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Ethos (¢'thos) n. 1. the fundamental

character or spirit of a culture, 2. the

quality of a work of art that pro-

duces a high moral impression,
noble and universal.
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— Webster College Dictionary
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LX90 GPS
5"'7-"“'*'].'f S50 Let's get serious. You're not just loaking for a telescope. You're looking for an instrument with features that will meet your
: damanding standards, At Meade, we understand that. We've spent over 30 years developing advanced telecope systems
Starting at for serious stargazers. ) W

$1999

With our LX90GPS — the affordable answer for the serious amatewr astronomer not wiling to compromise — you'l find
the brightest. sharpest images avadable in a Schmidt-Cassegrain telescope

LT OORT = R RE M E

Bath the LX200R — the ultimate all-purpose scope for visual observing, imaging or research — and RCX400 — designed
for the committed astrophotographer — come equipped with Advanced Ritchey-Chretien (ARC) optics. ARC optics provide
a coma-free field giving you an unprecedented view in terms of color, contrast and image quality from edge to edge.

TELESCOMES CON & BO0OSEA0%0

S TIOMOMBCE » B0, 56 80605

ORI ML Sty Combined with Meade's advanced electronic technologies, you have the most sophisticated telescopes available, offered
SKIES UNLIMITED » B8R 947 1671 for tans of thousands of dollars less than comparable scopes. And all of these come equipped with the Autostar handbeo,
OFTICS PLANET » 8004045897 with a database of up to 180,000" objects.

B& H PHOT = BD0LIS0E
So if you're looking to capture the big picture. don't accept small-time stuff. As Dr. Clay Sherrod says, “These revolutionary

| CANADL Meade telescopes make it possible for amateur astronomers to do what only the protessionals could do in years past.”

KHAM SCOPE » 005807 W0
For more information about the entire family of Meade telescopes, visit www.meade.com,
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CHIRON — son of CHRONOS

IefIrry

HYHRID

Fo ANE TR

Please welcome CHIRON, the newest member of the GOTO family of
planetariums, and contact us if we can answer questions about how to
include a CHIRON HYBRID Planetarium™ in your planning.

To learn more, contact:

GOTOD INC GOTO LIAISDON

4-16 Yazakicho, Fuchu-shi, Tokyo 348 |limano St Kailua, HI 86734
183-8530 J Toll-Free from USA: 888-B47-5800
Tel: +81-42-362-5312 International: B08-254-1898

Fax +81-42-361-9571 FAX: B08-254-1502

E-Mail info2@goto co.jp E-Mail: gotousaearthlink net

URL: hitp/iwww golo co jp Contact. Ken Miller

& GOT0

According to Greek mythology, CHIRON was
a Centaur - half man and half horse - a true
hybrid! CHIRON was the son of CHRONOS,
and is legendary for his wisdom, his ability to
teach, and in the end - his immortality in the
shape of the southem constellabion Sagittarius.
GOTO INC is now proud to announce that we
have now named our newest projector, the
CHIRON HYBRID Planetarium ™!

CHIRON truly is the son of CHRONOS, the
landmark planetarium projector created from
user input, and which revolutionized the industry
over the past § years. It shares the exact same
control console and System as the CHRONOS
HYBRID, including all of the ergonomically
designed features allowing ultimate ease of Use,

CHIRON is GOTO's first projector built from
the ground up to be a HYBRID: That means
we designed in the excellence and beautiful
sky of our finest oplo-mechanical starfield
projectors. But italso means that we designed
QUT all projectiens'which could be done well by
the synehronized digital video system. The end
result is lower cost, smaller size, and unequaled
performance in 15-30 meter domes.

This CHIRON will teach the sky better than
any planetarium projection system ever made.
Featuring from 15,000 to more than 1,000,000
stars - at the owner's request - it can reproduce
the night sky with exquisite subtiety and fidelity -
far better than any video-only system on earth.

And will this CHIRON be immortal and live
forever? Well.... no. But it will serve several
decades, far outliving even the most optimistic
lifetimes of today's video-only systems.

VIR
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Spectrum 26
No Laughing Matter
By Richard Tresch Fienbe rg

Letters
On the Web
Skyscape

Short-Lived Sunspot
Image by Jerry Lodriguss
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News Notes
Mission Update
H].'_f.c:-n[:h:mu Mic Dhowell
50 & 25 Years Ago 4
By Leif |. Robinson 3=

The Great Mars
Chase of 1907

A century ago astronomer
Percival Lowell came closer than
he ever would in making his case
that the Red Planet was inhabited.
By William Sheehan

ared Anthony Misch
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Dark Beasts of the
Trans-Neptunian Zoo

The count of dwarf planets and
state-size icebergs out beyond
Neptune now tope 1,000, And
they don't seem to want us to
Ii!_{u_rt: them out.

By Mark Littmann

COVER STORY
Destination: Mars

Phoenix is en route to the Red
Planet, which in recent vears has
become crowded with spacecratt.
By Kristina Grifantini

S5&ET TEST REPORT

Traveling Through

the Solar System

With Software Bisque's Seeker,
the next tour of our solar system
15 departing from your nearest
computer terminal.

By foe Heafner

16

38

40

44

SET TEST REPORT:
QUICK LODKS

Atik Instruments ATK-161C

[his multipurpose CCD camera

is an entry-level imager and auto-
guider rolled into one,
By Sean Walker

Helio Pod Solar Finder
Thisz Little glzmao from FAR
Laboratories is an inexpensive
and convenient aid to aiming
your telescope at the Sun.

By Richard Tresch Fienberg

MNew Product Showcase
Books & Beyond
Astronomy Online

Exploring Earth at Night
By Stuart |, CGoldman
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47 Rambling Through the Skies Here comes your last chance to
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Do you think light pollution is funny?

EVE RY SUN DAY, 32 million US new Spaper readers enjov Parade magazine,
which features a question-and-answer column by Marilyn vos Savant, suppos-
edly the person with the world's highest 1Q. 1 usually like her writing, but her
July 29th column disappointed me. Entitled "Questions Too Funny to Answer,
it listed reader queries “so special” that she couldn't deign to tackle them,

| admit [ did laugh at the first few, which included “Does a 10-gallon hat
really hold that much?® and "Why can't Michael Jackson carry his own
umbrella?” But then | came to this one: “Where did all the stars po? In the '50s
the sky was loaded with them.”

That's not a “funny” question at alll Apparently vos Savant has never heard
of light pollution. Thanks to the profusion of poorly designed artificial lighting,
most of us see far fewer stars than we used to. Sky glow from cities and towns is
why professional observatories are built in remote locations. It's also why most

amateur astronomers have to travel far
from home to enjoy truly dark skies.
Lock at the accompanying photos.

The left-hand one shows the sky over

Toronto during 2003's widespread

power outage and reveals the Milky

Wav in all its :-[:l'.rn-.:.ul 1-u1t~.:".|;i|1_;._', that

many young people have never seen)

The right-hand photo shows the same

view after the Iilg_'nr-\ came back on one

night later. To explore the global extent
of artihcial sky glow, check out Stuart

Goldman's column on page 44,

Light pollution is not just an astron.

LA '!lll-!.llilﬂ'l'll |'Il=.J| .-.l!-u'- all eC0TI0ITiK

one, We spend billions of dollars each
year carelessly lighting the undersides
of airplanes. With light fixtures designed to direct illumination only where it's
needed, we could use lower-wattage bulbs and avoid wasting all that money

There's a long list of health and safety issues stemming from excessive out-
door lighting too. Thus it's heartening that a growing alliance of astronomers
lighting engineers environmentalists, and pi liticians is working to combat
light pollution (see Robert Gent's letter on page 10

By dismissing the k|:-:.||"l|1-:.|.‘:|i;_' stars question. vos Savant missed an oppor-
tunity to enlighten 32 million people. In contrast, The New Yorker tackled the
question head-on in a hne article 1n its August 20th issue. Sadly, though, The
New Yorker ooes to a minuscule fraction as many readers as Paradi

g s £
Editor in Chief f
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Spend a quiet evening

With ﬁ‘iendS. S e

ETX"-125 $999

LI i (5} Aperture

A few billion of them.

The Sun sets and e sky grows dark. Silence settles across the
landscape. Before long, the sky is filled with a canopy of brillant
stars. And there's no place etse you'd rather be

We know just how you feel. For over 30 years it's been our
passion fo create the finest telescopes available for the
astronomy enthusiast. The revolutionary ETX" series is just one
example. Designed to be the ideal, ultra-portable telescope, the
ETX'-90 $699 ETX marries Meade's unsurpassed oplics with industry-leading
Hhmm (3.5 | Apertere electronics to deliver a truly exceptional viewing experience

I [ 18 I,,',,:;' rutfio | i _'!"'-'-l.llllll".l

Mirkseeron-Catssegrarm
]

Meade's unmatched Maksutov-Cassegrain optics provide high
resolution and contrast for more detail and the ability to see
fainter objects than with comparable systems. Combine that
with the easiest alignment system available and the Autostar
controller, and you have simple, immediate access to over
30,000" celestial objects. ..all at the push of a button. And
with the ETX's classic styling and advanced enginnering, your
telescope is ready for a lifetime of use.

That should give you plenty of time to hang out with your friends

ETX"-80 $299

S (3.157) Aperture

f75 focal ratso (400mm)

|I|! ':-I Fag o

OFT CURP » 5001318, %48
TELESCOPES.COM » B0SL5050

ASTRONOMICS o BO0.756.6607
WKL ARSI S = 8
SRIES LS LIMITED » 388 947167 i
For more information on the ETX series of telescopes, please visit www meade.com
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* 10" Diameter, 8.5° High
¢ 1/2 Hour Assembly, No Tools Regulred
* Stores in Easy Carry Bags

JGS Enterprises, LLC Yyft

W 're Lowking Beyond ™
L T R 1540 98- 10

A JAEGERS IR, OPTICS INC.
www.ajaegers.com

Lenses, Prisms, Telescope Parts

Free catalog on the web or send 51.00 to:

EO. Box 562, Lynbrook, NY 11563
£16-872-B111 * FAX: 516-B72-8112

DEDICATED EYEPIECES

Zem edge astigmatism (refractors) to FAAS
Zero coma (mirrors) o Fid with 3 field

LerD held curvatune (any Scope) for astrophotos
Zero atmospheric dispersion to 15 Trom harbon
LLS Pat's., 50° to 80° AFOV, licensees inviled
'AUGEN OPTICS 5550 e

!Ph.'FP-.lL TIT-205-4678, Toll Free 1-877-621-0994

A Dark SKky is a
Wonder to Behold

With your help we'tan presérvé
the night and educate the
community about better lighting.

"
International

Dark-Sky

Associatian

P

520)293-3198
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TELESCOPE DEALERS

20/20 TELESCOPES * ,ﬁ,
4 & BINOCULARS

um:u

Chicago & NW Indiana’s Friendly Dealer
T0B-474-2020

www.2020telescopes.com

TELESCOPE DEALERS

SmartAstronomy.com

1.25” 19mm & Z7mm EF
(Extra Flat Field)

2 Quartr Dielectric Diagonal

2" SCT 2 Speed Crayford Focuser
888.291.6577

Anacortes Telescope

www.buytelescopes.com
800-850-2001
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AstroMart

Used Telescopes
www.astromart.com

TETON
TELESCOPE

aAPseThB. AbM, STF INTES
e Betorbeie e o | P08 alG-43

Hand made perfechon from only $1098

AFFORDABLE
SOLAR VIEWIMNG
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B47-579-0015
S+ LL8RSC - PE.com

A NEATES

HIGH PERFORMANCE
TELESCINPES & ACCESSORIES

Tel 1-877-2704225
www.antaresoptical.com
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Don Lago

Channeling the Big Bang

Before scientists even measured energy from the Big Bang,

people could watch it at home every night.

REacHING ouT to touch the microwave
oven, | thought of the hand reaching out
to Adam on the Sistine Chapel's ceiling. |
thought of the powers of creation. There
was no better symbol of nature’s creativ-
ity than seeds, popcorn in this case, for
within those specks hide the universe’s
hard-earned secrets of building order.
I touched the button and let there
be light: the seeds within began
unfolding order, though not in their
preferred organization on a cornstalk.
The zeeds banged and banged. The action
slowed, and the light went off. | opened up
the bag and felt microwave energy cooling
off, pouring out heat and odors.

| sat down and turned on the TV to
one of the channels that showed the Big
Bang, a screen full of jumping gray static.
Wow! The energy! The roiling chaos! The
heat! — no, wait: that was heat from my
popeorn. But the chaotic energy | was
seeing was unmistakably from the Big
Bang. | leaned forward to try
to discern patterns in the
frantically Hickering screen.
My eyes were dizzy from the
madness.

The energy of the Big
Bang is still flowing through
space. In fact, it makes up
maost of the radiation in the
universe, far more than that
from all the stars. As the
universe expanded, this energy
cooled, downshifted to longer
wavelengths, and finally
became microwaves. The
discovery and measure-
ment of this cosmic
microwave background

104 November 2007

SKY & TELESCOPE

radiation was one of the most important
advances of 20th-century astronomy.

Yet before scientists with ultrasensi-
tive instruments discovered this radia-
tion, people could already watch it every
night. The average television set picks up
the remnant of the Big Bang and turns it
into the static, or “snow,” that fuzzes the
screen when a set 1sn't tuned to a broad-
cast or cable channel. | stared into the Big
Bang blizzard, imagining the white dots
fying across the screen to be a snowstorm
of galaxies flying away after the Big Bang.
Look — there goes our Milky Way!

These Hashes of energy were the
actors in the frenetic show, a story more
profound than the human-made tales
on other channels. Here was a visceral
reminder of our primordial begin.
nings. I switched channels to a
drama of some sort, and even there

&

a touch of snow came through: the Big
Bang was animating human motions and
Voices.

I turned back to the Big Bang Channel
and listened to the universe speak. The
white noise was a faint echo of every-
thing's creation; it was cosmic surf rolling
onto shore after 14 billion years at sea. My
TV, serving as seashell, allowed me to
hear a deep force that reflected my own
pulse. Ancient waves rolled into my ears
and brain, thrilling me.

Almost all of the Big Bang energy flow-
ing through space causes no excitemnent
at all. A tiny portion of it falls onto planets
but doesn't agitate stones or air. Even in the
antennas built just to detect it, this energy

stirs only the tiniest of reactions.

But reaching the antenna of a
human brain it caused far greater
excitemnent than it had in billions

of years. It set off a new Big Bang of

sorts — not just mental visualizations

but an emotional resonance, a burst of
consciousness. | was a bell being rung by
the Big Bang — a school bell calling for
attendance, a fire bell calling for action,

a church bell calling for celebration.

My salty popcorn had me calling
for water. | poured H,0 into myself,
hydrogen that was born in the Big

Bang but which had now become
the celebrant of the creative power
within seeds. And it was good. #

The author of more than 50 pub-
lished essays, Don Lago lives in
Flagstaff. Arizona, where in 1912
Lowell Observatory astronomer
Vesto M. Slipher discovered the red-
shifts of the Big Bang universe.
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stronomy Made Simplel

Who says Astronomy has to be complicated?
Let a NexStar SE help you find thousands of
stars, planets galaxies and more at the touch
of a button! The new NexStar SE family
combines unprecedented ease of use with
advanced features and incredible value.
Buyer's remorse not included.

= Series features 4° Maksutov-Cassegrain, 5°, 6" and 8
schmidt-Cassegrain computerized telescopes

= Computerized hand contral with nearly 40,000 object
database and motorized allazimuth mount

= StarBright® XLT enhanced coatings for maximum light
transmission and clanity

d

= SkyAlign ™ allows you to align on any three bright
objects, for a fast and easy alignment process

= Flash upgradeable hand control; update your
lelescopes operating software via the internet

s All NexStar SE models are GPS compatible and come
standard with an ausiliary port for use with additional
ACCEsSS0Nes

= Internal battery compartment to prevent cord wrap
during use

= Includes NexRemote™ telescope control software, for
advanced control of your telescope wia computer

= “THE SKY® Planetarium software - with 10,000 cbject
database, printable sky maps & enhanced images

NexStar® SE S

Green Laser Pointer Optical Kit

= Green laser pointer is 20 to 30 tmes brighter than red
lasers. Perfect for pointing out astronomical objects in the
night sky. Also works great for lectures and presentations

* |0x50 UpClose binoculars offer a wide field of wview

making them great for astronomy, sporting events,

outdoor and nature use, and many other activities

* Red LED flashiight is ideal whnen using it under the stars
to preserve your night vision. Also good for use
hiking at night, camping, or other activities
light 15 distracting
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* Setup in seconds

*2 hours high accuracy tracking
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Driver Education

wias happily using a Celestron Mexlmage
planetary camera until an unrelated
problem crashed my PC. In the process

it recovering | upgraded to Windows
Vista, only to find that there aren't amy
Vista-compatible drivers available for the
Nexlmage yet.

If you're thinking about getting int
digital astrophotography or buying a new
camera or PC and you expect to be run
ning Windows Vista, make sure you find
ouf if Microsolt or your camera manuiac
turer supplies an appropriate driver

Alton Cowan
16 Casa Linda

Erowrsi |..!:|' -.I-.I".. -'I"Tl:'l-

Save Our Skies (and Ten Bucks)

Increasingly, stargazers are hinding their
favorite observing sites threatened by light
|‘:I-|'.|:I:--r| Often members of astronomy
clubs and societies feel powerless to slow
or stop the Spread of skyglow, One way is
to join the International Dark-Sky Associa-
fion [1DA, which works worldwide to rase
awareness about light pollution’s problems
and solutions.

Here's a special incentive to encourage
ITHOre amiafeurs (o )oln Our organiZateon
From now through November 30th, the
| DA is affering an introductory one-year
£20 membership for astronomy-club
e bers $10 off the usual rate. To
receive this discount, visit the [DA website
at www.darksky.org/support/membership
'!'.|I'.1 ot phone the 1DA's main office at 520-
293-3198

Robert L. Gent
International Dark-Sky Assaciabio
1225 North birer Avg

Tucson, AZ 85719

Write to Letbers to the Editor, Shy & Telescape,
9 Sherman 5t., Cambridge, MADZI0-3264
or send e-mail to keltersiShvandlelescope.com

Please limit your comments te 250 words

Putting the “No” in Nobel

5 1

Gabe Benoit ably dispels ane of the my ths

concerning the lack of a Nobel Prize lor
istronomy (September issue, page 12)
Mevertheless, during the first half of the
20th century, astronomers were deliber-
ately excluded from consideration for a
Mobel Prize

Mauro Dardo, in his book Nobel Lawre-
ates aind Twentieth-Centiry Ph ySICS [(Cam-
bridee University Press, 2004), notes that
the Nobel Prize for physics was not given
to an astronomer until 1967, when it was
awarded to Hans Bethe for his work on
how the Sun generates energy. According

to Dardo (page 302)

The Nabed Physics Commities’s attinsde
towards felds which they had considerad
;:|-|||-I|r-_,;_ b ;:5 veics, such 4% aironomy,
I':'r:'.u::'::n_: nepEaive tor many years
The Committee's athitude was so unvielding

that leading astrophysicists such as Arthur

Fddington, Edwin Hubbde and Henry Morms

Hizgel were persistently ignared

Tim Hunter
Tucson, AZ

FhlE tpwers.com

Moon Madness
Rick Fienberg may have gone a litthe too
far 1n asserfing that there's no correlation

between the phase of the Moon “and any

aspect of human behavior” (September

issue, page 8}, Often around new Moon,
but rarely around tull Moon, you'll hnd
people in dark places with telescopes

looking at the sky!

David Policansky
Washington, DC

dpolicaniinas.eau

For the Record

® On page 40 of the September 155ue, the
rHolas ;=_' 5 LB 55 :".l_'.:i ;£|I|||I|.'.|". [:'l|_l.i Thd e

sl i il o SR
swapped; the left-hand photo is the one thal

shows the tool after a brief rocket firing
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ASTRONOMY CAMERAS

The Next Generation
of Astronomy Cameras

For 20 years, we have been manufacturing rugged, high-gquality products in the imaging field.
Now, The Imaging Source is pleased to introduce our line of FireWire cameras to the astronomy
community.

Astronomy Camera Specifications

FireWire IEEE 1354a Robust astronomy software included
640 x 480, 1024 x 768, 1280 x 960 Color and monochrome models available
Manufactured 1o industrial standards Up to 60 fps and 60 minute exposure time

Vigit us online at

www.AstronomyCameras.com

Dealer inquiries invited-

F cheran Roach Ceiieiri o Tergoucda Creriminpher (o G il ek Dnminsgus (arick
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Small Enough to

Hide Behind a CD _

SKY

On theWeb

Shoot the Sky -

Are you ready to start r.1|:|tur|ng i N
those magnificent views you've

been seeing through vour eyepiece?
Care to try your hand at imaging the
dhusky details of Mars, the clouds of
Jupiter, or the colorful whorls of the
Crion Nebula? Our online astropho-
tography department has tons of
tips and information for you to hone
your skills. CCD cameras, webcams,
image processing — it's all there.
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ORIODM SBkyQusni
Babasanlens

The next generation of

SkyandTelescope.com|
cooled CCD Canteras. astrophotography -
True scientific performance.
Compact, refined design. B g e
heatable value for Your Personal Sky Chart anets on Pa
\_Ifl_ l-]‘ﬂ_ f L _‘utl ' h' __d] t_lt'_-t_t' : : What will the sky loak like from It's always tricky keeping up with our neighboring
professionals and serous your backyand tonight? How didil worlds — especially the ones you need a telescope
amalteur astronomers. look on your birthdate? With Sky or binoculars to see. If you want to know when
& Telescope.com's Interactive Sky each planet rises and sets, and where in the skyto
. 5 . Chart, it's easy to create your own see it, look no further than SkyandTelescope.com's
QS[ 500 Series customized map of the heavers for online almanac. Just specify your location, and
; R - any date, time, and bocation you'll find ak the information you'll need to spat
* Wide range of CCD sensors SkyandTelescope.com/ the cdestial wandaress,
= Exceptional dynamic range ' ' SkyandTelescope.com/almanac

» Measurably lower noise

« Air and liquid cooling

= [nternal color filter wheel

» MaxIm LE™ software included

« CCDSoft™ & MaxIm DL drvers
= Windows” and Linux API

Oc-cul-ta-tion (n.) W

a planet passes directly in frant of a more

hen the Maan ar

distant planet or star, Learn all those myste-
riows astro terms with our online glossary,
SkyandTelescope.comf
glossary

Join the Club!

Amateur astronormy s all about com-
munity, and you need a way to get in
touch with fellow enthusiasts. With
our handy Clubs & Organizations
finder, you can search for the near-

Now

Available Your CE‘I'ESHEI Treasures est astronomy club, planetarium,
Share your favarite astronomy pictures with the observatory, and more, We have
For Immediate world through SkyandTelescope.com's Photo nearly 3,700 worldwide entries on

Shipment!

QSimaging.com

Quantum Scientific Imaging, Inc.

Gallery. Mot an astrophotographer? Then prepare
to be blown away by the stunning vistas sent in by
your fellow enthusiasts. Eclipse images, meteors,
planets, and more are all just a few clicks away.

SkyandTelescope.com/gallery
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file. Is your club not listed? Feel free
bo submit it online, or drop us a note
to update your information,
SkyandTelescope comf
clubs
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2 Skyscape W Image by Jerry Lodriguss
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To read the full story behind this image, visit jerry Lodriguss's Digital SKY & TELESCOPE November 2007 15
Showcase at www.astropix.com.




<o~ News Notes

Monster Galaxy Mashup

Motorists slow down to rubberneck a car
wreck, and astronomers have some of the
same impulse, Colliding galaxies are fairly
COMmMman — Imr i '."_I|'-l myonster IMETFET

is under way in a distant galaxy cluster i
Urtsa Major known as CLO958+4702. Ken-
neth Rines (Harvard-Smithsenian Center

for Astrophysics) and several colleagues

recently coordinated X-ray, visib

i

light, and infrared observations

to diagnose what's going on
They found a tangle of four
galaxies as big or bigger
than our Milky Way (the
tiny white patches in the
image here) surrounded by
a haze of many billions of
gtars ':_-L'|I.'I'-.-|ZI|II1'| giected 0y Lh
melee. “What we have here is like
four sand trucks smashing together, fling-
ing sand everywhere,” says Rines. "When
the merger is complete, this will be one of

; o 5
the biggest galaxies in the universe.

Monster Galaxy Void

On really cosmic scales, the universe looks
like a spongy foam of galaxy clusters,
strings, and walls that are typically tens or
hundreds of millions of light-vears in size,
separated by emptier voids. Radio astrono-
mers have now found the largest void vet
measuring nearly a billion light-

years across, It's in (or rather
hehind) the constellation Eridanus
Rudnick, Shea

and Liliva R. Williams {University

Lawrence IrowWT,
of Minnesota) found the void while
mining through the VLA Sky Sur
VEY hundreds of thousands of
observations covering nearly the
entire sky made by the Very Large Array
radio telescope in New Mexico. They also
found a corresponding “cold spot” in the
ackground (CME)

COSMIC MICrowave

as seen by NASA's Wilkinson

radiation
"'-1:L FoWave Aris :IIII'I'. Probe (WK AP

1 T
gatellite. Topether these indicate a huge

Hubble Penetrates the Veil

For amateurs with large telescopes, the
Veil Nebula —a w ISPy SUpETNova reme-
nant — 1s one of the most-sought deep-
skv objects of autumn evenings. Huge
and full of detail, it's also one of the most
iconic astronomical images. Recently,
Huhble Space Telescope scientists assem-
bled archival data to P duce extremely
sharp color views of three small pieces

f the Veil in the light emitted by excited
atoms of oxygen, sulphur, and hydrogen
['he Veil continues to show ripply, tangled
detail in its expanding shock fronts down
to Hubble's finest resolution

3,004 1o 10,000 years atter the blast that set

SLFITIL

1
the shock wave going

Nearby Neutron Star

Meutron stars — incredibly dense balls of
nearly pure neutrons just 20 miles or so
in diameter — usually make themselves
known by the high-energy ireworks of
material crashing down
onto them from a nearby
companion star. A few
VETY YOUNE ONES are
known from the tattered
remnants of the superno
vae that gave them birth.
Until recently astrono-
mers knew of only seven
‘clean,” isolated neutron stars that are just

sitiing guiet

¥ 1N Space.
Now there's an eighth, recently identi
II-'H- Aall III I.|I.| |.

hed in Ursa Major

NASA's Swilt

inied Chandra satellites

have examined it in X-rays, but strangely,

asironomers nnd no radio energy corming

roam ib. Despibe a surface lemperature «

) * 1 - bR oy ¥ »
2.5 million degrees C, the star is 50 smal

that it showuld shine at an undetectable
3lnd magnitude, says team leader Robert
Rutledge. It's probably only 250 to 1,004
light-years away, making it one of the clos-

est neutron stars known.

A Very Puffed-Up Planet

I'he newest exoplanet found transiting the
face of its star is a weirdo. It has a diam-
eter 70% larger than Jupiter, similar to the
previous record-holder for size, but has
only (.84 Jupiter's mass. This means its
average density is just 0.2 gram per cubic
centimeter — a hith the density of water
and about that of balsa wood.

