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Robert Naeye
Spectrum

to read Dara Norman’s Focal Point on page 86. She 
discusses how the future progress of professional astronomical discovery will 
benefi t by broadening the participation of underrepresented minorities. Much 
of this also applies to amateur astronomy. Given demographic trends, U.S. 
amateur astronomy will continue to fl ourish only if we expand the diversity of 
its practitioners. It’s also incumbent on us amateurs to spread the word about 
astronomy, because it enriches peoples’ lives and broadens their horizons. 

This reminds me of a conversation in September, when I attended a large 
public star party outside Detroit, Michigan. I was introduced to Chuck Jones, an 
African-American who serves as Vice President of the Ford Amateur Astronomy 
Club (whose membership is almost entirely white). He asked me why S&T
hasn’t done more to promote racial diversity in amateur astronomy, and that led 
to a more general discussion with Chuck and several attendees.

I thank Chuck for raising the issue, and I sympathize with the gist of his 
question. I would love to see more African-Americans and underrepresented 
minorities participate in amateur astronomy, and I have thought about how 

S&T can play a proactive role.
The lack of ethnic diversity in amateur 
astronomy stems from deep-rooted societal 

and cultural trends. S&T, and even a million 
well-intentioned amateur astronomers, can 
only make small inroads in addressing the 
wider problems. But we can help. Amateurs can 

do more outreach in predominantly minority 
schools and neighborhoods. Some African-Ameri-

cans might feel discomfort in joining an astronomy 
club that is 95% white, so members need to be sensitive 

to these feelings, and provide a welcoming environment (based on my experi-
ences, clubs perform admirably in this area). African-American amateurs can 
play an important role in outreach, but anyone can serve as a mentor.

I don’t have all the answers, but I hope this Spectrum column and Dara’s 
Focal Point at least stimulate more people to think and talk about these impor-
tant issues. Please share your ideas and success stories with me.

Due to an error at the printing company in Kentucky, pages 87 to 94 were 
missing from the January issue. These pages included the Market Place ads 
and Focal Point. As a result, the Northern Hemisphere Sky Chart was not 
printed on the thick paper. We apologize to our readers and advertisers for any 
inconvenience caused by the printing error. We’ll reprint the Focal Point in the 
March issue. Pages 87 to 94 can be found at SkyandTelescope.com/missingpages.

I encourage you
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Meade ups the ante with the introduction of an 8 inch LightSwitch telescope. With 
78% more light gathering power than the LS-6, the LS-8 turns a unique viewing 

experience into an unsurpassed viewing experience.  And still, it’s just 
as easy as flipping a switch.

LightSwitch Technology

When Meade announced LightSwitch Technology in early 
2009, the amateur astronomy game changed. Simply flip 
a switch and LightSwitch automatically aligns itself in the 

night sky.  Built-in GPS, magnetic north sensors, level sensors 
and a CCD camera does all the work — within minutes your 
observing!

Astronomer Inside™

Let Meade’s Astronomer Inside take you on a multi-media 
guided tour of the night sky.  Choose the Tonight’s Best tour 

and the Astronomer Inside automatically moves the telescope to 
the best objects in that night’s sky.  At each object, listen as the 

Astronomer Inside describes in detail, fascinating facts and history.  Attach 
the optional video monitor and you now have a dazzling multi-media presentation 

that integrates rich audio and video. Or select your favorite object and your LS 
telescope takes you to it and tells you all about it. It’s like having an 

astronomer at your side!

Meade Optics

Since 1972, Meade has consistently manufactured the finest 
optics available. Now you have your choice of either Meade’s 

high-performance Schmidt-Cassegrain (SC) optics, or — for the truly 
discerning individual who demands the very best — Meade’s Advanced 

Coma-Free™ (ACF) optical system delivering the sharpest, brightest image 
available. Both systems are made with superior materials featuring Schott® 

water white glass front correctors, oversized Pyrex® primary mirrors and include 
Meade’s UHTC™ coatings for optimum light transmission. Either way, you get 

Meade’s legendary optics.

Finding out more about the new LS-8 is almost as easy as using one — just 
go to www.meade.com.

LS-8 ACF - $1,999    •    LS-8 SC  - $1,799 

LS-6 ACF - $1,499   •   LS-6 SC - $1,399

*Optional LS 3.5” Color LCD Video Monitor $99

 Telescopes.com Woodland Hills  OPT Telescopes Astronomics Optics Planet Scope City Canada • Khan Scopes
 800.303.5873  888.427.8766  800.483.6287  800.422.7876  800.504.5897  800.235.3344 800.580.7160   

©2009 Meade Instruments Corp. All rights reserved. Specifications subject to change without notice. 30-09078.
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Letters

      
ON THE WEB

S&T WEEKLY NEWSLETTER 

AND ASTROALERTS:

SkyandTelescope.com/newsletters

LATEST ASTRONOMY NEWS:

SkyandTelescope.com/newsblog

SELECTING A TELESCOPE:

SkyandTelescope.com/
equipment/basics

FIGHT LIGHT POLLUTION:

SkyandTelescope.com/darksky

DO-IT-YOURSELF PROJECTS

SkyandTelescope.com/diy

GETTING STARTED IN ASTRONOMY:

SkyandTelescope.com/gettingstarted

SKY-TOUR PODCASTS FOR 

OUTDOORS AT NIGHT:

SkyandTelescope.com/podcasts

ALMANAC FOR YOUR LOCATION:

SkyandTelescope.com/almanac

DAILY SKY-EVENT DIARY:

SkyandTelescope.com/ataglance

OFF-THE-WIRE STORIES:

SkyandTelescope.com/wires

SEARCHING FOR INTELLIGENT LIFE:

SkyandTelescope.com/resources/seti

2012 Hysteria
The 2012 article in your November issue 
(“The Great 2012 Scare,” by E. C. Krupp, 
page 22) is outstanding! As a member of 
four astronomy clubs, I can attest to the 
questions coming in from the public about 
the supposed December 2012 doomsday. 
I’m sure your readers are familiar with the 
“Mars as big as the Moon” hoax we have to 
deal with every year. Unfortunately, that’s 
nothing compared to what we will have to 
deal with for the next three years regard-
ing this latest exercise in junk science.

S&T has provided us with a lot of 
ammunition to fi ght the junk science 
and the hysteria it most likely will foster. 
Thanks for providing a very timely and 
useful article!

Bob Berta
Macomb Township, Michigan
biker123@att.net

Editor’s note: NASA liked Dr. Krupp’s 
article so much that it posted the text on 
its offi  cial website at www.nasa.gov/topics/

earth/features/2012-guest.html. The full 
magazine pages, including the pictures 
and captions, are available (as a .pdf down-
load) at SkyandTelescope.com/2012.

Attracting Young Amateurs
I am very pleased you’ve written on a sub-
ject many of us in the telescope industry 
have been concerned about for years: how 
do we attract new people into astronomy? 
(“Missing Young Astronomers,” Decem-
ber issue, page 8). In my opinion, we 
need to do a better job of promoting how 
entertaining observing can be for groups 
of people. I believe we have all the tools to 
make our hobby exciting and interesting, 
but we continue to promote it in the same 
manner we have for the past 30 years.

Young people have many entertain-
ment choices that require minimal eff ort 
to get into, but once in, they are willing 
to spend hours at a time perfecting their 
skills. We have to fi nd a “hook” to attract 
the youth; if we do, a reasonable percent-
age will remain interested in our hobby. 

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.

Thanks again for beginning a dialog 
about this subject. I intend to introduce 
the concept of forming an industry coun-
cil or trade association to promote the 
hobby of astronomy.

Joseph A. Lupica, Jr.
Celestron President & CEO

Baby boomers like me grew up with the 
excitement of the race to the Moon. My 
little group of high-school friends had 
the idea that we might hold a get-together 
on the Moon in 2001. In our fi rst books 
on astronomy, we read that life on Mars 
seemed like a near certainty and swamps 
teeming with life on Venus seemed a 
defi nite possibility. If the current crop 
of 15–25 year olds aren’t as interested in 
astronomy, maybe their low likelihood of 
ever going to the Moon or seeing Martians 
has something to do with it. 

At some point, space travel may 
become easier. We may yet fi nd primitive 
life on Mars or Europa and Earthlike plan-
ets in extrasolar habitable zones. We could 
revive widespread interest in astronomy if 
space travel and astrobiology start making 
great strides again.

I volunteer at a small observatory and 
help with public star parties. I’ve taught 
volunteer astronomy classes for my local 
school district. A lot of younger people 
become enthusiastic about astronomy 
when they are exposed to it. But sadly, 
I have seen a lot of very intelligent and 
hard-working people put a lot of eff ort 
into trying to build a career in science and 
getting a poor return on their investment. 
The problem isn’t a lack of potential public 
interest in astronomy and space; it’s a lack 
of funding, hiring, and big exciting action 
to stimulate that interest.

Frank Grober
garlock57@yahoo.com
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The ATIK Difference
At ATIK we take pride in making fine 
CCD cameras for astronomy. They 
are packed with clever electronics to 
provide ultra low read noise and have 
useful features like fully regulated 
cooling.  These make for extraordinarily 
sensitive cameras that enable you to 
capture beautiful, detailed images of 
deep sky objects. 
 

ATIK Cameras
Starting at 1/3” CCDs all the way up 
to 35mm format, ATIK covers the full 
range from entry level to professional 
research. Indeed ATIK cameras are 
used in observatories and laboratories 
throughout the world.

ATIK Software
Every ATIK camera comes with our 
highly intuitive Capture software 
which includes focus assistance and 
imaging sequencing to make your 
time at the telescope as productive 
and rewarding as possible.  Even with 
our use of cutting edge technology 
and software,  ATIK cameras are easy 
to use,  reliable,  and affordable.

ATIK Support
We’re pleased to announce the 
opening of our new office in Frederick, 
Maryland, headed by world-renowned 
astrophotographer Warren Keller. We 
are committed to delivering superior 
cameras and outstanding service as 
well. Now ATIK support is just a toll-
free call away.

ATIK
CAMERAS

IK SupportATI
e pleased to announce theWe’re
ning of our new office in Frederickopen
yland, headed by world-renownedMary

photographer Warren Keller. Weastro
committed to delivering superiorare c

ATIK’s Maryland office (inset Warren Keller)

ATIK
I n t r o d u c i n g . . .

5108 Pegasus Court, Suite M, Frederick, MD 21704    877-284-5226

www.ATIK-USA.comwww AATTIIKK UUSSAA com
With ATIK there’s no compromise
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February 1960
Polaris as Pole Star   “As the north celestial 
pole describes its giant circle of precession in 
the sky, requiring 25,800 years for one revolu-
tion, when will it pass nearest to the North Star, 
Polaris, and how close? . . .

“[Charles Smiley and Abdul Khan] fi nd the 
mean polar distance of Polaris will be least in 
the year 2102 [with a] value 
then of 0° 27′ 31″.50. . . .”

From more accurate 
positional data, Jean Meeus 
has refi ned the calculation. 
He fi nds closest approach 
will take place in March 
2100, with Polaris 27 ′ 09″ 
from the pole.  

February 1985
Famous Telescope Neglected   “I was startled 
to read . . . that the 36-inch Clark objective of 
the Lick Observatory was not successfully refi g-
ured and should be stopped down to 22 inches. 
In October, 1964 . . . I had the opportunity to 

make a quick evaluation 
of this lens. Not only did 
the front surface show an 
appreciable diff usion due 
to devitrifi cation of the 
glass, but . . . I was able 
to obtain a rough sketch 
of the wavefront showing 
roughly a quarter-wave 
overcorrection of the original Clark fi guring. . . .

“It is a pity that the Lick objective has not 
received better treatment.”

The writer, Jean Texereau, was one of the 
giants of 20th-century astronomical optics.

A Dim Outlook   “Two German astronomers 
have compiled the fi rst comprehensive cata-
logue of the dark nebulae and globules found 
in the southern skies. . . . Recording all dark 
clouds greater than 0.01 square degree between 
galactic longitudes 240° and 360°, they found 
that only 1.92 percent of the southern sky is 
obscured, compared with 4.98 percent of the 
northern sky.”

50 & 25 Years Ago     Leif J. Robinson

THE NEXT GENERATION OF

ASTRONOMY
CAMERAS
MANUFACTURED TO INDUSTRIAL STANDARDS

MONOCHROME
COLOR WITH & WITHOUT IR CUT

1/4“ CCD (60FPS)
1/3“ CCD (30FPS)
1/2“ CCD (15FPS)

USB CONNECTORS
FIREWIRE CONNECTORS

CONTROL SOFTWARE & DRIVERS

WWW.ASTRONOMYCAMERAS.COM

8

THEI NIG GAM RUOS EC
ASTRONOMY CAMERAS

NOW IN GigE

Letters

The inspiration for a new generation 
can be found in the very issue where you 
bemoan the loss of interest among the 
young: build planetariums! 

Put them in schools, put them in com-
munities, and watch the crowds come in. 
I recently accompanied my son to the Ein-
stein Planetarium at the Smithsonian Air 
and Space Museum in DC. I was shocked 
that the Zeiss projector never made an 
appearance from its sub-fl oor cradle. Let 
us not forget the simple thrills that can 
captivate people even in the modern age!

Robert Dorsky
Basking Ridge, New Jersey

Editor’s note: We’re receiving so many 
thoughtful letters on this subject that we’ll 
use them as a basis for a feature-length 
article in an upcoming issue. Thank you 
to everyone who has written to us!

Credit Where Due
Our article on the Wide-fi eld Infrared 
Survey Explorer (December issue, page 

26) might give the misimpression that 
the authors built WISE. Like all satellites, 
constructing WISE required many skilled 
people. The Space Dynamics Laboratory 
designed, assembled, and tested the WISE 
instrument, including megapixel detec-
tors from Teledyne Imaging Sensors. Ball 
Aerospace & Technologies Corporation 
built the spacecraft bus using electronics 
from the Southwest Research Institute, 
integrated the instrument to the bus, and 
tested the completed satellite.

Peter Eisenhardt and Ned Wright
Pasadena, California

For the Record
✹ Pages 87 to 94 were missing from the 
January 2010 issue (see page 6 of this issue 
for more details).
✹ On page 34 of the January issue, the small 
box for the Easter Island Tour should have 
said “fl ight” instead of “cruise.”
✹ In the December issue, page 59, the December 
minima-of-Algol times are off . The December 
times listed in the January issue are correct.

Editor’s note: NASA 
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News Notes
For astronomy news as it breaks, check 
SkyandTelescope.com/newsblog.
For
SSky

Fermi (pictured at right) is producing other 
news in esoteric physics. Quantum mechanics 
seems to require that space-time is not 
smooth and continuous, but irregular and 
foamy on the extremely submicroscopic scale 
of 10–33 centimeter. This is vastly too small to 
see directly. But if spacetime is foamy enough,
it should cause very-high-energy gamma rays 
to travel just a trace under the speed of light.

Last June we reported that Fermi saw a very 

We know it’s out there, but what is it? 
The universe has about six times as much 
“nonbaryonic dark matter” as all ordi-
nary matter combined. Its gravitation is 
obvious, but its nature remains one of the 
greatest mysteries in science — even as 
various experiments attempt to capture 
bits of it (S&T: April 2009 cover story).

Now the Fermi Gamma-ray Space Tele-
scope has confi rmed a much-anticipated 
clue. A haze of very hard gamma radiation 
(2 to 50 GeV) indicates that very-high-
energy electrons fi ll the central portion 
of our galaxy, where dark matter ought to 
be densest. The speedy electrons seem to 
originate not from known types of events 
such as supernova shock waves, but from 
some widespread process that gives them 
an even greater kick.

The most popular theory for dark 

Closing In on Dark Matter?

matter is that it’s made of the invisible 
particles predicted by the “supersymme-
try” model of physics. The lowest-mass 
supersymmetric particles, called neutrali-
nos, would annihilate when they encoun-
ter each other, producing high-energy 
electrons and positrons that would seem 
to pop out of nothing. Is this the source of 
Fermi’s mystery haze?

“It’s very easy to produce this kind of 
a signal with dark matter,” says Doug 
Finkbeiner (Harvard-Smithsonian Center 
for Astrophysics), who analyzed Fermi’s 
data with Greg Dobler and others. “It’s not 
so easy to do it with other things.”

Other scientists urge caution. “While 
this work is certainly interesting, it’s pre-
mature to draw any conclusions, especially 
if it requires exotic physics,” says Fermi 
science-team member Simona Murgia. 

“The gamma-ray sky is very complex.”
One catch: the expected rate of neu-

tralino annihilations is much too low 
to create the observed gamma-ray haze. 
So theorists have proposed a new force 
between dark-matter particles that makes 
them attract — a so-called “dark force.” 
But scientists take a dim view of theories 
that keep needing arbitrary add-ons.

Even so, Fermi’s fi nding adds to a sense 
that the secret of dark matter may soon 
be cracked. Eff orts to detect it in under-
ground experiments, such as XENON100 
and LUX, and to produce it in the Large 
Hadron Collider, should at least narrow 
the range of dark-matter candidates.

12 February 2010 sky & telescope

high-energy photon arriving from a gamma-
ray burst 9 seconds late, after racing its lower-
energy companions for 12.2 billion years. Was 
this a quantum space-time slowdown?

Apparently not. Fermi has detected another 
high-energy short gamma-ray burst, this one 
7.3 billion years old, and its highest- and 
lowest-energy photons arrived in synch. 
Says Fermi scientist Peter Michelson, “This 
measurement eliminates any approach to 
a new theory of gravity [i.e. spacetime] that 

A Limit on Space-time Foam

Left: This all-sky map, aligned on the Milky 
Way, shows gamma-ray emission seen by Fermi.  
Right: When all known types of sources are 
eliminated, a mysterious central haze remains.

predicts a strong energy-dependent change 
in the speed of light.”
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News Notes

GRBs
Galaxies

Quasars

R
ed

sh
ift

 (
z)

1960 1970 1980 1990 2000 2010
0

8

4

2

6

Greatest
Known Redshift

The Redshift-Record Race
Although the refurbished Hubble recently 
found signs of galaxies at redshift 8.5, the 
most distant confi rmed object is still the 
gamma-ray burst seen last April 23rd at 
redshift 8.2. GRB 090423 happened when 
the universe was only about 630 million 
years old and stars and galaxies were new.

Future redshift record-breakers are 
likely also to be gamma-ray bursts (GRBs) 
if trends continue. The graph above, by 
Nial R. Tanvir (University of Leicester), 
charts the last half century of redshift 
record-holders among galaxies, quasars, 
and GRBs. This last category has been 
gaining by the biggest leaps and bounds.   

