defi es easy explanation.

J. Kelly Beatty

It’s hard to believe, but a year has passed since the Mes-
senger spacecraft fi red a braking rocket and slipped into 
orbit around Mercury. In that time the innermost planet 
has made four orbits of the Sun and twirled around its 
axis six times, long enough for NASA’s robotic emissary to 
study the entire globe repeatedly at close range. You might 
think all that scrutiny would have given mission scientists 
a fairly complete picture of Mercury’s past and present — 
but it hasn’t, at least not yet.

“Messenger” stands for MErcury Surface, Space 
ENvironment, GEochemistry and Ranging, a convoluted 
acronym that conveys what this mission is all about: reveal-
ing the insides and outs of a small planet with big myster-
ies. And while the list of unknowns still stretches long, 
even after a year, the spacecraft’s eight experiments have 
unveiled surprising clues to Mercury’s strange nature. 

Much of the scientifi c revelation has come from two 
onboard instruments, a pair of spectrometers that record 

Taken during Messenger’s second fl yby of Mercury in October 
2008, this image reveals an extensive and intriguing pattern of 
bright rays emanating from the fresh crater Hokusai (about 60 
miles across) along the upper limb. The crater was fi rst identifi ed 
in 1991 as a bright spot in radar observations made from Earth.
ALL IMAGES FROM NASA / JHU-APL / CARNEGIE INSTITUTION 
OF WASHINGTON UNLESS OTHERWISE CREDITED
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X-rays, gamma rays, and neutrons emitted by rocks on 
the planet’s hellish surface. These instruments map the 
abundance of elements with high atomic weights, such 
as silicon, magnesium, aluminum, and iron — precisely 
the ones that form rocks — and they’ve confi rmed what 
ground-based observers have suspected for some time: very 
little iron exists on the planet’s surface. Instead, explains 
geochemist Larry Nittler (Carnegie Institution of Washing-
ton), Mercurian rocks are infused with lots of magnesium, 
a chemical signature unique among the terrestrial worlds. 

But particularly revealing are unexpectedly high abun-
dances of sulfur, potassium, and sodium mapped by Mes-
senger’s spectrometers. These “volatile” elements vaporize 
at relatively low temperatures, and their ubiquitous pres-
ence has immediate consequences for theories of how the 
innermost planet formed. “The exciting thing about our 
observation of volatiles on the surface of Mercury is that it 
rules out most theories for the planet’s formation,” notes 
Patrick Peplowski, a Messenger team member from Johns 
Hopkins University’s Applied Physics Laboratory (APL).

It’s the Heart that Counts
Mercury, you might recall, is nicknamed the Iron Planet 
because its high overall density betrays the presence of a 
very large metallic core — an iron-rich cannonball that 
takes up three-fourths of its diameter and half its volume. 
Ever since Mercury’s fi rst and only inspection at close 
range, by Mariner 10 in the mid-1970s, scientists have 
wondered how this iron-hearted planet managed to form 
4½ billion years ago. 

One idea holds that Mercury’s initial composition was 
more Earthlike but, thanks to being blasted by a young 
and energetic Sun, its outer layers got so hot that they 
largely vaporized. However, this solar stripping would 

Left: Caloris Basin appears as a stark yellow blotch in this 
enhanced-color mosaic taken by Messenger at the end of its 
fi rst fl yby. The colors are nothing like what the human eye sees; 
instead, they indicate diff erent rock types on the planet’s surface. 
The basin is about 960 miles (1,550 km) wide. Above: Although 
Messenger photographed nearly all of Mercury during its fl ybys, 
some of the images were of poor quality (left). Being in orbit has 
allowed the spacecraft to record the same features (right) with 
much sharper detail. Completely missing from the left image, the 
ghostly pockmark (circled) in the snapshot’s lower right hints of a 
crater buried by the lava fl ood that created the northern plains.  

Messenger layout.indd   28 2/3/12   10:33 AM



A
lu

m
in

um
 /

 S
ili

co
n 

ra
tio

Lunar
solis

Lunar
highlands

Mercury

Earth
mantle
rocks

Earth
basalts

Mars

Magnesium / Silicon ratio
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

0

1.0

0.2

0.4

0.6

0.8

have left the surviving layers with very little sulfur, 
potassium, and sodium — the same elements Messenger 
detects in abundance. 

 A similar idea, the “big splat,” still stands (albeit shak-
ily). In this account, Mercury formed somewhat bigger 
than it is now but soon suff ered a massive hit that stripped 
away most of its crust and mantle, leaving behind its core 
and not much else. The hit is similar to the one thought 
to have created Earth’s moon, except that Mercury, being 
less massive than Earth, should have had more diffi  culty 
retaining its volatile elements than Earth did. Some data 
work with this model, says Nittler, but it doesn’t yet explain 
how surface rocks ended up with roughly 10 times more 
sulfur than exists on Earth. Being a volatile element, sul-
fur should have evaporated and escaped during the crash.

A third notion is that, somehow, Mercury was never
Earthlike but instead assembled from metal-rich building 
blocks. Such bodies exist: metal-rich meteorites called 
CV chondrites. But what Messenger is seeing on Mercury 
isn’t a good match to those meteorites’ composition. An 
iron-poor type known as aubrite is a better fi t (see the box 
on page 31). Perhaps the primordial matter fl oating close 
to the young Sun was carbon rich and oxygen poor, as 
proposed recently by geochemists Denton Ebel (American 
Museum of Natural History) and Conel Alexander (Carn-
egie Institution of Washington). Planetesimals with such 
an elemental mix would have delivered plenty of iron to 
the growing planet but largely prevented it from incorpo-
rating that iron into crustal rocks. Instead, essentially all 
of the iron would have ended up as the massive core.

Curiosities Erupt
Ever since Mariner 10, geologists have suspected that 
volcanism played an important role in shaping Mercury’s 
surface. Messenger’s cameras have confi rmed that broad 
lava plains fi ll most of the real estate between the planet’s 

Near left: The major-
element composition of 
Mercury’s surface diff ers 
from rocks and soils of 
Earth, the Moon, and 
Mars, suggesting it has a 
diff erent geologic history.  
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Above left: Messenger’s looping polar orbit around Mercury ranges in altitude from 
just 120 miles (200 km) to about 10,000 miles (15,000 km). The spacecraft uses the 
close-ins for observations and beams its data back to Earth when it’s far out.

Noon-midnight orbit

Messenger

Mercury

North

up to
15,200 km

above surface

to
Sun

abundant craters. Particularly intriguing is a vast expanse 
surrounding the north pole that covers 6% of the planet’s 
surface. This region, distinctly lower in elevation than 
elsewhere, was inundated early in Mercurian history by 
a volcanic outpouring of almost unimaginable size. On 
Earth, the plain would cap most of the continental U.S. 
with lava 1 or 2 miles thick. “It’s fl ood volcanism with a 
vengeance,” quips veteran planetary geologist James W. 

Below: Mercury is a 
cannonball planet. An 
iron-dominated core 
(sphere at top) takes up 
about 80% of its radius 
and more than half its 
total volume. 

SOURCE: NASA / JHU-APL / CIW

S&T: LEAH TISCIONE (3)
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During a recent science conference, Messen-
ger investigator Shoshana Weider (Carnegie 
Institution of Washington) commented, 

“Short of landing on the surface, picking up a 
rock, and bringing it home, the instruments 
on Messenger that characterize chemistry 
are the best we’re going to get.”

She might still get to hold such a rock. 
According to a 2009 analysis by Brett Glad-
man and Jaime Coff ey (both then of Univer-
sity of British Columbia), chunks of Mercury 
should be lying somewhere on Earth right 
now. The dynamicists conclude that 2% 
to 5% of the debris blasted by impacts off  
the surface of Mercury at or above escape 
velocity (2.6 miles per second) should reach 
Earth within 30 million years. That trans-

lates to at least a half-dozen stones having 
reached terra fi rma and been picked up.

A Mercurian meteorite would have a 
distinctive makeup: an igneous rock — or 
perhaps a fused breccia of diff erent rock 
types — rich in magnesium and volatile ele-
ments but nearly devoid of iron. This closely 
matches the composition of rare meteorites 
known as aubrites (an example is on the left).

But a piece of Mercury should be much 
darker than an aubrite. It might also smell 
faintly of sulfur, appear heavily shocked, 
exhibit signifi cant exposure to cosmic rays, 
and even be slightly magnetic.

Far left: The fl oor and ringed mountains of the Raditladi impact 
basin contain dense clusters of shallow irregular depressions, 
dubbed “hollows” (bright spots), that give the surface an etched 
appearance. Hollows appear all over Mercury and might be 
caused by the escape of trapped subsurface gas. This false-color 
composite is about 25 miles (40 km) long. 

Top left: A strongly color-enhanced view of Mercury’s surface, 
centered near 73°° N, 300°° E, brings out compositional 
diff erences between old, highly cratered areas (bluish in color) 
and younger lava-fl ooded plains (brownish). 

Bottom left: Vast lava plains, covering nearly 2 million square 
miles, surround Mercury’s north pole. The wrinkle ridge 
running through this snapshot formed when a massive volcanic 
outpouring cooled and contracted. Numerous craters in the lava 
suggest that the material fl owed early in Mercury’s history.

Head III (Brown University). 
Such massive outfl ows would be diffi  cult to produce 

unless the crust were ripped open along extensive, 
miles-wide fractures that tapped vast sources of magma 
deep below the surface. On Earth, convective bubbles in 
the mantle create localized volcanic “hot spots,” such as 
those under Hawaii and Iceland. But with a huge core at 
the planet’s center, Mercury’s mantle might be too thin 
to establish such convection-driven churning. Instead, 
Head suggests, static slabs of mantle material might have 
somehow liquefi ed below the surface, creating enormous 
reservoirs of molten rock just waiting for a crustal breach 
to make their escape to the surface.

All that rampant volcanism occurred early in the 
planet’s history, and there’s no evidence (yet) for recent 
or ongoing eruptions. But apparently Mercury isn’t 
geologically dead. Its surface abounds with clusters of 
small shallow pits, ranging in size from tens of meters to 
several kilometers across (February issue, page 18). These 
“hollows,” hints of which were spied by Mariner 10, have 

bright interiors and halos, tend to occur in or near impact 
craters, and look fresh.

So what are they? Investigator David Blewett (APL) 
thinks the hollows likely result from the loss of some kind 
of volatile material, something that’s unstable in the con-
ditions at or near the surface. Add a source of heat — the 
pulse from an impact, contact with hot rocks rising from 
the interior, or just the blistering midday sunlight — and 
this material could change to a gas and jet into space. 

Mars has similar-looking “Swiss cheese” terrain near 
its south pole, created as the topmost layer of carbon 
dioxide ice warms in spring and summer’s sunlight and 
sublimates away. But the Mercurian hollows seem to be 
something entirely diff erent, a unique landform created 
by material emplaced and buried long ago.

Complicating the search for a cause is the fact that 
the hollows appear to be associated with some unknown 
dark material found planetwide. Overall, Mercury refl ects 
less sunlight (has a lower albedo) than the Moon does, 
and some locations are nearly black. We know why the 
Moon is dark: over time, bombardment by meteorites and 
harsh radiation (so-called “space weathering”) extracts 
iron and titanium from lunar rocks and creates somber 
microscopic fl ecks of metal or metal-enriched glass that 
gradually build up in the dusty surface debris. 

But with little iron or titanium on Mercury’s surface, 
investigators are struggling to fi nd suitable compounds 
to darken the terrain. “I think we can explain a lot of the 
low albedo through space weathering,” notes Brett Denevi 
(APL), “but the extremely low albedos that are related 
to certain geologic units, such as those around Tolstoj 
basin, really must be due to compositional variation” — a 
change in the cake recipe, not just the icing. 

Wanted: Meteorites from Mercury
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Find more selected Mercurian scenery and the latest Messenger 
news at www.skypub.com/Messengermission. 
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Iron Planet Rediscovered

Magnetic Lines of Evidence
Mariner 10 discovered that Mercury is the only terrestrial 
world (aside from Earth) with a substantial magnetic 
fi eld. This fi eld suggests that the outer, still-molten por-
tion of the core gurgles enough to create a fi eld-producing 
dynamo. But Messenger’s magnetometer fi nds that the 
source of this magnetic fi eld is not dead center in the 
planet’s interior; rather, it’s off set toward the north pole 
by 300 miles (480 km), about 20% of Mercury’s radius. 

This is interesting for at least two reasons. First, the 
northward off set leaves the planet’s southern hemisphere 
— particularly the broad region under the magnetic fi eld’s 
southern cusp, where fi eld lines stretch open-endedly into 
interplanetary space — more vulnerable to bombardment 
by space radiation. “These open fi eld lines are interstate 
highways for charged particles,” says Sean Solomon 
(Carnegie Institution of Washington), Messenger’s chief 
scientist. Such magnetic inroads might allow harsher 
space weathering to alter the surface rocks at far-southern 
latitudes. Second, the off set suggests that the dynamo 
originates not in the planet’s heart but from somewhere 
higher up, near its core-mantle boundary. 

But there’s a problem: a dynamo-generated fi eld 
should be stronger than what Messenger has observed 
around Mercury. Perhaps, as Daniel Heyner (Technical 
University, Braunschweig, Germany) and others suggest, 
the magnetospheric bubble that surrounds the Iron 
Planet combines with the solar wind in a way that creates 

negative feedback and weakens the overall fi eld strength. 
Alternatively, Steven Hauck II (Case Western Reserve 
University) and others argue that the lower mantle must 
consist of an unexpectedly dense material — perhaps 
iron sulfi de — that could be damping the dynamo’s fi eld 
before it ever reaches the surface.

“There’s an incredible richness of magnetospheric 
data,” Solomon says. The spacecraft has found sodium, 
magnesium, calcium, oxygen, helium, and even water 
molecules streaming away from the planet. Yet the 
streams aren’t uniform — sodium and calcium seem to 

Left: This false-color image draws attention to the mysterious dark material that surrounds Tolstoj basin (about 250 miles across, 
at right), Basho crater (at lower left), and many other impact features on Mercury. Tolstoj is ancient and Basho relatively young, so 
the dark material must be due to Mercury’s composition rather than space weathering. Right: Does water ice lie at the bottoms of 
shadowed craters near Mercury’s north pole? This radar image of the polar region, obtained at the Arecibo Observatory, shows that 
some craters are fi lled with radar-bright material. These deposits might conceivably be water ice, or some other unknown compound. 
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On average, the surface of Mercury (left) is about 15% darker 
than the Moon’s nearside (right, from Clementine orbiter). Yet 
Mercury’s surface rocks contain less iron, the element that 
contributes most to lunar rocks’ dark appearance.
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concentrate over the polar cusps, whereas magnesium 
and helium are distributed more evenly. And space 
physicists would like to know why bursts of energetic 
electrons, ranging from 10,000 to 200,000 electron volts 
(200,000 eV is the energy of photons used in some med-
ical X-rays), are showing up like clockwork whenever the 
spacecraft passes over mid-northern latitudes. “We have 
a lot of mysteries to solve with these data,” he admits.

Homework Assignments
Fortunately, Messenger’s observations won’t be ending in 
mid-March, at the conclusion of its primary mission. Last 
November, NASA managers wisely decided to extend 
operations through December 2012, which gives the sci-
ence team more time to sort out some of the confusion 
and to make headway on some must-have answers.

For example, mission scientists are only beginning 
to disentangle the planet’s gravitational fi eld and, from 
that, its interior structure. Geologists would like to 
know where all those volatiles are coming from, how 
long the episodes of volcanism continued throughout 
the planet’s history, and just how much the crust dis-
torted and contracted as the planet cooled.

And then there’s the mysterious compound that’s 
puddled at Mercury’s poles. It’s been 20 years since 
radar astronomers discovered highly refl ective spots at 
the very top and bottom of the planet. Not many things 
can refl ect pulses of radio energy so effi  ciently, and one 
of them is water ice. Mercury might be blisteringly hot 
at high noon, but because of its virtually nonexistent 
axial tilt, the fl oors of craters near the poles are never 
exposed to sunlight. It might seem utterly implausible, 
so close to the Sun, but water ice could remain stable in 
those shadowed hideaways for a very long time.

Messenger carries a neutron spectrometer that can 
sense the presence of hydrogen in the ground below it, 
sunlit or not. Every time the spacecraft swoops in close 
over the north pole — as it has more than 700 times 
since entering orbit — the spectrometer counts neutrons 
slowed by collisions with hydrogen atoms, presumably 
those in water molecules. But the radar-bright deposits 
could be something else, such as iron sulfi de. The team 
has been chasing this mystery with a variety of meth-
ods, Solomon says, and researchers hope to have a yes-
or-no answer to the water-ice question very soon. ✦

Senior contributing editor J. Kelly Beatty dreams of skiing 
down the ice-covered inner slopes of Mercury’s permanently 
shadowed polar craters.

This enhanced-color mosaic shows a strip of Mercury’s surface 
as seen by Messenger during its second fl yby. The colors come 
from the 11 fi lters of the spacecraft’s Wide Angle Camera. The 
distance between the centers of the two orange-tinted craters in 
the middle is just over 100 miles.
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Rare Astronomical Confl uence

On April 10, 1912, the Titanic sailed from Southampton, England, 
on its maiden voyage. After picking up passengers at Cherbourg, 
France, and Queenstown (now Cobh), Ireland, the liner headed 
west across the North Atlantic to New York. But it would never get 
there. At 11:40 p.m. on April 14th, the Titanic struck an iceberg, 
and by 2:20 a.m. on April 15th the great ship had slipped beneath 
the waves. Although some 700 people were rescued from lifeboats, 
about 1,500 passengers and crew perished in the icy waters.