Of the 24 transiting “hot Jupiters®
discovered so far, about half are puffed up
ta larger-than-expected sizes by some kind
of internal heat source. But this one seems

almost inexplicable,

Stars that Smoke

R Coronae Borealis, easily spotted in
binoculars at 6th magnitude most of the
time, is one of the most familiar van-
able stars that amateurs keep tabs on. It's
t b ;'-"-u'_lul'. pe tor a class of vellow-white
carbon-rich supergiants that drop without

Yed [TLLITE o a tiny fraction o ':'II'I‘.' normal



brightness. What happens is that carbon

vapor leaving the star condenses into soot

so thick that it blocks up to 99.9% of the
star’s light from view
Recently astronomers used the Euro

pean Southern Observatory's Very Large

Telescope Interferometer to map two large,
infrared-emitting smoke clouds as close as

30 astronomical units from RY Sagittarii,
the second-brightest R Coronae Borealis
star in the sky. This is the
closest dusty cloud ever
detected around an R
CrB-type variable since
the first such direct
detection in 2004.

Thirty Meter
Telescope

In August the hugely ambitious Thirty
Meter Telescope Project received another
£15 million froni the Gordon and Betty
Moore Foundation, in addition to the $35
million the foundation gave previously.

The title of the world's largest single, vis-

Mission Update

Kepler Dodges Axe, Aims for Alien Earths y

NASA's planet-finding Kepler mission is back
on track for an early 2009 launch following a
brush with cancellation. The ballooning cost
of this space observatory, now exceeding
$500 milhon, led to an ultimatum by NASA's
science boss, Alan Stern, Some quick adjust-
ments and a decision to shorten the primary
mission from 4 to 3 years squeezed Kepler
back into its allotted budget.

The l-ton spacecraft will travel in a 372-day
orbit around the Sun, similar to that of the
infrared Spitzer Space Telescope. Its Schmidt
optics, with a 0.95-meter (37-inch) aperture,
will rank as the largest telescope ever placed
beyond Earth orbit, beating
Mars Reconnaissance Orbit-
er's O.5-meter HIRISE camera
and the 0.35-meter reflector
aboard Spitzer.

Kepler will spand all its time
staring at a single field at the
border of Cygnus and Lyra,
along our galary's Ovion spi-
ral arm, monitoring 100,000
stars. In each star it will mea-
sure brightness changes of less

Jonathan McDowell }‘Qf

mission is designed to find | hundred
terrestrial planets with orbital periods of up
to a year, which would put them in the “habit-
able zone™ around their stars.

Kepler has a huge field of view — 105 square
degrees — and a 95-megapixel camera that
will track stars as faint as 15th magnitude, An
onboard computer will analyze the images,
create light curves for the stars of interest,
and send only that data to the ground. This
greatly reduces the time needed to talk to
Earth, but it alss means that the telescope
can't observe serendipitous new objects even
if they appear smack in its field of view,

ible-light telescope will soon pass from the
10-meter Kecks in Hawaii to the 10.4-meter
SF:njﬁh CranTeCan (see last month's 15sue,
page 18). But the TMT will seize the title in

than one part in 10,000, the
degree of sensitivity needed
to reveal any Earth-size plan-
ets transiting across the stars’

a huge way. Its primary optic will consist
of 492 individually controlled hexagonal
segments combining into a single mirror

30 meters (100 feet) wide. A six-laser guide

star adaptive optics system will be built
right in. Site selection is scheduled for
next May; locations in Chile, Hawaii, and
Mexico are on the short list. Plans call for

the telescope to begin operations in 2016,

faces. Ground-based telescopes
have been very successful at
finding Jupiter-class transiting
planets, but smallér worlds
require observing from above
the atmosphere,

Fewer than 1% of Earth-size
planets in Earth-size orbits
around Sun-like stars will actu-
ally transit their stars from our
viewpoint. So the telescope must manitor a
lot of stars to find such planets even if they
are common. Besides Sun-like G-type stars,
Kepler will also watch many K- and M-class
orange and red dwarfs. Early next decade, we
may finally know how common other Earths
are in the galaxy

Astronomers are already compiling a
catalog of target stars, using the 1.2-meter
telescope on Mount Hopkins in Arizona to
estimate their distances and sizes and to
eliminate unworthy giants and variables. The

The Kepler spacecraft will stare at this field between Vega
and the western wing of Cygnus, monitoring the light from
100,000 stars to find any small planets transiting them.
Boxes show the coverage of the camera's CCD chips.

e

This limitation doesn't worry the Kepler
team, which will likely be swamped with
data. In addition to planets, the precise light
cufves should reveal tiny seismic oscillations
in the target stars, a means of probing their
interiors. 4

Jonathan McDowell an astronomer at the
Harvard-Smithsomian Center for Astrophysics
reports on all manner of spacecraft activity at
www.planei4589.0rg.
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I MNews Notes

Risky Meteorite Recovery

On July 6th the sky tell over western
Colombia, when a massive bolide broke
apart in the lower atmosphere with fero.
cious explosions that shattered windows
and shook the ground. Moments later,
stones pelted homes in the poor barrios

| surrounding the city of Cali. Meteorite
hunters Michael Farmer and Robert Ward
flew there from Arizona and teamed up

| with local amateur astronomers to recover

some of the fragments. After several

days, they had located and purchased only

about 10 ounces (270 grams) from barrio

residents. An attempted armed robbery

convinced them to leave. Farmer estimates

that the Cali event must have dropped

Many maonre I'-f.'Jf_-"'I']'I-I;'r'I‘I:‘i. lI'!lI]r :'h o |;Jr'll'_if_’l'_| 'if'l
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The Age of Orion's Core “The compact clus-

ter of faint stars surrounding the Trapezium,
in the heart of the Orion nebula, is growing
in size . . . according to the work of K. A,
Strand. . . . This expansion indicates a com-
mon arigin for the cluster stars only 300,000
years ago. . . .

*Strand's findings illustrate the impor-
tance of positional observations of the stars
over long intervals. He made measure-
ments of recent Orion photographs . . . and
compared them with similar plates taken 50
years earlier. . . "

Strand’s age still holds up. The Trapezium,
spanning a region some 3 light-years across,
consists of younger members of the Orion
Nebula Cluster, which contains about 2,000
stars bunched within about 20 light-years.

Sputnik Details “The artificial-satellite age
began on October 4, 1957 when a Russian
test vehicle started to circle the earth 15
times a day. .

“In Sowviet Apigtion, Prof ¥ A. Pobedon
ostsev stated that the three-stage launching
rocket attained a speed of about 4,500 miles
per hour in the first twoe minutes. When the
first stage dropped away, the vehicle was
maoving upward at a 45-degree angle. At
second-stage burnout, the speed was nearly
12,000 miles an hour Unpowered FI.-E.hT
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dense cane helds and will probably never
be found.

Even though the recovered stones
turned out to be a rather common type of
chondritic (rocky) meteorite, thev're now
f-.-t-;hiui: thousands of dollars per gram on

the collectors” market.

Lot e R .
j%f {'é{; ~ Leif J. Robinson

lasted until horizontal motion was achieved
about 625 miles from the launching site; then
the third-stage motor took over to boost the
speed to approximatefy 18,000 miles per hour
before ejection of the artificial moonlet.”

November 1982

Unmasking Galactic Nuclei “X-rays from the
Type | Seyfert galaxy NGC 6814 recently have
been observed to vary on a time scale of 100
seconds. The finding is important, for it sets
an upper limit to the size of the emitting
region at a few light minutes, .

“If thee ‘engine’ is a black hole acereting
matter, its diameter must be less than the
light-travel time across its Schwarzschild
radius. . .. Such a black hole cannot have a
mass of more than 10 million Suns.”

Black holes have become the caronical
explomation for active galactic muclei, such as
occur in Seyferts

Enceladus:
Geysers Without Water?

You don't need liquid water to explain
the sprays of ice that are jetting out of
huge cracks in Saturn's moon Enceladus.
Astronomers from the University of 111i-
nois have put forth a new model in which
clathrates — frozen mixtures of water ice
and other volatile solids such as CO,_ (dry
e} — can Hy apart when exposed to the
vacuum of space due to crustal cracking.
Once the process gets slar ted, it can go on
continuously until an entire Iurgu pl_u_kﬂ
of the material is used up. This.cotild
produce long-duration geysers of gas and
snow powder without the material having
to warm to anywhere near its melting
lemperature.

Geysers Not a Cassini Threat
Planetary scientists are eagerly awaiting
Cassini's closest flyby of Enceladus next
March 12th, when the craft will swoop
within 100 km (60 miles) of the surface.
But will ice particles from the geysers

pose a threat?

Mo, says Larry Esposito (University of
Colorado), principal investigator for the
spacecraft’s Ultraviolet Imaging Spectro-
graph. Esposito describes UVIS observa-
tions that indicate the particles in the
sprays are too small to do damage. +

@ -

To read more about these stories, go
online to SkyandTelescope.com and
search for the keyword SkyTelNovOT.
To read astronomy news as it breaks,
visit SkyandTelescope.com/newshlog
every weekday,
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& "Proof" of Life on Mars?

- Chase

© T WILLIAM SHEEHAN Of
:_-__ :____:___:_,__ ﬁ_‘.=ﬁN'PHDN_Y MISCH

e mmﬁng his case that the planet was inhabited.
e =!_-E§'Fr
= et
=
- TE < AS 1907 DREW TO A CLOSE, the staid Wall Street
b _: Journal asked its readers, “What has been in your opinion
the most extraordinary event of the past twelve months?”
e For the fournal, it was not the “financial panic which
s o 15 occupying our minds to the exclusion of most other
' Tr thoughts" but rather “the proof afforded by astrenomical

observations . . . that conscious, intelligent human life
exists upon the planet Mars.”

The Red Planet had come to oppesition on July 12th
of that year, as it does every 26 months (see page 66).

But 1907's proximity was unusually favorable. Mars
approached within 38,500,000 miles of Earth — closer
than it had been at any time since 1892,

_ Percival Lowell, whom British astrophysicist |. Nor-

= man Lockyer called “the greatest authority on Mars we
% have,” had by then scrutinized the planet intensively from
Wit his Flagstaff, Arizona, observatory since 1894. Convinced
andits  ©  of Mars's habitability, Lowell was eager to add the QED

' to his argument by presenting the world with undeniable
photographic evidence of the water-bearing canals he
believed to be crisscrossing the planet's surface,

His assistant, Carl Otto Lampland, had obtained prom-
ising results in 1905, On May 1ith that year, Lowell and
Lampland believed they'd captured on film a network of
fine lines etched on the Martian surface. In his book Mars

MY LIENAEY
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and lts Canals, Lowell !'1'|]I!'I:"iI'IH1'!,' annoiinced: “Thus did
the canals at last speak for their own reality themselves.”

However, the available methods of mass reproduction
could not preserve such fine detail, and Lowell briefly con
sidered employing his friend George Russell Agassiz to
retouch the photographs to bring out linear features. But
magazine editors howled that such treatment would “spail
the autographic value of the photographs themselves.”

Ultimately, the only recourse was to obtain better
images that would “speak for themselves” even through
the coarsening processes of publication. All eyes turned
eagerly to see what would emerge from the developing
tray during the close approach of 1907,

The Southern Advantage

The planet’s declination that summer, 287 south, was
unfavorable for Northern |--||,'r|:'|1'.-:T‘:uh:~rr~J.||:~:|,'r'..'|;=r-; But
Lowell had been in regular contact with David Peck Todd,
an old friend and professor of astronomy at Amherst Col-
lege in Massachusetts. Todd had just acquired an 18-inch
Clark refractor for the school, and he proposed shipping it
via Panama for the purpose of photographing Mars from
the Southern Hemisphere, where the planet would stand
close to the zenith in the sky, Lowell endorsed the idea at
once, agreeing to pay the expenses for what came to be

PLANET HUNTING To get the best possible photographs of
bdars in 1907, Percival Lowell dispatched a team of astronomers to
Chile. There they erected this 18-inch refractor under the rain-free
skies of the Atacama Desert, taking time to enjoy their tea too.

known as the “Lowell Expedition to the Andes.”

The expedition members included Todd and his wife,
Mabel Loomis Todd; Lowell staft astronomer Earl C.
Slipher; A. G. llse, an engineer from Alvan Clark and
Sons; and Todd's student, R. G. Eaglesfield. (The Todds'
27-year-old daughter, Millicent, later joined the group in
Chile but did not participate in the observing,)

Before setting out, Todd was interviewed by the Boston
Transcript, "We are going to South America,” he said, “in
hope of getting the facts, and to obtain information on the
... 18 Mars inhabited? This
s a question my wife has often asked me, but do you know

question of the Martian canals

I've never been able to answer it? Maybe when | come back
— well, we will wait and see.”

The 7-ton telescope had to be disassembled and crated
up in Amherst, then shipped to the Chilean port city of
lquique. On May 6th, as the expedition prepared to sail
out of New York, Lowell telegraphed a last message to
Todd: “Don't forget tooth brush and telescope may be
useful.” Lowell's humorous banter attests to his euphoric
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I “Proof” of Life on Mars?

L2

MNOVEMBET 2

MEMN DBSESSED intense s rutiny of Mars convinced Percival
Lowell I'|"_|'=.| that the plans! was crisscrossed by water-hilled canals
and thus inhabited by intelligent beings. Lowell's representative
on the 1907 expedition was staff astronomer Earl C. Slipher (right)

mood. He followed up with a few lines of doggerel, which
attest to his high expectations for the adventure’s success:

All Hail!

T you about to sail —
May you il

Im our Mariian gml.'

And then to me the matter mail.

In the Canal Zone in Panama they “came near liquety-
ing with the oppressive heat,” and upon reaching Iquique
itself they worried about “tidal waves.” From there they
traveled 40 miles inland to the nitrate-mining center of
Alianza, located 4,000 feet above sea level, where they
determined to set up the refractor in the midst of the
nitrate fields. The last leg of the journey, along a sinuous
and steep spur track, was by means of a “quaint little car
a white mule, and an Indian rider.” Standing at last in the
observing compound on June 17th, Todd described the
otherworldly bleakness of the scene:

The region 15 an utter desert; the moon itzelf could ot reveal

. o =1
Frealed barrenness rol 4 tree or a Mower or 4 blade of Erass

bor miikes. mot even moss arf lichens. . . . The clustered dwell
ings of the workers in the nitrate felds . . . gave an almost
populous effect to the barren landscape with happy prom-
150 of all sorts of mechanical aid in sefting up the teles ape
Around the whole settlement stretched the solemn. broam
impressive pampa, undulating to the great mountain border
the Andes, its ;l='.||- 5 here and there smow -l..I|1|:Il.'.J leafty, and
magnificent. Here, i the midst of all this forbidding wasts

we found one of the best astronomical stations ever -|-.|||'-.l'l.|

The refractor was set up, in domeless splendor, under
the burnished desert skies. It never rained, though a

distant thunder — the rumbling of earthquakes — could

SKY & TELESCOPE
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e heard three or four times a day. Because of the south-
erly latitude, the polar axis of the telescope had to be
readjusted by means of a wedge in order to bring it into
alignment. But doing so shifted the center of gravity to a
position in which the telescope was nearly unbalanced.
o keep

- - ¥ ]
it frarn being h.li‘.-"l::'-:_! w earthauakes, the team

fastened guy wires tied to spikes driven into the ground

Canals “Starthing in Their Certainty”

Despite occasional foe and haze, most of the time the air
was sublimelv still and clear. Under these ditions. the
was sublimely still and clear. Under these condibions, the
view of the pianet high overhead was .lr':h'll"',_',t'r[ZIIIIJE' As

Ti |'\-.|'Lin lj'.'?‘-L I ||:'|."ij. | 115 [ Fat view | 'r. | i

On first looking at Mars through & large telescope from a
great elevation, as the Chilear pampa, with the sky perfectly
clear. the air steady. and a high magnifying power on the
planet close to the zenith, every observer, whether profes-
gional or [amateur], was amazed at the wealth of detailed
markings that the great reddish disk exhibited, 1ts clear-cut
lines and arcas were positively startling in theis certainty; the
splendor of that first visual glimpse in steady air can never
he forgotten Wearly everybody who went to the evepiece
gaw canals; and once | fancied | heard even the bats, as they
winged their flight down the pampa, crving, “Canali, canali,

camalil”

As exciting telegrams bepan to arrive in Flagstaff

trom the expedition, Lowell seemed to strain more in

eking out the meaning of the sometimes cryptically r:]|i].'-'-

-

TALK OF THE TOWMN Amherst |:|"'|!|:':;':-"' astronomer David Peck
1 here with his wife, Mabel Loomis Todd [seated), and
their daughter Millicent, were the toast of Boston during and after

their adventures i Chile



AT dusils | VRLI Usin LIBRAET

s DR ]

[T

l“ﬂh! Percival Lowell was counting on the
1907 expedition to confirm the Martian canals® existence, and he
dispatchd this enthusiastic telegram to Chile after seeing some of
the initial photographic results.

tical messages than the observers in the Chilean desert
did in making out the true nature of the planet's detail. At
the end of July, Lowell wrote to Todd:

Bravo! | telegraphed you and brave! | repeat. Your dispatches
cause our hair 1o stand on end and our voices to stick in our
throat. . . . Now | am looking forward to letters detailing vour
remarkable exploits as per cables conscientiously deciphered.
The last at first bush seemed a hopeless jumble but we . .
almost instantly jumped on the clue. Then we were stricken
dumb. — We ourselves had succeeded m . . . registering on
our plates several dozens of canals. . . .

The world, to judge from the English and American papers,
18 on the qui wive about the expedition. as well as about Mars.
They send me cables at their own extravagant expense and
mention vague but huge jor they won't get ‘em) sums for
exclusive magarine publication of the photographs. . . . You
must be having glorious views except for craning vour necks.
The Salis Lacus region is on at the moment and we had one
fme view the other evening disclosing eight estuaries from 1t
and other new and delicate detail.

With no cloudy nights to interrupt the observing, the
team settled into a monotonous routine. Todd recalled:
“Night after night the little automatic plate-holders went
on with their click, click, click. . . . One night was much
like another.” Slipher was the most tireless worker. Of
him it could be said. “for weeks at a time it was Mars,
Mars, unadulterated Mars.” He obtained n all 13.000

photographs of the planet.

Lowell was euphoric with the prints that began to
trickle back to Flagstaff, writing to Todd in early Septem-
ber that they were “beyond expectation fine. We have all of
us looked, admired and looked again. . . . The canal stock

has atrf-ad:.' risen in consequendce.” Lowell relished the
fact that the photographs were already causing some of
his skeptics to waver. “The results of this opposition have
waked up England considerably,” he gleefully noted.

The last observations at Alianza were made on August
1st, and once the expedition was safely home Todd and
his family returned to Amherst. Soon thereafter, he and
Lowell began to clash bitterly over the rights to reproduce
the South American photographs.

From the start, Lowell had advised Todd that he
reserved first right of publication for himself, putting
Slipher in charge of “all prints, drawings, and negatives.”
However, after Lowell and Slipher published some of the
photographs in the December issue of The Century, Todd
asserted that he had been the team'’s leader and refused
1o acknowledge Lowell's exclusive rights. The Amherst
astronomer arranged to have some of Slipher's images
published in the January 1908 Cosmopolitan, which then
had a circulation of 1 million, and rather disingenuously
identified them as “reproduced from the films taken . .
by the photographers of Professor Todd's party.”

Although Todd claimed in this rather self-congratula-
tory article that “the entire expedition was bent on get-

Mars, Mars, Mars — and an Annular Eclipse
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ALL MARS, ALL THE TIME
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ting the best possible photographs of Mars
together harmoniously to that end,” in fact serious tensions
had developed among the members of the group even ir
Alianza. It seems that Todd was chiefly at fault, and Slipher
DPT”

[odd's grandiosity and unreasonableness may have

l”-'.l I"l'\-"-{'.l |J.'.5..-C |I-..Il.| :Z..Iilih. CONversanons asoug

EEN an early sign ot a brain disease, ;'-:u!'-._-!_il'-» eriary

syphiliz, that was beginning to alect him. He began to

entertain increasingly rash ideas, such as a plan, in 1909,

to take a balloon above Earth in order to detect radio

communications trom Mars. After being eased into early

etiretnent from Amberst in 1917
contact the Martians until he was insti-

¥ |8 - - ¥
everisn eftorts to

e
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utionalized in 1922, He died in 1939
i i I
¥ 1
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117K and they were regarded as nothing less than
miracles of technique in that primitive era of planetar;
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Todd continued making

4nd prinis '-"-'lh rained eyes
stails found on them. The great
nomer Giovanni Schiaparelli, whose own
wservations had started the canal craze 30 years before
ind who now, with failing eyesight, was reduced to study-:
ing Lowell's prins

'-'-'.:II d III.I:.:'I'|'-II!._' ;:i.:.ﬁ- |.'|II'|I.IZI'.I!IL'L"..1

But aothers

himself entirelv convinced of the canals® realiry
demurred, and the hinal consensus — l.!t_"-plfi' the Wall
Street Journal's enthusiastic declamation — was that the
;'|:-.-'.- '-.!I.:;':'I'- had failed to settle the matter

Ironically, the canals’ coup de grice, in the eves of most
professional astronamers, came less than two years after
hese pioneer ing images graced the pages of The Cen-
tury and the Cosmopotitan. It was delivered not by better
brain-hand of Eugéne Michael

Antoniadl, who, thanks to periods of ultrasteady air while

photographs but by the eve

observing with the 33-inch refractor at Meudon Observa-
tory near Paris, convincingly recorded Mars's irregular

Learn more about Percival Lowell and his
astronomical legacy at woarw. lowell. edu.

tand completely natural-looking) surface details

The Lowell Obzervatory archives contain a vast corre-
spondence about Mars trom a fazcinated 1_"-'||'-:'|c |'.||:i|:1-
ng from the volume of letters received there from year
it seems that interest in Mars and the Martians
peaked 1n 197

IO vear
||'I.:' 5 '-'-l'l'-"!: | :l'-'-'l'|Z- A e CHOSET |h.||'. ]il"
ever would again to Convincing the world that the Red
Planet 15 crisscrossed with a network of canals |u=;_-r|1.|5_1
ii]: !I'-'..!'l" |.I"-"I' 1[5 POHAT TegIons 10 1S par '|:'-| deserts

a dying planet, not yet dead. 4

chiatrist and neuro-imaging
pecialist in Willmar, Minnesota; by mght he wnites for Sky &
History sleuth Tony Misch

at Lick Observatory in ( aliforiig
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<®7 Kuiper Belt Classification

The count of dwarf plan-
ets and state-size icebergs
out beyond Neptune now
tops 1,000. And they
don't seem to want us to

ICUYE LREM OUL.

wraher 2007 SKEY & TELESCOPE

ONCE UPON A TIME, like when the astsonomy books in vour library

WETE p:-.'.:.a'w'.ﬁ. written, the solar system ended with Pluto. That was then.
loday one of astronomy's richest areas of discovery is out past the
solar systemn's old limits, in the Kuiper Belt (pronounced *KY-per”) and
the even wider realms |~-':=:-‘.:i| Until 1992 the Kuiper elt was only theo-
retical. Now it's as real as its hundreds of known members.
At last count, astronomers had cataloged 1,055 trans-Neptunian

obiects {or THOs, the all-«¢ NCompa s5ing, non-judgmental term) that have

wel

-determined orbits bevond Neptune's. Most of these are likely larger
than 100 kilometers {60 miles) across. There are probably a halt million
thers |.1|5:r| than 30 km and millions of smaller ones. T'Ist':- re gIving
us all sorts of hints about the solar system’s formation — including why
the giant planets migrated to different orbits, why the Moon got its late
cratering, and how Earth got its oceans

In the September issue (page 22) 1 described a new theory of how the
Kuiper Belt and itz related structures may have formed, and what this
says about the rest of the solar system's past. Here we'll take a closer-up
look at the various species now on display in the trans-Neptunian zoo.

[hev're an odd lot, There's Eris, usun pieT Of Pluto’s title as I\CII'I:—l of the
outer spaces. Slightly bigger than Pluto, and with 2 moon of its own,
Eris currently lurks about three times Pluto's distance from the Sun,

following an orbit that's about twice as eccentric and twice as steeply



SCATTERED AND CAPTURED Phoebe, the outermost large
satellite of Saturn, was probably a typical Kuiper Belt object
before gravitational perturbations flipped it closer to the Sun and
a later interaction left it loosely bound to Saturn. It's probably
typical of what awaits farther out. In this Cassini orbiter image,
white material exposed on cliff slopes and crater walls is probably
relatively fresh ice. Mission planners were not expecting such
bright material, which is why it's overexposed. Phoebe is about
220 kilometers (140 miles) wide.

inclined to the plane of the solar system.

Then there's “Buffy” (the nickname given to object
2004 XR,, while it awaits an official name), whose entire
orbit is way out. The Kuiper Belt consists of bodies with
mean distances roughly 30 to 48 astronomical units from
the Sun — but Buffy never ventures closer to the Sun
than 51 a.u. The word “belt” implies a flattened dough-
nut. But true to its television eponym, Buffy never read
the rules. Its orbit is tilted a wacky 47° to the plane of the
solar system.

There's Sedna, perhaps weirdest of all. Its orbit is 50
big and elongated that it loops from 76 to about 900 a.u.
from the Sun. Yet its orbit is tilted less than Pluto's.

“This is a very puzzling place,” says astronomer Brett
Gladman (University of British Columbia), who with
Lynne Allen Jones discovered Buffy. “You want me to tell
what things are certain in the Kuiper Belt? That won't
take very long.” o

It's an embarrassment of riches. Scientists haven't
had so much fun classifying bizarre objects since
Alexander Humboldt set foot in South America,
venturing into a world with thousands of species
he had never seen.

Astronomers have decided that TNOs fit,
uncomfortably, into four categories. They're still
arguing about what to call those categories, and
in some cases, which bodies belong where.

1. Pluto & Company

First there are resonant Kuiper Belt objects.
These have orbits that are gravitationally linked [
to Neptune, being trapped in “resonances” with

it. The prime example is Pluto. For every two

tical and more inclined to the plane of the solar system
than those of the major planets. However, few have orbital

inclinations greater than 20°,

2. Flungabouts

Scattered disk objects have highly eccentric and often
highly inclined orbits. Although S$DOs come as close as
35 a.u. to the Sun, they're not locked in resonance with
Neptune. Even so, Neptune has a weak but repeating
influence on them when they approach perihelion, so
their orbits are slowly being warped this way and that.

A subspecies of these are the centaurs, icy objects that
spend most of their time cruising the realms between the
giant planets. Examples are Chiron and Pheolus. Centaurs
are almost certainly scattered disk objects that Neptune
tossed far enough inward that they fell under the sway of
other planets.