The 4-inch Carbon 
Atmosphere of Cassiopeia A
The Cassiopeia A supernova remnant, 
pictured below, is only about 330 years old. 
It was born when a massive star reached 
the end of its nuclear rope and blew itself 
to bits. Left in the remnant’s center is the 
youngest known neutron star (arrowed), 
and this object has presented astronomers 

with a problem. Based on its X-ray bright-
ness, spectrum, and known distance, it 
should be only about 10 kilometers across 
or less. That’s a little smaller than any 
neutron star can be, according to how 
physics tells us neutron stars ought to be 
structured. What’s going on? Could its 
insides be made of hypothetical “quark 
matter” instead of neutrons?

Two theorists now show that you don’t 
need any such exotic physics. If the star 
has a hot atmosphere of carbon rather than 
hydrogen or helium, its brightness cor-
responds to a neutron star about 24 to 30 
kilometers across — right in line with the 
normal size, if you can call a neutron star 
“normal.”

And carbon is reasonable to expect. 
Such a young neutron star should still be 
so hot that hydrogen and helium might 
fuse into carbon right on its exposed 
surface. The star’s gravity should be so 
intense that it compresses the stellar 
atmosphere to be just 4 inches (10 cm) 
thick, enhancing its density and the rate 
of nuclear fusion.

The image of Cas A here combines a 
mid-infrared view from the Spitzer Space 
Telescope (red), a visible-light image from 
the Hubble Space Telescope (yellow), and 
X-ray images from the Chandra X-ray 
Observatory (green and blue). The neutron 
star appears at only the high energies.

And Then There Were 400
Last October, Europe’s lead team of exo-
planet hunters unveiled a list of 30 new 
planets (and two brown dwarfs) orbiting 
main-sequence stars — bringing the exo-
planet catalog up to 403 worlds. The group 
said their statistics indicate that at least 
40% of Sun-like stars have planets with 
less than a sixth the mass of Jupiter.

But don’t expect the total to stay near 
400 for long. In early January, scientists 
with NASA’s Kepler mission should 
announce a whole fl otilla of new exoplan-
ets seen transiting their stars. These early 
fi nds by Kepler should be mostly hot, 
fast-orbiting objects, since these reveal 
themselves with multiple transits soonest. 
Some large ones may prove to be red-
dwarf stars rather than planets. But for 
objects with small silhouettes, planets are 
the only things they can be.

Phoenix in the Winter Snow
NASA’s Phoenix polar lander on Mars has 
been quiet for more than a year, after it 
succumbed to the circuit-cracking cold 
of the approaching Martian winter. But 
it’s still sitting on its fl at plain among the 
low Scandia Hills. As the Sun crept above 

the horizon with the return of Martian 
spring, the orbiting HiRISE camera man-
aged to image Phoenix amid dry-ice snow. 
The entire plain was covered with several 
inches of frozen carbon dioxide. In the 
image above, contrast has been greatly 
boosted to emphasize texture diff erences 
in the CO

2
 snow and ice.

The weight of this Martian wintry mix 
almost certainly broke off  the lander’s 
solar panels, even if by some chance the 
cold didn’t destroy the electronics. But 
NASA controllers still planned to signal 
the craft to wake up, just in case.

Kepler’s Detectors: The Facts
A story has gone around the internet that 
NASA’s Kepler telescope (below), launched 
last March to fi nd planets as small as 
Earth transiting their stars, has been par-

X-RAY: NASA / CXC / SAO.  OPTICAL: NASA / STSCI.  INFRARED: NASA / JPL-CALTECH 
/ STEWARD / O.KRAUSE ET AL.
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News Notes

tially crippled by noisy circuitry. As with 
many internet rumors, there’s truth and 
there’s exaggeration. The electronic noise 
aff ects three of Kepler’s 84 data channels 
from its 42 imaging chips; the other 81 
channels are fi ne. And mission controllers 
are storing the data from the faulty three 

Integral continue to survey the gamma-ray sky.
SDO is joined in Sun studies by Koronas-

Foton, TRACE, SORCE, RHESSI, and Hinode, 
as well as the ESA Solar package on the Space 
Station. IBEX charts the mysterious band of 
particles emanating from the edge of the solar 
system. The PAMELA experiment studies 
positrons aboard the Resurs-DK satellite.

• Around the Earth-Sun L
1
 Lagrangian point, 

the elderly SOHO and ACE sentinels monitor 
the Sun. Around L

2
 , WMAP and Planck 

compete to return the best data on the cosmic 
microwave background, while Herschel gets 
down to its program of deep far-infrared 
observing.

• In lunar orbit, the Lunar Reconnaissance 
Orbiter continues mapping away; see page 28.

• In orbit around the Sun, Kepler and 
Spitzer maintain their astronomical observing 
programs, and STEREO A and B watch at the 
Sun from their diff erent viewing angles. In 

Space Astronomy in 2010
Although 2010 looks to be a fairly light year for 
launches of new astronomy missions, plenty 
of science will be done by craft already up. 
Here are some events to look forward to in the 
upcoming months:

The year should begin with the exciting 
WISE infrared sky-survey satellite (December-
issue cover story) completing its orbital 
checkout after a scheduled December 9th 
launch (good luck, Ned, Pete, and Amy!).

In February the Solar Dynamics 
Observatory (SDO) will take off  to monitor the 
Sun from geostationary Earth orbit (January 
issue, page 22).

In May Japan will launch the Venus 
Climate Orbiter, recently named Akatsuki 
(“Daybreak”).

In June the Japanese Hayabusa probe will 
return from its seven-year asteroid voyage and 
land in the Australian desert, perhaps with 
traces of an asteroid surface sample intact. 

Rosetta, which made its fi nal fl yby of Earth 
in November, will pass the big asteroid 21 
Lutetia on July 10th. And EPOXI, the former 
Deep Impact fl yby spacecraft, will whiz past 
Comet 103P/Hartley-2 on October 11th.

Many more astronomy missions continue 
their work on a daily basis. An inventory, by 
location:

• In Earth orbit, the Hubble Space Telescope 
heads up a small fl otilla of visible-light, 
infrared, and ultraviolet observatories including 
Canada’s MOST, France’s COROT planet fi nder, 
and Japan’s infrared AKARI. The X-ray sky 
continues to be served by the great Chandra 
and XMM-Newton observatories, along with 
Suzaku, the Rossi XTE (nearing the end of its 
long life), and the MAXI package (in its prime) 
on the International Space Station. Fermi and 

Mission Update Jonathan McDowell
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addition to Rosetta and EPOXI, Stardust, Dawn, 
Messenger, and New Horizons continue toward 
targets they will reach within the next fi ve years.

• At Mars, Opportunity continues to traverse 
the Martian sands, though its twin rover Spirit 
may be bogged down for good. In Martian 
orbit, Mars Odyssey, Mars Express, and Mars 
Reconnaissance Orbiter look down from above.

• Venus Express orbits Earth’s cloudy sister.
• At Saturn, the 13-year-old Cassini 

spacecraft is extending its hugely productive 
exploration of the planet, its rings, and 
especially its many moons.

• Finally, the two Voyagers, launched way 
back in 1977, are still heading outward, taking 
readings at the boundary of interstellar space.

Ave Atque Vale
I started reading this magazine when I was 
a teenager, and it’s been a blast to actually 
see my name in it each month for the 
past 16 years. When I began the Mission 
Update column in 1993, I was a relatively 
junior scientist and still had free time on 
evenings and weekends. But, in a little-known 
cosmological eff ect, as the universe evolves 
and expands, one’s personal time shrinks.

I have therefore reluctantly decided to lay 
down my pen (okay, keyboard) and bid farewell 
to the pages of Sky & Telescope. However, 
you can still keep up with astronomy-from-
space happenings in News Notes, which will 
expand to fi ll this location. I’ve promised to 
send editor-in-chief Bob and his crew hot tips 
that I come across. And I remain onboard as a 
Contributing Editor.

I hope you’ll also occasionally drop by my 
ever more irregularly updated Jonathan’s 
Space Report, at www.planet4589.org.

— Jonathan McDowell

with the expectation that they can write 
algorithms to clean it up.

Kepler is continuously monitoring 
100,000 stars in a 105-square-degree patch 
of sky between Vega and Deneb for any 
tiny dips in their light. The positions of 
Kepler’s imaging chips are mapped on the 

On November 2nd, the enormously successful 
Cassini probe made its seventh fl yby of Saturn’s 
moon Enceladus — and its deepest plunge yet 
through the vapor-and-ice plumes jetting from 
the moon’s south polar region. On its way in, 
Cassini took this image of the plumes backlit by 
the Sun. Half of Enceladus’s night side glows 
dimly by yellow Saturnshine.

sky photo on page 14. The mission should 
continue for at least 3½ years. ✦

16 February 2010 sky & telescope

News Note stories are presented in greater 
depth, with links to further information, at
SkyandTelescope.com; search on SkyTelFeb10.
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Free™ (ACF) system, delivering distortion free, sharp-as-a-tack optical resolution 
from edge to edge. Compare our Advanced Coma-Free system to Ritchey-Chrétien 
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AutoStar Computer Controller  After a quick and easy alignment, the AutoStar 
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comets, earth satellites, the International Space Station and more, are all included in 
the 30,000 plus database. AutoStar is updateable with downloads from our web site. 

Precision Construction  A rigid, die-cast aluminum mount solidly supports the optical 
tube in all sky orientations. Precision 4.875" diameter worm gears in both axes pro-

vides smooth Sidereal tracking of objects in the night sky. The stable, fully adjustable 
steel tripod delivers all the rigidity required in sensitive fi eld applications.

MEADE LT 6" SC - $999
  focal length: 1524mm / f10
     MEADE LT 6" ACF - $1,099
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October’s LCROSS Crash

in a dictionary, you won’t 
fi nd the Moon’s picture next to the defi nition — but it 
should be. By the mid-1970s, the dusty rocks returned by 
six teams of Apollo astronauts and three Soviet robotic 
missions had all but certifi ed that the stark lunar land-
scape contains no water whatsoever.

Yet comets do slam into the Moon now and then, bring-
ing water and a host of other volatile compounds. Where 
does it all go? In 1979 geochemist James Arnold revived a 

If you look up “dry”

28 February 2010 sky & telescope

radical idea fi rst proposed two decades earlier: Some of the 
water from those collisions should become “cold-trapped” 
in the frigid fl oors of craters near the lunar poles, where 
— by a quirk of orbital geometry — the Sun never shines.

If water actually accumulates in these inky recesses, 
how can we tell it’s there? Photographs of the craters’ 
fl oors showed only blackness, and other eff orts to probe 
them proved inconclusive or contradictory. For example, 
during the 1990s the Clementine and Lunar Prospector 

NASA’s “crash and splash” gambit dredged up water from a darkened 

lunar crater — but not nearly as much as scientists expected to fi nd.

S&T: CASEY REED

j. kelly beatty

Slams the Moon
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orbiters found tantalizing indirect evidence that depos-
its of frozen water might lie below a foot or two of lunar 
grit near the poles, yet in 2003 radar scans with the giant 
Arecibo dish found nothing of the sort.

It turns out that the Moon isn’t as absolutely bone dry 
as had once been thought. Alberto Saal (Brown Univer-
sity) and others recently found trace amounts of water in 
little beads of a rare volcanic glass that erupted onto the 
lunar surface billions of years ago (S&T: July 2008, page 
14). Meanwhile, spectrometers on three spacecraft have 
detected water molecules clinging to surface rocks across 
much of the lunar landscape (January issue, page 16).

But if humans are ever going to call the Moon home, 
they’ll need more than whiff s of water to survive, so the 
exploratory focus keeps returning to those enigmatic 
polar shadows and what kind of icy cache might lie hid-
den within them.

The Bullet
A few years ago scientists and engineers at NASA’s Ames 
Research Center designed a mission to help settle the 
debate (S&T: June 2009, page 20). Their concept was 
simple: Slam a big enough bullet into a permanently 
shadowed lunar crater, and the resulting plume of debris 
should be infused with water vapor that can be detected 
and measured spectroscopically once it rises into sunlight.

If only it had been that easy!
What became the Lunar Crater Observation and 

Sensing Satellite (LCROSS) started its mission smoothly 
enough. Last June 24th the spacecraft hitched a ride 
atop an Atlas V booster and a Centaur upper stage that 
combined to propel NASA’s Lunar Reconnaissance 
Orbiter (the primary payload) toward the Moon. LRO soon 
separated and, fi ve days later, eased itself into lunar orbit. 
Meanwhile, the Centaur remained attached to LCROSS, 
which carried the brains and maneuvering thrusters 
needed to steer the spent rocket to its target. The coupled 
craft swung past the Moon, coasted onto a looping trajec-
tory, and awaited a climactic return encounter.

Their ride got bumpy in late August, when wild fi rings 
of LCROSS’s thrusters squandered more than 300 pounds 
(140 kg) of fuel before engineers regained control. Enough 

remained, barely, for the spacecraft to line up the Centaur 
on its eventual lunar target. The pair separated about 9 
hours, 40 minutes before impact.

The late-June launch favored a southern aim point. 
Back on Earth, NASA managers argued over which crater 
would likely yield the most water. The fi nal targeting 
decision relied heavily on scouting reports from LRO 
instruments, particularly its Russian-built Lunar Neutron 
Exploration Detector, which senses where hydrogen (in 
water, presumably) is concentrated in the lunar landscape.

But LEND was sending back mixed messages. Accord-
ing to principal investigator Igor Mitrofanov (Space 
Research Institute, Moscow), the strongest hydrogen 
counts were generally not associated with the areas that 
never see the Sun. One of the few shadowed sites that 
passed the “LEND test” was Cabeus, an obscure crater at 
latitude 85° south that’s 61 miles (98 km) across, and it 
eventually got the managers’ nod.

FPO

This view of the Moon’s south pole, taken with a 24-inch telescope, closely matches the lighting geometry and libration seen from 
Earth at the time of LCROSS’s impact. The LCROSS team initially targeted a spot within Cabeus A but later switched to Cabeus.

Using a laser altimeter aboard the Lunar Reconnaissance Orbiter, 
researchers have constructed this map of the terrain near the 
Moon’s south pole. Note how the large ridge on the rim of 
Cabeus blocks the LCROSS impact site from view on Earth.
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Just as critical was the Centaur impact’s timing — 
October 9th at 11:31 Universal Time. At that moment 
LRO would be almost directly over the crash site, just 48 
miles up, and a waning gibbous Moon would be high in 
the night sky for giant telescopes in Hawaii, California, 
Arizona, and New Mexico. Also looking on would be 
the Hubble Space Telescope, Odin (a Swedish satellite 
equipped to detect water), and two Earth-imaging satel-
lites swung toward the Moon. Legions of amateurs also 
trained scopes on the Moon’s south pole.

Much Ado About Something
Right on schedule — and, more critically, on target — the 
Centaur slammed into Cabeus at 1½ miles per second. 
Four minutes later, after fl ying through the debris cloud 
raised by the rocket’s crash, the instrument-laden, 1,300-
pound (600-kg) shepherd craft augered in not far away.

Thanks to NASA images streamed live over the inter-
net, the world watched for lunar fi reworks. But as space 
spectacles go, the LCROSS impacts were a bust (see page 
18). No incandescent fl ash lit up the monitors in mission 
control, nor did billowing plumes of dust stream upward 
into the sunlight and into view of telescopes back on 
Earth. Astronomers sifted through fl at-lined observations 
from Hubble, Keck, Gemini, Subaru, and other giant 
eyes, looking in vain for any trace of the event.

It didn’t help that telescopic views of the impact sites 
were blocked by a high ridge along Cabeus’s Earth-facing 
rim. The plume had to rise at least a mile before it popped 
into sunlight — and by then, apparently, it had become 
too diff use to show up. The only positive sightings from 
Earth involved a pulse of sodium added to the Moon’s 
tenuous exosphere.

Fortunately, nothing blocked the view of the nine cam-
eras and spectrometers aboard the LCROSS shepherd, 
which trailed the rocket by about 400 miles. Instruments 
aboard LRO also had front-row seats. “We are blown away 
by the data returned,” exclaimed LCROSS chief scientist 
Anthony Colaprete (NASA/Ames Research Center) one 
week after the mission’s culmination. Instruments had 
detected a fl ash when the Centaur hit, the rising plume of 
hot debris that followed, and the crater left behind. In that 
sense the mission was a smashing success.

The rocket’s impact gouged out a pit about 70 to 100 
feet (20 to 30 m) across, in line with expectations. A 
splash of debris extends another few hundred feet beyond 
the crater rim. But the incandescent fl ash created by the 
Centaur’s impact was only a third as bright as predicted, a 
dim blip that the team struggled to fi nd amid the under-
exposed camera frames.

The debris plume’s size and height also roughly 
matched expectations, growing to about 6 miles across in 
the fi rst 20 seconds after the impact. But it’s now clear that 
the mass of material tossed from the crater was nowhere 
close to the 350 tons suggested by some modelers.
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Scientists can indirectly 
sense the presence of 
water on the Moon by 
mapping the “slow” 
neutrons knocked off  its 
surface by cosmic rays. 
Fewer neutrons imply the 
presence of more hydro-
gen atoms (presumably 
in water). This data from 
LRO’s Lunar Neutron 
Exploration Detector 
shows that Cabeus 
(arrowed) exhibits strong 
hydrogen abundance.

A near-infrared camera aboard LCROSS recorded this view of 
Cabeus minutes before the spacecraft crashed into it.IGOR MITROFANOV / SPACE RESEARCH INSTITUTE
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LCROSS scientists Anthony Colaprete and Kimberly Ennico 
review early results from the Centaur and spacecraft impacts.
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LCROSS found other 
spectral fi ngerprints 
besides water — apparently 
the blossoming debris cloud 
had other interesting “fl a-
vorings” mixed in. Mission 
scientists are still comb-
ing through their spectra, 
but candidate compounds 
include carbon dioxide 
(CO

2
), carbon monoxide 

(CO), and various hydrogen-
bearing molecules such as 
methane (CH

4
), methanol 

(CH
3
OH), and ethanol 

(C
2
H

5
OH). The team has ruled out contamination from 

the Centaur itself.
“The full understanding of the LCROSS data may take 

some time; the data are that rich,” says Colaprete, who 
adds that with methanol in the water, he would not drink 
it until it was purifi ed.

 Geochemists had a hunch that the crash might dredge 
up a strange brew. They’d been tipped off  back in mid-
September by Diviner, an LRO instrument designed to 
map surface temperatures. Its sensors found that the 
polar regions are far colder than expected, as low as 35 K 
(–397°F) in some spots. As improbable as it is remarkable, 
the shadowed fl oors within Cabeus and its neighbors are 
the most frigid places known in the entire solar system! 
According to Diviner principal investigator David Paige 
(UCLA), “The temperatures in these super-cold regions 
are defi nitely low enough to cold-trap water ice, as well as 
other more volatile compounds, for extended periods.”

