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Tele Vue DIOPTRX...

Imagine a Universe Without Eyeglasses!

“Now that | no longer have to wear glasses while observ-
ing, | can’t help wondering what | missed all those years —

before the DIOPTRX came along.” — SkyNews Magazine / / \
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A simple twist of the focuser will correct your eye’s tocus, but any asligmafism ¥
will remain - sofiening bright stars and bluring taint ones completely out o o
sight. like Todd Carlson of SkyPNews, you may nol even recognize fhe oftect
“But with the DIOPTRX installed, subtle details | had not seen with or with-
out my glasses popped info view, aspeciolly on Mars.” DIOPTRX™ is avoil

able to maolch your pi escription from 025 10 3.50 dioplers. It's easy 1

swilch between 21 models of Nagler, Fenoptic Radian ond Plossl eyepieces
al "r'k:lq_l nesd |usl one :\.._.1!!.'| Ul- the dalails al wws
L )

Anocores lelescope Astronomics High Paint Scientili Oeeansid

800.850.2001 800.4272 7876 800, 2669590 800.483.6287 800 235 3344 488 94

%JTIEIEVUE ko oo s, b, 37l Drve, Chisk, N Yo 10018 845409 495 | g eloe com

E
L]



Tele Vue Eyepieces...
The Ultimate Condiment for All Telescopes...Even Our Own
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You’ll Like What You See ...

GP-D2 Equatorial Mount

9 Deluxe Equotorial Mount
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SPHINX lquﬂl'nriul Mount

“Vixen's newest go-to mount is a
winner."— Astronomy
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The Reviews are In: Recommended
“A telescope mount for the 21st century”  Accessories
Astronomy magazine, November 2005
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PREMIUM QUALITY FILTERS

(@

The World's Best Filters &
Astronomical Accessories

THE DEEP 5KY FILTER

The BEST light pofution filter on tha mar-
ket today! Perfect for visual and pholo-
graphic wse.

1.25" - §99.95 « 2" - §199.95
Casssgrain Rear Cedl - 519895

THE ULTRA HIGH CONTRAST FILTER

The ULTIMATE dark sky nebula filler
Reveals the faintest of obpecls under
both light polluted and dark skees

1.25" - §99.95 « 7" - §199.95
Cassegrain Rear Cell - $109.95

THE OXYGEN Il FILTER

Legendary performance allowing near
photographic views of diffuse, planetary
and extremely faint nebulae

1.25% - §99.95 - 2 - §199.95

THE COMET FILTER

F hcreases contrast and reveals the del-

cate wnized tail of gaseous comets,
allowing you bo sed their full extent,

- 1.25" - §99.95 « 2™ - §199.95

L__—— | Cassegrain Rear Cell - $199.85

THE HYDROGEN-BETA FILTER

]— View extremaly faint objects such as the
Horsehead and Califormsa Nebolas, ideal
for use with 8" and larger telescopes.
1.25" - $99.95 - 2* - $199.95
Cazsegrain Rear Call - $190.85

THE NIGHT SKY HYDROGEN-ALPHA FILTER
A powerful photographic aid in ower-
coming light poliution during astropho-
tography of faint emission nebulae,
1.25" 2" S8mm/T2mmT T mm/82mm

THE MINUS VIOLET FILTER
Produce pinpoint
maging by reducing

0 ChHomENG abiraion
lens systams.

1.25" - $50.95 - 2" - §79.95
SBmm - $89.95 - 72mm - $89.95

POLARIZING FILTERS

Cassegrain Rear Gell - §199.95 sizes available starting from $79.95,

MULTIPLE FILTER SELECTORS UNIVERSAL LASER POINTER BHACHET
Switch back-and-forth between filters without having to Huwwuummrﬂﬂr your tsescope 1o the siars
thread and unthread them from your eyepieces or diag- ), without sacrificing comfort! Designed to work with most
onal. Leaving one of the slots open lets you compare | (- red and green laser pointers and easily attaches fo
vimws with and without your LUMICON filters. Made tebescope with su mhhuﬁnmlhhm
from sodd aircraft aluminum, [Filters Sold Separalilyl solid aircraft m. (Laser Ponber nol Included)
125" - §12995 -2 - §160.95 + NEW £19.95 # NEW =
T-Thiead Adapber fior 2° - §24.95

DIAGONALS

1.25" FULLY MULTI-COATED PRISM DIAGOMNAL ENHANCED MIRROR DIAGONALS

Quality replacement for standard 1,257 diagonals - $49.95
1.25" 90° CORRECT IMAGE DIAGONAL

Displays star-fiek in a natural orientation at a 90° angle for
gasy and comforiable navigation - $68.95 + NEW

2" FULLY MULTI-COATED MIRROR DIAGONAL

Hiph guality 2 mirror diagonal. Includes 1.25" reducing
adapter and compression rings - $39.95 « NEW

ﬁmmﬂymmdwmﬂ ﬂi'ml:ml
reflectivity, 1/10 wave precison polished
pass collimation iesting. 1.25- $30.85 - 2"- 15‘3135

LUMIBRITE MIRROR DIAGONALS

A premeum quality miror diagonal with over 08 percent
reflectivity, 1710 wave precision polished optics and
pass collimation festing 1,257 - $149.95 « 27 - §739.85

SUPER FINDER SYSTEMS UTILITY TRAY SYSTEM
The highest quality finderscopes available Made from solid arcraft abuminum,
today! The newly redesigned LUMICON Super ‘ the LUMICON Utilty Tray System
Finders feature exceptionally sharp optics, prowides a safe method for attach-
high contrast views and easy o use function- ing your Meade LX200 or L%
ality. LUMICON Super Finders ane desi to telescope to its tripod and helps
switch conveniently from straight through to organize all your accessories in a
right amgle in saconds. Wcludes a qualty gecure and convenien! manner.
Zamm Kelingr Grosshair Eyeplece with a 90° s | Inchudes a removable Adapter Plate
Correct image Diagonal for hassle free naviga- | | . . . dmpmtumm“ﬂﬂmm
etiing s { Aapier Piale Swhale 230° around
: l Br EWive
The LURMCON 80mm Super Finder also doubles gy sajescnpe to allow for unobstnucied viewing through the telescope in any position. Uitikity

as a premium quality rich fiekd redractor, yield-
ing superb views of the moon, planats, star
Cluslers, brighl galaxes and daylime imapes.

Showam i bofm siaight
Mvough and At angie mode

Traty inclisdes buslt in handde and bubble level for easy set up, break down and transportation
Features sturdy construction and a durable black
powder-coated finish, Utility Tray and Adapter Plate

Use it with the optional image Yisor and reduce glane whills arat

incraasing contrast and Juhnn on lunar and terrestrial SRR Ry -

views, Blmm Super Finder made from Features:

Sodid Alrcraft Aluminum with & durable + Guide Pins for Safe Mounting of Telescope
Black Anodized finksh + Bubble Level for Accurate Telescope Set Up

S0mm Super Finder System - 5199.95
EOmm Super Finder System - 5209 95

FINDERSCOPE ACCESSORIES
S0mm Super Finder Body - §129.95
BOmim Super Finder Body - 5219.95
BOmm Image Visor - 24,95

2X Fully Coated Barlow Lens - $39.95
S0mm Universal Dovetail Finderscope Bracket - $49.95
BOmm Universal Dovetail Finderscope Bracket - §59.95
Universal Dovetail Bracket Spare Base - $14.95

Universal Dovetail Bracket Tripod Mounting Base - 19,95

+ Built in Handie for Easy Transportabion

* 5ix 1.25" Eyepiece Holders

« Three 2" Eyepiece Holders - Designed for Large
Mol Eyipiaces

«AE" & 117 Table for Siar Charts, Note-Pads and
Other Accessonies

« A 12" x 15" Adapter Plale that Swivels 230°

+ Reversible Desagn for Custom Fit and Feel

Utnlity Tray Systam - §199.95
Utility Tray - §119,95

Adapter Plate - §99.95
750 Easy Street, Simi Valley, CA 93065

I_,_LJ M ! Cor "! 805/520-0047 - BOD/420-0255

INTERNATIONAL www.lumicon.com

Bl Separ Finder Now Inciodes
Custerm Fif Carrpimg Lasal

T0 ORDER please call us or visit our web site for a com-
plete list of Authorized Lumicon Dealers worldwide,

Prices do not include shipping and handling or state
laxes where apphicabie.
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28 The Science

Behind the
Solar Corona
The Sun’s
tenuous crown
is shaped

by magnetic
forces that

can affect our
lives on Earth.

By Carolus |.

Schrijver
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e and more . .

A New Breed of Block Hole

Astronomers debate whether

they have found the elusive
midsize black holes.
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Rambling Through the Skies:

Fooled by the Moon
April Fools’ Day or not, th
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OBSERVING & EXPLORING

Northern Hemisphere's Sky
Secrets of the Lion's Heart

.I::_n' Fred :".ll'll.'rf-.'_r

Northern Binocular Highlight
The Beehive Cluster
By Cary Serenik

Southern Binocular Highlight
NGC 3532: Best of the Best?
By Les Dalrymple

Southern Hemisphere's Sky
Sailing Along the Galactic Plane
By Greg Bryant

Sun, Moon, and Planets
Flanets Flirt with Star Clusters
By Fred '_;-.'.ll.-.';J.r'

Exploring the Moon
Little Lunar Volcanoes

”." Charler A, Wood

Celestial Calendar

A Spectacular Pleiades Occultation

By Darid Dunham

Eye on the Sky
An Eclipse Timetahle
By Stephen James O"Meara

Deep-Sky Wonders
Leo’s 11th Hour
By Swe French

Observer's Log
A Look Back at Mars in 200
By Edwin L. Aguirre
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S&T Test Report

Two New Binos

Recent entries in the binocular
market give observers a greater

K ]
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85

The Astronomy Scene
Solar E{'llFr'-l!"":- on Stamps
By Edwin L. Aguirre
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8 Spectrum
Clouded Vision
By Richard Tresch Fienberg

range of choices than ever before. 90 Stor Trails 12 Letters
By Gary Seronik Asteroid Alerts: A Risky Business « GALEX Lives
S By David H. Lery e Lowell's Legacy
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A popular planetarium package * When did the galactic equator 24 50 &25 "l"HIri Ago
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improve our view of the virtual sky. « How long is a ligne?
By Darid Ratledpe » and more 24 Mission Update
. : By Jomathan McDowell
B2 Books & Beyond 94 Astrophotography
« A Fresh Look at the Classics Of Coler and Composition 88 Event Colendar
» and more . .. By Tony Hallas
109 Index to Advertisers
98 Gallery

110 Focol Point
Here's Dirt in Your Eye
By Dan Lester

The tamous

Horsehead Nebula

is silhouetted by the
olow of 1C 434.

Visit Skyand Telescope.com for late
breaking news réports, ]1:'|pl'u| tips
on observing and photographing the
sky, and expert advice on choosing
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It remains to
be seen if the
Vision for

- Space Explo-
' ration will be
good for
astronomy.

Clouded Vision

IF YOU WANT to spark some animated conversation among
-:'I‘.TI"I'.II'II:H'I'.- .-]I'l-.l space r|'-1 siasts, as L tor their O omns ot

President Bush's Vision for Space Exploration. Unveiled in
January 2004, it calls on NASA to return the Space Shuttle
to tlight, to finish building the International Space Sration
(1S5), and then to phase out the shuttle by

Vision (“VSE" in NASA-speak) directs the
agency to develop a new spacecraft that can
ferry astronauts to and from the ISS, return
people to the Moon by the end of the next
decade, and eventually land them on Mars

Because the Lion's share of US astronomi-
cal research is funded by NASA, astron-
omers can't help but pay attention to how
the agency spends its maoney. In reaction to
the Vision, they've split mainly into two
camps. Some retlexively oppose the plan because of its em
phasis on human space flight. They worry that NASA will ds-
vert funding from planetary probes and space telescopes,
which invariably pay huge scientific dividends, to piloted
missions, which may not

Others support the Vision because it might [just might)
fulfill a dream left over from the Apollo era: to build pow-
erful telescopes on the Moon, But as Dan Lester argues in
this month's Focal Point essay [page 112}, the Moon —
despite its airlessness and two-week-long nights — isn't
such a great place to put telescopes after all

Does this mean there's not a single reason for astronomers

to endorse the Vision? Mot at all, Lester SUgEests, and 1
agree, that if NASA LIr_"-.':*Iup'_n the c'HFmt]lIlI::-' to send astro

Shy & Telescope

the end of this decade. More important, the

the agency will
also gain the ability to build and maintain large observato-

nauts on roundtrips to the Moon and Mars,

rics in des P space I||-|L|\;|: there's no puarantee L-IIIH.',!"I.'“"-"-
fund such facilities. Think of how wonderiul it

would be if high-flying suceessors to the Chandra X-ray

will actually

Observatory and the infrared Spitzer Space Telescope e wuld
be refurbished with state-ofthe-art detectors and computers
the way Hubble has been upgraded for the past 15 years —
and the way many older ground-based telescopes have been
maintained at the scientific leading edge for decades.

Unfortunately, only two years into the plan and less than
a year into the tenure of NASA administrator Michael Grif-
fin, the Vision is in trouble. Getting the shuttle f|}-‘ini,' again
is taking a lot longer, and costing a lot more, than anyone
anticipated. The anly 1SS worth having in the context of
the Vision, according to the prestigious National Research
Council, is one on which life-science research prepares
MNASA to send astronauts on long-duration missions to
Mars. Yet such studies are being cut back dramatically to
save money. And following Griffin's not-very-encouraging
speech at January's meeting of the American Astronomical
Society, astronomers fear that some of their high-priority
projects will be sent to the chopping block too. {In truth,
quite a few incipient astronomy missions are I:‘l'r]bdll'a'.-bil'lli'.-
v over budeet and behind schedule, making them tempt
ng targets at a time when the US economy is straining
against the mounting costs of the war in Irag, disaster re
lief, and other challenges

I still think it would have been better to kill the 1SS and let
the shuttle fade away — perhaps after one last mission to ser
vice Hubble, That would have freed up billions of dollars to
speed the development of new space vehicles and to
advance space exploration in the broadest sense, in-
cluding studies of Earth and the Sun; human and
robatic expeditions to the Moon, Mars, potentially
threatening asternids, and the outer solar system;
and the construction and servicing of telescopes in
high orbits that give them nearly continuous access
to the entire sky.

Ironically, President Reagan's long-forgotten
Mational Commission on ‘:ip._ll:_'r' sugrested Just such
a wide-ranging, balanced approach in 1986. But its
report was overshadowed oy the Challenger disaster
and was ignored while the country turned its atten
tion to getting the shuttle flying again so that we
could build a space station

Cerot

EDITOR I CHIEE |'-




ALL-NEW
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A HUBBLE FOR YOUR BACKYARD.

LX20D0R The mos widely used research r.-:|-.'-i-.-:.'-p-r.' on earth
now comes with the most advanced OpLic al system in ipace Meade's all new
LXI00R |||".||i.:1-. Advanced Ritchey-Chretien optics within reach of Aspiring
astronomers everywhere. Nearly every observatory reflector in the world s a
Ritchey-Chretien, including NASA's Hubble Space Telescope. Now you can
own what the professionals own. The LXI00R includes all the held-proven
features of the LX200 '”'!“i":f-". GPS. E:'Ilr'li.:'l.l:r Mirror Lock, Zero
Image Shitt Microtocuser, Oversized Primary Mirror, 3martDrive=, Smart
Mounr=, AwtoStar® 1l and more, Plus, the LX200R comes with |."h'-|l..:.'|.||-:'|:| class

s crafted in Irvine, California, and a Series lomm 5-Element Plossl
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» The Great
Andromeda Galoxy
BY ToNY AND DAPHNE
HALLAS

An incredible
wealth of detail is
evident in this 3
by-4° portrait of
M31. Note the ga
aAxy's exquisite sp
ral st racture as v ':||
as its taint |'.||'|.5:-.-'
recorded outermost
regions. Also visible
are its two tTuzzy
companion galax
ies: M32 to the
south (lower left) of
M 31's starlike core
and M110 to the
northwest (rght
DETAILS: f-inch f/8
Stetlarpiee ipiet
I"_|'.I"||'I|II' |'I"'-|| fr
flatiener and SBI
STL-110
camerd. Mogaie of
mine 2/ 2-Rour expy
ures taken in Oetober
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4 Full Beaver Moon

BY AnNAILD E, ROYER

From his home abservatory in F.%,':-rins.r'fl.!r"- Calitornia,

ed this view of the Moon last No-

2 it rose over the Sierra Nevada Range near

Sequoia Matinnal Park, “The night was |I-1'-'-_'.' which

acronnted for the Moon's golden color,” he wrote

DETANLS: 12/ -inch £/ Newtonian reflector and Fufichrome

Prasia 400F slide tilm

¥ Iridium Flash
gy DMIVIER R STAIGER

Sunlight glinting off one of the orbiting Iridium satel
lites produced this brilliant flare last October 9th as the

satellite crossed Orion's Belt as seen from Satigny, near
Geneva, Switzerland

pETAILS: Tripnd - mognted Camon EOS 150D digital SLR
gt | amd i mAiE lems 8T ot 10 mm. 3C 4‘-'FFJ.'iI N h‘_ﬂﬂll:lll'..'i

-1_'rlr.-:'.'l|'r.- a1 180 B0, »
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Your essential source for
astronomical products

ACCESSORIES

';ﬂ We Make Your Part! )
LA "r* Curslom aslroromy parts maschined to vOUR = I’” l%ﬂtl
B o o e 20 i1 Heodlie
Try gur Tras Cost Estimaior ol Wi preciseparts. com Rad & whele LED oo nypcn Decs P TERSON
. : Wind-Up Red LED Flashlight EF{ IFF.EH
mmﬁifﬂgﬂm PHECISEF&ETS Trimééne Designlentre. om (780) 466- 9034 €

ADD A NEW DIMENSION TO YOUR| | MoonLite Telescope Accessories

IMAGING with YSER : :
Fillef friendry dusd rabe orayiond
& 1.25° dffraction graiing filler designed for Tocinsers o Fafacions, (D GET-A-GRIF™ Exgonomic fandies maks your ACEED0 o

Mewionans, Macs, and 30T LIRS foal maty [ondits ghier. 571 . Seipair, 2 for §128.09

EEVEOwsMER " Gor o the I eyepece apstur you pid

for! Mloani Maace's Marofocuser o vour 187147 LCDDEPS with
an uiestiichisd 57 optcal palh Tkt wonaibng whde noees:
g ghl 1o pour pepl by 2 mech a5 65%. ST,

32" TUBE ADAPTER (ot shows) Mounts b aithar Eyelpene
o Mpeda s 1-177 vesowd ek & shortens ophical rain by slim
Faling macielocuer Mastand 77 spicdl paih BUIss COMBESEn
1] oo Giagnals & syepecey 548.98

. . (EIEE FOCUS™ NIT Preveion beermyg kil wirtually slimingdes
Finger Lakes Instrumentation o st 1 717 Moo SCTc $20.00

5/ MOUNTING ASSISTANT™ Greaty simpkfies mounting of an

fase of use with webcams, videos and Q0D
imagers, It reveals hidden nformation contained
in kght from siars and other objects. Priced al
around $130, view our images and order
at ; www. patonhawksley.co.ulk

www _focuser.com
ar0-275-1935

www.fli-cam.com RCH0, LEODGPS, o LSO anin & ripeed. Comgact desgn alews
ol BOUEss Io FIAr EpEpiete when wewing gl e teril. Sipnhas in
SEE'EIEq" 3?5{} a bgh space sihoul Sasserchiy. §T.88
(5 BUCKH™S GEARS™ impeowe trsdeng perioimmance, repiacing
# Holds Seven S0mm Filters ;tmc ‘rq:- :lll.:.. -::af;v-_-; :;e‘c;::;ﬂee-. poars, 771 GPS
.. = 1 ]
P Plug and Play USB o BUCK'S DRIVE TUNE-UP x5 oo i cressions fo st
= Interfaces with a Variety of Cameras P Herk's Geovs precisinn an neser Mesdn 7°-12° (PS5 wepe
P Easily Accessible Filter Compartment ﬁuéw-: wth -lﬁui_fm £30.9%
15 i X CLUTES o Wesade's RUTAE LE00GRS. grd
Bk PC D:lntrulleq with FLIF .ItIEr":[rcIu:I-EdII L V00 Ligfi tigaierieg) T Dacition clutrh kst Wil 2 ngery
P Thin and Rigid Design (.B0") 5 2l that's requered I hokd B mast enbalincad acope Gy i
P Highly Acourate & Repeatable [
b Stepper Matar / No Slip Chain Drive ﬂﬁfluﬁl“urinurdwu;-jzﬂlmw
B Mo Internal Lights - No Internal Reflections Fi il 314 S S 11
() TREMOD SHRINK KIT Shoctens Meada's plder 307 giant fiail
$995 CFW-7 Color Filter Wheel s, B

EZ BINOC MOUNT KIT
5 235 oultoor mounl
"|E|'IJ|=': Bl 2ize harl-

Combination Focusers, | | e

-4I|r-_:| oF rt-:lru ng 10

% Guiders, Flip Mirrors "95

machening, welding,
dnling & {aopieg, phas
for Digital, CCD, from sats that are not read
2 Iy avalkhl csoahera
Hﬂd F”m Eameras $ 1 gs Excepl for fe modified pipe ffings, all metal pars ans
staniess shenl You supply the insxpensive pipe sachons
 fitings thal are readly availzble locally. Pui yoorsal in
the drver's seal for $90.99

call or see web for details
TAURUS Techn-:}ingms Pelerson Engln!ﬂrlng Corp., Sky

(856) 769-4509 405 bew Me
www.taurus-tech.com
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Bob's Hnobs

Meade, Celestron, Intes,
Takahashi , .. and maore!

"516 525 4976 K Rd
M i ] |:'||'|-FI1|'I|:I 3
ppedworidiide e—TI TR
] Il TeS-BSS-R100  USA

www bobsknobs.com

75

EUROPE’S PREMIER WEBSITE

|
www.scsastro.com/s

SCSASTRG

Agironormical binoculars (50-150mm)
and pocessonies al down-lo-earth prices
Toll free- BES-244-2460 (BIG-BIND)
www.bigbinoculars.com

FUJINDH

Order on-line at:

www.meridiantelescopes.com

[i] place orders, Lall (386) 3983986

For fechmoal mdommanon, Small E & g Tl comsd. et

LASER POINTER EBONY STAR
GRS Gremn Lisar Pordei TR OO EEL-0Y UM 4 )
GPA-3-5 Drwen Laser Pty B350 ESL-07 Theid B4
FP-HS Remobe pedloh 10 00 ESL-0) 1y L

ESL-04 1Wxip 17.00

a5 7 7 % O

ANTARES BARLOWS oo 9af. =&
S 4 S wgs FOCUSERS

BIT 108 K Twead . 2458 FINDERSCOPES
UEEE 125" 3X TTmm GE B

UBSE |53k tem  aeds PRIMARY MIRRORS
UBIED 1 35° 20 -ala s SPMDER VAMES
UBS-3 1 3% wgrighis a5

StarGPS

Add GPS to your Meade ETX, LXD,
LX90, LX200 classic or Gemini
www.Stargps.ca

Astronomy g

SightSaver
red laptop screen =||||..|L1

www. idealastronomy.com

RS 2001 8K S A Mora......
TELRAD Eou T;;Elm w80t & business

T : e ]

wirad weih Qs 3 B

Teirad Devw Shintd N e, ILE

1 Fin : .

,:::’: ;5"::- . I"“_._": M, Clemana, M1 13047
. . LiS&

THE GIFT »
OF THE
NIGHT
SKY

night sky
Party P -
‘:‘tarﬂw‘r

SmartAstronomy.com
New* 8" Red Shift Reflector

w/ Crayford Focuser
L
High Mirror
Juality Surface
BAK~ {hrer
Parabaolic 112
Mirror Ware
EQ
T:':"# Mount
y w,/ Drive

BEB.291.6577
Visit our Web Store and see MORE [

Study the Elements in a Star
light vears away . for under $100!
Includes CD with 200+ Megs of Software

“I never thought that just looking at a
spectrum was of any use, your way allows,
for recording, processing, and study.™ JP

Experience the “WOW Effecr” voursell.

SPECTRAL OPTICS

WWW.VREH.COM/OPTICS

For ASTROPHOTIN:EAPH Y or FISUAL Use

Featuring ltems From:
Antares - Peterson Engineering
Mercury Systems - Smart Astronomy
Astrozap - Dew Mot - Telrad - Andover
Telegizmos Covers - Starbound Chairs
Sky Spot - LXD55.COM - Lightwedge
ScopeStuff Piggyback & Balance Kits
Rings, Rails, Dovetails, Adapters
Green Lasers and Mounts
And MUCH more!

\ iwscopssiuficom 5122569776

ECLIPSE SP&ADES"’

Safe Solar VIEWeTs S,

Custom Imprinding: Available

LA FOR
ST BOLAR
LT L‘ ,.r

Fesbechon Fom
"'.-.'q'i"mqﬂ-:i-u:r-m -:-nﬂ?ﬁ
S cll.n‘.l'lhlnm-ll_lﬁ‘ﬁm
Ftambnw b\rmphﬂn';r. Inc
G850 Canby Ave 81307 Reseda, CA 91315
{B18) T08-840:0 = Fax (A 0¢

Share Our Incredible Night Sky

Jasper...

|| |_|I ]

The perfect right sky pointer
Mewest green laser technology
Vigit www.bigha.com/jasper
(541} 738-4340 or (BBB) 258-B440

7t 3 laser loward - e,
e e ) == =
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MarketPlace

1

Sometimes, one plus one is equal
0 much more than two | .

This 1s one of
those times

Introducing . |

HOT]

PRODUCT
2006

f

Howie Glatter's Binocular Platform
for the Coronado~PST - $385
h'lrrpupill:irrl.' chetanee adjusthle fram Smm

Wentherprood Aluminum Superalloy and
Rimnless Steel construction
Optional Universal Astronomics alt-az Microstar
mouant {pictured with handle) - S187
Howie Glarers Full Line Astronomical

[ ollima SkyPointers and Brackets on the Wel
Howie Glatter 3850 Sedgwick Ave #14F

Brome, MY 10463 TelFax (T18) T86-1203

www.skvpointer.net  www.eollimator.com
e-mail; howieglatteri@mindspring.com

Patent
Panding

For 45 years, your source for high
quality astronomical accessories

[1-1/4" EYEPIECES |

Fiw | PGl planelary images, Ehene = o ey | 1o thie

THNE T CERipn
lassac Abbe - 4mm, Smm, dmen, Tmm, %, 12 5mm
Bmim, 25mn L50 Gieq
H.Ix  Chribo Smm, Gmm. Tmm, S ol |
B T o .I
{
ILPS, [l Talsth ] | Th[ ] e |
T BT b i
FooE - ke I Latjileg] L0 08
o, 24mm,. 599 05 i mm ] 2 S

Secondary sizes 1.3 to 2.67
Regular and 9-Point Mirror Cells
All |]ni ices shown |_'|||.h |Hh|dhl.

BARLOWS

Online Store

www.universityoptics.com
Catalog requests, questions-{734) 665-3575

TOLL FREE ORDER LINE-8M-521-2828

University Optics Inc.
PO, Box 1205, Ann Arbor, M1 48106

Shy & Telescope

(STAR EPEGTHESCDFEE

Visual Star !mlmcﬂle i1'ilﬂ
Visual | Phobo | CCD Mode! $249
Tall Free; (B8] 697-2840, Frae Drochurs
Ramsow Ormics

wvw s r'\|:-l'| I I CEHT

1116 Regen Way, Castro Valley, CA 4386 (510) 2780061

OPTIC-CRAFT MACHINING

E301H Macamb, Farmengion, M 48335
£45-4TE-5800 FAX: J48-010-9867

T Sa0d L I K] &K@ 1] & Kichm-
3 e

STTF WA FTICCRAFT COM  EML - IS DFTICG RAFT. DO

TCF-S3

J-Inch 1D, Temperature {nmpmmmg fm:um
"

= [pmpatble wieh moir
camera oaniral joftware

& lasryment lead w o N-ba
* Tatal provel of |,I {-inch

ol (300/-ind
* Qpaosd remoie kepad

* Nighais

Optec, Inc. = www.optecine.com
sales@oprecinc.com * 616-897-9351

Deep-Sky Planner 4

Cbsarvation r'HF ning & Logging Software

omirdlad fadaling, ofh-ams
Four Largel
r, pBi frnly i ca Ui TiEra Find a Ui
A hrodon Hdars

fT-auis guider makes

Jial 12 Stars Simpse

{-"‘! Astrodon

wwnw, AsErogdon.com

ankesRobotica.com
Toll trap RO 367 AT 5

Pocket
Stars

Pockel PT
Deskiop PC

- &}'} Smartphone
wanw nioemad electronics com

-

AR el

B.Iq'l--ilu- 1

L e i A O B
r - " 1

(72)

17-497-4168

e world's most populor ostronomy telephone

Updoted every Friday oftern

ofline. From the editors of Sky & Tefescope.




[ onives/movurs W uisciineons I ornics

Ready for a 4th degree of motion?
The ARTi! ‘l

Price: 5205+ Sal |
T-H.-T [I:l"\.l]il | AR MO \.r-. * |
|1||'. : L1
850 II“ Siped Bai + bas ANE ! I (k]
W call A IR4 5
Lelhovwd 8 @cd o0 wiw e jarusscach comTand T

DEDICATED EYEPIECES

Zarp adge asligmatism (refraciors) o FE.5
Taro coma {mirrors] o Fid with 3° feld

Zare hald curvatura (ary scope) for astrophobos
Farp almosphenic dispersion o 15° from horzon
1.5 Paf's.. 50" to BO® AFOW, icensees inviled

AUGEN OPTICS  {inc i 7o

Night Sky Friendly
QOutdoor Lighting Products

www. STARRY NiGHT LiGHTS.com

| 2™ Universal Astronomics

Manulacturer of l-|||||1 Ciug I.|I|.

t Mounis and Accessarnes

Weeat do &l our mounts have m comman?
A Eurffiues

-1efoen bsarnngs
-Hold woopes o« BNoE
Lowe BE sy Tipod
ek pokeg

\Eitiy el g am1 )
Smenth mobon

Wi il o | et il i e

Awarged "Wat Progut Ter JOOE
“Nwghs under J lbs, can carrp 17
Epcepliong "Grab end ga parlabibty 1'|
Avmishio cobors includes Ja-ols paddlopials

il an0oters, gueie nanlE BeEeenE Ty
-Oeiuns rresdal compabSie vyl @il ECimousts

Dur Othar Product LIHE]

Tha Unifsdgunt
Awarged “Hol Product for 1910
Up in § degrees of malion b
comioriahls Liwnchar wesng
REEEE S P G e S B
JBalanced syniem . ro incks o
cinpi b Fadd s th
A R it

Thet WmiStnr

~Aremriad "Hold ®roghesd Fe JTELL
Hocialn Lo Ak up 1z 58 B
Uiyl mr i eianke el 0 O
i el e
hikibiig i | jhl = Hlady
Feaibal, Dot or Chisinn o ‘
Cimrep ik i~ 5l | 0 ravanin j_ﬁj.

Tripdd

T me o tewn Al et e

Rifpual plin e Sk 7y o 2
~F scabEed frpon ssbald ot s for =eab ©J g

 a
& Rivar Cous www Univergslfslronomics cos
Webesber, M& 095/D SO0 8d 151105

[ Lt il guots your nesds, walk-sm by appointmant cnly |

SKY

& TELESCOPE

PHEAX 7172054670, Toll Free 1-877-821-0304

OBSERVATORIES /DOMES

(PEGASUS OPTICS — Mirrors )

» Wgpefrowd PV <8 wany = 162" inok =P Coaning

Din EL Eoice ¥ Lia [ B
18" 8¢ 52500 2 10" Sp000
0 10" &5 2060 " + 24 110° £5100

i'ﬂlllllu:lull#i-hi j-l!u -J'II

WWW_RIGHTDOME.COM| |, jeresstemsiciir

L TEL =10 539408 >

SIRLI___.!_E_{

Detigngd aad Mpnufeciuaed 19 dasiraa
We ship to anywhere in the world

20/20 TELEEEDF"EE "
ﬂ & BINOCULARS

30 e W o Py e
’ TOB-474-2020
www. 2020telescopes.com

s Comglete cBdarvidory - 1.Im. 1.5m, &.7m dlameters
a Dome onky »  [ompletely wies proal
s« [Dame roiation and shafhe operation

& manal

a  moberiied

¢ mpulerped [AS 0N compatiblel
& Gpginless steel filliags
MEW- Howmie Modvel lawer Sty Mechomsm

THEQBSERVATORY B

Wk DL - MRCAORDDDE - BNoT i

wWhirh_ Linusabyervadgniel fon |||!:|;u.|| stehsarainres. com

ASTRO HAVEN

Non-Rotating Clamshell Domes

« Far 11 Diameter Furli 188
s Low r Viewing Radius

Maintenance

» Fast Erection l.llinm-i dealer; Vixes, Oron, Celestron, Meode,

Tele Tue, Funon Adlesblick, Bome-Dame
Jaoks, Charts, Saftware,
Sarvice = Repeirs = Privats Lasson

The Observatory, Inc.

19003 Preston Road #114
(Between Frankford Rd & Bush TEI:.]
Dallas, TX 752532 (972) 248-1450
www.TheObservatorylnc.com

= Liow Cost

Phomse

B R (504] 539-2208
5E50 Production Way Fax

Laaghey, B VIA £N4 Canacla *m:l 539-23049
domesalesSasirohavencom  swwarichaen iom

TELESCOFE DEALERS

" Bright. Sharp Focused.

: and that s ;ust our staff

EfstonScience has

anada’s most exte najor brand

telescopes, binoculars and astronomy accessories, induding our

exclusive line of NewStar telest aped. And since we've been
> serving astronomers and enthusiasts kar over 34 yvears,
Wi re liely to De the brightest thing this side upemava

N
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=
=
q
-
™
-
&
o
™
®

Sky & Telestope April 2006 108



=1
w
-
Q.
—
=,
-
-
=]
=

106 Aps

TELESCOPE DEALERS

Khanscope.com
|nj’|.|'w. I\IJ-;II"!. '::l|||.'.l.'|||:
Canada’s Best Prices
Serving Astronomy Since 1956
Toll Free: 1 804 580 7160
Meade Celestron Major Brands

strotet *

¥ Tele Vue Specialists

CELESTRON *MEADE
Tele Ve * rion » Vien M « Kendrick  Losmandy
Lumsicon * SBIG * Telrad * Pentox * Thousand Oaks
Feather Touch Focusers » Untvesety Optc

http://www.astrotecs.co
Online Purchasing Available
astrotec@astrotecs.com

Call Toll-Free: 1-877-Astrotec
(278-7683)

L1
4132 Sunrise Highway
Oakdale, NY 11769

I L ——
13 to 18" UltraLights

Starting at 51995."

