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The End of Dignity

HE AMERICAN MUSEUM of
Natural History in Newvork City

T

Planetarium and replacing it wigome-

the planetarium openetthe spectators

understand what is meant tprecession

is tearing down the old Haydenof the equinoxes

According to a 1938 guidebookhe

thing snazzieran 80-foot sphere in a glassnuseum wasfilled with the wonders of
box. The spheres exterior will function natural science from every known sec-
as a giant projection screable to flash tion of the globé& That alone made it

thousands of images simultaneously

noteworthy The museum was a serious

The museum wants to become interinstitution that addressed its audience
active;it has already remade one of itsith calm dignity

galleries into what thé&ew Yrk Times

described as &miniature theme park.

Calm dignity used to be a valued
commodity in public discourskisten to

It's about timetoo, according to the the 1930s holding forth on the advent of

Times which report-
ed that the museum
is “dogged by a repu-
tation for stodginess”
and known for its
“musty corridors and
dreary dioramas
After all, the plane-
tarium is a relic of the
1930s and what
can you say aboutna
era that gloried in the
old museunsd meas-
ured, earnest educa-
tional tones? (Straight
ahead for the Hall of
Stodginesreariness
upstairs to your right.)
Peter L.Rothholz,a
former chairman of

On Mardh 17th workers began
demolishing the Halen Plane-
tarium in NewYork City, the
first step in an extensive three-
year upgradeWhen completed,
the $135 million project will in-
clude a state-of-the-art gkhe-
ater and 50,000 square feet of
exhibition spaceAlthough gen-
erally endorsedithe plan has
been opposedya group called
the Communitylliance for R
sponsible Museum Development.
However on February 26th the
alliances bid to halt the project
was defeated in courgnd the
work began as seduled.

TV, which began its
American career in
1939:“Television will
contribute to the en-
joyment of milliong’
read an R@ ad-
vertisement‘When it
becomes a nation-
wide service it should
provide new oppor-
tunities for worker3
David Sarnoff the
companys president,
was only slightly more
effusive “It is with a
feeling of humble-
ness he said,that |
come to this moment
of announcing the
birth in this country

the Queens Museundescribed one as-of a new art so important in its implica-

pect of the 1939 Nework World's Rair

tions that it is bound to affect all sociéty

as“characteristic of the naiveté of that Contrast those measured comments
time” Most of us would agre®/e are so- with modern journalisng fevered reac-
phisticatedpur predecessors were naivetion to new technologie$he Economist

Right?

announced that the advent of the infor-

Exactly wrongThe society of the plan- mation superhighway would Ka revo-

etariums youth was the more sophisti-

lution in communications that is going to

cated ongand the old building death is change the worlt.Lawrence JEllison,

part of a trend that has damagher-

On the Cover

Astronauts aboard the Space ShuBRlscoveryvis-
ited the Hubble Space Telescope (HST) in Fel

ary to make a high-flying service call on the vendra
ble spacecraft. During five space walks the orbiting amusement par

technicians performed above and beyond their
pair schedule, replacing science instruments and
grading several control systems. Upon complet
HST was boosted to a higher orbit and the

components were brought back home. Astror
Joseph R. Tanner is shown here amid his first s
walk — the second excursion of the flight — w
Gregory J. Harbaugh (seen reflected in the hel
visor). Part of Hubble’'s solar-cell array is visib
over Tanner’s shoulder. The pictorial starting

page 34 presents the highlights of STS 82’s 11-
mission. Courtesy NASA.

ican life

ru

=

b that watching the sky show wéike see-
acdirst time”
th

chairman of the California software com-
pany Qacle said it is“going to forever

In the 1930safter all,you could please change our lives
the public and command an audience The slow death of dignified public dis-
“without turning your museum into ancourse echoes through our cultute
kniniature or otherwise politics it has meant the triumph of neg-
re-When the planetarium opened in 1935gtive campaigningln art, nuance and
urthe Timeswas “enchantedanddeclared beauty are drowned out by the acid blare

of the messag&he public has become

auting thesplendors of the universe for thencreasingly gnical about politics and

art. It will become gnical about technol-

Behind these comments lies a nowegy, too, when the actuality fails to live

"“discarded idea of a musewsnfunction. up to the advance billin@ur preference
on Back thena museum was for enjoymentfor the excessive in public discourse re-
dayand reflectionnot thrills “At last The flects one of the deepest trends in mod-

Timesannounced in evident relief whenern American life:the death of authority
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MARTIN KOZLOWSKI

The old American Muse-
um of Natural History
commanded a respectfull_ ¢
audience without turning i
somersaults because it wag

an authoritative institu- |/
tion. David Sarnoff didrt’

ty under and replacing it
with glitz, hype and som-
ersaults and we will all
be worseoff for it.

The democratic au-
thority culture is gone
and we cart’ bring it

need to proclaim a revolution in order tdack. But we can make sure that our
be heardhe was an authoritgnd people children,as they stroll through the new
were predisposed to listen to hifBe- glass box and the imature theme park,
cause authorities didn’need to shout, interacting as they gy are aware that
they had a calming (and often uplifting)things used to be different — as an anti-

influence on society

Of course authorities
spoke nonsense too — an a88mite
like Henry Ford had more credibility
then than he would have todd@ut in
democraticAmerica, authority was an
outstandingly democratic institutioRor
every institution like theAmerican Mu-
seum of Natural Historgnnobled by its

sometimes

dote to smugnest nothing else

Before all vestiges of the old Hayden
Planetarium are gonghe museum might
stage one last exhibiCall it “On the
wisdom of the society that built this con-
demned pnetariuni. Forgo just this
once (as a special favor to children) the
tendentious recitation ohmerican sins
that has turned so many contemporary

long association with blue bloods likehistory booksarticles and exhibits into
President Teodore Roosevelt, there sanctimonious roftTell us instead what
was a David Sarngffvho came to the our grandparents didgit,which of their
U.S. as a 9yearold Russian immigrant accomplishments we ought to treasure
and worked as a self-taught telegraphavhat aspects of the society they built
on his way to the tap were noble — and are gane

In itself, the proposed new planetarium DAVID GELERNTER

does no harm|l ”.“55 the old bui!ding Gelemnter is a professor of computer science
but not because it was an architecturglyaje and the author d939:The LostWorld
masterpieceln a larger sens@hough, of the Rir. This esspis copright 1995The
those bulldozers are plowing calm digniNew Yrk TimesCa
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Spectrum

X T: Bigger, Better

(4 'MON IN!” a carnival barker in my head shat&mon in, and
I'll show you a thousand wonders and give you a million goose
bumps!”

That barker sounds off daily as | interact with our design departiheent,
by Sandra Salamomyho joined our staff in Decemheo create a fresh,
contemporary look foBky & Telescope Beginning with next montls’ issue
you'll see a largemore usefriendly, and greatly enhanced magazivwe're
even cooking up a special surprise!

Magazines and their goals continually evolve — due to reader feedback,
new technologynew needdNe've decided tha8& T will benefit from greater
flexibility. This will ensure that each article
can be given all the space it deseraesl it
will also extend our leadership in bringing
you late-breaking news and observers’ re-
ports We also want to better showcase our
loyal advertiserdor these folks help make
this hobby so exciting and dynamilo ac-
complish all of these enhancements we will
relocate some departmeragdd new ones
and redirect the mission of others

To fulfill our new editorial visionand to
offer even better reader serviee will
change our printer to take advantage of
the very latest manufacturing technologiéss move will allow us to bring
you sharper images with superior color and to deliver issues more quickly to
your mailbox or newsstan@. cant wait to see theuly issue roll off the
press on the newvhiter and brighter paper wes selected.)

Of coursethe traditional mission oBky & Teescope won't changewe'll
still work overtime to provide you with the most comprehensiwadable
and elegant international magazine devoted to astrori®etyeen the cov-
ers youll find the same editorial quality and timeliness thatweedelivered
to amateurs and professionals for 56 ydaash issue will simply be bigger
and packed with more good stuff

s 7 Boodlonprr

Editor in Chief

Advertisement
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June 1947

The funds for the erectior
of the giant 200-inch telescop
on Mount Palomar in Cali
fornia have been supplied b
' | three Rockefeller boards. .

. In 1946 the Bundation made
a final grant of $250,000 to complete the pr
ect, bringing to a total of $6,250,000 th
funds appropriated to the California Institu
of Technology. . .

What is the justification for this huge e
penditure of money and efforfthe answer
in general termdies in the unconquerable e
ploring urge within the mind of mafhis new
telescope will project mas’sight into the uni-
verse .. .to a distance more than a thousa
million light-years away

This quaint quote was extracted from t
Rodkefeller Foundation report for 1946lhe
200-ind, dedicated onuhe 3,1948has prob-
ably seen bacsome 8 billion light-yearsle-
pending on your pet cosmological moek-
riously, the foundation got the name of the s
wrong — its Ralomar MountainThat was a
bad precedenbut it might help explain wh
SO many people have persisted in using
misnomer ever since

June 1972

Solar observers haveisd

LETTERS

Sagan Remembered Ambiguous Limiting

| grew up in the same Brooklyn neigh-MagnItUdES
borhood thatCarl Sagan didand Ive
L, come to take some pride in th¥then
<he died on December 20th, affected
me more deeply than | could have ant
yipated.
It is evident that Sagan was a speci
person — a learned and enlightened fre
Ojthinker with a passionate sense of wond

€that most of us lost long agib we ever : :
. - ; magnitudes at stgrarty sites (see the
had it.He was a brilliant communicator g Y (

- - . March issugpage 13)It may be entirel
with a gift for conveying that sense of ISsuFpag ) Y rety

. . possible for a skilled observer who real-
wond_er presenting physicsastronomy ly works at it to detect magnitude 7.2
-and history like a poetwe are all made stars with the unaided eye from an ex-
of star stuff he told uslIf there were

. cellent site under superb conditiphsit
more people like Carl Sagamw much a magnitude limit thus determined is
nganer our world would be

meaningless to everyone but that observ-
STEVE FEINBERG er. If we're going to start throwing num
41 E.RichmondAve. bers aroundywe had better decide to use
Point RichmondCA 94801 standard equipment that varies less than
the acuity and experience of observers’
visual impressions

A few years ago the amateur commu-
nity objected to manufacturers of com-
. mercial telescope mirrors making 4m
'Cf)ressive claims about optical quality that
ere difficult to substantiate objectively
hile that issue ha$or the most part,
Been put to resta new quagmire has
Hrisen involving the nakedye limiting

he

kargest Meteorite Shower

Descriptions of large meteorite falls
y usually make fascinating readingnd
thRe article on the Sikhote-Alin shower is
no exception (Ebruary issuepage 50).
However we are not certain that this .
fall represents the largest iron-meteorité H6|pr| Review
shower on recordVith less than 50 tons
documentedit ranks second to the Cape,

JIM REILLY

3286 NEAinsworth St.
Portland,OR 97211
skynut@whamet

My thanks to dshua Roth for hisxe
ellent review of three portable rich-field

covered what they believe a
=l large-scale sound waves in t
il sun's atmosphereThese ap-

which originate in the umbr
(dark central part) of a sunspbyt become
visible only as they expand into and across
penumbra (less dark outer part).

“The undulations are some 1,600 miles fr
crest to crestravel at 18,000 to 25,000 mil
per hour and follow each other about 2
seconds apaft[Big Bear Solar Observatory
director Harold Zirin report§ They are visi-
ble only when the seeing is better than
arc second.. ..