So what else might be lurking in the lunar shadows? 
One tantalizing candidate comes from LRO’s Lyman-
Alpha Mapping Project instrument. LAMP probed the 
ultraviolet spectrum of the impact plume after it had 

SkyandTelescope.com February 2010 31

Based on small-scale hypervelocity experiments con-
ducted at NASA Ames, impact specialists Peter Schultz 
and Brendan Hermalyn (Brown University ) argue that a 
low yield should have been expected — both because the 
empty Centaur collapsed into itself as it hit and because 
the spray of debris went mostly “out” instead of “up.” This 
explains why the plume remained hidden behind the high 
ridge and out of view of the telescope armada on Earth.

It’s also possible that the Centaur pancaked into the 
crater’s fl oor, instead of hitting nose fi rst. “It was defi -
nitely rotating or tumbling,” notes observer Marc Buie 
(Southwest Research Institute), who tracked the rocket’s 
fi nal hours with the 2.4-meter refl ector at Magdalena 
Ridge Observatory in New Mexico.

A Strange Brew
Not until mid-November, after poring over the results for 
several weeks, was Colaprete fi nally able to announce that 
two LCROSS instruments had seen clear evidence of water 
vapor in the towering plume of hot dust and gas. An infra-
red spectrometer recorded two distinct water absorption 
bands at 1.4 and 1.85 microns, and another spectrometer 
registered ultraviolet emission lines from 306 to 310 nano-
meters — telltale tracers for hydroxyl (OH) radicals created 
when water molecules dissociate in sunlight.

So there is water, at least within Cabeus, and as Cola-
prete said during a November 13th press briefi ng, “We 
didn’t just fi nd a little bit, we found a signifi cant amount.” 
He estimates that the part of the plume in the instru-
ments’ fi eld of view contained about 220 pounds (100 kg) 
of water vapor, about 25 gallons if it were liquid. Clearly, 
there’s no giant slab of ice lying beneath the crater’s fl oor. 
Instead, the water is mixed with (and perhaps chemically 
bound to) the rubbly mix of dust and larger particles. Esti-
mating the plume’s ice-to-rock ratio will be challenging 
because researchers must determine how much debris 
was excavated and how much of that was observed. 

Left: From an altitude of about 400 miles, LCROSS’s mid-infrared camera caught a faint thermal signature when the Centaur rocket 
slammed into Cabeus. Right: A visible-light camera on LCROSS’s shepherding craft captured the post-impact plume of debris.

Before

After

Channel 6 Channel 7

These scans from two of Diviner’s 
thermal channels show the Cabeus 
region before and after the Centaur 
impact. The blast site reached a peak 
of several hundred degrees Celsius.
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October’s LCROSS Crash

risen high enough to be projected against black space 
above the lunar limb.

“We defi nitely saw something,” notes LAMP scientist 
Randy Gladstone (Southwest Research Institute). But that 
“something” wasn’t water. Nor was it oxygen or hydrogen 
atoms, both of which have strong ultraviolet emissions. 
There’s some hint of hydrogen molecules (H

2
) — and 

though water might be the source, it could also have come 
from exotic ices such as ammonia (NH

3
) or methane, or 

solar-wind gas trapped in the lunar soil.
LAMP’s strongest and most intriguing detection came 

at the wavelength of 184 to 185 nanometers. Gladstone 
says the only known elements able to create that par-
ticular spectral line are iron, perhaps magnesium . . . 
and mercury. “Both mercury and iron still look like the 
best bets for explaining the plume emission we see with 
LAMP,” explains Gladstone, though the match remains 
tentative and more data-crunching is in progress.

Liquid mercury on the Moon?
In an obscure, decade-old article titled “Don’t Drink 

the Water,” George W. Reed, Jr. (then at Argonne National 
Laboratory) describes how mercury was found in drill 
tubes of lunar regolith returned by the crews of Apollos 
12, 15, 16, and 17; other work suggests it might be present 
in the Moon’s wispy-thin exosphere as well.

No matter what its source, Reed concluded, some of 
this mercury must end up as deposits in the ultracold 
interiors of permanently shadowed lunar craters. More-
over, the Centaur slam only needed to heat the target area 
to about 400 K (260°F) to release any mercury trapped 
in the dark dirt. Thermal imaging from Diviner argues 
that the impact site probably got that hot and then some, 
though analysis of its data continues. Paige notes that it 
still glowed at least 300 K 90 seconds after the impact.

Now that LCROSS has come and gone, it’s still unclear 
how much water exists on the Moon, how it is distrib-
uted, or where it came from. As Paul Spudis (Lunar and 
Planetary Institute) points out, this mission “presupposed 
that we understood the Moon well enough to identify in 
advance the most likely site for ice.” Yet, he continues, we 
still don’t know where all the ice deposits are located or 
what other compounds might be present.

All of that said, last October’s splashy LCROSS spec-
tacle represents a fi rst step in obtaining answers to those 
important questions. ✦

Senior contributing editor J. Kelly Beatty always has a drink 
handy when he observes the Moon. He thanks LCROSS and 
LRO scientists for sharing their preliminary results as this 
story was going to press.

Top: A near-infrared spectrometer aboard LCROSS recorded 
several notches (yellow regions) in the ejecta plume’s spectrum, 
which correspond to absorption by water vapor. Above: An 
ultraviolet/visible spectrometer recorded several emission lines 
resulting from solar ultraviolet light breaking water molecules 
apart into hydroxyl (OH) molecules and free hydrogen (H).
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Despite rock-steady views, Palomar Observatory’s 200-inch 
refl ector saw no hint of a debris plume emerging from behind 
the large foreground ridge that marks Cabeus’s rim. The fi eld of 
view in this infrared image is 40 arcseconds wide, correspond-
ing to 44 miles (71 km).

Diviner, an instrument aboard the Lunar Reconnaissance 
Orbiter, revealed that, even during daytime, shadowed areas 
near the Moon’s north pole have the lowest temperatures ever 
measured in the solar system: 35 K (–397°F).
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S & T Test Report  Dennis di Cicco

It almost seems unfair to summarize something as sophisti-
cated at Starizona’s HyperStar, which transforms selected f/10 Schmidt-
Cassegrain telescopes into incredible f/2 astrographs, with a simple three-
letter word, but “fun” is what keeps coming to mind when I  think about 
my time testing this product last summer and fall.

And why wouldn’t it be fun? I took up the hobby of astrophotography 
when the fastest color fi lm had a speed rating (then called ASA) of 160, 
and even my shortest exposures for deep-sky objects were measured in 
tens of minutes. With HyperStar and my Nikon D300 DSLR camera set to 
ISO 200, typical exposures were measured in tens of seconds! Indeed, the 
longest individual exposures used for any of the images accompanying 
this review were only 2 minutes. That’s brief enough for me to dispense 

Starizona’s HyperStar

Starizona’s HyperStar
US price: from $595 

(model tested costs $1,295)

Starizona

5757 North Oracle Rd., Suite 103

Tucson, AZ 85704

520-292-5010

http://starizona.com

“Fun.”

This accessory almost makes “snapshot” deep-sky astrophotography a reality.

Celestron’s Fastar-compatible Schmidt-Cassegrain telescopes (SCTs), 
such as the 14-inch model seen here, are ready-made for Starizona’s 
HyperStar system. And selected other Celestron and Meade SCTs can be 
modifi ed to use it. Either way, it takes only seconds to swap the scope’s 
secondary mirror for the HyperStar lens assembly, turning the scopes 
into prime-focus f/2 astrographs.  

ALL PHOTOS ARE BY THE AUTHOR WITH 

IMAGE PROCESSING BY SEAN WALKER
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with guiding, and in many cases I wouldn’t have even 
needed a polar-aligned, equatorial-mounted telescope; 
altazimuth tracking would have been suffi  cient. You can’t 
make deep-sky photography much more fun than that.

What is HyperStar?
In short, HyperStar is a lens assembly that replaces the 
secondary mirror of an f/10 Schmidt-Cassegrain telescope 
(SCT), converting the optical system into a prime-focus 
astrograph with a focal ratio of approximately f/2 (the 
f/number depends on the particular telescope). Starizona 
currently off ers HyperStar systems for 6-, 8-, 11-, and 14-
inch Celestron scopes and Meade’s 10- and 14-inch SCTs. 
HyperStar works with many astronomical CCD cameras, 
and some models work with DSLRs.

Not all SCTs are compatible with HyperStar, and 
Starizona’s website gives details on which scopes are and 
aren’t supported. The easiest scopes to use with Hyper-
Star are Celestron models that carry the Fastar name, or 
are specifi ed as Fastar compatible (this includes the newly 
introduced Edge HD scopes). All of them have second-
ary-mirror holders ready-made for HyperStar — it takes 
barely a minute to unscrew a retaining ring, remove the 
mirror, and screw on HyperStar. You can convert back to 
the scope’s normal confi guration in an equally short time. 
Another HyperStar plus for Celestron’s Fastar-compatible 
scopes is that their optical components are mounted with 
tighter mechanical tolerances than regular SCTs, since 
the HyperStar system doesn’t have all the fl exibility of 
collimation available when the scopes are fi tted with their 
adjustable secondary mirrors.

All compatible Meade and non-Fastar Celestron SCTs 
require a conversion kit from Starizona that replaces the 
mechanical assembly for the scopes’ secondary mirrors. 
Meade scopes that have the new Advanced Coma Free 

(ACF) optics are incompatible with HyperStar.
It’s worth interjecting a historical note here. The 

HyperStar concept originated with Celestron in the late 
1990s when the company developed its line of Fastar 
scopes and auxiliary optics called the Fastar Lens Assem-
bly. While Fastar-compatible scopes continue today, 
Celestron discontinued its Fastar lens system about fi ve 
years ago when Starizona introduced the functionally 
identical HyperStar. The line has been expanded to now 
include models for DSLRs and other large-chip cameras.

Because the HyperStar lens and your camera are 
mounted directly on the SCT’s corrector plate, they form 
part of the telescope’s “central obstruction.” While the 
HyperStar’s diameter isn’t much bigger than that of the 
secondary mirror it replaces, cameras can be much larger. 
Even so, the conventional wisdom circulating among 
visual observers that says it is important to keep a scope’s 
central obstruction as small as possible is not applicable 
to imaging setups. Indeed, many of the optical designs 
for today’s high-end imaging telescopes have central 
obstructions approaching, and sometimes exceeding, 
50% of the aperture’s diameter.

 The only caveats that go with the HyperStar system 

In addition to his 
DSLR, the author 
used a Quantum Sci-
entifi c Imaging 583 
camera with a Kodak 
KAF-8300 CCD. It 
was noteworthy for 
its compact size and 
internal fi lter wheel. 
Other cameras with 
the monochrome 
KAF-8300 chip would 
have needed an 
external fi lter wheel 
that blocks more of 
the scope’s aperture 
and uses larger, more 
expensive fi lters than 
the QSI camera.

The 1½º-wide fi eld recorded by the KAF-8300 chip and the author’s 
setup was ideal for shooting large deep-sky objects such as the 
Andromeda Galaxy, M31. This view was assembled from sets of fi ve 
2-minute exposures made through red, green, and blue fi lters.
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involve the lens assembly and camera extending far out 
from the front of the scope. This presents a considerable 
lever arm that’s rigidly attached to the corrector plate. You 
need to be very careful moving around the front of the 
telescope, since a hard bump to the camera could spell 
disaster for the corrector. You also need to be cautious 
with any wires running to the camera, especially if you 
have a Go To telescope. Snagging a wire could tug on the 
camera hard enough to prove fatal to the corrector.

The Joys of f/2
Apart from the topic of camera lenses, about the only 
time anyone mentions “f/2” and “astrophotography” in 
the same sentence is when they’re talking about Schmidt 
cameras. And that turns out to be a pretty good analogy 
for HyperStar. A Schmidt camera has a corrector plate 
and a spherical primary mirror that form a prime-
focus image on a curved focal surface. Hyper-
Star uses an SCT’s corrector and spherical 
primary, and the HyperStar lens fl attens 
the fi eld as well as corrects for several 
optical aberrations that arise from the 
SCT optics not being an exact match 
for those in a true Schmidt camera.

Every astrophotographer knows the appeal of using an 
f/2 focal ratio for deep-sky shooting. It produces bright 
images of extended objects such as nebulae and galax-
ies at the focal plane, making short exposures possible. 
But there are two important advantages of using an f/2 
telescope for astrophotography rather than an f/2 camera 
lens. The fi rst is raw aperture. The eff ective diameter of 
the glass collecting light with even the smallest Hyper-
Star-compatible scope exceeds that of any f/2 camera lens 
made today. And with the typical exposures used by astro-
photographers, the limiting magnitude of stars recorded 
is purely a function of raw aperture, not f/number. With 
all other factors being equal, you’ll capture more stars 
with an 8-inch telescope than you will with a 6-inch, or 
with any camera lens regardless of its f/number.

The other advantage is focal length, which translates 
into image scale and the detail you’ll record in your deep-
sky images. The “longest” f/2 telephoto lenses today have 
focal lengths of about 200 millimeters. The “shortest” 
HyperStar — the one for Celestron’s 6-inch SCT — has a 
focal length of 290 mm. The Celestron and Meade 14-inch 
scopes have HyperStar focal lengths of 675 mm (f/1.9) and 
700 mm (f/2.0), respectively — that’s impressive!

In the Field
Celestron lent us its 14-inch Fastar-compatible telescope 
for our review of the company’s CGE Pro mount (Novem-
ber 2009 issue, page 50). It provided the perfect opportu-
nity to test the HyperStar, which we borrowed from Stari-
zona. I used it mainly with my Nikon D300 DSLR camera 
and a Quantum Scientifi c Imaging (QSI) 583 CCD cam-
era. Since the optical spacing between the HyperStar lens 
and the camera’s detector is important, Starizona makes 
special adapters for each HyperStar/camera combination.

The “numbers” for my setups were impressive. The 
Nikon covered a 2°-by-1.3° fi eld and the QSI a 1.5°-by-1.2° 
fi eld. Both had image scales of about 1.6 arcseconds per 
pixel, which is excellent for deep-sky work. While the 
compact size of the QSI camera was important, even better 
was its internal fi lter wheel. Many CCD cameras based on 
Kodak’s KAF-8300 chip have external fi lter wheels that 
would block more of the telescope’s aperture in the Hyper-

Star confi guration. With HyperStar’s f/2 light cone, 
there was slight vignetting in the corners of the 

QSI frame when I used the camera’s standard 
fi lter wheel made for conventional 1¼-inch 
fi lters. But I also tested QSI’s new fi lter 
wheel that has slightly larger fi lters and 
doesn’t vignette the KAF-8300 chip at f/2.

There are no hidden pitfalls to setting 
up the HyperStar system, and shooting 

images is equally straightforward. Focus-
ing, on the other hand, can present a few 

challenges even though you accomplish this 

While it might not garner any awards in an astrophotography 
contest, this HyperStar image of the Double Cluster in Perseus 
is a 10-second exposure with the 14-inch Celestron and a Nikon 
D300 DSLR camera set to ISO 200.

With a wide fi eld and deep limiting magni-
tude, HyperStar is ideal for hunting novae, 
supernovae, and comets. The spiral galaxy 
M33 was captured with 2-minute exposures.
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by turning the same knob you normally use for focusing 
Celestron and Meade SCTs. While your head blocks some 
of the telescope’s aperture, you can achieve rough focus 
by looking into a DSLR’s viewfi nder for those HyperStars 
that work with DSLRs.

That would have been great with the 14-inch Celestron 
if my arms were about 2 feet longer than they are! An 
electric motor on the focuser or a willing assistant is one 
solution, but trial and error also works. The best solution 
is being able to view your camera’s output on a separate 
monitor. This is the case with all astronomical CCD 
cameras, but it’s also a capability of many DSLR’s. My 
Nikon D300 can, and coupled with the camera’s live-focus 
function, it made focusing the system a breeze.

HyperStar’s performance is very sensitive to collima-
tion, and to that end there’s a set of push/pull collima-
tion screws on the lens assembly. My eagerness to shoot 
images in the fl eeting moments of clear, moonless skies 
during New England’s dismal weather last summer 
initially kept me from tweaking the collimation. I did, 
however, adjust it when I began shooting with the Nikon 
(and after the QSI had been returned to the manufac-
turer). As explained in the HyperStar manual, the process 
is relatively easy, even if you just use trial and error.

Once my camera was focused, I just sat back, slewed 

the scope around, and took “snapshots” of deep-sky 
objects. Under my suburban Boston skies, I settled for 2-
minute exposures through the QSI’s red, green, and blue 
fi lters when there was no interference from moonlight. 
With the Nikon D300 set to ISO 200, 30-second exposures 
were a good balance between image quality and light pol-
lution. When a moderately bright Moon was up, I reduced 
the Nikon’s exposures to 10 seconds and concentrated on 
star clusters, which were less eff ected by the added sky 
brightness than shots of nebulae.

Despite my far-from-ideal conditions for color work with 
an f/2 system, I was impressed with the images, especially 
those of the big, splashy objects that astrophotographers 
love to shoot pictures of to hang on their walls. The best 
results, however, really call for darker skies than I experi-
ence from my backyard. And for emission nebulae, it’s nice 
to have a camera that’s sensitive at the deep-red wavelength 
of hydrogen-alpha light, which my Nikon isn’t.  

While I used the setup for recreational astrophotogra-
phy, HyperStar has a lot of potential for scientifi c work, 
especially searches for novae, supernovae, and comets. 
Since HyperStar can capture many of these objects with 
exposures short enough to eliminate the need for guiding, 
it would be simple to set up an automatic search program 
with a computer-controlled telescope. Such short exposures 
also make it practical to shoot a pair of images of each fi eld, 
thus providing a confi rmation image that could prevent 
random image artifacts from causing false alarms.

If someone had told me a decade ago that I could make 
quality deep-sky photographs with a conventional camera 
and 30-second exposures, I would have told them they 
were nuts. Thanks to HyperStar, I once again have proof 
that we’re living in great times! ✦

When he’s not working on product reviews in his backyard 
observatory, senior editor Dennis di Cicco specializes in deep, 
wide-fi eld hydrogen-alpha imaging.

One nice feature of Starizona’s HyperStar is how easily you can switch your 
telescope between its normal confi guration and the HyperStar system. Sean 
Walker captured the lunar crater Messier and its surrounding rays with the 14-inch 
Celestron in its normal optical confi guration. You can read more about how he cre-
ated this and other lunar images in his article beginning on page 72 of this issue.