The year 2012 marks the centennial not only of the Titanic’s 
sinking, but also that of the little-known extreme lunar perigee of 
January 4, 1912. We investigated whether these two events could 
have been related through the Moon’s eff ect on ocean tides.

A Moonless Night
David Rubincam and David Rowlands emphasized one lunar 
connection to the Titanic sinking in the October 1993 S&T (page 
79). They noted, “At night lookouts normally watched for waves 
breaking around the exposed portion of an iceberg; the white 
surf made a berg easier to spot. But on this night there was virtu-
ally no swell or wind; little surf would be generated around any 
icebergs that might be in the vicinity. And there was no Moon. 
Moonlight . . . might have made what foam there was, or even the 
berg itself, easier to see.”

When Second Offi  cer Charles H. Lightoller testifi ed before the 
British inquiry, he was asked to explain the circumstances of that 
night. He answered, “In the fi rst place, there was no moon.” 

Passenger Lawrence Beesley, gazing around from a lifeboat 
after the Titanic disappeared, noticed something else about the 
sky. In his 1912 book The Loss of the SS. Titanic, he wrote:

First of all, the climatic conditions were 

extraordinary. The night was one of the most 

beautiful I have ever seen: the sky without a 

single cloud to mar the perfect brilliance of 

the stars, clustered so thickly together that in 

places there seemed almost more dazzling points 

of light set in the black sky than background of 

sky itself ... where a star came low down in the 

sky near the clear-cut edge of the waterline, it 

still lost none of its brilliance.

ICEBERG, RIGHT AHEAD!  British maritime artist Simon 
Fisher portrays the Titanic on the night of April 14, 1912, 
around the time that lookout Frederick Fleet used the tele-
phone in the crow’s nest to call the bridge with the warning 
“Iceberg, right ahead!” Unfortunately, he was too late.

Did the Moon
Donald W. Olson, Russell L. Doescher & Roger W. Sinnott Exceptionally 

strong tides 

in early 1912 

may have 

brought the 

iceberg into 

the doomed 

ship’s path.
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 At last, shortly before sunrise on April 15th, Bees-
ley realized that rescue was at hand when he saw the 
approach of a passenger vessel. The eastern sky bright-
ened as his lifeboat was rowed toward the Carpathia:

And then, as if to make everything 

complete for our happiness, came the dawn. 

First a beautiful, quiet shimmer away in 

the east, then a soft golden glow that 

crept up stealthily from behind the sky-

line ... And next the stars died, slowly, 

— save one which remained long after the 

others just above the horizon; and near 

by, with the crescent turned to the north, 

and the lower horn just touching the 

horizon, the thinnest, palest of moons. 

This last remaining “star” was actually Venus, as 
Rubincam and Rowlands noted. 

Lunar Perigee in 1912
If the Moon had been out that fateful night, the Titanic’s 
lookouts probably would have spotted the iceberg in time 
to avoid the collision. But the Moon’s absence on the night 
of the sinking is only part of the story. An unusually large 
number of icebergs reached North Atlantic shipping lanes 
in the spring of 1912, perhaps resulting from a rare con-
fl uence of astronomical events that produced ocean tides 
with unusual range. Did these tides play a role in bring-
ing the iceberg into the Titanic’s path? 

The rare celestial combination fi rst involved the 
convergence of a spring tide and a perigean tide. Spring 
tides occur at both new Moon and full Moon, when the 
Sun, Earth, and Moon line up, and the tide-raising forces 
of the Sun and Moon combine for a greater net eff ect. 
Perigean tides occur when the Moon is nearest Earth (at 
its perigee) in its eccentric orbit, so the lunar tide-raising 
force is greatest. If a lunar perigee falls near either new 
Moon or full Moon, then perigean spring tides with unusu-
ally large range will occur. Perigean spring tides are not 
particularly rare. Whenever a perigee coincides with a 
new Moon, 6½ and 7½ lunar months later the perigees 
will fall near full Moons, and after a similar interval the 
perigees will again fall near new Moons, and so on.

But an even rarer confi guration occurs when perigean 
spring tides occur near the time of year (early January) 
when Earth is at perihelion, its closest approach to the 
Sun, when the solar tide-raising force is also greatest. 
Such an astronomical coincidence occurred in early 1912:

Earth at perihelion  January 3, 1912  
10h 44m UT

Full Moon       January 4, 1912  
13h 29m UT

Lunar perigee      January 4, 1912  
13h 35m UT  

TIDAL CONVERGENCE  The convergence of three astronomical eff ects on January 4, 1912, enhanced the strength of the tidal force on Earth’s oceans. 
The Moon was on the opposite side of Earth from the Sun, making it a full Moon (creating a spring tide). The Moon was at its closest point to Earth 
(perigee) in its eccentric orbit, enhancing its gravitational tug on Earth. And Earth was near its closest point to the Sun (perihelion) in its annual orbit, 
boosting the Sun’s gravitational infl uence. The increased tidal force on January 4, 1912, along with close perigees on December 6, 1911, and February 2, 
1912, may have refl oated the iceberg that eventually drifted south into the Titanic’s path.
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The calculated times of the full Moon and lunar perigee 
in January 1912 were separated by only six minutes. This 
timing of a Sun-Earth-Moon lineup, coupled with the 
strong solar infl uence, produced an exceptionally close 
lunar perigee distance of 356,375 km (221,441 miles) on 
January 4, 1912; a typical perigee distance is about 363,000 
km. On that date, the total tide-raising force, combining 
both lunar and solar eff ects, was 74% stronger than that of 
the Moon at its mean distance from Earth.

 As far as we know, Fergus J. Wood, a tide expert at the 
National Ocean Survey (later NOAA), was the fi rst author 
to call attention to this date, which he noted as having 
the most extreme lunar perigee during the years 1600 
to 1999 (The Strategic Role of Perigean Spring Tides, 1978, 
page 219). Independently, Roger Sinnott alerted Belgian 
astronomer Jean Meeus to this rare event (S&T: August 
1981, page 110), and Meeus later refi ned the calculations 
and extended the range of years in his 2002 book More 
Mathematical Astronomy Morsels (Willmann-Bell). To 
fi nd a closer lunar perigee distance than the one in 1912, 
it’s necessary to go back to the year 796 (356,366 km) or 
forward to the year 2257 (356,371 km). The extreme lunar 
perigee on January 4, 1912, therefore marked the Moon’s 
closest approach to the center of the Earth during a period 
of more than 1,400 years. 

Enhanced Iceberg Calving?
Glaciers in western Greenland are the source of the 
vast majority of icebergs carried by ocean currents into 
North Atlantic shipping lanes. When glacial ice reaches 
the Greenland coast, the ends of the glaciers break off  (a 
process known as calving) and are set adrift as icebergs. 
Especially prolifi c is the coastline’s northern half, 
extending from Humboldt Glacier on Kane Basin down to 
Jakobshavn Glacier on Diskø Bay.

To explain the unusually abundant ice that reached 
shipping lanes in the spring of 1912, the New York Times 
interviewed U.S. Hydrographic Offi  ce scientists for an 
article appearing on May 5, 1912. These experts argued 
that Arctic weather conditions during the preceding year 
played an important role

in the creation of an enormously large 

crop of icebergs from the West Greenland 

glaciers.... Ice now observed in the 

North Atlantic Ocean prevails because of 

an unusually hot Summer in the arctic 

last year, followed by an unusually mild 

Winter.... This warm Summer caused a 

greater melting of the glaciers, perhaps 

a more rapid movement of them, and the 

formation of a larger number of icebergs, 

together with the liberation of congested 

bergs and  eld ice, held there perhaps 

for many previous seasons, and that in 

consequence the drift southward was larger 

than in normal years. 

Fergus Wood was apparently the fi rst author to suggest 
that the extreme lunar perigee in January 1912 may have 
played a role in the origin of the Titanic iceberg. In the 
1995 Journal of Coastal Research, he argued that tongues 
of ice extending from the Jakobshavn Glacier into the 
fjord would fl ex up and down in response to the increased 
tidal range. Wood stated that “the calving frequency of 
icebergs increases noticeably during spring tides” and 
specifi cally emphasized the ocean tides caused by the 
“precise astronomical circumstances existing on January 
4, 1912  . . . because of their extreme concentration of 
gravitationally augmenting forces.” He concluded that 
the “probable date of the Titanic iceberg’s calving into the 
open sea was around January 4, 1912.”

But Wood himself recognized a problem with this 
idea — an iceberg calved near Diskø Bay in early January 
would have to travel unusually fast in order to meet the 
Titanic in the shipping lanes on April 14th. Wood realized 
that “icebergs are subject to numerous impairing, 
retarding, defl ecting, and even stranding or grounding 
infl uences” that might increase travel times. He was 
forced to assume that the icebergs calved in Greenland 
in January 1912 made their way “rapidly and expediently 
toward their eventual destinations” and that the Titanic 
iceberg in particular followed one of the “most rapid-
transportation cases” possible. 

The 1938 edition of the Bowditch American Practical 
Navigator manual gave a general rule for the time 
required: “If bergs on their calving at once drifted to the 
southward and met with no obstructions their journey 
of about 1,200 to 1,500 [nautical] miles would occupy 
from 4 to 5 months. . . .” The distance from Diskø Bay 
to the Titanic collision site is closer to 1,640 nautical 
miles, suggesting a typical iceberg moving directly south 
without any delays would need about 5½ months.

There’s another diffi  culty with accepting Wood’s idea 
that the iceberg moved rapidly south after being calved. 

VISIONARY 
OCEANOGRAPHER  
Fergus J. Wood, 
shown here at 
Coronado, California, 
made the connection 
between the extreme 
lunar perigee in 
January 1912 and the 
sinking of the Titanic 
a little more than 
three months later. B
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The prevailing West Greenland Current usually carries 
icebergs fi rst to the north and then counterclockwise 
around Baffi  n Bay before the icebergs even begin their 
southward journey many months later. As explained in 
the 1962 Bowditch manual, “The most prolifi c source 
of icebergs is the west coast of Greenland. . . . The west 
Greenland current carries them northward and then 
westward until they encounter the south-fl owing Labrador 

current. West Greenland icebergs generally spend their 
fi rst winter in Baffi  n Bay. During the next summer they 
are carried southward by the Labrador current. In many 
cases, their second winter is spent in Davis Strait.”

Voyage of the Iceberg
If the Titanic iceberg calved from its parent glacier in 
Greenland in 1910 or 1911, then it might appear that 

COLLISION COURSE  This map shows the 
known route of the Titanic and a possible path 
for the iceberg. We will never know the iceberg’s 
actual trajectory, but modern knowledge of 
currents and drift patterns make this a highly 
plausible scenario. Had it not been for the 
enhanced tidal eff ects a few months earlier, 
the iceberg might have run aground on the 
Labrador or Newfoundland coast, and remained 
permanently stuck until it melted.

ICY VISITOR  As icebergs travel south toward 
Atlantic shipping lanes, they often drift into 
shallow water and run aground. This iceberg got 
stuck just off  Dunfi eld, Newfoundland, but it later 
refl oated on a spring tide and headed south. Did 
the same thing happen to the Titanic iceberg?N
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north end of Baffi  n Bay, drifts westward in the summer, 
and begins to drift southward in August 1911. The iceberg 
runs aground and refl oats several times, and drifts into 
the path of Titanic on April 14, 1912.

We will never know the origin and path of the actual 
Titanic iceberg, of course, but Brown’s narrative, with 
the iceberg grounding and refl oating several times, is a 
plausible scenario. Tidal streams might help to erode the 
bases of grounded icebergs, and the high waters dur-
ing perigean spring tides could play a role in refl oating 
grounded and even apparently “stranded” icebergs, espe-
cially those stranded at the time of a normal high water.

On December 6, 1911, a full Moon occurred 22 hours 
before a lunar perigee. On January 4, 1912, a full Moon 
and a lunar perigee were separated by only six minutes. 
On February 2, 1912, a full Moon occurred 22 hours after 
a lunar perigee. As a modifi cation of Wood’s original 
idea linking astronomy and the Titanic, we suggest that 
perigean spring tides during each of those three months 
— especially the period near the extreme lunar perigee on 
January 4th — could have helped to refl oat icebergs.

The Titanic iceberg may well have spent time among 
those grounded or stranded near Hudson Strait or along 
the coasts of Labrador and Newfoundland. These locations 
are far enough south that refl oated icebergs resuming 
their southward drift would have suffi  cient time to reach 
the shipping lanes by mid-April, the time when the 
lookout Frederick Fleet peered into a starlit night and 
called out the words: “Iceberg, right ahead!” ✦

Don Olson and Russell Doescher teach in the Department 
of Physics at Texas State University. Roger Sinnott is an 
S&T senior contributing editor. The authors are grateful for 
research assistance from Fergus Wood (1917–2000), Stephen 
Bruneau at the Memorial University of Newfoundland, and 
Margaret Vaverek at Texas State University’s Alkek Library.

ICEBERG CALVING  This aerial photo shows icebergs that have 
broken off  Jakobshavn Glacier on the east end of Diskø Bay, on 
Greenland’s west coast. Glaciers originating from the west coast 
of Greenland are the source of the vast majority of icebergs that 
are carried by ocean currents into North Atlantic shipping lanes, 
and Jakobshavn Glacier is an especially prolifi c site.

To view more images related to this article, 
visit skypub.com/titanic.

COAUTHORS  Left to right: Russell Doescher, Don Olson, and 
Roger Sinnott enjoy a sunny day on the beach at Dover, England.

the ocean tides in January 1912 have no relevance to the 
Titanic’s sinking. But we can suggest a modifi cation of 
Wood’s idea — a scenario in which the extreme lunar 
perigee on January 4, 1912, still played an important role 
in the history of the Titanic iceberg, even if it didn’t cause 
it to break off  from Greenland in the fi rst place.

As icebergs travel southward along the coasts of Labra-
dor and Newfoundland, they can drift into shallow water 
and run aground. The Canadian Hydrographic Service 
glossary defi nes two terms that describe stationary ice: 
“grounded ice” is fl oating ice that is temporarily aground in 
shoal water, while “stranded ice” is ice that, after fl oating, 
has been deposited on the shore by retreating high water. 
Some grounded icebergs remain in place and decay without 
moving farther, but in other cases they refl oat and resume 
moving south. The icebergs “fi nd their way into the Labra-
dor Current and begin their journey to the southward” in a 
stop-and-go manner, the 1938 Bowditch manual explains: 

Many ground in the Arctic Basin and break 

up there; others reach the shores of 

Labrador, where from one end to the other 

they continually ground and  oat... So 

many delays attend their journey and so 

irregular and erratic is it that many 

bergs seen in any one season may have been 

made several seasons before.

Exactly this kind of journey is described in Richard 
Brown’s 1983 book Voyage of the Iceberg, which off ers a 
unique look at the Titanic disaster — from the iceberg’s 
point of view. Although the text is fi ctional, the author 
intended his account to be scientifi cally plausible. In 
Brown’s book, the iceberg calved from Jakobshavn Glacier 
in September 1910, moves out of Diskø Bay, and is then 
carried northward up the coast by the West Greenland 
Current. Brown’s berg spends the winter of 1910–11 in the 
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New Product Showcase

▾ OBSERVING PLANNER  Eye & Telescope 3.0 ($75) is a new observ-
ing planner for serious observers developed by Thomas Pfl eger. The 
program runs on Windows 98SE or higher and allows users to generate 
observing lists based on their equipment and specifi c observing condi-
tions. Navigate the sky with easy-to-operate maps showing objects you 
can really see with your binoculars or telescope, or control the pointing 
of any ASCOM-compliant Go To telescope mount. With Eye & Telescope,
you can fi lter objects by type, time, location, and sky brightness to let 
you plan a night’s observing without wasting precious time searching for 
objects beyond your capabilities. The software also allows you to easily 
document your observations, and provides observing notes from deep-
sky observers, including S&T contributing editor Steve Gottlieb. Requires 
a DVD-ROM drive, 256 megabytes of RAM, a 1-gigahertz processor, and 
a 256-color graphics card. ISBN 978-0-521-15115-3 

Eye & Telescope 3.0
Distributed through Cambridge University Press, www.cambridge.org

▴ COMPACT ASTRO CAMERA  Atik Cameras 
unveils its newest compact CCD imager, the Atik 
428EX ($2,250). This new camera features the 
sensitive 2.8-megapixel Sony ICX674 CCD detector 
with square 4.54-micron pixels. The Atik 428EX is 
a roughly 2-by-5-inch compact body that can cool 
down to 30°C (54°F) below ambient temperature. 
The camera connects to your PC via a mini-USB 2.0 
cable and is controlled using the included Artemis 
Capture software; drivers are included for MaxIm 
DL, CCDSoft, or any ASCOM-compliant control 
program. Also included are a 3-meter (9.8-foot) USB 
cable and 1.8-meter cigarette-lighter power cable. 
The company’s website has additional details.

Artemis CCD Ltd.,
Beacon House, Nuffi eld Rd.,
Cambridge, CB4 1TF, UK   www.atik-cameras.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 manufac-
turer or distributor. Announcements should be sent to nps@SkyandTelescope.com. Not all announcements can be listed.