Dr. Zirin suggests that the waves may
related to the unexplained phenomenon
umbral flashes discovered a few years ag
Sacramento Peak Observatory bhggles M.

pear as bright and dark rings

€York shower from Greenlandpw total-
€ng 58tons

CapeYork became known primarily
through the collections byAdmiral
Robert E.Peary in 1894but in 1963 a
Haew 20-ton member was spotted an
subsequently brought to Copenhage
nThe eight largest specimens were foun
smostly in a narrow strip of dry lanbe-
Otween the ice cap and Melville Bagt-
most certainly more specimens remain
fLiender the ice cap and in the chilly wa-

rs of the bayDuring our field trips : :
there in 1992 and 1993 we searcheBadIO Observmg
Greas that had been exposed by retredtOm the Moon

1pg ice without successHowever we  wyi|| the Sun Set on Radi@strono-
are confident that remote sensing teci}ﬁy?n (April issue page 40)is a well-doc-

telescopes (March issygage 55)1 had

been in the market for such a telescope

and after reading the article | knew ex-

actly which one was best suited for.me

alot only thatput the information was so
orough that for the first time | bought
telescope by mail.

AL STAKNY S
PO. Box 390
El Cajon,CA 92022

n

Beckers and Paul Hallant...."We believe| niques will one day locate additional,nented warning about the future of this
the waves are sound waves carrying outwarftiagments (and we invite readers to SUGsciencebut it relegates lunar radio tele-

the energy generated by the umbral flashesgest ways to achieve this). scopes to the distant future and suggests

The waves are mo knawn as“running HOLGER PEDERSEN that they be on the Moas'far sideThis
Eg‘;?g?'&?’;?g‘?ﬂgﬁ[jﬁ"lg‘fgf:gi"}g’ di TORBEN RISBO view may be somewhat shortsighted.
. : ’ ye Niels Bohr Institute foAstronomy Productive microwave astronomy
and dhnThomas interpreted them as bein . : .
byproduct of magnetipressureand gravita- Phys!csand G_eophysms cou_ld be done from the side of t_he Moon
tional forces Their association with umbral Juiane Mariesvej 30 facing Earth,preferably at a site near
flashes is still unpreed,but they mg be relat- DK-2100 Copenhagen @the lunar limb $&T. September 1992,
Denmark page 259)Distance alone will greatly re-

ed to pressure oscillations in the Suconvec-
tion Dne holger@astrdku.dk duce terrestriainterferenceln addition,
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astronomers could simply point the tele-
scopes away from Earth or put up an
aluminum-foil shieldFurthermorelunar
radio telescopes need not resemble those
of theVery LargeArray in New Mexico
Using lightweight materials in the wind-
free low-gravity environment on the
Moon, modest but effective instruments
could be launched on a comparatively
cost-effective Delta 2 rocket and erected
robotically The Apollo S-bandantennas
easily set up by the astrongussggest
what is possible with today’technology

PAUL D. LOWMAN JR.
Geodynamics Branch (Code 921)
NASA/Goddard Space Flight Center

GreenbeltMD 20771

A European Adventure

The San Fancisco SidewallAstron-
omers are sponsoring public astronomy
events throughout Europe during the
three weeks following the total solar
eclipse ofAugust 11,1999.We plan to
bring telescopes and hold sidewalk star
parties in the great cities of that conti-
nent. Anyone interested in helping us
achieve our goal of sharing the wonders
of the universe with the people of Eu-
rope should send a self-addressed,
stamped envelope to the address below
or contact the club through oWorld
Wide Web home page at http://members
aol.com/raycash/sidewalk.htm.

BARRY HIRRELL

San Fancisco SidewalldAstronomers
1775 42ndAve.

San FanciscQCA 94122-4005

In Search of Maksutovs

Maksutov telescopes have many excel-
lent featuresincluding easily generated
spherical optical surfacesxcellent image
contrastand freedom from internal tube
currents among othersWith the Perry
design B&T. December 1995page 74),
most aberrations are eliminatddespite
the advantages of this instrumehtam
not aware of many Maksutovs larger than
10-inch aperturel would like to hear
from anyone who owns or is aware of a
Maksutov of this sizePlease send infor-
mation on the scope or contact informa-
tion for the ownerAny reply will be ac-
knowledged and greatly appreciated.

JAMES S@QA\LA
44 LosArabis Circle
Lafayette CA 94549



NEWS NOTES

Edited by Joshua Roth

Diffuse Interstellar
Bands Explained?

The spectra of stars have been studied
for more than 130 years and are the
foundation of astrophysicBut they still
hold secret?Among the most perplexing
are the diffuse interstellar bands (DIBSs).
These weakyague absorption patterns
appear in the spectra of all distant stars
They cannot be explained by any known
atom or moleculeThe first was discov-
ered as early as 192hpore than 200 are
known today

Astronomers have hypothesized that
complex carbon-based compounds are
responsible(A search for the cause of
DIBs was what led to the discovery of
the “buckyball’carbon60 molecule for
which a Nobel prize was awarded last
year) But how could scores of unknown
molecules all be distributed in the same
proportions along the line of sight to
every star?

Now two scientists are suggesting that
the mystery compound is none other
than the hydrogen moleculd,, the sim-

) L. plest andcommonest molecule in space
The Earth’s Fate Revisited Wriing in the December 201996, Ac
trophysical Journal, Peter Sorokin and

Generations of astronomy studentgets biggerAlso, while the Sun current- James Glownia (IBM) propose that the
have learned about the cruel fate thdy spins much faster (25 days) than th@ands result when an,holecule simul-
awaits our home planet some six billiorEarth takes to orbit ithe situation will taneously absorbs two photonsne ul-
years henceOur Sun will swell toward reverse after our star has swoll@nce traviolet and one visibldt works if the
red-gianthoodwe have been tolden- that happensany bulge induced in the photons hit at essentially the same in-
gulfing the Earth in the procesBut a Sun by the Earth will rob the Earth ofStant and their energies add up to match
few years ago three theorists pointedrbital energyThus slowedpur planet the difference between two of the mole-
out that the Sun will shed a significanwill fall deeper into the Sus’ gravita- cule’s energy levelsThe theory has ac-
fraction of its mass as it evolyeand tional grip counted for the wavelengths of about 70
hence it will exert a lesser gravitational As Rasios team points out in th&s- observed DIBs
grip on the Earth$& T May 1994 page trophysical Journal for October 201996,  But theres a problem.Two-photon
12). The resultithe Earths orbit grows it's not a sure bet that this mechanisiiits are very rardo get enough of them
by roughly 70 percent and remains bewill actually pull the Earth into the you need an extremely dense flux of ul-
yond the Surs outer layers swollen Surs envelope The outcome traviolet light.Sorokin and Glowniagx-

Or so things stood until last falkhen depends on how efficiently the Sun caimerts in laser physics and molecular
FredericA. Rasio (MIT) and three col- shed the energy it absorbs from the tid&pectrasuggest that ultraviolet photons
leagues studied tidal interactions beinteraction. of the right wavelengths can get trapped
tween stars and their planefRasios Of coursesuch speculations are acawithin sheetlike molecular clouds near
team got interested in the subject bedemic as far as the Earghbiosphere is hot starswith a single photon ricochet-
cause of the planetlike companions reconcerned.Long before the Sun be-ing off H, molecules billions of times
cently found circling other Sun-like starscomes a red giants luminosity or total Astronomers remain skeptic&lo sign
(February issugoage 12)While assessing energy output,will increase possibly of such intensdrapped ultraviolet radi-
those systemshe group also ponderedtriggering a runaway greenhouse in ouation is observedDIBs appear in the
the consequences of the tides that tremosphereAnd even if it manages to spectra of cool stars as well as hidtra-
Earth would raise in the swollen Sun. outrace the Sus’ expanding envelope violet-emitting onesAnd they actually

While such tides are minuscule todaythe Earth wort escape its inexorably in-seem to avoid nebulosity close to hot
things change once the Sun starts to balreasing luminositywhich will eventual- stars where the proposed mechanism
loon outward because the tides inducelg melt the terra firma on which we live ought to work bessitill, the theory is tan-
in any body increase when that bodyoday talizing — and a reminder that decades

©1991 DAVID A. HARDY
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after astronomy textbooks began saying..
that atoms and radiation are completely[#
understood,some of their interactions [
are still beyond us

Supernova Signs
May Lurk in Ice

Astronomers typically look for evi-
dence of supernovae in the s&ydying
the collapsed cores and the nebulou
residue they leave behinddowever
signs of these stellar explosions may
also lie deep beneath our feet. o

If a supernova were sufficiently close ®

— about 130 light-years — highnergy . . .
particles could react with atoms in our at- Unmasklng Galactic Nelghbors

mospherg producing anomalously high  ope of astronomy ironies is that some of the galaxies nearest our own are
concentrations of certain isotopes (atomsamong the least well knowalaxies that happen to lie behind the Milkday’s

of a given chemical element with differ- qysty starry disk are still being discovered tod@jie latest member of this
ing numbers of neutronsfurthermore  growing family was winnowed by Marshall IMcCall (York University) and

the Earth could pick up extrasolar mater- Ronald JButa (University ofAlabama) from fared (I-band) images they took

ial directly by moving through the super- yjth the 0.6-meter Burrell Schmidt telescope Anizona’s Kitt Peak.As ex-
novas debris cloudThe evidence for ~plained in the Astronomical Journal for March, the scientists’ computers
such events may be locked in layers inpajinstakingly subtracted the foreground MiMyay stars from the image at left
glacial ice sheetsdeep-sea .sedlment;r. to better see Dwingeloo &,barred spiral in Cassiopeia that was originally spied
other geologic stratdhere is no defini- *\ith a Dutch radio telescop&% T: February 1995page 12)Their image also re-
tive evidence that the Earth actually yealed a previously unknown dwarf elliptical galaxy (arrowed) 9 arcminutes to
bears such isotopic debrievertheless  the west (right) of Dwingeloo #nother companionDwingeloo 2lies beyond
John Ellis (CERN)Brian D Fields (Uni-  these frames to the northweshe galaxies are believed to be members of the

versity of Notre Dame)and David N |C 342-Maffei 1 groupan assemblage roughly 10 million light-years distant.
Schramm (University of Chicago) exam- Courtesy McCall and Buta.

ined what isotopes would be produced in

a supernova and what would likely be ) ) ) ) )
swept up by the Earth. Geminga,an enigmatic gamma-ray pul-birth event has yet to be fourtde physi-

Writing in the October 20,996 Astro-  Sat Currently only 510 light-years awaycistscan point to an abundance of beryl-
physcﬁ] Journal, the researchers explain(SgLT: June 1996,page 17),Geminga is lium-10 in a Sample of ice drilled from
that the amount of supernova materidpelieved to be about 300,000 years oldheAntarctic ice sheeThe aberrant con-
deposited on the Earth would be strongAny isotopes it spawned would thereforgentrations in two layers 35,000 and
ly related to how close the exploding stabe relatively close to the Earthpresent- 60,000 years in ageould have originated
was One promising (but still undetected)day surface in stellar blastsThe researchers note that
candidate is the supernova that spawnedWhile isotopic evidence for Geminga’ if the beryllium-10 signatures are from
supernovagethen other isotopes should
show an increased abundan&ks, such
additional chemical analyses of ice cores
have not yet been performed.

While ice cores go back only tens of
thousands of yeardeepsea sediments
extend the geological record by several
hundred million yearst is believed that
if a supernova occurreto close to the
Earth, catastrophic effects to the bio
sphere might have resulté&de highen-
ergy radiationfrom the explosion could
break apart atmospheric ozoakowing
life-damaging ultraviolet light to reach

Anomalous concentrations of elements in ice cores the surfaceThus examining yet older
from Antarctica may indicate periods when the | hints that

Earth was irradiated by nearby supernovae — with ayers m_ay turn up |n§ _a one or
possibly life-threatening effects. Courtesy Joan More periods of mass extinctions result-

Fitzpatrick, U.S. National Ice Core Laboratory. ed from supernovae
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NEWS NOTES

Crowded at the Top?