Mova, Dascovery, Obsidian &
‘-'uh.-'M‘nliL al | rmaries

IS4 ww wSco es.cont

Ao iy Think Outside
145" A4 Of The Box

'? 7 Mag 1 Instruments Portaball
A7 Quick Set-up » Rotatable Tube
%" P Optics by Zambufo Optics
if Spin mag!instruments.com
Oniinel 262.TAS-0926

Custom OTAs, Mounts

& Telescope Systems

. 8 to 60 Inches
' For:

. Spargcr.:lf'!
= Research

s Educatian

And Your
Back Yard!

Equinox Interscience, Inc

13050 West 43rd Dirive

Golden, CO 80403

303-421-6441

WwWww. elisci.com

sale svdandeyepece com

J: 'II'.'umf up.pm,t. and Jelescope Lid

o, Shyp-Wanc iy, Moailc, Willias Oplics
o, M Cilvier Sropefmnm Telard
Higed, Livean, Sinus Dipbics, Salarsoope. Spears-Waler

847 Hunter P, Will Bay, BC Canada, VOR 2P0

AFFORDABLE
SOLAR VIEWING oo

Sepnfiprd Mioded 555 . Educational 583
Wenden Modaol 5! Hi

B47-579-0015
 S-8:LARSC .¥/PE.com

‘Dielectric diaganafsw’
starting at $69%!

Thasa high quakty Astronamy
fe:hnulngles far dis |,.l'l als in
rgans 2 2
rovE pAneEa
trast and d
.'-F":""" T
pared w hig
0-50 prism d
A Lsal
pliad wilh new sCopes

HIEMIUm qUA
nave durabke 99% reflectivily

1irst sUrace mirrod

Iy Astro-Tech Star dagonals
db-lgyar calaciic
C _..._-,-..._-._. and a rgremarn ng

MOaEE0N NN SyapBce NokRar The 2 claga

nals imc -_h:- a1.25 r---_--.:--:: N PR BB
adapbar and oo wilth your chisce of 3 2 noge
mase [0 yse -'.'I"l refrechor '.'.':|"E'F.|:E:| ringg

o connect o a E-_ midt-C ::.:.e-;:--- rear ce
Hera are the Astro-Tech diclectric prices

1.258" diglectrns star diagonal SED Q5
2" diglactne wit 257 adapiar 138495
SCT dislectric wi'l 25" adapier 149,95

.dhi'l"ﬂﬂ -TCECCH

from -l'l.u!rn-rlnm'l Tachn |:|-=|g| T

[P i availabe Ol fhose ond
W as.lu:.m}mu:li.{:t»m
waw highpoiniscigntific.com

ASTRO-PHYSICS

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

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

Unparalleled Sengice and Support

Experience the legend that is

ASTRO-PHYSICS!

%

* i

1Eﬂr!'|m fr.5
StarFire EDF

H'I ﬂ'lﬁ-!ﬂ-‘t!ﬂ Fax: H%lﬂ-ﬂﬂ'
www. astro-physics.com

2006 Shy & Telescope

NO EXCUSES

STELLARVUE"

SEEING IS BELIEVING
WWW.STELLARVUE.COM
(530) 823-7796

JULY 2006 ISSUE

.-"1;,'_.!!‘!'[ 3rd
space closing

April 10th
material closing
CONTACT: AMANDA ANNIS

TEL: 617-864-7360, EXT. 134
FAX: 617-520-9518
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DREAM

carbon fiber and other -.,:-|:|.||=.l=-||:|' malerials

dre .nﬂuq.,npn,“-. .Ccom

Hlle 165

Resellers and Distributors Wanted!

Anssen Technologies manufactures a

range of research ql.'..:hh.- telescopes
and accessories for the world market.
www.anssentechnologies.com.au

Super-APQ refraciors
carbon graphite 0TAs
fram 3" to 7

Maksutov-Cassegrain
Quads opfics

Ritchey-Chrétien

frovm 107 o 14.57
Carbon-Truss

Ritchey-Chridien
from 14 5" In 24°

ADVANCED TELESCOPES |

Please send

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

Sky Publishing

49 Bay State Road
Cambridge, MA
02138-1200

SKY

& TELESCOPE

Classified ads are for the sale and purchase of mos-
commescial merchandise, one-of-a-kind items, or
far job offerings. The rate is $1.40 per word;
minimem charge of 320.00; payment must
accompany order. Closing date is 15th of third
month before publication date, We cannol
acknowledge classified ad orders nor send check-
ing copies 1o prove insertion. Sky Publishing Lorp.
#ssumes. no respansibility for statements made
in classified ads, nar faf the quality of items ad
vertised. Send ads to: Ad Dept., Sky & Telescope,
49 Bay State Road, Cambridge, MA 02138-1200.

WANTED: No-lpnger-used 1élescopes, paris, and
socessories, Contact Gary Hand, 26437 Ridge Rd.,
Damascws, MO 20872, Phone: 301-082- 0000,
FOR RENT: Beautilul mew, Tully furmished SBRITBA
adobe home in |ack Newbon's Arizona Sky Village
[www. arizonaskywillage.com). Observe undes
the darkest, clearest, most transparent skies in
the Lower &8| Lontact ikitrmas@yanoo.com,
I03-A56-ERAL, www_arizonaskyhome. com/
kitrman._himl.

CREATIOM OR EVOLUTION. Visit the Web site
www, godtheenginess.com

FOR SALE: 7.2%-inch Maksutow-Cassegrain Meade
LXZ00; includes 2 host of accessories; good con
dition in ariginal packaging: $1.600. Phone: 513-
1326668 (Ohia]

FOR SALE: Losmandy G-11 mount wbemint GOTO
Excalleat condition. Seldom used, 31,600 or Do,
Comact David Finch, dfi21819@a0l, com,

FOR SALE: Losmandy GM-11 equatorial mouni
Dual-axis drive. [ncludes many Important up-
grades: 14° aluminum dowelall mouniing plate,
gluminum motor cowers, extra counterweight,
oversize clutch knobs, Perfect condition, $1,925
Phone: |im Schwartz, 813-681-7501 (Florida)
E-mafl: jschwarizl B15@msn.com

PROPERTY FOR SALE: Hawe you always wanted
your o abtervatary? Lnigue sppartunity to pur
thase 2 cusiom home on Martha's Vineyard wilk
wondesful ocean views. and i85 own observatory!
Sitting on almost & acres, with ullimate privacy
and beauiful landscaping, the kome iiself has
three bedrooms, Study. S0 room, spadious
EVChen, greannause, 3 TWo-Searnam apariment an
the lower leved, plus 3 roomey barn/bunkRpuse -
plenly of room for guests! Asking price:
$1,790,000. For more information call Coldwel
Banker Landmarks Beal Estate aof Martha's Vine
vard at S08-593-6066 [Mass.) or e-mail ug 4l

at waw.mvlandmarks.cominatures

info@mviandmariks.com, This home can be viewed

A Backyard ;
Observer’s Guide
to More than

2,100
Stellar

=
=)
q
r
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i
-
-
=,
Y

This annotated catalog, |
compiled by one of today's |

most experienced

double-star observers,
is as user friendly as it
is comprehensive!

Includes more than 2,100 of
the sky's most alluring double
and multiple stars, listed with
coordinates, brightnesses, colars,
drl I"I |r|r'r,:rr'1;i1i1-4_- I'_'!_II'I‘"IF'I'IF_""I‘I:'IFiE_"-'._
Make it an essential part of your
astronomy library,

Double Stars for
Small Tele*:.n:npe;
By Y158y Haas

9325 529.95 plus shipping

AVAILABLE MARCH 2006

Reserve wour Oy foday!

Boo-253-0245
SkyandTelescope.com

E-hnp.!l!E k. Coam
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At these prices

you can decorate
your whole house!

Don’t Miss Out on Our
Spotlight Print
Annual Sales Event

MICE CGALAXIES TRI-MOON LUNAR GAaLAXY NGC 1232 CENTALRLS A SPIROGEAPH NEBLILA
P01 19 ECLIPSE PO0E PO101 PO117

Sale Price; %10 PO113 Sale Price: S§10 Sale Price: $10 Sale Price: $10
Orig: $29.95 Sale Price: $10 hrig: $29.95 Cirig: $29.95 Ohig: £20.05

ilIIL: ":| LT e

GALAXY COMLLISIOMN ESEIMD NEBLILA DYING STAR ETA SPIRAL GALAXY JUPITER & O

I CAMIS MAJCE 0107 CARINAE NOC 4474 BY CASSIMI

P0G Sale Price: 510 PO104 POl 16

Sale Price: $10 {10 gt Sale Price: S10 Sale Price: 510 Sale Price: S10
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focal point

by dan lester

Here’s Dirtin Your Eye

WE'VE COME a |I:|'r1|.; way. Astronomy used to be about p|1l:-
tographic plates and about mountaintops, riveted steel,
bedrock, and concrete. But as we move out into space and
realize opportunities for seeing the cosmos without Earth's
atmosphere distorting the view, old rules don't apply.
Some 30 years ago astronomers got excited about doing
astronomy trom the Moon, which has no atmosphere and
no clouds. We saw the Moon as a stable platform where we
I'.'IZZI'I.I.ICE PIJ.I'IT T TI!"-II'!:.-IZ'EIFI-I"'-; (0] §' !'-!I-L‘}-.. TIE'IE' '1]{}'

TE]ESCDpCS moved slowly overhead, and the long expo-
sures required by insensitive emulsions
on thE 11“]‘“3]. could be made. We could pour concrete and
Surfacﬂ mﬂ_? stack bricks. Besides, we were aln:‘:td];' there.
4 But in those 30 years tr:'||!||:]1|!.;'_'.' moved
nglﬂﬂgﬁr ahead dramatically, exemplitied by the huge
otrer "'l.'r.El LLE. success of the Hubble Space Telescope. As

110

we now look ahead to a return to the Moon
guided by President Bush's Vision for Space Exploration,
we need to ask ourselves whether telescopes on the lunar
surface still offer value. There are good reasons why they
might not. Compared with venues in free space, the Moon
offers dirt and gravity, and neither is particularly enabling
tor major astronomy goals.

Some clever ideas for Moon-based telescopes are around.
A radio telescope on the far side could avoid terrestrial
noise. That's a good use for dirt — put it between you and
Earth. But the far side may not be radio quiet torever. A
large zenith-pointing telescope with a rotating liquid mirror
has been proposed. That telescope needs gravity. But the
enginecring challenges for it have hardly been considered,
and the small field of view is a serious handicap.

The lunar surface may offer more trouble than benefit
for high-precision optical and mechanical systems. Surface

Shky & Telescopa

operations? Dust was a major problem tor the Apollo astro-
nauts, and we can assume it'll likewise be a serious issue
for telescopes. Astronauts living nearby? Performance
trumps accessibility, which is one reason you don't find
observatories in New York’s Central Park.

We now have telescopes in free space that point and track
with exquisite precision. We don't need a pier anchored on
bedrock. Free-space venues like the Earth-Moon or Earth-
Sun Lagrangian points and the use of simple solar shields
offer thermal stability and freedom from dust and debris,
unlike low Earth orbits or the lunar surface. The lack of
gravity in free space is a blessing. We just build our space
telescopes to survive launch while they're stowed, not to
precisely support their large mirrors while they're tracking
across the sky. More of their mass provides scientific value,
and less is squandered on landing legs and descent systems.
Getting people and equipment into free space is far easier
than getting them safely onto the lunar surface. And while
our current crop of deep-space observatories don't require
astronaut house calls, new exploration architectures will
give us the ability to perform them, providing marvelous
new opportunities, Besides, we're basically there right now.
We know how to rendezvous with, service, and build large
structures in orbit, and we're going to get a lot better at
those things as we prepare to go to Mars.

It's time to renew our cxcitement about doing astronomy
in space — not instead of going to the Moon or Mars, but
to build on capabilities we'll gain by doing so. Whether
done in Earth orbit or in more scientifically compelling
places like the Lagrangian points, our investments in the
Crew Exploration Vehicle, life-support systems, and sophis-
ticated robots, for example, will bring a renaissance in
large-observatory operations. With humans and robots we
can build telescopes in space that could
never fit into existing launchers.

Advocates for astronomy should regard
the Vision for Space Exploration cau-
tiously and enthusiastically: cautiously,
in that our dollars should buy the best
science, but enthusiastically, in that the
capahilities it brings could dramatically
Ellhﬂﬂll’_‘{" our FI!'TE-F{'{H".-'!! Rl g thﬂ UnNIvVerse.
We need to let science be an honest driv-
er of our requirements. Renewed lunar
exploration may well benefit astronomy,
but we should not suceumb to an in-
creasingly obsolete paradigm that forces
us to build telescopes down in the dirt. =

Dan LESTER ig an astronomer at the Unipersi-
fy of Texas with interests in infrared studies of
star formation and federal science policy.
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GALEX Lives
We enjoyed your special report on NASA's
“‘other” space telescopes and would like to
share with your readers an update on the
Galaxy Evolution Explorer (GALEX) mis-
sion {January issue, page 40). Shortly after
your magazine went to press last October,
the far-ultraviolet detector resumed normal,
full-time operation. The detectors contin-
ue to perform unimpaired, returning
about 24 gigabits per day of data that pro-
vide superb images of nearby galaxies and
global sky surveys. According to plan, the
mission will begin its extended phase next
iall [pending NASA approval) and will
continue to map the heavens through
September 2008 or longer. GALEX is in
excellent health and will likely exceed its
original goals.

PETER . FRIEDMAN

KerrY Erickson

D. CuristorHER MARTIN

Caltech, MC 405-47

1200 East California Blnd,

Pasadena, CA 01125

Moon llusion
In his letter, Anthony Aviomamitis claims
that the Moon seems bigger near the hori
zon because of familiar landmarks (Novem:
ber 2005, page 12). But the Moon illusion
occurs on the open sea and on the flat-
lands, too. There is a better explanation,
First, when we see a bird or a cloud fly-
ing near the horizon, we notice that it
looks much farther away than if it were
ilying directly overhead — even though
both instances might be at the same alti
tude. Our brain has an inner map of the
sky that is shaped like a tlattened hemi-
sphere, Our knowledge of the Moon's real
near-constant distance should be able to
replace the inner map, but since we trust
our eyes for survival, this is not the case,
Second, our brain is very good at meas-
UTINE SE2CS ;|r|r1 H]'I.:{ll'"‘- n 4y FIven flﬂ:\l'
the distance to the Moon doesn't vary

Write to Letters to the Editor, Sky & Telescope
49 Boy Stote Rd,, Combridge, MA 02138, or
send e-moil to letters@Skyond Telescope.com.
Please limit your comments to 250 words,

much. Hence with the Moon appearing
much farther away at the horizon (as our
inner map tells us) yet still covering the
same angular diameter of sky, our brain
can't help but interpret this scenario as if
the Moon really is larger at the horizon,
No landmarks are needed.

Lars EnGsTROM

Stockhoim, Sweden

suslars@telia. com

EDITOR'S NOTE: For more on this topic, see
this month's Rambling Throughk the Skies col-
nmn on P.l.gf 43

Lowell's Legacy

I read with interest William Sheehan’s arti-
ele on my great-unele’s activities in Japan,
“Too Mars by Way of Noto” {December
2005, page 108). “Uncle Percy,” as the cor-
porate sonl of the Percival Lowell Obzer-
vatory is now referred to by its staff, was a
man of great importance to the future of
astronomy, though many of his confreres
did not think so at the time.

In 1987 I too visited Anamidzu on the
MNoto Peninsula of Japan, ate “Lowell
cakes,” sailed down the bay to Nanao, and
attended civic gatherings. A couple of
years ago we entertained a delegation
from the Noto area here on Mars Hill in
Flagstaff. In short, we do everything we
can to maintain the cordiality that the
town of Anamidzu has shown toward the
memory of our founder,

We appreciate Sheehan's bringing to
light Lowell's travels to Japan before he
founded Lowell Observatory. Today we are
still furthering Uncle Percy's vision — he
was a man who put all his money where
his mouth was. We feel that Uncle Percy
would be proud of our new relationship
with Discovery Communications, which is
constructing a 4.2-meter telescope at the
nearby Happy Jack Hill.

Witetam L. Purnam

Lowell Obse roatory

Flagstaff, AZ

w. putnam@loeell edn

For the Record
W In the January issue, page 54, the Hyades
star labeled Bela (8] iz actually Ff|!:-.r|'|'m; ie).
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Astronomers are gaining new insights on stars by measuring

their diometers with telescope arrays.

USING A HIGH-TECH telescope array with
resolution better than Hubble's, astrono-
mers have finally solved the long-standing
mystery of why Vega, the fifth-brightest
star in the night sky, is 50 percent more
luminous than other stars of its AD spec
tral type. But another group using the

same facility has uncovered a new mystery:

red dwarts, the most common stars in the
universe, are usually larger than scientists
thought they were

Both groups used Georgia State Univer
gity's Center tor High Angular Resolution
Astronomy (CHARA) Array, a Y-shaped
layout of six 1-meter telescopes on Mount

Wilson in California. The CHARA Array Is

an interferometer — a grid of tele SCOPES
linked so that individual lieht waves from
each instrument can be combined to

Pobor temperafure:
9,B80°C £ 100°C

Paitr wew tquatorial temperaiure:
[Egvrih view) T.680°C £ 350°C

achieve extremely high resolution. The
two CHARA telescopes farthest from each
other are separated by 331 meters (1,086
teet), which gives the array nearly the res-
olution of a hypothetical 331-meter optical
telescope. CHARA can resolve details as
small as 200 microarcseconds — the angu
lar size of 2 nickel seen from 20,000 kilo
meters (12 000 miles) aw ay.

A team led by Jason Aufdenberz (Na-
tional Optical Astronomy Observatory,
Tucson) used the CHARA Array to meas
ure the angular size of Vega, located 25
light-years away in Lyra. With CHARA's
sharp resolution, Aufdenberg and his col-
leagues confirmed long-standing suspi
cions that Vega is oblong because it rotates
rapidly, and that we happen to view the
star nearly pole-on. This geometry is the
key that unlocks the luominosity mystery.

Vega rotates every 12.4 hours, or 92 per-
cent of its calculated breakup rate. *Rapid
rotation means a star's poles will be hot
ter,” explains Aufdenberg. In fact, the ob
servations show that Vega's poles are
about §,000°C (18,000°F), a whopping
2,200°C (4,000°F) hotter than the equator
A civilization whose planet is aligned with
Vega's equator would see a much cooler
and less luminous star

“Vepa looks like a star with 60 solar lu
minosities, but it should be about 40"
zays Aufdenberz. When the team correct
ed tor the reduced equatorial light output,

the astronomers calculated that Vega



The Helix Exposed

that spawned the Helix. There is a very
stromg transition from ionized, very hot
gas (oxcygen 11, colored blue as seen by
Hubble|, to mostly atomic gas (hydrogen
alpha, colored green as seen by Hubble)

SOME 650 LIGHT-YEARS away in Aquar
ius lies the Helix Nebula [NGC 7203). In
this combined visible and infrared image
from the Hubble and Spitzer space tele-
scopes, the planctary nebula reveals a
seemingly countless number of “comet-
ary knots" Although superficially resem
bling comets, these compact blobs of gas
are each about twice as large as our solar
system.

The image shows how the cometlike
streamers are energized by ultraviolet ra-
diation from the hot core of the dying star

emits 37 times more light than the Sun
a close match to other AO stars.

CHARA may have elosed the books on
the Vega mystery, but it has

thrown stellar models for a  For lotet

loop regarding red dwarts —
small, cool, dim stars that com-
prise about threefourths ot
the stars in our galaxy

A team led by David Berger
[University of Michigan) precisely measured
the diameters of six Mtype red dwarfs
Five turned out to be 15 to 20 percent larg
er than theoretical models prediet. The
CHARA observations confirm red-dwarf
measurements made by other interferom
eters, as well as determinations made with

comfnews

to warm, mostly molecular gas (4.5 and
§.0-micron molecular hydrogen, colored
red as seen by Spitzer). Indeed, the red-
dish tails are relatively well shielded trom
the central star's radiation. In time the
nebula will become redder and fainter as
it expands and dissipates into the black-
ness of space.

conventional telescopes of red dwarfs in
eclipsing binary systems. “If we don't un
derstand this result, we don't understand

low-mass stars,” says Berger

I.El:'I'L:l.'I' oLl Il.l iZJ'- L 'll.t':lL::Il."‘- S5

pect that the models tail to tu
ly account for the presence of
molecules such as water vapor
in a red dwarf's upper atmos
phere. These molecules would
tend to darken a star slightly, theretore
requiring the star to be larger in order to

cmit the amount of observed light

Berper and Autdenbere presented their

respective results at January’s American
Astronom cal Soci 'f. {
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Probing Polaris

Of the countless stors that grace the night -
sky, among the mest famous is Polaris, the
North Stor. But this 2nd-mognitude star
holds secrets not visible to the noked eye:
it's actually o tripie-stor system, ond, ot @
distance of just 430 light-yeors, it's the
brightest Cepheid varioble in the sky.

Polaris's larger but fointer sibling, Po-
laris B, hos been known for centuries. Some
18 orcseconds from the North Star, it was
first spotted by Williom Herschel in 1780
ond con be seen through modest amateur
instruments. But the much closer partner,
Polaris Ab, hod been recorded only by spec-
trometers and hod managed to avoid being
photographed — until now.

Mancy Evens (Harvard-
Smithsonion Center for
Astrophysics) and her
team used the Hubble
Spoce Telescope to cop-
ture the first-ever picture
of this otherwise nonde-
script Sun-like companion.
With thot information ond
the orbit, they determined
one of the most occurate
mass megsurements ever
for o Cepheid variable: Polaris weighs in at
4.3 + 1.1 solor mosses.

Polaris Ab was tricky to spot. While
spectroscopic studies hod told ostronomers
much about the object, including its orbit,
those same observations failed to reveal the
separotion between it ond the primary. The
new Hubble imoges show the companion to
be o scant 0.2 arcsecond away, tronslating
to just 3.2 billion kilometers (2 billion miles),
comparable to the distonce from the Sun to
Uranus. Further hompering the detection
wos the brightness difference between the
two, os the foint light from much smaller
Polaris Ab is overwhelmed by its supergiont
big brother.

While not completely understood,
Cepheid variables ore well known in ostro-
nomicol circles for octing os stondard
candles. Because the period of o Cepheid's
variobility is tightly reloted to its luminos-
ity, ostronomers can study how its bright-
ness rises ond folls to measure its distonce.
Learning more about these unigue stars
i5 criticol since they ploy o key role in de-
termining the universe’s axpansion rate
ond oge. =D.T
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MW news notes

Uranus’s New Rings

THINK of the best Hubble
Space Telescope targets, planets might

WHEN FEOFLE

not come to mind. Yet the tele scope's
Advanced Camera tor Surveys continues
to make unexpected discoveries within
our solar system. Mark Showalter (SETI
Institute) and Jack Lissauer (MASA/Ames
Research Center) looked at Uranus four
times between July 2003 and August 2005
and recovered a satellite (now named
Perdita) first obscrved in Voyager 2 images
shot in 1986. They also found two new
moons [S&T: January 2004, page 30,
which go by the names Mab and Cupid
More interesting were two new tenuous
rings girdling the planet. The new rings,
found in the initial 2003 campaign and
confirmed in subsequent observations, re
side tar beyond Uranus's other rings. The
planet apparently sports two separate ring

~Rf2003 U1

~Rjz003 U 2

18 April 2006 Shy & Telescope

systems — an “inner” group of 11 and the

A '.'-1 I ]

ring's primary

TRV E"'.' |_| SCOVEDCO OUTer I'I_l_' "Alminst

certainly is the [outermaost]
source body,” report Showalter and Lis
sauer in a December 22, 2005, Internation
al Astronomical Union (TAU) Circular. The
second ring is trickier to explain because
it peaks in brightness where no known
moons are present. Without a source of
dust to replenish the supply, rings like
these survive only centuries or less

The TAU assigned names to three other
Uranus moons in December 2005, As
is customary for Uranian satellites, the
new names (Francisco, Margaret, and Fer
dinand) refer to figures mentioned in
Shakespearean plays. Uranus now has 27
confirmed, named moons. The new rings
have been designated Rf2003 U 1 and
/2003 U 2 - [, T

A Colder Pluto

Astronomers using the Smithsonion
Submillimeter Array on Mouna Kea in
Howoii hove meosured the temperoture
of Pluto ond have confirmed thot the
planet's surfoce is colder than scientists
would expect given its distance from
the Sun. The icy surface is only -230°C
{-382°F). Pluto's temperoture should
match thet of its largest moon, Choron,
which is ohout 10°C warmer.

Mark Gurwell (Horvard-Smithsonion
Center for Astrophysics) ottributes this
long-suspected discreponcy to o kind of
reverse greenhouse effect. Rother than
heating the surface, the scont bits of sun-
light thot reach the planet convert Pluto’s
nitrogen ice to gos. Becouse evaporation
is o cooling process, the ground chills a
bit o5 o result, just os evaporating per-
spiration cools your skin. -D.T

One Weird Kuiper Belt Object

Kuiper Belt discoveries are becoming rather
mundane, Unless they rival Pluto in size, the
public poys them litkle mind. Except for the
weird ones.

Lost December Lynne Allen and Brett Glod-
man (University of British Columbio, Canoda)
gnnounced 2004 KR, on object they offec-
tionotely dubbed “Buffy.” But cute nomes
oside, this one hos cought even joded astron-
omers' attention. [ts 4540-year orbit stretches
out to 57.2 Sun=-Earth distances, and its incli-
nation is o whopping 46.6°. But most curious
is its eccentricity — Buffy"s orbit is proctically
circular!

Dynomicist Scott Kenyon (Horvard-Smithson-

Top-down
view

"J:".'ill.l'!l?*
-
Pluto

ian Center for Astrophysics) suggests that a fly-
by from o possing star eorly in the solor system”s
life could have disrupted objects in the Kuiper
Belt enough to fling them into bizarre orbits. The
grovitational effect this would hove on Kuiper
Balt badies would vary, Many would be ejected
from the system, some would be coptured by the
passing stor, ond others would hove huge ener-
gies transferred into their orbits. The numbers
ollow for o wide ronge of resulting orbits —
objects with 90° inclinations and even ones
that circle the Sun bockward. But ostronomers
need to discover more objects like Buffy to test
the models. *Once we have 12 or more, we'll

have o better iden,” says Kenyon, -0.T

Meor-edge-on view
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Cosmic “Twister”

Tornodos might be familior sights on the
Kansas plains but not in the frigid depths
of interstellor spoce. That's why astron-
omers were stunned when they saw this
new color-coded image fram the Spitzer
space Telescope's Infrared Arroy Comero
(IRAC). “In the thousands of Spitzer imoges
we've looked ot, we've never seen onything
like this before,” soys IRAC lead scientist
Giovanni Fozio (Horvard-Smithsonion Cen-
ter for Astrophysics).

The 0.3-light-year-long “tornado,” an
object in Chamoeleon known os Herbig-
Haro 49/50, is not actually spinning. It
probobly formed when a protostar just
abave the field of view lounched o jet
“downword” through an interstellar dust
cloud. The jet is romming into the cloud at
160 kilometers (100 miles) per second,
heating the moteriol ond cousing it to
glow in infrared light. The couse of the
helical shope remains unknown, but it
might have to go with mognetic fields or
instabilities generated by the shock front.

In this Spitzer image, which was pre-
sented by John Bally (University of Col-
orodo) and his collengues at Januory's
American Astronomical Society meeting,
blue represents short infrored waove-
lengths ond red longer ones. The star in
the center of the blue emission ot the bot-
tom of the “tornodo” is probobly o chonce
superposition. - RN
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Quasor redshift
Using o new sample of extremely distont quasars as probes of the intergoloctic medium, astronomers have
pinpointed the so-colled reionization era, o period, just a billion years ofter the Big Bang, during which the
universe became largely transparent ta phatons of ultrovialet lght.

Reionization Revealed

A NEWLY ANALYZED sample of 19 ex-
tremely distant guasars has documented a
key cosmic transtormation — one that
cleared away a fog of intergalactic hydro-
gen atoms left over from the Big Bang,
Tl"ll."' |if1':1'|'i_| |"IrI TI'II"" fl’lﬂ_’ f"l'l.ﬂl:lll_'“l'.l |l‘g’|.|'|r frr-m
some of the tirst galaxy-like objects to tra-
verse the visible universe and reach tele-
scopes on Earth,

Finding out what caused this transtor
|'|'|i_|[il:l|'| = I\'«.fl'ﬁf'r\'ll ah Fr]l'.ll'?.{.-l'”h!-'F-'
one of cosmology’s Holy Grails. Whatever
'Ih{' CALRE :GT.'II' 1.I"II'I'I'I INg I.-::H.]H.'-Z.II.""-h Al I.l!'u:l.lil'

FEMIAL S

ing contenders), astronomers are increas-
ingly confident that it finished its work by
a redshift of 6, just 650 million years after
the Big Bang, when the universe was only
7 percent of its present age.

Observations from the past few years
had suggested that the farthest known
quasars shone through partially opaque
material. But it wasn't until late last year
that Xiaohui Fan (University of Arizona)
and nine colleagues analyzed an unpreee
dentedly large sample of high-redshift
guasars. They discovered the 19 hyperlu-
minous galactic nuclei in data taken as
part of the Sloan Digital Sky Survey (S&T:

February 2005, page 34)

As Fan's team explains in its submission
to the Astromomical Journal, follow-up spec-
tra taken of the gquasars revealed that at
a redshift of 5 (1.2 billion years after the
Big Bang), the universe had become 200
times more transparent to ionizing phl:u-
tons than it had been just a quarter billion
years earlier.

This result, says Princeton University
theorist Jeremiah Ostriker, is precisely
what one would expect of a universe sprin-
kled with luminous objects, each carving
an ever-growing bubble in the intergalactic
medium with hydrogen-busting altraviolet
light. “At some point, r|11::..r grow and over
lap and merge,” says Ostriker of these bub-
bles. The spreading reionization fronts
changed the equivalent of thick pea soup
with a few transparent bubbles into a per-
torated chunk of Swiss cheese.

The new Sloan study, says Ostriker,
“makes it absolutely conclusive” that
reionization took place. Even so, finding
out when it began will have to wait until
l||_:"--|:,'|"|.'r'r"-\- l"dF” LLre |r1fr.’-trr:n;| ‘_-E_Tll:'{[l_'ﬂ {:If
quasars or gamma-ray bursts with red-
shifts around 7 or higher, says Fan, and
TEC) S1ELH] "‘I;'_l'.'"l"”'l have |i".‘"."|:| l;,'l_'l'll;,'lLI'Si'-."I:']}'
identified. losnua Rotn
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B news notes

Binary-Star Planets Common

ANYONE ESTIMATING the number of life-
bearing planets in our galaxy must con
front the question of whether planets can

exist in binary or higher-order multiple-star

systems. After all, about two-thirds of all

Sun-like stars reside in multiple systems.
New observational and theoretical stud

ies announced at January's American As

tronomical Society meeting in Washington,

This computer simulotion shows o protoplonetory

disk around one member of @ binary system. Jupiter
mass clumps of gos (red ond Blue regions) form
ensily and loter collapse to form gos-giont plonets

Extreme Parallax

The surest woy to measure the distonce to o
star is by the star's trigonometric parallax: how
much it appeors to shift from side to side
agoinst distant bockground stars as Eorth
moves from one side of its orbit to the other
every six months. The parollox shift gives the
stor's distonce by simple geometry, with no
troublesome unknowns or hidden ossumptions.

However, most stors are so for oway thot
their parallox shifts ore extremely small and
hord to measure. A maojor breokthrough come
in 1997 with the Europeon Spoce Agency's Hip-
porcos satellite, It meosured the poralloxes of
118,218 bright stors to the extroordinary preci-
sion of about 1 milliarcsecond. As o result, the
distonces of these stars ore known to 1 percent
occuracy out to o few dozen light-yeors, ond 10
percent accurocy out to a few hundred.

But ostronomers ore coming up with tech-

21 April 2006 Sky & Telescope

DC, otfer good news tor astrobiologists,
T:'It"'-.t' 'I"‘Lllr"- :'.IIJIil:,l Lal1 .-Illli I"!I"Ill I"{l'lli!,ll'
earlier discoveries of 21 exoplanet host
stars in binaries and 2 in triple systems
[S&T: November 2005, page 20]

A group of Georgia State University
astronomers led by Deepak Raghavan and
Todd Henry scrutinized modern and
archival images of 131 stars known to har
bor at least one planet. The team was
Il'l'll":i:'ll:.' ]-l:ll STars i a [ILIL1 1|]J.1 '&-]I.‘.Ft' 1|:|:'
planet-host star's motion across the sky
fprﬁp-r'.' Hllilrl-!!ll'l:I a sirong 'I."II.'lIt'.'I.Tﬁ"' TI'I.'Ir' Tl'll:"
stars are gravitationally bound. Follow up
photometry and spectroscopy were used to
confirm whether potential stellar compan-
ions lie at the same distance from Earth.

HL'|'u'_'.' and his colleagues found that 20
of the 131 planet-host stars have stellar
COmpanions The resilts include the dis-
covery of tive new binarics (for a total of
26) and one new triple {tor a total of 3).
These 29 stars have a combined 36 known
planets. Three of the hosts have stellar
companions at projected separations as
close as 20 astronomical units (Uranus's
distance from the Sun), and two of the
qtars are .3.':'-;.'1!':]1['_|.'I.J1I\'.‘IJ. ]'I}' '.‘i'll'l ite l.'|'.'\".l|'f‘_..
meaning that the planet endured the com-
panion's evolution into a red giant. “Our
results show that planetary systems can

nigues for deing much better. Rodio observers
are using the worldwide Very Long Boseline Ar-
roy (VLBA) to measure paralloxes of o few ob-
jects to 10 microarcseconds, beating Hipporcos
by a factor of 100. Two groups recently used this
technigue to meosure the poralloxes of woter
and methanel clouds in the nebula W3(0H), part
of IC 1795 in Cossiopeio. The nebula is locoted
in the Perseus spiral arm of the Milky Way, the
next orm out from ours. The researchers find
that the nebulo is 6,470 light-years owaoy with
on uncertointy of only 2 percent.

This resolves o factor-of-2 discrepancy in
two other meosurements of the nebulo’s dis-
tonce, bosed on the ossumed luminosities of its
stars and on the ossumption that it is moving
along o circular orbit around the galaxy.
W3(0H) turns out not to be on o circular orbit;
it is moving toward the goloctic center by 22
kilometers per second. This refinement gives
an indication of the density of the Perseus Arm

form and survive in a variety of environ-
ments,” says Raghavan

Theoretical studies also show that plan
ets can readily form in binary systems, de
spite the gravitational tug-ot-war between
competing stars Alan Boss {Carnegie In-
stitution of Washington) presented com-
puter simulations demonstrating that a
distant stellar companion's gravity can ac-
tually induce planet formation by trigger-
ing the formation of dense gas clumps
within a protoplanetary disk. The clumps
guickly collapse to form gas-giant planets.
Jack Lissauer (NASA/Ames Research Cen
ter} presented his group’s findings that
Earth-size planets can form in wide orbits
around two stars in a tight binary and in
close orbits around one of the two stars in
a widely separated binary.