All the SDOs are doomed in the long run because,
sooner or later, their orbits will carry them close enough
to the giant planets to undergo more scattering. They
may last a few million years or even 100 million years in

'
times Pluto orbits the Sun, Neptune completes o
three revolutions. More than 100 other bodies are * o ey
also in a 2:3 resonance with Neptune; astronomers . ..I:.‘ﬁ ‘i . "‘p
call these ones plutinos. Other popular resonances are R T g, PO \1"-mh. . o 2 . g
4 4 4 [ _I" bt L LN AT e o - 3 .-'I L]
11 35. and 47. ® Wl '\. < 2 ll' q—;ﬁu—ln -_' " Ih :
Like Pluto, the resonant objects have orbits more ellip- k s o R - . £ 4
- - R ; " ¥ :* L B Classacal KBDs [q;pbﬂﬂﬂﬂl} ;
" o "2 :l s T ;
RICH DISARRAY This computer Iﬂip‘lhlﬂ shows the positions of Ag-S | L ® Scattered disk ohjects
known bodies in the outer solar system on August 16, 2007. Radial gaps are < 2 & Centaurs
caused by incomplete search coverage. The view is from the north ecliptic . " . B Comets
pole. The vernal equingx, in Pisces, is to the right. & Unusual ssteroads
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Trans-Neptunian:

MORE TO COME? The six largest objects currently known
Neptune are shown [with their moons) with Earth for comparison.

e

“Santa" spins in just 4 hours, so fast that it's flattened i"um;-;r

an ellipsoid. New discoveries are almost certain

to change this list. #*

§é
L5

“Santa”
2003 EL g,

their current orbits, but eventually Neptune will flip them
nearer Lranus, Saturn, and Jupiter. These planets in turn
will either fling them outward — far beyond the Kuiper
Belt and into the Oort Cloud, or out of the solar system
entirely — or closer sunward, where they will evaporate as
short-period comets, get lung outward again, or, occa-
sionally, hit a planet

3. The Primordials?

Classical Kuiper Belt objects account for about half of
the 1,055 known TNOs. The classical crowd distinguish
themselves by having nearly circular orbits, like those of
the major planets and unlike the highly elongated orbits
of all other types of TNOs.

Almost all the classical KBOs lie 42 to 48 a.u. from the
Sun. That puts them farther from the orbit of Neptune
than Saturn is from the Sun. The classicals’ great dis-
tance from Neptune, along with their relatively circular
orbits, suggest that they have managed to avoid severe or
sustained disturbances by planetary gravitational helds.

Among the larger and better known classical KBOs
are 136472 “Easterbunny” {a nickname), also known as
2005 FY_; 136108 "Santa™ (2003 El ki 0000 Quaoar; and
20000 Varuna. The very first KBO discovered since Pluto,
initially designated 1992 QB, and now numbered 15760,
turns out to be a classical object too. Accordingly, some
astronomers refer to classical KBDs as cubsianos [ prio-
nounced “QB-one-ohs”) in honor of the prototype

Most known classicals have low-inclination, low-eccen.
tricity orbits — dynamically, they're considered “cold.”

A few objects in highly inclined {*hot”) orbits are still
considered a subspecies of classicals because their orbits
dIc I'!'l.l? 1% L'l‘r L'iJ LRl l.

Early models of the Kuiper Belt envisioned that all its

members would be in nearly circular orbits near the plane
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“Easterbunny"
2005 FY,

Eris

Quaoar

of the planets. Only the low-inclination, “cold” classical

KBOs fit that description. Might these be undisturbed

ohjects left over from the planet-building phase at the

solar system’s birth — and hence the least-altered mate-

rial available for us to study from that distant age?
Maybe, says Gladman. Maybe not.

4. The Wild Ones

So tar, all of these objects either reside in or venture into
the Kuiper Belt proper. They're distinguished largely by
their relationships to Neptune’s gravitational field. Reso-
nant objects are trapped by Neptune's gravity, scattered
objects are disturbed by it. and the classicals are pretty
FELRAL il llr'l'dﬂ-l.'l'. t'l'l'j |]-"|- i.‘.

Then there are the detached objects. These used to
be called “extended scattered disk objects.” but Gladman
and others weren't happy with the term. “That demeans
how strange their orbits truly are,” he says. And besides,
they don't lie in a disk. Many solar-system dynami-
cists think the emphasis belongs on detached — from
Neptune's gravity, and from the Kuiper Belt in general
Detached TNOs have mean distances so far bevond the
Hl]ipe-r Belt that some astronomers think of them az the
innermost members of the distant Oort Cloud, the source
of long-period comets.

For astronomers trying to make sense of TNOs,
detached objects are the gn‘dlt"-il cha ||+;'r||g|_' The other
three types fit into the modern picture of the solar
system's chaotic, headstrong youth, during which Saturn
and Jupiter may have fallen into a temporary 1:2 reso-
nance with each other and Uranus and Neptune migrated
outward. as told in the September issue. But many astron-
omers think the wild orbits of the detached objects can
be explained only by invoking a large, massive object that
existed in, or blundered through. the outer solar system
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soon after the planets formed. Two eflorts are attracting
the most attention.

Gladman and Collin Chan {University of British
Columbia) have suggested that a few full-size rogue
planets — refugees from the migration of the giants
— roamed the trans-Neptunian region early on and
stirred up the orbits of millions of planetesimals there.
Within some 250 million years, these maverick planets
were swallowed up or flung away by gravitational encoun-
ters with the giants. But the chaos they wreaked beyond
the Kuiper Belt remains.

Second, and perhaps even more intriguing. is a pro-
pﬂsat b]-’ astronomers :ir1-|:|1.||:|i:|'1!,1I Scott Kenyon (Ha rvard-
Smithsonian Center for Astrophysics) and Ben Bromley
(University of Utah) that Sedna, and perhaps Buffy and
Eris, owe their orbits to a visit by another star.

Stars generally form in clusters; we see this happen-
ing in nebulae throughout the universe today. Our solar
system shows plenty of evidence that it formed in a hot,
violent nebula along with, presumably, hundreds of other
stars. Eventually the newborn stars drift apart. But it's
possible — not likely, but possible — that within the first
100 million years, one of the Sun’s birthmates wandered
through the outer fringe of our solar system.

In their computer simulations, Kenyon and Bromley got
a curious but consistent result. Originally, they think, the
Sun had a great many planetesimals in a disk extending
from the giant planets out to 80 a.u. An intruder star, lei-
surely cruising past at a minimum distance of 150 to 200
a.u. {0.002 light-year), would disrupt the orbits of planetesi-
mals more than 50 a.u. from the Sun and scatter them in
all directions. Kenyon and Bromley's simulations show
that no matter what the intruder star's angle of approach
or tilt with respect to the solar system’s plane, it creates
Sedna-like orbits for some of the Sun’s planetesimals.

100

Semimajor axis (a.u.)

definitions, however, are disputed and

150 may averlap.

200 250

Kenyon and Bromley also found that the passing star .
may have carried away a few million of our planetesimals
in the process — and dropped off some of its own. So
maybe Sedna or Buffy or Eris aren’t even from our inter-
planetary family, Perhaps the Sun captured them from
that passing star. One day, will we find that the chemistry
of some detached objects is just different enough to reveal
that they are aliens from another planetary system?

Mark Littmann is the Hill professor of science, technology,
and medical writing at the University of Tennessee and
author of Planets Beyond: Discovering the Outer Solar
System (Dover, 2004).

From Theory to Reality
Not one Kuiper Belt object {aside from Pluto) was known before
1942, but generations of astronomers were expecting them,

In 1930, just after Pluto's discovery, UCLA astronomer Frederick
Leonard suggested that many mare objects would turn up beyond
Neptune. In 1943 Irish astronomer Kenneth Edgeworth independently
proposed the same thing. In 1951 Dutch-American astronomer Gerard
Kuiper suggested that millions of bodies beyond Pluto are the source of short-period
comets (a5 opposed to long-period and ance-only comets, which come from much
farther out).

In the 19605, Fred Whipple and Al Cameron demonstrated more mathematically why
many solid bodies near the plane of the solar system should exist beyond Neptune. The
most extensive theoretical work predicting a belt of outer objects came from Uruguayan
astronomer Julio Fernandez in 1980.

So when University of Hawaii astronomers David Jewitt and Jane Luu found 1992
QB,. the planetary-science world was more than ready. The discovery set off deeper
and deeper searches, made possible by modern automation and wide-field electronic
imaging, that continue today. :
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Phoenix is en route to the Red
Planet, which in recent years has
become crowded with spacecraft.

KRISTINA GRIFANTINI

IHE UNITED STATES completely abandoned sending
spacecralt to Mars for two decades following the arrival of
twin Viking orbiters and landers in 1976. But it's been a
very different story since the mid-1990s
In fact, exploration of the Red Planet has been going
on maore or less continuously since Mars Pathfiinder
thumped onto Ares Vallis in mid-1997. On its heels came
Mars Global Surveyor, an orbiter that spent 10 years
rewriting the book on Martian geology. It was joined in
00 by NASA's Mars Odyssey. in 2003 by the European

ABOYE
panels fan out to either side,

After its solar-cell

Phoenix will use its long arm
to dig into the ice-rich ground
A laser-equipped weather
elation will monitor dust and

clouds in the atmosphere

RIGHT: MASA's latest mus
sion to Mars rocketed from
Flonda's Cape Canaveral on
.f.|_;§-_.|,~.' 4th and should land

near the Bed Planet's north

pale next May 25th

nber 2007 SKY & TELESCOPE

Space Agency's Mars Express, and in 2006 by NASA's
Mars Reconnaissance Orbiter. Meanwhile, the Mars
Exploration Rovers, Spirit and Opportunity, have been
making tracks for more than 3Vz years

Each mission has heaped new findings on a Erowing
mountain of data suggesting that our ruddy neighboring
world was 4 busy place n its youth but settled into geo-
logic retirement billions of vears aga. With the August 4th
launch ot the Phoenix lander and more missions in the
works, soeon we'll know even more about the Red Planet’s
evalution |'.Lr:|,.'.||.||!'- whether life once existed there,

The exploration of Mars has gone hand in hand with

1

Intrigue ak

ut extraterrestrial life, giving birth to the held

ol ASTroDIOLDEYy

The Viking landers {the hrst spacecratt to
function successtully on the surtace) stewed, brewed, and
incubated scoopfuls of Martian soil ||-:.-L|!':*_ tor signs of

metabolic activity. The results, though contested by a few
team members, were negative. The British-built Beagle 2,
-._:u_:!||:--..§ to look for fossil OTganisms, hit hhiked aboard

Mars Express

ul mysteriously 5.|'|-:_'-,i as It q\i1_'-.h1,'|_--J|,'niJ Lo 1S

' i December 25, 2003

landing sie
Since thess attermnpts, NASA has tocused on I'|||-.'.!i'|:_;
Widence -.'.! .Ii":'.IE'I'| TV, S i. d5 .-_||'|||': COImM II:[I..l'-. i.i.III'.l

hquod water, instead of hunting tor lite directly. Phoenix
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continues NASA's tollow-the-water theme for exploring
Mars which has been “verv successful ™ save NASA associ
ate administrator Alan Stern. “Now it's “follow the carbon.™

The Phoenix Rises

Mamed for the Iy t]"u:lhmgfn_.,d firebird that resurrects itsell
from its ashes, the $420 million Phoenix utilizes technol-
ogy from two previous lost or canceled missions and is the
first Mars effort run by a university {University of Arizona).
On May 25, 2008, the 18-by-5-foot. three-legged. solar-pow-
ered lander will touch down near the Martian arctic, where
scientists predict sheets of water ice lie just inches beneath
the surface. Phoenix will use its nearly 8-foot-long arm

— equipped with two blades and a powerful drill — to dig
trenches up to 3 feet deep in the hard-as-concrete ice.,

The craft carries several novel instruments to analyze
what it scoops out. A wet lab will test for properties like
acidity and the presence of carbon or sulfur. A high-power
microscope will examine the structure of soil particles
down to 10 nanometers. And eight tiny, one-use-only
ovens will slowly heat pinches of ice and dirt to 1.800°F
(1.000°C) and “sniff” for released gases, including any
organic compounds, according to mission scientist Wil-
liam Boynton (University of Arizona). All the while, a
stereo camera will record the lander's surroundings.

The science beam expects Phoenix to carry out its stud-
ies for three months before Martian winter sets in and
the polar atmosphere freezes. encasing the lander Han
Solo—style in frozen carbon dioxide (dry ice).

Six Wheels with Attitude
NASA's next big step is the billion-dollar Mars Science
Laboratory. which should launch in 2009. MSL will be
a geological and geochemical lab on wheels, the “Rolls
Rovee of rovers,” quips team member Oded Aharonson
(Caltech). Nine feet (2.7 meters) long and weighing 1.800
pounds (800 kg). the super rover will hunt for evidence
that water — and life — once permeated the Martian soil.
MSL will be bigger than its predecessors, “the size of
a Mini Cooper.” says Matthew Golombek (Jet Propulsion
Laboratory). It will also travel farther, 600 feet or more
each day, and be able to climb over large obstacles.
The suite of onboard instruments will be supersized
as well. Not only will MSL drill deeply for samples. it will

HIDDEN ICE The landing site for Phoenix is a relatively flat area
near the Martian north pole, equivalent in latitude to northern
Alagka. Red areas indicate high-standing terrain (including large

SUPER ROVER An engineering prototype of the Mars Science

Laboratory, nicknamed the “scarecrow,” undergoes mobility testing
at the Jet Propulsion Laboratory in Pasadena, California.

also be packing heat: a laser powerful enough to vaporize
rock surfaces up to 10 meters (13 feet) away. The resulting
puffs of superheated gas should reveal whether the rocks
contain water or organic compounds, such as proteins

or amino acids, that may be left over from past living
creatures. “That's a dramatic improvement in our ability
to characterize habitability.” says Golombek.

MSL may also take the first step in bringing samples of
Mars back to Earth. Terrestrial laboratories would reveal
much more about Martian rocks than rovers and landers
could ever tell us. Given just a few grains of grit, scien-
tists on Earth could hgure out a rock’s exact makeup and,
more importantly, the date of its origin. A sample return
would be an amazing exploration achievement and a
science bonanza,” says Golombek. Such an expensive
undertaking, costing

$3 to $4 billion, could  ®
be attempted before Check SkyandTelescope.com for updates
2020, according to Stern,  on Phoenix and other missions to Mars.
While MSL won't be
able to send back any rocks, it may be tasked to gather up
to a half dozen small rock chips and store them for a later
robot to retrieve. “We are working now on a plan to incor-
porate a small cache, about the size of a hockey puck.”
says John Grotzinger (Caltech), the project’s lead scienhist.
All of these missions — Phoenix, MSL, and a sample
returm — are precursors o human t.'.q.'dm;ltlml. Savs
Stern. Also in the launch queue are another NASA orbiter
{2011} and the European 5]‘1:u1* Agency s Exo-Mars mis-
sion (2013), which will focus on atmospheric studies.
Spirit and Opportunity have demonstrated that there
are always surprises when we get to Mars. says Ahar-
onson. “They taught us we need instruments that are
versatile and able to analyze the unknown.” #

Kristing Griﬁmﬂni. a student in Boston L'.'nll.'rr:«lr;"-. SCIENLCE-

journalism program, specializes in biology and astronomy.
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S&I Test Report  Joe Heafner

raveling

i Through
the Solar
System

The next tour of our solar system is departing & .mg‘:%:-:f‘f
30 5012

from your nearest computer terminal. syster

IE.|_|FI'IE'!.'

IMAGINE OWNING A SPACESHIP that kets you pro-

gram interplanetary trips LSS WAYPOITIES jLsT a5 you'd

-

!'.:__||' a hike i the country using a2 handheld GPS device US price: $99 3

You'd be able to travel anywhere in the solar system and Software Bisgue i
park in a low orbit (or a high one for that matter) around Wi bisaue. com | "
A |l-i'l|-'-.::-.i.-.|.'.-".'-i‘|.|! astronomers do best: observe. = el
" . " wWindows and Mac U5 X
Sound like fun? It is, and it's just what Software Bisgue's ;
UVEBrsinns s 'I.l"'_-l. =
SEERET [E1S you do
Ceeker 12 available tor Windows and Mac O8S X bt P
the two versions are sold separately. | installed the Mac
version on my 2.16-GHz MacBook Pro with an Intel Core When launched, Seeker presents an uncluttered screen
n L C e 1L 1Y La-ik kb | '

Dhio processor, 2 gigabyvtes of EAM, and 256 megabyies with a view of Earth on the right, a Command Center on
f video RAM. The complete inst illation takes up about the lett, and a row of larpe buttons along the top. This 1s
' 3 gipabvtes of disk space. Software Bisque desipnes the view out your spaceship’s window, and each button

g dern graphics hardware, ; rid the system corresponds to an aspect of the cratt's orentabion and

lemands are fairly advanced, so vou'll need to heed the tion, You can fly linearly in three dimensions, rotate in

rraphics requirements or the program will be of no use three dimensions, and move around an object. | quickly
| mee eood news 101 Mac users 1s that any modern carned thal ||-| buttons o I'I|I'l. the '-Fl-.nl £ '-.I|.| and rmot 1.Il,'
hould work Ane. You'll ind details of the graphics object you're visiting. Thus, when | tilted the spaceship’s
t the company’s websits nose up, the view in the window moved down
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JOVIAN VISTA The author parked his
virtual spaceship above Jupiter's Calilean v o
satellite lo lefit) to capture this view. While
Seeker is not a planetarium program in the
traditional sense, it does allow you to wit-

ness astronomical events such as edipses

B

Scll T |

and planetary alignments.
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While you can use a computer joy- LR £
stick to control your virtual spaceship, | T i
preferred using my MacBook Pro's track- FH) L AT
pad. Dragging both En[.'tf'ﬂ'l-]'ﬁ across the = i
trackpad zooms the viewing window, o i

which also happens when you drag the
mouse cursor over the Command Center.

The controls are intuitive and easy
to use. A Find function lets you quickly
go to planets (and dwarf planets), their
major satellites, a handful of asteroids,
three comets, and four interplanetary
spacecraft. Additional objects can be added.

A Flight Control dialog box lets you do everything
the buttons on the toolbar let you do and also control the
spacecraft’s forward, reverse, and braking thrusts. You'll
have to express these forces in newtons, and as a teacher
[ find this use of the International System of Units (S1)
welcome feature.

The Time dialog controls the rate at which simulated
time passes into the future or past. The Tours dialog lists
groups of objects to visit along with buttons to initiate the
creation of new tours and movies. settings and Keyboard
Layout dialogs control display settings, sound and graph-
ics, mouse fjoystick options, and keyboard shortcuts.

Seeker is not a traditional planetarium program. You
cannot, for example, fiy around the Hyades or among the
stars of Orion. Nevertheless, some of the sample tours
il'l.l'l'l..l.'dﬂ:' B.E.rmnl':ll'l'l'i{,'iil EVEnNLS 51 Ili_'l'l a5 |u:1.'|r itl'll;:l Sl:,'ll.HT
eclipses, which are absolutely stunning to watch. Imag-
ine your spacecraft orbiting the Moon while a total lunar
eclipse is in progress! Another excursion shows a spec-
tacular view of Jupiter with three shadows from Galilean
satellites cast on the giant planet's cloudtops

[n my opinion, the prettiest sample tour shows the
International Space Station (ISS) orbiting Earth. The view,
along with the optional background music, is incredible
I literally gasped when I zoomed in on the 155 to see its
exterior detail. The view is similar to NASA TV footage;
it's that good. Also among the sample tours are movies
with l.r.a-:,]tgrmul:] misic and voice-overs

| found two features of Seeker to be especially cool.
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FRONT WINDOW Seeker launches with an uncluttered screen offering a view of Earth ﬂmgh
the window of your virtual spacecraft. Buttons along the top give you quick aceess to controlling
the spacecraft, while the Command Center at left handles navigation and other functions.

The first allows you to create custom tours, including
spacecraft control, using a built-in scripting language.
[he script can be assermnbled interactively and includes
context-sensitive instructions. The second allows you to
create QuickTime movies from existing scripts. These
capabilities have tremendous instructional possibilities.
Tours can be designed for classroom discussion, or stu-
dents can be tasked to li_‘IL'!i'il:;"!l't their own.

Qur local science center 1s opening a new planetarium,
and I can foresee using Secker to quickly “prototype”
planetarium shows with solar-system content in much
the same way that computer programmers model large
projects during the design process.

While using Seeker, | found a few things that may need
revision in future versions. For example, it you turn off
the program’s simulated passage of time, the buttons that
control the spacecraft’s orientation no longer function
(but the orbit buttons still wark).

Some issues regarding dates should
be addressed too. In the Command
Center's Calendar dialog, the options
Gregorian and Julian merely switch

WHAT WE LIKE:

Can create custom tours and
movies, including sound

between a format of month/day/ Outstanding graphics

vear/Universal Time and a Julian Day
number rather than between the

Available for Mac and Windows

WHAT WE DON'T LIKE:

Can't enter dates prior to 1753

Gregorian and Julian calendar sys-
tems. Page 41 of the printed manual,

hick s sthivitis we &
which is otherwize well done and Ml uzds l:mni'uimg date

i'llll..ltl:ll.dtl'.t'. I.|IIII|"|.I!-.I:'!- d Ll..ll!' i'II '||':|._" tErrTllﬂt:ﬂﬂg'f

Julian calendar with a Julian Day
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S&T Test Report
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more of a do

o ] gy 1.1
Exer succeeds marvelously in its intended

purpose. Software Bisque w ill ne deukbi

build upon its str

SYSTEM
REQUIREMENTS

PC: Windows XP or Vista, 1.5-CHz
processor, 256 megabytes RAM, 128
Several comets and asteraide are included "*Elh:ﬂ“ video RAM, HF'E“GI' 10

in Seeker's database fabove), and more can be added o later.

by the user, This view shows some of the information Mac: Macintosh OS5 10.4.8 or later,

that can be displayed while vou Hy your virtual space- 1.25-GHz C4 PowerPC or Intel Core

eraft around the salar syetem Do PIOCESSON, 512 mﬁ‘hm RAM,
128 megabytes video RAM, OpenGL
20 or later

See Software Bisque's website for
detailed information on the rtqﬁrtd
display hardware for either version.

WOW FACTOR It's not
NASA TV, but according to
our reviewer Seeker's graphics
are good enough to be mis-
taken for it. The new program
from Software Bisgue lets you
travel throughout our solar
system in your own personal
spaceship. The stunning
views, however, require a
computer with a fairly high-
end graphics card.




COMA! THE DIRTIEST WORD IN ASTRONOMY.
THE CoMA KiLLER... MEADE’s LX200 R

Image taken through 8" {10 : Image taken through 8" 113 o
Schmidr-Cassegran ' - LX200R Advanced Ritchey-Chretien
Magnihed view of lower left corner Magnified view of lower left corner
.
3 » =
L]
1 -
L L]

T s
WHAT 15 COMAYT It's not some sort of astronomical state of unconsciousness. It's an optical aberration.
Precisely detined, coma is a distornion in which the image of a star cannot be focused to 2 point, bur rakes
n the shape of a comer. Worst yer, the majority of telescope opucal systems, including the popular

Schnudt-Cassegramn, have it to one d:glrt'n ar another.

THIS SIDE-BY-SIDE COMPARISON TELLS THE TALE. Two IMages, ONE Camera,
ofe :||-'.'.'., anid o imas qu:nu:«mr:f_-, Two very ditterent resules, Just look ar the |rumuh+d'-.n;-.'. frai
the 5S¢ hmid- Cassegrain on the left. Motice the crescent-shaped distoruion of rht sar |m;|-3-'5. caused il

by coma. Mow look at the ::..1g|ururl mmage of the same stars from the LX200R Advanced Hmhu:, Chretien®* \"‘*-.\‘_‘
zes of the ARC n|:-'.j..'.1] system. Sha rps round stars without coma.
Sharp from the center all the way to the edge of this wide field.

-

system and you will ||L;|1|-:di.|n:!:, see advanta

Once, you would have had to spend tens of thousands of dollars for an aplanatic opuical system (a fancy rerm | |
for coma-free). Now that Meade has made the coma-free Advanced Richey-Chretien optical system, this level 1
of performance 1s attordable to the amateur. i
- 10 JEE 1 K 1" 7 me aeraer AL of-the iblﬂ'\-i" c:-mp.inmm“ sre taken ||urrI|1r :lrl_a:n1|‘||.|||‘r.1|||1' |rl1.1F,i_--;.
"
aew of Wdd were ciken by Jack Mewten. See bor yourelf b '."lﬂ'-l'l"r"u‘lmphr re images and viewing them
Chroteen dessgn ooan aplanatic optical syatem that wees o hyperbolic » idary mirrer with I,l'
keri : i mbination tkar perlorms a5 one bynerkali kel
@ MEADE com | 800.919.4053
MEeADE's LX200'R
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I S&T Test Report

Quick Looks

Atik Instruments ATK-16IC

US price: $645

Available from Adirondack Yideo Astronomy,
72 Harrison Avenue, Hudson Falls, NY 12830;
877-348-8413; www.astrovid.com

WHAT WE LIKE:

Clean images that reduce the need for
calibration frames

Built-in autoguider port

WHAT WE DON'T LIKE

Complex driver setup when operating as
second camera controdled by Maxim DL

SE&ET RATING:

LB & 8 &

See SkpandTelescope. com,
h.-s:rq.t:hrj_f:-r an explanation

of owr skar retings.

WHETHER YoU 'RE in the market for an

entry-level CCD camera or a robust auto-
guider, you'd do well to consider the Atik
[nstruments ATK-16IC CCD. This thermo-
E‘lﬂ'[l‘il.‘u“:.' cooled  16-bit monochrome
camera has a Sony ICX424AL CCD chip
with a 659-by-494 array of 7 4-micron
pixels. Its USB 1.1 computer connecticn
downloads images in less than 3 seconds,
and its autoguiding port with a modular
jack makes for easy connection to most
telescope mounts that conform to SBIG's
5T-4 standard. The camera comes with
cables, control software, and plug-ins for
Maxim DL and Astroart.

Setup is straightforward, though vou
must read the documentation if vou plan
to use Max/m DL to control this camera
simultaneously with another one,
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Ten 60-second exposures of a random
star held in "-.H’.__m ula (lower left) with-
out dark-frame or flat-feld calibration
produced very clean images. As an auto
guider, the camera had no problemns track-
ing faint stars with a 60-mm guidescope
operating at f/14. It succes Hully guided
my image of the Ring Nebula, M57, shot
through a 1242-inch scope at more than
twice the guider's focal length.

Although the camera has no mechani-
cal shutter, the CCD produced no hot pix-
els {which could have confused the auto-
guider) in the 3-second exposures | used
for my tests. So calibration frames were
unnecessary — an extremely desirable
teature if you're ]mﬂ-&ing for an autoguider
on a remote-imaging setup.

Overall the ATE-16IC performed very
well. The camera does exactly as claimed:
it produces high-quality images at a low
price and will retain its usefulness as an
autoguider if you upgrade to another CCD
camera in the future,

— Sean Walker

Helio Pod Solar Finder

US price: $5.95
FAR Laboratories, PO Box 21, South Hadley, MA
ovo7s, Boc-336-g054; www.farlaboratories.com

WHAT WE LIKE:
Fits on any telescope
Makes quick work of aiming at the Sun

Easily modified to increase ATCUTACY

WHAT '‘WE DOMN'T LIKE

Can be inaccurate on large-aperture telescopes

S&T RATING
AW i (on small, wide-field scope)
* W

¢ (on large, narrow-field scope)

DESPITE THE WARNINGS printed on
most telescopes, if you place a special-
purpose solar flter se« 1ITI.']:|-' over the
tront of the tube you can sately observe
dark sunspots, bright faculae, and other
features on the Sun's face

Perhaps the biggest challenge in solar
observing is getting the ¥:*-wide Sun into
your telescope’s feld of view. The tradi

tional approach is to aim your scope by

minimizing the size of its shadow on the
ground, But this is easier said than done.