▶ PHOTO ATLAS  The Cambridge Photographic Star Atlas by Axel Mellinger and Ronald 
Stoyan ($48) is an aptly named atlas covering the entire sky, based on Mellinger’s all-sky 
mosaic. A short preface describes the challenges he faced when undertaking the two-year 
project using modern digital astrophotography techniques. The fi nal mosaic was divided into 
eight-two 10-by-13½-inch charts, with each sky segment presented twice on a double-page 
spread: in natural color on the right-hand page and as a black-and-white negative chart on the 
left. Constellation names and bright stars are plotted, as are the brightest double stars, vari-
ables, open clusters, globular clusters, nearby galaxies, and bright and dark nebulae. 
Cambridge University Press, 176 pages, ISBN 978-1-107-01346-9.

Available from Cambridge University Press, www.cambridge.org
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making it easier for thousands of families to
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Your telescope will be more affordable with
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when you join Cloudy Nights for free at
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place in the world – has 55,000 members and
dozens of forums where you can get answers
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Plus, Cloudy Nights members save up to
5% extra at astronomics.

By April, we should be fully moved into our
new astronomics store at 110 East Main in
Norman. Our telescope showroom – over

4000 square feet and full of telescopes – is
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us and be amazed.
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NOVEMBER 8 – 15 
AUSTRALIAN ECLIPSE 2012

Get the most out of the eclipse 
and the glories of Down Under. 
Join Sky & Telescope November 8–15, 2012 
for unique Australian eclipse memories.

Get oriented in Sydney, then off to Australia’s 
telescope corridor. Visit “The Dish” at Parkes 
and the Siding Spring Observatory at Coona-
barabran (Astronomy Capital of Australia). 
North to our Cairns eclipse HQ and a pre-
eclipse visit to the Great Barrier Reef.
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for all details.

Australia with 
Sky & Telescope: 

Astronomy Powerhouse, 
Unforgettable Eclipse Adventure
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Roundtrip air from 
all major US gateways 

included!
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All metal Galvalume and Aluminum construction 
with interlocking dome sheets, providing a strong 
watertight design able to withstand harsh weather 
conditions.

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

Optional factory tested automation system with 
color touch screen.  Automatic Slewing of dome 
with telescope.  Cloud sensor input for automatic 
dome shut down in the event of inclement 
weather.  Viewing range is from horizon to 15 
degrees past zenith.

Extra wide shutters.  Our domes are pre-painted 
with Kynar 500® to your color choice.  Available 
in 31 different colors warranted against peeling 
and fade. 

Full turnkey systems available with the inclusion 
of Pier, mount, telescope and accessories.

Please visit our other websites to see other great products
     www.astrorollmatic.com for roll off roof observatories 
     www.mobile-observatories.com
     www.pier-tech.com for height Adjustable Piers
     www.observatoryautomation.com

www.dome-observatories.com
Or call 630-841-6848

Pier-Tech Domes
TM

Dome Observatories
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Planet Visibility
MIDNIGHT◀ SUNSE T SUNRISE ▶ 

Mercury

Venus

Mars

Jupiter

Saturn

PLANET VISIBILITY SHOWN FOR LATITUDE 40° NORTH AT MID-MONTH.
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Visible in binoculars at mid-month.
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Sky At A Glance
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S U N M O N T U E W E D T H U F R I S A T

2–3  Evening: In the west, Venus passes 
through the southern outskirts of the Pleiades. 
This sight is best viewed in binoculars or a 
wide-fi eld telescope. In the east, the waxing gib-
bous Moon forms a shallow arc with Mars and 
Regulus on the 2nd and a narrow triangle with 
them on the 3rd. See page 48.

6  Evening: Spica is close to the Moon’s left, and 
brighter Saturn is farther left of Spica.

15  All night: Saturn is at opposition, rising 
around sunset and setting around sunrise.

17  Evening: Algol is at minimum brightness for 
about 2 hours centered on 10:44 p.m. EDT (9:44 
p.m. CDT). This is the last chance until August 
to see a minimum of Algol in the evening sky 
from North America.

21–22  Late Night: The modest Lyrid meteor 
shower peaks tonight at new Moon. It’s best 
viewed from midnight to the fi rst light of dawn 
on the 22nd; see page 53.

22  Dusk: Jupiter shines just below an extremely 
thin crescent Moon very low in the west-north-
west in twilight, a splendid photo op.

23  Early Evening: The Pleiades are to the right 
of a very thin crescent Moon.

24  All Evening: Venus is upper right of the thin 
crescent Moon; see page 49.

30  Evening: Look above the Moon for bright 
Mars (on the left) and dimmer Regulus.

OBSERVING 
Sky at a Glance Using the Map

Go out within an hour of a time 
listed to the right. Turn the map 
around so the yellow label for the 
direction you’re facing is at the 
bottom. That’s the horizon. Above 
it are the constellations in front of 
you. The center of the map is 
overhead. Ignore the parts 
of the map above horizons
you’re not facing.

EXACT FOR LATITUDE 
40º NORTH.
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To watch a video tutorial on how to use 
the big sky map on the left, hosted by 
S&T senior editor Alan MacRobert, visit 
SkyandTelescope.com/maptutorial.

Leo’s Galaxy Trio
The spring sky is littered with galaxies. That’s the 
good news. The bad news for binocular observers is 
that virtually all of them are tough to see and require 
reasonably dark skies. But even a diffi  cult target 
often can be glimpsed if you know exactly where to 
look — so a prominent signpost is a big plus.

The Messier duo of M65 and M66 in Leo is 
situated in the same binocular fi eld as 3.3-magnitude 
Theta (θ) Leonis, which helps. But the two galaxies 
are also positioned just east of a stick-fi gure chair 
asterism. If you can fi nd this grouping of 6th- and 
7th-magnitude stars, you’ll have a pretty good 
chance of sighting the galaxies.

I can see both galaxies in my 10×50s, but 9.0- 
magnitude M66 is defi nitely the easier of the two. 
It’s even possible to discern its elongated shape 
and orientation (roughly north/south) with these 
binos. At magnitude 9.3, M65 is a little more diffi  cult 
and needs averted vision to pull it in from the 
background sky. In mounted 15×70s, both galaxies 
are readily seen under dark skies, and the north-
south orientation of M65 becomes discernible.

The two Messier galaxies are part of a grouping 
well known to telescopic observers as the famed Trio 
in Leo. The third galaxy in that trio is NGC 3628. 
I was able to glimpse it intermittently in both my 
15×45 image-stabilized binos and my 15×70s, though 
it wasn’t easy. Glowing at magnitude 9.8, NGC 3628 
is not only fainter, it’s also larger than either Messier 
galaxy, so its dim light is spread out farther. Little 
wonder that completing the Trio is so challenging for 
binocular observers. ✦ — Gary Seronik

3628

M65M66

ι

θ

Chair

L E O

5° binocular v
iew

When

Late February Midnight
Early March 11 p.m. 
Late March  11 p.m. *
Early April 10 p.m.*
Late April Dusk
*Daylight-saving time.
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Sun  1 2h 31.9m +14° 56′ –– –26.8 31′ 45″ ––  1.007

   31 4h 30.5m +21° 51′ –– –26.8 31′ 33″ ––  1.014

Mercury  1 2h 16.8m +14° 02′   4° Mo –– 12.0″   1%  0.562

   11 2h 04.6m +10° 14′  18° Mo  +2.3 11.0″  12%  0.611

   21 2h 17.8m +10° 07′  24° Mo  +0.8  9.1″  30%  0.737

   31 2h 54.2m +13° 15′  24° Mo  +0.1  7.4″  48%  0.906

Venus  1 4h 19.6m +22° 15′  27° Ev  –3.9 11.4″  89%  1.462

   11 5h 11.6m +24° 12′  29° Ev  –3.9 11.8″  87%  1.410

   21 6h 04.4m +25° 01′  31° Ev  –3.9 12.3″  84%  1.354

   31 6h 56.9m +24° 39′  34° Ev  –3.9 12.9″  81%  1.292

Mars  1 9h 01.7m +19° 04′  92° Ev  +0.7  7.3″  90%  1.287

   16 9h 27.4m +16° 48′  84° Ev  +0.9  6.6″  90%  1.421

   31 9h 55.5m +14° 09′  77° Ev  +1.1  6.0″  90%  1.550

Jupiter  1 23h 38.3m –3° 29′  47° Mo  –2.1 35.1″  99%  5.614

   31 23h 58.0m –1° 28′  70° Mo  –2.3 37.8″  99%  5.221

Saturn  1 11h 58.2m +2° 57′ 138° Ev +0.8 19.0″ 100%  8.739

   31 11h 55.4m +3° 09′ 108° Ev +1.0 18.2″ 100%  9.152

Uranus  16 23h 59.1m –0° 54′  55° Mo  +5.9  3.4″ 100% 20.651

Neptune  16 22h 03.2m –12° 25′  86° Mo  +7.9  2.3″ 100% 30.067

Pluto  16 18h 20.5m –18° 12′ 140° Mo +14.0  0.1″ 100% 31.055

Sun and Planets, April 2012

 March Right Ascension Declination Elongation Magnitude Diameter Illumination Distance

OBSERVING 
Planetary Almanac

The Sun and planets are positioned for mid-April; 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.
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Sun and Planets, April 2012
 April Right Ascension Declination Elongation Magnitude Diameter Illumination Distance

Sun  1 0h 42.3m +4° 33′ — –26.8 32′ 01″ —  0.999

   30 2h 29.9m +14° 47′ — –26.8 31′ 45″ —  1.007

Mercury  1 23h 37.2m –1° 24′  17° Mo  +2.1 10.7″  13%  0.631

   11 23h 45.6m –2° 59′  26° Mo  +0.7  9.0″  33%  0.745

   21 0h 18.3m –0° 50′  27° Mo  +0.2  7.6″  50%  0.890

   30 1h 00.6m +3° 24′  25° Mo  –0.1  6.5″  63%  1.027

Venus  1 3h 36.9m +22° 56′  46° Ev  –4.5 24.8″  48%  0.673

   11 4h 14.8m +25° 24′  45° Ev  –4.6 28.0″  42%  0.595

   21 4h 48.6m +27° 01′  43° Ev  –4.7 32.2″  35%  0.519

   30 5h 13.0m +27° 43′  40° Ev  –4.7 36.9″  28%  0.453

Mars  1 10h 30.8m +12° 54′ 143° Ev  –0.7 12.6″  97%  0.745

   16 10h 25.7m +12° 42′ 127° Ev  –0.4 11.2″  94%  0.834

   30 10h 30.3m +11° 40′ 115° Ev  –0.1 10.0″  92%  0.935

Jupiter  1 2h 43.9m +14° 57′  32° Ev  –2.1 33.9″ 100%  5.813

   30 3h 10.3m +16° 54′  10° Ev  –2.0 32.9″ 100%  5.985

Saturn  1 13h 44.7m –7° 52′ 164° Mo  +0.3 19.0″ 100%  8.753

   30 13h 36.4m –7° 05′ 165° Ev  +0.3 19.0″ 100%  8.750

Uranus  16 0h 21.6m +1° 35′  21° Mo  +5.9  3.4″ 100% 21.007

Neptune  16 22h 18.0m –11° 10′  54° Mo  +7.9  2.2″ 100% 30.579

Pluto  16 18h 39.7m –19° 13′ 107° Mo +14.1  0.1″ 100% 31.908

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.

OBSERVING 
Planetary Almanac

OBSERV layout.indd   46 2/6/12   12:31 PM



Fred SchaafFred Schaaf has authored 13 books on astronomy.

 
Northern Hemisphere’s Sky

Cluster Light, Cluster Bright
April evenings are ideal for viewing nearby star  clusters.

SkyandTelescope.com  April 2012 47

The name of the month April may come from its once 
being the “aperture” (opening) of the year. Or perhaps it 
was the month of Aphrodite (Venus).

The latter idea is particularly appealing every eight 
years when April begins with one of my favorite recurring 
celestial events: the close meeting of Venus, the loveliest 
naked-eye planet, with the Pleiades or Seven Sisters, the 
loveliest naked-eye star cluster (see page 48).

In fact, April evenings are a time when all the great 
naked-eye star clusters are on display.

The Ursa Major Group. The fi ve central stars of the 
Big Dipper are the core of a “moving group” of at least 16 
stars that are drifting through space in the same direc-
tion. These stars were all born together, but they’re gradu-
ally drifting apart because their mutual gravitational 
attraction isn’t very strong. It’s the group of physically 
related stars closest to Earth — centered about 80 light-
years away. Its members are spread across at least 30 light-
years in space and 23° of sky.

The Coma Cluster. At about 280 light-years, the 
Coma Star Cluster is the third-closest, after the Ursa 
Major Group and the Hyades. It’s centered about half-
way between Beta Leonis (Denebola) and Alpha Canum 
Venaticorum (Cor Caroli). It represented the tuft of Leo 
the Lion’s tail until the third century BC, when its name 
was changed to mark the amber tresses of Queen Ber-
enice, wife of Ptolemy III of Egypt. The surprising full 
story of the queen and her locks is brilliantly told in Guy 
Ottewell’s historical novel Berenice’s Hair, available from 
www.universalworkshop.com.

The Coma cluster is an irregular scattering — beauti-
fully disheveled hair — of a few dozen stars spread across 
about 5° of sky. Binoculars are needed to see the cluster 
in light-polluted skies, but at least fi ve of the stars are 
brighter than magnitude 5.5.

M44, the Beehive Cluster. Cancer’s M44 spans more 
than a degree of sky. Ten of its stars shine between 6.3 
and 6.9. About seventy more are brighter than 10th mag-
nitude. M44 is just north of the ecliptic and thus makes a 
fi ne big target for the Moon and planets. M44 is about 580 
light-years from Earth.

The Alpha Persei Association. Alpha Persei (Mir-
fak) shines at magnitude 1.8. It’s surrounded by a loose 
grouping of somewhat fainter stars spanning more than 
3°. Many of these are visible to the unaided eye, but bin-

oculars and ultra-wide-fi eld telescopes give the best view. 
These stars are roughly 550 light-years away and are all 
quite young, born about 50 million years ago.

The Hyades and Pleiades. The Hyades include at 
least 16 stars brighter than magnitude 5.5 and span about 
6°. They’re much more tightly bound than the Ursa Major 
Group, so they’re often considered the closest true star 
cluster, some 150 light-years distant.

The Pleiades, roughly 400 light-years distant, are even 
more tightly bound. Nowhere are so many naked-eye 
stars packed into such a small area of sky — eight stars 
brighter than magnitude 5.5 within a 1° circle.

The Pleiades Cluster is young, roughly 100 million 
years old, as attested by the preponderance of bright, hot, 
bluish stars.

The Pleiades play hostess to Venus in early April. But 
next month, after passing close to Beta Tauri, the planet 
begins a retrograde loop that is partially hidden by solar 
glare. When Venus fi nally starts to emerge from bright 
twilight at dawn in late June, it has — surprise! — moved 
into the Hyades. ✦

Venus last passed through the Pleiades on April 3, 2004.
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OBSERVING April’s Sun, Moon & Planets

Farewell Jupiter, Welcome Saturn
The ringed wonder enters the early evening sky in April.

At dusk on April 1st Venus blazes high in 
the western sky, with Jupiter about halfway 
to the horizon below it. Mars is high in the 
southeast, and Saturn is about to rise.

The confi guration changes as the 
month progresses. By the end of April 
Venus is a little lower at dusk and Jupiter 
is much lower, barely visible in bright twi-
light. Mars is near its highest in the south, 
and Saturn is well up in the southeast.

D U S K  A N D  E V E N I N G
Venus rules the western evening sky. 
It remains high in the west long after 
nightfall, setting 4 hours after sunset in 
the opening days of April and still more 
than 3½ hours after sunset as the month 
ends. What’s more, Venus skims the Ple-
iades, shines at its brightest, and presents 
a lengthening and narrowing crescent in 
telescopes.

Every eighth April, just after Venus 
reaches the peak of the highest evening 
apparition in its 8-year cycle, the brilliant 
planet makes its closest pass by the lovely 
Pleiades. Throughout the 21st century, 
each of these close passes will carry Venus 
farther north and deeper into the clus-
ter. Not for two more 8-year cycles — in 
2028 — will Venus go between any of the 
bright named Pleiades stars. But this year 
Venus is just ½° southeast of Alcyone, 
and ¼° south of the Atlas-Pleione pair, 
on the American evening of April 3rd. 
Venus is about 1° from the cluster’s center 
the night before and after. Venus’s great 
radiance overwhelms the naked-eye view 
of the Pleiades, but binoculars and wide-
fi eld telescopes will show both planet and 
cluster beautifully.

Venus glides onward through Taurus for 
the rest of April, passing a huge 10° north 

of Aldebaran at mid-month and coming 
close to Beta Tauri (Elnath) at month’s end.

Venus starts April at magnitude –4.5 
and ends the month at –4.7, the brightest it 
will become this year. Telescopes show its 
apparent diameter increasing from 25″ to 
37″ while its phase thins from 48% to 28% 
lit. If you hope to see any subtle detail in 
Venus’s clouds, observe before the sky gets 
too dark and Venus dazzles with glare. 
This is an ideal month to view Venus in 
broad daylight through your telescope — 
or even with your naked eyes.

Jupiter is almost directly below Venus 
in twilight, and it’s much less bright at 
magnitude –2.0. Jupiter moves farther 
down below Venus every week on its way 
to leaving the evening stage entirely; it sets 
2½ hours after the Sun on April 1st but 
only ¾ hour after the Sun on April 30th. In 
a telescope Jupiter shrinks to just 33″ wide.