“The take-home message is that half of
all wide binary-star systems can harbor
planets because the separation is great
enough to permit both the formation and
the subsequent stability of the resulting
planctary orbits,” says Geoff Marcy (Uni-
versity of California, Berkeley), coleader of
the team that has discovered more than
half of the 170-plus known exoplanets.
“There are surely tens of billions of Sun-
like stars in the galaxy that can easily har-
bor planets.” — RN

compared to the inter-orm regions, end gives
hints obout the distribution of dork matter in
the Milky Way. A paper on this work appears in
the Januory 6th Science.

Additional extreme paralloxes are on the way.
“We've just recently figured out how to do this
well with the VLBA," says Mork Reid (Harvard-
Smithsonion Center for Astrophysics), o mem-
ber of both teams. “We're looking ol about 14
objects now, including the Orion Nebula. We
hope to get o distance to the Orion Nebulo
thot's better thon 1 percent occurate.”

Much more is on the horizon. Hipparcos's
successor, the European Space Agency's Gaia
satellite, is due to lounch in 2011. By 2015 it
should be producing tens of millions of star
poralloxes os occurate os the handful of VLBA
rodio paralinxes being acquired now — hring-
ing o precision revolution that will odvance
proctically every bronch of astronomy.

— ALAN MACROBERT




Elliptical Mergers: Caughtinthe Act

WITH THEIR NEARLY FEATURELESS pro
files and uniformly ancient stellar popula
tions, elliptical and lenticular (S0) galaxies
are the epitome of cosmic stasis in many
astronomers' minds. But when Yale as
tronomer Pieter van Dokkum studied ex
tremely deep images ot 126 luminous red
gah:tim — many of which were i‘]|i|:lt'lt'.?||a
and lenticulars — he was in for a surprise.
As he reported in the Astronomical Jonrnal
last December, more than half of those
galaxics are distended, surrounded by
faint asymmetric envelopes, or paired
with lesser systems — compelling evi-
dence that they have interacted or merged
with other galaxies.

And this, says van Dokkum, resolves a
major conundrum. Reigning cosmological
models dictate that massive objects con-
tinuously accrete new matter. Yet earlier
generations of astronomers had concluded
that elliptical and lenticular galaxies
stopped bulking up billions of years ago.
For one thing, shallower photographs
showed little evidence for interactions
with other g,a!ui::i. Furthermore, these
massive galaxies contained uniformly an
cient stars, which are relatively red, while
well-documented galaxy collisions inevit-
ably seem to spawn young, blue stars.

But van Dokkum says he has resolved
the discrepancy. In his view, the ellipticals
and lenticulars that he caught in flagrante
delicto are obviously absorbing or tussling
with other galaxies, but they contain little
interstellar gas — the raw material for mak
ing new stars. “The galaxies that result
from these mergers are relatively young”
he explains, but their stars are old. This
resolves the age -'_:Iih'L'l't'J.:IH.EIL'_'p' and allows
structure flllr[r'lat'lill'l Lo F] ﬂ_l‘l_'r_'ﬂ_"fl FIFFI.E‘"!"! 1]

Einsteinian Energy

By repeatedly imaging 1-square-degree fields
with the 3.6-meter Canado-France-Howaii
Telescope, participants in the Supernova
Legacy Survey (SNLS) are on track to detect
hundreds of Type la supernovoe billions of
light-years distant. These “stondard condles”
will enoble the astronomers to chronicle the
history of the cosmic battle between gravity

||II' ."III!-L"-!"'I"I LINIIWETHE, A% l!'!‘i.lll'l:'!l'l:l.

Francois Schweizer (Carnegie Observa
tories| isn't convinced that van Dokkum's
study has really settled the issue. Not that
Schweizer disputes the idea of today’s el
ii|,1rH':a]- interacting with other galaxies: in
fact, he photographed dozens of cases in
the 19808 and early 1990s. But Schweizer
1:'1i|'.]'§.."' ||||lr E.l_'.- E-Ii‘l.'LE‘b-:IJIL{ L Wely El'd |F|:J_|["['1.fl-|
van Dokkum has fooled himself into giv
ing primacy to so-called “dry mergers” —
smashups of gas-poor galaxies that can't
fuel starbirth

For his part, van Dokkum retorts that in
many cases, it's apparent that two obvious-
ly bulge-dominated galaxies are interact-
ing. while in others, the glowing leftovers
of a gobbled-up galaxy are rather diffuse —
in stark contrast to the narrow tails created
when spinning, gas-rich spirals collide
Furthermore, says van Dokkum, prelimi-
nary spectra of many of his systems show
|i1'|]|."' -t".-'i-:jl".'l'l'l' EIIF star rl.lrrlt'dtlt.lll.

On one point Schweizer and van Dok-
kum agree: Hubble Space Telescope im-
ages would shed the most light on the
nature of the enigmatic ellipticals. In
January van Dokkum asked for permis-
glon o use t]'ll' ':.IFL"'I‘I.:IIR ”‘I'.E"Et'ﬂ'ﬂh"i’_‘.’ Lo~
ward this end. -]. R.

Taken by the S-meter reflectors on Kitt Peak in Ar
mona and Lemo Tolole in Chile, these color-composite
imiges show 1510- and 16th-magaitude galaxies
roughly 1 Billion Light-years distont in Bodies ond
Virgo. Eoch frome depicts whaol ostronomers think

i5 o different stage in the merger of two golozies

[Pomel A S5poms 5 pmne o & tht ugh Dare 2.5 wide.)
If twier mereying goloxies ara gus-poor ellipticols or
lEpticulars, thiey cdn coalesce m as ittle s 200

i years wifhowt Torming new stors,

Bolstered

(which slows the universe’s expansion) and
“dark energy” (which speeds it up). The first
year of SHLS dato turned up 71 Type la super-
novoe, some of which exploded when the
universe was only & billion years old (ot red-
shift 1.0). By combining information on these
supemovae with dota from the Sloon Digital
Sky Survey, Pierre Astier (Nationol Energy Re-

search Scientific Computing Center, France)
and his numerous SNLS colleagues have
strengthened the cose thot dark energy tokes
its simplest possible form: Albert Einstein's
cosmologicol constant, 0 mysterious kind of
votuum energy whose density remains un-
chonged throughout spoce ond time (S&T:

March 2005, page 32). =1LR.
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CORPLRTLIE LI by leif j. robinson

W news notes

New Horizons

On January 19th the $650 million New
Horizons probe launched to the ninth
planet, Fluto. The 465-kilogram (1,025

pound) spacecratt carries three cameras:
an H-ﬁ:ntim:tnr—ﬂ.p{*nurr [3-inch) instru-

ment for visible and infrared imaging,
an ultraviolet spectrometer, and a 20.8

e ttifscupc for long-range pictures. A

dust sensor, an energetic-particle spec-
trometer, and a solarwind instrument
complete the small payload comple-

ment, tngﬂhqr with the hig]:-gain radio
antenna (also used for science measure-

ments). Unlike larger probes such as

Voyager, the New Horizons instruments

are fixed on the spacecraft instead of
being mounted on a moving scan arm,
so the whaole vehicle must be pointed
to aim the cameras,

As a tribute to Clyde Tombaugh, the
man who discovered Pluto, a small
amount of his cremated remains was
placed onboard. The spacecrait will
fly by Jupiter for a gravity assist in Feb
ruary 2007 In July 2015 the New Hori-

zons thyby of Pluto and its three known
moons will complete humanity's initial

reconnaissance of all the traditional
major planets in the solar system. But
now there's 2003 UBg;,, and maybe
more to come. . . .

APRIL 1956
Good Counsel “Changes in the ongles of illumi-
nation and observotion olter the appearance of
lunar scenery somewhot os o kolei-
doscope redesigns its patterns.
Mountain walls that tower tonight
may appear insignihcont tomorrow,
Small craters that dot floors of lorg-
er rings under one illumination may
be absent under others. Long
clefts, clearly marked ot times, van-
ish with the shifting of light ond
shodow, . . .

“Is it surprising, then, that 50 mony dubious
things hove been seen on the moon? Among the
oddities reported are snow, hoarfrost, vanishing

24 April 2000 Shy & Telescope

WIESGLRTGGIEN by jonathan medowell

Stardust

The Stordust copsule land-
ed successfully on lanuary
15th in the highest-velocity
spacecraft reentry ever,
Its safe landing onto the
Utah Test and Troining
Range maorked the end of
the probe’s seven-year
trek around the inner salar
system.

Stordust lounched in
February 1999 ond o year
later deployed its serogel
collectors to sook up inter- :
plonetary and interstellor

particles, Dust collection continued through the November 2002 flyby of asteroid
5535 Annefrank. In Jonuory 2004 Stordust reoched its prime target, Comet 81P/Wild
2, ond collected cometary particles on the bock side of its oerogel samplers.

Soon after it londed, scientists examined the aerogel collectors and deemed the
mission o triumphont success. According to lead scientist Donald Brownlee (Universi-
ty of Washington), Stordust may have cellected more than a million microscopic
specks of dust. The somples ore undergoing onolysis in Houston, Texos.

Stordust isn't the first vehicle to return to Eorth from beyond lunar orbit. Most recent-
ly, in 2004, Genesis crash-landed at the Utah range ot the end of its mission (S&T:
December 2004, poge 26). Fortunately, Stardust's parachutes deployed perfectly and

didn't repeat Genesis's hard landing.

|ONATHAN McDOWELL, a staff scientist for the Chandra X-roy Observotory, provides up-
dates of space missions on his Web site at www.planet4 589.org/space/fsr/fsr. himl,

craterlets and light streoks, gray or
black areas of vegetotion, ond shod-
owy masses of moving onimals. . ..

“Observers should distinguish be-
tween foct and fancy, moonlight ond
moonshine,"

A frequent contributor to this mogazine, Lefond
Copeland could nof hove presented o better case

sspecially in that innocent era — for coution in
interpreting what one sees on the Moon.

APRIL 1981

Star Building “During the post decode the
quest to understand stor formation hos become
one of the most octive endeavors in Milky Way
research. ...

Sky &
_ Telescope.

“There is now a firm bridge con-
necting studies in the forthest infra-
red with ones ot the shortest radio
wovelengths. These studies, com-
bined with spectrographic observa-
tions of objects thot were out of reach 10 years
ogo, ore giving us a foscinatingly complete
picture of the physicol conditions ond process-
es at work inside the clouds of gos ond dust.
We suspect these clouds of horboring proto-
stors ond, in several coses, we hove found some
very young stors.”

So wrote Bort Bok, one of the great pioneers in
the study of stor formation’s early stoges.

Thanks to technology, our understonding of the
pracess hos continted o explode,
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SBIG “distinguish:

ASTRONOMICAL . § '
INSTRUMENTS "to perceive a difference in..."

What distinguishes SBIG CCD cameras? After counting pixels and comparing prices, what are the things that the best
astroimagers in the world look for in a CCD camera? A professional grade camera must offer more than a paragraph of
5P‘-‘f'ﬁf-"!ﬂﬂ5- Quality, reliability and service are paramount. Here are a few of the things that set SBIG cameras apart:

PATENTED, DUAL CCD SELF-GUIDING From the early days of the venerable ST-4, SBIG has
been intent on providing the best autoguiding solutions for astro imagers, Our dual sensor camera
design allows the imaging CCD to continuously integrate over long exposure times while the built-in
guiding CCD takes short exposures of a guide star through the same optical system in order to make
tracking corrections during the exposure. It is simply the best, and most cost effective way to auto-
guide in the vast majority of cases. For those other times when an external guider may be
desired, such as imaging though dim or narrow filters, a new Remote Guide Head can now be
plugged into any current model ST-7/8/9/10/2000 camera and the user can select either the internal
or external guider to suit the occasion. The Remote Guider acts as an extension of the built-in
guider for use through an off-axis guider to control the Adaptive Optics accessory, or through a
guide scope such as the eFinder.

ADAPTIVE OFTICS: The dual sensor design of SBIG's self-guiding cameras,
as well as the new remote guider, also makes it possible to use the first affordable f

Adaptive Optics device currently available to amateur astronomers. By sampling .
a guide star on the guiding CCD at a high rate, corrections can be made to a

movahle mirror or window up to 40 times per second. The result is a highly sta- : J
bilized image, free of mount errors, vibration, wind-induced motion, and image

wander due to low order atmospheric effects. Many of the highest resolution,

long exposure, deep space images taken by amateurs have utilized the AO-T to

enhance the ultimate sharpness of the image. The AO-7 is compatible with all . ; o
dual sensor ST-7, ST-8, ST-9, §T-10 and ST-2000 cameras. The new AD-L

Adaptive Optics device is now available for the larger format, Research Series cameras.

-’

INTEGRATED FILTER WHEELS: Although SBIG also offers cameras with color CCDs for
simple color imaging, the best color images are obtained using a monochrome CCD and high
quality color filters. A separate filter wheel also allows for narrow band imaging through H-
alpha filters, or through UBVRI filters for photometric studies. Our color filters are research
grade, high transmission, interference filters designed specifically for the spectral response of
the CCDs used in our cameras. No better quality color filters for our cameras can be found
anywhere. The CFWSA, five-position filter wheel, and CFW10, ten-position filter wheel, both
with 1.25" filters are designed to mate directly to the ST-7, ST-8, ST-9, ST-10 and 5T-2000
cameras, making an integrated unit when attached. The new low cost ST-40ZME and the
Research Series cameras have a filter carousel built into the camera, A low profile,
eight-position 2" filter wheel is also now available for the STL series cameras, compatible with
the AD-L Adaptive Optics accessory.

HIGH SENSITIVITY AT A LOW PRICE: The latest scientific grade sensors from Kodak
push the quantum efficiency of the front illuminated CCD into what was previously the
realm of exofic, expensive, thinned back illuminated CCDs costing many thousands of dol-
lars. The good news is that this is done with low noise and improved cosmetic specifications.
The really good news is that the new technology is available in our lowest priced ST-402ME
camera! With peak QE approaching 90%, the ST-402ME at under S1500 simply cannot be
beat when it comes to sensitivity vs. price. The same high QE technology is also available

in the ST-TXME, ST-8XME and ST-10XME cameras. Include improved TE cooling,
high speed USB2.0, 16 bit A/D, the ability to take long exposures, and the ability to act as
an autonomous autoguider, and you begin to see why the ST-402 has become the camera of

choice for those just getting into CCD imaging.




WIDE VARIETY OF CCD CHOICES: From the latest 35mm format, 11
megapixel, STL-11000M camera to the new low priced, high QF S I-42 f-l L'. we
offer a choice of cameras and detectors to fit nearly any budget or application.
Choose from no less than cighteen different CCDs (22 including ABL nptions).
including full-frame monochrome, interline and color detectors:

ST-402ME 765 x 510 at 9u STL-1001E 1024 x 1024 at 24u
ST-TXNME 765 x 510 at % STL-1301E 1280 x 1024 at 16n
SI-EXME 1530 1 1020 at Yu STL-4020M 2048 x 2048 at 74u
STYXE 512x 512 at 20u STL-40200CM 2048 x 2048 at 7.4u
ST-IOXNME 2184 x 1472 at 6.8 STL-6303E 3060 x 2040 at %u
ST-2000%N 16040 x 1200 at 7.4u STL-11000% 4008 « 2475 at %u
ST-20005CM 1600 x 1200 at 740 STL-11000C N 4008 v 2475 at Yu

PROFESSIONAL SUITE OF SOFTWARE: Every camera from SBIG includes CCDOPS version 5, professional -
guality camera control sofiware and Software Bisque's premier charting. planctarium and telescope control 1

software, TheSky v5. We abo include CCDSharp, Lucy-Richardson image processing software, and the latest i

version of Software Bisgues CCDSofty 5 with added camera control features, image processing. astrometry fea-
tures, image link capability, and integrated operation with TheSky, In addition to the software provided with the B Al
cameras, drivers are available for developers. Our cameras are currenth supported by Windows, Mac O5-X, and 1 m
Linux. Mac users get a free copy of Equinos planetarium software with SBIG camera control with all new USB -+

cameras. Mo other manufacturer offers you more.

SCIENTIFIC APPLICATIONS: SBIG's products are used all over the world for scien-
tific research. Our Self-Guided Spectrograph makes it possible to measure galactic red
shifts with apertures as small as 8 inches (20 cm). Our cameras have been employved to
measure extra-solar planet transits and variable stars by many users. Numerous aster-
oids, supernovae, and now even a new nebula have been discovered with SBIG cameras
{The McNeil Nebula is named after amateur Jay MeNeil who discovered it in February
2004 from his backyard using a 3" telescope and ST-10XME camera).  The Time Delay
and Integration (TDI) drift scan technique now becoming popular makes it possible to
search huge areas of the sky, or piece together large mosaics, a result impossible with mass
market digital cameras. We enthusiastically support scientific applications, and have now
released a new, low cost, Deep Space Spectrograph (DS5-7) and software optimized for
photometric stellar monitoring to make it easier for evervone contribute to oneoing
research programs.
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distinguished:

"...marked by eminence, distinction, or excellence."

Visit our web site for more information and free catalog at http://www.sbig.com

SANTA BARBARA INSTRUMENT GROUP PO T
147-A Castilian Dr. Santa Barbara, CA 93117 Phone(805)571-7244 FAX(805)571-1147
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If you are one of the fortunate people with the means to see the next total
solar eclipse, you'll catch a glimpse of the Sun’s corona (weather permitting);
if not, you'll see pictures of the event on this magazine’s pages shortly
afterward. What makes up the corona that you see during the all-too-brief
totality? What shapes it? What makes it glow?

The amazing spectacle that we see when the Moon covers
Extreme ultraviell Visible light the bright solar disk is the Sun's outer atmosphere. That
{1 millioa degreas.C) (photosphere | 5,500°0) a1|r:|w1'p|:|trl:' has two l.'|E'&|'ig.r distinect COMmponents. El.'.'ljpif

” watchers may see the lower component, the chromosphere,
4 -'&nﬂ'““l Coronal just beyond the Moon's limb. Some 4,000 kilometers thick,
: igep —— the chromosphere is a wispy coating that glows at tempera-

Ffa B Sunspots _
L tures of about 10,000°C [18,000°F) with the reddish light of
_ hydrogen atoms. Above that reddish band lies the corona,
amh! i

Coron

Gronulation spreading its tentacles into interplanetary space.
A ‘.:||:|~i'rcr:|11g multimillion-de grec plaﬁ'ma of shattered
= X B atoms, the corona is a dynamic environment, often dis-
ithe ; turbed by explosions that rock its very structure and throw
‘ :-..‘1 rlglnl,l S e material into interplanetary space. These explosions cause
-

storims 'I-".'l||!||'|| '.i:ll.' .'il"lltfr ipimd, a stream of t'll'ﬂ.'rﬂ:lﬂ"i. PF‘[JIUII"i.

coronal T and partially ionized atoms that ceaselessly emanates from
hole < deep within the corona and courses beyond the farthest
planets in our solar system

The interaction of the solar wind with Earth's outer atmos-
phere and magnetic field atfects our society in many ways.
X-ray Magnetogroph One crucial issue that arises when we study this “space
2-5 million degrees C) (photosphere] weather” is how the Sun couples to its surroundings. That
coupling is dramatically revealed in the shape of the corona
during a total solar eclipse

We have learned much about the solar corona in the past

corono while powering for-reaching spoce storms tew decades. But much remains mysterious, for while the

Sky & Telescope
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While omateur ostronomers con view our star's outer atmosphere only during total solor eclipses, Spoce Age technology has
enahbled professionals [ond onyone with on Internet connection) to enjoy oround-the-clock views — views thot one sdvancing
the science of spoce weather, Steve Albers combined five different exposures, eoch optimized for o different radius, in or

der to make this mosoic of the Juby 11, 1991, 100l sofor eclipse. Photograghs by Dennis di Cicco ond Gory Emerson,

Sky & Telescope April 200688




B the science behind the solor corong

||"|'r"|'- |||. I_:!::',-"':'!"\. .||_'I,:- VO I.l\..il"ll_ CO0 :_|_I| CONAITIOns are si
difterent from those on Earth that many phenomena ar
thoroughly untamiliar. Fortunately, increasingly sophist

cated telescopes, each a technological marvel, are rapidly

:'ll.'.l".':’.l'lﬂl'l'.:.!. ot ki wiedge of the Sun's CAPrICIOUS Crown

June 21, 2001

Above: Eoch of these phatographs by eclipse oficionade Fred Espenok 5 o
2-gpcond exposure on Kodok Rovol Gold 100 flm with o 90-mm refroctor
11 {78, The February 26, 1998, view reflects the coronn's typicel oppear
gnce during solor minimum, when sunspots ore few or obsent: the

longeskt stregmers axten | alor q

axis defined by the S4n's equobnr

By controst, the June 21, 2001, vew typifies the solor-moximum corana
¥ TR i
wWitn sireqmer lnating Lire N5

1999

b
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Introducing the Solor Corona

To appreciate what we see during a total solar eclipse, we
must first realize that even though the corona spans a huge
s a lot of almost nothing. At visual
wavelenging, the coromna 15 only ong millionth as |}‘.’|:.=;|'|I as

% lllZiI!l' l!:. L

the 5un, a '..il...-'.'l': rng 'II'.‘IEI' mext o a 'jll!'!l:_ll'gl'g :ur_'ar{']'lliﬂl'ﬂ
That explains why we don't see it unless the Sun's prote
sphere, or “surface.” is blocked. The Moon performs this ser
vice most etfectively because it appears to have very nearly
the same size as the photosphere when seen from Earth — a
I't .'I-.‘.ll:'\ui.il.lil:' L] ;.I..l..ll.ll..la';.l.

Mot quite as bright as a full Moon, the eclipse corona
FLOWS A5 1:.'-I|I'Iri].-' as it does In |.1r!-_rr- |J.ir1 Decanse .'I"I["TI" 15 VEry
little of it to light up. In fact, what we see of the eclipse co-
rona with the unaided eye is not even its own glow. Rather,
we see light from the photosphere that is scattered toward
s I"-.-' "r::-'.- flt‘l'rrl:llfh 111 1.tll'.' COTOILA. T]l'.":- phz'n-':rm'nrm [-:I'TI"I'!':
a halo much like that around a streetlight in a fog,

We see that halo only because the corona is so vast that
its eerie emptiness can add up to something when viewed
as a whole. Even at its base, where it is thickest, the corona
15 100 billion times less dense than Earth's atmosphere at
sea level. Earth's atmosphere isn't this thin until you go
'-.-"ll't'-!"r'r'..'lﬂr .'I.l.'II'H’I"' the hil.gh:'ﬂ "-'IFJH.E"!' FI-]I'.I“ ||!" 'IIIT.I':Ii'.. '.'t']']!l'h
many call outer space

Ferhaps the most striking features that we see during a to-
tal eclipse are the so-called streamers that extend more or less
radially outward trom the Sun. Their overall pattern depends
on how magnetic the Sun is at the time. When magnetic
activity is low and its telltale sunspots are few (as is the case
this year|, the corona looks relatively featureless, with just a
'I-I"u'n' SIrCamers on QP pOsing ":El'_‘l‘l. 5 |!f 1|:||!' Sun's Lu E.H.l-rlﬂ.l |:IE'|T.
During sunspot maximum, by contrast, more than a dozen
streamers usually exist, each going in a different direction.

The Mognetic Corona
This change in guise with the coming and going of sunspots
hints at what is the corona’s most important defining char
acteristic: its ubiquitous magnetic field

on E.i-]rl.ll. W |.1.'IIL.: LLW] IIT'I."illl'.' IJIJ.'!.!;."IL']IL' flﬂ.’l'..‘l".l I our t"n"E]'}'
day lives, But they are critically important in the Sun's
.'-.rr'|1rﬁ|'||'.r'r|- TI‘Ii'H I5 E'H[Jl!'l"..{ll."_-.-' Irie in '||':i."' COEOTIAE ".".-':.'!'I!"F{"
atomic nuclei have been almost -:'|1r|r-:'|:.' *i'rrlpp—:-d of their

electrons, making for an electrically conducting gas, or

Lefi: Taken on April 151 in the indicoted years, thess
tolse-calor imoges fram the Solar and Heliospheric Q-
servatory (SOHO) spocecroft show how the S5un’s degree
of senspot octivity affects cormnol streamers (seen ol
visuol wavelengths in the top row) and the 2.5-million-
degree Calsius goses assoadiated with active reguons in
the lower corona ultrowiolet, or EUY,
ght e the ootlo Wl Sunspot oclivity resched o
decode loter before

detlining towtrd s aext mimmom, wWhich g pupected in

ninimum in 1996 and peoked o holf

007 or 2008, The blank centrol zone within the visible-
It imoges represents the 1°-wige neld [twice the
sUA°5 apparent diometer) Blocked by the acculting disk

n 50HQ's LASCO coronzgraph



plasma. Like all charged particles, the electrons and ions that
make up this plasma are readily deflected by magnetic fields
And while in most of the corona the Sun’s magnetic tield is
not much stronger than Earth’s, coronal gases are exceed
ingly rarefied. Consequently, the solar corona is shaped
according to the rules of magnetism rather than of gravity.

The Sun's magnetic field fundamentally differs from
Earth's. On human time scales, the Earth's field is essen
tially a stationary single magnetic dipole, like that of a bar
magnet. But the Sun's magnetic field is made up of many
such dipoles, with multiple strong “bar magnets,” known as
active regions, strung around its circumference in numbers
that wax and wane with the 11-year sunspot cycle. The ac-
tive regions emerge from the deep solar interior and break
through the photosphere at unpredictable locations, where
they often form sunspots.

Although George Ellery Hale discovered the Sun's mag-
netic field at Mount Wilson in 1908, it took more than six
decades for solar astronomers to understand how it shapes
the corona, Why so long? One reason is that until 76 years
ago we could observe the corona only during infrequent,
brief total solar eclipses.

Then, in 1930, French astronomer Bernard Lyot built a
coronagraph: a special-purpose instrument that used a disk
to block the Sun’s direct light. This opened a new chapter
in solar astronomy, as one no longer needed to await a total
eclipse to view the Sun's tenuous outer atmosphere, Even
so, visible light observations couldn’t show the corona’s
transparent structures one by one. Rather, these structures
were seen projected on top of each other, and this tremen-
dously complicated their interpretation. Compounding the
puzzle further, magnetic fields could not be properly
mapped near the Sun's limb. Hence, leaming how field and
corona were connected was initially very difficult.

That remained so until the early 1970s, when X-ray tele-
scopes onboard the Skylab space station allowed astron-
omers at last to routinely see those parts of the corona
that lie between Earth and the photosphere, where magnetic
fields could be mapped. To do this, we exploited the coro-
na's high temperature, which is typically 10,000 times hotter
than a comfortable room. A gas this hot emits light primarity
at X-ray and extreme-ultraviolet (EUV) wavelengths, while
the much cooler solar “surface” emits essentially no such
light. An X-ray or EUV telescope therefore shows bright

Token on February B, 2001, these ponels thow how the conona apoeaned
i the Tronsition Region and Caranal Exploner [TRACE) sotellite, which
observed EUV emission from 1,000,000°C gos (o), ond how it oppeored
when seen by the now-defunct Yohkeh satellite, whose soft X-roy tele
seope detected plosma ot temperatures between 2 and 5 million degrees
C (b}, S0HO" mognetogroph (c) color-codes the strengihs ond polarities
of miagnetic helds within the |,-rr|r-'r'|,n|1|:| phatosphere, which IF meosures
indirectly using visible light. Eoch image spons 700,000 klometers
[ome solor rodius) from side to side

Taken on Moy 11, 2005, these
simultoneosus EUY (for teft)

ond visible-light views show

i octive regions anchoring

o plethorn of coronal loops
intriguingly, the lower (eastern)
region, with its “sunfiower
pottern of relatively cool coranal
paps, lacks major sunspols

despite its obviously magnetii

natare. Both of fhe | TOEES WETE
mode with the [RALE spacecralt
or w th ome smoi |
of t
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| B the science behind the solar corono

an April 21, 4

an energetic flare ot 1

Sensitive

10 millio

coronal material enveloping a dark sphere

In order to take advantage of this fortui
tous state of affairs, we had to launch
telescopes above Earth's protective atmos
phere, which blocks X-ray and EUV light
Rocket-borne instruments and the Earth
orbiting Skylab paved the way during the
carly years of the Space Age. But coronal
X-ray and EUV imaging became an every-
day experience only with the 1991 launch
of Japan's Yohkoh satellite, the 1995
launch of the SOHO satellite {a joint Euro
pean Space Agency and NASA project],
and the 1998 launch of NASA's TRACE
satellite. (Yohkoh fell to Earth last year,
but SOHO and TRACE remain in service.)

Thanks to these successful missions, we
have been able to compare X-ray and EUV images of the
corona to maps of photospheric magnetic fields. And that
has revealed the corona'’s magnetic nature, for where mag
netic fields are strongest, the corona is hottest and brightest
— just as one would expect if magnetic tields were confining
the |_:n|.1f~111n and increasing its temperature and L'ltr'l':-i[':-

Yohkoh, SOHO, and TRACE have discovered many of
the corona's curious properties. With their 1- to 5-arcsecond
resdlution, the sharp images from these spacecraft have re
vealed a variety of intriguing structures. Those that stand
out most prominently are thin, bright strands that arch
through the corona, each connecting two photospheric
regions with oppositc magnetic polarities. We now under
stand these so-called coromal loops as a natural consequence of
the magnetic forces dominating the corona. The magnetic-
field lines tracing these loops trap hot coronal gases, which
can flow only from one end 1o the other, losing energy in
the form of X-ray or EUV light.

2 TRALE observed

alar limb

s at 1.5 millian and

degrees C, TRACE coplured

Ty remarkable fe

them: flare ribbons

{leaving o bright troil o

Below the center) ond ar

oops obhove the cente

gas that is

yoling and folling bock

toword the chromosphere).

3

1] ¥ & Telescape

fii b coHmOGSitE IMoQeE Com
fAHN axaacures ol difltef
1 renreseniolive

il (empenciure

i) epresents 17.1-nm light (from
aterial at 1to 1.5 million degrees C);
Gret 15 nhit [rom materia

between 1.5 ond 2 million degrees CJ

end red, 28 4-nm light (From material

of temperatures hotter thon 2.5 mil-
inn deqrees C1, The different filters
yransmit emissions from InoR oloms
that hove been ionized by varying
amounts. Token together, they ollow
gstronamers to cherociernze the

physical state of the lower corono

The Explosive Corono

In addition to their sharp optics, Yohkoh, SOHO, and
TRACE also have given us the ability to take long series of
rapid exposures. With this “movie-making” capability we
have learned to appreciate the corona as a place of utter
impermanence, in which every structure changes its appear-
ance within a matter of hours

One long-standing mystery has been the source of the
energy that heats the corona to million-degree tempera-
tures. Large numbers of small-scale explosions certainly
contribute to this heating, with strong winds often blowing
up or down the magnetic-field lines as coronal gases adjust
to them. However, SOHO and TRACE observations suggest
that the corona is heated primarily by electrical currents.
These currents are generated by convective bubbles that
seethe tirelessly just beneath the photosphere.

Heating the corona is but one of the roles FIJJ.:'.-E"CI b'_-" the
electrical currents coursing through coronal loops. When
the largest of these immense currents become unstable,
they cause solar flares: giant explosions that can outshine
the entire X-ray corona 1,000 times over We arc far from
understanding how solar flares release their energy so ex-
plosively. We do know that much, if not most, of a tlare's
energy first goes into generating large numbers of ions and
electrons, which are accelerated to speeds that are a good
fraction of the speed of light. These charged particles race
along the mametic field away from the tlare-initiation sites,
which often appear to lie between sets of coronal loops

Many of these particles quickly crash into the upper layers
of the chromosphere, where they form bright ribbons visible
in hydrogen-alpha and ultraviolet images. The kinetic energy
of these particles is then transformed into heat. The heated
c'|1r-:.tz|1u~.p||.--.r|: matier responas |‘.-:-. evaporating into the co
rona, where it can increase the gas density within a flaring
loop a thousandfold. And since dense gas radiates far more
efficiently than rarefied gas, the heat is quickly lost into
space in the form of bright X-ray radiation.

That energetic radiation has real-world CONSCYUENCES
when it reaches Earth. It can puft up the outermost
ionospheric) layers of the atmosphere, thereby attecting
long-range |',|-,|: ' Comumunications, It alsa INCreascs the
atmospheric drag that steadily works to bring down low-

Earth-orbit satellites and rocket debris



The Interplonetary Corona

Energetic X-rays aren't the on ¥ Emanations to reach Earth
from the solar corona. We are gradually learning to appre
ciate all the ways in which magnetic activity within the Sun's
atmosphere spreads into interplanetary space, causing phe
MOIMEna that we now I':I'I"I'I-'l' b ':FJ:'H."." “"?-\]rl'l'f‘f'

Space weather, like Earth's, has two components. One is
a background “seasonal” state that changes on time scales
of days, months, or years. The other is made up of highly
perturbed states that behave like dangerous storms. Space
weather changes day by day as active regions emerge, age,
and d15|n'rrs_rlrﬁ'rr.

Tl'_ll{' i'm[ l:,'ﬂl_'l"lr'lil.l. gﬂ.":.l'_"""-_. ’Tr]lle'li:_'I". :'I|.||:l'|.'1.' an active TEEIN diT
permeated by a variety of waves. The coronal gases and
those waves exert pressure on the magnetic field. In most
of the corona, the magnetic field is strong enough to resist
these forces, and the gas remains trapped in closed loops.

However, where the field is weak, it yields to these farces,
which then drag it inte interplanetary space. Those parts ot
the magnetic field that just manage to remain unbroken are
stretched, like taffy, into the tendril-like shapes that we see
as streamers during a total eclipse. Next to them, rivers of
gas are pushed into the solar wind, where they are too in-
substantial to be observed among the streamers.

We can reproduce the general appearance of the eclipse
corona with qT:}!{'-rJf-lht.‘-art computer caleulations. We
therefore believe that we are on the right path 1o under
standing how the streamers and the solar wind form. How-
ever, the coronal eruptions that cause dangerous space
storms are much harder to comprehend.

A few times each day, such events force the magnetic
field to snap open above as much as 10 percent of the upper
corena. Piﬂjfh'i- :IC'I!{']E'FB.IEEE b}' !hl:‘E\'." events can r.j]'id tl"lt'r]'l
selves on the road to interplanetary space. Some may be
guided toward Earth by open-ended magneticfield lines.

Known as coromal mass ejections, or CMEs, such eruptions
can propel a billion tons of hydrogen and helium outward.
The particles accelerated during a CME's inftial eruption
reach near-light speeds. However, most of the gas that a CME
ejects travels at speeds of "only” about 500 kilometers per
second, But its bulk more than compensates for its relative
sluggishness: when a CME carries plasma and magnetic
field lines past Earth, it can cause power outages and dam-
age satellites. With human affairs increasingly dependent
upon power grids and global communication networks, the
COronain a FI"'.Bl SENEE touches 'I'H"erl:mI 1"'.'1"!':|.'|:I|'Il“'l';:- 'I|.I!'.