Have astronomers built too many tele
scopesat the summit of Mauna &
That's what Malama Solomom, senator
in the state of Hawaiiwants to know
Solomon has requested an audit for t
entire management of the Mauna&
Science Reseryevhich is cooperatively
administered by the University ofaH
waii's Institute forAstronomy and the
states Department of Land and Natura
Resources

At the root of the controversy is
whether the state government has a
lowed telescope construction to excee
limits on development agreed upon i
1982.By the year 200Ghe dormant vol-
cano was to be the home of no mor
than 13 telescope€urrently there are
11, a total that includes the 8-meter Su
baru and Gemini facilitiesto be com- -
pleted in 1999A 12th telescope will be :
the Smithsonian AstrophysicaDbserva- Has Mauna Kea become populated with too many telescopes too quicklg?Hawaiian
tory’s Submillimeter WAvelength Array legislator and an environmental group are leading the mission to question the intensive
— a sextet of 6-meter parabolic antenuse of the volcanic peak. This aerial photograph by Richard Winscoat was taken in
nas expected to be finished at the end §gbruary 1995.
this year While astronomers maintain
that this array counts as one facilitthat of dipiter. For examplegaps exist SaturnUranusand Neptune to migrate
since all antennas will work togethep- in the belt at the 1:2 and 1:3 resonancesutward and the orbit ofupiter to mi-
ponents argue that it should be counteals shown below grate inward. (Evidence for such shift-
as six separate telescopes However dynamicists have puzzleding is found in Plute odd orbit and the

The Sierra Clupwhich supports the over the dearth of asteroids in the regiodistribution of Kuiper Belt objects far-
audit on Mauna Ka’'s astronomical use 3.5 to 3.9 a.u(525 to 585 million km) ther out.)An inward ®&vian shift of just
notes other concerns about the mourirom the Sunwhich lacks strong reso- 0.2 a.uwould have allowed higherder
tain’s managementAmong them are nances with upiter and is largely be- resonances to sweep though the prob-
protection for the summi’ historical and yond the planes gravitational control. lematic region and force the asteroids
cultural valueas well as the habitat for aComputer simulations have shown thathere into unstable orbits that eventually
rare indigenous insect. about half of this regios’ original allot- sent them elsewhere

Donald Hall,director of IfA,explains ment of asteroids should still be there  One problem with this model.iou
that he welcomes public scrutiny of the These studies assumed thapifer has and Malhotra admitjs its prediction
management of the mountaiiwe are always orbited 5.2 a.from the SunBut that asteroids should have congregated
in absolute compliance with the mastethat’'s probably not the casassert &- at the 1:2 resonance (3.28 @nom the
plan; he saysand all telescopes have reChyi Liou (NASA/Johnson Space Cen-Sun). Instead a gap exists there now
ceived proper public review and permitster) and Renu Malhotra (Lunar andOne likely explanationithe scientists

Planetary Institute)‘During the early suggestis that whatever accumulation
. . history of the solar systefrthey write in  occurred during ubiter’s inward drift
Depletlng Outer AsteroidS sdencefor Jnuary 17tht is likely that has been gradually removed in the bil-
the gravitational scatteringf planetesi lions of years since the planets’ migra-
mals by giant planets caused the orbits dfon ceased.

The asteroidbelt” between the orbits
of Mars and dJpiter is hardly a flator-
gg\rllg (kj)gle(hog)/ﬁlrliSénf);hgerz;?/;?ac:iroﬁ:ntit;%he asteroid belt _is full RESONANCES

. f gaps. Much of its 1.3 25 1:2 2:3 1:1
from the giant outer planets (and on@uter reaches has been
another) into a wide spread of orbitabwept clean by Jupitefs
inclinations and eccentricitiedupiter’s gravitational influence.
influence is most noticeable within/.1 Recent research sug-
astronomical units (200 million kilome- 9StS this process

. . . . . would have been much
ters) of its orbitwhich is virtually aster- . ore efficient if the
oid freg and at locations farther inward,giant planet migrated
called resonancesvhere an asteroid’ inward early in the

orbital period forms a simple ratio withsolar systems history.
Adapted from Science. SEMIMAJOR AXIS OF ORBIT (a.u.)

Depleted
region Depleted
region

» Hilda
i asteroids Trojan
: asteroids -,

ECCENTRICITY OF ORBIT

18 Sky & Telescope June 1997 ©1997 Sky Publishing Corp. All rights reserved.



NEWS NOTES

Large-Scale Clustering

In the early part of this decade as-
tronomers found conclusive evidence of
large-scale structure in tHéocal” uni-
verse (at redshifts less than = 0.2,
which correspond to distances of about 3
billion light-years).Researchersuspect-
ed that the sheetfi#iamentsand walls of
galaxies they found could not have exist-
edin the earlier universe (at higher red
shifts) since cosmological models suggest
that such structures need a great deal o
time to form.However a recent study of
galaxies with an average redshift of
0.5 hints that this may not be true

Using the 10-meter &ck | Telescope
Judith G Cohen (Caltech) and her col-
leagues found the redshifts of 140 extra-

galactic objects that fall within the Hub-  The Large Magellanic Cloud Through Radio Eyes

ble Deep Feld and in adjacent regions p, these two images look familiar? If your answer isinanight be because
Within that sample they detected six con-p,man eyes werentlesigned to view radio wavekeft) nor to filter out the red
centratlo_ngall betweenz = 0.3 toz = 0.6. glow of hydrogen-alpha emissi@right). You're looking at the Large Magellanic
It may still be too early to say what these c|gud (LMC), a satellite galaxy of the Milkyvay and.at visible wavelengths
concentrations represesince the sam-  gjght familiar to Southern Hemisphere observene radio image maps neutral
ple was from such a small patch of sky pyqrogen gasvhich traces the structure of the LMOhterstellar mediunMade
Cohens team speculates in th&siro-  ging theAustraliaTelescope Compadtrray, it reveals large holesalled super-
physical Journal Lettersfor November 1,  giant shellsthat are telltale signsf violent explosionsor tremendous stellar
1996, that it has found high-redshift \yinds The map of the LMG H-alpha emissiomroduced using a 16-inch tele-
counterparts to localarge-scale struc- gcope at Mount Stromlo and Siding Spridgservatoriesevealssites ofongoing
turesand it has already widened its red- star formationThe bright region toward the left side of the H-alpha image is 30
shift surveyto see if these distant group- poradus the Tarantula Nebula.By comparing these imagea team of &
ings extend to neighboring fields tronomers led by Sungeun Kim (Mount Stromlo and Siding Spring Observato-
As if that werert enough to confound yies) s developing a broad picture of the LMGitructure and dynamiddadio

cosmological modelsstronomers at the  and H-alpha images courtesy Sungeun Kim.
University of Chicago have found evi-

dence for superclusters of galaxies at ) ) o
even higher redshiftslean M. Quash- €léement quasi-stellar object absorBiersand gasin one still dimly understood

nock,Daniel E.Vanden Berkand Don- [N effect, this catalog records extendecbhase magnetic fields are believed to
ald G York took advantage of a recentlyoPjects that lie along the sight lines tglay a crucial role in a star growth,
compiled catalog of sealled “heavy- distant quasarsabsorbing portions of from facilitating the accretion of matter
their spectradust what component of ato shaping jets and outflowBut the ex
quasars spectrum is absorbed reveals thistence of magnetic fields in stars being
scale and redshift of these systeiifee born has been difficult to establish con-
teams findings reported in theAstro- clusively

physical Journal Letters for December 1, However an active young object in
1996, suggest that large-scale clusteringaurus may have provided the first di-
exists out to redshifts as high as= 3. rect observational evidence of a devel-
| This implies that galaxies (or the ga®ping star ejecting its magnetic fiellsh

I

=
a1

Distant -Galaxy
Clustering

=
o

clouds from which they formed) werel992Tom Ray (Dublin Institute foAd-

grouped together within a billion yearsvanced Studies) and his colleagues ob-

of the Big Bang servedT Tauri S (south)the visibly ob-
scured component of a double (and
perhaps triple) staat a wavelength of 6

NUMBER OF GALAXIES
o

°0% o0a o5 oas or o8 oe 1 laur’s Magnetlc centimeters using the MERLIN network
REDSHIFT Personalit of radio telescope$he astronomers dis-
A recent survey of galaxies within the y covered thatthe system had recently

Hubble Deep Field reveals clustering at  gStar formation,while ubiquitousre- ejected two blobs of fast-moving gas
fr‘:rfgl'gter?n‘izhlgtrze_:gaelseest?ljgt‘l‘ﬁé”sg;mrﬂgry mains a mystery in many ways ts-a one from each sidand that energetic
to those seen within a few billion light- tronomersin part this is because the earelectrons within the blobs were emitting
years of Earth. Adapted from the Asro- lieststages of a stas’development take radio waves circularly polarized in oppo-

physical Journal Letters. place within an obscuring cloud of dussite directionsAs Rayand colleagues ex-
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NEWS NOTES

plain in Naturefor January 30ththe most
likely cause for such diametrigolariza-
tion is a strong magnetic fielRay’s team
plans to monitor thd Tauri S outflow
as it expands away from the sga@rhaps
getting the chance to observe other a
pects of the staflormation process

In Brief

¢ An international team of specialists ha:
found no evidence for a 50-metgide
impact crater in Honduras, despite re

ports to the contrary following a spectact

ular bolide last November 22nd (March
issugpage 12)According to Jiri Borovic-
ka (Ondfejov Observatory) and Maria
Cristina Pineda de Carias (Natiodal-
tonomous University of Honduraghat
fireball had a peak apparent magnitud
of =19 to —21 — roughly a thousand time
brighter than the full MoonThe event
probably resulted in sizable meteorite
near the Honduras-Guatemala borde
though none has been recovered yet.

¢ The US Naval Observatory plans to
add aleap secondto the worlds clocks
on dine 30th at 23 hours 59 minutes 5
seconds Coordinated Universdlime
(UTC). Since 1972)eap seconds have
been added to the worklatomic clocks
when needed to account for the Easth
slowing rotation.According to USNOQ
the last leap second was added in 199

¢ Further evidence fantergalactic stars
has been winnowed from theorfhax
Galaxy Cluster with the help of the New
Technology Telescope in Chile Tom
Theuns (University of Oxford) and Ste-
phen JWarren (Imperial College of Sci-
ence Technology and Medicine Lon-
don) have found what appear to be 1
planetary nebulae (the halos of dying
low-mass stars) between the cluser
galaxiesin the &nuary 21sMonthly No-
tices of the RoyalAstronomical Society
the researchers infer that as many as 4
percent of the clustes’trillions of stars
lie betweenrather than withinits galax-
ies This parallels Hubble Spacéele-
scope findings in th¥irgo Cluster (May
issuepage 18).

e Princeton Universitys Robert H.
Dicke died at age 80 on March 4tA.

multifaceted physicist who made fundat

mental contributions to the develop-
ment of radio astronomyDicke was
perhaps best known for formulating al
ternatives to Einsteis’ general theory

1 By Jonathan McDowell

MISSION UPDATE

Midcourse Space Experiment

The infrared telescope aboard th
5'Midcourse Space Experiment (MSX
has made a detailed map of the gala
tic plane Stars and nebulae crowd to-
gether so closely in this region that thg
Infrared Astronomical Satellite was
s unable to tell them apart during itd
1983 all-sky surveyMSX's highefreso-
lution observations thus provide ou
first comprehensive census of infrare(
objects along the plane of the Milky]|
Way. In January MSX scientists pre-
sented spectacular wide-angle views (
the galactic center (see the example
right). Unfortunately the satellitg’in-
cfrared observations have now come t
L a halt; the telescope&’ solid-hydrogen
coolant ran out ondbruary 26th.

s Mars Global Surveyor
r NASA's Mars Global Surveyor is
now about halfway to its destinatio@
The spacecraft will enter Martian orbi
on September 12tlsome two monthsg
after the uly 4th landing of Pathfinders
also now en route to MarSurveyors &
camera has passed several tests dug
its interplanetary cruiséaking picturesa
of the Pleiades and other targets
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5year in orbit got off to a shaky start i

February W.hen an oxyg?n genera;,to{'he MSX satellite made this 1°-wide map
caught f"? in the Kvant (*Quantum”) of the galactic center at infrared wave-
astrophysics moduleAlthough the |engths between 6 an®0 microns. Emis-
blaze was extinguished quicklyhe sions from stars, warm dust, andcool
cabin filled with smoke and the sixdust have been colored blue, green, an
RussianAmerican,and German crew red, respectively The brightest spot is
members had to don oxygen maskie nucleus of the Milky Way.
Otemporarily Then,in March,other life-

station All these problems forced the crew to breathe oxygen from their re

supply as they awaited the arrival of another cargo shipiil.