WHAT WE LIKE:

HyperStar is simple to 
set up and use

Easy to switch telescope 
between f/10 and f/2  

WHAT WE DON’T LIKE:

The need to be extra 
careful moving around 
the front of a HyperStar-
equipped telescope 

The author recorded the eastern half of the Veil Nebula, NGC 
6992/95, with the QSI camera and fi ve 2-minute exposures 
through color fi lters. Exposures this short did not require guiding 
with the 14-inch scope mounted on Celestron’s CGE Pro German 
equatorial mount reviewed in last November’s issue, page 50.
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◀ HANDY LIGHTS  Mission Lights introduces the GloveLite ($24.95), 
a handy pair of LED fl ashlights integrated into the thumb and forefi n-
ger of a neoprene strap. The 3-millimeter LEDs allow you to have light 
illuminating wherever your hand goes, and its low-profi le power switch 
is conveniently located on the back of the hand. GloveLite is available 
with red, white, or green LEDs, and also comes in a larger size called 
OverGlove, designed to be worn over gloves in cold temperatures. 

Mission Lights
68 Mount Hope Ave., Bangor, ME 04401
207-945-6588; www.missionlights.com

▴ HIGH-SPEED GUIDING
Orion Telescopes & Binoculars con-
tinues to expand its line of imaging 
products with the introduction of the 
Orion SteadyStar Adaptive Optics 
Guider ($1,799.95). This accessory 
couples with an autoguider of your 
choice to monitor a guide star and 
correct the image as fast as 40 times 
per second. Its 40-millimeter clear 
aperture is suitable for cameras with 
APS-size detectors without intro-
ducing vignetting. The unit requires 
90 mm of inward focus travel. The 
Orion SteadyStar Adaptive Optics 
Guider comes with operational soft-
ware, a 10-foot USB cable, a 10-foot 
autoguiding cable, a 12-volt DC power 
cable, and a hard case. The unit is 
also compatible with MaxIm DL and 
is ASCOM compliant.

Orion Telescopes & Binoculars
89 Hangar Way, Watsonville, CA 95076;
800-447-1001; www.oriontelescopes.com

▴ IPHONE OBSERVATORY CONTROL  
Now you can control the automated 
functions of your M1 Oasys-equipped 
observatory from your iPhone using the 
eKeypad M1 app ($39.95). This new app, 
written by Jayson Callaway and adapted by 
Chris Hetlage, allows you to activate most 
any feature of M1 Oasys to remotely open 
your observatory, program and initiate 
an entire night of CCD imaging, and lock 
everything up afterward from wherever 
you have a signal on your iPhone or iPod 
Touch. A premium version, eKeypad Pro 
($99.95), supports live video for users of 
M1 Oasys MAX with Panasonic surveil-
lance cameras. See the website below for 
a complete list of features.

Available from the app store 
(search for “ekey”)
http://web.mac.com/japps/eK_Family/
Applications.html
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▶ ROLL-OFF OBSERVATORY GUIDE 
Author John Hicks’s book Building a Roll-off  Roof 
Observatory: A Complete Guide for Design and 
Construction (softcover, $59.95) provides step-by-
step information on planning, zoning, and building 
an observatory to permanently house your equip-
ment. As a professional landscape architect, Hicks 
considers many steps 
overlooked by others, 
including structural 
considerations and 
footing design to suit 
your soil conditions. 
The book also includes 
a CD-ROM with three 
complete, detailed 
sets of printable scale 
plans. 145 pages, ISBN 
978-0-387-76603-4.

Springer-Verlag
www.springer.com
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New Product Showcase is a reader service featuring innovative equipment and software of interest to amateur astronomers. The descriptions are based largely on information supplied 
by the manufacturers or distributors. Sky & Telescope assumes no responsibility for the accuracy of vendors’ statements. For further information, contact the manufacturer or distributor. 
Announcements should be sent to nps@SkyandTelescope.com. Not all announcements can be listed.

◀ BIG CHIP ON A BUDGET  Santa Barbara Instrument Group (SBIG) announces its new 
ST-8300M and ST-8300C CCD cameras ($1,995 each). The cameras feature Kodak’s KAF-8300 
CCD sensor in either monochrome or single-shot color versions. Its 8.3-megapixel array of 5.4-
micron-square pixels has an imaging area that measures approximately 18 by 14 millimeters. The 
camera’s thermoelectric cooling is capable of stable temperatures down to 40°C (72°F) below 
ambient, and the body accepts SBIG’s CFW9 and CFW10 fi lter wheels. The camera communi-
cates with your computer via a USB 2.0 interface, downloading each full-resolution exposure in 
roughly 8 seconds. Each purchase comes complete with camera-control software, a 15-foot USB 
cable, a T-thread-to-2-inch nosepiece, an autoguiding cable, a universal AC power supply, and a 
custom hard case. A new fi lter wheel is in the works to accommodate 36-mm fi lters. 

SBIG
147-A Castilian Dr., Santa Barbara, CA 93117
805-571-7244; www.sbig.com
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◀ PREMIUM TRIPLET  Takahashi expands its line of premium apochromatic refractors with the 
introduction of its TSA-120 ($3,795, optical tube only). This new 4.7-inch refractor features an air-spaced 
triplet objective with one element made of FPL-53 extra-low-dispersion glass for crisp, color-free observ-
ing. Its 900-mm f/7.5 focal-length is perfect for high-contrast views of stars, planets, and galaxies, and 

the tube measures only 28-inches long when its dew shield is retracted. The TSA-120 comes with a 2-
inch rack-and-pinion focuser with nearly 9-inches of focus travel to accommodate any bino-viewer 

or star diagonal available today. Additional accessories such as a fi nderscope, tube rings, and 
a photographic fi eld fl attener are sold separately.

 Land, Sea, and Sky (Texas Nautical Repair)
 1925A Richmond Ave., Houston, TX 77098

 713-529-3551; www.takahashiamerica.com
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Fred Schaaf
Northern Hemisphere’s Sky

Luck of the Draw
Winter deals stargazers a great hand of cards.

probably getting their fi rst 
look at this issue around the turn of the year. The depart-
ing year is the IYA, the International Year of Astronomy. 
We look fondly back on its accomplishments. But what’s 
ahead? In this column next month I’ll describe a fresh 
idea: the International Decade of the Sky.

For now, though, let’s take a fresh look at the February 
evening sky displayed on our map.

Turn of the year, turn of the cards. Imagine the sky 
as a round card table and the constellations as cards. What 
hand have we been dealt for February evenings?

In most card games, the highest cards are the ace, king, 
queen, and jack. Some games also have wild cards — most 
often jokers or 2s — that can be turned into any card we 
want. Perhaps we can start by considering any constellation 
with a 1st-magnitude star to be a high card.

If that’s so, our current spread is by far the most excel-
lent of the year. The spring constellations include three 
high cards, summer four, and autumn only one. But the 
winter constellations have six.

Diamond-like Sirius, the brightest star in the night 
sky, must make Canis Major the ace of diamonds. Orion, 
with two 1st-magnitude stars, must surely be a king. 
Auriga and Gemini are fi ne constellations, but they’re far 
less prominent than Orion, so let’s call them jacks.

Most readers are Which constellation is queen? I vote for Taurus. Yes, 
it’s a masculine bull, but its splendid naked-eye clusters 
— the Pleiades and Hyades — are both groups of sisters. 
And to my mind they make Taurus a grander constella-
tion than Gemini or Auriga.

That leaves Canis Minor — a feeble constellation 
indeed aside from 1st-magnitude Procyon. Its pattern 
has only two stars, so perhaps we should make it a deuce 
— sometimes just a lowly 2, but sometimes a wild card.

Speaking of wild cards, being a king, or even an ace, 
isn’t really mighty enough for Orion. Perhaps Orion 
should be the one joker — always counted as wild — in 
the deck of the constellations. With its eye-catching 
shape, incredible belt, and magnifi cent nebula, Orion is 
simply the best constellation for almost any situation.

The ultimate double north star. Last month I prom-
ised some fresh perspectives on the star Capella. One of 
these is caused by precession, the 26,000-year-long wobble 
in Earth’s axis. Capella is now the second most northerly 
of the 1st-magnitude stars. But in his book The Astronomi-
cal Companion, Guy Ottewell notes that at the opposite 
side of the precession cycle (13,000 years past and future 
from now), Capella is at a remarkably diff erent location 
— the celestial equator.

Over longer periods of time, the motions of the stars 
through space also change their positions and apparent 
brightnesses. Capella was the most brilliant star in the 
heavens from 210,000 to 160,000 years ago (S&T: April 
1998, page 59). Capella was actually even brighter before 
that — 240,000 years ago, when it was just 28 light-years 
from us, rather than its current 42, and shone at magni-
tude –0.8. But at that time, Aldebaran was even brighter, 
at magnitude –1.1.

But here’s what’s most amazing. If we go back just 
over 400,000 years, Aldebaran and Capella were very close 
together in the sky — and at one point were together 
near the north celestial pole. They were both considerably 
brighter than magnitude 0, with Aldebaran about twice as 
bright as Capella. As far back as we can reliably calculate, 
this was Earth’s greatest double North Star. ✦

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

40 February  2010 sky & telescope

BACK SOURCE OF CARDS: MARCOPOLO/BIGSTOCKPHOTO.COM
FRONT SOURCE OF CARDS: CAROL WOODCOCK / ISTOCKPHOTOS
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astronomics.comTM

Anyone can sell you a telescope.  We’ll sell you the right telescope.

680 24th Avenue SW, Norman, OK  73069
astronomics

PHONE/LIVE CHAT HOURS: 9 - 8 CST Mon - Fri, Sat 12 to 5.    STORE HOURS: 9 - 5 Mon - Fri, Sat by appointment.

Mastercard, Visa, Discover, American Express. E-mail: questions@astronomics.com Prices, special offers, and specifications current as of 11/1/09, but subject to change.

At astronomics, our friendly people have over 150 years of experience using and selling
telescopes. We’ll use all of that experience to help you pick the scope and accessories
that best fit your needs (and your budget).

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

astronomics. For 30 years, honest advice from experts, the time to
make sure you get the right telescope, and good prices you can afford.
Call us toll-free at (800) 422-7876 and see for yourself.

TM (800) 422-7876

TM

$1499

“Easy” is an understatement. The LightSwitch Technology in each 6” Meade
ETX-LS uses a GPS receiver and CCD imager to give you a totally hands-free
and eyes-closed sky alignment. Just turn it on and walk away. The ETX-LS
lines up on the sky all by itself!

• You can choose time-tested Schmidt-Cassegrain (SCT) or new Advanced
Coma-Free (ACF) optics. ACF optics have the same coma-free views as a
Ritchey-Chrétien telescope, but without an R-C’s high price.

• A 640 x 480 pixel CCD camera under the optical tube takes and stores 8°
wide field deep space images on an optional SD card.

• Unique Astronomer-Inside software and a built-in speaker take you on guided
tours of the heavens. Add an optional $99 LCD color monitor and see the tours.

The in-stock Meade ETX-LS. Astronomy made easy.

The 6” Meade ETX-LS makes astronomy easy.

Meade ETX-LS6 SCT

Meade ETX-LS6 ACF

$1499

You get equipment discounts at astronomics
by joining Cloudy Nights for free at

www.cloudynights.com/register.

Until now, the immersive, jaw-dropping “picture window on
deep space” views of a quality 100° eyepiece have been
priced out of the reach of many backyard astronomers. But
TMB Optical® asks “Why so pricey?”

The TMB 100® 2” 9mm and 16mm 100° eyepieces (Sky &
Tel Hot Products for 2010) make astonishment affordable.
For $299, you’ll feel like you’re gazing out a picture window

onto space instead of squinting through an eyepiece. What’s not to love?

Every observer deserves a Hot Product TMB 100°
eyepiece to make astonishment affordable.

$299
each

See more with a dielectric diagonal . . . The Astro-
Tech Sky & Tel Hot Product for 2007 1.25” dielectric star di-
agonal lets you see a full 99% of the light that your scope col-
lects and brings to a focus for only $69.95. 2” Astro-Tech dielec-
tric diagonals with 1.25” adapters start at $119.95, while 2” Astro-
Tech quartz dielectric diagonals start at $189.95.

Accessories make any scope better . . .
ED glass is not just for refractors . . . Astro-Tech 1.25”

Paradigm eyepieces have two ED elements in their six-lens optical
systems for excellent color correction and flat fields. In 5, 8, 12, 15,
18, and 25mm focal lengths for only $60 each.

Less light pollution for less money . . . Why pay big bucks
for the name on the box? Astro-Tech 1.25” broadband, UHC, and Oxy-
gen III filters get rid of just as much light pollution as the big names,
but for less money – $49.95 to $59.95 each.

“A really sweet grab-and-go . . .” is what a Sky & Tel review
said about the Astro-Tech Voyager altazimuth mount (among a lot of
other nice things). Weighs under 14 lbs, but holds a 20 lb payload.
Worm gear slow motion controls and more for only $299.

An eyepiece kit saves you money . . . The Astro-
Tech 1.25” eyepiece kit has three Plössl eyepieces, a 68° field
Superview eyepiece, 2x Barlow, five color filters, a hard case.
It’s only $119, far less than the cost of the parts bought sepa-
rately. Other kits available from $99 to $699.

Links to all products in this ad are at
www.astronomics.com/sky0210.

Protect your scope from dust and sun . . .
TeleGizmos scope covers protect your telescope from occasional ex-
posure to dust, dew, and the sun (at star parties or in your own back-
yard). Prices start at only $29. Full-time 24/7/365 covers start at $39.

Do in the dew before the dew do in you . . . Astrozap
flexible black dew shields for Celestron, Meade, and many other
scopes start at $24.95. They improve your contrast and keep dew
from ruining your observing. Aluminum dew shields painted to match
your scope start at $34.95. Dew heater strips start at $25.

Sitting pretty in a StarBound chair . . . The one acces-
sory guaranteed to improve your observing is a comfortable
StarBound observing chair. Its foam-cushioned seat adjusts from
9” to 32” to put you at the right height to avoid the back pain from
bending over a too-low eyepiece. Weighs only 16 lbs, but sup-
ports up to 350, for only $159.

Flatten your field without flattening your wallet . . . The
curved field of all refractors produces photos with out-of-focus stars
at the corners of the field. The Astro-Tech 2” field flattener (a Sky &
Tel Hot Product for 2010) flattens the field of f/6 to f/8 refractors to
produce sharp star images for only $150.

The 8” f/8 $1395 Astro-Tech AT8RC astrograph has premium
features the competition doesn’t offer, like quartz mirrors and a
carbon fiber body to minimize focus changes; 99% reflectivity
dielectric mirror coatings; and more. The Astro-Tech AT8RC was
the first sensibly-priced 8” R-C in the U. S. and it’s still the best.

Need something bigger? The new $2695 Astro-Tech AT10RC
is the first truly affordable 10” f/8 Ritchey-Chrétien. Quartz mirrors, 99%
reflectivity dielectric coatings, a new lower price. With all you get, for the little
you pay, it’s easy to see why both Astro-Tech R-Cs are Hot Products for 2010.

8” and 10” Astro-Tech Ritchey-Chrétiens
. . . Sky & Tel Hot Products for 2010.

Astro-Tech
AT8RC $1395

Our third astronomics
generation.

The 6” Astro-Tech R-C was a Sky & Tel Hot Product
for 2009 . . . and look what that led to ➢ ➢ ➢ ➢

Ideal for imaging with webcams, DSI-type cameras, and
DSLRs, Sky & Tel said the 6” f/9 Astro-Tech AT6RC Ritchey-
Chrétien was a Hot Product when it was introduced at $1295.
It’s even hotter at $795. Its big brothers are Hot Products, too.

$795

You don’t have to buy two TeleVue telescopes, but a
TeleVue telescope and a TeleVue eyepiece or two . . .
now there’s a great combination! We stock TeleVue apo
refractors and all TeleVue eyepieces and we price them to save you
money. Come visit us at astronomics.com and see for yourself.

Everyone needs a TeleVue . . . or two.
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CONGRATULATIONS!
CUSTOMERS HAVE EARNED OVER

$306,788.75  

IN REWARDS DISCOUNTS THIS YEAR…

GET YOURS!
JOIN THE OPT  
REWARDS PROGRAM® 

AND SAVE!

800.483.6287
optcorp.com
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Sky at a Glance

I M A G E  B Y  Y O U S S E F  I S M A I L  / 
O R G A N I C  L I G H T  P H O T O G R A P H Y

was 37 hours old and 3½° left of Venus over Pescadero State 
Beach in California on October 26, 2003. February 14th will off er a simi-
lar scene, but with a much thinner Moon in a brighter sky. 

The moon

February 2010

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

M O O N  P H A S E S
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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

MIDNIGHT◀ SUNSE T SUNRISE ▶ 

Mercury

Venus

Mars

Jupiter

Saturn

PLANET VISIBILITY SHOWN FOR LATITUDE 40  NORTH AT MID-MONTH.

W

NWSE

W

SE

WSE

Visible January 12 to February 9

Visible starting February 7

Visible through February 16

 1–15 EVENING: This is a good time to view the 
  zodiacal light from mid-northern latitudes. 
  Find a dark location with a good western 
  horizon, and start looking roughly 80 minutes 
  after sunset. A vague but huge, tall, tilted 
  pyramid of pearly light should become visible 
  above the fading twilight. It aligns on the 
  constellations of the zodiac.

 3 NIGHT: Spica is about 4° upper left of the 
  gibbous Moon low in the east-southeast
  around midnight (in North America). Above
  them glows Saturn.

 5 LAST-QUARTER MOON (6:48 p.m. EST).

 7 DAWN: Antares is 3° or 4° lower left of the 
  waning crescent Moon.

 11, 12 DAWN: Fine but challenging binocular views 
  occur very low in the east-southeast a half 
  hour before sunrise on these mornings. 
  Mercury is 7° lower left of the thin crescent 
  Moon on the 11th, and 4° right of a very thin 
  crescent Moon on the 12th; see page 48.

 13 PREDAWN: The 6th-magnitude asteroid Vesta
  and 7th-magnitude HD 89930 form a “double
  star” that changes orientation dramatically
  every hour. They’re less than 1′ apart at 5 a.m.
  CDT. See page 54 for more on Vesta.

  NEW MOON (9:51 p.m. EST).

 14 DUSK: North Americans have an opportunity 
  to see an extraordinarily young and thin Moon 
  very low after sunset just 5° to the right of
  Venus and Jupiter; see page 49.

 15–18 DUSK: Jupiter and Venus are within 2° of each 
  other barely above the west-southwest 
  horizon 15 minutes after sunset. They’re 
  closest (½° apart) on the 16th. Binoculars or a 
  small telescope will give the best view.