Forecosting Spoce Weather
The origin, evolution, and consequences of explosive phe
nomena in the solar corona are at the forefront of science
today: we need to learn what powers these explosions, why
they happen when they do, and how we can forecast them

We have made good progress in knowing which active
FCEIOTS &I I]kﬂl_‘u o ].i'rlil"jl.:"."! rl'l':' |E.FH|Z"-' !-Iil.rl."-: ||'IIZ"'-':' {8 L=t
ally oceur in regions into which new twisted magnetic-field
lines emerge from below the photosphere. But we still can
not forecast exactly when an eruption will oeeur or how
much energy it will release.

New observatories will help us answer the many questions
that past generations have raised. Later this year, the interna

tional Solar-B mission will begin to provide high-resolution
optical, ultraviolet, and X-ray views of the Sun's photo-
sphere, and the twin spacecraft of NASA's STEREO mission
will use binocular vision to watch coronal mass ejections
travel through the heliosphere. In 2008, the Solar Dynamics
Observatory will enable us to continuously observe all of
the visible photospheric magnetic fields and coronal gases '
with unprecedented temporal resolution.

Complemented by existing facilities in space and on the
ground, this fleet of solar observatories will move us into a
new era of research: we will be able to observe the entire
progression of solar activity, from the Sun’s interior
through the solar atmosphere and into the heliosphere,
where the Sun connects with the planets in more ways
than one. With luck, we soon will I:u||'l..' understand the
Sun's dangerous crown, which we so rarely get to see with
the unaided eye. »

A solar physicist with the Stanford-Lockheed Institute for Space Re
search, KareL ScaHruver plays a key role in the TRACE mission
and in the upcoming Solar Dynamics Observatory

Although the real solar corong (left] os observed during the Februory 26, 1908,

eclipse, shows mony details that ore not yet coptured in simulations, its lorge-
scole structure wos reproduced quite nicely by a recent computer model (right),
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astronomics ... ... >xn year

We've been helping people choose the right telescope since 1979. We have
the experience (a stalf lotal of over 150 years of experience using and selling
lelescopes) lo help you pick the ielescope that fits your needs (and your budget)

Celestron's SkyScout tells you about the sky o
while it shows you the night's sights.

The Celestron SkyScout is an award-
winning handheld non-magnifying GRS
basan paErsonsl planstanum that idanbilies
arlocales more than 6,000 celestial chjacis
vigible |0 the wnaided eye, then feds you
thegin facts and history. Uise the SkyScout by
el i learn the legonds, myths, and sighis
of thia aky. O mourd il an wour lelascops to
et guede wau from and celastial showpiacs
1o anather.

Thiéra's & scrolling S-line display of texi

i

and graphics. Sup
pled sarphones el
1] n H 3
r!.lf:-;,:'u':ilf:.”*-'-:: - U:m:' 1 3309
mlary 50 you dan
have o bopk gy trom (e sky o mead if
Optipnal speakers 8 ohirs hiar, oo,
The SkyScout transionms 1he night sky
into & planetanuwm for stargazers, Larmilies
and studeris. It makes learmning e siones
ol tha sky — and finding your way Groumd the
8Ky — @asiar Than ever balore

SBIG CCD starts at §1295. Finger Lakes starts at $1495.

Tha SBIG ST-202XME CCD camera has
the bells and whistles of & big S8HG carmesa,
Bul & smaller price

It has a microlens imaging
chip with no column defects
& 765 x 510 array of 9 mecran
paxels, high speed USE, ther-
mieseCing cooling with & byal-
in whisper fan, and more LLEL T

The 3T-402XME is only 51235, =
With a lactory-insialled internal eolar filter
whasil, I1's 51495 Eilhar way, you gat guaity

New Meade ED triplet apo
refractors start at 5599. Wow! (

Meade Series 5000 ED refractors use
EL (Exira-low [Dusparson) glass w their
fully multicoated, akr-spaced, triplel apo
chromatic colical systems. The ED glass
provides exira high cenlrasi, with no spur-
ous codar fringing arcund bright cbjects. I
makas these relraciors superb for wida field
asiropholography, &% wall a8 excepiions
for visual cbesarnimg

Theze are oplical tubas only, with no
mounts. They have adjiustable lens cells,

f'- A Denkmeier simp

Lze both eyes 1o
vigw space through
i bincvigwar, and
you See up 1o 40%
miore detail than you
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-.-'.l:.m,--:.r: in the same |I_"'1,I'_.$|’_ILII_I
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ant SCTs — shows you thal deta

5399

Outer space is infinite. Your
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|_||:" s IREIF ST
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Toll-free telephone: (800) 422-7876
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ly lets you see more.

images and eaze of aperalion al a very
altractive price

The Finger Lakes MEZ MaxCam CCDis
51495 High aficsency her-
moalecinc coaling gets s ar-
ray of 765 x 510 microlens
pixals down as low as -40°C
balow ambierd temperaiure
for wveny low naise iMaQes

It's one ol dozens ol Finger
Lakes CCD camaras pricad it
froom S1405 1o 540 S0 21495

b

Craylord-shyle focusar, gusl covers. an L-
brachet igod mounding shoe, and a refract-
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680 24th Avenue SW, Norman, OK 73069

And, wilth our '-i.—':'-.':-!"'-‘lgl_ll'E ."I'-'F'_.I'Ir:I":, We Can |_,-L.|,3||:,- Zhip ':,'n,'_||_| the I'II;"I‘I SC-JPE:_
right away, from the hundreds of lelascopes we slock
We slarted asfronomics over 26 yvears ago because we loved astronomy

A Meade Ritchey-Chrétien for only $24997 Incroyable!

Al lzast wea think Franch
pplician Henr Chrétien
would call il “incradibla”™ i
ke were still alive and knew
ihal the kind of helescops
oplics thal he and George
Hitchey desagnad — the kind
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52495 tronamer can afford
a The new Meade LK200R
kefescopas combing & 10 16 110 versmnons
of the moditied Rilchey-Chritien optics used
i Meade's famous RCX4D0 scopes with
Eha superb machancs al the Bast SN
Meade LX200GFS, The result is g state
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Meade LX90 scopes now come with GPS.

Meade LX90 4° 10 12° go-to SCTs are
rigw available twa ways — sithar with easy-
lo-use LNT [Laved Moeth Tadhng r_:-;:r,- [}
wilh aulomatic GPS. They ship from our
clock, 2o we savid yau shipping lima over
daglars wha have them drop-shipped from
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woid thie sahes tax)

Hasw ard Bhd iegarial o oo e e L X200
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The Level North
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Want to read unbiased equipment reviews?

www.cloudynights.com

21st century Celestron go-to ... at a 1984 price.

IF wour lonaly remember Calesiron s argg-
nal orange tube CA — the telescope that
made modem amalewr asronomy allond-
able - the Celestron MexStar Bi Speclal
Edition will bring back the pood old days -
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e B Special Edilkon has 8 modam
anodized version of Celestran’s vintage or-
ange and black paint, & convaniand go-to
ernpuber with no-guesswark SkpAlpntach-
nodogy, and the bright imagas of Starbright
XLT - Calagtron's hag! miull Coalings

The mnew Meade Deep
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The new Meade Deep Sky Imager /i, $599.
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" Our 27th year of friendly service,
good advice, and money-saving prices.

If our toll-free telephone lines are busy: (405) 364-0858
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Anyone can sell you a telescope.

We’ll sell you the right telescnpe.

not just as a business. Qur sales may have grown over a thousand-iold since
fnad st yaar, but wa re shll the same Emily-Owmed, [3mehy-run, fui-hne [eescnns
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*ASTRONOMERS HAVE |

By

DAVIDE QORI ECCHI

CRAM THE RIGHT AMOUNT of mass into a small enough vol
ume of space, and gravity will make a black hole of any size

:1.-'”“ want, For :.I-'l;'1|_|"\1 ASTONOIMTICTS |I.:1|:| SN IIJI|:..- vl |.'|-||."'ﬁ|."\.
of black holes: 3 to 20-solar-mass corpses of massive stars,
and million- to billion-solar-mass monsters in galaxy cores.
Strangely, black holes seemed to avoid a huge range of pos
sible masses in between. Mother Nature rarely leaves such
gaping chasms in her ereations. After all, the distributions
of galaxy, star, and planet masses form smooth continuums.
Why should black holes violate this universal prineiple?
Then, starting in 1979 with NASA's Einstein X-ray Obser
vatory, Giuseppina Fabbiano [Harvard-Smithsonian Center
for Astrophysics) began spotting pointlike X-ray sources in
other galaxies that were orders of magnitude more luminous
than stellar-mass black holes in our galaxy. Astronomers
wondered if they could be the missing intermediate-mass

OQUND

ES AND

BIG

BLALK HOI

hlack holes [IMBHs) that weigh hundreds to thousands of
solar masses

Some 200 of these “ultraluminous X-ray sources” (ULXs)
have been discovered since then with Japan's ASCA,
MASAs Chandra, and the European Space Ageney's XMM
Mewton X ray ohservatories. In 1090 Chandra '~.|:l||I1|."|| an
unusually energetic ULX in a dense stellar cluster within
the Ursa Major galaxy MS2. At 10" ergs per second, this
source [MB2 X.1) radiates more than 10 million times as
much encrey per second as the Sun, Many astronomcers
surmise that it can’t be anything but an acereting black
hole with a few hundred to a few thousand solar masses,

But a debate rages about the nature of the other ULXs,
What fraction are imermediate-mass black holes? Are
IMBHs numerous enough to constitute a new class of cos-
mic object? The question of whether the universe is still
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Mo new breed of block hole
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how supermassive black holes formed in the carly universe
Meanwhile, observers are tryving to refine their ULX mass

estimates in order to satistv the ~.k:-F:-I||'x_

Weighing Black Holes
Even ”'H.III'._"H astronomers can't se !'.i.'|r"H |-|..!.:-= direct v,
they can detect X-rays radiating from matter that heats up
betore it falls into the abyss. Actively accreting black hols
can be relatively easy to detect with X-ray observatories
such as Chandra. But measuring black-hole masses is a
much trickier proposition

In the case of some stellar-mass black holes in binary sys
fems, "-'Il:'l' as [ne 'i':'|||'|-|'|~1 SOURce 1__:._-_:|||__'\-. K-I_ |-:'_:w-|_-|".'-:-| L AT
study a companion’s orbit. This provides a reliable estimate
of the hole’s mass, But

panions. And even for those black holes that are membe

maat black holes lack binary eom

1:-:. a I‘.Iil'l.H‘:':-,-', astronomers "..'I'I'.“l_'. Cal l.'||"'-:.'|.'| { Ii'.'i".1| (W[ aln)]
Unless orbital motion can be measured, the most oby

ous clue to the black hole's mass is its X-ray luminosity.

Unfortunately, do with a black hole's

masg than with how fast it swallows nearby

luminosity has less to
material. For
example, the monster in the Milky Way's nucleus

prisingly dim [emitting less than 107 ergs per second

% sur
given
its 3.7 million solar masses. Many smaller black holes may
be all but invisible as they wander alone with no nearby
But if two black
food supply, the heavier beast will devour matter faster,
and thus emit more X-rays, than its lighter counterpart.
Astronomers commonly deem an X-ray source “ultralu-
minous® if it shine: with a luminos ty above about 5 » 10

ergs per second —
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Beam Me Out
The discovery o1 5
class of black holes

many ULXs indic ated a new, exotic

ading to the ongoin g 1l Iy of re-
search. But not all astronomers agree that these ULXs are
powered by midsize black holes, Several difterent teams,
ed by Andrew King (University of Leicester,
have noted that a black hole's X-ray luminosity
gh if it beams its radiation

including one
England),
could appear anomalously h
preferentially in our direction, Such beaming is typical of
tellarmass and st PETTIAsSIvE black holes, as observed in
and quasar jets. A stellar-mass black hole
as an IMBH by beaming most ot
its radiation toward Earth, which -'"-":-.|I-‘| fool astronomers

gamma-ray-burst
could easily masquerads
into overestimating its luminosity,

Given the possibility of beaming, only one known X-ray
source falls qagrl:.- into the IMBH category. *“MB2 A-1 seems
fitticult to kill” says Fabbiano, Several conservative esti
mates p 20 and 3,000 solar mass-
es. No one has demonstrated how beaming could make a
stellarmass black hole a

LIT Tiral |.' .."'.h | ||||. octween 1
Appe ar to emmit 10 ergs PET Hr'l:'-:er'I.

Astronomers have tried to rule out beamin
other || b
intermediate

Goddard

g for several
would push their black holes into the
Richard Mushotzky (NASA/
Space Flight Center and his collaborators used
archival data from the Very Large Array and found radio
halos ar ral ULXs. All these sources exhibit uni

form, round glows, bearing n
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o obvious signs of beaming.
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the first of these results, on a source in the galaxy Holm-
berg II. “If there’s a jet there, it's totally different from any-
thing we have ever seen,” says Mushotzky.

But King insists that such results don't completely rule
out beaming. The uniform glow could be the result of a
spherical wind emanating from the black hole that blows a
large bubble in the surrounding gas. Such bubbles have
been seen around several ULXs, including M52 X1, and
the sizes of these structures can exceed those of supernova
remnants. As King explains, “A black hole that's trying to
acerete at its upper imit will blow out a lot of material "

Other Lines of Attack
Observers would prefer to obtain direct mass measure-
ments by tracking the orbits of binary companions. Most
ULXs probably have stellar companions that were captured
by the black hole's gravity, with the star being the source of
acereted matter that makes the black hole visible in the first
place. For example, recent observations by Philip Kaaret
(University of Iowa) and two colleagues with NASA's Rossi
X-ray Timing Explorer satellite indicate that M82 X-1 has an
evolved companion star on a 62-day orbit

Observers have tried to measure Doppler shifts derived
trom spectra of these binaries — the same method astrono
mers have used to detect extrasolar planets. But finding
npl:'u:a] counterparts to such distant K-ray SOUTCES |5 pmb-
lematic at best. If an observer tries to overlap Chandra and
Hubble shots of the same swath of sky and match up point-
like sources, the pairing is subject to a 1-arcsecond angular
error, and in that diameter one usually finds several stars
for each X-ray source. Astronomers have tried to single out
a star '!'I'“I'I an |.i.]'|:'|]'-i|.|.1| I-|FII!"‘I'|T|]'I'I! T ONE ¥ ':!'I‘. ] 2= 'ﬁ'HFiA]:Il I'.:r'
C{}rﬁ:lﬂ‘t':i- o thﬂ.f I_I-[- ||'|.t_" x-l_'.;.:n source, out 1Il_"|-".' COUNIVINCIIE
optical counterparts have yet been tound. *We have a
grand total of two," says Mushotzky, and no one has man
aged to detect orbital motion in either object. Despite the
lack of conclusive results so far, this method could some
day prove that at least some ULXs harbor IMBHs.

Astronomers have also pursued various indirect lines of
attack to estimate ULX masses. One idea is to compare ULX
5p-r|:‘!m| features or Hme-varation pattérns to similar prop-
erties of better-known X-ray sources. The luminosity of an
AcCchclion "_‘II':I\ ‘.-I.i.ll”JIIlfIi.:'II_.." 4 f‘]':'lldl Mass |Z-|d{'k hole is
“quasi-periodic,” meaning it flickers at not-quite-periodic

intervals as orbiting blobs of hot gas disappear behind the
black hole and then reappear. The timing of these oscilla-
tions is indicative of orbital periods, so they should correlate
roughly with the black hole's mass. Mushotzky and Tod
Strohmayer (also at NASA/Goddard| found that M82 X1's
quasi-periodic behavior stretches over long imtervals, indi-
cating an intermediate mass for the black hole. But mass
estimates of other ULXs remain more controversial.

An entirely different confirmation of intermediate-mass
black holes could come from gravitational waves. Cole
Miller (University of Maryland] calculates that a star merg-
ing with an IMBH, two colliding IMBHs, or an IMBH talling
into a supermassive black hole would produce intense
waves with a recognizable signature. If one of these rare
events takes place close enough to our galaxy (within a few
million light-years for the first type of event, a few billion
light-vears for the latter two), future ground-based observa-
tories and the planned NASA/ESA Laser Interferometer
Space Antenna will pick them up

Birth of a Middleweight

While observers busily dissect ultraluminous X-ray sources,
theorists have tried to concoct plausible mechanisms tor
IMBH formation. In principle, a stellar-mass black hole
could swallow gas from its vicinity until it accretes hun-
d.f'l'dfp OT ttlﬁlubdlld": l.'l]- "'-”!..i.r MasSEs. B'.i‘l Ml”t"r 1.':'I.tli.'L|.].l.tEh
that a stellar-mass black hole would take longer than the age
of the observable universe to grow to midsize. “The ones
that might be 1,000 solar masses should have a qualitatively
ditterent history” he says.

One possibility is that the early universe was populated
:':l"r IMEeFastars IZ":II'!1|1II!II'II|: I""il'!'l-:'l.""!'l'i'-l l'h.'l' ‘.ﬂ!..:lr MAs5ES TI'I'!"
mast massive of these so-called Fu]pull.umn 1 stars would
have lived extremely short lives. With no elements heavier
than hydrogen and helium, such massive stars behaved dit-
:.ifi'.'l'!'.l:-' 1:T‘=ll'l'f stars in rI'It' I'I'Il.l-.'l.l:"'rr'l dﬂ.'ﬁ anmverse. At 1|";lf" f"l!'ll.'.f"-\-
of their lives, their cores :rml:apz-:-d inta black holes with
several hundred solar masses. As the universe's chemical
composition changed, such massive stars might no longer
form. But the black-hole remnants of the original popula-
tion might still be around today

IMBHs could also be forming today in dense, young star
clusters. Observational support tor this idea comes from the
tact that most of the 200 known ULXs inhabit star-forming

Shy B Telescope
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B 0 new breed of black hole

BIRTH OF AN IMBH
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regions. For example, 18 have been identitied in the Anten
nae [NGC 4038 and 4039), a pair of colliding galaxies that is
';i_':l:a'ul'lu"l'!_]l"l_ﬂ ENOrmyaaLs I'II.'.]'I'I|:'II':"-. --f NEW S5Tars in l:‘II'I'I"":' l.'..l.: A -]
In these crowded systems, stellar collisions eould be fre-
qut[‘l[ I:'I'I_I:II_IE_'.H o 1o X1 rl"!l:lt'l:\ MAassIve STArs '||i..":i-.JL!|'.
runaway mergers. In simulations using the University of
Tokyo's astrophysics supercomputer GRAPE-6, a group led
b:,r Simon I"l'_lrl:l'_"gj{“_- Zwart {University of Amsterdam,
Netherlands) showed that under certain conditions,
rnnug]': stars could merge in a cluster's center to form a
megastar of 800 to 3,000 solar masses, which would col-
lapse quickly to form a black hole of similar mass (S&T:
Pﬂ.lg'ust 2004, page 200, “The entire process takes about 3
million years, which is very short,” says Portegies Zwart.
His team followed the evolution of “virtual” clusters con-
taining as many as 600,000 stars and showed that only very
ﬁpl:::lal clusters — similar in size and l]-t'[1!~.i|:_'|.' to the one
containing MB2 X-1 — would produce a runaway merger.
The simulations of larger or smaller clusters having similar
density — like a ULX-free group in M82 — failed to produce
megastars. If no megastars form, no IMBHs form. In a
recent paper, M. Atakan Giirkan (now at Sabanci University,
Turkey) and two colleagues report that their computer sim
ulations usually result in binary IMBHs, whose two compo-
nents merge within a billion years
Once an IMBH forms, it interacts gravitationally with
other stars in ifs home galaxy, boosting their velocities
This interaction, in turn, slows an IMBH’s orbital velocity,
causing it to sink toward the galaxy's core, where it will
eventually merge with the central monster. “Supermassive
black holes in normal spiral galaxies would grow by accret-
ing intermediate-mass black holes” says Junichiro Makino
[University of Tokyo), one of Portegies Zwart's collaborators,
Dense star clusters probably formed in enormous numbers
in the early universe. These clusters must have collided
constantly with one another, leading to IMBH mergers that
eventually produced supermassive black holes, “There is

thot there is o steody populotion of sev

the enticing prospect that by looking at ULXs and dense
star clusters now, we are getting an idea of what conditions
were like in the good old days " says Miller. “Then, by
extrapolation, we might learn more about where we come
irom. and the role of black holes in cosmic evolution.”

Desperately Needing Data

Despite the 200 known ULXs, skeptics are still unconvinced
there's enough evidence to justify a new breed of black
hale. After all, most ULXs could turn out to be unusually
luminous X-ray binaries with stellar-mass black holes.
Smaller IMBH candidates could have formed through ordi-
nary stellar evolution and accretion. Plotting the number of
X-ray sources of any given brightness results in a smooth
curve, from ordinary X-ray binaries to the ULXs. *This sug:
gests [the ULXs] are part of the same population of stellar-
mass objects, but in an unusual phase” says King

On the other end of the scale, the heaviest IMBHs could
represent the low end of the supermassive category. King
suggests that M82 X1, which is 600 light-years from its
galaxy’s center, might be the former nucleus of a smaller
galaxy that merged with M82 in relatively recent times
Observations of galaxy cores show a correlation between
black-hole masses and the spheroidal components of their
host galaxies, so low-mass galaxies are expected to have
relatively low-mass central black holes,

Only more data can scttle the debate. 5o far, evidence for
IMBHs is strong in a dozen cases if you ask Mushotzky, a
half-dozen if you ask Miller, and just one if you ask King,
Miller thinks it's very likely that these midsize black holes are
still forming today. “T would bet a very good dinner on this
fact,” he says. But he concedes that he might end up picking
up the check. *These things are far away, which means it's
difficult to get really good evidence one way or the other.” »

Freelance science writer Davine CasTELVECCHI is a Web editor at
the American Instituli |:-_.*' ]'n'lysr'r:c.
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Milky Way's central block hole by trocking
the motions of stars o 0 popu
lotion of IMBEHS could help explain why there
LT S0 MOy young stors in the |:|I_]I[i[_[i-l' COoe,
where extreme tidal forces should rip oport
the gos clouds from which stors form (Jlonuary
issue, page 24). If the stars formed forther
out, where tidol forces ore less extreme,
IMBHs could shepherd them inward, “The
observations of possible young clusters of
stors in the goloctic center, which appear

te need IMBHs to be there, are very exciting
indeed,” says Ghex.
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rambling through the skies

by e. c. krupp

Fooled by the Moon

APRIL FOOLS' DAY arrived in February for Apollo 14 astro
nauts Alan Shepard and Edgar Mitchell. Disoriented by the
absence of distinet landmarks and unable to assess distances
a-u:{‘uratcl:.' in the alien environment of the Moon, rh:g.-
couldn't find the rim of Cone Crater in the Fra Mauro high
lands as they explored the lunar surface in 1971. Although

they negotiated the erater's slope for more than
The Moon

an hour and H.E'Tl.]:'l.“:.-' :tppm:ln:'hr.d within 20

- meters (65 feet) of its lip, the astronauts didn't

sometimes .

now exactly where they were and had to return
mﬂ.k e85 118 to the lunar module before achieving their goal.,

. 't Earth's atmosphere cues us to distance

thlﬂk Its through softening the appearance and altering
’CIGEEI' thﬁﬂ the color of the distant horizon, but the airless
]t iEr iﬂ Moon doesn't offer the same hints. In Cone

Crater's vicinity, Shepard explained, *It's so

trl-,rs'ra] clear up here it just looks a lot closer

than it is."
Here on Earth, too, the Moon sometimes fools us into
thinking it's closer than it is. Nearly everyone has noticed
that the Moon looks bigger along the horizon than when
it's high in the sky. Rising or setting with the illusion of a
larger size, it cons us into believing that it's nearer to us.

Actually, the Moon is a little farther away when it appears
on the horizon. As Earth's rotation lifts the Moon’s position
higher in the sky, our separation diminishes slightly, but the
change is too small to notice. For all practical purposes, the
angular size of the Moon remains the same each night
whether it's measured near the horizon or well above it.
The Greek philosopher Aris-

totle wrote the oldest known
account of the Moon's horizon
intrigue in the 4th century BC.
The air, he asserted in Meteor-
ology, magnifies the Moon. He
must have let the air out of
that explanation, however, for
later in On Semse and the Sensibie
he disputed the idea. Other
ancient authorities, like Posi
donius in the 2nd century BC,
also attributed lunar enlarge

reality.

MOCK MODN This Moon illusion
wid pr:’:-:]ul.'E'd not in notwre oul 0N
the darkroom. A real Moon this lorge
over San Francisca's Telegroph Hill
and Coit Tower would be more thon
an illusion — it would be o disosler
Mailed in 1578, this postcord olso
flips the lunar disk, showing an

impossibly reversed foce

Tefegraph

LUNAR EXPRESS Becouse the
Moon looks bigger near the hari-
ron, it seems closer ond even
within reach, In The Way of the
Soul, ortist William Thomas
Hartan ollows the Moon to pick
up o possenger, llustrotion from
Art Nouweau Graphics,

T. Walters, ed. [1971).

ment to atmospheric op-

tics, Earth's atmosphere does alter the appearance of the
Moon, but it flattens the disk through refraction. It doesn't
magnify the Moon.

Today the Moaon illusion is usually explained as a conse-
quence of the eve and brain comparing the lunar disk with
adjacent terrestrial references — like trees, buildings, or
mountain peaks. When the Moon is elevated, those famil-
iar horizon features fall away, and the illusion fails.

Although we are afflicted by misperception when the
Moon is low, we have a cure, Turn your back to that hori-
zon-huge Moon, bhend over. and look at it between your
legs. In this posture the Moon doesn't loom as large as you
left it when you were still respectably right-side up. It
shrinks for your inverted eye, allegedly because the up-
turned landscape no longer looks so familiar.

This explanation is neither suificient nor necessary.
When the Moon floats upon the open sea without nearby
landmarks, it still looks big. Those who have thought more

ill and Coft Tower, San Froncisco, Califernia

Shy & Telescope Agwil 2000 &3




M rambling through the skies

THE NEAR SKY As clouds recede on this South Pocific horizor
tive ond foreshortening create the illusion of o attenad sky

« PETSREC-

carefully, and in many positions, about how we perceive
the Moon's disk insist that there's more to the SLOTY.

In The Mystery of the Moon [insion (Oxtord University
Press, 2002), two academic psychologists, Helen Ross and
Cornelis F'iug. remind us that the size illusion distorts oth-
er things in the sky. The Sun looks enlarged near the hori
zon, and familiar star patterns, like Orion and the Big Dip-
per, also project a greater profile. So whatever is fooling
people, it affects more than just the Moon

In their comprehensive catalog and eritical review of
Moon-illusion research, Ross and Plug assess exactly how
much larger the Moon appears on the horizon and indicate
that most people feel that the Moon looks about 50 percent
larger when it hugs the landscape. Keeping the company of
familiar references and being visible over recognizable ter
rain are, they say, part of the Moon's trick. But the Moon's
misdirection also relies on three additional tactics: the
armosphere’s ability to alter the color and clarity of more

distant scenery, the eye’s and brain's response to lifted sight-

line and adjusted posture, and our perception of the sky as
a flattened vault.

BEFORE PERRY
COMD Sheat misi

fools us in April with

JHINE ON.
[ARVEST MOON

a seasonally incor-
rocl Horvest Moon
and reinforces the
romance of the Moon
illusion with o silhou
etted couple dworfed
by the lunar light
Norg Boyes and Jock
Narwarth composed

the song im 1%9a

Sky & Telescope

When we locate and map celestial objects, we imagine
the sky to be a hemispherical dome, but we actually per
ceive it differently, The horizon usually seems o be farther
away tran the ot directly averhead. Some |Z-L'L'p]'.‘3‘ claim
that wi |i|!l.lI||"|.'||l|.|'“||_'|" conclude that the Moon is closer to
us when it is high and farther when it is low. Because it ac-
tually has the same angular size in both locations, we make
the lower, farther Moon bigger in our mind's eye. This is
said to compensate for our sense that the same Moon is
farther away. Our eyes “see” that it's the same size, but our
brain “knows® that it's more distant. It should appear
smaller, but it doesn’t. So our brain tells us that it has to be
bigger to be the same size, and this is what we see.

Ross and Plug regard the effart to understand the Moon
illusion via a flattened-dome sky as a fool's errand, but
since we do see the sky that way they acknowledge that the
flat-sky illusion deserves an explanation.

In an article published in the September 2001 Griffith Ob-
serper, astronomer Arthur Young allied the Moon illusion
with our unconscious inference of a flattened sky, and his
explanation for the flattened shape seems promising. Ac-
cording 1o Young, clouds form our sense of the horizon’s
distance. Although the clouds on the horizon are roughly
50 times farther away than those
overhead, their geometric regularity,
physical uniformity, and altitude al
low foreshortening to fool us into
thinking that the cloud horizon is
closer than it is — only six times far
ther than the zenith, according to
Young's caleulations.

Others have also looked at clouds
from both sides. As early as the 17th
century, Dutch astronomer Christiaan
Huygens recalled the sky's illusions
when describing that things overhead
seem “to be no tarther away than the
clouds that float above our heads.” He
added, "So now when two bodics of
equal magnitude cover the same visu-
al angle, we always judge as larger the
ane taken to be farther away”

gtill. our effort to understand the
Maoon illusion has not diminished
our expectations. We are so primed

MNEVER JUDGE A
BOOKBY ... The
cower of the most high:
ly occloimed book on
the Moon illusion ap-
propriotely inflates the
WMoon larger than life,
but it also incorrectly
reverses it left to nght.
to sec a big Moon rising that we're
easy marks for the fabricators who use Adobe Photoshop to
paste OVErsiZe Moons onto tourist |.‘.-|‘|'-'.t|:'ELl'l:|‘i. Years ago,
Fritz Leiber, one of America's most literate science-fiction
and fantasy writers, and I regularly exchanged postcards
featuring errant Moons — sometimes too large, often back-
ward, and usually both

Even those most attuned to the illusions of the Moon
can't always avoid moonshine. The huge Moon that moon-
lights the dust jacket of The Muystery of the Moon Hlusion is a
wrong-way Moon that turns the sky inside out. No Moon is
toolproot. =

E. C. Kruer rushes in and fools around with the Moon at Griffith

5 ]
Oipserpeatory i Los ANQEEs.
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[t's not only

the closest star
ot its type; it’s
spinning so tast
that it's almost
flying apart.

h

]

e

il

Secretsofthe Lion’s

Sing a song of bright stars, a pocketful of light

Twenty in the 1st magnitude, and all of them are bright

I WROTE THOSE LINES, in imitation of a well-known nurs
ery thyme, when | was around seven years old and first
Imrninq about the very brightest stars My passion tor
the brightest stars hasn't dimmed; in fact, I'm writing a
book about them. But some of vou
may have noticed a factual mistake in
my little verse. It by “1st magnituds
we mean all stars brighter than magni
tude 1.50, then I should have written
“twenty-one.”

As it turns out, the 215t brightest star
in the night sky, though the least of the
1 st-magnitude family, is far from being
the least interesting. The star is Repu

. lus, in kingly Leo.

The hemisphere of evening sky on the facing page, drawn
for 40° north latitude, contains 11 of the 15 stars shining at
15t magnitude and brighter that can ever be seen trom this
latitude. But only Regulus lies near the sky's north-south
meridian on April evenings. This star has been associated
with royalty throughout history. It's also famous as the
bright star closest to the ecliptic and thus the one that most
often has close conjunetions with planets

What isn't so famous is its fascinating physical nature

THE CLOSEST MAIM-SEQUENCE B STAR. Regulus is 350 times
as luminous as the Sun and 3.4 times as massive. It is not,

L
Regulus

Regal Regulus, highlighting the
Lion stalking across the spring
sky, is shaped not hike o ball buk

like o spinning raindrop

&1 Shy & Telescope

Oblote
REgqus B e mGmETS
psing o '!I_J
boseline optical
interferometry
(5&T: Moy
2003, page 30)
recently meas-
ured the size
ond shope of
Regulus directly,

however, a giant or supergiant. It's an unevolved, main-
sequence star like the Sun, still shining by converting hy
drogen to helium in its core, And art a distance of 77 light
years, Re gulus is the closest main-sequence star of the hot
spectral type B.

Previous investigations of Regulus put s surface tem-
perature at 12,000 kelvins [compared to the Sun's 5770 &)
and its diameter at 3.5 times the Sun's. But in a 2005 study,
Harold McAlister of Georgia State University and his col
leagues found (by actual measurements using interferome
try) that Regulus is not round but oblate. Its equatorial
diameter is 4.15 times the Sun's, and its polar diameter is
3.15 times. What's more, the polar temperature is 15,400 K,
while the equatorial temperature is only 10,300 K. 5ince
brightness scales as the fourth power of temperature, the
surface of Regulus at its equator produces only 20 percent
as much light per square meter as the surface at the poles.

Vhy is Repnlus so flattened? Like many B stars, Regulus
is a fast rotator. It spins once every 15.9 hours, compared to
the Sun's 26 days or so. Its equatorial rotation velocity 1s
about 315 kilometers per second, 160 times faster than the
Sun's, and about 86 percent of the speed at which Regulus
would start to fly apart
only hot 1st-magnitude star known to
he flattened by fast rotation. The equatorial diameter of

Regulus isn't the

Regulus is 32 percent greater than its polar diameter. That's

mare than the flattening of the A7 star Altair (14 percent)

but less than that of the B3 star Achernar (56 percent).

Fast rotation also explains why past estimates of Regu-

pectral lines,

lus's age, based on the appearance of its s

made it a |.-|-Z¢’.!..'I'_' three times older than its COMPAnion

gtars, Atter we compensate 1or the ettect of the tast rotation

and ditfering surtace temperature 5 should be the

SAMe age as the Companians abont 50 million vears old,

Nnail ' ITHEITE I| aTl 1 pErcent as ..I.- - Ur S0, =

| = Fandk o -
FRED SCHAAT OEICOMES MR G TSCHLdeaot, com
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Using the Star Chart

WHEN

Lote April Dusk
Early Apri 10 p.m.*
Lote March 10 p.m.
Eorly March 1p.m

Lote February  Midnight
*Daylight-saving time,

HOW

Go outside within an hour
or s0 of o time listed nbove.
Hold the mop out in front of
you ond turn it around so
the label for the direction
you're focing (such os west
or northeast) is right-side
up. The curved edge repre-
sents the harizon, ond the
stors above it on the map
now match the stars in front
of vou in the sky. The center
of the map is the zenith,
the point in the sky directly
overhead. Ignore oll the
parts of the mop obove
horizons you're not facing.

Exomple: Turn the mop
aground 50 “Focing Eost™ is
right-side up., Almost
halfway from there to the
map's center (the zenith)
is bright, yellow-oraonge
Arcturus. Go out, foce eost,
ond look nearly halfway
from horizontal to straight
up. There's Arcturus!