Dusk, April 2
1 hour after sunset

RegulusMars

Moon
April 2

Moon
April 3

Looking Southeast, High in the Sky
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Moon
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These scenes are drawn for near the middle of 
North America (latitude 40° north, longitude 
90° west); European observers should move 
each Moon symbol a quarter of the way toward 
the one for the previous date. In the Far East, 
move the Moon halfway. The blue 10° scale bar 
is about the width of your fi st at arm’s length.
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ORBITS OF THE PL ANETS
The curved arrows show each planet’s 
movement during April. The outer 
planets don’t change position enough in 
a month to notice at this scale.

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

D U S K  T O  D A W N
Mars, in Leo, comes into view halfway up 
the east-southeast sky at dusk in early April, 
and high in the south in late April. Mars 
fades like an orange-yellow ember from 
magnitude –0.7 to –0.1 during the month. 
Compare its brightness and hue to zero-
magnitude, ginger-ale-colored Arcturus 
very far to its lower left. Mars’s disk shrinks 
from 12.6″ to 10.0″ wide — still large 
enough to glimpse details through a tele-
scope when the seeing is good. 

Mars slows and halts its retrograde 
(westward) motion on April 15th, just 4°
from much dimmer Regulus, before start-
ing to move eastward away from Regulus 
again.

Saturn reaches opposition on April 
15th, the same day that Mars halts its 
retrograde motion. The two planets lie 
similar distances east of 1st-magnitude 

Jupiter

Neptune

Uranus

Pluto

Saturn

Mars

Earth

Sun

Mercury

VenusMarch
equinox

Sept.
equinox

December
solstice

June solstice

stars. Saturn is a little more than 5° east 
of Spica. Saturn shines at magnitude +0.3, 
roughly twice as bright as Spica.

Saturn’s globe now measures 19″ across 
at the equator, and its rings span 43″. The 
rings will narrow slightly for the next few 
months; in April their tilt decreases from 
14° to 13°.

D A W N
Mercury reaches greatest elongation on 
April 18th, but it’s having its poorest morn-

ing apparition of 2012. Mercury rises less 
than an hour before the Sun all month for 
viewers at mid-northern latitudes. It takes 
a shallow path up from the east horizon, 
so observers in the U.S. will probably need 
binoculars to see it at all.

Pluto, in Sagittarius, is fairly high 
as morning twilight begins this month. 
Neptune, in Aquarius, and Uranus, in 
Pisces, can probably be spotted in tele-
scopes just before dawn in late April, but 
they’re still very low.

M O O N  P A S S A G E S
The Moon glows near Mars and Regulus 
on April 2nd and 3rd and forms a dra-
matic short line with Saturn and Spica on 
April 6th. A very slender lunar crescent 
shines not far above Jupiter very low 
in the west at dusk on April 22nd. The 
crescent is between Aldebaran and the 
Pleiades on the 23rd and nearly between 
Venus and Aldebaran on the 24th. A 
gibbous Moon returns to visit Mars and 
Regulus on April 30th. ✦

Fred SchaafFred Schaaf welcomes your comments at fschaaf@aol.com.
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Making the Most of Mars
Now’s your last good chance until 2014 to examine our next-out neighbor.

Mars is unique for its Earthlike aspects 
that you can see in a telescope: polar 
caps, changing white clouds, and surface 
markings that reveal a rotation period of 
just over 24 hours. This year Mars comes 
to opposition on March 3rd and is nearest 
Earth on March 5th, after most subscrib-
ers receive this issue. Mars remains in 
convenient evening view as it shrinks for 
months to come.

But as Mars oppositions go, this is the 
most distant in the planet’s 15.8-year cycle 
of oppositions near and far. Mars will 
appear only 13.9 arcseconds wide even at 
its closest, a far cry from the 24″ or 25″ 
of its oppositions around the peak of the 
cycle (which last came in 2003 and will 
arrive next in 2018).

But astronomy is all about making the 
most of distant, diffi  cult views. With a 
good, well-collimated 4-inch or larger tele-
scope on a night of excellent steady see-
ing, you’ll fi rst spot the North Polar Cap, 

especially in the weeks around opposition. 
In the following weeks and months the 
cap shrinks in the Martian northern sum-
mer, and you may detect the narrow dark 
collar that becomes exposed right around 
the dwindling cap.

The dark surface markings (“albedo 
markings”) will probably be harder to 
discern, depending on which side of Mars 
is facing us when you look. Remember to 
give your telescope plenty of time to cool 
to the temperature of the nighttime air. 
Devote lots of time to watching in order to 
catch fl eeting glimpses of detail! Every bit 
of what you see will be a hard-won prize.

The real amateur planetary excite-
ment these days, however, is in imaging. 
With an 8-inch scope, a cheap webcam or 
(better) an astronomical video camera, a 
laptop, and frame-stacking software, you 
can match or beat the best Mars imaging 
done at major observatories a generation 
ago. And you can certainly beat what you 

see by eyeball in the same telescope. See 
Damian Peach’s article on imaging Mars 
in the December 2009 issue, page 70.

Using the Map
It’s one thing to detect a tiny, vague 
smudge or two on Mars’s little disk. The 
smudges become much more exciting if 
you can identify and name them and mark 
their comings and goings on subsequent 
nights. The Mars map below allows you to 
identify features by referring to the globes 
just above it.
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Use this map to fi nd the names of surface 
features you see. Most telescopes will show 
only the largest dark regions. South is up here 
and in all images, and west longitude is labeled 
along the bottom. Damian Peach assembled this 
map from many images he took in 2009–10. The 
globes above it were created from the map and 
are tipped correctly for the current apparition. 
Each globe displays the central-meridian longi-
tude directly below it on the map.
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(skypub.com/marsprofi ler). Find this 
longitude along the bottom of the map. 
Features near this part of the map will 
be facing you on the planet’s disk.

For More Information
At each apparition, the Mars Section of 
the Association of Lunar and Plan-
etary Observers (alpo-astronomy.org) 
receives numerous observations and 
webcam images. Also see the Interna-
tional MarsWatch site at elvis.rowan.
edu/marswatch, and the International 
Society of the Mars Observers at mars.
dti.ne.jp/~cmo/ISMO.html. These have 
more information on observing and 
imaging the planet, what’s happen-
ing as the apparition proceeds, recent 
images from observers worldwide, and 
instructions for uploading your own. 

Alan MacRobert

To fi nd which side of Mars is facing 
Earth at the time you observe, fi nd the 
west longitude that’s on Mars’s central 
meridian (CM) at the time using any 
number of astronomy programs or web 
resources, such as our Mars Profi ler 

A Mars Observer’s Calendar
Mars tips its northern hemisphere far into 
our view from now through September, 
exposing the North Polar Cap as the cap 
shrinks through the Martian northern hemi-
sphere’s late spring and summer. Can you 
detect the cap’s edge becoming ragged? As 
the dwindling cap loses water vapor to the 
atmosphere, clouds are likely to increase 
around the globe. Thin clouds are especially 
visible near the Martian limb, where we see 
them nearly edge on. Major dust storms are 
unlikely because Mars is far from the Sun; it 
was at aphelion on February 14th.

Here’s a forecast of changes to watch for, 
condensed from Jeff rey Beish’s calendar 
(alpo-astronomy.org/jbeish/2012_MARS.
htm) on the Mars page of the Association of 
Lunar and Planetary Observers.

March 3, diameter 13.9″. Mars is at oppo-
sition. It’s late spring in Mars’s northern 
hemisphere; the North Polar Cap (NPC) has 
probably begun its rapid retreat. Are limb 
arcs of clouds increasing? Is the edge of 
the South Polar Cloud Hood visible on the 
southern limb?

March 5, diameter 13.9″. Mars is closest to 
Earth, 62.6 million miles (100.8 million km).

March 30, diameter 12.7″. Northern-
hemisphere summer begins (winter in the 
south). Look for orographic (mountain-
generated) clouds in Tharsis, site of the great 
shield volcanoes, and local clouds around 
Syrtis Major, especially Libya. Look for pieces 
of the shrinking NPC becoming detached.

April 7, diameter 12.0″. Orographic clouds 
over the Tharsis volcanos, maybe creating 
the W-Cloud formation? The Rima Tenuis rift 
may appear in the NPC north of Arabia and 
Nix Olympica.

April 30, diameter 10.0″. NPC retreating; 
look for its newly exposed sharp dark collar. 
Do you see any signs of the growing South 
Polar Hood, tilted mostly out of view, or dis-
crete clouds at spots around the planet? 

May 30, diameter 8.0″. Is Mare Acidalium 
broad and dark now? Can you see bright 
spots in Arcadia-Tharsis-Amazonis? Local 
clouds should be increasing.

July 20, diameter 6.0″. NPC greatly 
reduced. Both polar caps now possibly vis-
ible, and look for haze canopy in the south. 
Clouds elsewhere prominent. Syrtis Major 
becomes broad.

Whenever Mars comes to opposition in February or March, its North Polar Cap is tipped toward 
Earth and is shrinking in the Martian northern spring. Mars was last oriented this way a decade 
and a half ago, when long-time planetary observer Don Parker took these images.

When Mars was still just 9.0″ wide on January 1st, Jim Phillips in South Carolina 
captured this image with a 10-inch f/9 TMB apochromatic refractor and a SKYnyx color 
video camera. The central-meridian longitude was 246°. Syrtis Major is at upper right. 
Note the white cloud haze on the right (morning) limb and, near the evening terminator 
lower left of center, the patch of cloud in Elysium next to dark Hyblaeus.

COLOR FILTERS

Color fi lters defi nitely help a bit with 
visual planetary observing. A red or 
orange fi lter increases the contrast of 
Mars’s surface markings slightly, and it 
may also help steady the atmospheric 
seeing. As you move away from the red 
end of the spectrum toward the blue, 
color fi lters show less of the Martian 
surface and emphasize more of the 
atmosphere: hazes and clouds.

Jan. 25, 1995
CM=10°

Jan. 29, 1995
CM=331°

Feb. 4, 1995
CM=275°

Feb. 11, 1995
CM=190°

Feb. 18, 1995
CM=114°
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An April Asteroid Array

Among the fi rst few asteroids to be 
discovered were 5 Astraea, 6 Hebe, and 8 
Flora, all found in the heady asteroid-dis-
covery years from 1845 to 1847. This March 
and April they move across constellations 
of the eastern evening sky, glimmering 
in small-telescope range at 9th and 10th 
magnitude. All three are moderately 
large: 80 to 125 miles (130 to 200 km) 
across. “Asteroid” means “starlike,” and 
that’s exactly how they appear from Earth. 
Except they move.

Use the charts here to pick them out 
of the sparse springtime star fi elds. Boxes 
on the small key chart show the areas of 
the zoomed-in blowups. Those cover the 
period from March 12th, after the Moon is 
gone from the early-evening sky, through 
April. During this time Astraea fades 
gradually from magnitude 9.1 to 10.4 and 
Hebe from 9.6 to 10.7. Flora holds steady 
around magnitude 9.8 through March, 
and then fades to 10.7 by April’s end.

Stars are plotted to magnitude 10.5. The 
asteroids’ positions are marked with ticks 
every four days at 0:00 Universal Time on 

the dates indicated. In the time zones of 
the Americas, this falls on the afternoon 
or evening of the previous date (at 8 p.m. 
Eastern Daylight Time).

Using the Charts
Whenever using star charts with a tele-
scope, fi rst remember that you need to 
know how wide your fi nderscope’s fi eld of 
view appears on them. Otherwise you’ll 
be lost. Typical fi nders have a fi eld about 
6° wide. Compare this to the declination 
scale on the charts’ left or right edges.

On star charts, north is usually up. To 
fi nd which way is north in your telescope’s 
or fi nderscope’s view, nudge the scope 
slightly toward Polaris. New stars will 
enter the view from the view’s north edge.
Turn the chart around to match.

East is left on sky charts. In the view, 
east is 90° counterclockwise from north 
if you’re looking at a correct-reading view 
— such as you see in a straight-through 
fi nderscope or a Newtonian refl ector.

If you have a mirror-image view, as 
usually comes from using a right-angle 
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star diagonal at the eyepiece, east is 90° 
clockwise from north, and you’ll have to 
fl ip the chart left-for-right. You can do this 
in your head (tricky), or scan the chart on 
a scanner, fl ip it left-for-right in software, 
and print out the mirror-image version for 
use at your scope. Making a printout also 
allows you to print it as large as you like. 

Another key tip: The way to star-hop 
across a chart to your target location, and 
across the corresponding scene in your 
fi nderscope, is by looking for little tri-
angles and quadrilaterals of the most eye-
catching stars — not just lone stars — to 
compare with your view. Individual stars 
look alike, but every triangle is unique. ✦
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Jupiter Moons

No moonlight will interfere with this April’s 
Lyrid meteor shower. The Lyrids are due 
to peak on the morning of April 22nd, 
perhaps around 5h or 6h UT according to 
the International Meteor Organization — 
excellent timing for observers in North 
America. But what the shower will actually 
do remains unknown.

It probably won’t do much. The Lyrid 
shower usually produces only about a 
dozen meteors visible per hour under dark 
skies even when the radiant point (near 
Vega) is highest before dawn. But in 1982 
the zenithal hourly rate briefl y reached 90. 
Other short outbursts in other years may 
have gone unnoticed.

There’s a slim chance of something 
extraordinary. In 1803 a newspaper in Rich-
mond, Virginia, wrote of the Lyrid shower:

Shooting stars. This electrical [sic] phe-

nomenon was observed on Wednesday 

morning last at Richmond and its vicin-

ity, in a manner that alarmed many, and 

astonished every person that beheld it. 

From one until three in the morning, 

those starry meteors seemed to fall 

from every point in the heavens, in such 

numbers as to resemble a shower of sky 

rockets.

And in 687 B.C., a Chinese chronicler 
recorded that Lyrid meteors “dropped 
down like rain.”
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Minima of Algol

Algol, the prototype eclipsing variable star, 
fades every 2.87 days from its usual 2.1 mag-
nitude to 3.4 and back. It stays near minimum 
light for two hours, and it takes several addi-
tional hours to fade and to rebrighten. Shown 
above are magnitudes of comparison stars 
(with the decimal points omitted). Predic-
tions at right courtesy Marvin Baldwin.
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The Lyrids’ radiant point will be up as early as 
10 p.m., but meteors are more likely to appear 
when the radiant is much higher before dawn.

Observing projects for spring nights

Lyrid Meteors
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There are enough fascinating landforms on the near-
side of the Moon to keep even the most active observer 
enthralled for a lifetime. But the Moon off ers a little 
bit more to see just past the edges. The nearside is the 
lunar hemisphere defi ned by the –90° and +90° longi-
tude meridians. These mark the extreme edge of vis-
ibility when the Moon is at zero libration. That’s the term 
describing the tilting of the Moon that permits us to peek 
beyond the 90° limits. There are three main kinds of libra-
tions. Lunar cartographer Antonin Rükl compared two of 
these eff ects to shaking your head left and right in a “no” 
gesture and nodding up and down to signal “yes.” The 
librations allow us to see up to about 10° beyond the near-
side’s east and west limbs, and past the poles by about 6°. 

Librations in longitude are due to the Moon having a 
slightly eccentric orbit. As Johannes Kepler discovered, 
an object’s speed varies along an elliptical orbit. When 
the Moon is close to Earth, it travels faster than when it’s 
more distant. But the Moon’s rotation on its axis is con-
stant. These two factors mean that sometimes the Moon 
is ahead or behind its average position, so parts of its east 
or west limbs are more, or less, visible. If the lunar orbit 
were circular, there would be no longitudinal librations — 
the Moon also wouldn’t appear noticeably bigger because 
of being closer. 

The Moon’s “yes” noddings are due to its equatorial 
plane being tipped about 6.5° compared to its orbital 
plane around Earth. This means that each pole alternately 
tilts toward and away from Earth. 

The third type of libration depends on our observing 

Over the Edge
Lunar librations allow you to observe the farside of the Moon.

The large crater Drygalski is often visible along the lunar limb just east of the 
Moon’s south pole, but just beyond the crater and to its right is the rarely seen 
crater Ashbrook, visible only during very strong southern librations.

position on Earth. At moonrise, we observe from one 
edge of Earth as seen from the Moon, and at moonset we 
look from the opposite Earth limb. Our observations of 
the rising and setting of the Moon are vantage points sep-
arated by roughly 7,900 miles (Earth’s diameter), allowing 
us to see a little farther beyond the Moon’s east and west 
limbs. This is the smallest libration, but one noticeable at 
full Moon if you observe all night. 

All of these motions interact in a complicated pattern 
so that each time we see the Moon there is a slightly dif-
ferent view of the limb regions. The lighting angle also 
changes constantly, so often a particularly favorable libra-
tion frustratingly occurs when that limb is in shadow. All 
of these constant changes make every observing session 
delightfully diff erent, and seeing a farside feature even 
more of a treat. You can plan libration observations well 
in advance using the libration chart in this magazine to 
see which part of the limb will be best exposed. 

So what are some of the grand sights lying beyond the 
nominally limiting 90° longitudes? A great place to start is 
the Orientale Basin, the giant bull’s-eye whose center is at 
93° east, just beyond Montes Rook (the Rook Mountains). 
During particularly excellent western librations you can see 
across the dark lavas of Mare Orientale to the other side of 
the circular Rook Mountains at about 112° east. This is well 
beyond the maximum 10° of libration because the farside 
Rooks rise high above the average surface elevation. 

A similar circumstance occurs on the almost dia-
metrically opposite limb of the Moon at Mare Humbold-
tianum. Here again a relatively small patch of dark mare 
lavas sits on the nearside edge, but with a good eastern 
libration you can see the farside rim of the 123-mile-wide 
(198-km) crater Bel’kovich. Even rarer is to spy the cen-
tral peak of the farside crater Compton that can be seen in 
profi le 15° beyond the nominal limb. 