 16 EVENING: Vesta passes between Gamma
  Leonis and 40 Leonis.

 18 CLYDE TOMBAUGH discovered Pluto exactly
  70 years ago today. Pluto is now in northern
  Sagittarius, just high enough to be visible
  through large backyard telescopes as the fi rst
  signs of dawn appear.

 21 FIRST-QUARTER MOON (7:42 p.m. EST).

 25 EVENING AND NIGHT: Mars is 5° or 6° 
  from the gibbous Moon.

 28 FULL MOON (11:38 a.m EST).
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Galaxy

Double star

Variable star

Open cluster

Diffuse nebula

Globular cluster

Planetary nebula

Lepus, the Hare, isn’t a constellation much explored by 
binocular stargazers. Little wonder. With Orion dominat-
ing the sky just to the north, it’s easy to overlook the little 
bunny cowering at the Hunter’s feet. But this is where 
you’ll fi nd M79, the winter sky’s lone Messier globular. In 
addition, tucked away in the rabbit’s warren, are two extra, 
modest attractions to help make your visit worthwhile.

Found by extending a line from Alpha (α) Leporis 
through Beta (β), M79 is situated ½° northeast of a 5.4-
magnitude fi eld star. That star is an important reference 
point, since M79 is not exactly the most conspicuous Mess-
ier object. With my 15×45 image-stabilized binoculars, the 
globular is readily apparent as a tiny, fuzzy patch. But with 
10×50s, I had to look with greater care to discern its 7.7-
magnitude glow. Take your time with this one, especially if 
you observe under skies brightened by light pollution.

Not far from the cluster are two attractive doubles. The 
easier one is Gamma (γ) Leporis. With mounted binocu-
lars, splitting Gamma’s 3.6- and 6.3-magnitude compo-
nents is fairly undemanding. Indeed, because the stars are 
separated by a generous 97″, the double looks better in my 
10×50s than in my 15×45s.

South 476 (S476) is considerably more challenging. 
Comprised of 6.3- and 6.5-magnitude stars separated by 
a scant 39″, S476 is a delightful equal-brightness pair in 
my 15×45s. However, the double approaches the resolu-
tion limit for mounted 10×50 binoculars. To split this one, 
focus carefully and make sure the target is positioned 
close to the center of the fi eld of view, where the optics of 
your binoculars are sharpest. ✦ — Gary Seronik

Binocular Highlight:

The Hare’s Messier

SkyandTelescope.com February 2010 45

L E P U S

M79

S476

5° b
inocular   view

Using the Map

WHEN

Late December 11 p.m.

Early January 10 p.m. 

Late January  9 p.m. 

Early February 8 p.m.

Late February Dusk

These are standard times.

HOW

Go outside within an hour or so 
of a time listed above. Hold the 
map out in front of you and turn it 
around so the yellow label for the 
direction you’re facing (such as 
west or southeast) is at the bottom, 
right-side up. The curved edge is 
the horizon, and the stars above it 
now match the stars in front of you 
in the sky. The map’s center is the 
zenith, the point overhead.

Example: Rotate the map a little 
so that “Facing East” is right-side 
up. A little more than halfway 
from there to the map’s center is 
brilliant Mars, with Castor and 
Pollux above it. Go out, face east, 
and look halfway up the sky. There 
are Mars and the Twins!

Note: The map is plotted for 
40° north latitude (for example, 
Denver, New York, Madrid). If 
you’re far south of there, stars in 
the southern part of the sky will be 
higher and stars in the north lower. 
Far north of 40° the reverse is 
true. Mars is positioned for mid-
February.

You can make a sky chart 
customized for your 
location at any time at 
SkyandTelescope.com/
skychart.
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Volunteer for Dark Skies
The U.S. National Park Service is seeking volunteers with 

amateur astronomy and outreach experience  
to help share and protect dark night skies

Commitments of 4 weeks are preferred in one of  
several parks around the country

contact Chad Moore 
moore@cira.colostate.edu
www.nature.nps.gov/air/lightscapes/astroVIP

ASTRONOMICALAAAAAAAAAAASSSSSSSSSSSTTTTTTTTTTTRRRRRRRRRRROOOOOOOOOOONNNNNNNNNNNOOOOOOOOOOOMMMMMMMMMMMIIIIIIIIIIICCCCCCCCCCCAAAAAAAAAAALLLLLLLLLLL
A Host of

Information & Photos

New! Observer's Calendar 2010

This calendar was created for astronomers, 
by astronomers. Each page has photographs 
that were taken by amateur astronomers, 
digitally formed using the latest techniques. 
Includes descriptive captions, Canadian 
and U.S. holidays, monthly grids with a 
host of astronomical information.

OC2010   $14.96

ShopatSky.com       888-253-0230

adwells_feb.indd   50 11/18/09   10:32:57 AM

worldmagsworldmags

worldmags



Charles A. Wood
Exploring the Moon

graveyards and so do lunar 
probes. Since the Soviet Luna 2 probe became the fi rst 
vehicle to approach the Moon in 1959, approximately 70 
spacecraft and rockets have crashed on the lunar surface. 
Some of these probes were doing exactly what they were 
designed to do, while others had completed their orbital 
missions. But for a third group, their designers had 
higher expectations. Crashes can be divided into three 
categories: hard landers (planned impacts), end-of-mis-
sion crashes, and “oops” crashes. 

When the Soviet Union launched Luna 2 in 1959, its 
purpose was simply to hit the Moon as a demonstra-
tion of that country’s power. The craft impacted into a 
region near the upper center of the Moon’s face, startling 
humanity. But as is true for many early missions, we 
aren’t exactly sure where it hit. You can see the general 
area by observing the region between Archimedes and 
Autolycus. A piece of this terrain has been named Sinus 
Lunicus (Luna Bay) to commemorate the historic feat. 

The American Ranger spacecraft of the 1960s were 
also planned to smash into the Moon, but were meant to 
transmit images while descending to provide high-reso-
lution views of the surface in preparation for Apollo’s soft 
landings. The program seemed to be jinxed; success was 
elusive until the fi nal three missions. Ranger 7 smacked 
down in a place that was later named Mare Cognitum 
(the Known Sea), and Ranger 8 hard landed in Mare 
Tranquillitatis, a trailblazer for Apollo 11. The most 
successful mission occurred when Ranger 9 sent back 
a 19-minute stream of more than 5,800 images before 
crashing inside the crater Alphonsus near one of its 
volcanic dark-halo craters. For amateur observers, these 
little volcanoes serve as landmarks to the general area of 
Ranger 9’s fi nal resting spot.

Hard landers have been rare since guidance and 
control technology matured enough for successful soft 
landings. But last year the most famous hard landing of 
all happened; in fact, two did. The Lunar Crater Observa-

Elephants have

The Lunar Graveyard
A surprising number of dead spacecraft rest forever on the Moon.

Left: Because Luna 2 carried no cameras, we don’t know its exact fi nal resting spot on the Moon. The impact is thought to be located 
somewhere between the large crater Archimedes and Autolycus. Right panels: One early hard lander with a precisely known location is 
Ranger 9, which returned thousands of images during its suicide plunge into Alphonsus Crater.

S I R U S
L U N I C U SArchimedes

Autolycus
Luna 2
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Exploring the Moon

tion and Sensing Satellite (LCROSS) con-
sisted of two impactors. The fi rst was the 
Centaur rocket that launched the Lunar 
Reconnaissance Orbiter to the Moon. It 
was hoped that the impact of the 350-ton 
rocket into a permanently shadowed polar 
crater would release a water-rich plume 
of ejecta visible to terrestrial telescopes. 
A small probe, equipped with cameras 
and spectrometers to identify gases in the 
plume, followed like a lemming, smash-
ing onto the crater’s fl oor (see page 28). 
Because the target was the polar crater 
Cabeus, you can’t see into it with your 
telescope, though you can see its rim dur-
ing favorable librations. 

A number of lunar spacecraft success-
fully completed their missions and were 
guided to hard landings. Most recently, 
the Japanese Kaguya orbiter ended its 
planned mission with a crash near the 
crater Demonax (see page 20.)

Back in 1999, NASA’s successful Lunar 
Prospector orbiter was crashed into a 
polar crater in an earlier attempt to splash 
water-rich debris into a visible cloud. The 
probe carried the ashes of the pioneering 
geologist Eugene Shoemaker, marking the 
fi rst burial on the Moon. In honor of this 
event, the IAU offi  cially named the crater 
Shoemaker. While nearly impossible to 
see from Earth, when you observe the 
mountains on the southern limb, you’re 
very near Shoemaker. 

The largest number of lunar crashes 

belong to the “oops” category. These were 
the unplanned crashes that destroyed 
spacecraft designed for soft landings. In 
the 1960s, both the Soviets and Ameri-
cans had diffi  culty making controlled 
descents. Lunas 5, 7, 8, and Surveyors 
2 and 4, all met the endings their mak-
ers feared. At least nine of the Luna 
probes failed in attempts to return lunar 
samples, though Luna 16, 20, and 24 
ultimately were successful. Of the failures 
that made it to the Moon, two crashed 
in Mare Crisium and one in nearby 
Mare Fecunditatis. Although the exact 
positions of these wrecks are unknown, 
it’s likely that the half-meter resolution 
camera on LRO will pinpoint the crash 
debris fi elds of these robotic explorers, 
and perhaps fi nd the earliest contribution 
to the lunar graveyard, the nearly mythical 
Luna 2. ✦

For a daily lunar fi x, visit contributing editor 
Charles Wood’s website: lpod.wikispaces.com.

Phases
Last quarter February 5, 23:48 UT

New Moon February 14, 2:51 UT

First quarter February 22, 0:42 UT

Full Moon February 28, 16:38 UT

Distances
Perigee February 27, 21h UT 
222,344 miles diam. 33′ 48″
Apogee February 13, 2h UT
252,612 miles diam. 29′ 7″

Librations
Cleostratus (crater) February 27

Byrd (crater) February 28

ANTONÍN RÜKL

S

E

N

W

Feb 27

28

C

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

The Moon  •  February 2010

 Highlighted  Feature Description

 Archimedes Crater 51 miles

 Alphonsus Crater  74 miles

 Cabeus Crater  61 miles

 Shoemaker Crater  32 miles

A

B

C

D

D

A

B

Astro-Tech is available in the U. S. from these dealers:
astronomics.com ●●●●● highpointscientific.com

auroraastro.com ●●●●● optcorp.com ●●●●● camerabug.com
sunrivernaturecenter.org ●●●●● greatredspot.com

riders.com ●●●●● apmamerica.com ●●●●● tetontelescopes.com
In Canada, from: escience.ca ●●●●● astronomieplus.com

a-p-o.ca In Europe, from: altairastro.com
scopemania.eu In Asia, from: kkohki.com

Dealer inquiries welcome: info@astronomytechnologies.com

from Astronomy Technologies
680 24th Avenue SW, Norman, OK 73069

ASTRO-TECH

Prices as of 11/1/09. All prices plus freight.

“. . . ideal for
today’s digital

astrophotographers.”
Sky & Telescope

That’s what Sky & Tel said
in their 4-page 12/09 re-
view of the Astro-Tech
AT8IN imaging Newtonian
and AT6RC and AT8RC
Ri tchey-Chré t ien
astrographs.

Sky & Tel said
that “Astro-Tech has
done a great job of
balancing performance
and price on all three of these imaging tele-
scopes. By optimizing them for use with the
cameras that many beginning and intermedi-
ate-level astrophotographers are using, the
company has created affordable instruments
that can produce stunning images. It’s an ex-
citing time to be entering the field of deep-
sky astrophotography.”

Of the Astro-Tech AT8IN 8” f/4 imaging
Newtonian, shown above, Sky & Tel said
“while all three of the Astro-Tech scopes rep-
resent excellent value, the AT8IN, with its 8-
inch aperture and $449 price tag, wins the

biggest-bang-for-the-buck award.”

And Sky & Tel said that the
Astro-Tech AT6RC 6” f/9

Ritchey-Chrétien, a Sky
& Tel Hot Product for
2009, left, was “a su-
perb match” to the APS-

C size imaging chips used
in many DSLR cameras.

About the Astro-Tech AT8RC
8” f/8 Ritchey-Chrétien, below (A Sky & Tel
Hot Product for 2010, along with the $2695
10” f/8 AT10RC), Sky & Tel said “of the three

scopes, I liked this one the
most. Its advanced features
. . . carbon fiber tube, quartz
optics, and dual mounting
rails (Losmandy- and Vixen-
style dovetails) . . . were part
of the reason. But it was how
nicely this scope is matched
to APS-C and 35-mm formats
that really wowed me . . .
what’s not to like?”

Don’t just take our word for
it. Ask Sky & Telescope.
Remember what they
said? That these three
“affordable” Astro-Tech
astrographs, optimized
exclusively for digital
imaging, truly do make
this “an exciting time to
be entering the field of
deep-sky astrophotography.”

AT6RC

$795

AT8RC

$1395

AT8IN

$449
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adorama.com
THE ULTIMATE IN ASTRONOMY SHOPPING:

INC.

42 West 18th Street New York, N.Y. 10011 info@adorama.com
adorama.com • Order Toll Free USA / Canada 800-223-2500
Orders & Information - 212-741-0052

SHIPPING INSTRUCTIONS See Our Web Site ADORAMA.COM For Shipping Charges And Relevant Information. 

Free Shipping
on thousand of items!
For more details visit our website

Same Day Shipping
on orders placed till 6:00PM EST
Monday thru Thursday & Friday
till 1:00PM, on all in-stock items

14 Day Money Back
GUARANTEE
Please check our website

We Buy
Your Used & Unused Photo Equipment
For more details visit our website

•ST-8XME
•ST-9XE

•ST-10XME
•STL-11000M

Check Our Web Site for a Full ListingCheck Our Web Site for a Full Listing

MEADE ETX-LS LIGHTSWITCH

6” ETX-LS ACF $1475.00
6” ETX-LS SC  $1299.00

NEW

MEADE LX200-ACF SERIES

Check Our Web 
Site for a Full 

Listing

100°
 APPARENT FIELD

6MM, 8MM 
13-MM 17-MM 

ETHOS 
IN STOCK

Sky & Telescope 
Ratings 

Optical Performance

 *****

SOFTWARE 
BISQUE

KNIGHTWARE

RIGEL 
SYSTEMS

TELRAD

HOLIDAY 
SPECIALS

BIG DISCOUNTS
Call or Email for Price

Check Our Web Site for a Full Listing

HHHHHHOOOOOOLLLLLLIIIIIIDDDDDDAAAAAAYYYYYY BIBIBIGGGG DIDIDISCSCSCSCOOUOUOUNTNTNTSSSS

g

The LER eyepieces are designed for excellent Lunar, 
Planetary, Double Star and Deep Sky viewing. 
They feature 20mm Eye Relief, Fully Multi-Coated lens, 
Parfocal, 55 Degree Apparent  eld of view, 
Rubber Eyeguards, Grip Rings and are 
threaded for  lters

Pro Optic 
Long Eye Relief Eyepieces

The LER eyepieces are designed for excellent Lunar

MIRROR DIAGONALS

Sale 
$6499

Regular Price 99.95

SPHINX SXD MOUNT 
The Sphinx D comes complete 
with PEC and the incredibly 
accurate SX Polar Finder Scope
The innovative STAR BOOK 
hand controller offers 
astronomical naviga-
tion with a large full-
color LCD screen! 
•  Needle Bearings 
•  Solid Steel RA and DEX Axis shafts 
•  180 Tooth Brass Worm Gear in both axes
•  Interactive Starbook with a 4.7” Color LCD Display
•  Mount Capacity 50 lbs
•  Includes one 4.2 lb and one 8.2 lb counterweight 
•  Full Go-To capabilities to over 22,000 objects

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

with 2” Crayford Style Focuser, 
1.25” adaptor, 10mm & 25mm 
Plossl Eyepieces, 8x50 VF, 
& Rocker Mount.

MINITOWER ADVANCED 
PORTABLE

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

•  MiniTower, The Most Advanced 
Portable GoTo Altazimuth Mount

•  MiniTower is the perfect combina-
tion of capacity and portability.

• Alloy metal travel case included
• 25 lb Payload
•  8 lbs of additional payload on the 

balancing side
•  All metal 
• 1.5”/1.25” stainless steel legs
• Internal GPS
•  8401 controller with USB port and 

130,000 objects in database
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F/6.1 ED 
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• Precision CNC machined all-metal construction
• High quality power painted fi nish
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• Retractable sunshade
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Bright Asteroid by Leo’s Sickle
Vesta is a prime binocular target this winter and spring.

Late these evenings Leo climbs the 
eastern sky with the promise of the distant 
springtime to come. Leo’s forequarters 
form the landmark Sickle asterism, and 
in and around the Sickle this season lurks 
the most prominent asteroid in the sky: 
4 Vesta. Although Vesta is not the largest 
asteroid, it generally becomes the brightest 
around its season of opposition; its unique 
surface material is less dark colored than 
most of the stuff  in the asteroid belt.

Vesta reaches opposition on the night 
of February 17–18, when it will shine 
at magnitude 6.1. (Notice that, as you’d 
expect, this date comes halfway through 
Vesta’s retrograde loop on the map here.) 
Using the map, you can follow Vesta 
starting immediately. It’s magnitude 7.4 as 
early as December 20th, when you’ll have 
to wait up until about 11 p.m. to see Leo 
well risen in the east. Vesta is magnitude 
7.2 on January 1st, 6.4 on February 1st, 
6.2 on March 1st, 6.8 on April 1st, 7.3 on 
May 1st, and back down to 7.7 on June 1st. 
That means it’s in binocular range for the 
whole time.

Threading the Needle
A very special coincidence happens right 
around opposition. Between the eve-
nings of February 16th and 17th for the 
Americas, Vesta threads the gap between 
Gamma Leonis (magnitude 2.5) and 40 
Leonis (magnitude 4.8), which is located 
22 arcminutes to Gamma’s south. This 

Alan MacRobert
Celestial Calendar

familiar binocular pair will have a faint 
new interloper! Watch the asteroid’s prog-
ress from night to night — or even, with 
a telescope, from hour to hour. Around 
those dates Vesta moves northwestward 
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by 1 arcminute in a little less than 2 hours 
— or, at high magnifi cation, 1 arcsecond 
in a little less than 2 minutes of time.

The fourth asteroid discovered, Vesta 
was found as a moving object by Heinrich 
Wilhelm Olbers on March 29, 1807, while 
it was in Virgo. It’s about 500 km (300 
miles) in diameter — essentially tying 2 
Pallas for second place among the aster-
oids and far behind 1 Ceres at 950 km. But 
Vesta is denser than either of these and 
contains 9% of the asteroid belt’s mass.