MNote: Mars, Soturn, ond
Jupiter are positioned for
mid-April. Also, the map 15
plotted for 407 north
otitude (for example, Den-
wver, New York, Madrid). If
you're for south of there,
stars in the southern port
of the sky will be higher
and stors in the north
lower. Far north of 40° the
reverse is true,

ONLINE

You can get a sky chort
customized for your
location ot ony time ot
SkyondTelescope.com/
observing/skychart

The Beehive Cluster

ALTHOUGH CANCER is a dim constellation, it contains one of the
northern sky's best binocular sights: M44, otherwise known as
the Beehive Cluster. It's a partieularly fine target for city-bound
binocular observers. The cluster’s 10 brightest stars shine at 7th
magnitude or brighter and are sprinkled evenly across more than
1° of sky. With a little care, another dozen cluster stars can be
made out with steadily held 10 » 50 binoculars. M44 is an impres-
sive sight made all the more striking by its relatively barren sur-
roundings. Unlike so many of the winter clusters now slipping
into the west, the Beehive isn't set against a rich background of
Milky Way stars

Whenever [ view the cluster 1 see a lopsided box, looking like
a miniature of the constellation Corvus, surrounded by a ring of
stars. The overall appearance strikes me as less like a bechive
than a celestial crab — the box is the body, and the ring stars mark
the tips of the crustacean’s legs and pincers. But it"s all too easy
to draw patterns in the sky. Perhaps my imagination is simply
making a subconscious connection between the cluster and its
constellation.

M44 is situated on the ecliptic, so it's frequently visited by the
Moon and plancts. Last February Saturn became the brightest bee
n the hive when it skirted the grouping’s southern edge — a teat
t will repeat in June. And in the middle of that month, Mars wil

pass through the heart of the cluster just as Saturn makes its exit,

£ MEnuy motions o EII'-.-! NANETS Wl NakeE TOr an &xXciting
Tl ghitl t f 1 | 1l k i

binocular show!
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NGC 3532: Best of the Best?

NO LESS AN OBSERVER than John Herschel declared NGC 3532 "a
glorious cluster” and “the most brilliant objeet of the kind I have
ever seen” Nicolas-Louis de Lacaille uncovered this gem in 1752
in his feeble Y:-inch, 8x refractor while in South Africa. Even in
this diminutive instrument he noted “a prodigious number of
faint stars.” For my part, I can only add that it is quite simply one
nf !'I'H.'. h{"ET I'I-PFTI E'l'l]ﬁT{‘T'i. in rl'lll_"' ‘:l!'II_ITI'Il_"""']'I. Sk'rl.l'

Located in Carina in the same rich Milky Way binocular field as
the mighty Eta (n) Carinae nebula, NGC 3532 {also listed as Cald
well 91} is an obvious hazy spot to the naked eye even when
viewed under suburban skies. The cluster is a very
rich qa'rhﬂim: that contains more than 600 true
cluster members and lies relatively nearby — only
about 1,300 light-years distant.

Many open clusters exhibit a kind of sameness in
binoculars and appear as simply a milky spot with a
handful of embers sewn in. Not NGC 3532. Even my 10 = 50 binoc
ulars show at least 35 individual stars between 6th and &th magni
tude set against a hazy background. The cluster is clearly elongated
in an east-west orientation and spans just a [ittle more than 1

When 1 use my 15 » 70 binoculars, about 60 stars can be seen
along with an oval-shaped, denser region near the cluster’s center.
Two yellow suns stand out clearly from the crowd. The brighter
one on the cluster’s southeastern edge is 6th mamitude, while
the other iz a little fainter and marks the east end of the central
swarm. The outer arcas of the cluster contain Many curved chains
of stars that seem to anchor this gem to a profuse Milky Way field
that in itself is almost beyond compare
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Using the Stor Chort
WHEN

Late April T p.m.
Early April & p.m.
Laote March 9 p.m.
Early March 10 p.m.

Late February 11 p.m.
These are stonderd times.

HOW

G0 outside within an hour
or 50 of o time listed obove.
Hald the map out in front of
you and turn it oround so
the lobel for the direction
you're focing (such os west
ar northeast) is right-side
up. The curved edge repre-
sents the horizon, ond the
stars obove it on the map
now match the stars in
front of you in the sky. The
center of the map is the
tenith, the point in the sky
directly overhead.

Exomple: Turn the map
argund slightly so the label
"Focing SW" is right-side
up. About one-third of the
way from there to the mop's
center (the zenith) is the
bright star Achernar. Go out,
foce southwest, and look
obout one-third of the way
from horizontol to stroight
up. There's Achernar!

Note: Mars, Saturn, and Ju-
piter are positioned for mid-
April. The map is plotted
for 35° south lotitude [for
example, Sydney, Buenos
Aires, Cope Town). If you're
far north of there, stars in
the northern part of the sky
will be higher and stors in
the south lower, Far south
of 357 the reverse is true.

ONLINE

fou con gel a sky chart
customized for youe
location at any time ot
SkyandTelescope.com/
observing/skychart
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Temr marf this

April evenings
i].‘l th'E Sﬂuthﬁrﬂ what is known as the Orion Arm
Hemisphere are
a fine time to
eruse our
ome galaxy.

5u|:|thern hemisphere’s sky | by greg bryant I ﬁ
|";h

Sailing Along the Galactic Plane

DURING APRIL EVENINGS our autumn sky is split from
northwest to southeast by the Milky Way's luminous band
arching across the heavens' vault. We see it this way be
cause we are located within the galactic plane (a mere 20
light-years above it in the direction of the galactic north
pole), so it appears to encircle us in the sky. Some 28,000
light-years from the galactic center, or
roughly a third of the way from the
center to the outer edge, we are within

The galactic equator, tilted about 63
by our celestial equator, passes thmugh
27 of the sky’s B8 constellations. The
galaxy’'s center [galactic longitude 0°) is
in Sagittarius, which will be rising in a
tew hours. The "anticenter,” 180° away,
lies in Auriga near the Taurus border
east of Beta (B) Taurl, low in the northwest sky.

During April evenings we can easily trace the path of the
galactic plane across the sky. From Auriga and Taurus, it
elimbs through Gemini, Orion, and Monoceros. Continuing
on across Canis Major and Puppis, it passes into Vela, which
is culminating just south of the zenith. Exiting Vela, the
galactic plane sweeps through Carina, Centaurus, Crux, and
Circinus before reaching the southeastern horizon and the

Arching across the Southern Hemisphere's Apeil evening sky, the Milky
Waoy's luminous band defines the plone of our home golaxy, It appears
prominently in this south circumpolar siar-troil phatogroph.

constellations Norma and Ara

Were we to divide the galactic plane into quadrants, the
galactic center and anticenter would be key points. Accord-
ingly, so would longitude 90° {which lies in Cygnus near
Deneb, rising before dawn at this time of year) and 270" in
Vela near 4th-magnitude ¢ Velorum. There are two other
notable 4th-magnitude stars on the galactic equator in Vela:
d Velorum and Phi (¢) Velorum. This trio of naked-eye stars
shows us the route of the galactic equator across Vela, Of
the 27 constellations through which the Milky Way’s equa-
torial plane passes, only one — the far northern constella-
tion Cassiopeia — hosts a greater stretch than Vela.

Despite being just one part of the now-defunct donstella-
tion Argo Navis (and thus having no Alpha or Beta star,
because these stars ended up being part of neighboring
Carina), Vela still enjoys its fair share of bright stars. South
of the galactic plane there are 1.8-magnitude Gamma (¥,
1.¢-magnitude Delta (), and 2.2 magnitude Kappa (x), while
2.5-magnitude Lambda (4) is north of the plane. Vela formed
the sails of the ancient Argo Navis, and we can make nice
triangular sail-like shapes with the stars Lambda, Kappa,
and Delta, as well as Lambda, Delta, and Gamma. The east-
ern half of Vela appears less luminous, with l.?-ll]ﬂ.gl‘litlidr
Mu [p) Velorum being the brightest star.

Delta Velorum leads us to the open cluster IC 2391, visi-
ble to the naked eye as a dim patch. Within it we see 4th-
magnitude Omicron (o] Velorum, and that’s why this group-
ing is also known as the Omicron Velorum Cluster. IC 2391
is a member of a recently discovered moving group of young
stars. Known as “Carina-Vela,” this association is
not gravitationally bound but rather has a common
I'IIFI.L'iEI in One or more |.].1 !.;lf ||]li|||:'..'Li||].J' 1."|.l..||l'_:|'5|. T?'IC'.'IE'
groups have similar motion as they orbit our galaxy,
though over time the individual stars will disperse

Vela is home to a reasonably bright binocular
globular cluster, 7th-magnitude NGC 3201. Ta find
it, draw a line from Mu Velorum to q Velofum.
You'll see NGC 3201 to the west of the line's halfway
point. Discovered by James Dunlop in 1826 during
the course of his survey of the southern sky from
Parramatta, New South Wales, NGC 3201 is some-
what less condensed as globulars go. Astronomers
have found thar this cluster orbits the Milky Way in
the direction opposite to virtually everything else in
our galaxy. Going against the current of stars and
fellow clusters revolving around the galactic center,
NGC 3201 is just one of the surprising delights that
can be found on a vovage among the star fields of
our autumn Milky Way, =

Contributing editor GReG BRyant can be reached at prep@

1
dustzeydandicl.com.au
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After viewing
Saturn near
the Beehive,
check out
Mars near

Planets Flirt with Star Clusters

APRIL OFFERS U5 three evening plan
e1s. As tw -||t_{'1r rades, Saturn comes
Into view I'IiL'|'l n the south and dim
mer Mars appears high in the west,
Later in.the evening, Jupiter climbs
it view inthe south
cast, And Venus
tlames low in the east
ern sky at dawn.
promi

i
nent high in the west

Mors 15 stil

after dusk. It progres:
es from Taurus into

[h{‘ THHI{}UH the teet of Gemin

cluster M35.

5

during April, fading
rrom about the mten
sity of Pollux to that
of ¢astor. Even by month's end, Mars
doesn't set until after midnight {day
light-saving tims

Watch Mars start the month between
Beta
.=r.-|_1,- bright stars that mark the long
T

golden orange planet moves on, reach

() and Zeta [{) Tauri, the moder-
hom tips of Taurus, the Bull

ing its most northerly point in the
heavens on April 12th. A special treat
awaits skywatchers on the evening of
the 17th, when binoculars and sma
telescopes show the planet only
trom the center of

cluster M 15,

the sprawling star

"~.|'|' ACTSS

Shy positions. [n 5un, Moon, ond Planets, most
descriptions thot relofe to your ROFZON O renith —
including directions like up, down, right, and left — ore
written for skywatchers in the world's mid-northern
latitwdes. Confguerations of the Moon with specif
plonets are o speciol cose because they also depend
on longitude, and these ore given for North Americe
{except as noted otherwise]

Times, In Morth America, Eastern Doylight Time (EOT)
eguals Universal Time (UT ar GMT) minus & hours
Pacific Doylight Time (FOT) equals UT minus 7 howrs

Angles on the sky. Conjunctions are often describer

the angulor separation of the planets involved. To

maoke sense of these values, remember thot the Moo

always ap phoul gcross (but it is exoggenat-
¥ I RFEE T an aur charts, Tor clanty). 1o
Azt held ot arm’s length spons ooout 107, while the
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Mars, already tiny, shrinks even
& 'I.I”l il I :'\-|'|||I- 5 wWeek :::.' WEEK,
and on April 3Cth it’s only 5 across

the sightly gibbous

That CYVCNIE
planet is from the 3.1-magnituds

star Epsilon (¢) Geminoram, also
known as Mebsuta, Thi Iy Years ago
this month, Mars occulted Mebsuta in
a spectacular event that was wide Iy
observed in amateur telescopes across
the eastern LIS

Soturn shines sedate and golden
high im the south in Cancer. It fades
only slightly in April, from magnitude
£2.1 10 +20.3. The ringed world halts its
retrograde motion [movement west
ward relative to the stars) on April 5th
and spends the rest of the month be-
ginning an eastward creep back to
ward Md4, the Beehive Star Cluster,
easily seen in binoculars. The gap be
tween Saturn and M44 closes from 3

y 2 luring April

Mar 31-Apr 3

Al = ereming

April 2006
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This spring offers the last opportu
nity until 2013 to see Saturn’s rings
tilted anywhere near as much as 20°
from edgewise. Although Saturn does
not set until about 3 a.m., the steadi-
est, crispest view of it in telescopes
will come in the early evening, when

=]

the |_'l|.|,||r_'| is still high. Saturn reaches
eastern guadrature [90° east of the
Sun) on April 25th, so this month the

April 5-6

Shortly after dark

Looking very high toward SW




Soturn t_.-l-""" December
Mars solstice
March aeptember
Bguino T pQuinae
\ " . S A
A
Eorth = = Mercury o
= Uranus
Yenus
Jupiter hiné "
" slstice Neptune
Pluto
L]

The curved arrows indicote each planet’s movement during the month, os if you
were looking down on the inner solar systam from the constellation Cphivchus

globe casts its shadow farthest to the
side onto the rings (see page 54), creat
ing the greatest appearance of depth
and dimensionality.

Jupiter starts April rising an hour
after the end of evening twilight, but
it comes up earlier and earlier each
week. As soon ‘as the king of planets
clears horizon obstructions in the
east-southeast, it grabs the attention
of any skywatcher. Late in the month,
notice that Jupiter passes about 1
north of the wide double star Alpha
(o) Librae, or Zubenelgenubi. Tele-
scopic views of Jupiter during April
are best in the middle of the night,

April 12-14

when the planet has gotten at least
moderately high.

Plute i5 in Serpens high in the south
bﬂft_'.l'l'{" d.a.'l.'ﬁl'l'l., I:I-L'IT miost F\-{'.i:k.["fﬁ l:li: tJ'I]':-
dim world will wait a few months for
it to get high at a more convenient
hfll.]]'.

Neptune is still deep in the glow of
dawn.

Venus is a shout of light when it rises
in the east around the time of dawn's
tirst gleaming in April. The planet is
just past its March 25th greatest elon-
gation from the Sun. Nevertheless, it's
less than 20° high at sunrise tor ob-
servers around latitude 40° north in
April, and its blaze dims a little during
April as its globe shrinks to less than
20" wide.

A fairly difficult but fascinating op-
portunity for telescope users occurs
betore dawn in the Americas on April
18th: to see the tiny 6th-magnitude
planet Uranus, glowing as a pale blue
green dot, only ¢.3° south of Venus!
The latter is slightly more than half lit.

Mercury reaches greatest elongation
of 28° from the Sun on April 8th, but
tor observers at mid-northern lati
tudes it's buried deep in the glow of
dawn. Look for it about 30 minutes
before sunrise just above the eastern
horizon all month, well to the lower
lett of Venus. This is a very poor ap-
parition for those of us living well
north of the equator, but a superb one
tor southern lands. For example, Mer
cury is some 26° high by sunrise for
observers around latitude 35° south.

The Moon is a lovely crescent on the
evening of April 1st. It passes through

April Events of Nete

——r

1 The crescent Moon occults the
Pleindes for eostern ond central Mosth
Americo (see poge 61).

—

1 Look for osteroid 4 Vesto {mag. 7.9)
abaut 25" north of 37 Geminarum
tonight.

& First-quarter Moon (8:01 o.m. EOT). #
Slow-moving Neptune is just 257 south
of o stor nearly as bright, SA0 164387,
ot 3* UT; find the poir 1.9° narth-narth-
east of « Copricomi.

T Mercury reaches greatest illumingted
extent, 23 squore arcseconds.

8 Mercury stonds ot greotest elongotion,
28* west of the Sun in the morning sky.

13 Full Moon (12:40 p.m. EDOT).

17 Mars is ¥ north of the center of the
opei star cluster M35 in Gemini.

18 Mear 10" UT, Venus ond Uranus ore
just 18" apart,

20 Lost-quorter Moon (11:28 p.m. EDT).

22 Lyrid meteors peok before down.

25 Satuen is 90° enst of the Sun.

27 Mew Moon [3:44 p.m. EOT],

the Pleiades for viewers in castern and
central North America, causing many
occultations as deseribed on page 61.
After 51\'1:!.in:.; past first quarter, the
Moon appears a few degrees from
Mars on April 3rd and trom Saturn on
April 6th. The Moon is just past full
when it rises about 7° to the right of
J:]IJ“F'I al 1|H' I"rll_:. I'If CYEMINg 1'."|.'|||L[|]1
on April 14th

On April 24th, the waning lunar
crescent is only a few degrees right of
Venus at dawn, then oecults Venus in
the daytime for observers in southern
and eastern 5outh America. Venus dis
appears and reappears at these Univer
sal Times: Santiago (Chile], 12:41,
14:04; Rio de Janeiro, 13:53, 15:01;
Buenos Aires, 13:03, 14:20; Tierra del
Fuego, 12:41, 13:28

Observers i _|.||_'|.||'| Can try to spot
an extremely thin crescent Moon, 14

hours old, on the evening of the 28th.
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B sun, moon, and plonets

Sun and Planets, April 2006 Mercury

Al Declinalios

Sun st

30th

w4 20

#1647 Al

Mercury 15t
11th
21st
30th

Yenus 15t

11th Mars

2151

30th

Jupiter
Mars 15t

16th

3ith

Jupiter  1st

30th

=14 56°
+10° 53
+19° 46’

Soturm 1st

Joth

Uranus  16th

Meptune 16th +7.0
Loturn
Pluto 16th =15 &b’ #1319

The table above gives each object’s right ascension and declinotion (equinox of dote) ot 0"
Universol Time on selected dotes ond its elongotion fram the Sun in the morning (Mo) or eve-
ning (Ev) sky. Mext are listed the visuel mognitude and equatorial diometer. {Soturn’s ring
extent is 2.27 times ite aquatoriol diometer.) Lost ore the percentoge of a planet’s disk illumi-
noted by the Sun ond the distance fram Earth in astronomicol units. Based on the mean
Earth=5um distance, 1 0.u. eqguals 149,597,870 kilometers, or 92,955,807 international miles. Neptune
Planet disks ot right hove north up; ticks indicate the pole cusrently turned toward Earth.

Uronus

QS

Pluto 1"

HIIIII'I, uﬁPl’il 2006 The Moon is shown

18 35 with north ug. For key
dotes, the red dots

indicate whok port of
the limb is tipped the
most foward Eorth by

First I'.}.u;:lr‘.er Apr. 5, 12:01 UT
Full Moon Apr. 13, 16:40 UT 11‘ 3 Apt 3 !

Lost Quarter  Apr 21, 3:28 UT libration. Amounts
New Moan Apr. 27, 19:44 UT are listed below,
Apogee Apr. 9, 13" UT (dist. 405,551 km; diom. 1’9'11'1

Perigee Apr. 25, 11" UT (dist. 363,731 km; diom. 32’ 517)

Mox librabon 9.6, Apr. 3, 217 UT (More Austrole, on bright limb)

Min. librotion  1.6% Apr. 11, 7 UT (Mare Orientale, on dork limb)

Max, libration 8.07, Apr. 18, 17" UT {croters Mclaughlin and Chapman, on bright limb)
Min. libration  0.4°, Apr. 25, 9h UT (Mare Humboldtionum, on dark limb)
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Moons of Jupiter and Saturn

IN APRIL, Jupiter rises in mid-evening
From then till dawn, almost any telescope
will show the four Galilean moons and
their interesting interactions with Jupiter
or its shadow. During the course of every
revolution, In, Europa, and Ganymede pass
in front of and then behind Jupiter’s disk.
Wide-ranging Callisto
continues to miss the
planet's disk, as seen
trom Earth, until 2008.

On ﬁq.‘.lr]] sth at 10:27
UT, which corresponds to
}:27 a.m. Pacific Daylight
Time, Ganymede's shadow can be found
just inside the planet's northern limb. But
as llustrated in the first panel below,
Ganymede itself is still somewhat east of
Jupiter; it won't start a transit of the disk
until about 2 hours later.

As you look at the second panel, try to
visualize Ganymede beyond [rather than
in front of) the planet. On April 16th, after
|:|{‘lr|_ll', {'riipa:d |'_ﬁ.r Jupiter's shadow for
nearly 2 hours, Ganymede is in the
process of reappearing at 5:26 UT (1:26

-ﬁ.FI". 5,
10:27 UT

Apr. 41,
O0:29 UT

Seturm

a.m. EDT). But within 10 minutes this
moon will disappear again as it goes be
hind Jupiter's disk.

The third panel shows how Callisto
looks for European observers just after
midnight (UT) on the night of April 20-21.
Instead of going directly in front of Jupi
ter, it skims just 12" north of the planet’s
northern limb.

The complete list of phenomena for
April appears on the next page, but any
EIVED observer can view nr||]f' about one
third of them (namely, those that occur
when Jupiter is visible at night).

comtimued on the RexT page

At right, the curving lines represent Jupiter’s four
bright satellites. Jupiter itself is the center ver-
tical bor. Eoch horizontal band represents o full
day, from 0* (upper edge of band) to 24" Univer-
sal Time. The dote is given ot lef. East is left and
wes! is right 1o match the view from the North-
ern Hemisphere in binoculors. Shown below for
severol dotes and times are particularly inter-
esting configurotions of the moons; north is up.

10
11
14
13
14

16 |"
17\
18
19
20
21
22
23
24
25
26
27
28
29
30

May 1

The Sun ond planets are locoted for mid-April;
orrows show motion throughoul the month., The
Maon is plotted for evening dotes in the Americas
when it is woxing (right side illuminated) or full,
ond morming dates when waning [left side). It is
shown an the nights neorest first guarter, full,
aond lost guarter, os well as on dates of selected
crescent and glbbous phates, “Local time of
tronsd [ells when obgects cross the meridian at
midmaonth; tronsits occur an kour loter on the 1si
and an hour earler of month's end, For specific
configurotions of the Moon ond plonets, as seen
In your own 5Ky, try our Interactive Sky Chart

(SkyondTelescope.comjobserving/skychart)
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M sun, moon, ond planets

Saturm is quite high at dusk and re-
mains visible until the early morning
hours. The chart at right will help most
amateurs with small telescopes identify
Bth-magnitude Titan and perhaps Rhea,
Dione, and Tethys. Close-in Enceladus
normally requires at least a 12-inch [300-
millimeter) telescope to spot.

There's one more moon, lapetus, which
is not shown on our chart because its or-
bit is skewed to those of the others. On
the evening of April 12th it's especially
easy to locate lapetus. Center Saturn in
the field of a high-power evepicce, turn

off the telescope’s drive (if it has one),
and count off 35 seconds. Earth's rotation
should put Tapetus squarely in the center
of the field, shining feebly at 12th magni-
tude. This moon is moving slowly away
from Saturn, and on April 10th (greatest
elongation) it lies slightly north of Saturn's
location after a drift time of 40 seconds.

Visit SkyandTelescope.com and click on
Observing » Celestial Objects > Planets to
find handy applets that display the satel.
lite contigurations of Jupiter and Saturn
at any given time.

— Rocer W, SinwotT

Phenomena of Jupiter’s Moons, April 2006

B9 DT

ST NShE

G ILTRE

| LShL

T

2353 1ShE.

mar WL

3 1ILEcD

Ape® L9 (ILEcA

1753 1EcD.

35 10ch.

Ape. 10 _‘%( ILEC.D.

Bal 1L0ch

1543 LShi

1546 17

22 IShE

_AT58 LIk

Api il 1328 LEcD.

1501 100

k12 11.5hL

IEE 1T

Apr.a 10T 1EC 2345 ILSHE
1316 [0ck % ILTrE.

1738  [15hl Apil | G@F  LShl

1900 11771, W2 1,

010 115hE. 1150 1SKE.

IST LT 1280 1T

Ape. 5§ AT 1SR, 1328 115k,
ey L | 1830 [115hE.

@30 1MLSh 1552 10T

058 [5hf 153 InTeE.

RIS LJrE Ape 13 | BB LEcO.

153 11L5hE H3IF 100

1280 117w 15:200  ILECD.

132 ILTeE 1850 [1.0cR

Apr6 | WSS [EcD Apeih | &08  15h]
Fd  1Dck TS

12:45 1B :10 LSh.E.

1633 Ii0ck 66 LTer

Agr. T 215 15h.| Ape 15 17 LEc.
N8 ITe 351 10w

&35 1thi 930 115h|

801 e 1035 ©el

B3y LEch 1302 [LShE.

Ape.8 | 208 10ch. 1252 ILTeE
g55  ILSh.] 2337 1SAl

AR i e LML,

Mpr.16 | AT LSKE. L OLECD.
S e 1011 1.0k,

b l.ec.0. 139 LEcD.

{ NLEH | Ap24 | 003 L0cA,

536 [1L0cD M8 1LEcD,

; 1L.OCR. [L.0eR.

LEe.D. LShl,

LOcR. i LTeL

Ap. 17 AT ILEcD. . LShE.
T5B 10K, LTE.

06 [5h. pr. 25 Y LEeD.

aral L LOcA.

1938 LShe | Apr26 [ 1.5
1938 ITeE LTl

Ap. 18 144 LEcD. | I1SAE.
1645 LOCR, . ILTIE.

2346 1L.5hL LSh1.

3 f.Te] LTeL

A 19 | 1L.5hE, 1538 1ShE
30 ILTE 1548 ITL

1AL 1shl, 3 s,

SR Ll 2238 [LTrL

1344  LShE. 2345 [ILShE.

W04 1T 1342 IILTE.

1738 151 | Aer.2T 9D  LEcD,

1990 1I0TeL 1285 LOcA.

1018 110 ShE 030 (LEcD.

2031 INTE. 13 10k

A 20  Ba2 EcD | Apr38 | 757 [LShI
111 LOch. EDE 1Tl

1155 15D, 1008  1.ShE.

2106 1.0k M4 I

dge. 21 603 LShL Apr.2¢  SOA  LEcD.
L T 10ck

812 15hE. 1438 15kl

230 InE BhS4 LTI

Ape 22 | 300 LEcD 17:41  1LShE
EAT  L0cH. 1723 OIE

1283 115k Age.30 235 15hI

1240 nTl | 33 1Tl

1436 [5hE | &35 1ShE

1508 1TeE | &0 LTAE.

Apr.23 | 0O3F |5, §29  WEch,
00 LTl 1330 11L0CR.

343 LShE | 2333 LEcD.

For telescopic obsersers in Ageil, bere is the complete list of pheramenno lavalving fupiters fow bright maans and the planed's disk or shodow.
The first columns geve the dote and midpeint Bme of the event in Usiversal Time, Keat is the sotellity mvalved; 1 e 1o, I Eurapa, 111 Gonymede.,
o IV Caltisra, This i folawed by (his type o eveni: O [or on Sopollaiion of 1he sabellite ehing Jupite's ing, B for on sigos by Pl e
phifow, Tr For o Irangil of e solellite &8s i pleaet™s face, or ShFor thi sotelling osting its. finy block shados oabo lepiler. & occulla-
fion or eclipse beqird when the salellie disopg2ars (B) ord eeds when it ceoppears (AL A onsit or shedow possoge begies ol ingreds (1 ond
ends ot egress (E]. Each event is grodual, |ostisg sevend mivutes. These predictions ore cowrtesy IMCCE Poris Observotory

56 .J|||lr'JI 00t Shy & Telescope

Snﬁgn‘s Satellites \\
r——
( (T " )
e ._-__.-'
“—___ Titan
Apr. 1.7 -
i
2/ East l---:..,‘lI WEST
3 SHL
i ‘l E
5 ﬂ""b Dione
-
: e
S
T = - N
1Y
B H‘!!l!# TInl
B ﬁ“h
- =G
GRS
' =
T
13 l Eisy
)|z
“___ S
13 Sl
16 IS
17 1
= i
18 =
I I"'- e = .
s C T
20 TS Encelodus
<ty
2 i'ii:s
ARPO
2 "'-‘!5-?-..
=
5 AR
S ——f-
24 N
L]
-
26 ‘f’:!li
TF
i vr.:|l
L
29 Tethys *15-“ _
TH<
. A
Moy 1 z. %
The curving lines represent Saturm’s brightest
moons. The plonet’s disk and rings are indicated

by verticol bands. Each horizentol bang repre-
sents o full doy, from 0 to 24" Universal Time.
Titan is the easiest moon to see, and @ 100-mm
telescope con show Rhea, Dione, and Tethys.
Enceledus moy need o 300-mm. The wavy-line
chart gives anly enst-west shifts. Refer to the
ellipses ot top to estimate sach moon's location
north of (above) or south of the ring extension.




Jupiter’s Red Spot

HERE ARE THE Universal dates and times
when the center of the Great Red Spot
should cross Jupiter's central meridian,
the imaginary line down the center of the
planet’s disk from pole to pole. The spot
has been pale orange-tan in recent years.
For example, a transit is listed for 6:06
Universal Time on April 2nd, which is 1:06
a.m. Eastern Standard Time in North
America. (That's 2:06 a.m. Eastern Day-
light Time if you've set your clock ahead
already) Features on Jupiter appear closer
to the meridian than to the limb — and
thus are well placed for viewing — for 50
minutes before and after their transit times.
Geoff Chester of Alexandria, Virginia,
used a Celestar 8-inch telescope for the im-
age above, showing Jupiter's moons o and
Europa (near the right limb) and their shad-
ows on March 30, 2004, at 3:38 UT. Note
that the Red Spot appears centered, yet the
March 2004 issue had torecast a transit 8
minutes earlier. This indicates the spot had
already begun to drift from 89° longitude,

then used for predictions. » R. W. S
Red Spot Transit Times, 2006
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Almost all

exploring the moon

Little Lunar Volcanoes

THE MOON'S SURFACE is dominated by cratering and vol-
canism. Nearly all its craters were formed by impacts, and
nearly all its voleanism is extrusive — characterized by flow
:iT‘:g lava. But there arc also some non-umpact craters and
some non-extrusive volcanie features.

On Earth one form of voleanic activity
is literally explosive and is caused by

gases within molten rock, or magma. Gas
MD?H craters bubbles form within the magma and
arc ]mpﬂ,ﬂt grow in size as the magma approaches

the surface and the pressure decreases
fEH.tUIES, b L!'t When the magma reaches the surface
’[hEI‘E Are a T€wW  and erupts, the gas inside expands explo

- - sively and shreds the maolten rock into

fasclna:tlng pieces called pyreclastic deposits.
CXCC ptlﬂﬂﬁ_ Pyroclastic eruptions often build steep

L Feature pame

sided volcanoes such as Mount Fuji in
Japan. Larger and more explosive eruptions fling the pyro-
clastics farther away, constructing huge, low-rimmed craters
such as the Yellowstone caldera in Wyoming. But there are

When to View Them <"
March 10th
to 17th:

April Bth
to 16th.

Universol dales irdu3ie
whenall thrae Cratars ane
fovarzbdy iluminalsd

The Lunar 100

Significance

47 Alphonsus dork spots

72 Atlos dork-holo croters

Dark-halo eruptions
on crater loar

Explosive volcanic pits
on the floor of Atles

T4 Copernicus H

tpg Sy & Telmacopa: Kpiid 2004, pope 113, or poinl your Yes Drowsar o
Shyondledescope com)lunari0d

58

||.._.

Dork-halo impogt crofer

i+ Shy & Telescope

The magnificent crater Alphansus dominotes this Lunar Orbitler view.
Several they volconic croters surrounded by dork holos of pyroclastic
moteriol are visisle near the main croter's =ast and west walls,

no Fujis or Yellowstones on the Moon. This is probably be-
causc ||U.“ |'.=I]rlr crust H.:'I'IJ IMAEmas I.'!II:I not contain water —
the most common volcanic gas on Earth.

But {as I noted in my August 2005 column) there are
pyroclastic deposits on the Moon, so it must possess some
suitable voleanic gases. Purther evidence of the existence
of lunar gases is found in mare basalt samples that are full
of holes |vesicles) formed by bubbles. But what was the
gasd C hemical studies show that it pmh:tH].-' was carbon
l!_'lil':I.‘-li]fl'l'“_. [:Elrl:ll'll'l I'I'.II'ZI'I'II'ZI.'H.]'Ell."- H.I'I'EI "-.l]”llr. Tl'l["E.I:' g:]ful:ﬁ arc E.lﬁ-l]
tound in terrestrial voleanic rocks but are secondary in
importance to water. On the Moon they are the whole story.

The best-known pyroclastic voleanoes on the Moon are
the dark-halo craters {DHCs| found on the floor of Alphon-

QaTh CIMHPTE
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sus (L47 in the Lunar 100). The halos are | [ I I\]‘R{ " H { s I -\{ '

Ca.'ﬂ'itﬁ.t IO ¥View In a tfll‘:hli.'(:l[.'l[' '!'l."i'lf'ﬂ Tl!'lf'
Sun is high and shadows are short. i you ILIkiII'I'-I'*t””“- new

TOA-150

look closely with your telescope vou'll see
four relatively small dark patches on the
crater's floor. In fact, Alphonsus has 11
DHCs in all with diameters less than 4 I
kilometers (2'/: miles). These craters have
very low rims, and some feature non-
circular outlines. What really gives away |
their volcanic origins is that they occur on
narrow rilles. The rilles are probably the
surface expressions of vertical conduits of
magma [dikes) under Alphonsus. In 11
places, the rising magma broke through to
the surface and scattered dark ash as far
as 6 km beyond the craters. The tiny cen-
tral pits probably formed by erosion from |
the jet of erupted pyroclastics and later
collapse, which enlarged the size of the
eruption vent.

The Alphonsus examples are very simi-
lar to other voleanic dark-halo craters on
the Moon. Look inside the crater Atlas,
near the eastern end of Mare Frigoris.
Atlas (L72) is an 67-km-wide flooriractured
crater that has a network of vaguely con-
centric rilles with two dark-halo patches on
opposite sides of the floor near the rim.
The smaller nearby crater Franklin looks
similar and also features rilles and DHCs.
Other dark halos are found in Petavius
and Cleomedes, though those in the latter
crater are tiny and very difficult to detect.

One of the easiest DHCs to find is

- Newly designed 150-mm triplet Orthe apochromatic objective

Copernicus H (L74), located just southeast - Extremely high color correction — absolutely color-free images
of the conspicuous ray crater Copernicus. - Highly p-l.'ll'tl.llll with a retractable lens shade, compact tube
But this 5-km-wide DHC is not volcanic. - 4" focuser w/camera rotator bearing allows 360° rotation without losing focus
It's a normal impact crater that excavated - 10 to 1 fine focuser and finder quick release standard |
through the bright surface material (prob- | | . oversized tube with knife-edge baffling for superior contrast |
ably ejecta from Copernicus) and dugrup ' - Optional §/5.5 super focal reducer for medium-format CCD cameras and large-
underlying dark mare. In fact, most of the chip digital SLR's
80 known DHCs are impact features like
Copernicus H.