The poles also provide extreme opportunities. The 
most dramatic are near the South Pole, due to the great 
number of deep craters and mountains interspersed with 
shadows. Along the southwest limb the 90° line passes 
near the centers of the large craters Hausen and Drygal-
ski. With luck you may glimpse 97-mile-wide (156-km) 
Ashbrook, a crater just beyond Drygalski named for the 
late Sky & Telescope editor in chief Joe Ashbrook. If you 
can see Joe’s crater, or the far rims of Hausen and Drygal-
ski, you are defi nitely an experienced farside explorer. ✦

OBSERVING 
Exploring the Moon
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During a strong libration of the lunar north, the central peak of farside 
crater Compton appears in stark profi le beyond Mare Humboldtianum.

S&T: DENNIS DI CICCO

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

8

9

7
April 6

The Moon  •  April 2012

Phases

Librations
Babbage (crater) April 6

Pascal (crater) April 7

Challis (crater) April 8

Endymion (crater) April 9

Distances
Perigee April 7, 17h UT 

225,912 miles diam. 32′ 52″

Apogee April 22, 14h UT

250,195 miles diam. 29′ 41″

April 13
10:50 UT

April 21 
7:18 UT

April 29 
9:57 UT

April 6 
19:19 UT

Contributing editor Charles A. Wood never consults a libration 
chart, preferring to be surprised at what chance bestows on him. Charles A. Wood

Our viewing angle toward the 
Moon changes slightly during 
the lunar month, causing the 
Moon’s apparent libration. 
This allows us to see around 
the average limb and observe 
an additional 10% of the lunar 
surface. Mare Orientale is a 
massive impact feature visible 
along the western limb of 
the Moon during particularly 
favorable librations.
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Hydra’s Coils
Western Hydra hosts some remarkable galaxies and nebulae.

The Hydra next her giant length extends —
Around the Centaur’s head her tail she bends.
Above her coiled back the Lion stands —
Close o’er her glittering head dark Cancer hangs.
On the mid coil a Goblet rests — below, 
As pecking at her skin, the crafty Crow.

— Aratus, Phaenomena

This passage relates the phenomenal length of Hydra, 
the Water Snake, as she coils beneath Cancer, Leo, and 
Virgo; carries Crater and Corvus on her back; and taps 
Centaurus on the head with her tail. We know Hydra 
is a female serpent because of her feminine name. The 
celestial vault also bears a male water snake, Hydrus, in 
the sky’s deepest south.

Let’s explore the region of Hydra near her brightest 
star, saff ron Alpha (α) Hydrae, also known as Alphard. 
Look for 6th-magnitude 21 Hydrae 4° west-northwest of 
Alphard, and then sweep 1° west to the lovely triple star 

Struve 1316 (Σ1316). The 8.8-magnitude primary star 
looks yellowish through my 105-mm refractor at 47×. It 
sits at the center of a tight little arc formed with com-
panions 7.5″ west and 7.3″ southeast, magnitude 9.9 and 
10.7, respectively. The fainter attendant is just visible, 
but it stands out much better at 87×. I tried to determine 
the colors of the companions with my 10-inch refl ector. 
The brighter one may be deep yellow and the fainter one 
orange, but it’s diffi  cult to be sure. What colors do you see? 

Struve 1316 and 21 Hydrae share a fi nderscope fi eld 
with 19 and 20 Hydrae to the south, each about magnitude 
5½. A short hop 19′ east-southeast from yellow 20 Hydrae 
takes us to the fl at galaxy UGCA 150. Flat galaxies are 
disk-shaped systems, with little or no central bulge, that 
we view edge-on from our vantage point on Earth. I fi nd 
their slender profi les charming, even though most aren’t 
particularly bright. Indeed, UGCA 150 is barely visible 
through my 105-mm scope at 87×. This ashen, 2½′-long 
streak of light tilts north-northeast and leans against a 
faint star ¾′ northeast of its center. A much brighter star 
rides the opposite fl ank, west of center, and hampers our 
view. UGCA 150 lengthens to 4′ through the 10-inch scope 
at 170×. The faint star looks peculiar, and boosting the 
magnifi cation to 220× shows that it’s actually a star pair. 

UGCA denotes galaxies listed in the Catalogue of 
Selected Non-UGC Galaxies, sometimes called the Uppsala 
General Catalogue Addendum.

Now we’ll zig southwest to the planetary nebula NGC 
2610, which lies 2° west of golden 9 Hydrae. In the 
105-mm refractor at 87×, this nebula appears small and 
round. It decorates the northern arm of a pretty seven-star 
V, 10′ tall with curved sides. The brightest and northern-
most star has a golden hue and sits 3.4′ northeast of the 
planetary. A very faint star pins the planetary’s north-
eastern rim, and a line of three faint stars cuts crossways 
between the nebula and its golden neighbor. Upping the 
magnifi cation to 122x makes the superposed star much 
easier to see.

With a narrowband or O III fi lter, the 10-inch scope at 
220× shows traces of annularity in NGC 2610. The view 
is very nice in my 15-inch refl ector at 135× through an 
O III fi lter. The nebula is somewhat darker in the center 
and about ¾′ across. Although I could not, some observ-
ers with telescopes this size are able to spot the planetary 
nebula’s dim central star. Can you? 
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Sue French observes the deep sky from her semirural backyard in upstate New York. 
She always welcomes questions and comments at scfrench@nycap.rr.com.

Zagging east-southeast to the yellow 5.7-magnitude 
star HD 79181 takes us to the neighborhood of UGCA 151, 
probably the fl attest galaxy I’ve ever seen. Look for it 22′
south of the star. UGCA 151 isn’t a small-scope target, 
but I fi nd it quite lovely through my 10-inch under dark 
skies. At 208× it’s exceedingly slender and leans a bit west 
of north. There’s a very faint star in the southern tip and 
another superposed north of center, each about 15th mag-
nitude. The galaxy’s ghostly slash cuts across 3′ to 3½′ of 
sky. Brightness variations along its length together with 
its subtle core and superposed stars conspire to make 
UGCA 151 look like a beaded silken string.

UGCA 151 is classifi ed as an Scd galaxy. Such galaxies 
have diminutive cores and loosely wound, chaotic spiral 
arms dominated by individual star-forming regions. Both 
UGCA 151 and UGCA 150 are roughly 100 million light-
years distant.

The much brighter galaxy NGC 2835 rests 2.6°

south-southeast, where it marks the tip of a 19′ isosceles 
triangle that it makes with two stars, magnitude 7 and 
8. My 105-mm refractor at 28× shows a little fuzzy spot 
with 10th-magnitude stars lying a few arcminutes west 
and southeast. At 47× it becomes obvious that this is only 
the core of the galaxy, which now occupies the heart of 
a slightly dimmer north-south oval. A faint star east of 
the core closely guards the oval’s fl ank. At 87× the galaxy 
grows large enough to wear the faint star as an ornament 
for its edge. From the little eyepiece sketch in my notes, 
the galaxy seems to cover approximately 4½′ × 3′. In the 
10-inch refl ector at 213×, NGC 2835 is about 5′ long and 
includes a very faint star in its southern tip.

Photographically, NGC 2835 is a stunning galaxy 
dominated by two pairs of spiral arms. You may be able 
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The planetary nebula NGC 2610 is the large, overexposed circular blob 
with no diff raction spikes. The fi eld of view is 23′ wide and 30′ long.
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Selected Sights in Western Hydra

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

Struve 1316 Triple star 8.8, 9.9, 10.7 7.5″, 7.3″ 9h 07.9m –7° 08′

UGCA 150 Flat galaxy 11.3 6.5′ × 0.7′ 9h 10.8m –8° 53′

NGC 2610 Planetary nebula 12.7 42″ 8h 33.4m –16° 09′

UGCA 151 Flat galaxy 13.4 4.8′ × 0.3′ 9h 11.9m –20° 07′

NGC 2835 Spiral galaxy 10.5 6.6′ × 4.4′ 9h 17.9m –22° 21′

NGC 2784 Lenticular galaxy 10.2 5.2′ × 2.2′ 9h 12.3m –24° 10′

Abell 33 Planetary nebula 12.6 4.5′ 9h 39.2m –2° 49′

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 

Triple star 

Flat galaxy 

Planetary nebula 

Flat galaxy 

Spiral galaxy 

Lenticular galaxy 

Planetary nebula 

Size/Sep 

7.5″, 7.3″″

6.5′ × 0.7′

42″″

4.8′ × 0.3′

6.6′ × 4.4′ 

5.2′ × 2.2′ 

4.5′ 

Dec.

–7° 08′

–8° 53′

–16° 09′

–20° 07′

–22° 21′

–24° 10′

–2° 49′

to trace out their most prominent arcs with a 16-inch or 
larger telescope.

Ronald J. Buta and his coauthors write in The de 
Vaucouleurs Atlas of Galaxies, “NGC 2835 is an excel-
lent example of type Scd in our view.” Thus, UGCA 151 
would look similar if we viewed it face on, except that 
NGC 2835 is only one-third as far away.

The lenticular galaxy NGC 2784 lies 2.2° southwest of 
NGC 2835 and 1.9° north-northeast of Kappa (κ) Pyxidis. 
Through my 105-mm refractor at 28×, it’s ensconced in a 
10′ right triangle formed by three 10th-magnitude stars. 
NGC 2784 leans east-northeast and shows a bright oval 
core enveloped by a faint halo. A magnifi cation of 87× adds 
a stellar nucleus and a very faint star on the northern side 
of the eastern tip. The galaxy spans about 5′ × 1¾′. 

Lenticular galaxies, such as NGC 2784, are highly 
fl attened disks without spiral arms. They take their name 
from the fact that they look like double-convex lenses 
when viewed edge-on.

Let’s zoom back northward, past Alphard to yellow-
orange Iota (ι) Hydrae. From there we’ll drop 1.7° south 
to our fi nal target, the planetary nebula Abell 33 (PK 
238+34 1). Here you’ll fi nd a 19′-tall, upside-down Y of 
four 7th- to 9th-magnitude stars, the brightest marking 
the fork of the Y. When I swept up the Y with my 130-
mm refractor at 23×, I was surprised that I could see the 

nebula immediately without checking its exact position. 
Most Abell planetaries are more diffi  cult to spot. The Y’s 
brightest star nuzzles the south-southwestern edge of the 
nebula. A narrowband fi lter off ers some improvement in 
contrast, while an O III fi lter gives a better boost. At 63×
Abell 33 is about 4½′ across, and a faint star adorns its 
north-northwestern rim.

With the help of an O III fi lter, Abell 33 appears round 
and subtly annular through the 10-inch scope at 118× and 
the 15-inch at 133×. The latter also reveals a companion to 
the faint star on the north-northwestern rim. 

Under dark skies, folks have nabbed Abell 33 in 
telescopes as small as 3 inches in aperture, but I’ve never 
heard of the central star being seen in anything less than 
an 18-inch scope. Let me know how you see Abell 33. ✦

California stargazer 
Eric Graff  sketched 
the extremely 
subtle planetary 
nebula Abell 33 as 
it appeared through 
his 6-inch scope and 
an O III fi lter at 45×. 
The fi eld of view is 
70′ wide.

NGC 2835 is 
morphologically 
similar to the 
fl at galaxy 
UGCA 151. 
But they look 
very diff erent 
because we 
see NGC 2835 
face-on and 
UGCA 151 
edge-on.
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Interactive Sky Chart  skypub.com/skychart
Interactive Observing Tools skypub.com/tools
Weekly Observing Guide skypub.com/ataglance
Weekly TV Program  skyweek.com
Monthly Sky Tour Podcast skypub.com/podcasts
Books and Back Issues  shopatsky.com

DID YOU KNOW?
The richest section of the Sky & Telescope website 
is skypub.com/objects. It contains more than 100 
articles on subjects ranging from asteroids and 
auroras to the Sun and variable stars. They include 
guides to specifi c objects, general observing 
techniques, and historical background.
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http://InSightCruises.com/Transit

When it’s transit time, go where the pros go —
Mauna Kea, with Sky & Telescope. Reserve now 

at http://www.insightcruises.com/Transit or 
call InSight Cruises at 650-787-5665. Aloha!

The next Venus transit won’t take place until 
December 2117 — 105 years from now. 

DON’T MISS THIS LAST-CHANCE OPPORTUNITY.

The Keck Observatory, at the 
summit of Mauna Kea

Optional Tour to the 
‘Imiloa Astronomy Center

Transit of Venus 2012

Our Manufacturers  
   Speak

“We are pleased to have 
such a knowledgeable 
and very competent 
company represent us. 

OPT goes above and beyond to 
deliver their superb service.”

800.483.6287
OPTtelescopes.com 

“Astrodon 
CCD imaging 
products require a 
knowledgeable sales 

staff that help customers meet their goals. 
No group does that better than OPT, in part 
because the people who sell the products are 
avid astrophotographers and actually USE the 
products. Keep up the good work!”

“OPT is the pinnacle of what 
a dealer should be. No matter 
what the combination of 
products, they can create a 
solution that works for you 
and your budget.”

Respected by vendors, trusted by customers!
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Gems of the Night Sky

This is the fi nal installment of my four-part roundup of 
attractive doubles. The previous ones appeared in the Feb-
ruary, July, and October 2011 issues. Unlike other deep-sky 
wonders, multiple stars are easily found and observed on 
all but the worst of nights, and literally thousands of these 
gems lie within reach of the smallest telescope. Here are a 
few favorite targets visible in the spring sky.

Iota Cancri (ι Cnc) off ers a beautifully contrasted 
combination of pale orange and clear blue suns readily 
split even in a 2-inch scope at just 25×. This pair reminds 
many observers of famed Albireo — so several years ago 
I dubbed it the “Spring Albireo.” The well-known double-
star enthusiast Sissy Haas considers this “the most strik-
ing color-contraster in the sky” and sees the tints as Sun 
yellow and royal blue.

Struve 1266 (Σ1266). This dim roomy pair of stars 
lies in the same wide eyepiece fi eld with Iota Cancri. But 
it’s often overlooked because it’s so much fainter than its 
neighbor. Can you spot it without consulting our chart?  

Algieba (γ Leonis) is a superb pair of radiant golden 
yellow suns that ranks as one of the fi nest doubles in 
the sky. Some observers see traces of orange and green 
here, which I’ve found to depend upon sky conditions. 

James Mullaney

Great Spring  
This season is notable for its 
many fine binaries.

The 19th-century astronomy popularizer William Henry 
Smyth called the components bright orange and greenish 
yellow, while his contemporary Thomas William Webb 
found them gold and greenish red. Like many bright 
pairs, this duo is best seen while the sky is not completely 
dark, reducing glare and making color perception more 
certain. A 3-inch scope at 100× neatly separates this 
double, while 150× or more reveals two striking diff rac-
tion disks hugging each other.        

24 Comae Berenices is justly regarded as a clone of 
Albireo, though noticeably fainter than that showpiece. 
The primary is generally described as orange or rich yel-
low, while the companion has been called aqua, emerald, 
blue, lilac, and greenish-white. In a 5-inch scope at 50×, 
I see this pair as orange and emerald. Located amid the 
many faint lights of a galaxy-rich region, this lovely pair is 
certainly well worth searching out.  

Porrima (γ  Virginis) is one of the most famous and 
dynamic binary systems in the heavens, with an orbital 
period of 169 years. Once a bright easy pair for small 
scopes, its two suns began noticeably closing up in the 
mid-1990s and became a challenge to resolve in backyard 
telescopes by 2000. Now slowly opening from their closest 
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+20°The main chart and the close-up of Cancer show stars to mag-
nitude 5.5 and 8.5, respectively. Look on the center star chart on 
page 44 for stars not shown in these charts. All sketches here 
were prepared by Arizona stargazer Jeremy Perez based on his 
views through a 6-inch refl ector at 240×.

ι Cnc γ Leo
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Name Alias Mag. Sep. PA RA Dec. Dist. Period

ι Cnc — 4.1, 6.0 31″ 310° 8h 46.7m +28° 46′ 300 l-y —

Σ1266 — 8.8, 10.0 24″ 68° 8h 44.5m +28° 27′ — —

γ Leo Algieba 2.4, 3.6 4.6″ 126° 10h 20.0m +19° 50′ 130 l-y 510 years

24 Com — 5.1, 6.3 20″ 271° 12h 35.1m +18° 23′ 400 l-y —

γ Vir Porrima 3.5, 3.5 1.8″ 13° 12h 41.7m –1° 27′ 38 l-y 169 years

α CVn Cor Caroli 2.8, 5.5 19″ 229° 12h 56.0m +38° 19′ 120 l-y —

ε Boo Izar 2.6, 4.8 2.9″ 343° 14h 45.0m +27° 04′ 200 l-y —

ξ Boo — 4.8, 7.0 5.9″ 306° 14h 51.4m +19° 06′ 22 l-y 150 years

Double Stars

approach in 2005 (when their images appeared to merge!), 
they are currently separated by 1.8″ and can be split in 
4-inch scopes given good seeing. 

Cor Caroli (α Canum Venaticorum) is a striking 
unequal pair in even the smallest telescope. There’s a 
subtle color contrast between the stars but it’s not easy to 
pin down. While most see the primary as bluish white, 
the companion has been reported to look pale lilac, pale 
orange, pale copper, pale red, pale olive blue, sea-green, 
and even tawny in hue. Defocusing the image slightly 
may help color perception by spreading the light of the 
stars over a larger area of the retina.