Galileo
10 NASA has extended Galile®'tour of the dpiter system for another tw
years After its primary mission ends in Decemp@alileo will concentrate or
exploring iy Europawith several close flybys planned.

Since last Novembewhen the orbiter flew by Callistdt has made almos
monthly passes near the giant plasetioonsGalileo visited Europa for the firs
time on December 19tewung aroundupiter in &nuarythen encountered EU
ropa again in latedbruaryGanymede was due for successive visitpnil and
May. After another flyby of Callisto inuhg Galileo will head farther out to ex
plore dipiter's magnetotail before returning to the inner satellite system in
temberThe extended mission will end in 1999 with a close pass.of lo @&

An astronomer at the Harvard-Smithsonian Center for Astrophysics McDowdll writes a
weekly dectronic newdetter on the space program (http://hea~wwwv.harvard.edw/QEDT/
jem/spacejsr/jsr.html).

o

support equipment broke down and a robotic supply ship failed to dock with the

serve

—

Sep-

of relativity.
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IMAGES

HE BIRTH of a low-mass star can drive spectacular jejst’s north (left) end is illuminated by the hidden star
I of gas many light-years into the surrounding interstellar To the right the jet points directly at HH 3te smallpright
medium, culminating in bright nebulae called Herbigblue-green parenthesis south of the.gtasimilar but fainter
Haro (HH) objectsThese glowing rims are shock fronts profeature is an equal distance north of the.#talong chain of
duced where the supersonic jets plow into slower gas more complicated HH objects extends 9 light-years toward both
This image shows a chain of HH objects emerging fromedges of the imag&o the north the chain terminates in a bright
young star about 1South of the Great Orion NebulEhe star complex containing HH 33 and HH 48.group of highly frag-
is still embedded in the molecular cloud from which it formednented objects (HH 8®7,and 88) marks the opposite end of
Infrared observations locate it at the left end of the linear régk outflow
feature near center — a jet emerging from the star at 300 kilo€omparison of images made about five years apart show that
meters per secondThe very small reflection nebula near thé¢hese HH objects are moving away from the young star at
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speeds ranging from 50 km per second for the most distanthis image was obtained fanuary 1994 with 2,048 pixel-
(and therefore oldest) knots to about 300 km per second $square CCD camera on the European Southern Obsengtory
those near the sourdavestigation of such flows may provide3.5-meter NewTechnology Telescope on the summit of La
a glimpse into the ejectioand therefore the accretidnistory Silla in Chile Narrowband filters wereentered on hydrogen-
of young starsThe slight misalignment of the HH objects mostlpha emission (colored here blue-greamd singly ionized
distant from the young star may have been produced by presgdfur (red).The three mosaicked fieldsover 22 arcminutes
sion of the jet axis on a time scale of 10,000 to 100,000.years(10 light-years) in the north-south directiamd about 8 arc-
The bright blue-green arcs of nebulosity at lower left are HAinutes (3 light-years) east to we€burtesy David Devine
222,not related to the HH 34 outfloWhe fainter wreaths of John Bally (University of ColoraddBoulder),and Bo Rei-
nebulosity lacing the entire image may be outlying portions #rth (European Southern Observatory).
the Great Orion Nebula. JOHN BALLY
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Comet Hale-Bopp’ s

Memorable Per formance

The celestial visitor's magnificent show
this spring has guaranteed its place in history’s
pantheon of great comets.

-
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OT SINCE 1957,when cometsArend-Roland and Mrkos
blazed across the heavens less than four months haeet,
astronomy enthusiasts enjoyed such back-to-back cometary
spectaclesAnd those two were only 1st magnitu@omets
Hyakutake (C/1996 B2) and Hale-Bopp (C/1995 O1) gave their greatest
performances exactly a year ap&éaking at about magnitudes 0 and
—1, respectivelythey outshone everything in the night sky except the
Moon and the brightest planets and stars
For anyone who has gotten into astronomy later than I®y&kutake
and Hale-Bopp presented the first opportunities to see a bright comet at
all. They were a study in contrastinlike Hyakutakes naked-eye show
which lasted only a few weekihat of Hale-Bopp has already spanned
several months and as of early May could still be going strong

By April Fool's Day Hale-Bopp had reached magnitude8-as it fi-
nally passed through perihelion 0.914 astronomical unit (137 million
kilometers) from the Sumhe comet was then traveling at its fastest —
more than 158,000 kilometers (98,000 miles) per .hour

And we just missed a bigger spectadfeC/1995 O1 had passed peri-
helion exactly four months earligmoted DanieMW. E. Green (Central
Bureau forAstronomical Telegrams),it would have been visible all
night long for Northern Hemisphere observers during eanydryat a
distance from Earth of only 0.11 aand shining at a visual magnitude

By Edwin L. Aguirre

Left: The Great Comet of 1997 .Hale-Bopp's tail was oriented Above Loke Kun Tan captured this view of Hale-Bopp on March
quite differently with respect to the horizon at dusk and at 19th from California’s Joshua Tee National Monument. Tan used
dawn, as shown in this pair of photographs by Jerry Schad in an 8-inch /1.5 Schmidt camera and gas-hypersensitized Kodak
California’ s Laguna Mountains. The larger image shows the Ektar 25 film for this 6-minute exposure. The comet then was 141
comet setting in the northwest after dusk on March 17th, while and 198 million kilometers from the Sun and Earth, respectively
the smaller one on the right has it rising in the northeast the According to David G. Schleicher (Lowell Observatory), in late
following morning. Schad used an 85-mm /1.7 lens and KodakMarch Hale-Bopp was releasing approximately 1,000 metric tons of
P1600 film for the 30- and 60-second exposures, respectivelylust and 130 metric tons of water every second. North is to the
Note Hale-Bopps reflection on the lake surface at lower left. upper right in this 2%:° by 4%° field.
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Comet Hale-Bopps blue ion tail extends more than 12across the Cygnus Milky Way in this wide-field shot by Tony Hallas from
Mount Pinos, California, last March 8th. Hallas combined two 5-minute exposures taken with a 165-millimeter f/4 lens and hypdre
120-format Kodak Pro 400 PPF film to create the final image. The bright star at lower right is Deneb; the brightest red patclo tits
left is the North America Nebula. IC 5146, the Cocoon Nebula, is the tiny scarlet glow above the ion tail. North is to the uppight.

brighter than —5¢r about as bright as ato the upper right of the twday-old the tropics will find the comet setting in
crescent Moofi.Hale-Bopp would have waxing crescent Mooithe pair may pre- the west roughly an hour and 15 min-
spanned the skgast shadows at night,sent a fine binocular sight in late dusk. utes after the Sunyhile those at lati-
and been visible with the unaided eye Hale-Bopp enters Orion on Maytude 30° south will see it linger for
during the day! 19th. Viewing it becomes a real chal-about 15 minutes longer

Even spHale-Bopp remained a splen-lenge by then as the comet moves deepHale-Bopp continues its southeastward
did naked-eye object throughofpril, into bright twilight.By the last week of trajectory throughoutuhe crossing from
conveniently placed in Orion into Monoceros
the northwest to west- i on the 17th.By the
northwest afterdusk. “This comet has a gOOd chance end of the month the
A large fractionof the comet will be centered

human race undoubt- t0Q be the best-obser ved comet in the inside the Winter Tri-
edly witnessed it. angle formed by Siriys

The first day of histor Y of mankind.” — Daniel W. E. Green Betelgeusgand Proy-
May finds a somewhat . on. Its path through
faded comet glowing August 1st is plotted
very low at the end of evening twilight, May observers at midnorthern latitudesn the March issugage 38.
more than?s of the way from Capella will have lost it in the solar glar&ky- Except for perhaps Hallelale-Bopp
down to Aldebaran.It should still be watchers somewhat farther south camay be the most-photographed and best-
shining at about 1st magnitudeut its follow it a bit longer studied comet to dat&or more than a
elongation from the Sun has decreased The comet shoywhowever is just be- year Sky & Tdescope has been receiving
to 32°,and it is descending into the glowginning to get better for observers southundreds of images and observing re-
of sunsetOn May 8thJook for it 4°to 5° of the equatarOn dune 1st observers in ports from amateur astronomgr@nd
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these reached a crescendo in March ar@teg Mort of Ashton, Mary-
April. As the comet brightened to naked{and, sketched this closeup
eye prominencemedia attention and °f Hale-Bopp on March 9th
public interest increased proportionatel%;ragtfr"gfg;feﬂgg IélleS
Hale-Bopp received worldwide _headllne-barred spiral-like feature
news coverage from the presedig tele-  npear the comets pseudonu-
vision, and the Internet.Given all the cleus. (Compare this draw-
media attentiofi,says Greerfthis should ing with the electronic
be the most widely observed comet ifmage at bottom left, which
history in terms of millions of people 'S oriented slightly differ-
. g , ently.) North is to the upper
having a look at their first comét. left and the Sun to the
Hale-Bopp-related b sites such as |ower right in this nearly
SKY Online’s Comet Page (http://www »°-wide field. Hale-Bopp’s
skypubcom/comets/cometgml) and also multiple dust shells remind-
Charles Morriss Comet Observation eDd Otft_slef}'efs of iomé?t
. 7 onatl's Tfamous nhoods as
Home Page (http.//enclgel.nasa.gov/), awn by George P Bond at
reached saturation levels as uncountet(ﬁe Harvard College Ob-
hundreds of thousands of browsers foungeyatory in September
themselves unable to get in through thegss.

logjams
FOUNTAIN, SHELLS AND BANDS

As Hale-Bopp neared periheliothe
comet awed its loyal observers with dra-
matic displays of its rapidly evolving
telescopic featureSThe great fountain
of material that came off the southwest-
ern side of the pseudonucleus had faddight. When heatedthey shoot tremen- the one on page 3Zhowed a set of
from view by late March,though a dous amounts of gas and dutsat grad- nearly parallel bright streaks callegn-
bright streamer in the dust tail remainedally spread to form the envelopeschronic bands in the tail. Their overall
(see page 28 of last momghissue)At Their complex,asymmetric forms were appearance resembled the famous band-
the same timeelescopes as small a%.2 due to the combined effect of the geoed dust tail of ComeWWest in 1976
inches showed at least three brightmetric positions of the ventthe ejec- (S&T: July 1996, page 33).Each syn-
evenly-spaced concentric shells or ertion velocity of the materialthe rota- chrone represents an outburst of dust at
velopes on the sunward side of théion and precession (wobbling) of thea specific momeniThe blob of material
pseudonucleussome viewers describednucleusand other factors then becomes sorted by size to form a
them as'like ripples in a pond of light. Structure was also seen and imaged Inng, narrow streakwith the smaller or