Of course, this invites the question: TAKA HAS H l
How can you tell if a DHC is of volcanic
or impact origin? The best way is to look * Texas Nautical Repair, Inc.
at the surroundings. Is the DHC on or 3110 5. Shepherd, Houston, Texas 77098
near a rille? Are there two or more close Phone: 713-529-3551 * Fax‘.‘}"l]—il'ﬂ-ﬂﬁﬂ
together? Does it occur inside an impact www.takahashiamerica.com
crater that has rilles or other voleanic ,
features? If the answer to one or more of i Adinondack vliﬁgﬁ;i:;n;ﬂc;@ Ghers Falls, NY Hands mﬁ&r::?;-;::.;?n.ua MO
these qu:stluns 15 yes, ].’EILI:'E{' pnﬂnhl!" Anacories Telescope + Anacortes, Wi w Ocearnade Photo & Telescope » Oceanside, CA
looking at a little lunar volcano. = B00-850-2001 SO T 348

| Ai-lrul'\-;ég|:;2-'lh;-3?|;:ﬂl'. 0K Opttical Guidance "i,-lc.:_p:; :.:nnqu.‘lnn alley, PA

CHARLES A. WooD is a longtime Moon | | L e it i F‘r'l-:v."p-';nr'l- i
explorer, polcano expert, and the author of ! 056523115 pedipdgrome

The Modern Moon: A Personal View and
the Lunar 100 Card (both available flrﬂrl'l' Shy
Publishing.

i Thase suthorized Talabashi dealers drould have a TOR A0 dplyed in el thosrooms
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A Spectacular Pleiades Occultation

Watch the crescent Moon cross many stars on April 1st. By David Dunham

I TOL r.l'l.IHIT FAY |['I|lli'|: attention to |l.":'ll.|'.d|i.'\-?‘!1‘.-. oW 5
the time to pay attention. Early on Saturday evening, April
1st, the thin (16 percent sunlit) crescent Moon will pass
ower parts of the Pleiades for observers in eastern North
America and the Caribbean.

The details vary depending on your location, but in gen-
eral, the show begins as soon as evening twilight starts fad
ing and ends 2 or 3 hours later when the Moon gets very
low in the west. The Moon's dark limb, glowing gray by
earthshine, will gradually approach one star after another
and wink it out. The stars will reappear from behind the
Moon's bright, sunlit limb up to an hour or more later, but
these events will be harder to observe.

Binoculars will give a fine view, especially it you can
mount them on a tripod or image-stabilize them with a
shoulder support (S&T: October 2005, page 107). In a tele-
scope the view will be gorgeous. Use the diagram below
and instructions at right to see what will happen, and
when, for your location

Join & Grone Expedition

Eighteen grazing occultations of stars of magnitude 7.5 or
brighter will crisscross eastern North America. People who
can travel with a telescope to within a mile of one of these

lines will be able to see the star disappear and reappear sever-

al times among the mountains and valleys along the Moon's

northem or southern edge. Of special note will be the north-

ern-limb grazes of 4th-magnitude 19 Tauri (Taygeta) and 20
Tauri (Maia), and the southern-limb graze of 3rd-magnitude
Eta Tauri (Alcyone, the brightest Pleiad). These three paths

Pleindes

Wash

Predicting Your Events

You can use the diogram below
to see which stars will be occult-
ed at your site, and when.

Each line shows the path of
the Moon's center ocross the
Pleiodes as seen from o porticu-
lar city. Moke a photocopy of the
Moon disk at lower right, cut it
out, and punch o hole in its cen-
ter. Keeping it oriented the way
the Moon is here, slide your
cutout from right to left while
keeping its center on the oppro-
priate city's line. This way you
con see how the edges of the
Moon will cover ond uncover
stors os seen from thot city.

Eoch line hos Universal Time
ticks every 15 minutes. When o
star crosses your cutout-Moon's
edge, reod the opproximate
time on the line in the cen-
ter hole. [To get Morth
Americon times, remem:
ber that 0:00 UT is 7:00
p.m. EST, 6:00 p.m. C5T,
ond 5:00 MST,)

M'Dm,

iin gl, D”

L

Eoch line begins when eve-
ning twilight fades ond the stars
come out, ond ends when the
Moon gets very low in the west.

If you're not in ane of the
cities indicated, interpolate be-
tween the some time ticks for
the two or three cities nearest
you. Mark your spot with o pen-
cil dot, repeat for each time tick,
and connect your dots to moke o
line of your own.

Stars ore plotted td 10th
mognitude. All should be visible
in @ 3-inch telescope under good
sky conditions.

= ALAN MACROBERT
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are shown on page 71 of the January issue.
The graze of Taygeta has special interest
iollowing claims in 1960 by Robert Sandy
and Harold Povenmire that the star is a
close double; they visually observed grad
ual dimming phenomena and step events
during the multiple contacts of a grazing
occultation that vear. The star is now
known to be a spectroscopic binary; the
1069 observations resolved it directly for
the first time. Photoelectric occultation
records showed the components to be mag-
nitudes 4.6 and 6.1 with a separation of up
1o 0.04", depending on where in the 3.6
year orbit the companion happened to be.
Dave Gault in Australia videorecorded
the reappearance of Taygeta during an
occultation just last September, but analy-
sis of his recording (with the Limorie soft-
ware] failed to show etfects of duplicity —
cit I'IEI L'Itli.'iil.l.h-[f T]_If ':i':'[:(.ll'ldar'rf star was too
close to the primary (near periastron) or
was in 4 direction from the primary star
roughly parallel to the lunar limb. Video
recordings of the upcoming occultation

could determine the pair's current separa
tion and position angle — which, when
combined with the spectroscopic and oth
er data, should allow a better determina
tion of the pair's 3-D orbit in space and
thus each star's mass

Espec i:4.||_'.' useful will be observations
of the graze of Taygeta across Alabama,
Georgia, and southernmost South Caroli-
na, since the shallow-slope contacts will
give the best resolution. Also, multiple
contacts will oceur at a variety of position
angles, giving several different fixes on the
binary's separation and position angle.
Povenmire (katiegraze 1daol com; 321-544-
5658 and Roger Vena ble 'ri'.'mdﬂlc:rfﬂnq'_l.-'
anet) plan 1w lead an expedition to observe
this graze near Statesboro, Georgia. They
would like help, since the detail of the lu-
nar profile and the quality of the stellar
parameters will be proportional 1o the
number of observers.

Another spectacular graze, also visible
with good binoculars, involves 20 Tauri
acrass Ohio [just north of Columbus) and

Variable Stars for April

AMONG THE EASIEST of long-period vari-
able stars to locate is V Bodtis, lving just
0.7° northwest of 3rd-magnitude Gamma
Bodtis (see the all-sky chart on page 47 to
identify Gamma). This month V should be
near peak brightness, according to the
American Association of Vartable Star Ob-
senvers, It t:,.rp:i:'ﬂ]h.-' Targes from |11.31_=,r|:i11uf|r
10 to 7 and back in an 8- or 9-month cycle.

This star’s variability was discovered in
1884 by Swedish astronomer N. C. Dunér
while he was measuring star positions
with a meridian circle at Lund Observato-
ry. On May 21st that year he found the
star fainter than magnitude 9.5, but he re
membered recording it as 7.0 on April
29th and May 7th.

The AAVSO secks measurements of this
and other long-period variables. Those
pr-:-rtir't:'d to be Bth |1L:|1:r1ihulr or brighter
in April are listed at right.

Also accessible on April evenings is the
bright eclipsing variable Algol [} Persei),
in the northwestern akj-.'. Every 2 d.‘l_‘-.""-. 20
hours 49 minutes, Algol is at its dimmest,
magnitude 3.4 instead of its usual 2.1, The

star iz nearhy thiz faint for two hours, and
£ i e

it takes several hours to tade and bright

en. To find out when Algol’s minima are

due, visit SkyandTelescope.com/algol and

fi Shy & Telescope

use our handy online calculator, See the

table at lower right for dates and Universal

Times of minima in ;"sprli. W

ROGER W. 3IiNNOTT

Mid-Atlantic states, including the north-
ern suburbs of Washington, DC. To join
Al -!"IICHI':l TLO r!'ll"!'-!" contact me at
dunham@starpower.net or 301-526-5590.

Alcyone, though brighter, will present a
more difficult graze among sunlit lunar
teatures, so at least a small telescope is
needed. The Aleyone path passes over the
Houston and Miami areas.

These and 15 other graze paths are plot-
ted in the 2006 RASC Observer's Handbook.
Among the many cities they go near are
New York, Philadelphia, Halifax, and
Jacksonville

Charlie Ridgway in New York City has
produced an interactive Google Maps
overlay of all of these paths at http://digital
magic.i8.com/Astronomy/Occultations/06/
Grazes/M4s5. html. You can use it to zoom
in to sec the graze lines plotted in great
detail on maps and aerial imagery of
your area.

Davio Dunsas is the longtime presj:fmi of the
Imternational Oecultation Timing Association.

Vaorioble-5tar Maximo
2006 Stor  Mog. RA Dec.

Apr.2(l) VBoa 7.0 14"20.8" +38° 52
Apr. 3 RAnd 7.0 072407 +38° 35 Point ary low-power telescope ot Gamma (Y} Bobtis
Apr. 5 VCne 7.9 B*21.™ +17°17 ond you've probably got ¥ Bodtis in the feld. In-

2 5 e cluded here ore magnitudes of comporison stars 1o
il el tenths (with decimal points omitted)
Apr. 13 TNer 7.4 15"&4.1™ -54°59°
Apr. 15 TAgr 7.7 20"49.9" -5'0¢ Minima of Algal
Apr.17  TSgr B0 18°16.3° -16°59 April ur April s
Apr. 18 oCet 3.4 2°193% -2°59’ 2 5:31 5 Eﬁ ':-";!
Apr.21 UCyg 7.2 200 19.6% +47° 54" 7 230 10 19:59
Apr.21 ¥ CUn 6.8 131957 +45° 37 13 168 16 1337
Apr, 29 Rleo 58 9"47.6™ +11°2¢' 19 10:3% 22 7:15 %

=

Apr. 30 (I1) RCem 5.8 14*16.6® =50°5% 25 &:05 25 054
For gach ol these kag-pedtod soeiable stoes, the toble gives the 30 21:43 = -
date peak trightness isexpeciesd, e sip Ivpiof vidual Rog: =
mitude ot mosimum, and ik right eecension and declinotion Thate georaniric predictiong ars from [Be heliscantnc lo: <

(eguing J000.0) The sciunl moximem may be brighie or
tedstar and many deys sarty of ke, Some stars howe o @Eimey
{13 and o seccedary (M} mowmum Courtedy Elipube @ Wesgen,
Amancan Associolion of Yoroble Shar Obieners (omesauong]

menls Min, = 10 3,452,353 867 + 2.BETE0LE where £ iz ony
nieger. Derboed by Marvin Boldwin [AAYSOY, they are bosed
an 1T timings colletled from 1949 ta 2003 end on D@ S0
wverage perind deriag B previows 15 years,




A L L s TA R s Astronomy Workshop on Astronomical Research

Techniques in the Introductory Laboratory

P°| NT To PROJECT CLEA | Contemporary Laboratory Experiences in
- & @

Astronomy | announces a Summer 2006 workshop on

Lawrence Pacini, Jr. Observatory Astronomical Research Technigques in the Introductory Laboratory.
Ukiah. California Targeted primarily at faculty who teach undergraduate college
| | courses and who do not themselves have graduate specialization in

March 2001, 3-meder astronomy or astrophysics, the workshop will introduce modern
Deserva-DOME with match : 7

ing Cylindes base. Thi opser- techniques of observation and data analysis w |.rh ilrl.l.‘mphu:i'-l_ﬁ on
VEIOTY TS FeCently LG Boed the introductory laboratory, Hands-on observing with CCDY's, as

b0 a Meade 167 LM20D well as an intensive introduction (o the CLEA simulations and
Schmidt-Cassegrain

- oty 2 other I.'L'lrlllleli."I [L'HI.'IIJILI'L'"- will be featured. Centered at the

aanoli @ pachic net or phone wedutiiud Crettysburg Lampus, e week Wil InCiloe WOrksips of
p | | beautitul € burg C th k will include workshops on

TO7-468-8436. | | observing techniques, hands-on experience with all CLEA exercises,
A the country's oldest u-._w gvening ohserving sessons :Ll.lh-.' Getysburg College Observatory,

. manutacturer, Obgenva-DOME and an observing wrip to the National Radio Astronomy Observa-

! has developed an Esparise un- | tory in Green Bank, WVA. Dates for the workshop are June 8 -

| L":m" e "‘:"’“'J""m‘::"'"t. June 17, 2006. Room, board, and a nominal stipend will be
Uribed! mmammn |'||'|:l.'|.|._1.;_| i the 20 .=|N1||-.'_'||'|Zu selected Rt‘ui-.'-itl‘ll'lil'!ll deadline is
# amataur astonomar. Mo March 31, 2006. For information and registration write:
maftar what the uss. the cimate, Dtwsenva-DOMWE . combining |
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Asimple

chec

will enhance
your eclipse-
watching
E€Xperience.

totality, eliminating the element of surprise

IT'S TRUE. Ask any solar-eclipse veteran. Totality, no matter
how long its duration, seems to last only 8 seconds — a max
im attributed to former S&T editor Norm Sperling. Totality
begins, you gasp, you blink, and it's over. Paralysis of the eye
brain system is quite common among those within the
Moon's shadow. That's why I've created an eclipse timetable

a checklist that T use to get the most out of
g experiencing not only totality but also the en-
lSt tire eclipse. But be torewarned: You need a
stromg will to succeed, as the mind-numbing
|_‘|-:'|'|.l.i-f'“|' o T l'.:'|||1:\-. iS AWESOMe

1. First contact — the moment the Moon's
limb iz first seen against the Sun’s disk —
happens three times: first in a telescope,
second in binoculars, and third with the un
aided eye. Decide which event you want to
see, and stay the course

24 After first contact, record the color and guality of the
sky and clouds. Note the color and quality of light on and
around a tew select nearby objects. Do the same for the dis-
tant landscape. Study the sharpness of shadows; how well
can your eye penetrate them? 1s the air hot or cold? Is there
a wind? If so, is it warm or cold? What sounds of nature do
you hear? How are birds and animals behaving?

1. If you have a telescope with a safe solar filter, inspect
the Moon's advancing limb tor fringes of color. Do the
same for the Sun's upper and lower limbs and the borders
of sunspots. If no colors are visible, look for a bright con
trast band just I:--:_-,---nr! the Moon's leading limb.

4. When the Sun is halt eclipsed, repeat Steps 2 and 3

5. When the Sun is 75 percent eclipsed, repeat Steps 2
and 3. Look at your own shadow cast on the ground: one
side should appear fuzzier than the other. Look under
trees for tiny images of the waning crescent Sun

i. Fifteen minutes before totality, repeat Step 2. The
Moon's shadow should now be visible on the western hori

olphn solor telescopes greatly

mpraves the chonce that on most eclipse tours there will be o participont

This dromotic prominence

seen in July 1991 was nicknamed “the Seghorse”™ for abvious reasons.

111
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An Eclipse Timetable

zon looking like a gathering storm. Skilled telescopic ob-
servers should ,‘;|.u'-:' the bright solar crescent outside the
field of view, remove the solar filter, and look on the side
opposite ‘.._:||,' |_‘|:*;~.'l,|_'||_'||_'E1|'i|IL'L Crescent tor the MI'":”'I':I- silhouette
against the solar corona.

7. Ten minutes before totality, repeat Step 2. Bright planets
should now be vigible. Skilled binocular observers should
block the solar crescent with a distant object, remove any
solar filters, and look for the Moon's following (trailing)
limb projected against the Sun's inner corona.

8. Two minutes before totality, take 30 seconds to look
tor shadow bands as they ripple across the ground.

49, One minute before totality, look for an aguamarine color
to the Sun's corona surrounding the Moon's following limb.
10. About 10 seconds betore totality, through a proper

solar filter, look for Baily's Beads and red chromosphere.

11. About five seconds betore 1|:-[:LEi1:-.-. -l:[ll'll:'klj.l face west,
sweep your head from north to south, and look for the
Moy AJ}F"!H:I.U;':'1IF'|';; shadow, Tt will crash into the Sun in
concert with the final appearance of the “diamond ring”

12. At second contact — the moment the Moon fully
hlocks the Sun — the corona will try to steal your antention.
But look at the Moon's leading edge for red chromosphere
and prominences, which sometime linger for nnl:..r seconds
before being covered by the advancing lunar limb. Once
the red is gone, note the general structure and color of the
inner corona. Next, sweep your head back and torth across
the sky using averted vision to determine the extent of the
Sun's outer eorona in solar diameters

13. At mhd-totality, repeat Step 2. Once again estimate the
extent of the Sun's outer corona in solar diameters. Do you
see a diffuse brightening along the ecliptic plane?

14. Just before third contact — when the first bit of sun-
light returns — scan the Moon's following limb for promi-
nences and chromosphere.

15. At third contact, immediately look for shadow bands.

16. The eclipse isn't over! For the next 10 minutes or
more, block the Sun's waxing crescent with a distant object
and look for the Moon's silhouette against the Sun's corona.
Your eyes will now be better adapted to seeing it.

17. Fifteen minutes after totality, go to Step 5 and then
A ||'|L |:'::|-e;kl.‘.' .'|_:|_‘|

The key 10 seeing the most phenomena is to have a plan
and stick 1o it. There is one caveat: If VOl 5€€ an uriusial
phenomenon (like an unexpected comet — yes, it happenst),
be prepared to abort your plan; then, atter making caretul
notes, return to the timetable. If you don't expect the un
expected, vour head will spin and time will pass; you'll be
stuck with vour mouth agape and no specific memories.
Steve O'Meara has stood in the Moon's shadow nine times. He

says sometimes it's fun to forget timetables and just be operiphelmed.
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April evenings
are a fine time
' todip into the
sea of galaxies
| 1n eastern Leo.

TIE _Eij ky wonders

Leo’s11th Hour

THE CONSTELLATION LEO, the Lion, now graces our eve
ning sky. As the Lion slow v |'|.f|-..~.|-. westward during the
I't11.'_|‘11- W [ :..1'~': part to | NEEr 111 T L_'-. i% Len's 11th howar of
right ascension. This gives us plenty of time to dive into
the sea of galaxies that enriches this area of the heavens
Sky Atlar 2000.0 (2nd edition) plots 40 galaxies in Leo's
11th hour, while the Millennium Star Atlas
maps a whopping 249. Let’s pare down
this rather overwhelming number of
galaxies by concentrating on the Lion's
hindquarters, where we find the NGC
3607 Group. This physically related col
lection of galaxies is about 65 million
light-years away, but various sources
assign different members to the group
My selection is simple. From the lists, I've chosen any galaxy
that I've viewed with my 4.1-inch [10.5-centimeter| retractor
plus two that share the field in my 10-inch reflector
Let's begin with NGC 3607 itself, visually the brightest and
largest member of the group. It lies about halfway along
and '%° east of a line between Delta (5) and Theta [0 Leonis.
With my little refractor at 28x, 1 see two small fuzzy spots
The southern one is NGC 3607, Zooming in on the scene at
higher magnifications, I find my best view at 127«. NGC
3607 shows a stellar nucleus, a
bright round core, and a faint
oval halo that's 2' long north-
west to southeast. A triangle of
faint stars rests 4° southeast,
and the star at the southern
point hugs a close companion
NGC 3608, the northemn galaxy,
occupies the same high-power
field as NGC 3607. A smaller
and fainter version of its com-
panion, NGC 3608 runs east
northeast to west-southwest for
145", It grows brighter toward
the center with a nearly round
core and an elusive stellar nu
cleus, Two 12th-magnitude stars
',_'|I.1.r'|‘| I‘|'|-' ._!.'l!.'.'-._-,'-. northeErm Fiim
A third galaxy inhabits the
field 3" southwest of NGC
3607's nucleus. While averted
vision helps me spot NGE 3605, |
can hold it with direct vision
once | know exacths '.'.|'-:'|'|' It 15

The galaxy is just a it

smudge in the refractor, but my The lenticubar goloxy NG 160
I0-inch reflector at 166x reveals within renae of o 6-inch teles
an clongEaied | J||'-'.'. With a Thi& monih o umn with

broadly brighter oval core. Despite its apparent proximity to
NGC 3607, these galaxies don't form an interacting pair. In-
deed, most distance estimates place NGC 3605 considerably
in the foreground of its brighter neighbor According to one
source, NGC 3607, NGC 3608, and NGC 3605 lie at 58, 67,
and 47 million |11¢|31-_1.-r.:|r~;_ |'-e‘=.!}r¢!l.'.'n:‘|}". The galaxies of the
NGC 3706 Group are a bit too near for their radial velocitics
to vield reliable distances and a bit too far away for casy
study of their stars. This makes it particularly difficult to
pin down how far away they are. The actual distances may
be off as much as 30 percent from the figures I'm quoting.

If 1 drop the magnification in my 10-inch scope to 115x, |
can fit the galaxy trio in the same field with BGC 3599, local-
ed Y to the west in a barren field. | see a |'-|11r|g aval
sloped west-northwest to east-southeast and gently bright-
ening toward the center, harboring a stellar nucleus. In my
4 .1-inch refractor, the _LE:IL'L‘-.:-' 15 hinli:-.' vizsible with averted
vision at 87x and with direct vision at 127x. It's estimated to
be 53 million light-years distant.

Sweeping 3° westward takes us to NGC 3507, which exhibits
low-level emissions frem its nuclear region that are thought
to arise from a combination of starburst and black-hole
activity. In my little refractor at 47, NGC 3507 is a faint glow
enveloping an 11th-magnitude star. It's sandwiched between

Sky & Telescape Aordl 2006 &7
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B deep-sky wonders

a slight ¥ dimmer star 3° north theast NGC 31507 and NGC 3501 are 61 and 68

th-maenitude star 3’ soutl million light-years distant, respectively
southwest, At 127 tl laxy is 2° long Let's return to NGC 3607 and then work
and slig .II:-, wal cast-weest, It has a O Way eastwa d. In mv small retractor at
brighter core that's difficalt to make out A7=. NGC 3626 sits 48 cast-northeast inm the
because of interference from the super same tield. [t's easi ¥ ¥151 ale as a little oval
Pk 1 star fust off its northeast sid: With with |-'|-_':5‘- F ceniter. BoOsting this mag
I :-_ LJ-1md 5 oe at Thds, | I s=E thi mitscation o A7« I Can tease out a "M'.E'”.:Ir

flat [edge-on) ga 1%y MGC 3501 12 13 nucleus. In the 10-inch reflector at 115x,
ot hiwest, Tt appears very thin and 2 the galaxy’s 7 halo is hipped a little west
ong. NGC 3501 has a low surface bright of north, and its tiny nucleus is uite i
1ess, and placing the nearby oth-magnitude  tense. NGC 3626 is a strange galaxy whose

tar out of the field gives me a better view gas and stars circle around its center in

Galaxies Galore

Object Type Mog. Size RA Dec. M54 U2

NGC 3607  Lenticular galaxy 9.9 55 x50 11"16.9" #IEON TO5 FSL

HGC 3608  Elliptical galaxy 10.B 8.2 x 3.0 11F 17,00 | 41ETRRS TO5 TS

NGC 3605  Elliptical galaxy 12.3 16 =12 11"168" +18°01° 705 | 73t

NGC 3599  Lenticular galaxy 120 2.rx22 11"155° #18°OF 705 T3l

NGC 3507  Barred spiral galaxy 109 46°x37 11"034 +1B°0R° TO5 T3l

NGC 3501  Spiral galaxy 129 46°x06 11'02.8% +17°50° 705 AL

NGC 3626  Spiral galaxy 11.0 3rx2Y 11"20.1™ | +18°21F 705 Al

HGL 3655  Spiral galaxy 11.7 1.5 209 11"229" +16°35 Toa SIR

NGC 36E6  Barred spiral galaxy 11.3 R¥wde" 117277 +171Y 704 [G1R

NGC 3684  Spiral galany 11.4 3020 11"27.7 #1702 704  G4R

NGC 3681  Barred spiral ring palaxy 112 200x20° 11" 265" 4165 TO4 FOER

NGC 3691  Barred spiral galaxy 118 1309 11°28.2 +16°55" T0a AR

Arguefar Lines or eparatiens ane Irses oaesd oelokogs. The wauol smgresiton of on ofject's size i ofien smolier thon Ehe cotelaged wol-
o ond wries according 1o the apetre and Aagr®oation ol the vigsing nstrument. Right oscension ond declisotion one for geisgn

Jo00 .0, The cofenns Beoded 854 gnd U give 1he char] resbeny of slijects in 1he Biveeniun Star Adas ond Unonoseing JOD0L0 Deep
Ty diles, ik paciively
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This Yi*long line of 11th-magnitude goloxies begins
iat lower right} about 42" north-northeast of the
§.6-mognitude star 81 Leanis. The feld is 0.6° wide
with narth up.

opposite directions. This may be evidence
of a long-ago merger with a gas-rich dwarf
galasxy. NGC 31626 is the most distant gal-
axy of our group at 85 million Light-years.

WGC 3655 is nearly as remote but is just a
short star-hop away. To locate it, look for a
right triangle of three 7th-magnitude stars
about 1'/4° southeast of NGC 3626. Then
center the longer leg of the triangle in
your field of view and drop %" southward.
This little E&alax].-' is very faint in my 4.1-
inch scope. It d.iﬁpl.i.}".‘i a somewhat hnghtcr
center and a 13th-magnitude star 2.5' to
the east-northeast. With my 10-inch at
166, | see a ¥y oval leaning northeast, a
brighter oval core, and a stellar nucleus.

Now center the shorter leg of the trian-
gle in your field of view and sweep 52
eastward. Here we come to NGC 3686, the
largest of a group of four galaxies clumped
within a '/s* patch of sky. In my little re-
fractor at 68x, NGC 3686 is a small oval,
tipped north-northeast, with a large, weak-
ly brighter core. The other three galaxies
are less obvious. NGC 3684 sits 14° south
west and shows a faint northwest-southeast
oval with a uniform surface brightness.
Another 14" southwest, NGC 3681 ic a bit
maore i:l.lJ'I.JHJ'I'I'IT -ﬂ.r]d rlidkt"!‘:- d Iee EtFHJI_?lhT
line with the galaxies above, It's small and
round with a brighter center, and it makes
a shallow curve with two nearby 12th-
magnitude stars. With my 10-inch scope,
the tiny galaxy NGC 3691 joins the scene.
Look for it 15° east-southeast of the center
galar_l.r in the line. In the order :-Jr:u.:-nrrd
above, these galaxies are 69, 70, 73, and 66
million light-years away. »

Stxty of Sue Frencu's past columns on decp
sley observing are compilad in the new book Celes
tial Sampler from Sky Publishing.
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' observer’s log |

A Look Back at Mars in 2005 1heredpionet yielded

observing details rivaling those of the Great Apparition of 2003. By Edwin L. Aguirre

JUST TWO YEARS after its record-breaking close pass by
Earth in 2003, Mars again delighted observers and astropho
tographers with a fine display last October and November
The Red Planet spanned only 20.2 areseconds during its
closest approach on the night of October 29-30 (compared
to 25.1" in 2003), but it climbed nearly twice as high in the
sky (more than 60°) as seen from mid-northern latitudes
well above most atmospheric haze and turbulence

"T've never seen so many very high-quality images and
drawings of Mars,” says Donald C. Parker, assistant coordi
nator in the Association of Lunar and Planetary Observers
Mars Section (www_lpl.arizona.edu/-rhill/alpo/mars). The
webeam revolution has really taken hold. With observers
in 20-plus countries, we truly had 24-hour-a-day coverage
of much ot the 2005 apparition.”

L]

& Greot Disoppeoring Act
ALPO Mars Section coordinator Daniel M. Troiani notes
T:'”.P_ ':E“"."E“FJ.!' L |'|:.,1|'r,' albedo teatures that were INConspicu
] Ji.lfll'lL{ sSOme recent .1]][].1.".-1 1011S retu |'r't:'-i. .3I_r'l=‘| SOIme
cloud/dust events that were quite typical for the Martian
season partly covered the planet's southern hemisphere

Sky & Telescnpe

during that hemisphere's spring and summer,

Line feature that practically disappea red was the white
south polar cap. As Mars's opposition on Movember 7th ap-
I roached, the |.||,'||1 seasonal retreat of the I"!-IE'IHF cap F'I'H'I"n"!"d
dramatic. After being bright and prominent in 2003, last year
the cap shrank to a remnant hard Iy an arcsecond in diam-
eter. “Observers faithfully imaged and sketched this feature,”
wrote Troiani, “to the point where hoth methods revealed
good hint of a hitherto unknown rift even as the cap became
as diminutive as it ever gets. During public star parties this
e, il-:-::-E:-|:' _3|-:'I||_'1||:.' Expr essed their l'|l"1.1.|'||]-l'lir'ITI'I'Il'.'I'!" at the
cap's iNCONSpIcOus appearance {ne even 1'rlr1I|.'.I|FI.I:I'I'l.'“d that
the optical quality of our telescopes had diminished so that
they were not able to detect it well any longer!”

According to Richard W Schmude Jr., ALPO Mars Sec
tion acting assistant coordinator for photometry and polar
imetry, Lowell Observatory astronomer E. C. Slipher pub
lished in 1962 a table he compiled of the angular sizes
of Mars's south polar cap on the first day of southern
}':'|"||k='_||'|:'rr- summer for various vears between 1798 and
1956. “I've measured the cap's size on the first -:i'.‘-!:-.f of Mar
tian summer in 1986, 1988, 2003, and 2003,” says Schmucl
“] then plotted my data and that of Slipher's on a graph and
iound a trend — essentially, the south polar cap has gotten
larger over the last 125 years.” He plans to publish this
graph in ALPO's Strolling Astromomier journal in late 2006

or carky 2007

Dust to Dust
As the Sun warmed the Martian atmosphere, dust activity
kept observers glued to the evepiece. Day to-day changes
were readily apparent even through modest backyard tele
scopes. Luckily for planet watchers, the dust events didn't
nterfere much during Mars’s closest 4;:|II-|.J=|'|' bt I|'!':..'
did leave a noticeable hazing-up ot surtace markings in parts
of the southern hemisphere

For example, on October 13th a small yi Nowish cloud
was spotted just west of Marearitifer Sinus, on the south-
ern border of the bright region Chryse. Five r1.=|_-;~'- later it
developed into a tull-scale dust starm, surging north across

Chryse and rapidly spreading over much of the length of

pe, with its 2.4-meter-diometer (94.5

I J ind Ao - T ave roptured this
kat rirait of Ma 1i ber 28t iefore the planet’s
! i ¥ 1 E T 1 meETErs )
i plonooted nootch ol g ihe dick's centEr Wwog o 'I km
b e edmeem That B b | 13 in the planet's Sinus Meridiani
4 N mf the vellowish hore
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the great Valles Marineris canyon system,

“This dust storm covered an area up to 2.8 million
square kilometers, or roughly four times the size of Texas "
notes Schmude. Fortunately, unlike the 2001 apparition
(S&T: December 2001, page 117), the event didn't develop
into a massive, planet-enshrouding dust storm.

On Octaber 17th another dust disturbance sprang up,
this time at the western border of Tempe. “By the 21st,
fingers of dust had spread into, or more likely, secondary
dust cores had freshly arisen over, northern Argyre and
southern Solis Lacus,” notes Richard |. McKim, director
of the British Astronomical Association’s Mars Section
(www.britastro.org/mars), in a BAA Circular. “The Argyre
activity rapidly spread southeast into southern Noachis and
began to impinge upon the south polar cap. On October
28th, a spectacular resurgence of activity occurred over
Margarititer Sinus-Aram (Thymiamata), as the original core
of the storm was decaying. This latter activity, captured in
detail by the Hubble Space Telescope [facing page], ex-
panded to the southeast, and Sinus Meridiani was greatly
Uh!fu]'cd b}r ||'|.C ]D'th;- Tht_" 5:I'n.1“. Summer 'Eililull'] P[Jlﬂf [.'ﬂ.]:l
was affected by the dust, becoming faint and hard to see”

McKim adds: “The dust reached and dimmed Hellespon-
tus to the east, but no dust core arose in neighboring Hellas,
nor did the event penetrate beyond Solis Lacus to the west.

The event did not last more than a few weeks, but a persist-

ent dusty haze veiled some of the markings — especially
around Noachis-Argyre-Margaritifer Sinus = for some
time afterward."

“This late-October dust event was the first such case that
was monitored fully by Earth-based observing stations,
as the storm progressed from Mars's early-morning to
late-evening side " explains Masatsugu Minami, director
of the Oriental Astronomical Association's Mars Section
[www.mars.dti.ne.jp/-cmo/oaa_mars. html). “This was a re-
sult of the combined efforts of European and US observers.
[ was happy I was able to join this monitoring network,
sinee | stayed at Mount Hamilton in Calitornia during that
period and could observe the dust event visually with Lick
Observatory's 36-inch refractor.”

The North Polor Hood
Throughout the entire apparition, an unusual aspect was the
persistence, extent, and brightness of the North Polar Hood
— an immense, bright cloudbank hovering over the north
polar region. The hood extended farther south at some lon
gitudes than others; this was pointed out in September by
Christophe Pellier, Mars Section coordinator for the Société
Astronomique de France (www.saf-lastronomie.com), and
was confirmed by Schmude a few weeks later.

“The edge of the North Polar Hood extended to an av
erage latitude of 37° north in early September,” notes

Compare Hubble's view of the “full™ Mars ot opposition
on Hovember Tth (for ief} with thot obtoined by Rolondo
Chavez the following night from his driveway in Powder
Sprimgs, Georgia. Chovez used o Philips Tolcam Pro (1 8B40
webcom on his 12%-inch Cove Astrolo Newtonion reflec
tor operoting ot f{36. His imoge of left consists of 1,000
video fromes stocked and processed with Registox 1. The
Movember Hubble imoge, token with the Wide Field and
Plonetary Comera 2, was obtained ot part of o simults
nedus observing compoign between Hubble and the Spirlt
Mars rover. North is up,
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in kate 2005, with the advonce of summer in Mors’s southern hemisphere, regional dust storms become @ common occurrence, On October 18th, an

inverted V-shoped storm {arrow) thot developed in the Chryse region begon to spreod southward. It eventually obscured much of Auroroe Sinus

and Alled the Valles Marineris canyaon, ':|:|.I ing southward ower Maore E--rr'

roeum befare 1551 poting 581 ossistant editar Seon Walker compiied this

sequence with a Philips ToUcom Fro 740 webcom ond his T-inch intes Moksutos-Mewtonion telescope working at §/60 or /80, North s up

Schmude. “By late October it averaged 44° north. This
shows that the hood shrank as the season changed from
':'Eil'.i:'f' Lo |[i||j winter in rl"ll"" I'III"I'I F':l:'l.l: FERENIO, | .-].l“'ll mMEas
ured the hood's size in 2001 and 2003 from hundreds of
color images of Mars, and found that it grew in size during
the northern-hemisphere autumn. Therefore, using data
from 2001, 2003, and 2005, | feel that the hood reached its
maximum size near the first day of winter for Mars's
northern hemisphere.”