Izar (ε Boötis) is a superb gold and blue-green tight 
pair that moved the great double-star astronomer Wilhelm 
Struve to call it Pulcherrima, meaning “the most beautiful 
one.” Among the colors seen here by various observers are 
light yellow, amber yellow, gold, pale orange, and orange 
for the primary; and green, blue, deep blue, blue-green, 
marine-blue, and sea-green for the companion. Using 

magnifi cations of 150× or higher on 3- to 4-inch telescopes 
(to reveal the stars’ diff raction disks) may help color per-
ception. Good seeing is needed for a clean split in small 
scopes. On such nights, I can detect the companion at 75×
in my 5-inch SCT, and it’s defi nitely resolved at 100×. 

Xi Boötis (ξ Boo) is a double that leaves little uncer-
tainty about its hues — they’re yellow and reddish purple 
in all apertures I’ve used, ranging from 2 to 14 inches. 
Words like “breathtaking,” “unforgettable,” and “enchant-
ing” are just some of the superlatives this combo has 
evoked. At least one observer has mentioned that the 
companion sometimes glows with an eerie reddish-violet 
light — something that I’ve also seen on occasion. Lying 
just 22 light-years from us, it’s an exquisite sight in a 6- or 
8-inch aperture at magnifi cations of 50× or higher. ✦

James Mullaney, coauthor with Wil Tirion of The Cam-
bridge Double Star Atlas, has been observing these stellar 
gems for more than 50 years.
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S & T Test Report  Sean Walker

that planetary imaging has 
reached its zenith in both camera abilities and qual-
ity of achievable results, something new comes along. 
For several years we’ve had lightning-fast cameras that 
record video at 60 frames per second (FPS) and automatic 

stacking programs that “freeze” moments 
of steady seeing captured by these videos 
to reveal planetary details with resolutions 
approaching ¼ arcsecond. As good as this is, 
planetary imagers always long for more, and 
now the Imaging Source has delivered with 
its new DMK 21AU618.AS video camera.

Much like its predecessor, (the DMK 
21AF04.AS reviewed in our October 2007 

issue, page 36), the new camera is a compact 2-inch-
square design. It connects to a Windows-based PC 
computer using an included USB cable, and it fi ts in any 
1¼-inch telescope focuser using the C-to-1¼-inch nose-
piece that’s also included. One minor quibble: the USB 
cable is only 5 feet (1.5 meters) long, which is too short to 
be useful with most Newtonian telescopes that have their 
focusers high off  the ground when imaging planets near 
the meridian. I replaced the cable with a 10-foot Belkin 
Gold USB cable I picked up at a local computer store.

The big change with this camera is its new Sony 
ICX618ALA CCD detector, which boasts higher sensi-
tivity across the visible spectrum, and especially at red 
wavelengths, compared with the ICX098BL chip in the 

The Imaging Source DMK 21AU618.AS
U.S. price: $490, including PC control software, USB cable, 

and 1¼-inch nosepiece

The Imaging Source

6926 Shannon Willow Rd., Suite 400, Charlotte, NC 28226

Phone: 704-370-0110, www.astronomycameras.com

Just when i think

WHAT WE LIKE:

Compact, 
lightweight design

Easy to use

WHAT WE DON’T LIKE:

Short USB cable

The Imaging Source 
DMK 21AU618.AS
Is this the best planetary camera yet from Imaging Source?

S&T: S
EAN W

ALKER
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original camera. The new camera records brighter images 
than the original when shooting at the same image scale, 
reducing the need for high gain settings that create noisy 
image stacks. 

At the telescope, the new camera performs almost 
exactly like the old one. It’s capable of recording uncom-
pressed AVI video streams at rates as high as 60 FPS. But 
to take advantage of this huge data stream, your computer 
should have a 7,200-RPM hard drive in order to avoid 
dropping frames during recording.

I found the 21AU618.AS to be noticeably more sensi-
tive than its predecessor, enabling me to use lower gain 

settings when capturing videos of Jupiter and Mars. This 
diff erence was particularly dramatic in red and near-
infrared wavelengths. The sensitivity increase was less 
apparent at green wavelengths, and it was hardly notice-
able when I was shooting through blue fi lters.

There’s a diff erence in the new camera’s handling of 
planet video streams recorded at 60 FPS. Users of the 
older camera often noticed a limb artifact on planetary 
videos that appeared as a dark curve inside the left edge 
of the planet’s image — it looked a bit like a sharpening 
artifact on a stacked image, though it appeared in every 
frame in the raw video. This limb artifact was less appar-

Though physically identi-
cal to its predecessor, the 
Imaging Source’s new 
DMK 21AU618.AS video 
camera is signifi cantly 
more sensitive, espe-
cially at the red end of the 
spectrum. These back-to-
back recordings of Jupiter 
made through a red fi lter 
and the author’s 12½-
inch refl ector show that 
the old camera ( far left) 
produces a fainter image 
and less data as indicated 
by the greater portion of 
the histogram showing 
zeros (yellow area).

The camera’s low noise and high frame rate 
enabled the author to record fi ne detail on 
Jupiter’s cloud tops as well as mottling on the 
moons Io (left) and Callisto (above right).

S&T: 
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Quick Look Dennis di Cicco

Explore Scientifi c’s new 9-mm 
120°° “hyperwide-fi eld” eyepiece 
comes with extraordinary brag-
ging rights. Foremost is the 120°
apparent fi eld of view — the 
largest ever off ered by an astro-
nomical eyepiece. Next is the 2.80 
pound (1.27 kg) weight, which 
makes it the heaviest mass-mar-
keted eyepiece in existence. Last, 
and most dubious, is the $999.95 
street price (list price — and I 
hope you’re sitting down — is a 
whopping $1,499.95). If there’s a 
more expensive eyepiece available 
today, I haven’t heard about it.

For several weeks last January 
I got to play with this King Kong 

S&T Test Report
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9-mm 120° Eyepiece
U.S. price: $999.95 

Explore Scientifi c

621 Madison St.

Springdale, AR 72762

Phone: 877-385-1669

www.explorescientifi c.com

ocular. If you’ve looked through 
any of today’s 100° eyepieces, you 
know that they have huge appar-
ent fi elds. But even by that stan-
dard, the fi eld in Explore’s 120°
eyepiece is shockingly larger. Its 
edge is so far off  in my peripheral 
fi eld of vision that I only have a 
sensation of its presence rather 
then the feeling that I’m see-
ing the edge directly. This had a 
dramatic aff ect on my deep-sky 
observing experience, but, for 
now, just hold that thought.

I tested the eyepiece on a 
variety of scopes, including three 
4- and 5-inch-caliber refractors 
ranging from f/5 to f/11, a 12½-
inch f/5 Dobsonian, and a 16-inch 
f/10 Schmidt-Cassegrain. The 
eyepiece’s optical performance 
was similar on all of them. I had 
to add a counterweight to the 
Dob to prevent it from nosediving 
under the weight of the eyepiece. 
The weight was also an issue for 

Explore Scientifi c’s Hyperwide Eyepiece

ent when shooting lunar and solar video 
clips at 60 FPS. With the new camera, I 
found no sign of the artifact on videos I 
made of Jupiter and Mars at 60 FPS. At the 
time of this review, Saturn was too low to 
shoot in the morning twilight.  

The new model comes with the 
camera-control and video-recording pro-
gram IC Capture.AS version 2.2.315.1235. 
The software performs its assigned task 
of recording AVI video streams to my com-
puter without problems. One feature that 
I’d like to see added to future updates of 
the program is the ability to store various 
camera settings and fi le-name prefi xes. 
With the current version of IC Capture.AS,

every time I switched to a diff erent color 
fi lter I had to manually adjust the camera’s 
gain settings to achieve proper exposure 
and re-title the video fi le with a prefi x that 
refl ects which fi lter I was using. The soft-
ware automatically numbers each video 
sequentially as they are recorded, but I had 
to be mindful of which fi lter was used for 
each video clip and re-title them accord-
ingly at the end of my observing session. 

Like all Imaging Source cameras, the 
DMK 21AU618.AS records 8-bit data, 
which means that more total frames may 
be required to produce the smoothest 
stacked result when compared with cam-
eras that generate 12-bit data. But the end 
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Explore Scientifi c’s premium wide-fi eld eyepieces dwarf a conventional 
1¼-inch ocular, but this picture only hints at how much larger the new 
9-mm 120° model (left) is compared with its 14-mm 100° cousin. Although 
this pre-production sample of the 9-mm eyepiece is marked “nitrogen-
purged,” inert argon gas is being used for the production models.

WHAT WE LIKE:

Deep-sky “Wow” factor

WHAT WE DON’T LIKE:

Not multi-purpose eyepiece

result is essentially the same; exquisite, 
highly detailed images of our solar system 
neighbors. Though I only tested a mono-
chrome version of the camera, a one-shot 
color version is also available. In addition 
to USB, there are camera models with 
Firewire and high-speed GigE computer 
interfaces available from the manufacturer 
and its dealer network.

The camera’s only shortcoming is its 
relatively small chip size. Often when 
imaging the Moon, I lamented the cam-
era’s limited fi eld of view. 

The DMK 21AU618.AS is currently 
among the most sensitive planetary cam-
eras on the market. Its compact design 
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the focuser on one of the refrac-
tors, which would slip when the 
scope was aimed high in the sky.

Although the eyepiece was 
engraved with serial number 
1, Explore’s Scott Roberts told 
me the unit is a pre-production 
sample that is identical to the pro-
duction eyepieces, which should 
be available by the time you’re 
reading this review. Like Explore’s 
100° eyepieces, the 120° model 
has all air-to-glass surfaces multi-
coated, and it’s waterproof, but 
it’s purged with argon rather than 
nitrogen. The eye relief is only 13 
millimeters, so this eyepiece is 
best for people who don’t wear 
glasses when they observe.

Given the competition among 
telescope manufacturers, it’s 
reasonable to assume that break-
ing the 100° barrier for an astro-
nomical eyepiece has presented 
signifi cant obstacles, especially 
since Explore Scientifi c is only 
the second company to do it 
(the fi rst being Tele Vue, which 
introduced its 110° 3.7-mm Ethos-
SX two years ago). Whatever 
compromises Explore’s optical 
designers considered in achieving 
the 120° fi eld, it seems that the 
image quality of stars wasn’t one 

of them. The eyepiece off ers very 
good star images across its fi eld.

Under critical examination, the 
120° Explore eyepiece reveals a 
modest amount of pincushion 
distortion. This causes the Moon 
and planets to appear slightly 
distorted at the edge of the fi eld, 
and when you’re sweeping the 
sky, stars appear to move more 
slowly at the edge of the fi eld than 
they do at the center. 

The eyepiece’s most signifi cant 
aberration, however, is lateral 
color, which some observers have 
dubbed a “ring of fi re” in other 
wide-fi eld eyepieces. Looking 
into the eyepiece with a telescope 
pointed toward a daytime sky 
shows an orange rim near the 
edge of the fi eld. I too have expe-
rienced this with other wide-fi eld 
eyepieces, but I can’t recall one 
showing the eff ect more than the 
120° Explore. It isn’t a fatal fl aw, 
especially for deep-sky observing, 
but you’ll certainly be aware of 
the lateral color if you use the eye-
piece during the daytime.

So what does all this mean for 
observers? Well, at the expense 
of being blunt, the 120° Explore 
wouldn’t be my fi rst choice for 
looking at birds during the day. 

And there are also far less expen-
sive 9-mm eyepieces that are 
great for the Moon and planets.

The 120° Explore’s real forte is 
deep-sky observing, and perhaps 
the best way to explain why is to 
relate an anecdote from my fi rst 
night using the eyepiece under 
a moonless sky with the 16-inch 
Schmidt-Cassegrain. Fitted with 
the 120° Explore eyepiece, this 
scope yields a magnifi cation of 
450× and a true fi eld almost 19 
arcminutes across. My fi rst tar-
get was the brilliant star Rigel. 
There were no ghost images or 
fl are, making it extremely easy 
to resolve Rigel’s 7th-magnitude 
companion 9 arcseconds south-
southwest of the primary. The 
lateral color wasn’t visible against 
the sky’s dark background.

Then I slewed to the Orion 
Nebula, M42. Looking into the 
eyepiece I literally uttered out 
loud “Oh Wow!” All six stars in 
the Trapezium were immediately 
visible, thanks to the high magnifi -
cation. But even more impressive 
was the vast and detailed expanse 
of bright nebulosity surrounding 
them in the same fi eld of view. 
Because the edge of the fi eld just 
drifted away in my peripheral 

and intuitive control software make it a 
pleasure to use. It’s the one I’m reach-
ing for to image the current apparition 
of Mars and the one I’ll be using for the 
upcoming transit of Venus in June.

S&T imaging editor Sean Walker is an avid 
lunar and planetary photographer living in 
New Hampshire.

High-resolution close-ups of the Moon often 
require stitching multiple frames together to 
cover larger craters. This four-frame mosaic of 
Arzachel (left) and Alphonsus was made with 
the DMK camera during the fi rst-quarter Moon 
last December.
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vision, there were moments when 
I felt I was among the stars and 
not looking at them through a 
telescope. It was a stunning view. 

I also examined M42 with 
Explore’s 100°° 14-mm eyepiece, 
which has a slightly wider true 
fi eld (I measured the fi eld stops in 
the 9- and 14-mm eyepieces as 22 
and 24½ mm, respectively). But 
the 14-mm dropped the magnifi -
cation by 35%, greatly reducing 
the “Wow factor” that I experi-
enced with the 9-mm eyepiece. 
The same was true for my views 
of the planetary nebula at the 
edge of the open cluster M46 and 
the Eskimo Nebula.

Viewing deep-sky objects with 
high magnifi cation is not a new 
concept, but doing it with a big 
chunk of surrounding sky in the 
same fi eld adds more to the expe-
rience than I was expecting. The 
feeling of being “in” the fi eld of 
view, rather than just looking at 
it, was truly singular. I’m looking 
forward to hearing how others 
react to their views through the 
120° Explore eyepiece. ✦

Every winter since 1963, senior 
editor Dennis di Cicco has taken 
time to enjoy the Orion Nebula.
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Gary Seronik
Telescope Workshop

astronomical joys are binocular 
observing and making gear. I also admire builders who 
can turn out equipment with so much skill and polish 
that it makes my stuff  look like it’s the product of cave-
man technology. So it’s probably easy for readers to imag-
ine why I fi nd the binocular telescope by fellow Victoria, 
British Columbia, telescope maker James Stilburn so 
appealing. It’s both exquisitely functional and beautiful. 

My focus with this column is to have it be a source for 
practical how-to information, and a narrative where read-
ers can fi nd inspiration in the achievements of others. 
Jim’s binocular scope falls largely into the latter category. 

Two of my great

A Beauty of a Binoscope
Superb design and craftsmanship yield big results.

I’ve only met a handful of ATMs who possess the talent 
and skill necessary to make something as mechanically 
excellent as Jim’s scope, but everyone can surely appreci-
ate the eff ort involved. And we can dream.

Jim’s binoscope consists of twin optical-tube assem-
blies (OTAs) featuring air-spaced, three-element, 4-inch 
(100-mm), f/6 objectives. The lenses were originally housed 
in big, porro-prism binos made for the Chinese military. 
To utilize the lenses in a non-prism design, Jim had to do 
some tweaking. “I took apart one lens and determined its 
prescription,” he recounts. “Entering the data into Zemax 
optical-design software showed that by changing the 

Jim Stilburn’s exquisite 4-inch binoscope is the product of careful planning and skilled execution. It’s fi t and fi nish rivals that of the fi nest commercially 
made equipment. The 38-pound (17.2 kg) optical-tube assembly rides on a beautifully crafted mount that adds 25 pounds to the total instrument.
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spacing of the elements slightly, I could 
improve the image fi delity signifi cantly.”

Each lens feeds a pairs of diagonal 
mirrors that provide a right-reading view 
at the eyepiece. The tubes are ABS plastic 
pipe painted white, while the other main 
components are made from machined and 
anodized aluminum, and gold-plated brass. 
Jim even fabricated the splendid Crayford-
style focusers in his garage.

In addition to optimized optics, the 
quality of a binocular’s image hinges on 
the mechanical alignment of the OTAs. It’s 
here that Jim’s talent with a lathe and mill-
ing machine shine brightly. His binoscope 
design incorporates a series of linkages that 
allow for interocular adjustments with the 
turn of a large click-stop knob, and for exact 
alignment by precisely changing the tilt 
and toe angles between the OTAs. 

The binoculars rest on an altazimuth 
mount that is made with the same care 
and precision. The altitude axis has a pair 
of machined Delrin plastic disks riding 
Dobsonian-style on pads of moleskin 
fabric and Tefl on tape, while the azimuth 
motion is achieved with ball-bearings and 
a variable-friction control. Both axes move 
smoothly with fi nger-touch force. A laser 
pointer mounted on the strut between the 
OTAs facilitates accurate pointing.

The tweaked optics and precise col-
limation result in sharp, detailed images. 
“At a magnifi cation of 100× the system 
will easily split both doubles in Epsilon 
Lyrae, and show a pleasing amount of 
detail on Jupiter and Saturn,” Jim reports. 

Of course, wide-fi eld views hold the great-
est attraction for binocular users, and here 
too the binoscope delivers. “As you might 
expect, I get beautiful views of the Pleia-
des and other open clusters, but the binos 
also work well for terrestrial viewing,” 
adds Jim. “One evening I used 50× to view 
an owl perched 50 feet away, and the bird 
fi lled the whole fi eld of view!”