Enter the FAR Laboratories Helio Pod,
a translucent plastic disk with a rubber
gnomon through its middle, set into a tri-
angular plastic base that's held onto your
telescope tube via an adjustable elastic
cord. With this little device in place, you
Just turn your scope toward the Sun and
find the position where the gnomon no
longer casts a shadow on the disk. Voilal

On a 3tiinch (85-mm) f]7 refrac
tor and a 4V2-inch f/4 reflector (pictured
above), the Helio Pod worked as adver-
tised. With low-power eyepieces, these
scopes offered helds of view 37 or wider,
and their small tube diameters naturally
coaxed the Helio Pod's base into align-
ment. But on a 14-inch /8 catadioptric,
where the widest field | could muster was
0.8% and the Helio Pod's base twisted side-
ways on the scope’s large tube, the device's
“resolution” wasn't quite good enough to
reliably put the Sun in the eyepiece.

| found an easy fix: Remove the stubby
gnomon and replace it with a longer screw.
[ used a 2-inch-long 6-32 screw (cost: 9
cents), from which | cut off the head so it
wouldn't hide what was left of the shadow
as the scope zeroed in on the Sun. This
worked fine on the 14-inch as long as |
was careful to keep the Helio Pod's base
aligned with the scope. 4

— Richard Tresch Fienberg



The Essential Tools for Astronomical Imaging

MAXIM DL

MaxIm DL doesn't just control
your telescope, CCD or DSLR
camera, focuser, filter wheel,
and autoguider. It turns that pile
of parts into a sophisticated and
fully integrated observatory.

Focus with the click of a mouse,
then perfectly center your target
with another click. Catch some
sleep while running a long
sequence of exposures, either
autoguided or periodically
recentered with astrometric
precision!

Image processing is just as easy.
Calibrate all your images in one
step, with the best dark, bias,
and flat frames selected auto-
matically. Record a series of
steps and play it back on a folder
of images. Stack automatically
with perfect star alignment.

*

iffraction Limited, 25 Conover Sireat, Oifs
| m L

MAXPOINT’

Disappointed with the pointing
accuracy of your GOTO mount?
The solution is at hand.

MaxPoint models the errors in
your telescope mount, and auto-
matically corrects for them. See
your target centered first time,
gvery time!

CLoupD SENSOR

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

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

cyanogen

T

e radlemargs od L

Dintanio, K2G 4C3, Canada. Tel: (613) 225-2732 Fax: (613) 225-968!

FAr{sn

MaxDSLR’

Based on MaxIm DL technology;,
MaxDSLR is specifically tailored
to the needs of DSLR users.

DSLR cameras have the potential
to produce spectacular images at

a fraction of the cost of cooled CCD
cameras. There are challenges,
though, because they are not
gptimized for astronomical use.

MaxDSLR was designed to meet
those challenges. It handles add-
on shutter cables, long exposure
sequences, high bit depth raw
frames, focus and autofocus, auto-
guiding, calibration, stacking,
debayer... plus a full suite of pro-
cessing tools!

Supports Nikon, Canon, ﬂfyﬁpua,
webcams, Lumenera, DSI, LPI,
SAC10, and StarShoot cameras.

MaxDSLR can also be upgraded to
MaxIm DL for cooled CCD camera
support and additional features.




New Product Showcase

» ECONOM ICAL “CO TO" With the overwhelming popularity of Go To
telescopes, it's surprising that a product like the Cube (introductory price $199)
from iOptron hasn't come along before now. Thanks to its powerful Ge To func
tions and Vixen-style dovetail connector, observers can now add computerized
pointing and tracking to small telescopes for an extremely attractive price. Powered
by eight internally housed AA batteries or 2n optional AC power supply, the Cube
stands 8 inches (20 cm) tall and comes with a stainless-steel trigod. The maunt,
which works in altazimuth mode, is rated for loads up to 7 pounds (3 kg) and avail
able in several £ye -:a'.l.'.hlng colors. Options include a GPS module for automatic
initialization and several advanced hand controllers with more features and larger
databases than the standard 2, 000-object hst. iOptron is also introduc ng a line of

small Go To telescopes and other Go To mounts with capacities up to 30 pounds

iJptron
6F Gill St., Woburn,
MA D1801; Bo6-399-4587

WWW.i0piron.com

4 CLEAR-SKY GADCET

If you live in North America and have a
PC running Windows Vista, you can have
Attilla Danka's Clear Sky Clock (CSC)

on your desktop 24 hours a day. The
ClearSkyClock Gadget is a free tool that
displays a color-coded hourly forecast

of cloud cover and transparency for up
to three observing sites. The display is
refreshed every 30 minutes, though the
forecast itself is updated only twice each
day. One click takes you to the CSC web-
site (hitp:/fcleardarksky.com/csk), where
you can get help interpreting the display
e (S&T: April 2003, page 62). Undocking the
<Y gadget increases the display width and

. level of detail.
1 6 ClearSkyClock Vists Gadget
tan be downloaded at
—¥ gallery.live.com/results
asprbt=1&q=C5C

Z!I.!":. NMovermber 2007 SKY & TELESCOPE

¥ STELLAR APO Stellarvue adds a new affordable 4-inch apachromat to
its line of premium-quality refractors. The SYI02ED ($1,095) features a 102-mm
(16.95 ED (extra-low dispersion) doublet objective for color-free perfarmance.
As with all Stellarvue telescopes, each unit is assembled and star-tested at the
company's headquarters in Auburn, California. The telescope comes complete
with a 2-inch dual-speed Crayford focuser, a CNC-machined clamshell tube
ring, and a red-dot reflex hnder, & §1ar|ighl: Instruments Feather Towch focuser
upgrade is available for 5300 at the time of purchase.

Stellarvue Telescopes

NEX0 Kemper Rd. Auburn,

CA 95603, 530-823-7796,

www.stellarvue.com

STELLARVLE
sV 102 ED



ASTROROMICAL BINOCULARS

NEED ASTRO EQUIPMENT?

COMPUTER SOFTWARE

BOOKS & STAR CHARTS
Major Brands at Liscount Prices
Any Scope City Center or Gall Us

« SAM [ELLY LA
A

Visit SCOPECITY.COM
Directly 800.235.3
HSR 277 BBE

Wlaﬂﬂl
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f Thoussnd Daks
| Optical

JMI FEISS

1-1-1
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Megrez 110 ED APOCHROMAT
Another great 110mm: this time a fasl doublet air-spaced
APOH

This telescope is an ideal astrophotography instrumeant
wilhoul desapparting for viswal waork, VWith a very high pracef
quality perfformance, it s a very compac! scope thal you
will kesp for life!

Megrez 110mm air spaced doublet objective made out of
Japanese Exira Low Dispersion glass, Multilayer Super
'ng"l Transmigsion Co alings on il surfaces. Focal ratio

of 59 Comas with a 360 de e Roiat i C ammars- A le
adjuster, wilh very smooth inlegraled dual
gpead microfocuser. Aluminum case
included. 114mm paer of mounsing nngs s
included and Only §100 more you can get
both Rings and FLAT-3

£ B Paducer |
Frefd Flafienen Il

www.williamoptics.com

This package includes 2" enhanced
diagonal, a professional telescope
tripod WTR-188 and a 20mm wide angle
E6 degree eyepiece.

The newest ZenithStar || generation Doubslest
APT iz a BOmm ED refracior ideal for evenyone
who needs an excallen apochromate tele
sornal giething soope al an excelent price, With
thiss SAVING packana, wou can obsans from
the first minute, no addiional purchasas ra-
quened, ywod o not nessd anmyih ng odher than
ihe sky! Tripod, diagonal, and eyepiece

gt walh yiour nen AP0 (Blescope ppckage

woillwilliamoptics.com

and wou are réady to go!

SKY & TELESCOPE Novembe
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ASTRONOMICAL FILTERS l':'l".'H':EEE & DIAGONALS ASTROPHOTOGRAPHIC EQURPMENT SOLAR OBSEAVATION l]F‘TH:'J-L CLEAMING & CARE
@msmz PARKS 'ff Tolevue 2~ -
| "N ; "*"""" Nikon

“Vixen [ HOMUS |
ASEHERER  Ccamon

mcassrrony R

EIF'EFIT HELP

This package includes ZS6650 OTA
1.25 dieleciric diagonal with a WTR-188
tripod and a 20mm BB degree eyepiece
JenithStar S0 Daubslet APD, 86mre £ 59

i pearl WHITE or BLUE color, is ideal o
piagytack on yvour William Oplics refracions
or 5L ielescopes for example, It is an idea
raved scope and wide-held astroimaging
lens. Comes with dual speed focuser, STM
coabings and collimatable lens oall, This
package also provides you with greal
partabibty thanks o he tripod nclucled n
the pnce, making i
and-go sel-up

1 frue argain |__J|.,:|_.|

Toll Free: +1-8B66-918-6888
Local No:

1-714-898-7989



Books & Beyond

STUART J. GOLDMAN
Aliens in
Our Midst?

EXTRATERRESTRIALS are fun and mind-
expanding to think about, because there
are s0 many aspects to consider. Michael
Michaud has collected the past and cur
rent ideas on nearly all of them into this
book, which is why it’s long — but that’s
not a complaint.

Michaud begins with a chronology of
the “plurality of worlds” idea since the 6th
century BC and quickly leads the reader
through the evolution of the search for
extraterrestrial intelligence (SETI) and
other modern astronomical developments.
Then the fun begins, as Michaud turns to
the broad spectrum of optimism and pes-
simism about the existence, intentions,

and potential consequences of aliens
reevaluating the famous Drake equa-
tion from several angles as he goes
How hard is interstellar travel,
really? How universal, or

human-centric, is n‘.mu]]'r'}?

Michaud's exposition on
any one subtopic is brief,
typically a roundup of what
others have said; the book
finishes with 70 pages
of reterences for anyone

Religion: Politics? Living ma- Contact with Alien wishing to follow up.
chines, billion-year-old minds, Civilizations The author admits, with
planetary defense, the really | ity & yihend apology, that he avoided
long-term future of human- [E:Flrl'l':rlllllctl 2007 dwelling on themes

kind there's a lot to think 460 pages. $2750. ) from science hiction,
about. Thes ISSUES We thi . '

abou 1ESE aAre ISSues we 1SRN S which deserve their own

don't really need to deal with
yet, but that alien signal from

space could be found tomorrow, so you
might as well prepare yourself with this fas-

cinating book.

Another inviting aspect of this work
is that its topics aren't long and dense.
Sections are short and punctuated with

boldfaced side thoughts — dubbed *Mind-

stretchers” and “Mirror Images” — that
highlight twists worthy of contemplation.

book. Sci-h has arguably

explored every extraterres.
trial possibility, and Michaud does include
a few examples. Nevertheless, there were
many times when reading about the possi-
ble consequences that the proven existence
of aliens could have that [ thought, *Hey,
just like that episode of Stargate SG-1."

Associale editor Stuart Goldman prefers his
aliens benevolent and non-reptilian.

JENNIFER BIRRIEL

For a
Powered
Eye

PurcHASING your first pair of ~ ABuyer'sand User’s optical testing.
binoculars or first telescope can Guide to Astronomical Mullaney has been

be an intimidating task. The Telescopes and involved in astronomy for
great variety of instruments Binoculars more than 50 years as an
available and the range of prices ~ James Mullaney [Springer, observational astronomer,
can be overwhelming. Whether 2007). 203 pages. $29.95, planetarium director,
voure ready to supplement paperbound. writer, and instructor.
your naked-eye observations SBN-13 §78-1-84678-435.7 Drawing on all this expe-

with binoculars or currently
own a pair and wish to add a
:l'll‘!il!!li'ﬂ,' tca yOLLT I'Ii'l]il'_'lTiIH_"fl'. lIii!'I'EI:'!'--
Mullaney's book is an invaluable guide to
aid in your purchase,

Although several similar books have
already been published, Mullaney's has
a couple of unigue traits. While in Part |
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the author discusses the pun:ha!:&
of both binoculars and telescopes,
in Part I1 he describes how (and
what!) to observe, There are also
brief but useful discussions in
the first chapter about the relative
merits of new versus used equip-
ment, homemade versus
"home assembled,” and

rience, he has produced

an accurate, well-orga-
nized, and nicely illustrated handbook
His style is refreshingly straightforward
with some of the best explanations ['ve
seen on concepts such as eye relief and
antireflection coatings,

He has compiled comprehensive,

up-to-date product and contact informa-
tion for manufacturers and suppliers of
binoculars and telescopes. It's all capped
off with three useful appendices: tele-
scope limiting magnitudes and resolu-
tions, a table of constellation names and
abbreviations, and a roster of celestial
showpieces.

In hus preface, Mullaney states that
it wasn't his intention to produce an all-
encompassing guidebook but rather “a
condensed, trustworthy treatment . . . suf-
ficient to make informed decisions on the
selection and use of these instruments.”
In that sense, he has most definitely
accomplished his goal. While it’s certainly
a great book for the novice observer,
advanced amateurs will probably find that
the book covers too much familiar ground
to warrant purchasing.

Jennifer Birriel is an associate professor of
physics at Morehead State University in Ken-
tucky. She writes the Astronomer’s Notehook
column for Mercury magazine.
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KRISTINA GRIFANTINI

World Views

¥ His THIRD BoOK, British writer Rich
ard Corheld brings life to the story of the
phﬂrti Humankind has l:mg been fasci-
nated by those sky “wanderers,” and his
text documents the many different visions
we've had of our celestial neighbors,

This tale of planetary exploration is a
friendly. easy-to-read narrative, beginning
with impressions of the planets from re-
searchers and dream-
ers of the past (a Mars
teeming with life, for
example) to what sc-
entists have gradually
learned with each new
robotic feeler sent out.

Each planet
— as well as the
Sun and the aster-
oid belt — has its
own chapter, and
one even traces
the winding trail
that led to Pluto's
demotion from
full planethood.

Corfield touches upon the usual sus.
pects (Galileo, Percival Lowell, and Carl
Sagan) but also less well-known players
who have added to planetary knowledge
and fueled the fires of intrigue. Corfield
succinctly describes the organizations
involved in each endeavor to explore
other worlds as well, demonstrating
that he knows his stuff when it comes to
planetary missions. He was immersed
in Britain’s Beagle 2 lander mission,
which accounts for his extended tribute.

Sometimes explanation of hard scence
1s skimpy or poor, but it's not imposing
enough to weigh down the read. Aside
from that, the work is an engrossing chron-
icle that balances politics and science in a
history of captivating. “hold-your-breath”
atiempis at planetary exploration.

After toiling as Sky & Telescope’s summer
intern, Kristing Grifantini is now studying
science journalism at Boston Uiniversity

Flat-field super
quadruplet:
The new Q"

The new “Q”

The new “Q" is a quantum leap from the very popular F5Q-106 — some of its
redesigned features:

* 106 mm aperture £/5 (530 mm focal length)

* Back focus increased to 178 mimg; accepts more CCD cameras and bing viewers
+ Smaller tube length (16.77) makes it easily airfline transportable

+ 4-glement ED Petrval optics render superior images

* Color cormection extended to 1000 nm to provide non-bloated imaged stars

* New fine focuser with camera rotator carmes 5-kg load for lange CCD cameras

* Produces an B8 mm image circle with a 95" field

* Dptional new /3.6 reducer with 44 mm image circle and 6.5° field

* Optional Extender { for superb high-magnification views of Moon and planets

TAKAHASHI

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

Achrorich. Astrondmy = Hudion Falls, WY Hah O Oypiics = Diamasous, B0

BT7-348-B433 BEE TH-TAT

Arusd oty T'FH'H':'?F“‘-"-E':’"-E" Ll Ueeanrade Fhoto & Teewope - Oossnmacke C&
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Artroreruy « Mewrnan R Diptacal Csclarce Syterns « Muntingdon Valley, PA
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(ASTRO-
TCCH

A 90mm FPL-53

APO triplet B\

for only \

$12957 M 5

R
S Life is
good!

How does the 90mm /6.7 Astro-Tech
AT90EDT apochromatic triplet refractor
stack up against the 90mm competition?

One similarly-priced 90mm scope has only
doublat optics = it's nat a triplet — and can't
be collimated in the field for peak perfor-
mance like the AT90EDT.

One triplet competitor costs $700 more
than the ATI0EDT and was quoted as tak-
ing 60 to 180 days to deliver when this ad
was written. It has a one-year warranty,
and a carrying Case is an extra-cost option.

The in-stock Astro-Tech AT90EDT has a
two-year warranty, twice that of the higher-
priced competitor,

In addition, a lockable hard case is stan-
dard equipment with the Astro-Tech — not
an extra-cost option as it is with the higher-
priced scope. The foam interior of the
Astro-Tech case is die-cut to hold a 1.257
or 2" star diagonal and up to five eyepieces,
as well as your AT90EDT.

Does the competition really stack up with
the ATSOEDT? Doesn't sound like it.

The fully multicoated and collimatable
ATR0EDT triplet optics use all premium
Ohara glass, including an FPL-53 element,
for virtually zero chromatic aberration,

And of course you get the features Astro-
Tech is known for — rotating dual-speed 2.7°
rack-and-pinion focuser; retractable dew
shield; 1.25" and 2" brass compression ring
eyepiece holders, etc.

There are six Astro-Tech refractors, start-
ing with the 5349 ATGEED that Asfronamy
magazine said "everyone should own.”

Each uses ED glass for sharp, high con-
trast images free from spurious color. Each
is @ superhb first telescope as well as a great
second scope for travel and backyard as-
tronomy. Each could well be the last and
best telescope you will aver pwn.

ASTRO-TCCH

from Astronomy Technologies
Astrp-Tech 5 gupplable at these U, §, degler webmpbes
astronomics.com ® highpointscientific,cam
blusplanetaptics.com & auroraastro.com
I Euroge, Aikrd - Tach 18 ivailible 8% those mebgios
aleph-lab.com & locascope.com
robtics.nl & scsastro.co.uk

I'\\_ dadlit ifduires meioome infpibasbroromypberhrobog . com _/|‘I
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Books & Beyond

Planetary Rings
Larry Esposite (Cambridge University Press, 2006).
214 pages. $110. ISEN-13 878-0-501-36222)

WHenever | talk to
solar-system experts,
they point to the Univer-
sity of Arizona Press title
Planetary Rings as one of
their bibles. But that ref-
erence was published the
same year Reagan beat
Mondale, so it's a little long in the tooth.

Esposita’s Planetary Rings fills in many
of the gaps by integrating the past two
decades of research, covering observa-
tions by the Hubble Space Telescope and
NASA's Galileo spacecraft, and the ongo-
ing Saturnian ring watches by the Cassini
orbiter. This contribution to the Cam-
bridge Planetary Science series is tailored
toward advanced undergraduate students
or physics-savvy enthusiasts, You don't
need to be an expert to learn from it — but
you can't be afraid of equations either.

My main reservation about the book
is its timing. With advances in ring sci-
ence appearing in Science and Natwre at
breakneck speeds, shouldn't Esposito have
waited at least until Cassini’s primary mis-
sion was complete?
— David Tytell

Voyages: Exploring the Art of Greg Mort
Greg Mort [Sea Class Publishing, 2007),
144 pages. $30.95. (SBN-13 978-0.9753246-1-7

As a Fan of space
art, I greatly enjoy
the fanciful vistas
of alien worlds and
vibrant renditions
of esoteric cosmic
Pl‘]l'] IOTTHATIA, (_-I'l'g
Mort (www.gregmort.com) doesn't quite
qualify as a “classical” space artist. His
work is a melding of water, air, and space
created with a more somber pah:’r’rc'. Some
of his paintings have appeared in Sky &
Telescope, including the cover of our spe-

cial November 1988 issue about the state
of amateur astronomy. Gthers are in the
collections of President Bill Clinton and
the National Air and Space Museum.

This anthology is accompanied by essays
about specific paintings. It's here we learn
how Mort's celestial interests have inspired
aspects of his artistic interpretations, blend-
ing still lifes, seascapes, and starscapes in
unexpected and appealing ways.

— Stuart |. Goldman

Creating and Enhancing

Digital Astro Images

Grant Privett (Springer, 2007). 142 pages. $39.95,
paperbound. ISBN-13 978-1-84628-580-6

THis RECENT addition

to Patrick Moore's Practi-
cal Astronomy Series is
chock-full of helpful tips
for anyone considering
attaching a camera to a
telescope. Author Grant
Privett, who obviously spent a great deal

of time researching (and practicing) the
subject, touches upon every major medium
available to amateurs today. He presents
you with encugh information on each of
the disciplines of astrophotography without
drowning you in mathematical equations.

Privett introduces various digital cam-
eras and explains their strengths and weak-
nesses. He then describes the techniques
for image processing, dividing the steps
{and the book) into two distinct categories:
data reduction, the essential procedures to
apply to digital astrophotos; and enhance-
ment, which encompasses virtually every-
thing else done to an image.

Privett wisely avoids discussing specific
software packages, choosing instead to
describe the important functions commaon
to most, thereby extending the usefulness
of the book in this rapidly evolving hobby,

[ highly recommend it for beginners or

tor advanced imagers who concentrate on
one photographic discipline and need an
introeduction to the other ones. 4+

— Sean Walker
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Astronomy Online

Exph

Use Google Earth t ﬂﬁnd the darkest spots near you.

| arorocize if you're tired of hearing
about it, but Google Farth (earth.google
com) keeps adding new features too cool
not to mention.

Every few months Google Earth updates
1ts main data sets that make the program
so fun to explore: the detailed aerial and
satellite imagery of our planet. A new
overhead view iz now available: Earth's
surface at night.

It turns out we can thank 5&T execu-
tive editor |. Kelly Beatty for the inclusion
of the Earth-at-night view in Google Earth.
He's the one who suggested to Ross Beyer
(MASA fAmes Research Center) that satel-
lite imagery showing the pervasiveness
fnf']ighr pu“uuun l::‘]nngl-: in Google Earth.
Beyer and his colleagues have been mold-
ing NASA's vast sets of data into formats
easily accessible to the public; this is their

first step to make layers for outreach.
The global view of Earth at night has
been around for years, available on posters
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and even a Google Maps “mashup” that |
s
96). But the Earth City Lights version is
a marked, fascinating improvement. By
turning on other lavers as well, such as
roads, cities, and geographic features, you
get clear context to the patterns of surface
llumination, This lets you locate the best

patches ot darker sky nearest your home

and find the roads that will let you reach it.
The night-view layer doesn’t have nearly

the resolution of the aerial and satellite
Imagery, so you can't zoom into cities and
see individual buildings glowing. And you
can't hnd secret patches of darkness in
the suburbs quite as clearly as I'd like. The
imagery — based on the US Air I-'nr{ e's
Defense Meteorological Satellite P
and rendered into maps by the National

Oceanic and .1".’r1r|L:-.L-T:|u-r:|£ Administration

IZIL!'.:I I

(www.ngdc.noaa.gov) — has a resolution
of a few kilometers.
Wouldn't it be cool if you could peer

DARK 51DE OF THE EARTH
Google Earth software now
includes data layers straight
from MASA. You can get a new
perspective on light pellution
with the Earth City Lights layer,

oAl . W p—
View: LCof -H

v [ o Primary Database
& Terrain
B Ceegraphs Welb
i Feanrnd Combere
Kailional Caogruae Migarn
_ i Discowery Wetworks
v E S waka
W 2 asronaar Promogras by of E
R Late it bTageny
v @ Ewth Ciry Lights
v S farth Oy Lights
& Earh Coy Lighme
3 I‘ B e R T A RThier

F'I-ﬂl

L

v ¥
|

d in this column (S&T: July 2006, page

closer? Some scientists think so, and they
have an idea for boosting the resolution ln
orbiting a camera dedicated to photograph-
ing the Earth at night. In the January Inter-
national fournal of Remote Sensing, NOAA's
Christopher Elvidge and 10 colleagues,
including astronaut Donald Pettit, offered
their rationale for a “NightSat.” Their goal
15 to provide 50- to 100-meter resolution

for the darkened globe, mapping the entire
planet once a year. It wouldn't be merely a
“light-pollution satellite.” The data could
beneht fields from environmental sciences
to urban planning

Pettit's involvement stems from experi-
ence photographing Earth at night. During
his stay aboard the International Space Sta-
tion in 2002-03, he made a point to photo-
graph major cities at night. He even built
a special motion-compensating mount for
the camera to improve the views. Some of
these photos are featured in the sub-level
of Google Earth’s NASA layer highlighting
orbital photos by astronauts, a compilation
from NASA's Earth Observatory program
(earthobservatory.nasa.gov). For the
motherlode of orbital imapges, however, see
the Gateway to Astronaut Photography of
Earth at ecl.jsc.nasa.gov.

Beyer notes that there's more to come:
"We will hopetully be rolling out the Moan
in the Google Earth client early next vear,”
After that, he says, they'll turn to Mars.

As a hinal note, after reading my
August 3rd blog entry about these new
NASA data layers, solar observer Greg
Piepol wrote to me about his wishful idea
for a “Google Sun,” He has it mapped out
at www.googlesunshine.com. 4

Read associate editor Stuart Goldman’s blog
at SkyandTelescope.com.
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Rambling Through the Skies

Going Like Sixty

Going down for the count, Mesopotamian style.

WiITH 60 MINUTES consigned to every hour and
60 seconds to every minute, time goes like 60. We should
take hive and thank ancient Mesopotamia for that,

The presence of 60 in our timekeeping conventions
and in the way we subdivide angles is the legacy of the
sexagesimal, or base-60, number system hrst devised by
the Sumerians. Their habit of counting in 60s is docu-
mented from the 1rd millennium BC in cuneiform book-
keeping on clay tablets from Uruk, in what is now south-
ern Iraq. The Sumerians’ innovative use of place-value
notation — in which the position of a number indicates
its value — made basic arithmetic easy.

To our decimally regimented brains, manipulating
rhultiples of 60 doesn't sound convenient. We manage
numbers in powers of 10, and in our integers, the figure
farthest to the right represents values from 0 to 9. The

2 oy W o |55 -ﬂ"ﬂ
3oy |V gy 549 ﬁﬁ

4 TEY 1 TryY
A 51'"

5 Ty |20 g
6 TIT |25 oW
7 WY |0 (g«
4 ;T:T: lm d

next position to the left indicates how many multiples of
10 comprise the amount. One more shift to the left regis-
ters hundreds, and greater powers of 10 follow suit.

Mesopotamia introduced similar place-value to its
sexagesimal numbers, but the count goes from 1to 59
in the first position. Each numeral was a combination of
two different strokes: one stood for 10 and the other for 1.
When the count reached 60, the symbeol for 1 was used in
the position reserved for multiples of 60, and higher pow-
ers of 60 were expressed in adjacent sequence.

We don't know what prompted the Sumerians to go
sexagesimal. The number 60 is conveniently divisible
by 2, 3,4, 5, 6,10, 12, 15, 20, and 30, and its attraction is
often attributed to all of these factors. In The Exact Sci-
ences in Antiguity (1951), Otto Neugebauer, an expert on
ancient mathematical astronomy, argued that the sexag-
esimal systern wasn't a singular and deliberate invention
but an accretion over time of various conventions and
manipulations.