Dlympus Mons's Chonging Appearance

The telescopic appearance of the immense shield volcano
Olympus Mons in Tharsis can vary as a result of both oro
44 r.‘IF}I'I IC -|"';_I'I|_]|:'|‘:| .lefl |:l|'|-'|'1r' l!'H'!'!'| b FI‘I.‘I.':l C f'r.|.f"'ﬂ'|"-\- ITIIZ'ELE':II"' -"HI'-
angle at which we see sunlight hitting an object. In August,
Olympus Mons appeared as a dark spot because the phase
[Sun-Mars-Earth) angle was around 45°, and so sunlipht
was hitting Mars somewhat from the side as seen from
Earth. By early November, the situation reversed: Mars's
phase angle had dropped below 3° and, as a result, sun-

M H Tl lill; 1t Marth Polar H the wppe I m ol
o taken e 12 1 LT HiEE i 3. W 1 MOrs’s
th o 6 00D hE i : i ite ne i i
P I i 1ak with the o LR
I -
j ¥ iF i 1 51, LK
! " |
il 1 ] 175N
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ight was illuminating Mars from almost directly behind us
E.1TT|'.-I:-L-' viewers, “During early November, l.'_]|j..'m]:||_1=~ Mong
and at least four other volcanoes — Ascraeus Mons, Elysi-
um Mons, Hecates Tholus, and Albar Tholus — appeared
as bright spots in CCD images,” says Schmude.

Brighiness and Color

Schmude’s preliminary analysis of ALPOYs photometric
data indicates that in May 2005 the Red Planet was slightly
brighter than predicted. This was due to the still relatively
large south polar cap, which reflects about three times as
much light as the bare surface. Then, on November 8th,
Mars was about 15 percent brighter than predicted becanse
of the “opposition effect” when the phase angle nears 0° —
sunlight hitting Mars from directly behind us and being
reflected straight back to Earth,

‘Based on the ratio of green and blue light retlected by
Mars, the planet also appeared a bit less red in 2005 than
in 2001 and 2003" adds Schmude. “I'm not sure exactly why,
but I teel that it has to do with there being more clouds in
2005, especially in the north polar region. The North Polar
Hood last year was larger than in 2001 and 2003"

Mars Now

As this issue went to press, observers continued to monitor
Mars's tiny south polar cap well into the southern hemi-
sphere’s autumn. Equinox occurred on January 21st, with
the Red Planet appearing just 9.8 wide. With the onset

of southem-hemisphere autumn, observers reporied see
ng the formation of the South Polar Hood around January
7th and the continued weakening of its northern counter-
part, Keen-eyed observers should be able to start detecting
the north polar cap as the northern hemisphere's spring
PIOITESSES.

Maore observations and images are available at the Inter-
national Mars Watch 2005 site, http://felvis.rowan.edu/
marswatch. It you missed secing the Red Planct up e lovse
through a telescope, the next opposition comes in Decem-
ber 2207, when the planet will attain a fairly decent appar-
ent width of 150", =

Astociate editor Epwin L. Acuirre looks forward to secing Mars

in 2018, when it will reach 24.3" in diameter
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test report

| Two New Binos

Recent offerings from Canon and Apogee expand
: WHAT WE LIKE: the marketplace for astronomical binoculars.

Comfortable right-angle By Gary Seronik
wiews

Mognification con be
chonged

WHAT WE DON'T LIKE:

Heavy, requiring
substontial mount

Difficult to aim
accurately

APOGEE RA-BE-54

WHAT WE LIKE:

Excellent optics

CANON 10x 52 L 15 WF

Effective imoge stobilization

WHAT WE DONT LIKE:
Power hungry

Relotively expensive
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THERE ARE TWO main groups of Better Binos shining chrome. I also noticed
binocular observers. In one camp that they're heavy. The fact that
are the minimalists, for whom Right-Angle Bines: Apoges RA- thr.:.' tip the scales at 13.9 puunds

the main attraction of binoculars
is being able to enjoy astronomy
with as little equipment as possi-

B8-5A; BB-millimeter, right-ongle,
2032 binoculors. Includes
cose, eyepieces, dust covers, and

(6.3 kilograms) means that a nor-
mal camera tripod is not going to
be up to the task of carrying

ble. In the other camp are those removoble hondle. them — something to factor into
who look upon binocular astron- the price of admission if you
omy as a road paralleling the US price: $699.95 don't already own a suitable
one traveled by telescope users. mount. I tested the binoculars on
These stargazers like binoculars Apogee Inc., www.opogeeing.com Universal Astronomics’ MicroStar
that have capabilities overlapping {priced from $149) and UniStar
those of small (and sometimes, Stabilized Bisos: Canon 10 x &7 L {priced from $299) mounts. The
not-so-small) telescopes. 15 WP: Imoge-stabilized, woter- MicroStar represents the absolute
Each of the binoculars re- proof binoculors. Includes soft bare-minimum level of support,
viewed here will appeal mostly to cose, dustoop for eyepieces, strop, while the UniStar provides very
one group or the other; the and batteries. good stability and, as a result,
Canon 10 x 42 L IS WP image- was used for most of our evalua-
stabilized binoculars will catch US price: 31,500 tion. The heavy-duty Bogen 3068
the interest of the minimalists, tripod that is used with the mount
while the Apogee RA-88-SA right- Canon, www.cononus.com had a nice, adjustable center col-
angle binoculars will grab the at- umn, which proved very handy

tention of the binoculars-as-telescopes group. But
do these instruments deliver enough performance
to please their respective audiences? To find out, we
borrowed production samples of each and put
them to the test.

Apogee’s “Semi-Apo” Right-Angle Binoculors

One of the most troublesome aspects of binocular
astronomy is the physical discomfort that often
goes hand in hand with a good view. One solution
to the neck-craning hardship of viewing celestial
objects is to have the eyepieces positioned at right
angles to the optical axis. And that's what the “RA"
in Apogee's binoculars stands for. But this picce of
gear has other attractions too. The twin 88-mm ob-
jectives are triplet “semi-apo” lenses that, in theory,
offer better correction for chromatic aberration
(color error) than ordinary objectives. In addition,
the RA-B5-5As allow the user to change magnifica-
tion with optional eyepieces. And, as icing on the
cake, these binos come with a removable handle
and a sturdy aluminum carrying case.

Although not strictly a “feature” it is notable that
when it comes to affordable right-angle binoculars,
there really is very little to choose from. Indeed, the
nearest approximate r.qu:i'l.'.al:nt to the Apogee binos
costs several hundred dollars more. 5o price alone
will cause big-binocular fans to sit up and take notice
of the Apogee RA-BB-SAs.

The first thing that impressed me as I pulled the
Apogee binos out of their foam-lined carrying case
is that they look great — all high-gloss black and

since the eyepiece position varies greatly with bin-
oculars of this type.

S0 how were the views? At first blush, impres-
stve, There's no denying that using both eyes makes
for a more relaxing and pleasurable experience
than is possible with single-eyed observing. Add to
this the comfort of right-angle viewing
and of a seated observing position,
and you have a means of cruising
the sky that is hard to beat.
Whether sweeping star fields
along the Milky Way or scanning
the surface of the Moon, some of
my sessions with the RA-B8-SA
binoculars were among the most en-
joyable I've had.

EYEPIECES. One feature that distin-
guishes these binoculars from most
others is that you can change the mag-
nification by switching eyepiece pairs.
Our loaner binocular came with two sets
of oculars: the standard 20x pair and a $2x set
that is included as part of an introductory offer
and normally sells for $160.95. (Apogee also offers
26x and 40x eyepicee scts for $149.95 and $120.95,
respectively.) The 20¢ eyepieces have apparent
fields of 52° and provide a true field of about 2.6
across. The 32« pair (measured as prnn‘lu{*ing 35
have apparent fields of 66° and deliver a true ficld
of 1.9°. Eye relief is tight for the high-power pair,
s0 users with glasses will have to remove them to

#

Apogee's right-angle binpc-
ulors are sepn here on g
Universal Astronomics
UniStor Heavy alig Zimith
Maunt ang Bogen madel
J068 tripog. We found that
0 beely setup such a5 this
MECRsSary t fully explalt

the (1] pﬂhili!i
; &5 of th
h| |'|‘|:||:|JI|:I”".I uie




W S&T test report

A5 this photogroph shows,
the exit pupil of the Apoges
binoculars is clipped ot the
bottom, resulting in some
minar loss of image bright-
ness in thot part of the field

!
S&T RATINGS

Apogee AA-BE-
Optics
Mechanics
Overall

see the whole tield of view.
Each Eyeplece fits into its own helieal 'H.r:-r'I:l' fo-

cuscr that has a range of about 'z inch, which may
nat be enough to accommaodate some users who
wish to observe without their glasses. Of special
note is that while standard 1'/s-inch eyepleces will
fit loosely into the focusers, only the eyepieces de
signed to work specifically with Apoges RA-series
binoculars will reach focus. Friction alone holds

the eyepieces in place, and [ found this worked well

tor the most part, but the force required to insert
the 32x eyepieces was often enough to move the
binoculars off their target. Interocular spacing is
Frl“-:'iH"]_".' IZ'I.IIZIrFIZ:I”I"(l |:l]|- d r|r1-':'r .erl-:'ul.lr-:-r‘: ||II"‘I'|'..°|'
nism and varies from 58.5 to 72.5 millimeters.
FIELD HOTES. The greatest difficulty 1 had using the
hinoculars was actually getting them aimed. Be
cause the Apogee binos behave more like a small
'||:'||'.":ll..".||.'|c l||'I|:|.|:I LHI]'HL'IJ::’IT':. the |-:|.'§.I!-. l..li. d |.II':'dL'I'
proved to be a significant inconvenience. 1 aimed
l|.'||:"II'I |il'-.- HEL;_I"I‘IIH‘E .il.i'll'ld__ tne |'I..’|I'Il”l:,'. t_l!l.l rl'll"-. was, al
hest, a workaround. | expect most users will want

to add a red-dot sight of some kind

SA binoculors
* & 1 Bottom-line summaory:
* &k Very nice, user-friendly, big
Fimor a itched wrice.
* * * I:II PGS O8 O3 [ e B rr"l'l'

Comon 10 x &2 L 15 WP imoge-stobilized binoculors

Dptics
Mechanics

Dveroll

LR = & k]

L & i SROMECIIMINGS W
T Frniems nabseot
& Bms nal

& =y Eap

Ralings are isisagden b3 oonyey perfors

equipment and should not be used 10 pre
insirEmeEnis hasy arked|y diflesen| o
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Bottom-line summaory:

L Excellent optics plus image
* %k ok K stabilization make d strong
rage Tor these being the perfect
* % ok K el T
uecildry Tor dsfrodomy,
gace compored with Egomolent
dict the ielotive perormanse of

ERLUIEY pl ERilTes

1€ Views were very good

as the user keeps in mind the limitations

As mentioned earlier, t
s |0 12
sic to the aperture and magnitications. Star
< EYEpieces remained round across

NEELI
IThaEeEs LIl 1ne ZL
most of the tield and began to flare noticeably only
aculars showed

blurring halfway to the edge of the field.

For OE

111 L OUter 2y pi reent. The 32s

The color correction ot the objectives was per-
fectly acceptable for most observing, but the lunar
limb did exhibit a vivid green edge when the Moon
wasn't exactly centered. Experienced observers may
also note a certain lack of crispness in the overall
image. Star testing showed that the optics, while ac-
ceptable tor the intended magnifications, exhibited
signiticant spherical aberration

Our binoculars arrived about 10 percent out of
horizontal collimation. Although some observers
are more tolerant of alignment errors than others, |
experienced some strain-related eye fatigue after a
VIEWINE 5C550000

However, these shortcomings don't seriously hin-
der what is essentially a very useful piece of observ-
ing gear. In spite of their shortcomings, the Apogee
RA-B8-SA binoculars provide very enjovable and
comiortable views. For the price, there really is noth-
ing else like them

Comon's 10 = &2 L 15 WP Binoculars
Image-stabilized binoculars {ISBs) have been a real
boon 1o binocular astronemy. Such instruments
mate l||'M" COMYENIENCE lI’I- :il.-"ll'llil'l"ll'ld H['I[ ICS '!'u"l'll"l rhﬂ
steady views usually associated with tripod-mounted
gear. We reviewed the 15 = 45 Canon 15Bs when
they tirst appeared on the scene (5&T: May 1998,
page 45} and conchuded that they represented “truly
a quantum leap in binocular observing” Some
L'!L_’I]Il }'L‘ur“:- 0, I::-|:1II| “II"!' '.'-[-a'-l'.i'lllrll'.'d I.':'illl.l'r.'llhll'fll llﬂ'ﬂ'f
become a popular choice for cbservers. When the
|,_.l | -I-l‘l WERE HIII'IIIlJI'Il.'l!"'{l. we ]lii:rl}l.'l'f'i{ | p]’ﬂldUE-
ELvm I:"!l.lllr'l Ty See : rl'.-l!“' newest ]'III"IIIEH'TIEI-E Tl'lt!
Canon ISB family lives up to the reputation of its
predecessors

So does it? | won't keep you in suspense. These
are simply the tinest binoculars | have ever used
for astronomy — and that includes the other Canon

ofterings.

OPTICAL MATTERS. The optics are superb. Star im
ages are point sharp and show only a minor
amount of bloating at the very edge of the feld.
Views of the Moon are stunning and show a lunar
surface crowded with sharp detail. Indeed, seeing
the Moon's brilliant disk tloating in a dark, nearly
ghost-free 62" field was something 1 couldnt resist
returning to night after night. Views of star clusters
and rich Milky Way tields were simply breathtak
ingly wondrous. Under a dark sky, these binoculars
could keep a determined observer busy for years.
Much ot the impact of these binoculars is attrib
uted to hitting a specification “sweet spot” In gen-



”~

{fﬂl. 10 hj[]':]fl.llﬂ.l"i pl[l'p'!dt' d [tal Illlfil.l Llﬂ.JH.TIIZ'i'
between magnification and field size — one usually
wants the widest true field at the highest power for
views with the best contrast and the most detail
The Canon's eyepicces feature a 65° apparent field,
which translates into a 40 percent increase in true
field compared with standard 10 binoculars.

To achieve these results Canon puts a lot of glass
between you and your target. The objectives are a 3
element design protected by optical windows. The
eyepieces have 7 elements, including a 2-element
field flattener. In addition, :.T;arlight has to pass
through a roof-prism assembly and the “vari-angle
prism” that performs the stabilization. That's so
much glass that you might wonder how much light
actually makes it to your eves. To answer this, [ did
side-by-side comparisons between the Canons and a
pair of my own recently purchased 10 x 50 standard
binoculars. I found the Canons actually produced a
brighter image in spite of their smaller objectives.
This is enly a single data point, but clearly the opti
{ﬂ.l I:L'Iﬂ.tjng.'j IIS'SI:"EJ L1 1|||:"'\-|."' L.anon IJirI(II'lIl:lI":- are
very efficient.

Optics aside, the Canons feel great in my hands.
They are solidly built and feel as if they could take

The ohiective lenses of the Conon binoculors are protected by

IZI.:-I.'I-'I.‘I|'!if:'!i'-'I:|'-"'"'| w5 LK ather imoge-stob lizerd Bimine o

in the Canon ling, these fotus by maving the abjechives instend

of the gyepiedes.

a lot of rough use — nothing was loose or rattled,
and the rubberized exterior was comfortable to
hold. And though most stargazers won't fully ex-
plcln this feature, the hinoculars are '-'-'ﬁ1rtr|:ll"!?l-!'r|:.

STABILIZATION MAGIC. The stabilization mechanism is
powered by a pair of AA batteries and works through

a combination of motion sensors and the vari-angle
prism. The eftect never fails to startle and Impress
tirst-time users. That said, the very best views 1 had
came when | held the binoculars reasonably steady.
Using a chair is not only a more comfortable way to
observe but also helped me get the most out of these
binoculars.

Stabilization is activated by a single button push.
Pushing the button again turns it off. One nice
feature of these binoculars is what appears to be an
orientation sensor that prevents the user from acci-
dentally activating the stabilization when the binoe
ulars are hanging from your neck and aimed straight
down. Once tumed on, though, the binoculars can
be aimed straight down. Also, to conserve battery
lite, the power shuts off automatically after five min-
utes of inact vty

Given that Canon also makes similarly priced
15 » 50 and 18 x 50 stabilized binoculars, why go
for the smaller 10 x 4257 | found several compelling
reasons. First, both the 50-mm Canons have more
restrictive tields of view: 4.5° for the 15x model and
3.7° tor the 18x. That's roughly /i as much
sky coverage, respectively, as the 10 = 425 offer. And

and
not only are the 10 = 425 smaller; a1 2.3 pounds,
they weigh about /s pound less than their bigger
brothers. That might not sound like much, but it is
a ditterence you can feel when holding them for ex
tended perinds. Also, birders will appreciate thi
close-focus distance of the 10 x 425 — a mere 8.2
feet, versus 19.7 feet for Canon's 50-mm models. All
this adds up to binoculars that should see a lot of
use, night and f.|.|_1 .

Asgocidte editor GARY SERONIE authors this AR SINE §

monthly Northern Binocular Highlight colunn

The stabilizotion feature of
the Conpns is aclivated with
the push of o button (locot-
ed next to the focuser knob)
ond drows opproximobely
350 milllamps af current
from o pair of andinary
AA-zize hotteries. Far left:
The binsculors also come
equipped with o stondord
Hi-20 socket so thot they
con be tripod mounted to
minimize orm fotigue, espe-
cinlly when used for scan-
ning the horizon,
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SOFTWARE

| S&T | test report |

upgrade to dramatically improve your view of the virtual sky. By David Rat

Stﬂrry St{ll'l'y Night A popular planetarium pockage gets a big

edge

WHAT WOULD IT TAKE to get vou to change from Night Pro Plus 5. While the title is a bit of 2 mouth-
vour favorite planetarium software? Would more tul, it does promise some tasty morse 5, and it cer
sky realism and gorgeous horizon panoramas do tainly got me to take notice
the trick? Or what about a built-in database with [ tested Starry Night Pro Plus supplied on DVD as
around 1 million galaxies? How version 5 with a tree |‘-:!-‘.n|s- to V5.7 available on-
WHAT WE LIKE: about if a slick telescope control line. Installation took less than an hour despite the
Swanalng sky reelism using the ASCOM standard w I.'I"'. large volume of _-hl:l provided on ||=t. DVD, but the
included? Are you weakening? If upgrade took a few days! Imaginova has incorporat
All-sky maosaic well you're like me, then these may be ed what it calls Powerllpdates, which [ tind to be a
I'h‘rm VIELY :||.-"::'l'-'-|l=ll.; features, but on sensible idea. The software checks far upgrades
customizat their own they're probably not online and then installs them. Unfortunately, when
m G quite enough to offset the hassle of | tried this Imaginova's server was down for a day
WHAT WE DON'T LIKE: having to learn a new program. So | or so, which cast doubts as to whether the problem
what is the killer, must-have tea was on my end or the server's. But it also gave me a
EYRRAE sy ture we wouldn't be able to resist? | chanct '.--..::!-'-.I:- mously test Imaginova's response
Mebula outlines not How about an integrated all-sky to online queries, which it passed with flyving colors.
m mosaic imare down to magnitude | asked twr questinnsg and received re |'I|I-!'“"- to both
152 That's probably enough to tip within 24 hours, My only criticism of the online
the balance, and it’s precisely what Imaginova was update is that there was no clue as to the size of
thinking when it added all these features to its popu-  the file being downloaded. It took me about five
lar planetarium software and called the result Starry | minutes with a broadband connection, which makes
= s Opoew Lebslh Sy Peewrie  rcies Help
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me think that upgrading to ver
s1on 5.7 '.*-|‘|'| i l.!I.L|-II|_‘: CONTIeEE
tion might not be practical.
Once past the usual prelim
naries of setting your location,
tlll:' a]l'.‘-k:r ITELESANL 15 r.!'ll' |-|:"~-I
thing you'll see. Originally 1
thought the advertising claim
*the world's most realistic plan
etarium software™ was probably
just hype. However, selecting
one of the many photographic
horizon panoramas and then
watching the Milky Way rise
above it was enough to make me
a believer! I watched the rising
Sun on June 21st from inside
Stonehenge and then whisked
my view to the other side of the
world to witness the Magellanic
Clouds riding high above a beau
tiful Australian lake. These and

Starry Night Pro Plus 5

Imaginava Conada

285 Richmond 5t. E., Suite 300
Toronto, ON

Lanoda M5SA 1P4
416-603-B381
winw.starmenight.com

Requirements: Windows XF with
BO0-MHz processar, or Mocintosh
05 10.3 or higher, G4 B00-MHz
processorn, 256 megobytes RAM
(512 récommended), 3 gigobyles
disk spoce, 64 megabytes grophics
memory with OpenGl support [see
bext for details), ond 1,024-by-T68-
pizel disploy. Internet connection
recommended.

e

T

US price: £249.95

mosaic are located in the Options
side pane, and with version 5.7
its brightness can be varied with
a simple slider. [ particularly
liked the light-pollution con-
trols. It may seem strange to
configure a virtual sky with light
pollution, but the scene did
look much more convincing
when there was a friendly hori-
zon glow.

For deep-sky objects there are
the usual catalogs, and with the
side-pane system it's casy to get
the number of objects, their la
bels, sizes, and colors just as
you want them. A new feature of
version 5.7 is nebula outlines,
but the line style and color of
the outline can't be adjusted.

Chart printouts are a tad ordi
nary. The default printing of a

many other classic sights are rel-
atively easy to master and enjoy without ever hav
ing to leave your armchair.

Starry Night's menu arrangement is somewhat un
usual, but [ found the user interface one of the
easiest to customize, with just about everything ad-
justable to the user’s own taste. There are the usual
pull-down menus across the top of the screen, but
the heart of Starry Night is its side menus. These,
when opened, reduce the sky area but provide ac
cess to nearly all the display options. Most modern
mﬁwar: allnws users to customizs [l'lt' H.Fl-pf".il'ﬂﬂll_'{'.
but often the commands for doing this are relative
ly hidden. With Starry Night, changing how the sky
appears is never a puzzle. The only exception is
setting north vertical (called Orientation), as this is
available only on a conventional pull-down menu.

There are 11 side-pane topics, and the ones T use
maost are Find, Options, FOV (field of view), and
Ttltstupfr. Find does what it Fuggests and l&ts the
user locate anything from the Moon to deep-sky ob
jects. For the solar system, there are cascaded lists.
Select Saturn and a comprehensive list of its atten
dant moons appears. Double-click any object and
you are smoothly transported across the sky 1o your
chaice. A common feature of the side-pane system
is tick boxes for both the object and its label, and
often there's a slider to tweak some variable such as
brightness or quantity. For planetary moons, the
tick box switches on their orbit. For deep-sky ob
fects you have to know a catalog number, but other
wise II'IE' PT'IJ-E\'I."I!'J'I.I:F{" 1% '.I"I‘I.' SdILlE -\.:llll'.: YELY Intuknsg,

I spent hours discovering (or was it playing with?)
the items in the Options side pane. Here is where |
get the foreground panorama, and there's a good
selection available. After trying them all, [ settled
on the Vervy Large Array, as it secmed a great envi
reanment for skywatching. Settings for the all-sky

Messier object can result in
nothing visible. These minor gripes apart, 1 found
that the setting in the Options side pane could do
just about anything 1 wanted and without my hav-
ing to resort to reading through manuals.

The FOV side pane offers support for several com
maon digital SLR cameras, though the Canon Digital
Rebel/300D, which probably started the astronomical
DSLR revolution, is not there. You will, however,
find its replacement, the XT/150D. For FOV to fune
tion you have to enter telescopes, cameras, and
finders with, as you would expect, common ones
available from drop-down lists. When selected. the
FOV of choice appears centered on the screen. so
you have to move the sky to the field of view rather
than what 1 would regard as more logical, moving
the camera outline to the object, Planning a mosaic

1
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The side-pone menus are g
hig feature of Starry Night,
ond here the FOV (Field

of Yiew) pone is open. A
Tokohaoshi telescope in con-
junction with o Canan 2000
digital SLR comera has been
selected. The slider odjocent
to the Conon s used 1o
rotate the FOV outling 50
thot objects con D@ fromed
1o odvontoge. The findes
FOV is also disployed.
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The T:'I-"*-.'-li'l-' side pane covers teli COpE Ccontr 1]
Here, at least for Windows, the ASCOM standard
Talb] 18 d. and version 4.1 of this plattorm is s P
plied in the box. Once the platiorm is installed you
are ready to connect to most common o To teld
scopes and control them from the computer. |
warnted a sterner test, however, and decided to Ty
connecting to my Vizen Sphinx mount. To do this |
tirst had to download and install Peter Enzerink's
driver for the mount at www.enzer Ink.net/peter)
astronomy. The Sphinx then appeared on Starry
Night's list of telescopes, and [ was up and running
The Sphinx has only a limited catalog ot deep-sky
objects in its memory, so controlling it via Starry
Night opens up a lot more objects. Version 5.7 has a
[Hice 51--..|'|:|'|-: control intertace with a meat ‘nudee”
command for centering objects in the telescope’s
field. 1 had just a few glitches, but 1 put them down
to Vixen's software, which still has some bugs

Starry Night does much, mu h more. It has calen
dars, observation planners, viewing logs, and the
list roes on. You are not limited to viewing the
night Ky from Earth, and to get you out among the
stars there are several built-in favorite scenes

The companion book supplied with the software
s largely targeted at beginners, and there's also a
DVD that contains a mixture of documentaries and
trailers. The user manual is provided electronically
and runs to 188 pages, 50 it's quite a heity stack of
Paper .I' i :!I'I i|,‘|: to |‘:-:"i|'_1 It ot "Elll!'llf' fi'.l.‘.llFl"-. I:If
1|'l_' software rl_'-:ll_.l,'lf' gl I|"_|'|:|!'r COTINeCTIonmn, -'."rl 4]
ret the most out of Starry Night 1 regard the connec
fion as just about essential

With its all-sky mosaic and expanded databases,
it's not surprising that Starry Night requires some

serious hardware to perform at its best. 1 would rec

- AFry _|‘- _:l_llll ll'h

Pius features 3-D rendering of the plonets, and

here Soturn and its Brightest moons ore shown with the option
at for displaying thewr arbital paths., a micll armows an the orkits
chow the directions of motion

ommend at least a 2-GHz processor with a top-
notch graphics card to avioid e I'-'nl:.' mation and slow
reactions. Even so, moving around the all ‘-k} TOEAIC
is never going to be lightning fast. 1 tested the soft-
Cs with varying grapnics memaory
VRAM) of 32, 64, and 128 megabytes. One of the

graphics cards needed new drivers to support the

WAre 01 tnree

OpenGL standard, Without OpenGL support, many of
Starry Night's desirable features (the all-sky mosaic,

lering of the plan-

realistic panoramas, and 3-D ren
ets] disappear

The PC with 32 megabytes of VRAM could display
the all-sky mosaic only at its lowest resolution. With
Imaginova's recommended 64 megabytes of VRAM,
the medium-resolution mosaic is available. Only my
PC with 128 megabytes of VRAM could display the
highest resolution, but the manual says this is possi-
ble with 96 megabytes of VREAM. Having said that,
comparing the all-sky mosaics on the thres PCs, 1
saw little difference between the high- and medium
resolution versions, but the lowest resolution was
disappointing. So [ regard 64 megabytes of VRAM
and OpenGL support as essential

Starry Night Pro Plus does what it says on the box.
It's first and foremost planetarium software, and if
you wish to recreate the majesty of the night sky
indoors then it's hard to imagine how it could be
improved. T had many happy hours just admiring
the view. When that view is projected onto a large
sereen, it's awesome, Tt does work best with power-
ful hardware, but realism like this doesn't come easy.

S0, will I be changing from my favorite soltwarc?
Well, ves and no. For mundanc tasks, such as print

harts, probably not, but for planetariom shows

e answer 15 a I'I"-IIIIIZ-‘!I!':i.'_ =

Contributing editor Davip RATLEDGE had to be drapped
away from Starry Night Pro Plus’s rirtual Stonchenge to
FrRISH | ."'.'l.'-_: hiz latest boalk, |:|||_‘|i1.'|: At |'ll|'l|'|--‘.---._'||'.'|'|_‘.l|'|1..':

The State of the Art, published by Springer.




“The Sun can be quiet
one morning and
then a few hours later,

holy smokes,
something

really spectacular
is going on.”

OB STACKED

entry level, views ll"r'::"ln?-l' the affordable PST" H-a are nathing short of hreachraks e, Thar's -.-.-}"r the

e T ently won a Popular Science Best of What's New award. For true solar aficionados, the brand

new Caleium K (CaK ) PST isolates a layer of gas -'I:'-:'|' within the Sun's Chromosphers o let you see

I"I1'.-.".':E',|I|'|E;_ Hux r'i'EIII.'Il'l"- .'I-!'r::l F'I'I:'I:lil.‘. EVEnLs Q:.'r::l betore they '||_'||_':|_".'-_| in H-a. Either '-.-'_'|'I,_ it Yo ||'|1.'._:-

ASEFONOITY, 3 Coronada PST ||| e YOu enjoy your passion n ':lll 1 '{:':'

(ORONADOFILTERS




'_En_u_ks & beyond

A Fresh Look at the Classics seview by rony Flanders

The Mext Step:
Finding and Viewing
Messier's Objects

Ken Groun (Ken Bress,
£005). 152 poges.
ISBN 1-928771-12-2.
52995,

82 Apr fi Shy & Telescope

YOU HAVE TO BE VERY BRAVE — or very foolish -
to publish a new book on the Messier objects. The
subject has already been covered by three acknowl
edged masterworks: Kenneth Glyn JTones's book
Messier's Nebulae and Star Clusters summarizes all the
major observations by early astronomers; The Messier
Objects, by Stephen James O'Meara, has superb
sketches and descriptions by one of today's greatest
observers; and Harvard Pennington's Year-Round
Messier Marathon Field Guide sets a new standard for
|.'|art!j,' n hur]pinq h:'ginr'.rrh' find these r:l:-ir-:"rg [=
there really room for a fourth Messier guide?
Amazingly, yes. Ken Graun, a stargazer, author,
and publisher based in Tucson, Arizona, has just
:!'IH.dL‘ da hﬂld.l.l b'.lt 1?[]1.:'.][.5.] '.'f:l]'ITFIL'ILI.:]l:III". b tl'lf" "IE'IIFl.
The Next Step: Finding and Viewing Messier's Objects
includes a wealth of background and biographical
information about Charles Messier that appears |to
my knowledge) nowhere
else in English. This is ¥en Groun presents
Charles Messier's |ife and
observotions in o modenn
context with superh fext
and illustrations — like
this photo of the house in
Badonviller, Fronce,
where Messier wos born,

Shooting every Messier abject the

same woy has its odvortoges and dis-

dvaontoges: as shown m Groun's book,
EDUI0S |ect uCh as Me £l
i fiil M i I | moks re
1 | i q b I i i
" = | He N f i .

Is there really
room for a fourth
Messier guide?
Amazingly, yes.

supplemented by wonderful photographs of
Badonviller, France, where Messier was born, and
Paris, where he worked. There are also short but ex-
cellent biographies ot Messier's collaborator Pierre
Frangois André Méchain and their great contempo-
rary Joseph-Jérdme Letrancais de Lalande. Graun
clearly identifies with Messier — perhaps to the ex-
tent of compromising his objectivity. As a dabbler
in astronomical history, T wish that Graun had left a
h:*’r'.r'r '-iﬂ'.l'llil].ﬂ.rt:-.' TFHI] 14 T]'I at 1 l."l':IIIilfl [i'i“-iT'.I'I.E'l]i'-iI'l
more casily between his extrapolations from selid
evidence and others that were pure flights of fancy.
But that's a petty gripe; there's no doubt that this
book does a superb job of bringing Messier to life.
The other distinguishing feature of The Next Step
is that all the observations were made in a uniform
way — at 48x with a 4-inch refractor. Likewise, all
the objects are illustrated with photographs that
have identical scales [2.3° by 1.3%) and exposures (20
seconds at £/5.4 on 150 400 filin). This is both good
and bad. The uniform presentation allows the ob-
jects to be compared objectively, but it can't possi-
bly do justice to all of them. The visual m:gnif:ra—
tion is ideal tor the Pleiades but |urli-:'rr1|_1:=.|]..' low for
globular clusters — arguably the greatest showpieces
of the lot. And while the short exposures on con-
trasty black-and-white tilm do a tine job of mimick
ing the eve's response to faint nebulosity, they burn
ot the I_:riglll central regions of all the H|lr|‘.‘lu]3r
clusters and most of the galaxies (see below).
For these reasons, | wouldn't recommend The




Next Step as one's sole Messier guide. Be
ginners who are concerned primarily with
finding the Messier objects would do bet-
ter with Pennington, and O'Meara would
be more helpful for people who are eager
to tease out the maximum detail from
their eyepiece views. But this is a wonder-
f'l.]i mﬂﬂd hﬁt]k h]‘[ lﬂj’bﬂd}" Whﬂ wWants a
fresh perspective on these celestial show-

by david tytell

Comets I1

Michel C. Festou, H. Uwe Keller, and Horold A,
Weaver, editors (University of Arizona Press,
2004). 764 poges. ISBN 0-8165-2450-5. $85.
The iconic University of Arizona Press
Space Science Series recently released its
latest edition to the family: Comets I1. It's
amazing to think how much the field has
changed since the first Comets was pub-
lished in 1982. There have been close-up
spacecrait analyses of comets 1P/Halley,
19P/Borrelly, and B1P/Wild 2, We've had
several amazing close encounters includ-
ing Hale-Bopp (C/1995 ¢1) and Hyakutake
(C/1906 B2). And who can forget the death
of Shoemaker-Levy 9 (D/1993 F2) as its
shredded corpse slammed into Jupiter?

The book is organized logically, with
sections on origins, orbits, the nucleus,
coma, and dust. Uniortunately, it's already
out of date. Deep Impact's collision with
Comet 9P/Tempel 1 occurred after the
book went to press. But that's OK; it just
means there's even more reason to pub-
lish Comets TIT.

Like the other books in the series, this
is a reference book for planetary scientists
and is not intended for the general public.
That said, the best and brightest comet
scientists have all contributed to the mix
here. 1t's one-stop shopping for comet in-
tormation. Any astronomy library without
this title on its shelf is incomplete.

Pluto and Charon: lce Worlds on the Rogged
Edge ef the Solor System, Second Edition

5. Alon Stern ond Jocgueline Mitton [(Wiley-VCH,
2005). 262 pages. 15BN 3-527-40556-9, §79.95.
Much like Comets IT, here's another case of
a book that's already out of date, as two
watershed discoveries in Kuiper Belt sci-
ence have been made since this hit book-
stores: 2003 UBg,, the solar system's “10th
planet” (S&T: October 2005, page 28), and

pieces. The historical material on
Messier's life and times is unique. And
the book is infused throughout with
Graun's infectious enthusiasm.

Associate editor Tony FLANDERS has observed
the complete Messier list under urban, suburban,
and rural skies with instruments ranging from
handheld Fnoculars to a 12 5-nch teleseape.

the identification of two more moons in
the Pluto system. The former is mentioned
in passing in the authors’ preface. The lat-
ter, a discovery made by Stern himselt
[February issue, page 18], receives no men-
tion. Since the Hubble observations of the
Pluto satellites were made in May 2005
and the preface was written in August,
Stern was aware of both observations be-
fore the book went to print. So why not
hold the book six months to include the
maon announcement? My guess is a rush
to have it out before the New Horizons
Pluto-Kuiper Belt mission (see page 24),

There is a lot of great historical informa-
tion here. It is written for a general audi-
ence, and it contains a wealth of scientific
findings about Pluto, Charon, and many
other Kuiper Belt objects. And it does
cover most of the explosion in Kuiper Belt
science that occurred between the first
edition's 1997 publication date and 2005,
5till, too many critical discoveries are
already missing for this to be the compre-
hensive book it should be.