Though it’s unlikely that many readers 
will attempt a binoscope exactly like this 
one, Jim’s experiences yield a few general 
pointers for prospective builders. First, 
binoculars this big are going to be heavy 
— in Jim’s case, 38 pounds (17 kg) plus 
another 25 pounds for the mount. Shav-
ing signifi cant weight off  of these totals is 
more diffi  cult than many would think. “If 
you need something that’s easily trans-
portable,” Jim advises, “build the scope so 
that it breaks down into several smaller 
pieces.” Second, be prepared to spend a 
good deal of eff ort refi ning your design 
and allow plenty of time for the actual 
construction. “Building a binoscope like 
this one takes about four times as much 
eff ort as a regular scope,” Jim warns, “but 
for a gearhead like me, designing and 
making all the bits and pieces is where 
the real fun is!” Readers wanting addi-
tional advice can reach Jim via e-mail at: 
jimsylvi@telus.net. ✦

Contributing editor Gary Seronik is a long- 
time ATM and binocular observer who is 
having second thoughts about his caveman 
ways after seeing Jim’s scope in person.

Left: Each binocular half features a Crayford focuser and a housing that holds two diagonal mirrors 
feeding light to the eyepiece and providing a right-reading view. Right: The adjustments that align 
the two optical tubes are crucial to the performance of a binocular telescope. The large black knob 
controls the intra-ocular spacing, while the gold-plated brass knob governs the vertical alignment.
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Chasing the Moon’s Shadow

November’s
TotalAfter a dry spell of 28 months, 

observers are again getting ready 

for a taste of totality.
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TOTAL ECLIPSES OF THE SUN are rare events that 
off er a unique opportunity for ground-based observ-
ers to enjoy a spectacular view of the solar corona. The 
upcoming eclipse in November has a maximum dura-
tion exceeding 4 minutes, but, unfortunately, most of the 
eclipse path is over the Pacifi c Ocean.

The central eclipse begins at 20:36 Universal Time 
on November 13th, which is the morning of the 14th in 
Australia, when the Moon’s umbral shadow fi rst touches 
down about 190 kilometers (120 miles) east of Darwin in 
Australia’s Northern Territory, along the northeastern 
border of Kakadu National Park. Sweeping east-southeast, 
the shadow quickly crosses Arnhem Land and the Gulf of 
Carpentaria. Barely 80 seconds from the beginning of its 
landfall, the umbra reaches the west coast of Cape York 
Peninsula in Queensland near the mouth of the Mitch-
ell River delta. At mid-totality here, the Sun’s altitude is 
already 9° and the central duration of totality is 1 minute 
57 seconds.

The Moon’s shadow crosses the entire Cape York 
Peninsula in just over 100 seconds and reaches the Pacifi c 
coast of Queensland at 20:39 UT. The Sun is now 14° 
high and the central duration is 2 minutes 5 seconds. 
The coastal cities of Port Douglas and Cairns are deep 
within the umbral path, lying 10 km north and 23 km 
south of the central line, respectively. Each city will enjoy 
over 2 minutes of totality. Well known as popular tourist 
destinations for trips to Australia’s Great Barrier Reef, 
these cities will also be the chief destination of most 
2012 eclipse expeditions, since the shadow track through 
Queensland’s interior encounters little more than an 
occasional cattle ranch.

After leaving Australia, the remaining 93% of the 

umbra’s path stretches across the South Pacifi c with no 
other landfall. Greatest eclipse occurs at 22:12 UT with 
the Sun 68° above the horizon during 4 minutes 2 sec-
onds of totality. But the nearest land is the North Island of 
New Zealand some 1,800 km west of the path, making it 
an unlikely spot for observers. Continuing on its solitary 

sojourn, the shadow gradually curves to the northeast, 
where the total eclipse ends at 23:47 UT as the umbra 
lifts off  Earth’s surface more than 500 km west of Chile’s 
coast.

Weather Prospects
Cloud cover over Australia is dictated by a location’s 
proximity to the sea, the terrain, the winds of the day, and 
the state of the oncoming rainy season, locally known as 
the “wet.” Add to these the very early hour of the eclipse, 
when nighttime infl uences are fading and sunlight is 
beginning to warm the land, and it will come as no sur-
prise that the cloud cover is capricious and diffi  cult to out-
smart in most regions. Fortunately, Urania, the muse of 
both meteorology and astronomy, has spared a small part 
of the continent for the better fortune of eclipse chasers.

At the start of the eclipse track, in the Northern Ter-
ritory, a quarter century of satellite observations show an 
average cloudiness of 75% or more for November. Com-
pounding the weather woes are a road network that suff ers 
from considerable delays or even becomes impassable 
during the wet season, a very sparse population, and the 
need for special permission to travel into much of the area 
crossed by the eclipse track. We cannot recommend eclipse 
viewing here because of the frequency of heavy clouds, but 
if travel to exotic destinations is your raison d’être, then the 
Northern Territory could provide a great adventure.

In Queensland, the lunar shadow encounters gradually 
improving weather conditions, with lower cloud cover-
age and fewer rainy days. From a climatological point of 
view, it’s apparent that off shore waters and the immediate 
beachfront have a lower average cloudiness than any of 
the inland areas. As such, on average the best eclipse sites 

will be right along the Pacifi c coast.
Clouds increase signifi cantly just inland from the 

coast, refl ecting the tendency for the mountains of the 
Great Dividing Range to form clouds in the prevailing 
southeast winds. But the data in the accompanying map 
apply to the afternoon hours, which are cloudier than 
those at sunrise. In the early morning, before the Sun has 
a chance to warm the slopes, this terrain-induced cloudi-
ness will be lower than shown on the map, though still 
not as good as the coastal strip.

Even on a very sunny morning, there are always 

Challenging weather conditions and limited land within the 
path of totality make the Pacifi c coast of Queensland the 
preferred location for eclipse chasers heading to Australia 
for this coming November’s total solar eclipse.

Solar Eclipse
f r e d  e s p e n a k  &  j a y  a n d e r s o n

S&T PHOTO ILLUSTRATION; BEACH: JAY ANDERSON; SOLAR ECLIPSE: S&T PHOTO
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Chasing the Moon’s Shadow

Visit skypub.com/eclipses for 
articles on viewing and imag-
ing eclipses.

patches of cloud on the slopes or lines of cloud off shore. 
Completely clear skies are rare, which is typical for tropi-
cal environments. These cloud patches can be scattered 
and widely dispersed, or they can cover up to half the sky 
with a mixture of broken and open cloudiness. They are 
constantly changing, forming ephemeral holes in the 
cloud cover that vary at 15-minute intervals. But observers 
contemplating moving from one spot to another nearby 
may make the situation worse rather than better. Further-
more, chasing these openings may be nearly impossible, 
especially at Port Douglas, as large crowds are expected to 
gather for a Solar Eclipse Marathon scheduled to begin at 
the moment totality ends.

If heavy clouds are piling up along the coast during the 
early hours on eclipse day, a better location can probably 
be found on the western side of the Dividing Range. But 
the terrain there takes some distance to smooth out, so 
the topography’s cloud-making eff ects continue for 100 or 
150 km beyond the highest coastal peaks. Nevertheless, 
the ups and downs of air fl ow across the terrain will open 
holes in all but the wettest weather, and so when all else 
is lost, a trip into and across the Dividing Range will off er 
the best chances for a view of the Sun. But beware — the 
roads are cut through areas of tall trees and the terrain 
is rugged, so you will only get a clear view of the low-
altitude Sun from selected locations. Scouting ahead of 
time is essential.

Perhaps the most promising option in the Outback is 
to move well behind the high peaks of the Great Dividing 
Range, to a location near or west of Mount Carbine along 
the Mulligan Highway. The highway lies in a shallow 
valley stretching from Mount Molloy to Mount Carbine, 
with high peaks to the east and lower ones to the west, 
which aff ord some protection from moist ocean winds. At 
Mount Carbine, the Mulligan Highway turns westward 

Color-coded regions 
showing the 
percentage of cloud 
cover determined 
from a quarter century 
of satellite data 
reveal considerable 
cloudiness over the 
land areas crossed by 
the track of totality. 
The data, however, 
are for afternoon 
conditions, and 
somewhat more 
favorable skies may 
exist during early 
morning hours when 
the eclipse takes place.

and adopts an orientation aligned toward the rising Sun. 
Along this route, the Sun should be clear of the moun-
tains at eclipse time.

If you’re interested in a remote observing site, note 
that Outback travel is not a task for beginners. The roads 
are not designed for wet weather and there is a risk that 
travelers could be held up for days if the rainy season 
begins early. Experienced guides and a cautious eye on 
the forecast are highly recommended.

Eclipse Day Strategy
Because of the proximity of an international airport, 
abundant accommodations, and an infrastructure geared 
to handle tourism, the area around Cairns and Port 
Douglas is serving as the focus for many eclipse tours. 
Although Highway 44 links the two cities with 40 miles 
of good-condition, two-lane roadway, heavy traffi  c conges-
tion on eclipse morning may make last-minute moves 
diffi  cult.

From the area around Cairns, tall hotels and palm 
trees, coupled with the low altitude of the Sun at totality, 
demand a viewing location along the waterfront. Unfor-
tunately, Cape Grafton lying to the east will block a view 
of the Sun at sunrise as well as the fi rst 20 minutes of the 
partial phases.

North of Cairns there are clear views to the eastern 
horizon from many good public beaches along Highway 
44, but parking is often limited. For those choosing a 
beach location during the early morning hours on eclipse 
day, be aware that the new Moon will bring unusual 
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extremes in the tides. An abnormally low tide expected 
around 3 a.m. will off er large expanses of beachfront that 
will vanish as a high tide of up to 3 meters (10 feet) peaks 
around 9 a.m. This could prove disastrous to anyone set-
ting up early near the water’s edge.

Recommended locations with shorefront above the 
high-water mark include Kewarra Beach, Trinity Beach, 
and Palm Cove. If possible, scout out an observing loca-
tion a day or two before the eclipse around the time of 
high tide. Alternatively, there are many agricultural fi elds 
within a few miles of the coast that off er good views with 
low horizons. Although trees will block the start of the 
partial phases, the Sun should be clear of any foreground 
objects by the time of totality.

Once again, advanced planning and site reconnais-
sance several days before the eclipse are critical to fi nding 
a good viewing location. Because the eclipse occurs so 
early in the day, there will be little time to change loca-
tions. Furthermore, the anticipated high traffi  c volume 
and rapidly changing cloud patterns may make staying 
put and hoping for the best the preferred strategy on 
eclipse day.

In spite of the challenges presented by the 2012 event, 
it is still the most promising total solar eclipse until the 
great American eclipse on August 21, 2017. ✦

Retired astronomer Fred Espenak masters two eclipse websites 
(http://eclipse.gsfc.nasa.gov and www.mreclipse.com) and 
is a coauthor of Totality: Eclipses of the Sun with Mark 
Littmann and Ken Willcox. Meteorologist Jay Anderson
(University of Manitoba, Canada) has written eclipse 
weather forecasts since 1979 and has journeyed worldwide to 
confi rm his predictions in person.

Although it 
crosses half 
the globe, the 
Moon’s umbra 
(shown as ovals 
at the indicated 
times) makes 
landfall only 
in relatively 
remote regions 
of northeastern 
Australia. As 
such, the focus 
of most eclipse 
chasers will 
be the cities 
of Cairns and 
Port Douglas, 
where there is 
abundant tourist 
infrastructure.

Some of the best sites for eclipse viewing will be at beaches 
between Cairns and Port Douglas, but observers need to be aware 
that astronomically low tides at around 3 a.m. will reveal far more 
beachfront than will be available as the tide rolls in at eclipse time.
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The Mulligan Highway west of Port Douglas off ers potential for 
eclipse chasers, but trees will limit suitable observing sites.

November’s Total Solar Eclipse
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Rethinking
SOLAR ECLIPSE

Photography

Dennis di Cicco

large print of the 2010 Easter Island eclipse ( facing 
page) graces my offi  ce wall. After 40 years and 20 
eclipse-chasing adventures (including 16 into the 

paths of totality), I fi nally have a picture to hang on the 
wall, or so I tell visitors. Nevertheless, it’s not the picture’s 
wall-worthy credentials, but rather the crude method in 
which it was made (due to a last-minute change in plans), 
that inspired the title of this article. 

For the record, I’ve witnessed total solar eclipses from 
land, sea, and air. My photography preparations have also 
run the gamut, ranging from several years spent design-
ing, building, and shipping a half ton of research equip-

ment into the Sahara Desert in 1973 to frantically tossing 
gear into a suitcase a decade later as I headed to Indone-
sia on less than 24 hours notice (no kidding!). Recently, 
however, my globe-trotting pursuits of the Moon’s shadow 
have been like those of most other eclipse chasers — trav-
elling with an organized tour and subject to the normal 
restrictions for airline baggage.

As such, I spent several weeks before the August 2008 
eclipse in China building the portable setup pictured 
below. The outgrowth of numerous discussions with 
other eclipse photographers, especially my colleague 
Roger Sinnott, and past experiences, it’s a variant of a 

polar telescope fed by a siderostat. Since 
the scope’s optical axis lies on an imagi-
nary extension of the siderostat’s polar 
axis, the mount has to be made for the 
latitude of the observing site.

Because the telescope (a Tele Vue 
TV-85 objective fi tted to my own light-
weight tube assembly) remains fi xed, 
I was able to make an exceptionally 
rigid, yet lightweight mounting from 
little more than a few wooden sticks 
— I dubbed it the Tinker-Toy mount. I 
fashioned the siderostat around a polar 
drive scavenged from a broken Ger-
man equatorial mount made by Carson 

a

After the author’s siderostat-fed polar 
scope proved remarkably successful at the 
2008 eclipse in China (right), he modifi ed 
it in 2010 for the lower latitude of Easter 
Island. This setup was never used. 

The original mount had 
a taller stance due to the 
observing site’s higher 
latitude. Sand-fi lled plastic 
bags placed on the base 
gave added stability.

DIGITAL PHOTOGRAPHY IS CHANGING THE GROUND RULES FOR ECLIPSE CHASERS.
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Telescopes. Best of all, the whole setup disassembles to fi t 
in a carry-on suitcase that meets airline size and weight 
requirements (and provides a bit of entertainment for 
airport-security personnel).

In addition to being compact and lightweight, this 
setup keeps the camera at a comfortable position to look 
through and operate. One downside of a fi xed polar 
telescope, however, is that the sky appears to slowly rotate 
at the focal plane, but this is of little concern during the 
brief exposures used for an eclipse.

Almost to my surprise, the equipment worked exceed-
ingly well in China. Nevertheless, the whole Tinker-Toy 
structure was in a hotel trash can a few hours after the 
eclipse since it was only good for the latitude of my site in 
China. Before the Easter Island eclipse rolled around in 
July 2010, I made a new version of the Tinker-Toy mount. 
In addition to the new angle of the polar axis, its wooden 
pieces have a little more “polished” look about them.

Unfortunately, I never got to use it. Weather and logis-
tics delayed my arrival at the observing site, and I wasn’t 
sure there would be enough time to prepare a fl at patch of 
ground for the setup. Moreover, a powerful wind was con-
stantly blowing off  the ocean, and I feared it would shake 

the relatively lightweight mount. So, at the last minute, I 
had to devise a “Plan B.”

My best option was to simply prop the telescope’s front 
end on a convenient stone wall and mount the camera 
on a tripod, which served as the back support. Calling 
the arrangement crude is an understatement, but it was 
extremely stable in the blowing wind. That was the good 
news. The bad news was that my exposures were made 
with a non-tracking telescope; something that produced 
only mediocre results when I photographed the rushed 
1983 Indonesian eclipse with a similar setup using fi lm.

But the picture above speaks for itself. Digital photog-
raphy is clearly a game changer for solar-eclipse photogra-
phy. You can obtain truly excellent results with a non-
tracking telescope; at least when working at focal lengths 
up to the 595 millimeters I was using (and perhaps even 
longer). Vibration has probably ruined more eclipse pic-
tures than clouds, and the culprit is almost always traced 
to the lightweight tracking mounts that many people tote 

As explained in the text, S&T imaging editor Sean Walker 
processed this view of the 2010 total eclipse using the author’s 
bracketed exposures made with a non-tracking telescope.

ALL PHOTOGRAPHS ARE BY THE AUTHOR

Eclipse Photo.indd   73 2/3/12   10:04 AM



74 April 2012 sky & telescope

Taking Equipment on the Road

along on eclipse trips. There is no end to the ways a fi xed 
telescope can be solidly mounted. Old habits die hard, 
and I may have to fi ght the urge, but I suspect that I’ll 
forgo tracking at upcoming eclipses. If I can duplicate the 
results I got on Easter Island in the future, I’ll be a very 
happy eclipse chaser indeed, not to mention one who can 
travel with a much lighter load.

Camera Notes
One of the biggest advantages that the digital revolution 
brings to eclipse photography is image processing, as my 
S&T colleague Sean Walker explains in the accompany-
ing sidebar that tells how he processed my Easter Island 
exposures. But digital cameras themselves have played a 
major role in letting people shoot better pictures, and it 
has to do with more than just the increased sensitivity of 
digital detectors.

Most of today’s DSLR cameras off er features that are 
tailor-made for eclipse work. Foremost among them is 
automatic exposure bracketing. The key to making a 
dramatic image of totality is combining a set of images 
made with varying exposures that record diff erent levels 

When limited time and a powerful on-shore wind scrapped the 
author’s plans to use the gear pictured on page 72, he simply 
propped his telescope on a rock wall and hit the shutter button.

of coronal brightness to advantage. In the days of fi lm, 
this meant fumbling with a camera’s shutter-speed dial in 
the twilight illumination and fl eeting moments of totality. 
You’ll need to check your camera’s manual to learn if and 
how your camera handles bracketing, but I know that it’s 
available with many brands of DSLRs.