Vesta loops in Leo this year. Tick marks on its track show its position every eight days at 0h 
Universal Time (which falls on the evening of the previous date in the time zones of the Ameri-
cas). Put a pencil dot on the track for when you’ll observe. Stars are plotted to magnitude 8.0, 
which is fainter than Vesta will be throughout the time period shown.

those
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This meteorite, nearly 4 inches (10 cm) long, is 
thought to be a piece of Vesta’s surface. Both 
are made of the volcanic mineral pyroxene, a 
substance that makes Vesta (and smaller aster-
oids that have broken off  from it) unique. The 
meteorite fell in Western Australia in 1960.
RUSSELL KEMPTON

CC Layout Feb2010.indd   54 12/1/09   8:42:55 AM

worldmagsworldmags

worldmags



SkyandTelescope.com February 2010 55

www.highpointscientific.com
 

VISIT 
US 
ONLINE!

SCT - $1,299 
ACF - $1,499

Montague, New Jersey (800) 266.9590  

ETX-LS LIGHTSWITCH
FEATURED BRANDS:

FREE SHIPPING

Schmidt-Cassegrain 
Telescope, Special 
Edition Package 
with Orange Tube 
& XLT Coatings

 NexStar 4SE *$399
 NexStar 5SE *$599
 NexStar 6SE *$699
 NexStar 8SE *$1099

*After $100 Mail-In Rebate    Exp. Dec 31, 2009Effective Jan 1 – Feb 28, 2010

20-40% OFF
On all Axiom LX Series, and Ultima LX Series,

CGEM SERIES 
800 HD $2,399
1100 HD $3,499
 
CGE PRO SERIES 
925 HD $6,299
1100 HD $7,399
1400 HD $9,999

CGEM/CGE 
Pro Series 
With EdgeHD Optics

Ax
iom

 LX
 

Se
rie

s

Ul
tim

a L
X 

Se
rie

s

Prices subject to change

www.jmitelescopes.com

CPC 1100
Case
10" wheels included

CPC 800 Case

JMI Cases fit most
popular telescopes.

NEW! Cases in stock
for RCX 10" and 12",
LX200 7" Mak

NEW case for
ETX 125

JMI Telescopes - Jim's Mobile, Inc. - 8550 W 14th Ave - Lakewood, CO 80215 - U.S.A. - Info 303-233-5353 - Fax 303-233-5359 - Orders 800-247-0304 - info@jmitelescopes.com

Call Now!
1-800-247-0304

--

TRAIN-N-TRACK. Tracking for
Vixen Porta Mount starting at $289*
Includes rechargeable battery and wall transformer.
Easy installation. Compatible with JMI MAX
computers/encoders.

Also available for LightBridge

How often do you forget to shut off

Replace your never start red dot finder
with JMI’s EVRstart
Press the button and the EVRstart finder is activated
for 20 seconds and then shuts down until you press the
button again. Giving long, long battery life.

JMI

"The bino's are the best thing to
happen to astronomy since Galileo."
                                                            W Hildebrandt

RB-16       $12,995
RB-14.5    $11,995

RB-10         $5,995
RB-66         $2,795

Guaranteed!
16" better then
a 30". 10" better
than a 25".
See web for
details.

$89.95*

Retractable
HandleCASE

$369*

ETX-LSyour red dot finder?

Visa & Mastercard accepted.

adwells_feb.indd   55 11/18/09   10:33:01 AM

worldmagsworldmags

worldmags



—

P R O - D O M E   P R O - D O M E T M

&&MM EE DDOOMM

—

TECHNICAL INNOVATIONS
 

 

6, 10, & 15 ft. Diameter  
 Observatories

Stand-alone or On 
Building

 All Fiberglass
Easy Assembly
Manual/Automatic

 Operation
Full Height/Handicap

 Access
Priced from $  ,150

Call or write for FREE Brochure

HH

OO

EE ®

Designed for the Professional . . . Priced for the Amateur

3

CLOUD DETECTION SYSTEM

cloud cover, light levels and first traces of rain. DDW interface.
Low cost, accurate system (hardware & software) to detect

www.clouddetection.com

AAV, Lue, Switzerland
alpineastrovillage.com

Celestron Computerized Mounts
Celestron NexStar SE

4” SE – $499
5” SE –$699 

6” SE – $799

8” SE –$1,199
        BEST VALUE!

FREE SHIPPINGCelestron EdgeHD

CGEM 800 HD – $2,399
CGEM 925 HD – $3,099

CGEM 1100 HD –$3,499
CGE Pro 925  HD– $6,299

CGE Pro 1100 HD – $7,399
CGE Pro 1400 HD – $9,999

PRIORITY DELIVERY
FREE SHIPPING

PRIORITY DELIVERY
FREE SHIPPING

FREE SHIPPING!
ON ALL CELESTRON TELESCOPES AT HIGH POINT SCIENTIFIC

Call our Celestron experts toll free at 1(800) 266-9590 
or visit our showroom at 442 Route 206, Montague, New Jersey 07827

Visit us online at:  www.highpointscientific.com

PRIORITY DELIVERY

worldmagsworldmags

worldmags



worldmagsworldmags

worldmags



worldmagsworldmags

worldmags



worldmagsworldmags

worldmags



60 February 2010 sky & telescope

All About

Learn how to interpret 
weather forecasts — 
and make your own.

MARK TWAIN reputedly quipped that everybody talks 
about the weather, but nobody does anything about it. That 
certainly strikes a chord with stargazers! Even the most 
experienced and best-equipped astronomers’ plans are 
often cruelly thwarted by the whims of Mother Nature.

While we are indeed powerless to change the weather, 
technology has greatly improved our ability to predict it. 
Amateur astronomers now have instant access not only to 
forecasts from government agencies and news media, but 
to the satellite imagery and supercomputer weather mod-
els used to generate them. Understanding how forecasts 
are formulated will greatly boost your ability to determine 
whether, when, and where you’re likely to have a great 
night under the stars. 

CLEAR SKIES Ahead?
The most fundamental requirement for astronomy is a 
cloudless sky. Most weather forecasts tell you if it’s sup-
posed to be cloudy, partly cloudy, or clear. Unfortunately, 
the word “clear” is open to interpretation. The sky is 
often riddled with wispy cirrus clouds when a forecast 
from the U.S. National Weather Service (NWS) says that 
it’s “mostly clear.” This might be good enough for visual 
observing through the gaps between the clouds, but it’s a 
serious impediment to imagers.

Deep-sky observers also care greatly about transpar-
ency (the clarity of the air). And for viewing planets, seeing 
(the ability to get sharp views at high magnifi cations) is 
critical. A sky that weather forecasters call “clear” may 

Astronomy Weather

STARGAZING
Forecasts

Stars and weather are two mighty 
forces of nature that share the same 
sky. Unfortunately, their relationship 
is often antagonistic.
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Phillip J. Creed
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be veiled by haze that allows fi ne views of the planets but 
seriously degrades the appearance of galaxies. Conversely, 
the clear but turbulent air behind a cold front often causes 
excellent transparency together with poor seeing.

Stargazing forecasts took a giant leap forward when 
Allan Rahill, a meteorologist at the Canadian Meteorolog-
ical Centre (CMC), developed algorithms to predict trans-
parency and seeing from standard meteorological data. In 
September 2001, he started posting forecasts on the CMC 
website designed specifi cally for astronomers (S&T: April 
2003, page 62). The CMC maps show predicted cloud 
cover, transparency, and seeing across Canada and the 
U.S. at hourly intervals up to two days in advance.

But few people knew about these forecasts until 2001, 
when fellow Canadian Attilla Danko found a new way to 
present the same data, slicing it by location rather than 
time. Danko maintains several thousand Clear Sky Charts
for sites scattered across North America. Each shows all 

of the CMC data for that location on a single page. So if 
you look at the Clear Sky Chart for the site nearest your 
home, you can see at a glance whether you’re likely to 
have better luck tonight or tomorrow night.

MODEL Citizens
Wonderful as the Clear Sky Charts are, they have their 
limitations. What if you’re planning more than two nights 
ahead? What if you want a second opinion? This is where 
it helps to know how weather forecasts are made.

Meteorologists use numerical weather models run-
ning on banks of supercomputers at various government 
offi  ces around the world. The computers collect data 
from satellites, surface stations, commercial aircraft, 
and weather balloons. Then they divide the atmosphere 
into millions of individual cells and calculate how the 
cells are likely to interact over time. But observations are 
never perfect, and some aspects of weather are inherently 
unpredictable. So the various supercomputer models 
always yield diff erent answers — sometimes more so and 
sometimes less.

To formulate a forecast, meteorologists combine or 
tweak the models’ predictions based on their own experi-
ence and judgment. You can follow this entire process in 
the forecast discussions posted online by each offi  ce of 
the NWS. Once you’ve fi gured out how to decipher the 
jargon, these discussions provide invaluable insight into 
how much confi dence the meteorologists have in their 
own forecasts.

The Clear Sky Charts are based on data from the 
CMC’s Global Environmental Multiscale (GEM) model. 
The GEM is updated twice a day, so the same is true of 
the Clear Sky Charts. That’s good but not ideal; a lot can 
change in 12 hours.

The U.S. National Centers for Environmental Predic-
tion (NCEP) maintain many diff erent weather models, the 
most important being the Global Forecast System (GFS) 
and the North American Mesoscale (NAM). NAM’s cell 
grid is much fi ner than the GFS’s, but it covers only North 
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Astronomy Weather

America for the next 84 hours, whereas the GFS predicts 
weather everywhere on Earth for more than two weeks. 
Both are updated four times a day.

The websites Atroforecast and SkippySky use GFS data 
to forecast astronomical conditions over a wider area and 
farther in advance than the CMC does. They provide an 
alternative to the Clear Sky Charts in Europe and else-

where, and a valuable cross-
check in North America.

For the most recent and 
detailed data, you can go 
straight to the GFS and NAM. 
The NPEC website provides 
access to selected data from 
these models, and you can 

get a more extensive cross-section (including the high-
altitude humidity needed to predict cirrus clouds) from 
IPS MeteoStar and Penn State University’s Department of 
Meteorology.

The updates at 18h UTC (1 p.m. EST) and 0h UTC (4 
p.m. PST) are particularly useful for North Americans 
making the go/no-go decision for the night. But be sure to 
check the dates on the maps. The updates often take place 
an hour or two after the nominal time, and you don’t want 
to use old data.

What should you look for? The Hippocratic oath 
applies to telescopes as well as patients: fi rst, do no harm. 
A cloudy night won’t hurt your optics, but a rainy one 
might. The GFS map above shows predicted precipita-
tion and mean sea level pressure (MSLP). Rainy areas are 
best avoided, while high-pressure systems are most likely 
to have cloudless skies. But if the isobars (lines of equal 
pressure) are squeezed tight together, expect high winds 
and poor seeing.

Diff erent layers in the atmosphere are labeled by 
the pressure at that altitude. The map showing relative 
humidity at 700 millibars (about 10,000 feet) is labeled 
“700mb RH.” Cloud cover is likely if this value is above 
70%. High humidity at 300 mb (30,000 feet) is likely to 
cause cirrus clouds. If you see high winds at 300 mb, 
it means that the jet stream is overhead, which usually 
causes poor seeing.

Finally, the National Weather Service’s Model Output 
Statistics site translates both the GFS and NAM models 
into forecasts of surface temperature, wind, cloud cover, 
and fog up to a week in advance.

THE HORIZON League
Sometimes it’s not enough for skies to be clear overhead. 
Many of the fi nest deep-sky objects, such as Omega Cen-
tauri or the False Comet in Scorpius, barely poke above 
the horizon in most of the United States. Canadians and 
Europeans have to look low in the south to see the Sagit-
tarius Milky Way. Comets usually appear brightest when 
they’re closest to the Sun, so they’re often visible only in 
bright twilight or very low in the sky. A clear horizon is 
essential for such endeavors.

Diff erent kinds of clouds are found at diff erent heights, 
as shown on page 61. Stratus clouds are low, around 5,000 
feet above the ground, while cirrus clouds can top 30,000 
feet. The height of the clouds, in combination with their 
distance from the observer, determines their apparent 
elevation above the horizon, as shown below.

Finding a horizon that’s clear of cirrus clouds can be 
quite a challenge, as many northerners found when look-
ing for Comet McNaught in January 2007. Cirrus clouds 
100 miles distant sometimes prevented the comet from 
being visible, even when 95% of the sky was clear!

To guarantee clear horizons, check the forecast not 
only at your own location but everywhere along your sight 
line for 100 miles or more. If you’re using a Clear Sky 
Chart, click on the block for the time you’re planning to 
observe, and it will link to the corresponding CMC map, 
showing clouds in the surrounding area. The NAM and 
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The labeled lines show the apparent angular altitude of clouds at 
various heights and distances.

This map from the NCEP website shows the GFS prediction made 
at 12h UTC (8 a.m. EDT) on August 24, 2009 for precipitation and 
barometric pressure at 6h UTC (2 a.m. EDT) on August 25th. Pre-
cipitation is shown in color, and pressure with black isobar lines.

You can reach all the websites 
in this article using hyperlinks 
at SkyandTelescope.com/
weather — or through your 
favorite internet search engine.

Yo
in 
at 

08/24/2009 12UTC 018HR FCST VALID TUE 08/25/2009 06UTC  NCEP/NWS/NOAA
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GFS maps of relative humidity at 300 mb are particularly 
useful for forecasting distant cirrus clouds.

SEEKING Starry Climes
If you’re a stargazer from the Baby Boom generation, you 
may be looking to retire to a warmer place. Or perhaps 
you’re thinking of relocating to a new job, building a 
remote observatory, or bringing a telescope on your next 
vacation. In each case, you will certainly want to know 
about the stargazing prospects for the new location.

The National Climate Data Center is the offi  cial U.S. 
repository of long-term climate data, showing you the 
average weather over the past few decades. Other coun-
tries have their own offi  ces, and a considerable amount of 
climate data is available from commercial websites.

Many people’s fi rst instinct is to look at the amount of 
precipitation per year, but this can be misleading. Warm 
air can hold more moisture than cold air, but warm places 
tend to get brief downpours, while cooler locations are 
more likely to experience prolonged drizzle. Seattle and 
Dallas both average about 35 inches (90 cm) of rain per 
year, but Seattle has twice as many rainy days.

Cloud cover and percentage of possible sunshine are 
more useful. These statistics are only kept for daytime 
hours, but they tend to correlate fairly well with condi-
tions at night. The number of days per year with fog is 
also important for gauging how dew-prone an area is.

Recently, archived satellite data from NASA’s MODIS 
program has been made available. This is invaluable 
because the satellites’ infrared cameras record clouds by 
night as well as day. The map at upper right shows the 

average nighttime cloud cover from February 2000 to July 
2009 for the U.S. and southern Canada. 

Amateur astronomers live in exciting times. From 
long-term climate data to short-term forecasts, stargaz-
ers now have easy access to tools used by professional 
meteorologists. We may not be able to do anything about 
the weather, but we can anticipate it, prepare for it, and 
travel to avoid it. ✦

Phil Creed enjoys observing comets and deep-sky objects 
during the occasional breaks in Ohio’s endemic cloudiness.
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When I’m deciding 
whether to observe on 
any given evening, I start 
with the National Weather 
Service forecast and the 
transparency map from the 
Canadian Meteorological 
Centre. (I’m mostly a 
deep-sky observer, so I 
care less about seeing.) I 
feel most confi dent when 
the CMC and the NWS 
agree. Transparent nights 
tend to cool off  faster, so 
if the NWS expects a big 
temperature drop, that’s a 
good sign, too.

Next, I think about 
geography. I feel pretty 
safe if the CMC shows 
deep blue (clear skies) all 
over the Northeast, but a 
small blue circle around my 
home in Boston doesn’t 
inspire confi dence. Quite 
often, I’m near the edge of 
a large blue area, and that’s 
when a relatively small 
shift in weather can have 
big consequences.

In that case, I start 
looking at photos from the 
Geostationary Operational 
Environmental Satellites 

— especially infrared 
images, which show clouds 
both day and night. I step 
through the CMC maps 
hour by hour and see how 
well they match what’s 
happening. The clouds 
often develop more or less 
as predicted but run a few 
hours fast or slow. Other 
times, they do something 
totally unexpected. But 
it’s always helpful to know 
what the clouds are actually 
doing, not just what they’re 
supposed to do.

— Tony Flanders

The MODIS website generates visualizations of archived data on demand. This 
one shows the percentage of cloudy nighttime hours.

WHAT’S Happening?

Infrared images measure the temperature of the 
surface that the satellite is seeing. Clear skies 
expose the ground, which is relatively warm. Low 
clouds are cooler, and high clouds are coldest 
of all. This image shows clear skies on the Gulf 
Coast, low-lying stratus along the East Coast, and 
high clouds west of the Appalachians.
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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
Cahall Observatory — Thayer Academy 

Braintree, Massachusetts
This observatory houses a 16” Celestron telescope. Thayer 

Academy’s Earth Sciences, Physics and Astronomy classes 

use this building as a learning tool to stimulate an interest 

in Science. The building designed by Jeremiah Eck Architects 

combines function and visual appeal to provide a welcome 

addition to the Academy buildings and grounds.

www.ashdome.com
Email: customerservice@ashdome.com

ASH MANUFACTURING COMPANY
P.O. Box 312, Plainfield, IL, USA 60544

GET IT NOW!

If you don't 
have your copy,

www.ShopatSky.com     
888-253-0230

NEW
Observer's 
Handbook 2010

edited by 
Patrick Kelly

Published 
continuously since 
1907, the RASC 

Observer's Handbook is a unique annual 
compendium of astronomical information 
and highlights for the coming year. 
Rigourously researched and developed for 
advanced amateurs and professionals, the 
Handbook is a must-have resource.
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FREE SHIPPING
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Sue French
Deep-Sky Wonders

Auriga’s Riches
Many wonderful but little-known clusters and nebulae 

adorn the celestial Charioteer.

the treasure-laden realm of the Milky 
Way, Auriga has a wealth of deep-sky delights. Last 
month we toured several of those nestled within the con-
stellation’s distinctive pentagon. Let’s appraise a sample 
of the jewels and diaphanous silks outside the pentagon, 
starting in the far eastern reaches of Auriga.

This area of the sky is home to 11 stars that bear the 
Greek-letter designation Psi (ψ), but Psi10 Aurigae actu-
ally resides within the neighboring constellation Lynx, 

Straddling and is more commonly known as 16 Lyncis. Two of the 
stars are close together and share the designation Psi8. 
Even if the pair appears single to your unaided eye, its 
combined magnitude of 5.6 still makes Psi8 the faintest of 
the bunch, while Psi2 is brightest at magnitude 4.8. How 
many Psis can you spy with your eyes?