Observing with a 16-inch reflector atHale-Bopps dust tail. Wide-field pho- less dense particles being driven farther
114x on March 24th,Sky & Teexope tographs taken with Schmidt camerasto space by solar radiation pressure
columnist dhn E.Bortle reportedthree and medium telephoto lensesich as H. Fukushima (@pan NationalAs-
envelopes at estimated in-
tervals of 75"52”, and 26"
sunward of the pseudonu-
cleus The innermost is
connected to the pseudo
nucleus by a short bar of
bright material near its
western endon the oppo-
site side of the pseudo-
nucleus is another hook-
shaped extension directed
eastward. Overall, their
appearance is very muc
like that of a barred spiral
galaxy’

Contrary to popular

belief, these shells were These computerenhanced CCD images show the series of dust and gas shells or envelopes expanding
not bow waves or shock ragially from Hale-Bopp’s nucleus. The shells are formed as active vents on the nucleus surface rotate
waves produced by Hale-in and out of direct sunlight. Left: This near-infrared image was made by Jame#. DeYoung on March
Bopp’s rapid motionput 24th with the U.S. Naval Observatorys 0.61-meter reflector in Washington, D.C.A total of 150 2-second
rather the result of active €xposures were digitally combined for this composite viewhe March 15th image(right), taken in the
vents on the comet’spin- IlghF of |c_)n|zed c_elrbon m(_)nOXIde (CO), was recor,ded by Stephen M. Larson a_md Carl V_VHergenrother

. . (University of Arizona) with Steward Observatory’'s 2.3-meter telescope at Kitt PeakiArizona. Accord-
nlng, tumb“ng nUCIG_US ing to Larson and Hergenrother, the “complex, wavy outer structure is caused by COions being dri-
being periodically carried yen back into the tail by the solarwind magnetic field. The ion features change on a time scale of min-
in and out of direct sun- utes.” North is up and east to the left in both images.
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tronomical Observatory) and his €O-Gregory Terrance of
researchers first reported the detectiomima, New York, ob-
of Hale-Bopps synchronic bands on tained this contrast-en-
March 6th“The characteristics of these hanced CCD image of
bands are similar to those that appeare?""'e"?’o'op on March
. . 8th. Terrance used a
in the dust tail of several great. comets,o0.mm /4 lens and a
suchas West 1976 VI, Ikeya-SekI 1965 Finger Lakes Instrumen-
VI, Seki-Lines 1962 Ill,and Mrkos tation IMG1300 camera
1957V, although these were observedfor the 6-minute expo-
when the comets’ heliocentric distance$Ure- Note the multiple
. fine striations or syn-
were smaller than 0.5 a.li.is remark- chronic bands in the
able that Comet Hale-Bopp shows SyNntomet’s dust tail. The

chronic bands at a larger heliocentricdownward-pointing

distance of 1 a.li. glow projecting from
Hale-Bopp’s head is an
A SCIENTIST'S COMET image artifact. North is

. . . . up, and the field mea-
Since its discovery inuly 1995,Hale- (' o ide.

Bopp has been observed with a wide
array of ground-based and orbiting in-
struments Its anatomy and chemical
makeup have been examined in un-

precedented detail at virtually all wave-, - - . ,
lengths from radio to X-rays“Comet teurs had difficulty finding appropriate  NASA's Hubble Space Telescope

Hale-Bopp Is certainly meeting all Ourcomparison stars to judge Hale-Bopp’made a series of observations of the
- : naked-eye brightnes®\mong the ob- comet, particularly the nuclear region,
expectations says Mlchael. ~Mumma jects used for reference in late Marclirom September 1995 to October 1996.
SNASA/GQQdard Spac_e_ Flight Center)'and earlyApril were dpiter (magnitude “Unfortunately HST will not be able to
.It. Is providing aSC|ent_|f|c lionanzand —2.0), Sirius (-1.5), Mars (-1.2),and observe Hale-Bopp again untugust
Itis al_so a wor_1derfu_| S|ght! .. Mercury (-0.5 to 0.0). 25th at the earlieStsays HaroldVeaver
David C Jewitt (University of Hawail),  nor were their professional counter{Johns Hopkins University)one of the
who has been observing the comet witl, .15 gpared“As a consequence [ofimaging scientists“Observations with
the 15-meteraines Clerk Maxwelllele- 1516 gopps brightness] it is becomingHST require that the comet-Earth-Sun
scope atop Mauna éq, Hawali, agrees iticy it to obtain images of it with the angle (that isthe solar elongation angle)
“Comet Hale-Bopp is without doubt the|g e telescopes on Maunae# said be at least 506r more’ This restriction
brightest and most scientifically reward-p|an Tokunaga and Roland Meier (Uni-is designed to prevent sunlight from
ing comet ever studied in the millimeter,ersity of Hawaii), who observed the damaging the telescope’ultrasensitive
to submilimetewavelength regime  comet with MSA's Infrared Telescope instrumentsSo Hubble missed out com-
Hale-Bopps brightness and size inpacijlity (IRTF) in early March*The de- pletely during Hale-Bops' best months
March andApril did pose some unusualiectors are saturated by this bright ob- As Comet Hale-Bopp begins its long
problems for astronomersBy mid- _ject,even when we are using the shortegpurney back into the outer fringes of
March, as it brightened past the magnipossible exposure timelloreover it is the solar systenpreparations are under
tude-0.0 markeven experienced ama-now so extended that it will not fit in theway for a special session in the corset’
small field of view of our instrument&t honor during the 23rd GenerAksem-
this point,anybody with small telescopesbly of the InternationalAstronomical
and even binoculars can get a more dréjnion (IAU) on August 18-30 in ¥oto,
matic view of the comet than we can!” Japan.Researchers are expected to un-
A series of four Black Brant IX sound-veil a slew of findings(For details con-
ing rockets were launched by theSU tact Toshio FukushimaJapan National
Navy for NASA beginning March 25th at Astronomical Observatoyy2-21-1, Oh-
White Sands Missile Range nedamo- sawa,Mitaka, Tokyo 181,Japan;e-mail:
gordg New Mexico The two-stage rock- iau97@tenmon.gp; World Wide Web:
ets carried spectrographs and polariméattp://www.tenmon.ojp/iau97/.)
ters to observe Hale-Bopp in the A summary of Hale-Boppg' apparition,
ultraviolet for 5 to 10 minutes from an al-including the latest imagesbservations
titude of 300 to 400 km(Preliminary re- and science resultwill appear in next
sults and images are posted oASWs month’s issueFor late-breaking news call
Hale-Bopp Web site at http://mwwif.  Skyling Sky & Tdescopes weekly three-
nasa.gov/~web/comet.html.)o Tcomple- minute recording at 61497-4168,0r ac-
Alan Tokunaga and Roland Meier (Uni- ment these suborbital flightSASA will cess SKYOnline'sWeekly News Bulletin.
versity of Hawaii) recorded this infrared also fly an instrument package onboard As Hale-Bopps performance becomes
(36,720-angstrom) image of Hale-Bopp at the space shuttiBiscovery's STS 85 mis- a memory astronomers agree that this
;Z?gé'?glézsc;pw'ea:f:ciﬁ:g ;‘;';B ugl‘f’r’f‘;é’;'a sion this dly. Called the Southwest Ultra- visitor will go down in history as the
Hawaii. The false-color image “depicts’ violet Imaging Systemthe experiment Great Comet of 199Tnlessof coursea
heat emitted by the dust: the brighter the Will probe the comet more extensivelymore spectacular one is discovered be-
color the more dust is present.” during the shuttles 11-day mission. tween now and the end of the yead®
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House Calll

New science
instruments and
other assorted
upgrades have
rejuvenated the
Hubble Space
Telescope for
three more years
of astronomical

service.

By Stuart J.
Goldman

o Hubble

E ASTRONAUTS aboard Space Shuttlgiscovery last February were off
to meet a familiar friend — the Hubble Spdetescope (HST)Astronomer
astronaut SteveA. Hawley had released the telescope into orbit in 19080,
commander Knneth DBowersox had steered the shuttle during the first
mission to service Hubble in 1998nd their crewmates who had not flown
with the telescope before had trained so long and hard for this second roun
of equipment upgrades that thpo, felt as if they knew the spacecraft intimately
During the 1iday mission of STS 82s shown in the accompanying imagke an-
ticipated tasks of installing new science instruments and other components were su
cessfully completed in four planned space walleb(&ary issugage 42)But the astro-
nauts also made a fifth excursitmtidy up the telescope by repairing frayed insulation.
HST was sent on its way again osbFuary 19th with improved capabilities for eager
astronomers belavdnly two weeks later scientific observations resunted,not with
the new instrumentsvhich were still being checked and calibrat&h March 25th,
NASA announced that the new Near Infrared Camera and Multi-Object Spectromete
(NICMOS) isnt working up to spec®©ne of the instrumerd’three cameras carbe
focused — possibly because the solid-nitrogen coolant is warping its optical path.
Sky & Telescope will feature images and other results from HSTew instruments
in upcoming issues

m
©1997 Sky Pu JIgiile} Corp.AllmI?ts'ré'se ved. oy



Above Astronauts Steven L. Smith (left) and Mark C. Lee approach the Hubble [
Space Elescope to begin work. During each space walk, one astronaut rode the
end of the shuttles robotic arm while the other wore a tether to the spacecraft.
All photographs courtesy NASA.

Facing page, left: NASA's repair schedule set the highest-priority maintenance
for the first space walk: swapping two old refrigeratorsize science instruments
inside the telescope for two fresh ones. The Spaceld@scope Imaging Spectro-
graph (STIS) and the Near Infrared Camera and Multi-Object Spectrometer

(NICMOS) will deepen and widen Hubbles view of the universe. Here, Steve
Smith grapples the Goddard High Resolution Spectrograph after removing it
from the telescope. It and another of Hubbles original instruments, the Faint

Object Spectrograph, were brought back to Earth in the shuttles cargo bay

Facing page, right: Joseph R. Bnner wields one of Hubble$ original Fine-Guidance Sensors during
the second space walk. In the background, Gregory J. Harbaugh examines the cavity where its re-
placement will be installed. The new instrument compensates for Hubbemisshaped primary mirror.

Right: The crew of STS 82 1997 Hubble tune-up team pose oBiscovery’s flight deck. In the front
row are (left to right) pilot Scott J. Horowitz, commander Kenneth D. Bowersox, and mission spe-
cialist StevenA. Hawley; in the back row are (left to right) mission specialists Steven L. Smith,
Gregory J. Harbaugh, Mark C. Lee, and Joseph R. @nner.
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Left: Inspection of HST's surface revealed numerous
tears in its protective insulation. Rather than wait
until the next refurbishment mission in 1999, the &

tronauts embarked on an unplanned fifth space walk
to patch the rips. They had to improvise the repairs
using wire, foil, parachute cord, and other materials
found aboard the shuttle. Right: Shuttle pilot Scott

Horowitz uses a pocketknife to prepare one of the
patches.