In the time before writing was invented, tokens used
for counting likely played a key role as well. When arith-
metic processes are handled through objects like clay
tokens, numbers that can be partitioned easily in many
ways are favored. The number 60 outperforms 100,

The language of Babylonian arithmetic appears to

SET IN STONE Record keepers in ancient Mesopo-
tamia used cuneiform notation to specify numbers
in sexagesimal, or base-60. The tablet in the British
Museum (upper left) was reassembled from
fragments. The document tabulates sexagesimal
data on the position and progress of the Moon
during a three-year period in the Seleucid era,
beginning in March 104 BC. Teachings by
a Chaldaean astronomer (left) include
asking if his students think he's
sexagesimal as he draws circles
graduated in Mesopotamian
style with 360°. lllustration
from Astronomical Myths by
john Blake (1877).
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Telescopes have
sexagesimal appeal, but they don't
necessarily flaunt it. Each subdivided
hour on the horizontal ring of Griffith
Observatory's 12-inch Zeiss refractor
fleft) actually contains 60 minutes, and
each minute has 60 seconds. The dec
lination circle's degrees (on the vertical
ring) contain 60 arcminutes, and each

48
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e to the handling of
counters than to abstract numbers. The Mesopotamian
way of handling fractions is clearly related to the concept of
sibdividing a fundamental measure. Commerce and the
use ilf-l;.']:l‘l-' tokens likely inaugurated the number system
By the first half of the 1st millennium BC, the Babylo-
nians had divided the circle into 360" and subsequently
divided each da'c_::n*rf into 60 arcminutes (60°) and each

be rooted in words more applicab

arcminute into 60 arcseconds (607). Chaldaean astrono
mers incorporated sexagesimal notation into astronomical
tables in the Hellenistic period, and the Greeks embraced
this convention in their mathematical aslronomy, P'.Iilli_'ﬂl}'
specified sexagesimal angles this way in the Almagest. The
practice was transmitted to Islamic astronomers and was in
tirme ir1:'r::r]'.|1:-r.'.i::~d into Medieval Eu ropean 1,'::-r1|p=,:|t;|tii:-11.

The setting circles on telescopes, the tables in The
Astronomical Almanac, and the celestial positions speci-
hed in this magazine each month all preserve an archaic
Mesopotamian inclination to count by 60.

The Chinese also relied on 60, but u|1|j-. tor a calen-
drical day count — traditional Chinese arithmetic isn't
sexagesimal. Each day in the tally is designated through
a sequential pairing of what the Chinese call 10 celestial
gan (stems| and 12 terrestrial zhi (branches). There are 60
meth' combinations, and this system is atiributed to Da
nao, the advisor of the legendary Yellow Emperor, Huang
di, who is said to have inaugurated it in 2679 BC

By the Han dynasty and the 1st century BC, the system
was extended to a 60-year cycle that is, in turn, hinked to
the 12-vear eycle of talismanic animals and the 12-yeas
cvile of the '|'.-|.,=|"|1'| ||,._n-:'¢-|' {S&T: February 1998, page T2

A G0-year interval acquired personal meaning for
me on November 18, 2004 — my 60th birthday. | was in
Bologna, Ttaly, for that milestone, leading a tour. Late that
morning we headed to San Petronio cathedral.

2007 SKY & TELESCOPE

arcrminute conceals 60 arcseconds.

HIGH NOOMN The Sun moves 1° in
about four minutes (360 per day « 24
hours per day + 60 minutes per hour
= 14" per minute). As it transits, its
projected image goes like 60 over the
meridiana [right) inside San Petronio
cathedral in Bologna, Italy.

Begun in the 14th century, the brick Gothic basilica
was never actually completed, but it has had an astro-
normical career. Egnahio Danti, a Dominican calendar
reformer, turned the church into an observatory in 1575.
He installed a meridiana, a north-south line inscribed on
an interior floor and accompanied by an aperture on a
vertical wall rising bevond the south end of the line. The
u]}-i'r'.n.r{' |?L"I'TTI'|1':‘C ol Fllr'l hl:'ll‘l.' il'li.'lgi TIIII- t!'ll' Sun to LTSS 1'|"..E"
meridian line each day at local noon, and the point where
the sunlight intercepts it depends on the noon elevation
of the Sun. Because that angle depends on the date, a
meridiana operates as a calendar.

Danti’s instrument was replaced in 1655 by a grander
meridiana designed by the astronomer Gian Domenico
Cassini, and Cassini's 68-meter-long (220-foot) meridian
15 still embedded in the cathedral's stone foor.

In November, Bologna typically experiences only three
sunny days, and in 2004, my 60th birthday was one of
them, Soon after entering San Petronio, a member of the
tour noticed a spot of sunlight high on one of the col-
umns. | realized that in a moment the Sun's image would
drop to the floor and intercept the line.

| was surprised by this opportunity to see Cassini's
meridiana in action, but others were obviously better
informed. A small crowd of locals had already |:_-::l|.|"ll."Tt;'l:J
at the north end of the line and was waiting for the Sun.
I hurried down and began photographing the ellipse of
sunlight. In a moment, | realized the obvious: the Sun
was marking my birthday on the meridian.

The spot moved quickly. The whole show was over in a
few minutes, and | realized that at my age life seems to 2o
like 61, #

E. C. Krupp places value on astronomy at Griffith Observe-
tory in Los Angeles,
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Just Passing Through

IMAGE BY AKIRA FU|II

IN SEPTEMBER 1990 mars was drifting through Taurus near the distinctive V of the Hyades
star cluster, outshining the similarly hued star Aldebaran. Last August the Red Planet passed the same
spot en route to Gemini, farther east, where it lingers through opposition to the Sun in late December:
see our observing guide on page 66. In January Mars slips westward back into Taurus, pairing with
Beta (B) Tauri, or Elnath, the bright blue-white star at upper left. The eye-catching Pleiades star cluster
is at upper right. The field shown is about 30° (three fist-widths) wide, with north up.

50 Nowgmber 2007 SKY & TELESCOPE
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November 2007
Sky at a Glance

PLANET VISIBILITY

~ e il - 2

Sun Mo Tise Wed Thu Fri Sat ,

."l:al_:‘. 1‘- "t'ii |

1 ' ‘ . 3 . EYEMING LATE NIGHT MORNING :

4 ' 5 . b . 7 . 8 . 9 . 10 .. Mercury Mercury Mercury (Low, ESE) I
. ) " 1 Venus Venus Venus (SE)
. : . » . . ]5 . " ' : ‘ Mars (Rising) Mars (E to 5) Mars (W)

B vE A 06 nE B Jupiter (Low, SW)  Jupiter jupiter ~ *
Saturn Saturn (Rising] Saturn (High, SSE)

ABEY %649 Y M B }19 )m )

: CELESTIAL ALMANAC

Nowv. 1 ‘ Last-quarter Moon (518 p.m. EDT). [':.F—I-E - The weak Leonid meteor shower peaks tonight.
Activity starts around midnight, when Leo rises,
3 % The Moon occults Regulus for viewers across Mexico % but you'll likely see the most meteors 2-3 hours
and the southern US; see page 70. before sunrise on the 18th, Expect about 10 meteors

per hour under ideal conditions.

-4 X Daylight-saving time ends at 2 a.m. Nov. 4th (for
Wizt of the US and Canada). A MATTER OF PERSPECTIVE
4 % The Moon passes 1%* from Pmp?huumﬁemHuﬂisptuugulamﬂtfmlm&Hﬂuﬂhh!
Saturn in the morning sky for dawn in November than during its evening apparition in Seplember and Oclober,
viewers in Asia. It's 6-7° below That's because im autumn the ecliptic {the path of the planets against the stars)
Saturn by dawn in North runs high across the sky in the morming but hugs the horizon in the evening,

Amica. The situstion is reversed in the

4-16 ﬁ Mercury is at its best low in the east-southeast: lock 5”“'"" Hemisphere, where Sunrise,
about 60 minutes before sunrise. This is an unusually it's spring now. There, the Novd
good showing, and Mercury may be visible for most September.October Sunset, Mercury
of November if the air is very clear; see page 58. evening apparition was Sept 29

superb, but Mercury is 3

A ; e
The =
5 ﬁ Moon is 3—4° to the right of Venus in early dawn barely visble Y e

for the Americas. A beautiful pairing!

Movember.
New Moon [6:03 p.m. EST).
29 @ p
13 ‘% Venus passes just 2' north of 4th-magnitude n Virginis The Moon is exactly full at 9:30 a.m. EST (&30 a.m.
_ around 5:30 a.m. EST. Best through a telescope. B PST). Just a bit earlier, around 4-5 a.m, PST, it skims
= the Pleiades for observers in western Narth America,
I3 . Mars begins retrograde (westward) motion against Use binoculars or a telescope.
*"  the background stars; see page 66.
25—2? ', The Moon passes 134" north of
17 . First-quarter Moon (5:32 p.m. EST). Mars around 11:30 p.m. EST
. ]
Check SkyandTelescope.com for details as each event SKY & TELESCOPE November 2007 51

approaches,



Fred Schaaf

Northern Hemisphere's Sky

T

The sky between Cygnus and Cepheus features a hug

Novelties of November

You don’t need to travel the globe or stand on your
head to enjoy the constellations in new ways.

MYTHOLOGY, MYSTERY, lovely geometries

— the November sky has them all. With the right hints,

beginning skywatchers will take to this sky like iron
filings to a magnet. And what if you're a seasoned ama-
teur, looking to renew vour sense of wonder? You can
do it by studying the November sky from novel angles.

Constellation themes. Among the constellations of
autumn, the message seems to be “join the club.” No
fewer than 14 constellations on our evening sky map at
right are members of two topical groups.

The first group illustrates the Greek myth of Androm-

eda and Perseus. Its members are the chained damsel in
distress, Andromeda; her rescuer, Perseus; her parents,
King Cepheus and Queen Cassiopeia; Perseus’s flying
horse, Pegasus; and evil Cetus, the Whale or Sea Mon-
ster. They're contiguous save for Cetus, who rightfully
should be as far as possible from Andromeda

The second constellation group is water related. Its
hive central members are the sea-goat Capricornus, the
water carrier Aquarius, the bwo hsh of Pisces, Piscis
Austrinus (the Southern Fish), and Cetus again. They

CEPHEUS

rk nebula, the

large smudge just right of center here. French astronomer Guillaume
Le Gentil first called atbention to it in the mid-18th century.

November 2007 SKY & TELESCOPE

MESSIER'S MARK
Although he discovered
a dozen comets, French
comet hunter Charles
Messier is much better

known, two centuries
later, for his “M number”
list of more than 100 star
clusters, nebulae, and
galaxies.

touch each other, as
Iil.l I-UIJ.[ rri[lg':' ITETI-
bers. Delphinus is

a dolphin and Eri
danus a river. Grus,
the Crane, is a shore
bird peeking up from below Piscis Austrinus. Finally

we have Taurus, the Bull, who's traditionally missing

his back half among the stars because it's submerged in
seawater, This ocean is the one across which Zeus swam
— in bull form — to carry off the maiden Europa. While
Europa isn't a constellation, she makes up for it by hav-
ing a continent of Earth, a major moon of Jupiter, and an
asteroid named for her.

A mysterious Milky Way backwater. Between the
main patterns of Cygnus and Cassiopeia is a weird sec-
tion of the Milky Way that crosses parts of Cygnus and
Cepheus. It is nearly cloven through by a dark cloud of
dust and gas northeast of Deneb. It also passes over Mu
i) Cephei, popularly called Herschel's Garnet Star for
its deep color, and the star cluster Messier 39, which is
nowadays neglected but was familiar to ancient observ-
ers. Not far from M39 lie the Cocoon Nebula and the
spooky dark nebula Barnard 168, which 5&T's Gary
Seronik calls “the Road to the Cocoon.” Here too is Pi’
in") Cygni. which has one of my favorite preposterous
names: Azelfafage (“ah-ZEL-fuh-fahj,” a medieval cor-
ruption of the Arabic name "the Tortoise™).

Geometries of beauty and use. Finally, consider the
patterns arrayed in the Novernber heavens. The big:
elegant Summer Triangle of Deneb, Vega, and Altair has
sunk halfway down in the western sky. Almost bisecting
the triangle is the Northern Cross. The Great Square of
Pegasus, bristling with outward lines of stars, sits high
in the south. If we extend the Square’s west side a long
way down we hit Fomalhaut, the lone 1st-magnitude star
of the tradibional autumn constellations. Following the
Square’s east side south takes us toward Beta () Ceti, or
Diphda, the 2nd-magnitude star at the tail of Cetus. 4

Fred Schaaf welcomes your mail at fschaaf@aol.com.
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Binocular Highlight:
Seeking Stock 2

T{}U MIGHT EXPECT that every :_"IZ.':I-I.] binocular target

Galany
Double ctar
Variable star
Open clutter
Diffuse nebaula

Globular cluster

Planetary nebula

Facing West

Using the Star Chart
WHEN

Late Novemiber 7T pm.
Early November & pm.
Late October 10 p.m.®
Early October Npm?®
Late September Midnight"
“Diaplight-sawing lime

HOW

o outside within an hoar or soofa

time listed abave, Hold the map out
in front of you and turm it around
50 the label for the direction you're
facing [such as west or northeast)
is al the battom, right-side up. The
curved edge is the horizon, and

the stars above it on the map now
match the stars in front of you in
the sky. The center of the map is the
zenith, the peint directly overhead.
Ignare all parts of the map above
harizons you're not facing.
Example: Turn the map around
50 the “Facing NE™ horizon is
right-side up. About a third of the
wity from there to the maps center
is the bright yellowish star Capella.
Go oart, face northeast, and look
about a third of the way up the sky.
There's Capellal

MNote: The map is plotted for

40° north latitude {for example,
Denwver, New York, Madrid). If
you're far south of there, starsin
the southern part of the sky will be
higher and stars in the north lower.
Far north of 40° the reverse is true.
Mo bright planets are visible al

chart tme in Movembaer,

You can get a sky chart
customized for your
location at any time at
SkyandTelescope.com/
skychart

18 in the Messier catalog or at least has an NGC or [C number.
Stock 2, a pretty but obscure cluster on the Perseus-Cassiopeia
.!l.'!l.|!'l. xhl..'.'-*-» that this isn't the Case,

In the 1950s, German-born astronomer Jiirgen Stock
discovered a handful of clusters on photographs taken of a 12°
stretch of sky along the northern Milky Way. Because Stock
used an objective prism. these plates yielded the spectra and
magnitudes needed to pick clusters out from the teeming
masses of field stars. He identified 24 clusters this way, includ-
ing the one now called Stock 2.

Being listed in an abscure -'.'.tialf:_}; is only one reason why
Stock 2 is usually overlocked — it also lies near the much
showier Perseus Double Cluster. But if you follow an arc of
6th- and 7th-magnitude stars running 2° north-northwest
from NGC 869 (the western component of the Double Clus-
ter), you'll end less than 1° south of Stock 2.

Under dark skies, my 10 x 50 binoculars show it as a big,
dim, sprawling haze spanning about 1°, The cluster's brightest
stars shine around &th magnitude and form a distinctive stick
figure man with arms and legs spread wide and his feet to the
northeast. The rest of the cluster's star mist appears elongated
north-south. The extra light grasp and magnification of my
15 = 70s pulls in a few more stars and gives the cluster a little
more dehnition, 4 — Gary Seronik
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Suburban Star-Hop

Snowball Sighting

One of the sky’s brightest planetary nebulae

THE CONSTELLATION

Andromeda hangs high on
Movember nights. Best known
for its namesake palayy, Messier

e Taoniie 2 s
fine planetary nebula, NGC 7662,
called the Blue ':.:-u.h'. all.

It you're intrigued by celestial

misnomers, consider ["' d TIETATY

11, Andromeda is

nebula.” English astronomer
William Herschel first coined
the term in 1785. Having found
numerous spherical nebulae dur-
ing his pioneering survey of the
night sky, Herschel commented
that their telescopic appearance
resembled that of the planet

crests overhead on autumn evenings.

Uranus, whic .* "dul‘ overed
'hl T||:' il

AT |_.| ‘..1. 15 "||J|'.d| (i1 '.h{

le puffball in

species. Herschel described it as
bright, round. a planetary [with
i :_Ir'."h '|"..".| Iit'.-i:iL'L'i dl:“:i‘: ;
Herschel couldn’t have known
that a planetary nebula symbol-
izes the death of a star. When
a star similar to our Sun grows
old, it expands to become a red
giant. This phase of its existence
is relatively brief and ends when
the star sheds its immense but
tenuous atmosphere. A wind of
fast-moving particles from the
star’s exposed core then smashes

This portrait of the Blue Snowball reveals the nebula’s aqua hue and double-
shelled structure. The central star looks prominent here, but it glows at 13th

magnitude and is beyond the range of small telescopes.

FUN WITH FILTERS
A narrowband “nebula” filter
(particularly an O 11l type) will
transmit most of a planetary
nebula's “oxygenated” luminos-
ity while dimming the light of
ing stars and blocking

into the ballooning sphere of
gas and squeezes it into a thin
shell. As ultraviclet light from the
white-hot core reaches the shell, it
energizes the atoms in the gas and
makes them glow. The resultis a
luminous planetary nebula.
Check out our foldout evening-
sky map. The Blue Snowball is
located (but not plotted) directly
above the letter *i” in the word
“Zenith™ near the center of the
chart. Guiding your telescope to
that spot is easy, especially when
Andromeda and neighboring
Pegasus are near the meridian
Begin your star-hop at 2.5-
magnitude Beta () Pegasi
or Scheat, which marks the 1
northwest (upper-right) corner of
the Great Square of Pegasus. From
Scheat, shitt your scope northward
toward 3.6-magnitude Omicron
{0} Andromedae.
Slightly more than halfway to
Omicron lies a pretty double star
975, situated in Lacerta,
the Lizard. The 5.7- and
9.0-magnitude components shine
blue-white and orange, respec-
tively. and are 52 arcseconds apart
an easy split even at low power
T'he “h" in h975 stands for John

}"”*- I"I'. [ I 1AM S S0On). J.."'ll'.
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19th century
Hl-!—;lr'l'.ll';H our journey to the
Blue Snowball, when you reach
Omicron, turn eastward in
3 the direction of 4.3-magni-
tude lota (1), nearly 7° away. Two-
thirds of the way toward lota, vour
|'.|:1l.'|n'|'-uu_'|.-p1- will swee p up Gth-
magnitude 13 Andromedae 4
Our celestial snowball Hoats
less than 15° southwest of that star
NGC 7662 glows at magnitude
8.3 and is a scant 32 by 28 arcsec-
onds in size. Observing with my
4a-inch {/6 refector at 27x, [ see
the nebula as almost stellar, but
its true nature becomes apparent

when | compare it with a star of

that the planetary's disk 1s
shightly elliptical with a hint

ot a darker middle. The hazy
annulus looks brighter o1

its northeast side (facing 13
Andromedae) than it does

on its southwest side. This
structure is surrounded by

a dim outer shell, but 1t 1sn't
visible in my city-based scopes
n the Blue
well.

Ferceiving color 1n deep-sKy

Th promised “hlue

Snowball 15 elusive as
::|'||r'-.'.'h 15 4 TAre treat 1™ SPHACITS
of planetary nebulae are domi-
nated by emission lines
bly ionized oxvgen atoms, that we
nercerve as bibae o Sreer, Cors:

quently, planetaries often display

an agua tint. John Herschel

—8

For tips and tricks on using star maps with
your telescope, visit SkyandTelescope.com/

howto/visualobserving.

similar luminosity 8 arcminutes
to the east. Pushing the s
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no detail.
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Bigper scopes do betier

was the nrst o notice

|| Cast of NGC 7662, though

in small scopes the pale hue
is subtle at best

[0 wrap up your visit to the
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The field of view
in this photo

of NGC 7662 is
similar to the
area an B-inch
scope working at
around 100:x will
show.
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When to Use the Map 4 Greg Bryant
Lote November  Dusk Southern Hemisphere's Sky

Early November o pm.

Late October 10 p.m.

Early October 11 p.m. yuoN Juney
Late September  Midnight

Thess e standand med. The map i photted

for 15" south latiude (for exampie, Sydney,
Buenos Aires, Cape Town|.
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Calaxy

Double star
Variable star
Open cluster
Diffusa nebula
Globular custer
Planetary nebula

Facing South

TH E CONSTELLATION Tucana (the Toucan) Hies galaxy that orbits our own Milky Way at a distance of about
high in November's evening sky. Named for the colorful 200,000 light-years,
bird of the American |.|'I':-5,'l'i-.:=i. Tucana has some very remark- Alzo izl y the eye ag I:IIZ-".-"_. “stars.” the ;:_-}|I'.l|‘.-'.45..u! ztal
able deep-sky objects around its nest. clusters N 32 and 47 Tucanae lie just north and west of the
Foremost among them is the Small Magellanic Cloud SMC, respectively. Although 47 Tuc is the night sky's second-
(SMC), which is easily visible to the unaided eye. The brightest globular {after Omega Centauri), many observers
“lesser” of the two Magellanic Clouds, the SMC is a satellite ider it the finest in appearance. 4
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A Month fo

From Mercury to Neptune, all the planets are on display.

MARS DRAWS ALL EYES

to its vivid |'.Ir]|:_l||11llt"!-1!~. and color after it
rises in the evening. The Red Planet is
approaching its December opposition and
closest approach to Earth. Saturn comes
IJ]J i!HIIJ'I'II'_‘I r|:|i1.1r|1|=',||'.. Venus ‘i'.'"ﬂ‘lnll ]HHJ].‘“
later, and they're both high in the east to
southeast before sunrise. And for the first
weeks of November, Mercury glimmers
far below them at dawn's first gleaming,

EVENING

Jupiter shines at magnitude —1.8 but lurks
very low in the southwest at dusk, get.

ting lower every week. At mid-northern
latitudes, Jupiter sets almost 22 hours after
the Sun as November begins but only about

Dusk, Nov 12-13

1 hour H_,F.'l F iAsE

Looking Southwest

POINT OF VIEW Unless noted otherwise, sky
diagrams and descriptions in Sky & Telescope
are calculated for latitude 40° N, longitude 90
W, in thie US Midwest, The pl::-".i1i|.111's af ELars
and planets are fairly accurate anywhere at mid-
northern latitudes, but the Moon positions are
valid only for Morth America

SKY &

:;,H November 200 TELESCOPE

70 minutes afterward at month's end.
Plito 1= too low to be observed this

month, but Neptune and Uranus, in Cap-

ricornus and .-"L{]Il.'JI".-'IH. FESTEC tively, are

'-|I..| ]I.‘(-:'I!. i!lilii"‘-i'iil.l]l.' 171 ||'|l:' h(:lﬁl'l'll'rr'. "-\.L.'r

right after the end of evening twilight. See

page 60 of the July issue tor hnder maps.

LATE NIGHT

Mars 15 a camphre-colored radiance
noticeable as soon as it rises in the early
evening: about 8:30 p.m. as November
opens and 6:30 p.m. at month's end. Only
for a few months every two years does
the Red Planet Rame up as bright as this.
In tact it doubles in brightness during
November, from magnitude -0.6 to -1.3,
greatly outshining even the brilliant win
ter stars until Sirius rises much later in
!hl.' CVCTHITLE,

Cne ]1-||'.'|:c1m' of following Mars with
naked eye or binoculars is to watch it stop
its normal eastward motion through the
stars and begin a dramatic period ol ref-
rograde (westward) motion. This halt hap-
pens on November 15th, with the planet
yarning brightly in the middle of Gemini.
[t then begins to drift back toward
nearby Epsilon (g) Gemino-

fum. Mars continues its
retrograde motion until o
January 30, 2008, ~

In a telescope p
the planet swells K

from 12" to 14"

eclintic
wide during

November, larpe

K VB

& #
THE ECLIPTIC
The path that the Sun s .
Takes against the backgroundt ~( \
.|| Mstars each year is called the
| great circle around
the sky that runs through the v
constellations of the zodiacs =y |

9 pm, Nov 26-27

Prfr
L]

Lﬁﬂlllif'l;-_'-‘_ E.'i'-.l:-Hr”Eh:'”'..r

MOON GREETS MARS On the night of
November 26th, North Americans are perfectly
placed to see a spectacular pairing of the Moon
and Mars. When clogest, around 11 p.m. te mid-
night EST, their centers are just 1%4° apart.

tures on very good nights once Mars gets
high in the east late in the evening. See
the article on page 66 for a complete guide
to observing Mars these next few months.

MORNING
Saturn follows Regulus up over the hori-
zon around the midmght hour; the two are
7° or 8% apart. Saturn shines at only
magnitude +0.8 in central
Leo. If you view it through
a telescope, you'll find
that the rings appear
closer 10 edge-on
than they've been in
a decade. You'll get
the clearest image
as morning twilight

5

e |

enough to show a . The Moon and planets areey begins, when the
lot of surface tea- always near the ecliptie planet is highest.
5 bup rarely exaclly 8
.;_. {\ i T,

o Talef



Venus 1= the dazzhing "Mormimg Star
It reaches greates! elongalion [appear
ing farthest from the Sun in the sky)
Oictober 28t i Movermber il pemaii
gloriously high, nsing nearly four hour
before the Sun as seen from mid-northern
latituces. Itz altitude a hall hour belore
sunrise declines only a little during
November for mid-northern viewers, from
about 37 to 32°. Venus is still magnitud

4.2 at month's end, when in telescopes it

displays an 18"-wide gibbous disk

Binoculars or a small telescope wall
give fine views of Venus passing close to
three fairly bright stars in Virgo during
the hrst three weeks of the month. At
dawn in Europe on November 6th, Venus
15 0.2° north of Beta Virginis, magnitude
3.8; the two are still just 0.3° or 0.4° apart
by the time of dawn in North America. On
November 13th at 5:30 a.m. EST, Venus
passes only 2" north of Eta Virginis, mag
nitude 4.0. On the morning of November
18th, Venus is 1° lower right of the close
double star Ganfma Virginis [Perrima)

Venus appears 8° above 1st-magnitude
Spica on November 24th. The two close to
a minimum distance of 4° on the morn
Ings of November 19th and 30th.

You can find each week's abserving high.
lights at SkyandTelescope.com/ataglance.

Mercury climbs into good view far

below Venus at dawn for the hirst two or
three weeks of November, This is a hne
apparition of the swift little planet for mid-
northern latitudes. On November 15t Mer
cury already rises about 142 hours before
the Sun, but it's a litthe dim at magnitude
+0.7 [fust 24% illuminated in telescopes)
That's a bit brighter than Spica. situated
about 4° to Mercury's lower right then
The hot world Rares up quickly though
shining at —0.5 by the time it reaches
greatest elongation on November 8th, That
morning Mercury shows a globe 6.7° wide
and 58% it

If you're at mid-northern Lattudes
:,.-nu'ﬂ find that Mercury is at least B° high
in the east-southeast a hall hour before

sunrise from November 1st to the 19h

h-nurs

—
December salitice
"fﬂlli. _,__I_ .'._____'E-Th
‘I,_,-'"
Morch Mercury . i September
Equing | Gun PQuinx

luni solition

a3 Uranus

. Meptung

ORBITS OF THE PLANETS

Curved arrows indicate each planet's movement during November, as if you were
looking down on the solar system from the constellation Ophiuchus. The outer
planets don't change position enough in a month to notice at this scale.

Dawn, Nov 3 -7

MORMING MOOMN

The Moon occults Regulus
befare dawn on Novem-
ber 3rd for abservers in
parts of North America;
see page 10 for details.
The Moon is in Saturn's
vicinity on November dth,
beautifully close to bright
Yenus on the Sth, and
somewhat above Mercury
and Spica on the Tth.