Tronsits of Yenus:

New Views of the Solor System and Geloxy

Don Kurtz, editor (Cambridge University Press,
2005). 554 poges. ISEN 0-521-84907-1, $90.

This collection of scientific papers, the
proceedings of the 196th colloquium of
the International Astronomieal Union
held June 7-11, 2004, does an admirable
job detailing the rich history and science
behind Venus's past trips in front of the
Sun. Because of this, the text is accessible
to the interested amateur {something rare
for IAU proceedings), and it serves as a
great reference. Since the conference took
place during the 2004 transit event, the
reader gets to see fun photos of profes-
sional astronomers at play as they obscrve
and celebrate history in the making. =

Find more intarmation on these
hooks and much. much more at

www.willbell.com
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SAVE BIG $

FREE SHIPPING ON JMI CASES
New NGF-C

NOT ALL FOCUSERS ARE

with "
upg rade. JMI'S NGF FGBUEEFIEE GIVE ‘rqu
Fits SCT's AT oTErs bolCT oncwT
$259.00 - Brass clamping rings - Digital Read Out  Paddec
on 2" drawtubes compatible '.""“ -

* Automatic Smart
Focus compatible
- Dual-Speed Knobs un

* Brass clamping rings
on 1-1/4° adapters
- 48Bmm filber threads

¥ 1o
1|'.I'1'

MOTOFOCUS

THE PRODUCT THAT ug 1-1/4" NGF t[:-.ﬂ' 13 times finer 10 Freum
l F Imi t fEBrR sy
PUT AN END TO THE [y Rack-and-Pinion

power, twice as much  focusers

FOCUSING WIGGLES

gt bt as some - All this in a low-profile
All 2 focusers - MOTOFOCUS focuser and no
and 1-1/4 compatible unsightly springs
adapters have - Digital Focus Counter - Starting at $69
|r_||i.l_-:-r|'|.':1 clamp compatible Order Now!
1.800-247.0304
Hand control The whole amaleur Community oaes Companies like
starts out slow, WOUrs B vary great deal. Uncompromising quality at the
ramps up, stops cutting rdge...” J. Kirkland
on a dime. S
ust a bried mola _I | R Rird hAgow | am vith the
radenl purchase e JWI BOTOFOCLUS. | am usually
far 1o h Gy 10 send an email like s unkess hie product
raalhy did exceed all expecialans
G.E.5 Dewar |

Prices are subjec] o changs. |

JMI Cases fit most popular telescopes.
This 14" Case will fit in the
_.. back seat of a Toyota Corolla.

.

14" LX200 GPS

Introducing the RE Line of
Reverse Binoculars

STUPENDOUS
VIEWS!!

« Fast Setup

« Easy o use

- ‘ Easy lo move

AB-10 $4,995
RB-66 52,795

Hi

NORTHEAST
ASTRONOMY
FORUM

I5TH ANNUAL
NORTHEAST ASTRONOMY
FORUM & TELESCOPE SHOW
MAY 6-7, 2006

AMERICA'S PREMIER ASTRONOMY EXPO!
Only 30 minutes from New York City at

SUNY Rockland Community College, Suffern, NY FEATURED SPEAKERS:

Dr. Ben Oppenheimer jﬂ‘M-"JII Extrasolar Pianets

THIS EXCITING 2-DAY EVENT FEATURES:
Mare than 80 an-site vendors
World-renowned speakers
Astro-imaging workshops

Daily solar observing

STARLAB planetarium shows
Gatting started classes for baginners
Space and astronomy events for kids

Dr. Mike Reynolds, Meteorite Expert

www.rocklandastronomy.com/neat
or contact Alan Traino at 973-427-2020.
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Chuck Shaw, NASA Flight Director, final HST mission

upresoed by

SHOW HOURS: SAT 8:30-6 PM, SUN 10-6 PM
For & detailed schedule, directigns, agmissm0on
information or hotel accommodations wisii
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Solar Eclipses on Stamps

Eclipses of the Sun get stamps of approval.

A TOTAL ECLIPSE of the Sun is one of nature’s most spec-
tacular celestial phenomena, and over the years it has been
depicted on commemorative postage stamps issued by
countries that lie within the path of totality. Special tirst
day covers for these stamps are postmarked on the day of
the eclipse itself.

Eclipse chasing is now a huge business for tour operators,
hotels, airlines, and cruise lines. The infusion of tourism
[EVENLE alﬁ{l I'.H_'lp':l b()(f"ﬂ ]ﬂt'ﬂ.i ECONOITUES, l:'.“:-i:‘l.".'.dllfr' (84 |
developing countries. For example, for the April 8, 2005
annular-total eclipse in the South Pacific (S&T: September
2005, page §7), the Piteairn Islands
came out TI".'I'!I"I 1.|"|I' MICE SEL I_.lf !-.-'.ﬂ.ll:ll_Zl'-.
I above, which was sold to collectors
RIYFTI and travelers aboard passing cruise
i ships. These tiny, isolated voleanic
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v October 3, 2005
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By Edwin L. Aguirre

islands subsist on fishing, farming, and selling handicrafts
and postage stamps.

This article gives a sampling of the various stamps issued
trom previous eclipses. For more examples, see the Web
sites ot Fred Espenak [www.mreclipse.com/SEstamps/
SEstamps1.html), Chris Malicki (http://ca.geocities.com/
kmalicki@rogers.com/index . htmlistamps), and Martine
Tlouzeau [http://mseclipse.free.fritimbres/timbres.htm)

For the total solar eclipse on March 29th (January issue,
page 115}, Turkey will mark the occasion with a 0.70 New
Turkish Lira stamp (far left) designed by research astrono-
mer Tuncay Ozigik of TUBITAK National Observatory near
Antalya. Contact the Philately Section of the Turkish PTT
www.ptt. gov.tr/eng] for more information

Nowadays you don't even have to wait for countries to is
sue their official eclipse stamps. You can use your favorite
eclipse photos {or almost any photos, for that matter) to cre-
ate your own postage stamps. Veteran eclipse chaser Olivier
Staiger used PhotoStamps [http://photo.stamps.com) for his
suite of -.-L".lp-n:' stamps, including one that shows
I last October 3rd’s annula: eclipse from Madrid {lefr).
hese customized stamps are valid US postage and
are approved for use by the US Postal Service

Happy collecting!

wmlinued on the following page »

Associate editor Epwin L. Acuirre, together with

"'l:“.-l- DRato editor |-|'I' |..!.| H I LTl gy I"".I||I -l.-\.'|:I ‘II_'-' ."|J.|!|.I IF]
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Mthe astronomy scene

GERHANA MATAHARI TOTAL

wldl

U]

.

=

b

[F ]

= o

o]

0

-

; E

TR 1

E MEXIC O J““:_L WMEXILC O

ECLIPSI ECLIPSE i
9% : - 199]

a July 11, 1991
Mexzico

» October 24, 1995
Thailand

& lune 11, 1983
Indonesio

¥ March 14, 1988
Fhilippines

4 March @ 1997
Mongolio

TOTAL SOLAR ECLIPSE S8R _J_ e t

» Februory 26, 1998
Arubo

v August 11, 1999




'ObservaToryScope

20" to 36" Robotic Telescopes » Heliostats + LIDAR Platforms

Ritchey-Chrétien Performance Epecifications:
Pointing Precision: < 5 arcsec | 15" slow, < 15 arcsec 60" slew

Pointing Repeatability: < 2 s 0
Tracking Precision: < 1 arc 5 minutes: < 10 arcsac [ hour
R.A.-DEC Non- FErp' < - D-plll: 'l'lh - 10 arcaec
DEC Backlash: .
Ritchey-Chrétien Features:
+ SolclWaided Steel Conetruction "
X . ﬂ-trdE!.Td-'-*aum Onve Systerms*
706+636+ 1167 Cormputer Ray Traced Bafle sysame
www.observatoryscope.com | ' "'-”'Erxﬁﬂm‘e{*m

H EONA LR : i
* Pagris Pending

& August 11, 1999 — s —

Romanio

FOCUS ON
BAYS MOUNTAIN PARK

Kingsport, Tennessee - email baysmtn@tricon.net
The dome shel n B-inch refractor telescope equipped with & hydro
solar studbes. The i urmeris mre mosthy used
Video fead is available to send live images to
R | g and enar -;.-u':gran"nﬁ. Cbserving
mights are hosted by the staff and volunieers

ASH MANUFACTURING COMPANY
FO. Box 312
Plainfield, IL, USA 60544
B15-436-9403 FAX B15-436-1032 - .
Website; www.ashdome.com Email; I:IJ'.--ILllr'f‘ﬂ‘f-:"‘"'n"l"'E-"-ll'I Fl'-hdb'”‘l‘- ':-C'f"l

Ash- nnme Is Fecoge nEarmationally By ajorn astronomical growups, amaneurs, LEnatgTsIb olleges, snd
4 mance, durs d dep abiility. Man dactncadly oparated
units in sizes from B to 30 feet in dismeber svallable. Brochures and specificatedns Upon requsEs.

: :::A’Fﬂu{

... .IH..-TF|I_I'I".1E¢J TS

Sky & Telescope April 2000 BY




Available
through
Verizon
Wireless on

PLANETARIUM

with Sky & Telescope's
Mobile Sky Chart

selerted

800-253-0245
SkyandTelescope.com

SK

& TELESOOPE

THE PORTER GARDEN TELESCOPE

BROMIE
STAMDS 35" HIGH

BE PERMAMEMNTLY
ALLED OUTSIDE

6" Fd MIRROR AMND
EYEPIECE ARE EASILY
REMOWED

ELEND FINE ART AND STARGAZIMNG with this elegant replica

of the Porter Garden Telescope. Russell W Porter, a designer of the Palomar 200
inch Hale Telescope, made history with this beautiful and tunctional creanon in
the eardv 1920k, Now vou can own one, It 15 bang lavishly reproduced, dutibully

wnd faithfully, in Vermont, with the full authorizanon of the Springheld Telescope

MMakers. So I-|.: 1 M ._i-._--l._i“.,__ a lat more time 10 vour earden, Numbered replicas,

|I cast in bronze and individually hand fnished, will be available this summe
1 I - = - i i % i r -
I learn more about this prized, hstonc mstrament, and 0o Feserve Yours,
| 5 - 1= 307 ]
plea 1SIE: Ve u..r.|.-~.|-|‘~L-~1t.-_r-11l- rcall: 617-292-004.1.
= — — —

BE S5kyv & Telesoope

MARCH 31=APRIL 2

Tennessee Spring Stor Party
Foll Creak Falls Stote Pork, Tennessap

ik sa e maath
sl oer i souin. el

AEDT T, 5

AFRIL =9

M5TA Mational Conferénce
on Science Educotion
Anaheim, Colifernio

F03-31.2-922 1 conjerences@mnsio.ong

APRIL X0-23

Georgio Sky Yiew 2006

Indion 5prings Stote Pork, Georgio
Down Knight,

SOET "-:|'|'=.'-'LI' fTinfriverosirono Y.y

AFRIL 20-23

Southern New Mexico Stor Porty

City of Rocks State Pork, New Mexico
John Gilkison, 505-527-8386;
jgilkiso@zianet.com

APRIL 21-22

Morth Centrol Region
Astronomicol League Convention
Appleton, Wisconsin

webmaster@new-stororg

APRIL 21-23

Aschberg Spring Telescope Meeting
achleswig-Holstein, Germany
Armin Quante, +49 & 351-475830;
glr"_lr_jlf_l:_-:.l:-'.n'* nfo.de

BT

&PRIL 23-30
Texnos Star Fﬂ”'.'
Fort Dovis, Texas

Anme Adkins, lspreg@iterosstorporty.org

APRIL 26-30

Desert Sunset Star Party
Three Points, Arizong
chortmarker@cox.aef
APRIL 26-29

Mid-5outh S5tar Goze 2006
French Caomp, Mississippi
Rainwater Qbservalor ¥,
bb2-547-6377;
infoi@roinwaterobservatory.org
APRIL 28-30

South lersey Spring Stor Party
Be leplair

Poul Ostwald, 267-304-4156

State Forest, Hew lersey

prosfwo!0glaol com =



Made Your Way

Mo ey e Ploasds dooyou need T Mo probiem.
‘M cusiomre your porchass exacly how you want AL

Hands on )ptics

www.handsonoptics.com
866-726-T371

Designed for the Professional . . . Priced for the Amateur
* b, 10, & 15 it DN
Observatories

* Stand-alone or
On Building

W + Al Fiberglass

* Easy Assembly &

* Manual/ Automat
Operation

#* Full Heigh

Access
* Priced from S&

.

ROBO-DOME™

Smalll robotic obsery abosi [of CeElpulef-Continl el Elesoopes.
L bues RNd VETY aHoed ghle

F5 - All our domes cin be sperabed remabely.

Call oo wrife toer FREF Brosrfure

1 TECHNICAL Ix.xnx'..mums
.ml Cemmg Ave. » Caatherdbory, WML TO8TS « Phame 500
FAX: 3019771106 * Web sife; www 'Hll'"rl_"l:k'rl'l'l".l;\'.“

ﬁelescopes cor

| 3

Satisfied Custormers Say .

gt D el “Vow & P Do | i

sy BT T oy pon Nl SRy TN
| g Jeea Eioeien wiCyos BT 8
B e e ety g ey g

- Farario B

ey el B ENTETwy i o o ——
§ FrEf e RCER Duyer e e AN i Bgs! of e Vo

orea e BT ey S erly e TD
Fam 9 o e sl BT B -
% davan M D

The sivatd i ool 1w vy Tl @0C
a (i T TN e vty 0T O W
i Erwaudied BT SDe IS E gl SF0R
.

M E Superor 51 Deaih Mn S5E00
ww belescopes com - 1 BO00 303 5873 J

ASTRO PIER™
Telescope Mounting Piers

Are you tired of leveling and lining up on North?

Ihe ASTRO FIER 15 the easy way 1o empoy vour favonie pastiume or

professson. Owr permanen! mountmg peers elummate the painstaking
task of .f-t..l‘l%_ anl i ';_." up on MNorth before sach |_'\-|_"u..¢-_'.:|:'_

sesspon. s allows vou to enjoy undelay -"..: obtervmg md encellent

astrophotography. Constructed from 1/4°, 38" and 127 welded steel
with three 3/4% UNF leveling bolts for supenior ngadity. Mounting
piers bor Schmadi-Cassegrams end German Equatonals
Colors: Madmght Blue, Black, Cream Whiie and White
Model shown 1s an Aurora Polans supporting a
Meade LX 200 127 wlescope
LE SUEURE MANUFACTURING CO_, INC_, 3120 LORNA ED.
B'HAM, AL U.S.A. PHONE (205) 8120720 OR
WWWASTROPIER.COM  VISAMASTERCARD '

Sky & Telestope Al 2 By




star trails

SOMETIMES MAJOR scientific ideas can begin very simply —
for example, at an informal dinner hosted by The Planetary
Society. In the early 19005, the possibility that a wayward
comet or asteroid might collide with Earth was seemingly

) so remote that it was treated by the public
H?Te S_GHE and the press as a joke — in fact, the asteroid-
scient 5t’5 research community had to consider how to deal

with the “giggle factor” The group at the dinner
Wa}' Df - included Planetary Society cofounders Carl
Cﬂtegﬂrlz- Sagan and Louis Friedman and a young plan-
L . etary scientist named Richard Binzel. “Carl was
g cosmic seated to my left,” says Binzel, now with the

threats.

Massachusetts Institute of Technology. He
remembers that there were several conversations
going on simultaneously around the table that evening: “I
said merely that we needed something like the Richter
scale to communicate quickly to the public whether or not
there,is an impact hazard.” Sagan looked up and called
across the table to Friedman. “Tell Lou,” said Sagan, gazing
intently at Binzel, “what you just told me " And thus came
the birth of a scientific idea.

The issue of near-Earth objects, or NEOs, actually goes

Torino Scale
108

inetic energy

“mpoctor diameter

Asteroid Alerts: A Risky Business

back to the early 1970s, when the late Gene Shoemaker be-
gan a program to determine the number of asteroids and
Comets Tl'lﬂ'| Ciil |-:‘| FI'!'I-'-.IT" i Ti'lff'.ﬂ.r to or "IDITII:' FII.H.I'H_'r. nl'll}" F
handful were known at the time. Two decades later, with
some 200 NEOs cataloged, Comet Swift-Tuttle made an
appearance, and for a few weeks there was the scary possi-
bility that at its next return on August 14, 2126, the comet
could strike Earth (S&T: January 1993, page 16). Swift-
Tuttle turned out to be a false alarm, but it was a wake-up
call — someday there might be 2 real threat, and when there
is, what is the astronomical community going to do about
it? How will the public be informed?

For Binzel the answer is a hazard scale, much like the
Richter scale for earthquakes or the Saffir-Simpson scale
tor hurricanes. In his system, an object is assigned a value
from zero to 10, based on its collision probability and the
kinetic energy {in megatons of TNT) released at impact.
Additionally, the values are grouped in colors that resemble
the five-step terror-alert scale adopted by the US Depart-
ment of Homeland Security. If an objeet won't hit Earth or
the probably of it impacting is so low as to be practically
nil, then it's a zero (white zone). If a collision is extremely
unlikely, with no cause for public attention
or concern, then it's a 1 (green). A value
of 2 to 4 (yellow) means a possible close
encounter of a sizable object with Earth
that merits attention by astronomers. A
3 to 7 [orange) is given to close encounters
that pose a serious but still uncertain
threat. Finally, an 8 to 10 (red) indicates
that collision is certain, with effects rang-
ing from localized destruction to global
catastrophe [see http://neo.jpl.nasa.gov/
torino_scale. html).

By 1995 Binzel's idea had evolved
enough to be presented at a United Na-

Global

Regional

Local

No
conse-

T SRS |
» 10-4 10-2 »0.99
| Collision probaobility

Meriting Threatening
attention

i Tiirime

98 April 2006 Sky & Telescope

[ O .
Certaoin
collision

Richard Binzel. shown here holding meteorites, hos

oeen o plonetory-cience professor al the Mossochu-
115 Institute of Technology since 1988, He invented
nipoct Hozard Scole o5 o way of assessing

e rises gssocioted with near-Earth objects

Quence :
tions conierence, which 1 attended. T sat

there listening to how all these countries
might protect their citizens against a cos-
mic threat. Thanks to Binzel's scale, ob-
jects from space could now be more easily
understood and respected hj.' the puh]i{'. |
Four years later, he offered a revised ver-
sion at an NEO workshop held in Torino
(Turin), Italy. And more recently, the
scale’s 1.'1-:'|::|:a.na.'ri11n has been updrﬂcd a.gain
to better communicate the risks to the
public and minimize media hype [S&T:
St‘ptvmhrr 2005, page 22).

“We're now very clear,” says Binzel,
“that the lowest numbers mean that there
is no hazard, and that as the numbers in



crease the risks merit at first, attention by
astronomers, and later by the public,
More and more journalists are learning
how to use this scale”

Sfil"l'lli'lT'i arc !'.I-L'L'H'IHI]H.;_ l'.'l:']'llr.'l?rll.'lbll"
with it as well. Ideally, when a potentially
threatening object gets discovered, obser-
vers and orbital dynamicists spend a few
days refining the orbit. Not too many
days, howewver: “The least risky way to go
is to communicate the data openly” he
says, "as this opens the public's mind to
the whole idea of the scientific method "

Although Binzel is best known for his
idea of what would become the Torino
Impact Hazard Scale*®, his career literally
spans the solar system. His interest in
planetary science started very early in his
life. Born in 1958 in Ohio, he enjoyed
working with Michelle Kleinrichert, his
high-school biology lab partner. After grad-
uation, he attended Macalester College in
St. Paul, Minnesota. It was quite a coinci-
dence when Michelle arrived at Macalester
as a member of the school's debating team.
This time, the couple started dating; they
got married in 1982. They have two chil-
dren, Steven and Christine. Binzel went on
to the University of Texas for his master's
degree and doctorate in astronomy. His
main areas of research are asteroids and
their connection to meteorites.

He is now general editor of the Univer-
sity of Arizona Press Space Science Series,
whose volumes have enriched our under-
standing of the Sun’'s family And as a
member of the science team for the New
Horizons mission to Pluto, his particular
tocus is on the nature and size of the plan-
et's polar caps. “TI've been studying Pluto
for 25 years.” he says, “and I've mapped
Plute's surface using the mutual L‘l’.‘l!l].'.ih'l.'ﬁ
between Pluto and its moon, Charon, in
the 1980s. | look forward to seeing whether
there is evidence of these polar caps under-
going seasonal variations over the course
of the planet's 248-year orbit "

Davip Levy and his wife, Wendee, interriesed
Richard Binzel last Jamuary 3rd on Let's Talk
Stars {woww. letstalkestars. com),

YA similar, bt more complex rizk extimaror, called the
Palermo Trchnical Impact Hazard Scale, was published
by Stevem B Cherlew [NASA/Jet Propulsion Laborato
ry) and hir colleagues in 2002 This continucus, log
drithads seale s 80 intended for the genéral public; it's
devigned for use by NEO specialints to quantify and
prioritize the potential rivks pesed by such bodies (pre
henpe: //men. . masa. gor frizk idecpalermo, tml)
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hobby Q&A

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

SHOOTING STARS
How well defined is o meteor-shower rodi-
ant? Is it o point on the sky or o several-
degree-wide spot?

— TYE Szwanc, HiLLseorousH, Nj
Radiants are spots, not points. A meteor
shower's radiant is the location on the sky
where all the meteors would appear 1o come
trom if we could see them approaching in the very far
distance. However, the members of a meteoroid stream do
not travel periectly in parallel; over the centuries their
orbits become increasingly scattered. Their nonparallel
paths mean that the shower's perspective point is not real-
iy a point.

For example, the International Meteor Organization's
Handbook for Visnal Meteor Observations lists radiant diameters
of 3° for the Perseids, 2° for the Leonids, 4° for the Geminids
and Eta Aquarids, "complex” for the Orionids and Taurids,
and “diffuse” or unknown for many others.

" — ALan MacRoserT

GALACTIC COINCIDENCE
As a teenoger, when examining on equinox-1350 star otlas,
| noticed thot the goloctic equotor crossed the ecliptic very
close to the latter’s northern ond southern extremes (that
is, the solstices ot right oscension 6" ond 18"). On equinox-
2000 charts they are even closer. I'd love to know when
the exact coincidence will (or did) occur.

— PETER SFERRA, MOUNTAIN VIEW, CA
You are not alone. Jean Meeus addresses this very question
in chapter 48 of his 1997 book Mathematical Astronomy
Marsels (available from Sky Publishing). Because of preces-
sion, the ecliptic longitude of each intersection point in-

Send your guestions to
GEo@Skyond Telescope.com
for consideration. Due ko the

wolume of moil, not all

guestions can receive
persanal replies.

creases 503 arcseconds per vear. He tinds
that the galactic equator {as defined by

the International Astronomical Union in
1959) passed over the solstice points during
May 1008, — Rocer W. SinnoTT

GIVE OR TAKE A LIGNE OR TWO
Poging through o reproduction of the 1909
Sears, Roebuck and Co. cotoleg, | found o telescope with on
aperture of 25 lignes. Are you familiar with that term?

— LEIF . ROBINSON, TARCOLES, COSTA RICA
In short, no. We're also surprised to learn that such an ar-
chaic measurement was attached to a “modern® telescope.
A ligne is one-twelfth of the old French inch {about 2,256
millimeters or 0.0888 English inch),
and it was often ascribed to tele-
seopes before France adopted the
metric system in the late 1700s. For
example, Charles Messier wrote that
his detailed observations of the Ori-
on Nebula in February and March
1773 were made with an achromatic
Dollond refractor of 40-ligne aper-
ture. The ligne did linger longer in
the lexicon of horologists, however,
where until rather recently it was
used to deseribe the diameter of watch movements.

By the way, that 1909 Sears telescope with optional 8ox
“astronomical” eyepiece cost $20.55, or about the equiva-
lent of $420 today. Flipping through recent issues of this
magazine, we found several very handsome refractors for
abowut that price with apertures of 80 mm . . . er, 35"

lignes.

= Demnis o1 Ciceo

FAST FACT: The Universal Constant Pi

In the 3rd century BC,
Archimedes proved that

"\_% “?F the ratio of o circle's
. @ y>»  Circumference to its
A j i AV  diometer is less
[=e] f & 1‘| \D  than 3'h but lorger
Q’% : @ N than3h hors
e Sl T O\ gbout 3.141. Later
' ' - LL: mathematicians
Uy

have computed whot
we now call r (pi) to
greoter ond greober oc-

%
@
L curacy — but how mony

p{‘;gzg 'I? g“""tq-' digits ore “enough”?

The onswer is 45 digits.
That's sufficient for one of the

92 April 2006 Sky & Telescope

most grondiose colculations using
r that | con imogine — nomely,
finding the circumference, C, of
the known universe down to the
width of o single quork. Not even
one-thousandth the size of o pro-
ton, this subatomic particle is no
more than 1 x 10 meters
across. The universe hos a ro-
dius, r. of some 14 billion light-
years, or 1.3 « 10° meters, ond
thus o diometer twice os lorge
thot needs 45 digits to express in
guoark units, If we knew the diom-
eter to this level of precision
(which we don't) and wanted to

compute the circumference just
05 occurately, we would need n
to the same number of digits.
According to Petr Beckmaonn's
1971 classic, A Histary of Pi, Eng-
lish ostronomer Abraham Sharp
was the first to evaluate x post
15 digits; he ottoined 72 in the
yeor 1705. The quest for more
digits is still going on, and in
2002 Yasumasa Kanoda ond col-
leogues {University of Tokyo; see
super-computing.org) surpossed
1 trillion digits. Their motivation
is mathematical curiosity, not
procticality! —R.W.5.
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| astrophotography |

Of Color and Composition

Some simple lessons from the art community will help astrophotographers
achieve the greatest visual impact with their images. By Tony Hallos

IT'S ONE THING to capiure th r||'|:-|l-: 1 exposure of a ga
axy, star cluster, or nebula. but r||,. ite another to consider
t|"|:' essential question of image DMPOSition b foare your
camera starts collecting :,_‘:-|1-':-Ir||'.-,. Likewise, it's equally criti
cal to control color balance during post-processing. As
readers of this magazine know well, amateur astrophotog
raphy has made great strides in the past decade, encourag-
ing many to try their hand at photographing the night sky
Some fundamental compositional rules carried over from

the world of fine art and professional photography can
help astro imagers frame their subjects to produce pictures
thﬁ.t I'I.'l".'-l' rn.'t:iirnl:ln*. ||"'|i_‘.l._'|-:_'|

The Color of Perfection
PI"I"J‘I-I.I'I‘-:'ttlZ:I'l..:I.l |.:I.|'J 1l!'|'|‘1:I 1C1ATS I}".Z-Ii'.ili_'.' '-.|'""I'i-"| rI- e T 1.I'l. ]

years as apprentices before they are gualified to judge color
n '.i|r- f!:." .’l.'-.1I'l||_'||'|1.-|l.||_’||'.||_'||||_'|'-. |1|_'l_'|:.. cnter I:||,' |ll',|_.'». W I|| I:'_'|||,::_|-||'__;-.'- hias @ sl ong cyan bias e how the Color over-
the benetit of such training, so0 most are forced to flounder  whelms the red rebulos. Using o simple color chart ploced next to the
about until they stumble upon a color balance that looks picture, the astrophotographer can easily identify the affending color
adequate. Fortunately, simple tools are available to help us bigs. By adjusting the cyan levels in Adobe Phatoshop, the authar
guickly establish proper color balance in our images. echieved o neutral balance in the imoge below, ollowing us to see the
A quick look at the image at right tells us it’s the wrong “push-pull” of the various colors moking up the image.
' color, but what color is it? We need to know the color cast
- to make a good correction. Since our visual system's com parative faculty is well developed, it's a simple matter to
put a color chart next to an image and compare the colors
to pick the right one. In this case the offending color is
cvan, and we need to add the opposite color [red) to the
image to bring the color to 2 neatral balance. The result is
presct ted at lett.

One goal of color balance in astrophotography is to es-
tablish a neutral background. If we have a color bias (if our
mare is o --.-In-u-i-nn' Iy one color) the other colors are all
uppressed by the dominating one. In the professional-

photography community, we would say that there is no
“push-pull” in the colors. When a neutral balance is estab-
ished, we see the push-pull of the various colors making
up the image. The phaoto can now breathe.
In photography of any kind, one element that can cripple
an image instantly is called clipping. The great photogra-
er Ansel Adams was famous for the detail he kept in the
shadows and highlights of his images, and we want to do

Careful ottentian § orbolance ond composition 1s the best tool Tar
M imoge ta an excelleat one B s iuidy .ii.;li' i |'||'|l'|:.:"-
noge compnsition, astroph grophers cor legarn to
terprel their imog this photograph of M&, the
il | M20. the Trikid Nehbi the aut CMDo g
eyl 1 1 2 of thir 1l 1 sense of
i 1y 1] LBy 1y and Dophne Hollos
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the same thing with our ""'"”ij'l intography. In Adobe Photo
shop, the best way to monitor our images to avoid clipping
is the histogram tool. Our goal while adjusting the histo
gram is to keep both the highlights {represented by the
right of the histogram) and the shadows (the left side) from
getting chopped off at the ends. A good histogram allows
the shadows to rise from zero levels, rather than starting at
a high level. The histogram should peak, then taper back
down to zero at the highlights before ending.

Another error in htn:-ph:rluurdph:.‘ i5 called color cross-
over. This is especially common in photographs made with a
digital printer. Color crossover causes differences in the
color biases of the highlights and the shadows in images

Let's use the image of the Moon below as an example. In
this photograpn, the shadows appear magenta and the
highlights green. We cannot simply add green 1o make the
shadows better because that will make the highlights
worse. The solution is to open the Curves function in
Adobe Fﬁﬂtmhnp {or any other software that has curves con-
trol) and identify where on the green curve the shadows
and highlights are positioned. In the shadow area we will
pull the green curve up to counter the magenta, and in the
highlights area we’ll bring it down to reduce the green. The
result should now have even color from the shadows to the
higﬂightq. Crogsovers are nof .'-llwa].-“- obvious, and I|‘|r'f..'
can be tricky to analyze visually if not for a very uscful
tool: the gra}"scajc, With it, very small color errors become
visible because gray is very sensitive to the slightest color
change. In the chart on the next page, the grayscale on top
has the magenta-green crossover, and the one underneath
has been corrected using Curves. Knowing what the correc-
tion is, we can apply it to whatever piece of artwork we are
working on by using Phatashop's feature of saving the
curves and applying them to other images.

Compositionol Considerations

Besides color balance, visual psychology is important in
the creation of a pleasing image. In our culture we're used
to reading from left to right, so our eyes pick up an Imag
on the left and follow it across to the right. 1f we don't have
something to bring our eye back to the beginning, we

These images show shodow (top) ond
highlight (hoftam) clipping — elimi.
noting imoge detail ot the extremes
of the dynomic range, The best way [o
monitar imoges o gvoid these condi-
tioms is to view the imoge histogrom
in Phatoshap,

won't feel the unity of the image. If we look at the image of
the irregular galaxy M82 on page 96, the star at upper left
serves to bring our eyes back to the beginning since we're
always attracted to a bright point source. Furthermore, the
red streamers from the galaxy also direct our gaze back to
the beginning of the image.

Distracting elements can take away from an otherwise ex-
cellent image. Sometimes a bright star will be on the edge
ol our image, but anything with high contrast close to the
Fllr"|:1|“.' h”.lldl.'[ |.!I3'Il'i":- our artention H'l"r'a'_n' EI"Z'II'I'I '!I'Il' I'I",ﬂil'l 'H_Ih-
ject, creating a feeling of tension. An image of Stephan's
Quintet (page 06, ﬂgl‘ﬁl is an excellent cxamplc of this situ-
ation. In this mirror-reversed image, the picture doesn't
function in harmony because the bright star is pulling us
away tfrom the beginning of the image and the galaxies are
pointing out of the frame. In the correct orientation, the

Left: This imoge of the Moon suffers [rom color crossover — the highlights disploy o green bios
problem i common in prints mode with ink-jet printers, but it can be corrected us

shodow ond highlight regions in the curve [midare) by clicking on an orea in the imoge; o point will oppear on the ¢

evel. We can then raise the green in the shodows to counter the mage

while B

e 5h0oow regoans ane aotobly mogenic This

1 the Curves fTunction in AgGcde Fholoshap, We can ident r-_. thie
Ire That represents The same

cwer the highlight areo, resulting in a neutral coler bolance (right). This
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LN Astrophotos from Our Readers

Eoch month Gollery
showonses the finegt
pstronomical imoges
submitted to us by our
reacers. We encouroge
¥l o tend YO WETY
best shots to gollery@
SkyandTelescope.com:
for more information
S8e our Astra Imager's
Guide on the Web ot
SkyondTelescope.com)
oboutsky/guidelines,
Mot all submissions con
be published.

& Texas Stor Trails

BY BILL WILLIAMS

Bill Williams captured these 5'/:-hour-long trails of stars
over the Harvard radio telescope in the Davis Mountains
in I"-1a_l.' 1990, “Cows were curions about my CAImEra a5 I
lett it there to observe at the nearby Texas Star Party”
he recalls. “Luckily, no planes crossed the field of view
during the exposure, and the cows didn't chew on the
cameral”

pETAILS: Tripod-mownted Pentax 6x7 medium-format camerd,
55-millimeter £/4 lens, and Fujicolor 400 color-negative film.

4 Celestial Logoon

B ALAKW CHEN

Visible to the naked eye on dark, transparent nights,
MB, the Lagoon Nebula in Sagittarius, got its popular
nickname from the dark band that bisects the nebula's
brightest regions, which Agnes M. Clerke, in The System
it the Starz (1894, IL:_':Il".! LD a |._=|:_'l|la-'l

DETAILS: 10vinch f/4 homebuilt Newionian reflector and
Starlight Xpress SXV-HoC CCD camera, Total exposure tin

trdde 2.0 Ihanrs iaet .’I.T.-.'_" Sth, Maorth iz to tre Wpper left fr this

ZLT-de Plem.
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« Showpieces

in Orion

BY DAMIEL VERSCHATSE
The tamous Horse-
head Nebula is seen
here silhouetted

in majestic glory
against the red glow
of the emission
ncbula IC 434, To
its lower left shines
the blue reflection
nebula NGC 2023
The bluish rays

are optical reflec-
tions trom 4th-
magnitude Sigma
Orionis, situated

oft the west (top) of
the 24"-wide tield.
DETAILS: 14'/e-inch

/0 RC Optical Sys
temis Ritchey-Chrétien
telesrope and SBIG
STL-110

camera, Total expo
TUrE TIme Ipds 7.4
howurs on October
30-31, 2005, from

San Esteban, Chile.

SkyondTelescope
com howto|
imoging
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