With all planned and unplanned
maintenance complete, the Hub-
ble telescope is lifted out oDis
covery’s cargo bay to resume astro-
nomical observations.

i / - : L . - i -: ? /
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Before you

purchase a

CCD, weigh

the options

possible

when focal

reducers are

added to

the imaging

system.

Digital cameras are not well known for their: # i

wide-field imaging abilities. Nevertheless, when - -
a chip’s pixel size is properly matched to a tele- . .-
scopes focal length, some of todag CCDs can +,
cover a considerable amount of skyDavid Han-

on of Ringgold, Georgia, captured this ¥s°-tall "_"
view of the eastern ‘il Nebula with an SBIG "
ST-8 camera equipped with a KAF-1600 CCD. ,*
His 20-minute exposure was with a 7-incistro-
Physicsrefractor operating at f/6 with a focal -
reducer.




Of Pixel Size
Focal Reducers

HE SCENE PLAED with the predictabili- make up the checkerboard array of a chipiag-
ty of a well-rehearsed scrigbn a half dozen ing area — come in many siz€Ehe detectors
occasions last summer visitors stopped Hgpund in todays popular cameras have square or
while | was testing two high-end digital camslightly rectangular pixels ranging from about 7
eras Each knew about the dtlak KAF- to almost 30 microns (thousandths of a millime-
1600 and KAF-1000 CCDs in these camter) acrossThe best results occur when a pisel’
erasbut none had seen them firsthahidnding size is matched tatelescopes resolution under a
each person the first cametawould click the given set of observingonditions For example
computers mouse to snap open the shutter armbnventional wsdom suggestthat the astronom-
reveal the Chiclet-size KAF-1600/th almost 20 ical seeing conditions experienced by a typical
times the imaging area of chips in early camerédsckyard observer will produce excellent deep-
marketed to amateur astronomeinss CCD im- sky images with pixels that cover about 2 arcsec-
pressed everyone onds (2") of sky
Neverthelesavhen the shutter clicked open on With this criterion establishedhe paradox is
the KAF-1000 camergaws dropped:Now that's quickly resolvedlf you adopt a given pixel scale
a CCD!” exclaimed one gued¥leasuring 1 inch such as 2" for deep-sky imagingen you need
squarethis chip offers only slightly less imagingonly remember that the more pixels a chip has
area than a frame of 35-millimeter filndvhile the more sky it will cover regardless of the chip’
everyone was predictably fascinated by this expephysical size
sive bit of silicon real estatblank stares followed Consider the CCDs mentioned aboviée
my comment thatat a given resolutior, could KAF-1000 has 1 million 24micron pixels arranged
capture more sky with the KAF-1600 despite its1 an array measuring 1,024 pix- i L.
substantially smaller size els on a sideAt 2" per pixelthe By Dennis diCicco
How can this be? Even a quick glance reveals
the KAF-1000 to be considerably larger — 4.6
times to be precise — than the KAF-160The
key to this paradoXjoweverwas my qualifying
statement thaat a given resolutiothe KAF-1600
covers more sky
Most of us photographers never think muc
about resolutionToday's emulsions have rela-
tively fine grain,and we use the same film with
telescopes big and smalls suchthe larger the
piece of film,the more sky will be captured up tq
the point where optical or mechanical consider
tions limit the field of view
CCDs howeverare a different storyixels —
the individual light-sensitive picture elements tha

Even a glance reveals the dramatic difference in
physical size between the Kodak KAF-1600 (left) |
and KAF-1000 chips. But, as explained in the text,
at a given resolution the KAF-16008 1.6 million pix-
els can cover 60 percent more sky despite having [
only about one-fifth the area of the KAF-1000.
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9-micron pixels 18-micron pixels 18-micron pixels 27-micron pixels
1.42"/pixel = 1.57"/pixel i 2.85"/pixel . 2.35"/pixel

Image scale, not pixel size, controls the resolution of digital imageso Tlustrate this point, the author made these pairs b3-minute
exposures of the edge-on spiral galaxy NGC 981 Andromeda with a Meade 16-inch LX200 Schmidt-Cassegrain telescope and SBI
ST-7 camera equipped with a KAF-0400 CCD. By changing focal reducers and binning pixels, roughly similar pixel scales were (
tained at focal lengths of 1,303 and 2,365 millimeters (f/3.21 and f/5.85, respectively). Note that the resolution at a gicafess inde-
pendent of pixel size. The shorter focal length covered about four times more sky than the longer ohesets: A 5x enlargement of
the double star to the lower right (southwest) of the galaxg’ nucleus. The magnitude-1% components are separated by 5.8".

detector covers a field 2,048" (aboutarger pixels require an effective focalpossible tovary both the focal length
34") squareThe KAF-16000n the other length of 2,475 mm (about 97 inches)and pixel size within some limits
hand,has 1.6 million 9-micron pixels as-while the smaller KAF-1600 pixels need Most cameras sold today offer what
sembled in a 1,552-by-1,032-pixel arrayonly 928 mm (about 37 inchedhe no- are called binning modes — the ability
At the same scalthis chip covers a field mogram on this page makes simple worto electronically combine the signal col-
measuring 3,104" by 2,064" (about 52' byf determining the relationships betweetected by several adjacent pixels such
34').The KAF-1600 has 60 percent morepixel size focal length,and a pixek im- that it appears to come from a single
pixels than the KAF-1000 and shouldage scale larger pixel. There are several advan-
therefore cover 60 percent more .sky PIXEL BINNING tages of binningincluding faster image

There is a catchhowever Obtaining readout,smaller file sizesand greater
the same 2'perpixel scale for these de- You might think that these parame-CCD sensitivity for a given optical sys-
tectors necessitates very differagffec- ters would be fixed for a given telescopgéem. This technique is often used with
tive focal lengthdndeedthe KAF-10005 and CCD cameradowever it is usually long-focal-length systemsvhich deliver

generous images scalddnfortunately

Roger W. Sinnott devel- binning also reduces a CCDeffective
oped this nomogram to number of pixels

show the relationship 30 . _—
between image scale, Consider the example ofx3 binning

effective focal length, [~ 400 with the KAF-1600The resulting 27-mi-
and pixel size A straight B ezE cron-square pixels are similar in size to
line connecting any two F200 e those of the KAF-1000and both chips
values passes through s TC-245 will provide similar resolution when cou-
dive WAl [0 @@, o) = > KAF-1300 pledto the same telescopkhis binning

I @IEER i [1E2WE 2 B IS g 37 = " however reduces the KAF-1608’effec-
micron pixel cover T/ S 2 100 2 . . .

of sky requires a focal o E_F ¢ 13 = tive number of p|_xels_ from 1.6 m|II|o_n to
length of about 50 inch- | 5 £ §—:§g < 125 about 178,000hich is roughly one-fifth
es. While experience 5 Lo le B 1 ‘é the number a.valllablel with the KAF-
ultimately dictates the =3 Q 37 z 00 1000 chipIn this situation the sky cov-
best image scale for & R N erage of the KAF-1600 will be about
gl comelien=, A It 2 8lw g AE00-—9 g | one-fifththat of the KAF-1000which is
gests that scales of's" ] § - 2 8 a exactly what common sense tells. us
to 2" are good for gen- %2 30 When placed on the same telescdpe
eral deep-sky imaging, 2 7 KAF-1000 covers about five times more
while lunar and plane- ) L oo sky than the KAF-1600 since physically

500
L

tary work can benefit
from scales as small as
" with apertures large
enough to allow short
exposures that “freeze”
the astronomical seeing.

it has about five times more aré&hang-
ing the binning mode of the KAF-1600
& will change the resolution but not the
total sky coverage

If we want the greatest sky coverage
5 from a given CCDwe should operate
the chip in its full-resolution (unbinned)
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mode and select a focal length to prd
duce the desired image scales men
tioned earlierfor 9-micron pixelsa scale
of 2" requires an effective focal length o
about 37 inchedraditionally such short
focal lengths have been the domain g
small aperture®Vhile CCDs can deliver
remarkably big performance with smal
telescopegt’s still desirable to use large
apertures for deep-sky imagirBesides
you probably want to work with your ex-
isting telescopeso from a practical stand-
point the quesbn becomesvhat can be
done to adjust its focal length®funate-
ly,you can do a lot.

FOCAL REDUCERS

During the past 20 years numerou
focal reducers have appeared on t
market.Most observers think of these i
terms of decreasing a telescap&hum-
ber to make itfaster” photographically
But, as the name implieshese acces-
sories work by reducing a telescopef-
fective focal lengthThey are excellent
for helping match image scale and pix¢g
size This is especially useful for Schmidt- i ; x
Cassegrain tescopes Focal reducers come in all shapes and sizes. The author feels they are one of the most

In the past the challenge was to desigimportant accessories for digital imaging since they are ideal for adjusting a tele-

a system with high-quality images acrosscopes effective focal length to a CCD» pixel size.

a large field.But since CCDs are rela-

tively small this tolerance can be relaxedadjusting the spacing between the reiowever either image quality omore
and many focal reducers suitable for digducer and CCD likely, mechanical restrictions imposed by
ital imaging can be made from simple Popular /6.3 reducers sold by Celesthe telescopa’ focusing system will limit
achromatic lenses such as those scavon and Meade fotheir f/10 Schmidt- the amount of compression that can be
enged from a old pair of binocula(dn Cassegrains are designed to be used withtained.

excellent source of information abouta 105-mm separation between the back There is one notable excepti@ptecs
the design and function of focal reducsurface of the reducer and the detectamAXfield unit is specifically designed to
ers is an article by the latdan Gee on (be it film, CCD, or whatever)As the compress the field of an f/18chmidt-
page 367 of this magazirseApril 1984 accompanying graph indicafesitering Cassegrain to a remarkable /3.3 for CCD
issue) this spacing changes the compression fa@ork. The spacing between the reducer

Today however designing a custom tor — great for fne-tuning a CCD sys- and chip is criticalhoweverand chang-
focal reducer is necessary only in unusuém. Increasing the separation increaseiag it by even a millimeter degrades im-
situations Commercial unitsparticularly the amount of compression and thus rexgesAlso, the reducer has a maximum
those for SchmidGassegrain telescopesduces the effective focal lengtlleally usable field about 11 mm acrpgso
offer many options — especially whenwe could increase the separation enougmall for large chips
the resulting focal length is tweaked byto accommodate small pixels practice There are also a few caveats for ob-

servers planning to use focal reducers

g T SCHMIDT-CASSEGRAIN FOCAL LENGTHS with Meades 8- and 10-inch f/6.3
0.70 idt- i
5 Instrument Focal length (millimeters) Schmidt-Cassegrain _tEIeSCOpQS have
iy L . found that the MAXfield focal reducer
Nominal f/3.3 reducer f/6.3 reducer L L
Z 060| while in theory yielding an f/2 system
2 i 8" 110 2032 670 1,050-1,400 when attached to these instruments
W o.50 ) not give satisfactory star images — it
% B 8'1/6.3 1,290 - 800 works only with /10 telescopedhe
1 1 1 1 1 1 )
T o R 9%4 /10 2,350 775 1,200-1,650 f/(_‘>|.|3 focal reduc;ﬁrsa%tge tolther hand,t
SEPARATION BETWEEN FOCAL REDUCER . will compress the -5 lelescopes 10
AND FOCAL PLANE (millimeters) 1077110 2540 838 1,350-1,800 about f/4 with very acceptable results
T GmEssEn fasEr 6 epuEr e 10"f/6.3 1,600 — 1000 But experience suggests that changllng
reducers can be varied somewhat by ad- 11"f10  2.800 924 15001950  the spacing to obtain other compression
justing the spacing between the reduces ratios is not recommended and is the
back mounting surface and the CCD. The 12" f/10 3,050 1,005  1,600-2,100 reason for the single focal-length entries

author derived this graph using Celes-
tron and Meade f/6.3 reducers, which are

designed for a spacing of 105 mm. 16" f/10 4,060 1,340 2,100-2,850

1411 3,910 1290 2050-2700  In the table at left.
Of the many comments é heard

about focal reducersio one has ever
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micron pixels but is only one-quarter as
large with a 768-by-512-pixel array