The arresting open cluster NGC 2281 sits 50′ south-
southwest of Psi7 Aurigae. Through my 105-mm (4.1-inch) 
refractor at 47×, NGC 2281 is a 20′ group of 35 moderately 
bright to faint stars. Many of the bright ones outline a 
paisley-shaped loop concave to the north-northeast. The 
pattern of stars at the loop’s narrow end reminds me 
of the constellation Delphinus or, with a few additional 
stars, the Christian ichthys fi sh symbol. The fi sh sports a 
golden nose, while through my 10-inch refl ector the root 
of his tail shows a similar hue. A colorful pentagon of 
stars surrounds NGC 2281, three of the corners marked 
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The bright, bluish stars 
of NGC 2281 (right) indi-
cate that it’s a relatively 
nearby and young clus-
ter. It’s almost 17° from 
the plane of the Milky 
Way, so the background 
stars are quite sparse. 
NGC 2192 (left) is more 
distant and older than 
NGC 2281, so its stars 
appear fainter, closer 
together, and redder.
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Deep-Sky Wonders

by yellow-orange suns and another by a pair whose north-
ern member is a smoldering orange ember.

For a deeply colorful star, let’s slip 3½° southwest to 
the semiregular variable UU Aurigae. It ranges between 
magnitude 5 and 7 with superposed periods of 233 and 
439 days. UU Aurigae is a carbon star, a cool giant that 
has an exceptionally ruddy tint because most of its blue 
light is fi ltered out by carbon molecules and carbon com-
pounds in its atmosphere.

Sweeping from Theta (θ) Aurigae to 40 Aurigae and 
continuing the same distance beyond brings us to a much 
diff erent open cluster, NGC 2192. My little refractor at 
28× simply shows a small fuzzy patch. At 87× the group 
appears very granular and about 4′ across. It’s sprinkled 
with very faint to extremely faint stars, the brightest one 
in the north-northeastern edge. Even my 10-inch scope 
at 192× only teases out 20 stars against a patchy haze of 
unresolved suns.

The disparate appearance of our fi rst two clusters is 
largely a function of distance. Splashy NGC 2281 is only 
1,800 light-years away, while diamond-dust NGC 2192 is 
4½ times more remote. Another diff erence between the 
clusters is their age. NGC 2281 is about 360 million years 
old whereas NGC 2192 has been around for a whopping 2 
billion years. 

Our next stop is the intricate planetary nebula IC 
2149, which lies 38′ west-northwest of the reddish orange 
star Pi (π) Aurigae. In my 130-mm refractor at 63×, it’s 
a bright, miniscule, aqua nebula with a brighter center. 
At 234× the nebula is elongated, somewhat brighter near 
the central star, and widest at the west-southwestern end. 
With my 10-inch refl ector at 299×, IC 2149 is brighter 
along the long axis, especially in the eastern half. An OIII 
fi lter helps improve contrast at lower magnifi cations.

IC 2149 was discovered by Williamina Fleming and 
fi rst reported in Harvard College Observatory Circular 
111 in 1906. While inspecting photographic plates taken 

with the 8-inch Draper refractor during Harvard’s stellar 
spectrum survey, Fleming saw that this object, previously 
cataloged as a star, exhibited the characteristic bright 
lines of a gaseous nebula.

If you sweep 2.2° eastward from Omicron (ο) Aurigae, 
you’ll come to a slightly fainter, yellow star with a star of 
similar brightness ½° farther east. This last star anchors 
the northeastern edge of the open cluster NGC 2126. 

The cluster is a pretty dusting of minute stars through 
my 105-mm refractor at 47×. I count 15 individuals in 6′ at 
127×. My 10-inch refl ector at 192× reveals 23 stars, mostly 
gathered into a 4′ triangle. A two-star tail off  one side turns 
the triangle into a little arrow aimed north-northeast.

Two more diamond-dust clusters reside near brilliant 
Capella. NGC 1883 is 1.7° to its east-northeast, and NGC 
1798 is 1.9° to its north-northwest.

In my 105-mm refractor at 87×, NGC 1883 is a faint 
hazy patch lodged in the sharp end of a skinny triangle 
of stars that points south-southwest. The 2′ haze appears 
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engulfi ng an 11th-magnitude star and few fainter ones. 
A narrowband nebula fi lter helps Sh 2-217 stand out a bit 
better. Just ¾° southwest, Sharpless 2-219 covers only 
1½′. A 12th-magnitude star is embedded west of center. 
It makes a 5′ curve (concave east) with one star south and 
two north, magnitudes 9 to 12.

With my 10-inch scope at 118×, I noticed a small 
brighter patch in the southwestern part of Sh 2-219 that, 
in turn, seems to have a brighter spot inside. A closer look 
at 192× confi rmed this, but I couldn’t tell if the spot was 
stellar. A bit of research revealed that this scrap of scrim 
houses a highly obscured and crowded star cluster, visible 
in infrared images.

Now we’ll move down to Epsilon (ε) Aurigae. Normally 
shining at magnitude 2.9, Epsilon is now being eclipsed 

PHASE 2 NOW AVAILABLE!  With phase 1 nearly sold out, we're proud to announce 7 new mountain top 
home & observatory sites. You'll enjoy our premier astronomy community with a history of excellent night skies 
and astronomy-specific deed restrictions. Surrounded by the Lincoln National Forest, your family will enjoy our 

panoramic views, moderate weather, wild life, nature trails, and plenty of nearby activities.

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

Selected as one of  “The World’s Top 10 Stargazing Spots” — by Travel & Leisure Magazine, September 2008 

Left: The faint nebula Sharpless 2-217 is centered 9′ east of the bright double star John Herschel 2241. Right: Sharpless 2-219 is 
smaller but somewhat more intense than Sharpless 2-217.

granular, with one faint star tacking the eastern edge and 
a blurry blotch in the northwestern region. At 174× the 
blotch gives up one very faint star. At 213× my 10-inch 
scope displays a dozen pinpoint stars in a 2½′ area, and 
two outliers to the south.

NGC 1798 is bigger and brighter than NGC 1883. 
Through my little refractor at 122×, its misty glow shows 
three very faint stars and a non-stellar spot east-southeast 
of center, where images disclose a tiny knot of stars. My 10-
inch refl ector at 192× teases out 15 to 20 stars in 4½′ to 5′.

Two emission nebulae are found 2½° west of NGC 
1798. Both are very challenging through my 105-mm 
scope at 76×. Sharpless 2-217 lies 9′ east of h2241, an 
east-west pair of matched, white stars like little eyes in the 
dark. The feeble glow of the nebula spans roughly 4½′, 
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by what is generally assumed to be a large, 
dark disk of material. Epsilon should cur-
rently weigh in at about magnitude 3.8. 
It’s expected to regain some of its luster 
this summer, dim again, and then regain 
its usual sheen next spring (S&T: May 
2009, p. 58).

Delicate NGC 1664 has been likened to a kite, 
a clover, a fl ower, and a ginkgo leaf.

The open cluster NGC 1664 is found 
precisely 2° west of Epsilon. With its 
loops and chains of stars, NGC 1664 is a 
terrifi c cluster for connect-the-dot games. 
I’ve heard it described as a stingray, a kite 
with a long tail, a four-leaf clover, and a 
heart-shaped balloon on a string. Most of 
these images have occurred to me at one 
time or another, as well as an admittedly 
more esoteric one where I picture the stars 
as a ginkgo leaf with a wiggly stem. In my 
defense, ginkgo trees are planted along 
the main street of Scotia, New York, a vil-
lage near my home.

In my 105-mm refractor at 17×, NGC 
1664 is small group of very faint stars 
with a 7th-magnitude gem burnishing 
its southeastern side. At 87× the 6′ × 4′
ginkgo leaf sits at the center of NGC 1664 
with its 7′-long stem wandering toward 
and passing just east of the bright star. 
Two dozen stars are loosely scattered 
around our ginkgo-kite-balloon-stingray-
clover, swelling the group to about 1/3°. 
What does your imagination make of this 
cluster? ✦

Sue French observes star clusters from 
upstate New York. She welcomes your 
comments at scfrench@nycap.rr.com.

Deep-Sky Wonders

Clusters, Stars, and Nebulae Outside Auriga’s Pentagon
Object Type Magnitude Size/Sep. RA Dec.

NGC 2281 Open cluster 5.4 25′ 6h 48.3m +41° 05′

UU Arigae Carbon star 5–7 — 6h 36.5m +38° 27′

NGC 2192 Open cluster 10.9 5.0′ 6h 15.3m +39° 51′

IC 2149 Planetary nebula 10.6 34″ × 29″ 5h 56.4m +46° 06′

NGC 2126 Open cluster 10.2 6.0′ 6h 02.6m +49° 52′

NGC 1883 Open cluster 12.0 3.0′ 5h 25.9m +46° 29′

NGC 1798 Open cluster 10.0 5.0′ 5h 11.7m +47° 42′

Sh 2-217 Emission nebula — 7.3′ × 6.3′ 4h 58.7m +48° 00′

h2241 Double star 9.3, 9.5 12″ 4h 57.8m +48° 01′

Sh 2-219 Emission nebula — 2.0′ 4h 56.2m +47° 24′

NGC 1664 Open cluster 7.6 18′ 4h 51.1m +43° 41′

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 coordinates.
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Gary Seronik
Telescope Workshop

The Dobsonian at 30
After three decades, the Dobsonian revolution is still going strong.

concluded the International 
Year of Astronomy, an event that celebrated the 400th anni-
versary of Galileo’s momentous telescopic observations, 
it’s perhaps appropriate to look back at another, more-
recent moment in history — the arrival of the Dobsonian 
telescope. Some may think it preposterous to mention 
John Dobson and Galileo in the same paragraph, but the 
groundbreaking eff orts of both men defi nitely enhanced 
our enjoyment and understanding of the night sky.

While there was an inevitability to Galileo’s accom-
plishments (someone would have eventually turned a tele-
scope skyward), there was no guarantee that anything like 
the Dobsonian telescope would have emerged without its 
inventor’s particular circumstances and talents. Indeed, 
if you cast your mind back to the 1970s and the kinds of 
telescopes that were being created in home workshops 
and being manufactured commercially, the Dobsonian 
really does seem revolutionary. And like most revolutions, 
this one took awhile to get going. 

John Dobson built his fi rst telescope in 1956 and by the 
late 1960s he was a regular fi xture on the streets of San 
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Francisco, showing the Moon and planets to anyone and 
everyone he encountered. Yet Dobson’s elegantly simple 
big-aperture scopes didn’t catch on immediately with 
amateur telescope makers. This was because few ATMs 
had seen or heard of Dobson’s scopes, and those who had 
were mostly skeptical. As then Sky & Telescope Editor-in-
Chief Charles A. Federer, Jr., famously stated in a 1970s 
letter rejecting an article proposal by Dobson, the design 
“can hardly lead to satisfactory instruments of the kind 
most amateurs want in these large sizes.”

The fi rst stirrings of the Dobsonian revolution 
occurred at the 1978 Riverside Telescope Maker’s Confer-
ence (RTMC). It was at that event that the ATM com-
munity got to meet Dobson and see his 22- and 24-inch 
refl ectors. As S&T’s Dennis di Cicco reported in the 
August 1978 issue, “the sheer size [of the telescopes] 
startled anyone seeing them for the fi rst time.” 

Two years earlier, Dennis had seen Doug Berger’s 
16-inch refl ector on a “Dobson mount” at the 1976 RTMC 
and brought the concept back home, where he adapted 
it for a 16-inch mirror owned by the Amateur Telescope 
Makers of Boston. That scope became the East Coast’s 
introduction to the Dobsonian idea when it was displayed 
at the 1977 and 1978 Stellafane conventions in Vermont.

The following year’s events began to accelerate rapidly. 
In 1979 the Dobsonian telescope received widespread 
attention when Richard Berry, who had seen the Boston 
club’s scope at Stellafane in 1978, published a series of 
how-to articles in his new Telescope Making magazine. 
In many respects, Berry’s magazine and the Dobsonian 
telescope enjoyed a symbiotic relationship — the popu-
larity of one enhanced the popularity of the other. Bob 
Kestner’s article “It’s Stability that Counts” in issue #4 got 
the ball rolling for countless telescope makers. Kestner’s 
article and several others that followed were bundled into 
the reprint publication, “How To Build a Dobsonian Tele-
scope,” published in April 1980. On the strength of those 
articles, ATMs began abandoning their lathes in favor 
of table saws, and swapped aluminum for plywood. The 
revolution was underway.

Nevertheless, in the early ‘80s, as now, most stargazers 
didn’t make their own telescopes. For the Dobsonian revo-
lution to really change amateur astronomy, a commercial 

John Dobson’s 24- and 22-inch refl ectors tower over participants at the 1978 
Riverside Telescope Maker’s Conference near Big Bear, California. It was the ATM 
community’s fi rst major encounter with John Dobson, and his big scopes, which 
were brought to the conference by the San Francisco Sidewalk Astronomers.
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vendor needed to enter the fray. And that’s 
what happened. In 1980, California-based 
Coulter Optical arrived at RTMC with the 
fi rst commercially made Dobsonian — a 
13.1-inch f/4.5. Advertisements for that 
scope appeared in the June 1980 issue of 
this magazine. Coulter’s initial off ering 
sold for the unheard of price of $395. To 
put that into perspective, a minimally 
equipped 8-inch Schmidt-Cassegrain 
advertised in the same issue cost twice as 
much. Big aperture at a low price — who 
could resist? In the long run, few did.

Coulter transformed the rough-and-
ready Dobsonian into a rough-and-ready 
mass-marketed item. The company also 
changed the design in an important way. 
It was Coulter, not Dobson, who estab-
lished the f/4.5 Newtonian as the stan-
dard Dobsonian confi guration. It was so 
successful that even today many ATMs 
feel that, along with Tefl on-and-Formica 
bearings, short-focus mirrors are one of 
the Dobsonian’s defi ning characteristics.

For many telescope makers newly caught up in 
the Dobsonian revolution, this 36-page publica-
tion from 1980 served as a manifesto. Inside 
were detailed plans for building Dobsonian 
telescopes, reprinted from Richard Berry’s now-
defunct magazine Telescope Making.

Listing the ways the Dobsonian 
telescope has revolutionized telescope 
making could fi ll the chapter of a book. 
The design has become the most popular 
style of telescope for today’s home build-
ers. But it’s also no exaggeration to say 
that the Dobsonian has altered amateur 
astronomy in the most fundamental way 
possible — by changing what we view 
with our telescopes. The availability of 
large apertures at aff ordable prices allows 
us to look beyond the solar system and 
peer into the deep sky as never before. In 
a way, there’s poetic justice to this. After 
all, John Dobson’s initial motivation for 
building big telescopes was to show you, 
me, and everyone else the universe beyond 
the astronomical backyard that Galileo 
explored with his telescope. And for that, I 
say thanks John! ✦

Contributing editor Gary Seronik builds 
Dobsonians and observes the night sky at his 
home in Victoria, British Columbia.
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Shoot Great Moon Photos

owner heads for 
the Moon. After all, it’s the brightest object in the night 
sky, and it’s visible throughout the year. So you’d think 
taking great close-up photographs of craters, mountains, 
and maria would be pretty easy. If only that were so! 
Capturing high-resolution views of the lunar surface can 
be more diffi  cult than imaging the planets, because of 
the sheer size of the target. Fortunately, the free software 
program AviStack (www.avistack.de) can help you take 
incredible Moon images.

Besides the usual variables of our atmosphere, the 
biggest challenge when shooting lunar close-ups is the 
wealth of detail visible throughout your imaging area. 
Unlike the planets, which all appear smaller than 1 arc-

A powerful freeware program takes 

your lunar images to the next level.

Every new telescope

sean walker

Lunar LandscapesLunar Landscapes
withwithAviStack

Taking high-resolution pictures of the lunar surface is easier 
than ever if you use AviStack (www.avistack.de). This free soft-
ware package by Michael Theusner sorts and stacks a variety 
of video and image fi les. This mosaic of the prominent crater 
Endymion was recorded by the author with a Celestron C14 and 
Imaging Source DMK21AU04.AS video camera. Each 3,000-
frame video clip was processed using AviStack, and the fi nal 
results were stitched together in Adobe Photoshop.

All Moon photos are courtesy of the author.
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minute across, the Moon can easily fi ll the entire fi eld of 
view of your telescope and camera. This means that if you 
choose to stack images using a single registration point 
for alignment, features progressively farther from that 
point will be blurred due to the constant churning of our 
atmosphere. Michael Theusner’s AviStack is designed to 
sort groups of images and stack only the sharpest areas 
from each individual frame. It runs on both Mac and 
Windows operating systems. AviStack utilizes a technique 
known as multi-point alignment. It “monitors” many 
separate points throughout your image; mismatches from 
frame to frame are warped into place based upon the 
initial alignment points chosen.

Stacking with AviStack
AviStack allows you to work with a series of images saved 
in a variety of formats, such as BMP, FITS, JPEG, PNG, 
and TIF, as well as AVI, MPEG, and MOV video clips. You 
start by bringing your images into the program using the 
File pull-down menu at the top left of the screen. Once 
you’ve selected your series, click the Set Alignment Points 
button. This opens a preview window that allows you 
to select the sharpest frame of your image series. Sim-
ply scroll through your frames and choose two distinct 
details near opposite edges of the picture to use as align-
ment points; if you’re using a PC, the left mouse button 
activates the fi rst point, and the right selects the second. 
You can increase or decrease the size of the alignment 
points using the various sliders on the left side of the win-
dow to encompass the feature you’ve chosen, or smooth 
the region to avoid locking on to random noise. 

When you’re content with your selection, click Apply. 
As each step is completed, the next step becomes active 
along the left side of the main window. When you click 
the Align Frames button, AviStack examines each frame 
of your series and measures its quality, as well as any shift 

between them to generate an average frame that your 
fi nal stack will be warped to fi t. 

Once this action is completed, a new window pops up 
with three graphs that display the deviation of your two 
alignment points throughout your images. The top graph 
allows you to reject the worst off enders by pulling down 
a slider located at the left of the graph. As you pull the 
slider down, note the decreasing total frames to stack, 
as shown in parentheses at the top of the screen. When 
you’re ready to move on, click the Apply button at top. The 
program then quickly generates your average frame and 
allows you to proceed to the next step.