Mercury
w B

ﬁ’ e b

Looking East-Seutheas!
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Sun, Moon, and Planets

Jupiter

Uranus

MNeptune

Pluto

Lk
BIGHT

Sun and Planets, November 2007

Mowember  Right Ascension i flongitios  Mugniude Diamater ilumnabon  Distasce
| W 23 2 14% 14 B 1.8 2 e f 0953
B ;u 16" 22,37 |_ 1 L& 'T 12° 26" 0.936

n | |- 13" 28 97 _:; 15° Mo +0.5 86" 21% __I:I‘.I!E_
TR 9* 13 19° Mo 0.7 64"  66% 047
pd 14" 46,6 14% 28’ 15" Mo I:IF__ 137 BE% 1.258
0 1540 19° 08’ - 10° Mo 0.8 49 96% 1.376
Venus 1 n" 304~ +37 41 45" Ma ~4.5 232" 51% 0.7
Y 1-1 124103 +0* 14 46° M;: | 44 no* st |09
E 1 1hELEn 1* 35" - 45" Mo 43 192* 1% OBET
0 13%303e 0 44° Mo 43 179 65% 0922
Mars 1 486 +23°57  NEMe 04 122 9% @ 07N
16 & 54 87 #24° 307 131° Mo -1.0 17 04% D625
) 1 ..’ICI 6" 48 4™ +25*19° ME" Mo -1.3 1507 97% 0624
|upiter I nl:r' 149" 22* 4&'_ 41° Ev 19 130" 100% 5873
W L 41_4: 3 23*09° W Ew -1.8 319°  100%  B18
;I_-.Jn T CHERNE fm_“ ;s 62°Mo  +0.8 2 w0k 0680
o 0 0N 4)En -*]“?E' B Ma 407 120" -1|:|-:‘.'Ee. 9.219
Uranus 16  23°06.2° 6443  NMI"Ev 5 3_. 16 100% | BTN
Meptune 16 s —15% 18’ B&" Ew 1.5 237 100% @ 30085
Pluto 6 IS 1702 R 440 01" w0% 32180

The table above gves each abject's right ascension and declination (equinos of date} at 0* Universal Tire on selected
dates, and its elongation from the Sun in the marning (Moj or evening [Ev) shy. Next are the vissal magnitede ind eqea-
soial diameter. (Satuen's ring extend {5 227 thmes its equiatonial dumeter | Last are the percentage of a planet's disk illu-
minated by the Sun asd the distance from Earth in astranomécal units. (Based an the mean Earth-Sun destance, 1.0,
equals 149,597,870 kilometers, or 92,955,807 internationad miles. | For other dates, ses Skyand Telescope.comfaimanac.

Planet dicks at left hare north up. Ticks indicate the pole cumently tipped teward Earth.

LIOCAL TIME OF TRAMNSIT

. Mignights -

10 gen

The Sun and planets are positioned for mid-Nevember; arrows shew motion dunng the month. The Moon i plotted for evening dates in the Americas when waxing [right side lluminated) or R,
and for marreng dates when waning (left side). “Local time of transit” tells when obgects cross the meridian at mid-menth; transits cccur am bour later on the 15t and an hour earlier at month's end.

S5KY B TELESCOPE



Saturn and Its Many Moons

IN NOVEMBER SATURN BEGINS Nsing
in the middle of the night, becoming a
-.|.'.|.""'|.:..|!_'I|l\. |..I|"_:_'l.'| for H!.:".-'J|"-|.-. e ohservers
as well as for set-the-alarm-clock observ-
ers. It's in Leo, not most people’s idea of
3 Movember constellation, You'll ind the
planet highest up and looking sharpest in
a telescope just betore dawn

Saturn is best known not for its 95-
Earth-mass globe, but for the baubles and
bangles around it: the rings and moons
These add up to less than 0.03 Earth
friass, nel rI;. all of it in Titan. Almost any
telescope will reveal this big moon, mag-
nitude 8% and tinted slightly orange due

Handy utilities that display the observable moons
of |upiter, Saturn, and Uranus for any time and
date are atl SkyandTelescope.com/javascript.

to its smoggy atmosphere. Titan spends
most of its time well separated from the
planet — by up to four times the width of
Saturn's rings.

The next easiest to spot are Rhea,
Dione, and Tethys, working inward in

that order. They're about magnitude 10
1042, and 10V2, respectively, and become
increasingly difhcult to see as they get
nearer Saturn’s glary disk. Next in is chal-
lenging, 12th-magnitude Enceladus.

Wide-ranging lapetus orbits outside
them all {and is omitted from the diagram
at right). It varies from 10th magnitude

Totam 8.3

|-:".:‘::r- 10.2 17

Enceladus 1
fthea 9.7

()

Mimas 1.9 Dhiceme 10,4
ILEOE BLY,

shn Boudreau captured seven of Satum's meons in this composite image, taken at 1:27 UT

shruary 14 .

the long exposure ne eded for the moons Saturn was vasily overexposed i entral ﬁlr,:'n.|_ to he

pasted in a2 short exposure to show Saturn well

They're labeled with their names and visual magnitudes at the time. In

when west of Saturn to 12th when east of it
that's because one side of i.:_’.'lf. s 1% dark-
chocolate colored, while the other is mostly
coated with something white. With a 79-day November 1
orbit, this vin-yang moon spends early
Novemnber far to Saturn’s east, showing us 2
its chocolate side. lapetus then swings back
and passes a couple of Saturn diameters
south of the planet on November 23rd
heading west and brightening all the while.
You can locate lapetus anytime 1n
November judging by its separation east
or west of the planet, in seconds of right
ascension, on the following dates (0° UT):
Nov. 1, 35" east: Nov. B, 33 east; Now. 14,
21 east: Mov. 18, 14* east: Nov. 12,13
east: Nov, 24, F west: Nov, 28, 14° west,
Dec. 2, 24* west
To measure the distance, just turn off
your telescope’s drive (if it has one) and
let the sky drift in the held of view for the
correct number of seconds. When lapetus
is east of Saturn, it follows the planet as
they drift across your held of view. 4
— Alan MacRobert

Right: The curving lines represent Saturn's
brightest moons. The vertical bands represent
the planet's disk and rings. Each horizental
black or gray band represents a full day, from
0" {top of band) to 24' Universal Time. The
wavy lines show only the satellites’ sast-west
displacement. Refer to the ellipses at top to
estimate each satellite's location north (above)
or south of the ring extension.

lapetus 10.2

Decambser 1
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Are we really alone Tn the
Universe?

YOU CAN make new disr.ni!elrius
and explore new worlds in the
Universe..,We can help.

BT TECHNOLOGIES maintains one of the most complete jnventories in the U.S. -
daily UPS shipping - knowledgeable staff - 16 years experience - we use what we sell,

Please visit our online forum at www.astroclasSifieds.com
Bisque - Celestron - Meade - SBIG - Losmandy - Orion - Pentax - PWT - Takahashi - TeleVue

BT TECHNOLOGIES, Inc.

Sometimes size really
does matter!

CCD Area
=367 x 24.3mm

USB2.0 Interface
=0 sacs. download

4904 x 3280
= 16,085,120 pixels

Pixel size = 7.4 x 7.4uM

SXVF-H36

With an impressive 16 megapixel array on a 35mm

format CCD, this new member of the SXVF family is
ideally matched to your wide field optical system.

ing & "-m“mﬂ'ﬂg
Starlight
.-‘.;.U'-"'l 5 Lad
CCD Cameras 5]““1“1

SEVF-HE EER s

' SXVF-H36
s.l:l.rl-'-lli H st k16 RS &
SXVF-H35

SVF-MT
CCD Chip Comparison

htip v slarlighl-xpress.co LIk
Tel: 444 (OYIGZB 7774206

Full Well Depth
= 30,000 e-

Weight - ONLY 1.1Kg

'making every photon count_ Il

el 8
S
NORTH POLE

FLIGHT
Through Totality

Join TravelQuest
International and Sky &
Telescope on an amazing
North Pole Flight Through
Totality to witness the
total eclipse of the Sun on
August 1, 2008.

In partrership with LTU International
Airways and Deutsche Folarflug,
Germany, our exclusively chartered
aircraft will leave from Disseldord,
Germany. We'll intercept the Moon's
shadow over the Arctic Ocean and
experience more time in totality
than is possible from anywhere on
the ground.

Don't miss this chance 1o see a
total solar eclipse from our flying
observatory high above the Earth.
Capacity is extremely limiled, so
reserve your seals today!

TRAVELETSY] SKY

§ TELESCOPE
MORTH POLE ==

VIEW OUR WEB BROCHURE AT
www.tg-international.com

or call toll free 800-830-1998.
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Lava-flooded crater
ﬁ Copernicus .8 Impressive, young crater
ﬁ Eratosthenes 36 Crater with faint rays

® Imbrium

; Exploring the Moon

Reading the Moon

Lunar history can be understood with a telescope and a little stratigraphy.

IN LAST MONTH'S column | wrapped up the Lunar

100, That long-running series let me describe the list's
individual entries in detail, and it also allowed me to get
into some of the underlying mechanisms that shaped our
Moon's fascinating surface. Starting this month, I'm going
to delve more directly into how you can learn to read lunar
landscapes and figure out the Moon's complex history.
ClESEjCEI |l]na]' I:,:II_:I.‘SE'T\"E_'TH WETE S0 l:'lh?il"?i:'-ii"d "u’l.'llh ﬁndi:"g
evidence for ongoing change that they didn't notice that
they were staring at the entire history of the Moon in their
telescopes. It wasn't until the 1960s, when geclogists began
to examine the lunar surface in preparation for the Apollo
landings, that the forces that shaped the Moon finally
emerged. Eugene Shoemaker and Robert Hackman, both

Description

Huge, lava-filled impact basin *

Meoon, November 2007

Last quarter Mow. 1, THIA LT

Hew Meon Nov. 9, 1303 UT

First quarter Now, 17, 22:33 UT

Full Moon Nov. 24, 14:30 UT

hpoget Nov. 9, 13* UT

st 252,694 miles; diam. 29' 23°)

'* Nov. 24, 0° UT

(dist. 221,950 miles; diam. 33° 277)

Min. libration  5.4%, Nov. 7, *UT

Max libration  76°, Now. 15, 13* UT

..lu-m II‘.HH.II.H‘UT For key dates, red dots on the map indaate what part of the
Wascn's limb i tipped the most bowand Earth by libratioe

Max, Bbration  8.3° Mow, 28, 13* UT Benounts are bried at el

of the US Geological Survey, led the way. They found that
the lunar landscape revealed a sequence of events that
could be deciphered as a geologic chronology.

Shoemaker and Hackman pioneered their approach
by mapping features in a rectangular area that stretches
across eastern Mare Imbrium from Copernicus to the
northern Apennine Mountains. As these geologists
knew, one of the best ways to determine an age sequence
was by noting how rocks are layered — their stratigraphy.
In general, the oldest rocks are found at the bottom and
the youngest on top. But how can stratigraphy be applied
simply by examining the Moon and its cratered land- -
scape telescopically?

The striking rayed crater Copernieus provides a good

SKY & TELESCOPE
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example of how lunar stratigraphy works.
If craters were s punched

difficult to
But 1f you

'-I'Il'll'Jl:-. |".l:|!
in the ground, it would be
determine their relative

ages,

train your telescope on Copernicus, you Ll

far more to this feature
sion. Impact

but they also

quickl ly see there's
than a simple depres: t craters
not only excavate a hole,
distribute the displaced debris (collectively
called gecta) far and wide, and produce
rays and se Motice that

AL T055 rIr.'d[]':I:-

01 I df'y
drape
craters, and the

craters
Copernicus's rays
maria, ol I"lr_'l ST :r_n",-:_']l r'|.1_-_'|
bright highland areas. Some of the
rays ever blanket the neighboring

crater Eratosthenes. This means

Iready
5 formed.

Eratosthenes must have a
wxisted when Ci pernicu

Eratosthenes iiself is situ-
ated on the skeletal western end
of the Apennine

Look close

Mountains
Maoon 15
that the

zmall sec

when the
vou'll set
crater's faint rays and
ondary craters lie atop nearby

SKY

Mare Imbrium. Clearly, the Imbrium lavas
and the Apennines were already in place
before Eratosthenes showed up.

So what is the age relationship
hetween Mare Imbrium lavas and the
Apennines? In some ]'l|:=u|.':- it's apparent

that Imbrium lavas flowed around and

between individual .-5.]14'r'|||ir|r.' mauntain

masses. For example aim your telescope
just north of Copernicus at the Carpath-
ian Mountains (which are really a
continuation of the Apennine arc), and
you'll see that the mountains must have

|.'.|'-‘."r."l'| i" Fl dlE -'l-!'r-l'lrl' |I1'I.|H'1Ii!r'1.!-'- 1;‘!1.'.3':

mmamm

ilrmm wmmms: erup-

i Imbrium, for
ﬂM}Mﬂﬂ"ﬁ. m;g
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erupted onto the surface. This also
supports the idea that the Apennines
Carpathians, Caucasus, and Alps are
parts of the Imbrium basin’s rim.
A number of craters and hills within édr -
Imbrium must be you r than the basi e
itgelf but older than Copernicus. With
careful cbservation you can be even more ‘
specific. For example, the crater Archime-
des in eastern Imbrium has no observable
rays or secondary craters. Shoemaker and
Hackman realized that because Archi-
medes lies within Imbrium, it must be
younger than the basin and its mountain-
ous rim — but its lack of rays and second
i_l.]":.' Craters means || I:"- |.:'|.|J.t'r 1E'|i.1rl |;|'||.'l mdare
lavas surrounding it
This significant observation led the two
scientists to propose that Mare Imbrium
didn't form as part of the powerful basin-

forming impact, but rather long atter-
ward. The Archimedes impact must have

occurred after the Imbrium basin
excavated but 'h-tl-i'i:-rt' mare lavas Aooded {_:ﬂ”]pl pte the mission
the region surrounding the crater. ' i
Other nearby craters, suc h ag Wallace
and Spurr, are much smaller — 16 and 8
miles across (26 and 13 km), respectively
- and nearly covered by lava. These prob-
ably didn’t form on Imbrium’s original
floor, but instead were gouged into early | Paramount ME
mare Hows before the basin hlled com
P e . |
To review the Lunar 100 list, visit
SkyandTelescope.comflunar100.

pletely. This implies that Mare Imbrium's

Massve 4:'|:|‘p'n?ri]1|.: didn't l.‘r'll]'”' 1 4 S'E"_i_;'l'-'

episode. Indeed, the radiometric ages of

Apollo samples from other maria suggest

that lavas rose to the surface over hun-

dreds of millions of vears _
The next time you view the Moon in |H‘u!'.|l. LL0m

your telescope, try using stratigraphy to

understand what you see, Begin with the

Imbrium craters Helicon and le Verrier,

What can you deduce about their relative

-'.1t-’.‘-"!-;.:' Next month I'll All yvou in on the

details. #

Geologist Charles A. Wood is author of The

Modern Moon: A Personal View [available .

from Sky Publishing)




A Mars Opposition 2007

66  November 2007

Your
Telescopic

Guide to

ALAN MACROBERT

ARS 15 APPROACHING EARTH, and if you have a tele-
Ivl scope, you'll want to make the most of the oppor-
tunity in the coming months. IUll be a long time
before we get another chance this good.

Not often do we get a close look at Mars. t's a small
world to begin with, about half the diameter of Earth,
and it spends most of the time far away on the other
side of its orbit from us. Mars usually ranks as one of
the most disappointing objects in amateur astronomy

— a tiny, featureless orange blob. The only time we get a
decent look at its surface markings, clouds, dust storms,
and changing polar caps is during the months around
opposition, when Mars comes closest. Oppositions of
Mars happen a little more than two years apart, but not
all of them are equal. The best come in bunches of two or
three that repeat in a cycle averaging 16 years long.

We're currently on the downswing of that cycle. In
August 2003 Mars grew to a record-breaking apparent
diameter of 25.1 arcseconds, and in October 2005 it
reached 20.2". This time around, Mars will max out at
159" when it passes closest to Earth on December 18th,
Even so, that's bigger than it will appear again until four

" oppositions later, in 2016.

This October, Mars enlarges from 98" to 12,17 as it
shines in the east late at night. It takes till the end of
Novermnber to reach 15.07 across.

But there’s good news too. This year's observing
season hinds Mars riding the northernmost part of the
ecliptic, in Gemini and Taurus above Orion, This means
it passes very high overhead every night for observers at
mid-northern latitudes — far above the thick layers of
air and poor atmospheric seeing that troubled northern
observers during the previous few close-ups

Then again, Mars underwent major dust storms

SKY & TELESCOPE

Here comes

your last chance to see

£

L T

next nine years.

in July and August. How much surface detail you see
depends on the quality of not only Earth's atmosphere
but Mars's too. Will the dust settle out fast enough to
allow good, high-contrast views? Or will remaining dust
paint a vellow wash over everything? Only time will tell.
Mars is already shining brightly in the early-morning
sky, inviting observers to see what they can see. By early
Novernber you'll catch the planet high up by midnight.
Mars reaches opposition on December 24th, Christmas
Eve, when it rises around sunset and shines high in late
evening. It will be an early-evening object during the
months thereafter as it recedes into the distance.

How to Observe

To both casual and serious observers, Mars offers chal-
lenges and, with a little luck, delights. In a high-quality
4- or 6-inch telescope on a night of excellent steady air,
you may be able to make out the north polar cap or cloud
hood, dark surface markings (depending on which side
of Mars is facing Earth at the time), limb hazes, occa-
sional white clouds, and possibly the bright patch of a
tresh dust storm moving from day to day.

But Mars is never easy to study visually; every bit of
what you see 1s a hard-won prize. Don't expect impres-
sive views unless you have a large scope with first-rate
optics in perfect collimation (optical alignment). Even
then the limiting factor is usually Earth’s atmosphere,
Studying the planets means spending a lot of time
watching and waiting for glimpses of detail when the
seeing steadies. Moreover, the longer you watch, the
more familiar with the scene and the better trained your
eve becomes. Plan to spend lots of time at the eyepiece.

Color filters are a useful aid. They improve the
delicate contrast of Martian features and sometimes help



in diagnosing their nature. Red and orange hiters show
}'-'1:;1]'5."_5. "_'i'l_l.[l-u_'ll._‘l‘_' |]|-,1rki||i-_"!'\- |1':'h1 .|.|I'.| [Ty CYenl :‘*-'.I'dl.!:-. ||'I':'
seeing slightly. As you move away from the red end of the
spectrum toward the blue, you see less of the surtace and
more of the Martian atmosphere and clouds. Some visual
observers swear by a magenta filter as a general-purpose
Mars-watching tool, especially for small scopes.

But the real excitement these days is in electronic
imaging. A backyard amateur with a good 8-inch scope, a
lightweight webcam, and a portable computer can match
or beat the best ground-based Mars photography by
professionals a generation ago. For how to do it, see last
January’s issue, page 129. Complete packages — includ-
ing camera, filters, adapter, software, and instructions

— now sell for less than the price of a premium eyepiece
(for example, see the October issue, page 36). If you get
halfway-good images, you're urged to submit them to
the Mars database of the International Mars Watch, as
described at the end of this article. And at that site you
can sce what everybody else is getting too.

Using the Map
It's one thing to detect a tiny, vague smudge on a small,
shimmering disk. But the smudge becomes much more
exciting if you can identify and name it. The Mars map
on the next page will allow you to identify features you
see by referring to the globes just under it. Below, the
grid on the globes shows how the map's latitude and
longitude lines project onto Mars's apparent disk as it
changes its tip and tilt this observing season.

To find which side of Mars is visible at the time you
observe, find the longitude of Mars's central mernidian

Qct. 1

Dec. 19

Jan, 1

Even when Mars was still

5m3|r and g_ih*.. ash ""-IJ_L",'-”'-

{diameter 7.1 |, Imagers were

seeing lots going on. Hi

Mare Tyrrhenum appe

center and Syrtis Major at
upper left. The Hellas Basin
al lower left is urusually
bright; it's well known for
dust activity. Note the north
and south polar clouds. North

5 up, and celestial sast is laff

(CM) using the box on page 69. The CM is the imaginary
line crossing the center of Mars's disk from pole to pole.,
Once you find its langitude, locate this on the scale along
the top of the map. Features near this part of the map
will be facing you on the planet’s disk.

What to Look For
The polar caps. We see Mars nearly equator-on this
year, as shown below. The south polar cap has been
shrinking in the southern hemisphere’s summer. That,
combined with the planet’s slight tilt, may make the cap
undetectable. In contrast, the wintry north polar cloud
hood should be large in October and November. Watch
for it to start breaking up in December with the coming
of northern-hemisphere spring — perhaps revealing the
smaller, brighter north polar cap underneath the clouds.
Albedo features. The Martian surface markings
— the dark “maria” and bright “terrae” picturesquely

Here at a glance are observ-
ing prospacts for Mars for
the coming months, On the
globes, celestial north is up
- {but remember that many
E & telescopes show south up),
5 & and celestial east is left. The
celestial east side is Mars's
moming side, and celestial

Mars in 2007-08

west is the evening side. When
your telescope's drive is turned
off and the planet drifts across

& your field of view, celestial west
ig £ Is“preceding” — the direction
5 the planet drifts toward — and

celestial east is “following.” For

— 1 easy comparison with the map -
i aﬂﬁf&;‘% grid on the next page, lines
| | sl _'_ of latitude and longitude are
October Movermber December fanuary February March Bl drawn on the globes every 20°.
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named by Mars mappers more than a cen-

tury ago — are merely differences in the
albedo, or reflectivity, of the surface rock,
sand, and dust. Windstorms sometimes
move Tl]&"' I;Jl,!‘i-:, Ii"'!—il,llt]l]g 1 |.J'U|.I'I "‘:-l.'i.l:'tL'llfl-\.I]
and long-term changes.

Syrtis Major, the planet's most promi-
nent dark marking, has undergone a dra-
matic widening since the 1950s. It has also
shown seasonal variations in its breadth:
widest in the southern hemisphere's mid
winter and narrowest during southern
SUITIITIET [lhr_' season current |1rf|.

The area around Solis Lacus, some-
times called the “Eve of Mars,” 1s notori-
ous for |Jr]ﬂ:_'=]'|_1-|_‘t-l|]t_f| T or l‘lIErIHEH_ S0 18
the Trivium-Cerberus aréa on the rim ot
Elysium,

Clouds and hazes. The Martian

Amateurs watched as a dust storm (the bright inverted
V left of center) evolved rapidly in October 2005. Note
how much it changed in 24 hours. Sky & Telescope's

Sean Walker took these images through a 7-inch scope

at f/50 with a ToUcam Pro webcam.

G& MNovember 2007

Oct. 19, 2005 35

EKY & TELESCOPE

Palug -ﬂ“-_-rl.‘q.“'-"". e
IR M Sinu
SEN SINUS Sugal

1AM
Deucalienis I-:-l_'F i:

Use this map to identify what you see. Morth
is up; west longitude is labeled along the top.
Most telescopes will show only the largest
dark regions, Damian Peach assembled the
map and virtual disks from images he took in
2005. Each disk corresponds to the central.
meridian longitude above it on the map. In
2005 Mars's southern hemisphere was tipped
toward us, and the far-northern latitudes were
covered by the north polar cloud hood. This
time you'll have a nearly equal view of both
the northern and southern hemispheres.

atmosphere is ever-changing. White
waler-1ce C |-:'|I_J-\J:-. _':u':'l.ll.l'r‘-. ish dust l..':.'-:'kld":-
bluish limb hazes, and bright surface
frosts have been studied with increasing
interest in recent decades, The amount of
cloudiness seems related to the seasonal

sublimation of polar ice into the atmo-

When maisture-laden winds blow acros

170 125 1807

sphere, especially from the northern cap.
The Mars Section of the Association of
Lunar and Planetary Observers (ALPO)
has found that clouds and surface fogs
are more abundant during the spring and
surmmer of the northern hemisphere. 5o
this time around, we may see little cloud
activity until perhaps February.

Discrete clouds recur at the same
Martian sites, notably Libya, Chryse, and
Hellas. The “Syrtis Blue Cloud” circulates
around the Libya basin and across Syrtis
Major; it's best seen near the planet’s
limb. Viewing this cloud through a yellow
filter sometimes causes Syrtis Major to
appear distinctly green,

Orographic clouds recur over windblown
Martian mountains, just as orographic
clouds do on Earth. The most famous

s the broad, high volcano Olympus Mons, a

hood of clouds (arrowed) sometimes forms. The T9th-century Mars mapper Giovanni
Schiaparelli named this bright spot Nix Olympica, “the snow of Olympus,” though

he knew nothing of its origin. It was pure coincidence that the spot turned out to be a

mountain. Dark Mare Sirenum is below. North is up in all images.




Which Side of Mars Are You Looking At?

v -

e e+ =

- What are the markings you're March. Read across the top to map shows that big, dark Syrtis
seeing on Mars? Is that darkish ~ the month, and down 1o the date ~ Major will be centered on the
thing Sinus Meridiani, the plain  [which is alsoin Universal Time).  planet's disk at that time.

~ where Opportunity is roving? If To find the central-meridian Alternatively, you can use our

~ Mars books bland, is it because  longitude at any other Universal  Mars Profiler at SkyandTelescope

 your atmospheric seeing is poor  Time, add 14.62° for each whole ~_com/javascript. [Orient the Mars
 or because we're facing Mars's hour, plus 0.244° for each minute,  map there to match your scope.|
bland side? since G0OUT. Ifyou get 360°0r ~ ou'll soom motice that Mars
To compare what you see to the  more, subtract 360°, The result s shows nearly the same face from
map accurate to about 1° (Toconvert  one night to the next. This is
sid Eastern Daylight Timeinto UT, ~ because the Martian day is only
add 4 hours; CDT Shours; MDT 6 about 40 minutes longer than
howrs; PDT 7 hours. Whenyou're  Earth's. To see other parts of
on standard time, add | more hour  Mars, you must view at a different
to these values). time of might or wait for 2 week
: ~ Forexample, suppose you're  or more to pass. If viewed at the
ivesthe  outal 11:30 p.m. EST November  same time every night, Mars takes
hecentral  Wth which is 430 UT November  somewhat more than 2 month
rsal Time  15th). Thecentral-meridian ~ to complete one retrograde
longitude works out to 290%. The  (backward) "rotation.”

Martian case is the W-shaped cloud For More Information

formation sometimes caused by wind At each apparition, the ALPO Mars Sec

passing over the high peaks of Olympus tion receives thousands of observations,

Mons and the other volcanoes of the now mostly webcam images; see www

Tharsis plateau. Other orographic clouds
can show up in Elysium.

Limb brightenings (*limb arcs”) are
caused by scattered light from dust and
dry-ice particles high in the Martian
atmosphere.

Morning clouds are isolated patches
of surface fog or frosty ground near the
morning limb (the planet’s trailing edge
as it drifts across an eyepiece field; the
celestial east edge). Fogs usually dissipate
by midmorning as Mars rotates. Frosts
may persist for most of the Martian day.

Evening clouds really are clouds. They
have the same appearance as morning

clouds but occur on the planet's preced-

ing limb. They tend to be larger and more
MUIMETouUs.

Dust storms. These can occur almost
anytime, but they peak during the warm-
est season for Mars's southern hemi-

' lp"-ll.'-lt. meaning roughly june to Septem-

ber this year. The critical diagnostic of a
dust storm is movement of a relatively
bright patch that obscures dark features
that were previously well defined.