What is really attractive about this
arrangementhowever is that cameras

equipped with the smaller chip cost
about half as much as those with the
KAF-1600, amounting to a savings of
$2,500 to $3,000 depending on make
and model! Similar results are possible
with todays 12- and 14-inch Schmidt-

Cassegrainielescopes

MORE THOUGHTS

The previous discussion only highlights
ways to maximize the field of view for
deep-sky imaging with today’ popular
CCDs There are many other considera-
tions when it comes to matching tele-
scopes and detectoFsrst, nowhere is it
chiseled into stone that you must have
an image scale of 2" per pixélnyone
doing lunar and planetary imaging will

Il tel ot - » " | = q get superior results with scales'6f or
Small telescopes can deliver big performance when properly coupled to todayCCDs less per pierEven for deep-sky imag-

with small pixels. This 10-minute exposure of the spiral galaxy NGC 2903 in Leo was. - - . f
made with a Celestron 5-inch Schmidt-Cassegrain and a focal reduceyrielding a effec- mg, any site with good seeing will bene-
tive focal length of 898 mm (about 35 inches). The cameg9-micron pixels each cov- fit from scales of less than".2Some
ered 2.1" of sky and the field is nearlyz° wide with north up. image-processg techniques especially
those involving resolutiomnhancing al-

mentioned their cost-saving bene@bn- available with a KAF-1600 chip binnedgorithms like maximumentropy decon-
sider this examplel do much of my 2x2.Such a setup would yield an image/olution, work better with images that
deep-sky imaging with a Meade 16-incscale of 1.49" per pixel and a field of viewhave large image scales {salled over-
LX200 Schmidt-CassegrairThe tele- measuring roughly 19 by 13 arcminutes Sampled images).

scopes nominal /10 (4,000-mm) focal By switching to the /3.3 focal reduc- Converselyexcellent deep-sky imag-
length is long even for large pixefsdd- er, however | can get nearly identical ing has also been obtained with pixel
ing a /6.3 focal reducer drops the effecsky coverage and imaging performancécales of 4" or morespecially in the case
tive focal length to about 2,500 mm — drom an unbinned KAF-0400 detector©Of large bright objects Indeed, many

good match for the 18-micron pixelsThis chip has the KAF-1608'same 9- Stunning images are produced with con-
ventional camera lenses attached to

CCDs The resulting image scales (tens
or even hundreds of arcseconds per

SPECIFICATIONS FOR POPULAR CCDs

Manufacturer CCD Imaging area Array format Pixel size Total pixels pixel) may not yield the best-looking
(millimeters) (pixels) (microns) stars but they can render remarkable
Kodak KAF-0400 6.9x4.6 768x512 9x9 390,000 views of huge nebulae
Another consideration is that some de-
Kodak KAF-1000 24.6%24.6 1,024x1,024 24x24 1,000,000 sirable features are found On|y on |arge_
Kodak KAF-1300 205x16.4 1,280x1,024 16x16 1,310,000 pixel chipsTake for examplethe back-il-

luminated SI€ CCDs that are currently
available in cameras manufactured by
Philips FT12 7.7x7.7 512x512 15x15 260,000 companies such aspogee Instruments
Having 24-micron-square pixels in arrays
with 512 and 1,024 pixels on a sitleese
SiTe SI003A 24.6%24.6 1,024x1,024 24x24 1,000,000 chips have exceptional sensitiyigspe-
cially to blue light,compared to their

Kodak KAF-1600 14.0x9.3 1,552x1,032 9x9 1,600,000

SiTe SI502A 12.3x12.3 512x512 24x24 260,000

Sony ICX027BLA* 6.4x4.3 500 256 12.7x16.6 130,000 . ; ; .
front-illuminated cousinsThe blue sensi-

Sony ICX055AL* 4.9x3.6 500x256 9.8x12.6 145,000 tivity alone makes these detectors very

Texas Instruments  TC-211 25x25 192165 13,7516 32,000 attractive to people who are interested in
photometry and tricolor imaging

Texas Instruments  TC-215 12.3x12.3 1,024 x1,024 12x12 1,000,000 The number and size of pixels in a de-

Texas Instruments  TC-241* 8.6x6.5 375x%242 23%x27 91,000 tector are Only two considerations when
you are planning the purchase of a CCD

Texas Instruments  TC-245* 6.4x4.8 378%x242 17x19.75 91,000

camera.In the coming months wi’
Texas Instruments ~ TC-255 32x2.4 320%240 10x10 77,000 look at other important issues involved
with getting the best performance from
today’s stateef-the art digital-imaging
equipment.

*An asterisk indicates the size and number of pixels as generally configured for astronomical use, since these
chips actually have smaller, highly rectangular pixels originally intended for video applications.
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IN SEARCH OF THE

EMISFERO

In this 1842 map of the northern sky
by Marmucchi, the dark circle in-
dicates the path the northceles-
tial pole traces during its 26,000-
year precessional cycle. The
yellow star indicates the poles
location 16,000 years ago,
when the earliest constella-
tions may have been creat-
ed. Its position is roughly
at the center of the “air
stratum” — the band of an-

cient constellations associ-
ated with flying creatures.

Below. Modern constella-
tions in decreasing order
of size (Argo is consid-
ered in its original form,
before it was divided into
Puppis, Pyxis, \éla, and
Carina). Those colored
brown comprised a con-
stellation list dating from
the third century B.C., and
asterisks indicate zodiacal
constellations.

CONSTELLATION SIZES

(sqlﬁerdee?m) Name

1. 1,667 Argo

2.1,303 Hydra

3.1,294  \irgo*

4.1,280  Ursa Major

5.1,231 Cetus

6. 1,225  Hercules

7.1,138 Eridanus

8. 1,121  Pegasus

9. 1,083 Draco
10. 1,060 Centaurus
11. 980  Aquarius*
12. 948  Ophiuchus
13. 947  Leo*
14. 907 Bootes 23. 637  Serpens 32. 497  Scorpius* 41. 380 Canis Major
15. 889 Pisces* 24. 615 Perseus 33. 482  Monoceros 42. 378 Pavo
16. 867  Sagittarius* 25. 598  Cassiopeia 34. 475  Sculptor 43. 366 Grus
17. 804  Cygnus 26. 594  Orion 35. 469  Phoenix 44. 334  Lupus
18. 797  Taurus* 27. 588  Cepheus 36. 465  Canes Venatici 45. 314  Sextans
19. 757  Camelopardalis 28. 545  Lynx 37. 441  Avies* 46. 295  Tucana
20. 722  Andromeda 29. 538  Libra* 38. 414  Capricornus* 47. 294  Indus
21. 657  Auriga 30. 514 Gemini* 39. 398  Fornax 48. 291  Octans
22. 652 Aquila 31. 506  Cancer* 40. 386 Coma Berenices 49. 290 Lepus

46 Sky & Telescope June 1997 ©1997 Sky Publishing Corp. All rights reserved.



HRsST CONSTELLATIONS

\EATLIE

50.
51.
52.
53.
54.
55.
56.
57.
58.

286
282
270
268
256
252
249
247
245

Could the earliest constellations predate the Ice ge?

By Alexander A. Gurshtein

TARTLING CORRELATIONS

materialize around us now ankden.If you look at a map of the United

.- Statesyou may notice thatpn averagethe later a state entered the

Union the larger it iSSome historians of astronomy suggest that the con-
verse istrue for the 88 constellations recognized by modern astronomers:

typically, the younger a constellation, firmed for these recent additiaf&ut what about
the smaller its aredt is easy to under- constellations with unknown dates of origin?
stand whythe constellations delineat- The table below list85 modernconstellations
ed on the'empty” celestial sphere had according to their areas- from largest to small-
more space available to them thanest.(Argo is represented in its original forie-
those placed on a partially filled ane fore it was replaced by four constellation&/hat
Furthermorethe relation appears valid happens if we compare this modern list to an an-
for constellations contrived in historical cient one?Although scientistshave made much
times as well as for those with ancientprogress deciphering cuneiform astronomical tab-
origins In “When the Zodiac Climbed lets from 700 BC., we still have no complete and
into the Sky” (S&T. October 1995page accurate map of the Babylonian sky contrast,
28) | demonstrated that the age of the zodiwe have The Phaenomenday the Greek poet
acal constellations could letermined using Aratus from about 275 K. This poemtogether
this concepthere | propose that the idea canwith the Almagest— Ptolemys star catalog of
be taken a step further A.D. 150,provides a complete body of constella-
THE ARCHAIC SKY tion data.TheS(_a two sources include names- _
agesand locations that may hint at the archaic
The 88 constellations that fill the modern skyroots of the constellation-making process
vary enormously in sizérom about 1,300 square  Aratus names 46 constellatioris we ignore
degrees (Hydra/irgo, and Ursa Major) to about the Pleiades and Orias’archaic BowThe 18
75 square degrees (Cruxquuleusand Sagitta). largest modern constellations were known to
Roughly half of them were introduced in histori- him. Number 19 is Camelopardalithen eight
cal times and have documented souré@sr moreAratus constellations follow until we reach
“smaller implies youngertelation is easily con- Lynx, which was introduced in the 17th century

Lyra 59. 243  Hydrus 68. 183  Canis Minor 77. 128  Corona Australis
Crater 60. 239 Antlia 69. 179  Dorado 78. 125  Caelum

Columba 61. 237 Ama 70. 179  Corona Borealis 79. 114  Reticulum
\Vulpecula 62. 232  Leo Minor 71. 165 Norma 80. 110  Triangulum Australe
Ursa Minor 63. 210  Microscopium 72. 153 Mensa 81. 109  Scutum
Telescopium 64. 206  Apus 73. 141  \olans 82. 93  Circinus
Horologium 65. 201 Lacerta 74. 138  Musca 83. 80  Sagitta