If you shot the lunar terminator and your image 
contains a large area of black shadows, or there are some 
overexposed areas, you don’t want AviStack to generate 
alignment points in these regions. Move the next two 

After importing your images or video into AviStack, the fi rst order of business 
is to choose two alignment points. Be sure to choose distinct features located 
far from each other to ensure good results across your entire image.

After the program has run through your images, it produces three graphs that detail how much your two registration points bounced 
around during your capture sequence. The graph above allows you to reject the worst frames by pulling down the slider at the left.
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sliders at the left to adjust the Lower and Upper Cutoff s to 
exclude these regions. Below these are another series of 
sliders that adjust the settings for the mass generation of 
reference points in the image. The fi rst, Smoothing Fac-
tor, blurs the image slightly to prevent the program from 
choosing noise as genuine reference points. If your image 
series is properly exposed and relatively sharp, lower-
ing the smoothing factor will let AviStack choose more 
reference points. Increasing the smoothing factor does 
the opposite. I tend to use a low smoothing factor, and 
keep the default settings for Minimum Distance, Search 
Radius, and Correlation Radius. 

The last slider in this step, Frame Extension, will limit 
reference points placed near the edge of the image frame. 
I increase this number to the maximum (96) so that as 
much area as possible in my images are aligned. Click the 
Set R Points button, and AviStack will generate your refer-
ence points. Depending on your settings and pixel dimen-
sions of the image, this can be hundreds or even thousands 
of reference points. You can change any of the sliders and 
generate a new reference map by clicking the Set R Points 
again until you’re satisfi ed with your selections.

Next, AviStack measures the quality of your reference 
point selections and allows you to limit the amount of 
frames stacked in the fi nal image. Move the Quality Area 
Size slider to again vary the 
size you want the program 
to examine on your frames. 
Below that is your fi nal 
Quality Cutoff  adjustment 
slider. As you move this 
slider, monitor the number 
of frames to stack at the top 
of the screen in parenthe-
ses. When you click the Cal-
culate Quality button, the 
program again examines 
your selections, and then 
allows you to move on to the 
fi nal alignment stage.

At this point, you can 
click the Align Reference 
Points button. Once you 
do this, AviStack examines 
every reference point on 
each image, and rejects any 
that deviate from your chosen parameters. This can take a 
long time. I shoot with an Imaging Source DMK21AU04.
AS video camera, and I usually record 3,000 frames in 
each video clip, and stack about 500 of them. My 2.1-giga-
hertz laptop with a dual-core processor takes roughly 45 
minutes to complete this step. Fortunately, you can run 
the program in the background and continue other tasks 
until the work is complete.

When alignment is completed, you can initiate the 
fi nal stacking. If your image is part of a larger mosaic, I 
advise selecting the Crop button so that the outer area that    
AviStack couldn’t align is excluded from your fi nal image. 
This avoids having mismatched overlap between mosaic 
panels. Now you can click the Stack Frames button and 

Once you’ve set any cutoff s and adjusted the reference-point 
parameters, AviStack will automatically generate hundreds of ref-
erence points in your image. The author fi nds that more reference 
points are useful when observing conditions were above average. 
AviStack can generate tens of thousands of reference points on 
large fi les; this is especially useful when stacking DSLR images.

Perhaps the most fun you’ll have using AviStack is watching your 
fi nal image rapidly come together like a puzzle built from hun-
dreds of carefully chosen polygonal pieces.

For lunar imaging, the 
author found that AviStack 
produced better results than 
RegiStax. However, when he 
tried stacking videos taken 
through thin clouds, the 
resulting AviStack image was 
riddled with mismatched 
bright and dark areas.
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watch the magic as your fi nal image builds up from hun-
dreds of tiny polygon regions; it’s interesting to observe. 
When stacking is done, save your image as either a TIF or 
FIT fi le before continuing on to Wavelet sharpening. This 
way you can have a “raw” stack available for future process-
ing experiments, rather than redoing the entire process.

Additional Sharpening
Once you have your fi nal stacked image, you can move 
on to the additional Wavelet sharpening options by Joe 
Zawodny at the bottom left of your screen. Although 
AviStack developer Michael Theusner tempers your 
expectations about how well these work by calling them 
experimental, I fi nd they function just as well as other 
routines for sharpening planetary images. I tend to only 
use the Layer 1 Sigma and Amplitude sliders to avoid 
creating sharpening artifacts, but you may want to experi-
ment to fi nd the optimum settings for your images.

So how does AviStack compare to other software for 
planetary image processing? In most cases, I fi nd my 
results superior to those produced using RegiStax (www
.astronomie.be/registax), but when I image through vari-
able haze or clouds, AviStack will create an image with 
regions of mismatched brightness levels. In those condi-
tions, RegiStax is a better choice. And although AviStack
also works on planet images, RegiStax always produces 
a better result for me. I suggest having both programs 
available in your image-processing arsenal. Both are pow-
erful programs that complement each other nicely, rather 
than compete. And it’s tough to beat their prices! ✦

S&T imaging editor Sean Walker shoots the Sun, Moon, 
and planets from Manchester, N.H. Visit http://masil-astro- 
imaging.netfi rms.com/home.html to see some of his work.

Once you’ve saved your stacked image, you can sharpen the 
results using the Wavelet Sharpening tools. These appear to 
function similar to those found in other programs. There’s also a 
Levels adjustment tab in case you need to brighten your image.
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Sean Walker
Gallery

▴ STARBIRTH IN IC 1396
Larry Van Vleet
The stellar nursery IC 1396 in Cepheus 
reveals a delicate interplay of gas clouds in 
this false-color image.
Details: Takahashi BRC-250 Ritchey-Chré-
tien astrograph with FLI Proline PL16803 
CCD camera. Total exposure was 13½   hours 
through Astrodon narrowband fi lters.

◀ FIRST ROCK FROM THE SUN
John Boudreau
Mercury reveals subtle albedo features in 
this high-resolution image captured on the 
morning of October 2, 2009.
Details: Celestron C11 Schmidt-Cassegrain 
telescope with Imaging Source DMK21AU04
.AS video camera. Stack of multiple frames 
recorded through a Baader infrared-pass fi lter.
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▴ MARS APPROACHES
Damian Peach
As Earth neared Mars during 
late 2009, familiar features 
such as dark Mare Cimmerium 
in the south (top) became vis-
ible through small telescopes. 
Recent dust storms have 
uncovered the dark feature at 
the bottom-right known as the 
Hyblaeus Extension. 
Details: Celestron C14 Schmidt-
Cassegrain telescope and Lumen-
era SKYnyx 2-0 video camera. 

◀  TWILIGHT MOONSET
Tunç Tezel
A young Moon shares the 
evening sky with Mercury and 
Saturn over Uluabat Lake near 
Bursa, Turkey, last August 
22nd.
Details: Canon EOS 5D DSLR 
camera with 100-to-400-mm 
zoom lens.

◀  TITICACA NIGHT
John Fisanotti
The southern Milky Way, 
including the pinkish Eta 
Carinae Nebula, emerge from 
twilight over the shores of Lake 
Titicaca, which borders the 
countries of Bolivia and Peru.
Details: Nikon D300 DSLR 
camera with 14-mm Nikkor lens 
at f/2.8. Total exposure was 30 
seconds at ISO 640. ✦

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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astronomical products

Market
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WeatherAlert
Weather Monitor

Visit us at www.fostersystems.com

•Rain/Snow alert 
•Cloudy/Clear sky alert
•Dewing alert
•Wind Speed alert
•USB and ASCOM compliant

Configurable
From $299

Foster Systems
Serving astronomers and observatories worldwide

New!

Custom Parts for Astronomy

We Make Your Part!

305 253-5707

info@preciseparts.com

Custom astronomy parts machined to YOUR

specifications. One-of-a-kind adapters and accessories

in aluminum, brass, titanium, stainless steel.

Try our free Cost Estimator at www.preciseparts.com$49

1

9
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ScopeStuff
Telescope Accessories & Hardware

Featuring Items From:
TeleGizmos Covers • Astrozap Dew Shields 

Dew-Not Dew Heaters • Peterson Engineering 
Antares • Telrad • Rigel Systems • Sky Spot

Starbound Chairs • Smart Astronomy
David Chandler • Lightwedge • Baader
ScopeStuff Piggyback & Balance Kits
Rings, Rails, Dovetails, Cables, ATM,

Eyepieces, Filters, Diagonals, Adapters
Green Lasers • And Much More!

www.ScopeStuff.com   512-259-9778

734-665-3575

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

Wide-Field Konigs
Mirror Cells & Spiders 

Online Store 
www.universityoptics.com

50

8

9

j GET-A-GRIP™ Ergonomic
    handles make your big Meade feel 
    many pounds lighter. $72.99/pair
k EYEOPENER® Increase light 
    reaching your pupil by up to 65% 
    while eliminating vignetting. 
    10"-14" scopes. $74.99
l 2" TUBE ADAPTER (not shown) shortens optical train 
    by eliminating the microfocuser. $49.99
m EZ FOCUS™KIT Precision bearings virtually eliminate   
    focuser backlash. All Meade 7"-12" scopes. $29.99
n MOUNTING ASSISTANT™ Greatly simpli es LX400/
    200/90 mounting. Compact & non-intrusive. $79.99
o BUCK’S GEARS™ Optimize tracking performance,   
    adjusting drives while replacing plastic RA & DEC 
    gears with precision steel gears. 7"-12" LX200 GPS &
    R scopes $107.99. 14" LX200 GPS & R $127.99
    BUCK’S DRIVE TUNE-UP Tools, parts & directions to   
    achieve Buck’s Gears precision on Meade 7"-12" LX200  
    & 400 already equipped with precision metal gears. $42.99
p EZ CLUTCH™KIT Lightly tightening DEC clutch knob  
    locks the most unbalanced LX400/200/90 $29.99
q EZ BALANCE™ 3.3# on-axis counterweight for nose-
    heavy 10"-14" LX400/200/90 scopes. $41.99
r TRIPOD SHRINK KIT shortens giant eld tripod. $52.99
s AZ ARM BIAS WEIGHT for precise imaging. $19.99

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

EZ BINOC MOUNT KIT
5-axis outdoor mount handles 
all size binocs. View standing, 
sitting or reclining. 10 sec setup. 
Kit contains all parts requiring 
machining, welding, drilling, 
tapping plus special parts. You 
supply inexpensive pipe sections 
readily available locally.  $99.99

     Are you
PETERSON 
  EQUIPPED?

s

SEE MORE NEW STUFF AT OUR WEBSITE

With Hubble 5-star 

Artificial Star(s) 

telescopes are truly easy 
to test and collimate!

www.hubbleoptics.com

SHIPPED
WORLDWIDE$29.95

StarGPS
"Plug & Play" GPS for Vixen Starbook,
AP-GTO, Meade, Celestron, Gemini

www.stargps.ca
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D R I V E S / M O U N T S

North Star Systems
300 Cannon Corners Rd., 
Mooers Forks, NY 12959  |  Ph: 518-594-7369  |  E: peters.0@netzero.com
http://supernorthstars.tripod.com/index.html

For more details – visit our 
website, or call.

DOB-TRACKER™        Track celestial objects with the Dob-Tracker 
clock drive – motorized platform mount for Dobsonian Telescopes.

C A M E R A S

O P T I C S

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

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

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

O B S E R V A T O R I E S / D O M E S

Hate to Rotate?
Discover why our clamshell
domes are simply the best
solution. (7ft to 20ft Diameter)

Hate to Rotate?
Discover why our clamshell
domes are simply the best
solution. (7ft to 20ft Diameter)

949.215.3777
www.ASTROHAVEN.com
domesales@astrohaven.com

949.215.3777
www.ASTROHAVEN.com
domesales@astrohaven.com

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

Moon Atlas Software

www.ASTROHAWK.com
We set the standard for Innovation in Lunar Astronomy.™

with Hi-Resolution Photographic Realism!

• Day-by-day lunar phases and guide
• ScopeView™ 360°: Moon as seen with
   any eyepiece, any telescope, any time!
• Search on thousands of features
• Pronounces the features for you!
• Perfect for use at the telescope

STARCHILD

PlainViewPress.net or Amazon.com

A literary exploration of astronomy, by longtime 
Sky & Telescope and Astronomy essayist Don Lago.

The Human Meanings of 
the Big Bang Cosmos

ORDER ONLINE TODAY!
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T E L E S C O P E S

T E L E S C O P E S

www.SkyandTelescope.com

Visit Us Online!
• View the latest news in Astronomy
• Shop our online store for your favorite 
  Astronomy products!
• Get the latest news and advice on 
  new products
• Browse our photo gallery...and much more!

http://www.skyandtelescope.com/

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

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

Free instruction at night with every telescope purchase.

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

The Most Complete
Telescope Store

in Texas

17390 Preston Rd. #370
ic Ligh Ca be .)

M I S C E L L A N E O U S

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

T E L E S C O P E S

866-726-7371 | HandsonOptics.com

Exclusive dealer for Astrotelescopes

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

KHAN SCOPE CENTER
Our 23rd Year

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

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

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

astigmatism across a 52mm fi eld.

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

www.planewave.com

 Please send your new address 
along with your mailing label or 
old address to:  

 Are you 
         Moving?

Sky Publishing
PO Box 420235-0235, 
Palm Coast, FL 32142

Sky Publishing

PO Box 420235-0235 

Palm Coast, FL 32142

P. Smith

246 Eighth Street

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

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; 574-291-1121.

WANTED: No-longer-used telescopes, parts, and 
accessories. Contact Gary Hand, 26437 Ridge Rd., 
Damascus, MD 20872. Phone: 301-482-0000.

FOR RENT: Beautiful new, fully furnished 3BR/2BA 
adobe home in Jack Newton’s Arizona Sky Village (www.
arizonaskyvillage.com). Observe under the darkest, 
clearest, most transparent skies in the Lower 48! Contact 
ikitzman@yahoo.com, 520-306-0860, www.arizona-
dreaming.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.

EINSTEIN THEORY EXPLAINED to show the Hubble 
Universe Expansion is a natural relativistic effect. See: 
www.olduniverse.com.

JAMES SHORT & ALVAN CLARK telescopes wanted. 
Will pay top dollar. Don Yeier, 607-659-7000 (New York), 
yeierco@ frontiernet.net.

COSTA RICA PROPERTY: Astronomers’ delight. Dark-
sky view estate lots and panoramic ocean view lots for sale 
in a secluded gated community in the coastal mountains of 
Guanacaste in the sunny Pacific Northwest. Cielo Grande 
Observatory Estates is offering to reimburse travel costs to 
purchasers of the remaining lots (limited amount). See lot 
sizes, location, and pricing at www.cielograndevistas.com 
or e-mail rrush@racsa.co.cr for more information.

TOTALITY 
            July 11, 2010

Polynesian Cruise

Eclipse Tours

Easter Island

  Cook Islands

TravelQuestTours.com
Toll free: 800 830 1998

3

Cosmic 
Trails

December 13th…23rd, 2010

Southern Caribbean 
& The Panama Canal
During Our Trip: 
Geminid Meteor Shower
and TOTAL LUNAR ECLIPSE

W W W. I N S I G H TCR U I SES . C O M /SK Y

CST# 2065380-40

Advertise in the Marketplace of S&T!

MAY 2010 ISSUE

Ad Space Close: February 1st

Ad Material Close: February 10th

CONTACT LESTER STOCKMAN AT
PHONE: 617.758.0253   FAX: 617.864.6117

O R G A N I Z A T I O N S

1
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Focal Point Dara J. Norman

Expanding Diversity in 
Professional Astronomy
We•ll need broader ethnic representation to continue the rapid pace of discovery.

project management, as well as 
astronomy and physics. Thus, 
in order to achieve any of our 
priority scienti“ c objectives, 
we must pay attention to the recruitment 
and training of the next generation of 
scientists and engineers.

Unfortunately, while the astronomy 
enterprise increasingly needs quality pro-
fessionals in a variety of science, technol-
ogy, engineering, and math (STEM) “ elds, 

the numbers of U.S. students pur-
suing careers in these disciplines 
has been steadily decreasing. Only 

about ��% of U.S. college students 
major in any STEM “ eld. These num-
bers are projected to worsen over the 
next decade unless something is done 
to reverse the trend.

The overall demographics of the 
U.S. workforce are also changing. 

Ethnic groups that have been tradition-
ally underrepresented in science, and 
especially in astronomy, are the same 
groups whose populations are growing 
fastest. Current education gaps among 
these people will exacerbate the problems 
already recognized.

So what do we need to do to increase 
the numbers of minorities participating 
in astronomy? Quite simply, we need to 
create opportunities for ethnic minorities 
to excel in astronomy. For example, the 
number of quali“ ed minority engineers 
and computer scientists is vastly larger 
than the number of minority astronomers. 
Involving these professionals and students 
in the larger astronomy enterprise is one 
way to increase participation on relatively 
short timescales. But in the long run, we 
need to: a) directly engage the minority 
public, b) actively encourage the pursuit 
of STEM careers among these students, 
c) mentor students through astronomy 
career paths, d) recognize knowledge gaps 
in otherwise promising students and 
rectify them, and e) continue active men-
toring of early career scientists after they 
receive a Ph.D.

Does the will exist to broaden diversity 
among the ranks of professional astrono-
mers? For the sake of scienti“ c discovery, 
let•s hope so! �

Dara J. Norman is an astronomer at the 
National Optical Astronomy Observatory 
in Tucson, Arizona. Her research interests 
include active galactic nuclei and their envi-
ronments, and galaxy evolution. 

O	� 

 ' � '
 � � �� '<��
�� 	 � � �� �
for the “ eld of U.S. astronomy over the 
next �� years and beyond is to promote 
and achieve racial and ethnic diversity 
within the ranks of the profession. While 
the number of women receiving Ph.D.s 
in astronomy has signi“ cantly increased 
over the last two decades, the number of 
minority students receiving Ph.D.s has 
been basically ” at, at about � to �% of all 
astronomy Ph.D.s in any given year.

Why is greater ethnic diversity in the 
profession of critical importance? Quite 
simply, astronomers need to secure a 
diverse workforce in the “ eld in order to 
insure that the best scienti“ c research is 
accomplished. 

Intelligence is a quality not monopo-
lized by any one group. The ability, 
drive, and interest required to succeed 
in astronomy is distributed among the 
population without regard to race, gender, 
or socioeconomic background. By not 
actively promoting diversity, astronomers 
risk losing talented people to other profes-
sions and “ elds, which means that there 
will be astronomical discoveries that will 
take longer to realize or that simply won•t 
get made.  

The •astronomy enter-
priseŽ is expanding beyond 
traditionally boundaries. The 
top-priority scienti“ c goals over 
the last �� years have required the 
work, creativity, and expertise of 
professionals with experience 
in engineering, computer sci-
ence, instrument building, and 
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