Apl.arizona.edu/~rhilljalpe/mars. html.
Also see the International MarsWatch
site, at elvis.rowan.edu/marswatch. Both
have more on observing and imaging the
planet, detailed maps, what to expect as
this apparition proceeds, and instructions
for submitting observations of your own.
In this age of spacecraft in Martian
orbit and rovers on the ground. it might
seem that backyard amateurs have little
role left to play in Martian science. But
good data-gathering is always an act of
faith; you never know what seemingly
trivial item might someday become
important. And continuing to do tradi-
tional, Earth-based observations in paral-
lel with the on-site observations serves
to correlate the two — helping to reveal
the meanings of the century and more
of Martian observations in the world's
astronomical archives. 4

By luck, Alan MacRobert experienced first
light in his 12.5-inch Newtonian reflector on
September 21, 1988, when Mars appeared its
largest {23.87) between 1971 and 2003.

5 T
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Watch the Moon
Occult Regulus

Late-night spectacle or daytime challenge?
It'll depend on where you are.

On Sunpay morning, November 3rd,
telescope users in much of the southern
and western US have a chance to watch
the bright edge of the waning gibbous
Moon creep up to and snuff out the 1st-
magnitude star Regulus, or Alpha (o)
Leonis. The occultation happens in the
dark of night for the Southwest, in the
glow of dawn for much of the Southeast,
and barely after sunrise for the east coast
of Florida.

&
Detailed predictions for many cities,
including in Mexico and the Caribbean,

are on the website of the International
Occultation Timing Association at
www.lunar-sccultations.comfiotabstarf
1103zc1487.htm.

70 November 2007
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Alan MacRobert

Trickier to observe will
be Regulus’s reappear-
ance just as suddenly out
from behind the Moon's
dark limb. This happens
roughly an hour later,
when the sky will be
brighter in Texas and the
Southeast. And you'll have
to be looking at the right
spot at exactly the right moment.

At upper right is the star's path behind
the Moon as seen from various cities.

The maps below tell when Regulus will
disappear and reappear at your location.
Interpolate between the yellow lines to get
the Universal Time (GMT) of each event.
Subtract 8 hours from this to get Pacihic

Occultation of Regulus

Maovember 3, 2007

Standard Time, 7 hours to get M3T, 6
hours for CST. or 5 hours for EST. {Day-
light-saving time will have ended earlier
that morning.)

Also indicated on each map is whether
the occultation happens in a dark night sky,
morning twilight, or daylight. The Moon
will be well up in the east or southeast.

Reappearance
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Anyone can sell you a telescope.

We’ll sell you the right telescope.

&t asfronomice, our fa muly-ownid busingss has boaan halgin g pecple choose the righi

llescope sinca 19079, We'll use owr stal toedal of over 150 years

i exparience wsing and

selling telescopes to help you pick the scope that fits your needs [and your budget)

Does the competition stack up to this 90mm Astro-Tech?

The ATSOEDT from
| Asiro-Tech iz a %0mm
.‘ WE.T friphel apoche-
matic relractor that
uzes all premium Ohara
glass, inchuding FPL-53
A compatitor's 90mm
thal s aboud the same price
a5 the ATROEDT is only a dou-
ket = not & triphe! = and can’t

igirre Toch
g [T

ms-.-.’i- J
)

than this B0mm Asirg- Tech apo, takas 50 o
180 dans o fgel. and a carrying case is an
exira-cos! l.":FItIE-I'I & hard Case 19 red wih
the in-shoce ATSOEDT And the Astro-Tech's
two-year warraniy 13 double thal of the
higher-prced compatior

Doas the -:CI"I'IFIE".I'IC"" glack ug 1o the
80mm Astro-Tech ATHOEDT apo triphed®
Dvoasn't sound like it

The ATSOEDT is one of six great-value

astronomics, Mo pushy salespeople. Mo inexperienced help. Jusi honest advice from
telescope exparts, e fima o maks Sora you gt the ||§|h.' laeacopea and acopasores, and
a good price you can afford, Call us loll-iree at (BD0) 422-TE7E and find oul for voursall

A S69% Astro-Tech Hot Product best buy.
The Astro-Tech diedecine 1.25" star di your viluabla eyepicos
agonal s a Sky & Telescope Hol Product At only $65%_the Asiro-
for 20077 I has 46-layer 99% retleciivity Tech is a bast buy. s one
dislectic mirror coabings. IS sof brass oom of Fae graat-valos delectng
pression ring eyepisce holder won'l stralch diagonals irom Asbro-Tech

369"
“Ritchey-Chrétien-like" Meade performance

.. . at a fraction the price of a true R-C.
Sky & Telescope sald Here are the prices of the Meade L2008

be collimated in the field for Astro-Tech ED rafraciors - ncluding the
peahk parformance like the ATS0EDT 5349 ATGEED that Astronomy magazine

ancther competitor's inplet costs $T00 mone s “averyone shoukd own”

Point, click, identify, locate.

The Ek]" doesn’t gﬂ't any easier than this.

Met only does the Meads mySky electronic travel guide to the skies
lecate and identify 30,000 celestial objects for you with point and
dick samplicity, it shows you Tull-color images of many of them. You
g and hear exciting multimedia preseniatons on fs 480 x 234 pixel
LED sereen and through its Mgh fidelity sarbuds, with color video,
auctio, still images, sky maps, and fax

An optional cable lats you conmect the GPS-based Meade mySky

the Meade RCXA00 178
caladopine “doas indaad
perlarm like a Ritchey-
Chraten.” And Asfronomy
said it “delivers Rilchey-
Chrétian-like perlormance
al a lrachon e oSt

Meads LX200R scopeas

use an 110 vession al the

maaie - Lmon gvanced ACX400 18

52089  Caadioptric optics (with &

few less mount and drive leatures) io make

true “Frichey-Chrében-like® pedormances al-
fordatbe for pust about everyona

1110 go=to catadiopines:

B LX200R, tripod. UHTEC optics $2699
107 LX200R, 1rpod, UMTC apthes ... 35689
12" LX200R, ripod, UHTC oplics ........... #6588
14" LE20OR, Inpod, UHTC opiics ........... 6489
18" LX200R, no fripad, UWTE optics.... 11,898
16" LI2DOR, fripod, LIHTC optics | 12,999
16" LXJD0R, akaz pier. UHTC apiies .. 12,988
16" LXSD0R, &q pier, LHTC oplics ... 13,288

Why pay thousands more for a Rilchay-
Chrétien optical fube only — and still have
o buy & mouni? Meade LX200R calad-
aplrics with “Ritlcheay-Chréten-like® oplics
and a go-lo mount start a1 only $26091

o your Maade AuloStar-aquipped scape for podnt and click go-1o view-
ng, or &dd GPS 10 your non-GPS computarized Meade scope

R 20 19 Y ﬂw

When we opened in 1979, a Celestron 8 cost $12095.
Today, an even better go-fo Celestron 8 is only $1399.

in 1879, we sold the best Celestron C8
for S1205. That C8 would cost $37040.28 in
ieday's inflated dollars — but woaskdn®
feve multicoatings, a go-to computer,
& DC drive, or the high quality Plbssi
gpepiace you get with togay's $1399
Celestron Mex 8 SE.

Bufl it wawld still have Colesinon's ax-
pallgnt Schmidi-Cassagrain oplics,
That's ane important benefit for yvou
that hasn't chanped since 1979

i you Ehink about it, & Calestron’s
tost has aclually deffated over the

years, because many ol Moday's lealuras
warg unavadable al any price only a few
shor years ago. Featuras Eke the Skhdiign
go-to computar that finds and tracks sky
objects automatcally, or tha state-of-lhe-
arl starbright XLT mullicoatings for
arighter images and higher contas!

Are foday's Celesiron MexStar SE

scopes greal values? Absokrdaly!

HexStar 4 SE. 4" Maksao .. 569

MNaxStar 5 SE_ 5" Schmics ... T

§res MexStar 6 SE, & Schmid) . 990

Pt Cameyan  MexStar 8 SE, & Sctmidt 1399

The Coronado PST. Seeing sunspots is just the start.

The Coronado PST (Personal
Solar Telsscope) shows you much
more than just the sunspols you

; i ses with an
ordinary so-
lar fier. For
less than cost of some pre-

]

mium eyepieces, the sub-Angstrom H-alpha
lina filter in the P5T shows you the ever-
changing drama of solar flares and proms-
nences axploding before your eyes

The PST includas a 40mm refractor with
a full-time built-in solar filker, & sale built-an
Swn finder, and a 20x eyeplece for 5593

R
Wk g

For answers to all your telescope questions,

visit the forums at www.cloudynights.com

TMB tripha! apo refractors start under $1000!
¥ou get your choice with a TMB Optical 80mm 16.3 friplel —
apo refracior, First chosce, 1he aluminum juba TMB-80, L..._“"_l_g:

right, for 5395, 11’5 the firs! tme ever for a genu-
ingé TME apo at such an attraclive price
Like all TMB rafractors, the TME-BD uses *l"* T B

prarméum FPL-53 ED giass i its fully muti- 5995
51395 coated apochromatic tiplet lens. The aluminum tube TMB-80 has a ro-
tating 2" Craytord focuser, 1.25° and 2" compressson ring eyvepiece holders, and a free $120
value Astro-Tech 2° dislecinc star diagonal. A tree TMEB apo for under 510007 Wow|
Sacond choice, the TMB-80CF, sbove lafi. ks TMB-80 iriplet FPL-53 apochromatic oplics
are in A unigue, lighiweaignt (anly 435 pounds), and incredibly sirong caron fibsar I:u}:h,l It
even includes a Starlight Instruments Feather Towch 2.5 dual-speed Crayford locuser,
The very compact 52mm 5.5 TMB-92 triplel apo, balow, filks the void ket by the discon-
tinued 80mm Astro-Physics Siowaway (a8 legendary scope that sells for up 10 56000 on the

used markel), Bul you won'l pay $6000 for e TMB-92. This "
M
-

fast focal ratio TRVE apo is only $19946, Thae TMB-82 has a
T T oy g ;199.9

colimatable eng cells and a lamaous Fagthar Touch 2.7 dual-
There's a reason why Celestron calls them Advanced.

-l

Meade LXD75 go-tos are out of this world.

Looking for excellent oplics, a very stable  very last wide held Schmidi-

Celestron Advanced
Series scopes combing
greal oplics and & rediable
German equalorial mount

speed nolahing rack and pinion ocusar
you, 8 CO-ROM with sky-mapping soitwara,
an gyepoce, inderscope, and morg
Hare ama the freight-pad prices of the
iy Calestron Advanced Sanes go-1o bebe-

' and agvanced equalorial mount, fully com- Miswilonian refectons), a solid

varth the labest in compulernzad

pulerized go-bo operation, and a sensible
| prica? Look no further than the Meade
. LXD7S telascopas. Take your pick from
these sres and nph:ahypes

- AR-5 5° 1/ refracior | . 5909
- AR-B & '8 relesclor . e
| 806 6" 15 Schmidt-Newsoniar ... 999

BN-B " 4 Schwnidt-Mewionian _............ 11808
| BNE10 10r 14 Schmich-Mewionian ... 1398
. SC-8 &7 1110 Schmich-Cassegran 1499
. | Each has excallen optics (including some
- Ren

Last tall, ol was hard o
find a Celestron SkyScout
Thiz fall, this Hof Product for
2007 is still selling like there's
no tomomow, bul we have one
in stock for you Today,

This GPS-based non-magnifying hand-

heid padcanal planetanium loeabes and sdin-

astronomics

LEDTS mouni with premium .« )
features ke a buili-im iHumi- .
ER

nated polar axis finderscope
a heavy duly adjustable

hwight iripod; an 8 x S50mm
finderscope; 8 26mm Super
Pléasl eyepiece; batlery-

powered dual-axis motor /’Huu-
diives: famows AutoStar

Qo-to computer hand con- © -.-L
fral; and much more

The hot Celestron Sky Scout. In stock nnw.

tifeas all ol the &, 000 sky objects visible to
wour unaided eye. Earbuds tell you their zio
s, OF YOu can read the inhormmatsom o e
scroding S-line text and graphics display
Anaptional $124.95 Orion laser pointer
mounts on Bee SkyScoul o prosect a green
lomg &R sky obpecis as yow identify tham
ﬂlyﬁ'tﬁl.'l makit Uit fight gky |F|I'I'|-:IF|r

680 24th Avenue SW, Norman, OK 73069

oll-Free Telephone: (800) 422-7876

=-Hour

FAX line: (405) 447-3337

stopes we ship from our stock,
CRBOED R-GT, 3.1" ED reiracior ........ 51099
G100ED R-GT. 4" ED refracion |
G130 MAK-GT, &~ Maksutow

G-l echnalogy o produce
some very advanced up
dates of obd lavonies

LRS-

Each Celestron Ad- CB MN-GT. 5 refacion T84

wanced Sanes scope has a CB R-GT, 5 méracine . 1069

stable and precise aguaig- CB 8-QT, & Schmidi-Cassegran T

rial mount, dual-axis DG CB MN-GT, & refiacior 1019

motor drves, advanced GB 5-GT, 6 Schmidr-Cassegran 1514

MexSiar 80-E0 Cormpular C3% B-GT. A%~ Schrid-Cataecrain 1659

h..-ml:l controd with 8 40000 abjact librany ol C10 M-GT, 10" reflecios 1184
celestial objects it can locate and Irack faor C11 S-GT, 11" Schmidi-Cassegrain . ¥

Pentax eyepieces. Your passport to the universe.
o T oL

Pentax X0 high
|:I-Ef|-.’:-|r|1:|r||'|'- il
plecies have duced
liomal sharpnass and

Pentax XW wide angle eyepieces com-
bine & very wide T0° field of view with a long
20rmm aye reliel You get spectacular views
YO 23N enjoy mn comiort o0 howrs

contrast for lunar, X0 2 5mm 1,25 LIage
|-:'|i.!||'lL'|-EI-"3.' and DI"IEIT:.- R0 Smm 125 Jir
elar abserving. They reveal a universe of XWas 5 7. 10, 14, of 20mm 1.25 kil L
sublle details that lesser ayegieses miss XW 30 ar 40mm 2 Joge

[T ' " L
Qur 29th year of friendly service,

reliable advice, and money-saving prices.

PHONE HOURS: Bto 9 CST Wan - Fri, Sal 12 1o 3. S5TORE HOURS: & o & Mon - Fri Sai by appaintment

Un the web at: www.astronomics.com
Our e-mail address: questions @ astronomics.com

Masgiercarnd, Visa. Macover, American Express



Celestial Calendar

[HE RED long-period variable star R 1ere than we understand il
Aquarii contains more than meets the the combined light of the systen
eye, It seemed hike any other Mira cveles every 13 months from mag
I'-.|1--'..|_r'_;||:‘|- when German asteroid ritude 6 to 11 and back. S0 why did

hunter Karl Ludwig Harding dis

covered it in 1810. But spectra taken

in 1922 revealed signs of a tiny, hot And why do faint loops and jets of
dwarf in the system, with red-giant nebulosity surround the system
wind :..1'--..|'-.|'I'!|; onto it Such svstems I || 1% next maximurm s

]

were named symbiotic stars for their

re cycle dim down o a rang

f magnitude 8 to 12 in the 1980s:

predicted for late Novernber, as

| odd, hot-and-cool combined spectra. listed in the table below, left. Using
! In the cage of R Aquarii, the red giant binoculars or a small telescope

| and hot dwart are in a wide, 18-vear- watch for it brightening in October
| long orbit around each other and November using the compari-
| Even now there's more going on son-star chart at right. +

Variable-Star Maxima

2007 Star Mag. HA Deg.

5CrB 13 15" 21.4™

+31° 22°

RS Lib A 15" 24.3™ L 5N

R Cira Lk 16h 32.6™

W Cne 19

———

R Hya 45

R ar
139

5 Car 5.7 10* 0947

RCas 10

23" 5R.4"

Above: R Aquarii lies in one of the faint “spilling water® asterisms in southeastern
Aquariug, at the center of the triangle formed by Fomalhaut, Beta (i) Ceti, and the
Circlet of Pisces. The brightest star plotted above appears there on the evening
constellation chart facing page 52. Comparison-star magnitudes are given in italics
to the nearest tenth with the decimal points omitted.

Minima of Algol

Ot T Mo, uT

| 2105 £ 1%

b; 54

un

& 1557

7 1446 2 143

Se———— - ©E

- ¥ 7 i _39* 7 = EEER T
I:..-{I & ! KT Sgr i 20" 178 3 .1."'._, ) 0 135 " 03
Oct. 29 R .9 RSO 50 08 = B

t SET & 15™ 507 08 3 8.7 1 21:20

i r iy ] B it = e Ly ] 3
Maw. 2 __EL.I SEr £ z 19* 586 1_.- ’ ” 12 16 1809
Maw. 7 T Cen 55 13k 47 8= 11* g

q 2:01 19 1458

See for Yourself

. - Every 2 days 20 hours 49 minutes, the

Mov, 16 R Hor 6.0 * 538" 49* 531°
Mov. 16 RY Cen 1_3" EI-_J'EIT | 56* 19°
Moy, 20 RCVn 13k dEl.I]:’ #3532
Mowv. 22 W Cas 4 iy 1-1_.’"' 59 43°

- Nov. 23 T Col 5 g 19;3-- 13* 42'

| Mow, 27 R Agr .3 _E;i]_ﬂ"' .'l‘f.-"' .
Lasted ot gach of thess lomg-period variable sias e the expecied date of prak

briphtmess, the star's bpecal visasal magratede i peab. imd (ks right sscermien and

dechnateon |equnge 000, The ectusl mioemem may be Srightes oo faeter aod

Aays ealy o |@le Coutesy Ehzabelh Waagen, Amencan Association cf Warnabie
" Libse | Wi s |

i 22:50 12 147
M 19:38 25 536

17 16:27 i} 52N

30 1316

Thewe peoteninc predutions ane from the
RN elements Min, = pD 5852 755,004
TARTEIE, whene C 15 any nbeger, Devived by Marnn
Baldwen [AAY -.|-|! trwes a2e haved an 1T timings
cellecied Tom 999 0o X003 and cnthe star's average
ceeriod during the prevows 15 i, For mone sbout

Blged, wisit Slegand Telesoope. com [1kgo

farmous eclipsing variable star Algol [Beta
Persei) fades from magnitude 21 to 3.4,
The change is abvious to the unaided eye,
Algol stays near minimum brightness for
two hours, and the fading and rebrightening
each take several additional hours.
Predicted eclipse dates and times, in
Universal Time, are listed at left. The chart
above gives magnitedes of comparison stars
to the nearest tenth, with the decimal points
omitted. Algol usually matches Camma
Andromedae [labeled 21), but at minimum it
resemnbles Alpha Trianguli (labeled 34).
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Sue French

Uéép—Sky Wonders

MNGC T340

Here are some fascinating deep-sky objects in Pegasus
that'll delight you and challenge you at the same time.

ACCORDING TO GREEK MYTH, Pegasus is

Now heav'n his further wand'ring flight confines,
Where, 1||-:|'r.l|:hﬁ with his num’rous stars, he shings.

. — Ovid, Fasti

Moderately large and bright enough to show
in binoculars, the spiral galaxy NCC 7331 [Caldwell 30) in Pegasus
is & popular destination for deep-sky observers of all EXPErIEnce
levels. Four nearby palaxies, collectively know as the Fleas, are
far more cha lenging but still within reach of modest aperture
telescopes. The field is 14° wide with north up.
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the winged steed that sprang from the blood of the
hideous Gorgon Medusa when she was slain by Perseus.
This beauty born from ugliness was involved in many
tales, including the ereat feats of the hero HL'”I.']‘EI[ZII‘I'!:'H.

Bellerophon grew overly proud of his accomplishments
and tried to fly Pegasus to the abode of the gods. Zeus.
angered by this display of audacity, sent a ;{ﬂdﬂj_-‘ to shing
Pegasus. Bellerophon was thrown from his steed and fell
back to Earth, but Pegasus was accepted into the heavens,
where we see him today

Our flying horse seems intent on the celestial sugar
ball suspended before him, Messier 15, one of the most
beautiful globular chusters in the northern sky (October
issue, page 59). An imaginary line from Theta (8) Pegasi,
the horse's ear, through Epsilon () Pegasi, his nose,
points right to it. From my semirural home, M15 is easily
visible in 12 x 36 image-stabilized binoculars as a i'l.'J!j_-'
orb. An 8th-magnitude star sits just off one edge, and a
12° box with two or three stars at each corner rests east of
the cluster

My 4.1-inch (105-mm) refractor at a magnification of 17x
shows M15 with an intense nucleus. a small bright core,
and a large halo that weakens outward. At 87x the core
looks mottled, and many stars glimmer in the halo. Several
sugar grains sweeten the core at 153x, and the nucleus
reveals a brighter center but remains unresolved. The
halo’s stragglers stretch the globular to a diameter of %',

M15 is positively gorgeous in my 10-inch reflector. At
1662 it boasts a brilliantly |:-|;|;=i|111q'1'1:1|'r from which it
fades sharply outward to a diameter of 12". The most obvi-
ous stars of the sparsely populated halo seem to fill four
or five starhsh-like arms.

Inward, where the cluster’s brightness starts to
soar, M15 is very rich in stars that grow more and more
crowded toward its luminous heart. M15 is one of the
most densely packed clusters in our galaxy. It lies 33,600
light-years from Earth and 15,400 ||'l_'hr-'-.|'.|1..-' below the
midplane of our Milky Way Galaxy.

A nother aspect of M15 that sets it apart from the
ordinary 15 a planetary nebula that is visible in amateur

telescopes, Pease 1 is buried deep within M15 and tough



NCC 7119

NCC 7320 +
]

to locate among the globular's myriad stars. Fortunately,
detailed charts are available en the Planetary Nebulae
Observer's website (www.blackskies.org/peaselc.htm)
With these charts and an hour of invested time, | identi-
fied the little clump of stars that includes Pease 1.

At 284 through my 15-inch reflector, | couldn't isolate

the planetary until | added an oxygen 111 nebula hiter.
This left just one object standing out well, no doubt the
planetary. Don't worry — you don't need a 15-inch scope
to try for Pease 1. Experienced observers under better
skies than mine have reported success with telescopes as
small as 8 inches

If the planetary is too much of a tease, pass the Pease

and try for NGC 7094, Located 1.8° east-northeast of M15,

this planetary nebula is rather faint through my 10-inch

reflector at 115<. But its 13.6-magnitude central star 15 eas-

ily spotted, and | occasionally glimpse an extremely dim
star within its edge. Using either a narrowband or O 111
filter greatly improves the view. The 144" nebula appears
roundizh. somewhat uneven in ]Wlﬁllhle'k‘w. and x.l;‘:l'.:'|}'
annular {ring-shaped).

Now, for a bit of extragalactic excitement, we’ll zoom
up to t he pretty ga faxy r-.iil MNGC 7332 and NGC 7339
near Lambda (A) Pegasi The duo dwells

2.1% west of Lambda, where it's sandwic hul between a

in the horse’s leg

north-south pair of 7th-magnitude stars.
In my little refractor at 87»
tilted north-northwest with an elongated core and stel-
lar nucleus. Also slender, but requiring averted vision
NGC 7339 lounges 5 east of its companion’s southern tip
and runs east-west. A faint star lies between the palax-
ies. At 122x, NGC 7339 is visible with direct vision, has

a uniform surface brightness, and spans about 2V

, NGC 7332 is a thin spindle

CONTROVERSIAL CLUSTER
Stephan's Quintet is one of the
sky's best-known galaxy groups,
thanks to a controversy invelving
discordant distance estimates of
the members. The field is 8’ wide
with north up

POWER uUP
While abservers often find
that large faint nebulae
and galaxies are seen to
advantage in a low-power,
wide-field eyepiece, the faint-
est stars and small diffuse
objects are usually easier
to see with high magnifica-
tions. Try using a high-power
eyepiece if you can't find your
target in a low-power view.

NGC 7317

NGC 7332's halo extends farther south than north of its
nucleus and bridges 234’

A dozen degrees northward, a gold and orange pairof
bth-magnitude stars decorates the Pegasus-Lacerta bor-
der. Magnificent NGC 7331 rests 1.2° south of these stars.
The galaxy is easily visible in my 4.1-inch scope at 47=. Its
elongated core and halo lean slightly west of north and
envelop an intense, starlike nucleus.

The ;:;M.Ll\'-. is quite pretty at 87% and measures about
6’ x 142", The light along the eastern side diminishes
gradually outward, whereas an .'||'.un|p'r falloff on the oppo-
site side indicates the presence of a dust lane

I'he dark lane 1s lovely through my 10-inch scope at
166, and the galaxy covers about 9° x 212 The 3 core
brightens markedly toward its li:m r||tr.|t'u- Four dim gal-
axies, collectively nicknamed the Fleas, harry the eastern
Hank of NGC 7331. The most prominent is NGC 7335,
which measures 1%4" x ¥ and tips north-northwest. This
galaxy presents a fairly uniform surface brightness with a
scumbled edge. Look tor it 3.5 east of the northern end of
NGC 7331's core,

A pair of 10th- and 11th-magnitude stars 4 farthef east
point southward to NGC 7340, a smaller and rounder
version of NGC 7335, A north-south line of four 12th- and
| 3th-magntitude stars runs between NGC 7340 and NGC
7131. NGC 7337 sits 1" west-southwest of the southern-
relatively

most star. Only the galaxy's very small but

bright core 15 visible, and a faint star bedecks its south
eastern edge.

NGC 7336 is also petite and 15 seen only with averted,
visaon., It lie

5 in the four-star line two-thirds of the way

trom the I'l|:'_|:|,'r|;r'|:||-ul ztar to |'!|_| next one -,_||I'J. I

While preparing this article, | wondered if any of the
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Ill"-l'i could be seen !|:Il-..:_'|| 733l

my little retractor. Studying : 1320

in Stephan's *

the region carefully on the next -
Ql.llrl||._'|:|

clear night, 1 was delighted 10 :
discover that, though challeng
ing, all except NGC 7336 were
visible with averted vision

The Fleas aren't true neigh
bors of NGC 7331, but rather
reside deep in the background
NGC 7331 is about 50 million
light-years from Earth, while
three of the Fleas belong to a
group nearly six times as dis-
tant. NGC 7336 is yet another
100 million light-years tarther
AWaY.

NG C 7331 is, however, pener-
ally thought to be associated
with NGEC 7320, one of the
galaxies in nearby Stephan's
Quintet. Look for an east-west
pair of 10th-magnitude stars 24
south-southwest of NGC 7331
Stephan's Quintet huddles &

S0l |I -i:l1.|!|H' WESLETTI Star

-
it
| =
| =
I
an
il
E
il

In my 10-inch reflector at

111, the Quintet’s NGC 7318A and NGC what brighter toward its core
Due north, elusive NGEC 7319 shows
a similar slant, which indicates that I'm

7318B are so snug that they seem to share
an east-west halo, but close inspection
reveals separate cores. To the southeast,
NGC 7320 is about the same size and
brightness as the combined glow of the
conjoined twins. This galaxy is elongated north-northwe

northeast-southwest and appears some-

Flying with the Horse

Object Type Magnitude

Size

M5 Globular cluster 6.2

18.0°

2" 300

only seeing this spiral galaxy's core and
bar. West of NGC 7320, tiny NGC 7317
is nestled against a 13th-magnitude star
af

Encouraged by my success w ith the

RA

pe toward Stephan’s Quin-

tet, At 203%. [ could spot NG

118A /B as a single patch of
mist. NGC 7320 was also dis-
-_I'||||:||l.' '||.| IMOTe 54l |:||' -||
a great fan of small telescopes
for deep-sky observing, but
their capabilities still surprise
me from time to time

Most astronomers place

NGC 7320 at roughly the same
distanice as NG 7331, whereas
the remaining galaxies ol
Stephan’s Quintet are thought
to inhabit the same region as
the more distant Flea trio. A
vocal minority of researchers,
though, maintains that all hve
galaxies in Stephan's Quantet
are related, and they cite this as
one piece of evidence indicat-
ing that redshifts (receszional
velocities) may not be reliable
indicators of extragalactic dis
tances. There a nice up-to-date
history of this astronomical

controversy in Jeff Kanipe and Dennis
Webb's Arp Altas of Peculiar Galaxies
(Willmann-Bell, 2006), reviewed in the
September issue, page /4. ¥

Longtime amateur astronomer Sue French
ohserves year-round from her home outside

Schenectady, New York,
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David H. Levy

Star Trails

It took two trips to Florida, but the author finally

got to witness a shuttle launch.