For example, my Nikon D700 used on Easter Island 
and the D300 I used in China allow auto bracketing of 
up to nine frames with as much as a full exposure stop 
between each frame. As such, I can set the shutter speed 
to 1/30 second and shoot a sequence that runs from 1/500 to 
½ second without ever having to touch the camera. Fur-
thermore, by switching the camera from single-exposure 
to continuous-shooting mode, I can simply hold down my 
remote-release button and the camera will run the nine 
bracketed frames as a continuous burst that stops when 
it’s done — something that takes only three seconds to 
accomplish for the sequence above.

I highly recommend that eclipse photographers page 
through their camera manuals looking for other features 
they might fi nd useful. That’s how I stumbled upon one 
that’s buried deep in the shooting menu of my Nikons 
(and probably available in other models too). Called “expo-
sure delay mode,” it inserts a pause of about one second 
between the time the mirror fl ips up and the shutter 
opens. This lets any mirror-induced vibration in the tele-
scope die down before the exposure is made. The delay 
adds to the total time it takes to make an auto-bracketed 
sequence, but it’s well worth it when shooting at long 
focal lengths that exaggerate the eff ects of vibration.

Many of today’s cameras are packed with features 
that typical photographers might use rarely, if at all, so 
it’s easy to forget that they exist. It’s a good reason you 
should check for unusual features buried in the menus of 
your own camera. I can’t think of many situations where 
a nine-frame bracketing sequence or the exposure delay 
mode would come in handy for conventional photography, 
but they’re so useful for eclipse shooting that it makes 
me wonder if an amateur astronomer was part of Nikon’s 
design team. Maybe you’ll fi nd similar features tucked 
away in the digital recesses of your camera.       

S&T senior editor Dennis di Cicco is already looking forward 
to the total eclipse that sweeps across the United States in 
August 2017.

E ARLY LE ARNING

The plane fl ight to your eclipse destination is not the 
time to be learning how to use a digital camera. Read the 
manual and explore the camera’s menus beforehand to 
learn what features will be useful for eclipse photography 
and then practice using them. 
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Improving Your Eclipse Photos  by Sean Walker

hile capturing bracketed 
exposures of a total solar 

eclipse has gotten easier thanks 
to features available on many 
new DSLR cameras, process-
ing the results hasn’t changed 
much since the article I wrote 
in the June 2009 issue, page 64. 
Whether your intention is to 
faithfully depict the visual appear-
ance of the eclipse or to reveal as 
much detail as possible within the 
solar corona, high-dynamic-range 
(HDR) processing techniques are 
still the way to go.

Most everything discussed 
in my earlier article remains 
relevant, though if you shoot 
your eclipse exposures without 
a tracking mount, you’ll need 
an additional software program 
to register your images before 
combining them. For the image of 
the 2010 Easter Island eclipse on 
page 73, I worked with Dennis di 
Cicco’s four groups of nine brack-
eted exposures. I used MaxIm 

w DL 5.08 to register the corona in 
each exposure using two stars 
that appear near the Sun and 
were detectable even in the brief,   
1/500-second exposures — a tes-
tament to the sensitivity of the 
Nikon D700 and the sharp focus 
Dennis achieved with the Tele 

Vue TV-85 objective and Hotech 
fi eld fl attener. Without having 
fi eld stars to register each frame, 
image shift caused by a fi xed 
telescope during the exposure 
sequence reduces your ability to 
precisely combine the exposures 
into a single HDR result.

High-dynamic-range 
(HDR) image process-
ing using programs 
such as Photomatix 
Pro 4.1 (left) has 
become standard prac-
tice for depicting the 
large brightness range 
of the solar corona. 

After aligning and cropping 
each of the 36 exposures, I used 
Photomatix Pro to combine them 

➀➀. I also made sure to save a 
copy of this “raw” HDR fi le in 
case I learned new processing 
tricks in the future. Next, I moved 
on to the program’s Tone Map-
ping section. As HDR processing 
has matured, Photomatix Pro 
has kept pace with new updates. 
Now on version 4.1, Photomatix 
Pro includes new tone-mapping 
presets that didn’t exist in 2009, 
and it also allows you to save your 
own custom settings so you can 
duplicate your process on many 
images. The parent company, 
HDRsoft, off ers a basic version 
of the software called Photomatix 
Essentials for $39 that performs 
many of the same functions. You 
can check the company’s website, 
hdrsoft .com, to compare both 

1
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programs and decide which 
one best suits your needs.

Using the latest version, I 
combined the 36 frames essen-
tially the same way as I described 
in the 2009 article. But due to 
the greater length of totality, the 
Moon moved noticeably relative 
to the corona between the fi rst 
and last images in the sequence, 
blurring its image in the HDR 
stack. I easily fi xed this in Adobe 
Photoshop by using a single 
HDR stack of just one 9-image 
sequence and blending the cen-
tral portion of it into my full stack. 
This blending layer is also useful 
for reducing the HDR program’s 
propensity to excessively brighten 
the closest part of the corona 
adjacent to the lunar disk.  

I opened both sets of stacked 
images (one made with all 36 
exposures, and another with just 

one bracketed set) in Photoshop. 
Though Photomatix is very good 
at combining the bracketed 
images to reveal the corona’s 
innermost details as well as its 
outer extent in the same image, 
it doesn’t render the background 
color accurately. So my fi rst 
task in Photoshop was to adjust 
the curves palette to brighten 
the background sky of the full 

stack ➁➁ and add a bit of blue 
to it, without aff ecting the inner 
corona. Next, I experimented with 
sharpening to bring out additional 
details within the corona. I prefer 
to sharpen using High-Pass Filter 
layers that were detailed in the 
2009 article, followed by some 
noise reduction near the edges of 
the image. 

Once I was satisfi ed with 
the sharpness, I worked on the 
Moon’s appearance. I started by 
selecting the 9-image HDR stack, 
copying it, and pasting it over the 
full 36-image stack. To get the 
best of both images, I simply used 
the Elliptical Marquee Tool with 
feathering set to about 5 pixels, 
and selected the area of the photo 
that includes the Moon, plus a 
little bit of the inner corona ➂. 
Next, I copied this selection and 
pasted it onto the same location 
of the image, and then deleted 
the layer that included the entire 
9-image HDR stack. I was left 
with two layers, the entire stack 
on the bottom, followed by the 9- 
image stacked Moon layer on top. 

Here I adjusted the Moon layer 
with the Curves palette again, 
this time to darken the Moon and 
inner corona. One thing I couldn’t 
fi x in curves is the unnaturally 
bluish Moon and its bright rim. 

This is mostly an artifact of the 
HDR process. An easy way to 
compensate for this is to open the 
Channels window and click on the 
green channel. Again using the 
Elliptical Marquee Tool, I selected 
the Moon, but this time I set the 
feathering to 2 pixels and tried to 
select as close to the lunar limb 
as possible. When I was pleased 
with the selection, I copied it. I 
then clicked on the RGB channel 
in the Channels window to select 
all channels, and pasted the green 
Moon channel into the image. 
This gave the Moon a neutral gray 
appearance, which I found less 
distracting. I could then brighten 
or darken the Moon layer inde-
pendent of the inner or the outer 
corona layers, or use the burn tool 
to further darken the lunar limb 
if necessary. The “before” and 
“after” Moons are shown in the 
illustration below.

While the resulting photograph 
is diff erent from how the eye 
sees the corona, images such 
as this allow us to see extremely 
subtle tonal variations, as well as 
fainter stars than weren’t noted 
visually during the event. ✦

Imaging editor Sean Walker is 
constantly in search of new image-
processing techniques.

FREQUENTLY SAVE YOUR WORK
Save your images at each step during processing so that you don’t 
have to repeat your work in the event of a computer crash.
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THE SPAGHETTI NEBULA
Bob Holzer
Delicate fi laments trace the outer extent of supernova remnant Simeis 147. Remains of a star estimated to have 
exploded 40,000 years ago, this faint nebula spans nearly 3° of the sky along the border of Auriga and Taurus.
Details: Takahashi FSQ-106N astrograph with FLI ProLine PL16803 CCD camera. Total exposure was 50 hours through 
FLI color and Astrodon hydrogen-alpha fi lters.
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▴ CLOUDS OF THE HYADES
Alistair Symon
Just a degree to the west of Epsilon Taurus (top left) 
resides a small bright spot (upper right) known as 
Sharpless 2-239, a Herbig-Haro object largely buried 
within a thick region of the Taurus Molecular Cloud.
Details: Takahashi TOA-130 refractor with SBIG STL-
11000M CCD camera and AO-L active optics. Total exposure 
was roughly 15 hours through Astrodon color fi lters.

▶ CARE FOR A VIEW?
Neil Kopicki
It’s easy to imagine sharing Neil Kopicki’s view of M42, 
the Orion Nebula, through his 10-inch Dobsonian.
Details: Canon EOS Rebel T3 DSLR with 18-to-55-mm zoom 
lens at 18-mm. Total exposure was 12 seconds at ISO 6400.

Visit SkyandTelescope
.com/gallery for more 
images online. 
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▴ RISING LUNAR ECLIPSE
Oshin D. Zakarian
The Moon enters Earth’s shadow as seen above the 
Zagros Mountains in Iran on the evening of December 
10, 2011. The next total lunar eclipse will not occur 
until April 15, 2014.
Details: Sky-Watcher 80-mm refractor with Canon EOS 
40D DSLR camera. Single exposure of ½   second.

◀ LOVEJOY’S SURPRISE
Lester Barnes
In December 2011, Comet C/2011 W3 (Lovejoy) sur-
vived a perihelion graze roughly 100,000 miles above 
the Sun’s visible surface to become a spectacular dawn 
object with a bright tail stretching more than 20°.
Details: Canon 20Da DSLR camera with 50-mm lens at 
f/3.2. Total exposure was 1 minute at ISO 800. ✦

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.
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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. 

WANTED: Two 16" molded Pyrex telescope mirror 
blanks from the ‘50s or ‘60s wanted; astronomical 
journals and magazines from the 19th and early 
20th century. For sale: 36" f/4 aerial camera lens. 
This is the big one! Perfect condition. Leonard 
Matula, phone: 626-230-7612.

ASTRONOMY CAMP STAFF: Yarger Observatory, 
YMCA Camp Eberhart, Michigan www.campeb.
org or http://analyzer.depaul.edu/paperplate/
astrocamp.htm. Resume to Sandock.L@
sbcglobal.net; phone: 574-291-1121. 

FOR SALE: A dream roll-off roof observatory 
under dark clear skies in northeast Arizona with 
3 bedroom, 2 bath mountain home with garage/
art studio space. $164,900; 541-318-5666, 
blogan0821@gmail.com.

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

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

FOR RENT: Beautiful fully furnished 3BR/2BA 
adobe home in Arizona Sky Village in Portal, 
AZ. Observe under the darkest, clearest, most 
transparent skies in the Lower 48! Contact 
irkitzman@gmail.com, 520-203-8500, 
www.arizona-dreaming.com.
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Travel with Sky & Telescope 
on Holland America’s 

ms Oosterdam,
roundtrip Sydney, Australia, 

November 7– 21, 2012. 
Cruise fares start at $1,899 pp.

Details: InSightCruises.com/Sky-5
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Comet Lovejoy
Expected to disintegrate as it rounded 
the Sun, this intrepid comet survived 
long enough to put on a great show for 
Southern Hemisphere skywatchers.

Astronomy in National Parks
Renowned for their terrestrial beauty, 
U.S. National Parks are among the best 
places to revel in the splendor of the 
night sky.

Saturn Storm
With a lot of help 
from amateur 
astronomers, 
researchers got 
their best views yet 
of a raging storm on 
the Ringed Planet.

Saturn Observing Guide
S&T editors tell you what you need to 
know about how to observe Saturn as it 
comes to opposition.

On newsstands April 3rd!
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Focal Point Malcolm E. Brown

Observing the Telescope Tribe
Astronomy’s two major sects are “screen scanners” and “visual observers.”

My eyes bulged with disbelief and 
delight in the clubhouse bathroom of the 
Norwich Astronomical Society in Eng-
land. The toilet lid enthralled me with its 
images of constellations. “Oh yes!” I said 
to the four walls, punching the air with 
excitement. I had to become a club mem-
ber if such was their enthusiasm! I had 
long been interested in astronomy, but had 
seldom observed for decades.

I have a Ph.D. in sociology and, like an 
anthropologist, the shock of fi rst contact 
with a new tribe is my stock in trade. It 
enables me to see. What did I discover 
about today’s strange tribe of amateur 
astronomers? How had astronomers 
changed since my youth?

One major change fl ooded into my 
brain. Astronomers had divided themselves 
into two sects: the screen scanners and the 
visual observers. An approximately equal 
number of each had turned up that night. 
The scanners and visual observers looked 
down upon each other. This is normal. 
It’s a commonplace observation of social 

anthropologists that any particular sect will 
consider itself superior and disparage other 
sects. The sect members were friendly 
to each other, but light-hearted banter 
bubbled in the background.

The red-lit warmth of the clubhouse 
smelled pleasantly of coff ee. The screen 
scanners hunched over laptops, faces 
bathed in pools of light. They tapped keys. 
They tweaked their images of galaxies 
— their favorite “little soft fuzzes.” They 
seldom looked through eyepieces. 

These “imagers,” to use tribal jargon, 
accumulated light for minutes or hours. 
They stored and brightened light. Soft-
ware manipulated digital data. Computers 
constructed images that visual observers 
could not discern. The screen scanners are 
rapidly evolving. In my youth, astrophotog-
raphy was an esoteric endeavor requiring 
fi lm, trial-and-error exposures, and agoniz-
ing waits for wet chemical development. 

Outside I met their protagonists: the 
visual observers. Frost crunched under-
foot. One elite faction inhabited a ghetto, 

perched atop ladders beside gargantuan 
tubes: “Dobsonian Alley.” A 16-inch mirror 
had become a “baby Dob,” “big” was 24 
inches. Some visual-sect members proudly 
labeled themselves “common, garden, or 
agricultural observers.” That their tiny 
eyepieces can expand a view that seems to 
encompass the entire universe delighted 
them. “Seeing is believing,” they argued.

Their militants explained that their per-
ception is stenciled directly from the “real.” 
It was therefore superior to observing a 
cinematographic recording, no matter how 
spectacular. Visual observers also relished 
producing images, but by using skillful 
hands drawing with graphite upon paper. 

Imagers viewed that with disdain. 
It seemed a nostalgic, quaint, perverse 
throwback. Their antecedents, many 
generations ago, used those techniques — 
before more objective recording devices 
were invented. “What a waste of expen-
sively collected light!” said one imager. 
Another dismissed meticulously crafted 
sketches of solar prominences as “sad!”

So which sect do I belong to, screen 
scanner or visual observer? I am both. I 
savor the variety. I use my webcam poorly, 
but I’m endeavoring to improve, working 
toward deep-sky DSLR imaging. I also 
enjoy photographing noctilucent clouds. 
However, I vividly recall a night of public 
observing when a youngster fi rst viewed 
Saturn through a telescope and exclaimed, 
“Awesome!” Such joy!

But whatever joy I receive from such 
activities, my favorite occupation is observ-
ing the astronomers. ✦

Retired pharmacist Malcolm E. Brown is 
an amateur astronomer from England. His 
70-plus publications mainly interpret worlds 
through social-science spectacles.D
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F I N D  Y O U R  S P A C E  B I S Q U E . C O M  
MX

The Paramount MX goes  
wherever astronomy takes you.

Introducing the Paramount MX – Space to go.

( ) $9,000 Suffern, NY • April 28-29

See us at the:
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ASTRONOMY 
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Celebrating forty years of providing the most innovative and dynamic astronomic products 

available, we’re offering you one of our best deals ever! Simply purchase any new 

LX200®, LX90™, LS or LT telescope between January 1st and March 31st, 

2012 and receive 10% of the purchase price — up to $1,200 — to 

spend on whatever you like at Meade’s online store. From our ultra-

affordable 6" LT all the way up to our behemoth 16" LX200-ACF, you 

can experience Meade’s legendary Schmidt-Cassegrain or exclusive 

Advanced Coma-Free optical systems and treat yourself at the same 

time. Meade’s online store features our complete line of telescopes 

and accessories, Coronado® solar scopes, binoculars, weather 

stations and much, much more. So don’t miss out. 

You must purchase before March 31st, 2012, to be eligible for this 

incredible 40th anniversary deal! Just visit meade.com/40  

for complete details, or contact one of our authorized dealers.

OPT Telescopes  Telescopes.com Scope City Woodland Hills
800.483.6287  800.303.5873 800.235.3344 888.427.8766

Optics Planet B & H Photo Canada • Khan Scopes
800.504.5897 800.482.8143 800.580.7160
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16" LX200-ACF  .....$1,200

14" LX200-ACF .........$700

12" LX200-ACF ........ $450

10" LX200-ACF ........ $350

8" LX200-ACF .......... $260

12" LX90-ACF .......... $320

12" LX90-SC ............ $290

10" LX90-ACF .......... $265

10" LX90-SC .............$240

8" LX90-ACF ............ $200

8" LX90-SC ...............$180

8" LS-ACF ................. $200

8" LS-SC ....................$180

6" LS-ACF ..................$160

6" LS-SC ....................$140

8" LT-ACF ..................$150

8" LT-SC ....................$130

6" LT-ACF .................. $110

6" LT-SC ..................... $90
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