TWO SUMMERS AGO my wife, Wendee, and |

LIFTOFF just before sunset last june fth, the Space Shuttle Atlantis roc keted From

Flarida’s Kennedy Space Center towarnd a rendezvous with the International Space Statio

n8 November 2007
rd #

planned to watch a Space Shuttle launch. We traveled
to Florida and settled into a hotel with a direct view of
Discovery on its pad. But the weather didn't cooperate, and
the liftoff was delayed. At first we waited, even catching a
magnificent fireworks display at Epcot Center after nar-
rowly escaping being hoodwinked inte buying a time
share unit in Orlando. Discovery. on the other hand sat
under fog. clouds, and the threat of a hurricane that never
materialized. In the end we had to return home before
the fight got under way.

We didn't even think about traveling to see another
launch until Atlantis was sidelined last spring after a hail-

SKY & TELESCOPE

storm damaged its external fuel tank. Once the repairs
were completed and the launch was rescheduled for June
8th, we decided to head back to Florida.

Launch morning dawned rainy. and 1 awoke with a
sense of déja vu. This started me thinking about why we
are repeatedly going into orbit around Earth to build a
space station of questionable science value. Wouldn't it be
better to invest in robotic probes instead? This argument
is simple and certainly not new. Robotic spacecraft like
Voyager, Galileo, and Cassini have explored the biggest
worlds in our solar system, Deep Impact released a wealth
of data when it slammed into Comet Tempel 1, and New
Haorizons is on its way to study Pluto and the Kuiper
Belt. Their value? Priceless.
Together they offer us an
unprecedented understand-
ing of the solar system.

But interplanetary explo-
ration is not the only reason
I am an unabashed NASA
fan. Having gone through
high school during NASA's
golden years in the 1960s, 1
followed every launch and
every mission as a personal
odyssey. By the time the
shuttle program began | was
utterly locked into NASA's
beating heart. During the
early 1980s, however, |
became involved with the
Planetary Science Institute,
many of whose employees
are audaciously against
human spaceflight because
it reduces funds available for
their dreams of exploring
the solar system remotely.

Nevertheless, as the vears
passed 1 found it unneces-
sary to abandon one view in



favor of another. A good space program
| believe, must have room for a signifi-
cant human presence in space and robust
robotic L':-.]1-|-:rrdllnr| of the solar system
And whatever anyone perceives as short-
comings of our current program, it's the
one we have. Our growing space station
provides a constant human presence in
gpace, We are also at the dawn of commer-
cializing human spaceflight, with several
companies actively competing to provide
service in the near future, It is not a per-
fect space program, but it is exciting.

Friday, June 8, 2007, was just one day
in the life of that space program. After our
experience last year we knew there were
no guarantees, but the rain and clouds
were diminishing as we gathered our
group together to watch the launch. Jack
“Triple” Nickel, the NASA pilot who flew
our zero-g mission last year (S&T: Novem-
ber 2006, page 91), arranged a wonderful
viewing site for us along the causeway at
Kennedy Space Center. Sid Leach, chair-
man of the Sharing the Sky Foundation,
his wife, Gloria, Peter Jedicke, and Ann
Micklos joined us as the count went on.

By 7 p.m. the Sun was setting in an
almost completely clear sky. We had a few
moments of concern when Ann told us
that transatlantic landing sites (needed if
the mission had to be aborted before the
shuttle reached orbit) were clouded out.
But the weather in E];I;i.'i'l’] soon cleared
enough for the coumdown to continue.

At 7:37 p.m. Atlantis's three main
engines lit up. The next seven sec-
onds seemed like an eternity, since
five launches have been aborted within
seconds of liftoff. But then the solid-fuel
rocket boosters ignited and 1%z million
pounds of shuttle seemed poised in the air
atop a column of fire. Within seconds the
rocket pirouetted like a ballet dancer as it
soared toward the stars and soon vanished
from sight. Hours later the still-present
smoke plumes encircled Venus in a
darkening evening sky. It was a successful
IEUI"IIEI'I ﬁ:lT |hl' .‘il'lllﬂ']l" S iIT!Id I:;':I]' Li%. +

Author David Levy and his wife, Wendee,
travel frequently to astronomical venues
around the world.
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SHARING THE SUN

" Day or night, amateur gath-
arings can introduce you to
many aspects of the hnhh' 5

OCTORER 12-14

Jersey Starquest

Hope, New Jersey

W princetonastronomy.org

CICTOBER 26-28

Advanced Imaging Conference
San |ose, California

Steve Mandel
steve(@galaxyimages. com

Wi aicced.com

MOVEMBER &-11

Deep South Regional Star Gaze
MNorwood. Louisiana

www stargazing net/DSR5C

MovEMBER 9-13

VicSouth Desert Spring Star Party
Mhill, South Australia
vicsouthi@internode.on. net

LW WHCS OB, COr

-

For more astro events, go to
SkyandTelescope.com/communityfcalendar

MNOVEMBER 2-11

International Festival for Astronomy
Bunnik, The Metherlands

M. R. Haas, +31 71-527-8436
hoas@strw. leidenunie.nl

www sterrenkunde.nlfjwg fifa

MNoVEMBER 10

Saturday Star Party

Paris, Virginia

Sean O'Brien, 540-392-3356
Wi, nasm. si.edu fevents

Ta list an event, e-rmail your announcement and
contact information {with complete details) to

info @ SkyandTelescope.com at lrast three months in

advance. Late or incomplete submissions will not
be considered, Mot all events will be listed,
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Gary Seronik

Telescope Workshop

82

AT Mentoring

Amateur telescope making is easier with a little help from a friend.

I MET MY telescope-making mentor on January 13, 1987

That evening. during an informal get-together after a
meeting of the Vancouver Centre of the Royal Astronomi-
cal Society of Canada, 1 overheard a guy describing how
he was putting the finishing touches on three 12V2-inch
telescope mirrors. All | knew about mirror making in
those days was that it was difhcult and that anyone who
tackled a piece of glass that big was probably nuts. And
anyone who made three at a time had to be seriously nuts!
This particular nut was Lance Olkovick.

Every astronomy club has a Lance. He's the first guy
vou call when your scope needs repairs. He's the guy you
check in with before buying a new piece of gear. He's the
guy who gets roped into setting up a mirror-making demo
at the local shopping mall on Astronomy Day. And he's
the guy you should seek out if you're planning to make
your own telescope.

I struck up a conversation with Lance, and when he
offered me one of his big mirrors for only a couple hun-
dred dollars, 1 suddenly found myself caught up in the
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world of serious ATMing. A couple of days later 1 visited
his house and toured his telescope workshop, known
locally as the Krell Lab (a Forbidden Planet reference).
Together we set to work on building a housing for my
new 1242-inch mirror. As my project grew from a pile of
plywood and cardboard tubing into something resem-
bling a telescope, my friendship with Lance also took

»
Join in on the telescope-making discussions at
Cloudy Nights forums (www.cloudynights.com)
and Yahoo Croups (groups.yahoo.com).

shape. That 12%2-inch became my main telescope, and
Lance became my observing companion.

When the day came for me 1o tackle my first mirror,
| knew | could turn to Lance for guidance. When I felt
the mirror was done, I took it to the Krell Lab for test-
ing. I'll never forget the thrill of discovering that Lance’s
test results closely matched my own. The mirror was an
excellent one — something of a rarity for a first attempt.
Having a mentor helped make that possible.

You can make an excellent telescope guided only by
books, but it's much easier, and more rewarding if you
have hands-on help. But even if there isn't an astronomy
club nearby, these days help is only a few mouse clicks
away thanks to the online ATMing community. You can
have “virtual” mentors to guide you through the ins and
outs of telescope making. No one need grind alone.

Lance died suddenly last June 21st. On that sad day, |
lost not only an inspiring teacher, but also a close friend.
When | look at the scopes I've built over the years, | see a
little of Lance in each of them. They stand as tokens of our
friendship and of the virtues of mentoring. And now, when
1 scan the skies with my 1234-inch. it's hard not to feel as if
Lance is there with me, taking in the view and suggesting
just one more tweak to make the scope work even better, 4

Gary Seronik (gseronik (@ Sk yund Telescope.com) is an avid
telescope maker who figured his first mirror — a 6-inch —
nearly 20 years ago. He lives in Victoria, British Columbia.

John Dobsen jright) and Lance Olkovick discuss the fine points of
Dobsonian telescopes at the 1993 Mount Kobau Star Party.
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%~ Hobby Q&A

The editors of Sky & Telescope answer vour guestions about amateur astronomy.
| P } / Y

Twirling Windbags

Why do the outer, gas-giant planets gener-
ally rotate much faster than the inner,
terrestrial planets?

— B DELLINGES, ApACHE JuNcTION, AZ
The reasons why some planets rotate as
quickly as they do remain puzzling to
l.-Luu'I:u'.-. sCientists. Most studies in this
area have focused on the inner planets.
Earth and Mars, which accumulated
gradually from rocky planetesimals, most

likely got spun up when they experienced
glancing impacts trom particularly large
objects as they neared the sizes they haw
today.

But the four largest planets probably
Ccame 1...__.1.--:-|.-|- an entirely different way
According to planet-formation special
15t Alan Boss (Carnegie Institution of
Washington), these biggies must have
accumulated moset of their mass from pas

in the surrounding solar nebula. That gas

What It Was

I'm new to astronomy (134 months) and | live in New Jersey. Last night, July 31st,

I saw a bright planet (I assume Jupiter) in the southwestern sky, and just below it
what looked like an airplane with a flashing red tail marker — but it never moved.
When | got home | looked at both with my 70-millimeter telescope. Jupiter had three
moons in a line, but the object below it looked like an LED ottention-getter that
stores sold in the 1970s, flashing in different colors. What was it?

— |in HoesowN, YernoN, N

Newcomers send us more questions about flickering, starlike objects low in the
sky than anything else. You start noticing these twinklers when vou pay close

attention to the might sky.

Your mystery object had to be the bright orange star Antares, which was then
sparkling about 5° below Jupiter (see the all-sky star map in the center of our July
1ssue). Atmospheric turbulence makes all stars scintillate, and bright ones can

look especially wild and colorful when they're very low.
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lormed individual spinning disks {from
which many satellites formed), and most
likely it carried a lot of angular momen-
tum as it fell onto the outer planets’ cores
causing them to Spin taster and faster as

they coales |'|_| — _,' |"::']II'.' He'u”f.

Send questions to qandagSkyandTelescope.com
far consideration, Due to the volume of mail,
not all questions can receive personal replies

Seeing upiter's Moons

I've heard it might be possible to detect
Jupiter's satellites with the unaided eye if
Callisto and Canymede appear together
when Ganymede is at greotest elongation
from Jupiter. Will this happen anytime
soon? — Tow Moori, HousTon, TX

Jupiter is now setting soon after sunset.
But three times 1n 2008, Texans (and North
Americans generally) will have a chance
ta see what vou're ;i,n-?'u:ril_'-aru:_ll. on March
oth near 5:40 a.m. Central Standard Time,
then on October 20th between 8 and 9
p.m. Central Daylight Time, and finally on
November 14th near 7:10 p.m. C5T.

But don't get your hopes up, Ganymede
15 the brightest moon, near magnitude 5.2
on these dates, but it never strays more
than &' trom |upiter. Callisto, magnitude
6.2, enhances Ganymede's brightness
to just 4.8 (combined). Compare this to
Mizar's naked-eye companion, Alcor, in
the Big Dipper’s handle, Alcor is mag-
nitude 4.0 and 11.8° from Mizar — and
they're often called a test of acuity

S0 | doubt Ganymede can ever be
seen with the naked eye, with or without
Callisto’s help. But they'd be fine targets
for an instrument ['ve dreamed of yet
never seen in the marketplace: a modern,
wide-field binocular with a magnihcation

of just 3x or 4x. — Roger W. Sinnott
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» Made in Japan
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Digital SLR cameras e
make deep-sky shooting easy, =~ ..+

but first you have to focus them:
at infinity. Here's how.

IF YOU WANT TO take great astrophotos, you have to be

asove The perfect flatness of imaging chips makes
unrelenting demands of optical quality and exacting
focus. Taking care at the telescope can yleld images
with pinpoint stars across the frame. This view of
NGC 3293, the Gem Cluster in Carina, is a stack of
four 8-minute exposures with a Canon 200a shoot-
ing through a 4-inch refractor with a field flattener.

PHOTOCRAPHS BY ALAM DYER

focused, | know this sounds like a meditation ritual from
“Zen and the art of astrophotography.” But | really mean
getting the image sharp. It can be tough to do.

Digital SLR cameras are easy to use because you actu
ally look through the lens to frame and focus. But stick
one on a telescope a nd the immediate reaction is, “The

image is dim! How do | focus?” My answer? Carefully!

Focusing Misfortunes

During the day you can :-.|r|1!r|'r' switch on “Autofocus”
and the job is done. But at night there's rarely anything
bright enough in the trame for a camera's lens to home
in on and determine proper focus. Put the camera body
on a telesc ope and your fancy 1i'|'1]ll|'|r||"|'|'l|[ servo-autofocus
becomes useless baggage.

Instead, the task talls to vou and vour best i'.uji_'_nn.'.-u.
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l Astrophotography

Enlargements of shots taken with a
telephoto lens reveal the subtle
difference between “good™ and
“ereat” focus.,

COoD

The focus is OK and
might pass an uncritical
eye, but stars appear
soft and enlarged.

BETTER

Star images are tighter
and apparently in focus
yet remain surrounded by
magenta halos from chro-

matic aberration in the lens

BEST
A slight tweak to the focus
eliminates the chromatic
aberration while keep-
ing star images tight.
Your setup is now in

perfect focus.

In the hlm era yvou
had to st that
judgment and hope
for the best. Thank

goodness those days

il

Tl

are gone! The beauty
of digital SLRs
digital

instant feedback.

ik
camera, is their

Even so, if
I still s¢

15’1'.'['.' s LIC I'li-i‘.'-' A T

and then in my

cially shots through a wide-angle or r-:'|L'|1||1c.1-|

1Its sofl foCcus

.l. s,

The problem rears its fuzzy head because it i

hard to tell when a star is a sha:
T'l'l Ly |: ] ||'I_'_I 'I'II'.:'..;_': t1e view

INg screen is dim and coarse. |

hlm cameras, 1n

dlfe 1ot an ll|:|..'lI! lor most argl

SIOCK SCPEETE, youl can get it close
Cournt her

or example, images taken

1 ¥
with a piggybacked camera lens
may look sh: iTp bhut are sur
rounded by magenta or cyan
o thoueht voud 1
L L4 1] et youd |I.II|.

. ;

HCH TEIOTLEY for a color-tree ED
1 : b RERE T o
lenig, 5o why 15 there color? The
\!"H L. EIMAET . W SKY &
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:
terchangeable focusing s

tal SLRs. With the

EIlS W ! Lil VET 115 DTOTT |"|".| "| s ITTEA TS '.l.'Ii".
en 1t is precisely in tocus. And | mean precisely!
The difference between so-so focus and s '|"-‘."."

fi n De the siEntest twist of a lens CITEE.

Method #1:

i
1 =
11

Simply Visual
st means of attac LI.‘lg focus 15 to mag-
nity the

Mikon, and Olyr IpuLs ofter a ri |hr an L'|l mmag-

view through the camera. Canon,
|I: E'. | -|I.-.- .||;I-C onto a camera’s '-'II"-'|'rI:II..l:‘I.
oltering an image magnihed 2 or 212 times.
| conzider this an essential ACCES50TY — EVEen

if you opt for some other focusing method, the
right-angle viewing makes looking through the

CAITIETa SO I':II'.--C'l'I

Cdaltl.

Regardless whether

Focus will shift uw

you're shooting the Milky cool and tubes contract, evenwith
Way or the Moon, you camera lensos, HW’W
should first aim the IHMHJHIHHM

to focus it, and refocus through the
night if temperatures continue to fall,

camera at a bright
star and with the

agnifying hnd-

er on maximum power, adjust tocus until the star

is as small as possible. Be sure to place the star on

IT]

a blank area of the screen away from any etched
lines that will disturb the image. Rolling the
!';'II s ]:l'll L i:'l'l-;,l F:::|'|I' ||I"':_'_'I‘i ITe s 1|"-E" giar &n |.E|.'|'gl"
on either side of focus so [ can gradually
home 1n on where the star appears
as a pinpoint, usually with
some spiky Hares shooting
from the star.
Here's where you
can get fouled up:
Before doing this,
you must first focus
the diopter adjust-
ment on both the
camera eyepiece

i5
P PATH[E 1 S1Im0-

[he

the best

finder. Focus and on the magni-
fier itself to suit
reens your eyesight, Focus
with vour glasses on
or off, whichever you

prefer, so

but close doesn't

that the image
looks as sharp as possible

(it may not look really sharp

i dightly mesaligned : :
Optics that are even shightly kg until you next focus the lens or

will produce fuzzy or misshapen stars,
not just in the corners but also in the
center of the frame. Reflectors of any
type are maost likely 1o need occasional
collimation.

1I'|'f"‘\-l. ope)
don't aftect
ut without getting them right hrst, the image on the

never look sharp

[hese diopter adjustments
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With today's autofocus camera lenses, the best focus is almost
certainly not at the infinity mark. It can be a millimeter or two
on either side of infinity. With this lens, this is the satting where
stars look sharpest, a point found by trial and error.

eye, making it impossible for you to judge focus.

To aid optical focusing some astrophotographers place
a mask over the front of the telescope with two or more
off-axis holes. Another classic method is a knife-edge
focuser that replaces the camera body. When the telescope
is in focus, the knife-edge cuts off the disk of light from
a bright star inftantly. As an alternative, Stellar Tech-
nologies (www.stellar-international .com) offers a nifty
bright focusing screen that goes in place of vour camera,
While ['ve not tried that unit, I have tried the other two
methods. My experience is that neither is practical when
shooting with piggvbacked camera lenses. That's when |
turn to the next line of attack.

Method #2: Camera Trial-and-Error

When shooting through a telescope | usually hnd it easy to
judge best focus by using nothing more than the magnify-
ing finder. But the tiny, faint stars presented by wide-angle
lenses make it nearly impossible to focus by eye alone.

S0, 10 be really sure of focus, here’s what 1 suggest: take
test shots of the focus star. Exposures of just a few seconds
at a high 150 setting are all you'll need.

Then zoom inon the playback image.
Stars will always look a little bloated on
the LCD screen, but are they as small
and colorless as possible? Are faint stars
as bright as possible? Shift the focus
slightly (noting which way you moved
the focus), then take another shot,
zoom in and click between the two test
frames. You can see immediately if the focus improved or
got worse. [t will take several iterations to get it right

This is where a precise mechanical readout of a tele-
scope’s focus position can be handy. But with piggybacked
camera lenses, there's little recourse but to be patient

An aperture cover with three small off-axis holes splits a star’s
image into a trio of dots when oul of focus but merges them into a
single dot when in focus. You can make one yourself or purchase
one from Kendrick Astro Instruments (www.kendrickastro.com).

and exacting. For example, the
Hutech-modified Canon 5D |
use, while superb for wide-angle
astrophotography, is a challenge
to focus. The 5D has taught me
that taking the time to shoot
trial-and-error test frames, while
tedious, is worth it. Without the
extra effort, I find that piggy-
backed shots can be hlled with slightly bloated stars, ar

UPGRADE TO DUAL-SPEeD
FOCUSING

with :-'.harp but ma grnra-tintrd stars. Be sure to mark the
focus position on the lens afterwards. This will speed up
the ﬁ:utu.-;ing process next time out.

Method #3: Computer-Aided Focusing

I have to admit, in the interest of keeping things simple at
the telescope | rarely resort to this next level of complex-
ity. But it does work, as long as you don't mind setting up
a laptop in the field next to your camera. The computer
connects to the camera and fires its shutter; the camera
then downloads its images to the computer, not to its
internal memaory card. The laptop's
larger display makes it much easier to
judge focus.

You can do all this using the
control software that came with your
camera. However, a better choice is to
get one ot the DSLR-control PrOgrams
designed for astrophotography. Some
are complete image-processing pack-
ages: others are just for focusing and capture. All have
focus routines that keep snapping the shutter and down-
loading, but not saving, images, while displaying graphic
or numeric readouts to help you hind focus, both by eye
and by the numbers. Routines that sample just the area

S5KY & TELESCOPE
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surrounding a bright star speed up the download time.
Many choices exist, so always check that the software vou
Cht:lli'l-.‘il,,' ".’.-'I:'ITI':': "r'i-'il;]'l :'|'.-.|I.-II' |':l|.'-':|.|'.'i.|. :::'I'.l. T "J L,'l I'lr. CaIncra

With any of these control programs, connecting a
DSLR to the computer requires the USE cable that came
with your camera, as well as the installation of your
camera’s utility software and drivers. Keep in mind that,
even with a computer controlling the camera’s shutter,
you still must focus manually, performing careful tweaks
while looking at the star image and graphic displays on
the laptop screen.

However, an added benefit of some programs is that
TI'H:'}' Lall I_r'I'I'ItTI"I] FI"I]'H:I[iL |-I'_'|{ 5=
ers simultancously via a feed-
back loop — autofocus for your
telescope. This might be a great
system to install on a dedicated
setup in a permanent observa-
tory. For me it's impractical. |
often shoot in the hield, using
at least a halt dozen lenses and
one of many telescopes. Also, while this might seem like
the best method, I find that variations in atmospheric
seeing make the readout numbers jump up and down
even without changing focus, That annoyance, and the
several-second delay from one image to the next, makes it
hard to judge when the focus has truly peaked. Patience is
still Tl."l"u:il.’!‘d.

Some focusing programs offer not only a display of the
magnified star image but also large easy-to-read numeric
readouts. DslrStar from Cercis Astro can also display a
trend plot that makes it easier to tell if your camera’s focus
is getting better or worse.

SKY & TELESCOPE

Software Solutions

There are lots of options for controlling your DSLR with a
computer, and many have free demos avaslable. Unless stated
atherwise, all those listed here are for Windows only.

Astroart (www.msb-astroart.com|
Works with Canon, Meade D51, and many webcams

DSLRFocus (www.dslrfocus.com)
Update pending for post-2005 camera models

DelrStar and DsirLite [www.cercisastro.com)
Warks with Canon and Nikon: offers stand-alone controller

imagesPlus [www.mlunsold.com)
Warks with Canon and Nikon for focus and capture

MarD5SLE {www.cyanogen.com)
Works with Canon, Nikon, Meade D51, and many webcams
Low-cost, for Canon only; available for Mac O5

Method #4: Live Focus

1f you're one of the lucky owners of a Canon EOS 20Da,
you're laughing at all this fuss and bother! This camera's
live-focus mode makes it easy to nail focus. Place a bright
star in the center of the frame and then set the shutter to
FC2 mode. Open the shutter, and a real-time, 10x magni-
fied view of the star appears on the rear LCD screen,
making it a snap to focus precisely, as quickly az if you
were looking through an eyepiece — no waiting between
test shots! It works with any lens or telescope, and you
can feed the live image via the camera’s Video Qut jack
to a TV monitor should you need to see the focus image
maore clearly. Live focus is one of the great advantages of
the now-discontinued 20Da, a limited-edition DSLR that
Canon made specifically for astrophotography.

However, live focus is now becoming a standard fea-
ture on other Canon cameras, such as their new 10-mega-
pixel 40D and high-end 1D and 1Ds models. Nikon has
also added live focus to their new D3 and D300 cameras,
while Fuji and Olympus have long offered “live view”
modes on their top-end DSLRs. This is all good news for
astrophotographers. Bravo!

So unless you're lucky enough to own a Canon 20Da
or are in the market for a new digital SLR, I recommend
perfecting some of the other techniques as the best way to
ensure your own photo attempts stay sharply focused, #+

Contributing editor Alan Dyer tries lo stay focused when
shooting the sky from home in rural Alberta, Canada, or
from southern-sky sites in Australia
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« EARTHSHINE OVER Each month Gallery showcases the
THE TETON RANGE finest astronomical images submitted
Tom Fleming to us by our readers. We encourage
The Teton mountains in Wyoming you to send your very best shots to
were Texas amateur Tom Fleming's pﬂeqﬂihﬂMTmmpe.mrr:-Fm
inspiration as he captured this publish any here, we'll pay you §50
scenic vista with the 2-day-old Moon For more infarmation, see our Astro
its might side reflecting earthlight) Imlg!f’i.ﬁ-uldf at SkyandTelescope
:~'.||'||_-:_'i:.1-__ll toward Grand ._r.'-';:|r| peak. comfaboutsky/guidelines, ot all
Di!la”5:-_"'-:-I..'It.1-..|:-:'-.' recorded the evening submissions can be published

of June 16, 2000/

* NEBULOUS NEICHBOR

Dean Salman

Sharpless 2-9, a wonderful mix of emission and reflection
nebulosity, surrounds the 3rd-magnitude double star Sigma

Scorpii. At lower left, roughly 1° to its southeast, lies the

impressive globular cluster Messier 4.
Details: Takahashi Epsilon 18( astrograph and SBIG 5T

10XME CCD camera. Total exposure 8 hours 51 minutes

4« VENUS CLOSING IN

Rick Schrantz

As noted last month on page 96, our sister world was an
irresistible afternoon t

Al e

observers in mid-2007, as

this stunning series of photographs demonstrates.

Details: 10-inch Newtonian reflector and modified F'r':ill',l:--..

Tollcam Pro webcam with Scnuier uitraviolet filter
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* CLOUD FRONT
Bruce Karbal

Known for deca

the California Nebula,
NGC 1499 appears to
billow serenely among
the stars of Perseus
about 12° north of the
Pleiades star cluster.
M43 (not shown). Deep
CCD ime such as
this one raise ues-

tions as to the origin of

the nebula’s nickname.

Details: Pentax 125-mm

|"_."1'| 4 refroctor FLI Pro-

lime 16803 CCD camera

|J-'!|J. Ax
alpha filter. Exposu
fime W) miniites

« COMET LINEAR BRUSHES PAST M3
Michael Jager and Gerald Rhemann

Comets often arrive unannounced, as was

the case with Comet LINEAR (C/2006 V.£13).
Carbon-rich gas gives the coma its aquamarine
glow. Though not a bright object, this interloper
was easy to find when it passed within ¥3° of the
slobular cluster M

just north of the Bo
Details: Astro Systeme Austria 8-inch /2.7
astrograph and Sigma 6303F CCD camera. Total

exposure 15 menultes on _Illni'. 22, 2NIT. W

For sky-shooting tips, visit SkyandTelescope
comfhowtofastrophotography
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