Pictor 66. 189 Delphinus 75. 132  Triangulum 84. 72 Equuleus

Pisces Austrinus 67. 184  Corwus 76. 132  Chamaeleon 85. 68  Crux
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by the piish aswono- - THE OLDEST CONSTELIATIONS 12020 Capricomys

mer dhannes Hes
tail), Delphinus the

lius. Finally, after four
more Aratusconstel- I\/IAY REFLECT A KIND G: Dolphin, and Piscis

lations we find abun- Australis the South-
dant non-Aratus items VWORLD VIEW HELD BY OUR ern FAshesswim in the
on our modern list. waters Only a few

e hrepannd 2 ANCIENT ANCESITORS. s

roster of the most ar-
chaic constellationd my concept.
feel it is better to err on the side of cau- If the viewing location of our hypo- Water constellations (with a meanea
tion and omit a few that could be addedhetical constellation inventors is takerof 1,238 square degrees) are typically
rather than include ones that shoutdnto be in midnorthern latitudethe three much larger than those in the land and
be Since many of the constellationsconstellation bands seem to have beear groups (mean area 819 and 915
smaller than 490 square degrees are nlogically arrangedWater constellations square degreegespectively)The three-
in The Phaenomendet me take that rose above the southern horizon for owstrata theorytogether with the constel-
number as a lower size limiollowing ancient Greek or Babylonian obseryerdations’ proposed date of origin 16,000
this approacheour best estimates of theair constellations crossed the zenaghd years agomay explain this difference
oldest constellations are listed below land-bound constellations culminated be- To observers in midnorthern latitudes
tween themTo be more precisbowever a region of the sky around the south ce-
THE THREESTRATA we must assume that at the time of thelestial pole remains invisibléf we ex-
The oldest constellations seem to faltreation the three strata were symmetriclude constellations partially or entirely
into three groupsanimals and objects with respect to the north celestial pole inside this invisibility zongthe average
associated with watgnumans and other Precession makes the Eaghibtation size of watemssociated constellations
land-dwelling animalsand flying crea- axis appear to circle around the pole dfecomes smaller and is more in keeping
tures You may notice in the celestialthe ecliptic every 26,000 yeaii$e path with those in the other strat8ut be
map on the previous pages that the ai(dark gray circle) the north pole of thiscause the invisibility zone slowly changes
borne beings are clustered near thaxis takes has been traced on the mapsition as a consequence of precession,
north pole of the ecliptidand creatures of the sky on page 46he sky symmetry from century to century observers saw
form a girdle around themand water of the three strata we seek suggests timew stars appear above the horiZeer-
creatures are toward the southostly earliest constellations were createdhaps they added them am existing con-
below the celestial equator propose 16,000 years agwith an uncertainty of stellation ad thereby created ‘zone of
that these strata reflect a kind of worldhot more than 2,000 years accumulatiori. This could explain how
view held by early humanitya lower More than two-thirds of the small Argo became the behemoth it was until
world existing as a water kingdoma, Aratus constellationsones that | ex- being divided in the 18th century
middle world for humans and animalscluded from our“oldest” list, support
and an upper world populated by flyingthe three-strata theory if we use similarTHE BABYLONIAN CONNECTION
creaturesThe symbolism on the sky analysisSagittathe Arrow flies through The Greek custom for constellation
thereforemay be the manifestation of athe air; Corona Borealisthe Northern naming has parallels with the presum-
sense of division developed by our an€rown,and Ara,the Altar— important ably older SumeAkkadian tradition.
cient ancestors symbols of human activity — occupy theParticularly the three strata on the sky

When the ecliptic is shown in relation to the air 7. 1,138 FEridanus
TUM OF Ea!’th_, and water strata on the ce_lestial sphere, g 1121 Pegasus
kA A S it is easy to see why no zodiacal constella- 9. 1083
l? . . . . . ]
tions, which trace the ecliptic, belong to

R the air stratum. The northern spring, _
‘ﬁ. = summer, and autumn points along the 11. 1980 Aquarius
V‘{’/% ecliptic fall within the Earth stratum
: while the winter point lies in the

water stratum.

6( Draco

< RA T(/@ The oldest constellations fall eas- 15 839 Pisces
= ily into one of three categories —
; water, Earth, and air. Here water
V7 North celestial ’ o
% pole (16,000 - constellations are colored green, /- 804 Cyonus
years ago) Earth constellations tan, and air

constellations blue.
21. 652 Aquila
Area  Name

1. 1,667 Argo
2. 1,303 Hydra

5. 1,231 Cetus
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seem to be identifiable in cuneiform EMIS FERO ATSHRALE
texts Many mention three pathways — F. [ 5

those of the gods Ea (Enkinu, and
Enlil. Mathematician Bartel van der
Waerden suggested that the stars of
Anu are all within a girdle that reaches
about 17°north and south of the equa- 4
tor, and that the stars of Enlil are to
its north and those of Ea to its
south. ' =
It is not easy to pin downm, b
these SumeAkkadian strata 4
Parallels with the Greek sky
are noteworthybut no sim-
ple relationship is obvious
Historian David Pingree m_.-
author of theAstronomi-
cal Commentaryin the
recent English transla-
tion of the mulAPIN cu- _
neiform  text  (from ™ ¥
about 700 RC.), tried to |
discover links between
the different strata sys-
tems but failedHe con- o
cluded: “Most of the de-

i

by constellations do not fit
into any sort of evident
scheme &all”

But Pingrees construction
assumed thafnu is the god of
the sky and Enlil that of the \
Earth. Such an approach disagrees
with the mulAPIN description that
constellations passing through the
northernmost gates of the eastern hori-
zon (and circumpolar ones) belong to
the path of Enlilthose passing through : -
the central gates belong #nu, and W ==

those passing through the southernmost ) ) . 3 .
gates belong to E&o Enlil must rule To observers in the middle latitudes of the Northern Hemisphere a zone around the

the northern skyEa the southern-hori- south celestial pole remains invisible (shaded.circle). Howg\;euhis invisible zone was
: located elsewhere when the oldest constellations were being created (open circhs).

zon kingdom,and Anu between them. the zone shifted position with precession, observers may have added newly revealed
This sequene ageeswith the order of stars to already existing constellations, explaining why several of the “water stratum”
gods on a circular table frothe Library constellations are so large. Southern hemisphere sky map by Marmucchi, 1842.
of Assurbanipal and many other so-
called astrolabeshe stars of Enlil lie at creaturesand those in a threm-one olithic culture is known for elaborate
the center of the disthose ofAnu sur- ratio.When the ecliptic — the path of theburial rituals body ornamentatiorsub-
round themand those of Ea form theSun among the stars — was discoverdte tool-making methodslecoration of
outskirts The Mesopotamian astrolabesaround the 6th millennium.8.,it was lo- objects musical instrumentsand sym-
may be considered schematic celestigatedagainst the background of the landbolical notationThese hunters and gath-
planispheres and water stratalt never reached the erers were probably the first to rec-

In further support of this idedajstori- stratum for airborne beingsurthermore ognize the four cardinal points of the
an and linguist Samuel.Mramer pro- three distinctive points on the ecliptichorizon.Also, an engraved plague with
posed that Ea was the deity of wate(marking the northern spring and autumgomplex markings found in thébri
Enlil of atmospheric phenomena andquinoxes and the summer solstice) laBlanchard Cave in southermafce has
storms and Anu, the supreme god of on the land stratunmnly one (the winter been interpreted by scientists as a lunar
gods of the middleworld. TheseBaby solstice) lies on the water ane calendar
lonian godly pathwayss well as their lo- In the Solutrean period of the late Pa-
cationsand orderconcur with the strata PUTTING IT ALL TOGETHER leolithic (20,006-16,000 BC.), when the
decoded omratus’s sky The CroMagnonAurignacian culture art of flint-working was at its peakhe

The strata concept also answers thef Western Europe (30,08626,000 BC.) first constellations were established.
question of why zodiacal constellationsnay have exhibited the first evidence otater, during the Magdalenian period
are represented only by land and watexstronomical knowledgé&his late Pale- (16,000-8000 BC.), the names of starry

wcdi
7
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Unsa WaAroR,

P. M. E. ERWOOD

Ursa Major and the
Number S@en

FWE ACCEPT the idea of the three symbolic strdta,question remains
Which were the first constellationg®hough we may never know the a

swer for sureone constellation holds promise for being among the oldgst

Historians of astronomy have long believed that Ursa Majw Great
Bear, is one of the most archaic constellatiofise distinctive outline of its
seven brightest stars and its circumpolar location for observers at mid
ern latitudes make the idea plausijlblet the strongest line of evidence comps

parently unrelated cultures across the globe

Owen Gingerich of Harvard University may have been the first to
Ursa Major to as far back as the kge. He drew attention to the fact ths
the constellation is known to some native peoples of both SiberiAlaska.

common cultural heritage dating from the last glaciatiwhen the two re-
gions were connected by a land bridflee opening of the Bering Strait od
curred 15,000 years agwoviding a lower limit to the age of the Great Bedr

But where did the constellation get its namde@haeological evidence sug
gests that a Paleolithic bear cult existed 50,000 yearsAagave bear ma
have been seen as a kindred creature to the Paleolithicdeaalling peoples
The reverence accorded to the animal was reflected in a prohibition fro
nouning its namdn Russianfor examplethere is no direct namenedvel
means one who is eating hon&hroughout the ages many cultures ha
placed taboos on speaking the names of divine beamgsa representatio
on the sky is fitting for a revered deity

That Ursa Major contains seven bright stars may also be signifipatite
early 19707l exander Marshack in the United States and Bamdok in the

calendrical unit appeared during the Upper Paleolithic3ome data sugges
this may have occurred as much as 30,000 yearsThgoseverday weeka
quarter of the lunar monthyould have the same date of origithe well-
known correspondence between the names of the seven days and th
“planets”’known to the ancients (the Suvpon,and five nakedeye planets)
may also date from the sanepoch.Therefore tle number seven probabl
played a meaningful role iRaleolithic cultureTaking this idea one step fur
ther, it can be argued that aiff the earliest constellations (those in the list gn
page 48) first appeared gsoups ofseven bright stars

ALEXANDER A. GURSHTEIN
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from the name itselfrhe stars of Ursa Major are seen as a bear by manylap

Archaeological and geological evidence suggests that these peoples sRart

(then) Soviet Union independently collected evidence that a lunar monthlas

se

groups were developed into three sym-
bolic strata for the lowemiddle, and
upper worlds Water, land, and flying
creatures became the core of celestial
representation.

Around 10,000 EC. the Ice Age in
Europe came to an end warming
trend induced the replacement of Euro-
pean grasslands with forestand soon
the Neolithic Revolution was in full
force Farming supplanted hunting and
gathering for many peoples during this
time period,demanding that the SwY’
yearly track along the starry background
be accurately monitoreddround 5600
B.C., probably in ancient Babylorfpur
constellations were contrived to mark
the equinox- and solstigesints at that
time. These were the modern zodiacal
constellations GeminVirgo, Sagittarius
and Piscegheir namesand those of fu-
ture constellationscontinued to reflect
the three previous symbolic stratad¥¥

Alex Gurshtein is a vice director of the In-
stitute for the History of Science anethnol-
ogy, RussiarAcademy of Sciengesdce presi-
dent of the European Society fastronomy
in Culture and a visiting professor at Mesa
State CollegeHe wishes to thankathes P
Rybak for his assistancas well as many
‘other colleaguesoo numerous to list herfor
their stimulating discussions
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Backyard Astronomy
Edited by Alan M. MacRobert

FRE
PLANET AND

Planispheres of many styles. In each case
you turn a disk to set your time against
your date. The edge of the star map then
represents the horizon all around you ' .
at that time. Some planispheres come
with extra features. The large Precision -
Planet and Star Locator, for instance,
includes settings to build in corrections
for daylight saving time and your longi-
tude, as well as a marker on the sky map . : i
that can be dialed to any right ascension . . : L
and declination. The most important as- f : '
pect of a planisphere, however, isthe clar- 4
ity and realism of its star map. Among { ‘r
those here, The Night Sky and the Preci- {“"’ :
sion Planet and Star Locator take the 3 A
prizein thisregard.

d I(m;m;rl\.'ll:ishm

StarFnding With a Planisphere

HE MOVEMENTS of the stars Earth,astronomers for millenniums havehorizon mask that rotated over it to

I have taxed the human intellectuilt little mechanisms that duplicate it.show the risings and settings of celestial

throughout the ages — from an-A working model not only illustrates bodies A water clock turned the mask
cient Babylonians seeking to predict skyhow the sky turns but can help locat®nce a day to keep up with the sky
eventsto Greek philosophers wrestlingobjects at any given tim&he simplest Nearly two centuries laterClaudius
with the structure of the univerge be- sky model is a planisphere Ptolemy analyzed the map projections
ginning amateurs today trying to point a Untold numbers of these star finderasised for such devices in his treatise
new telescope at tendromeda Galaxy have been designed and produced in ti&anisphaerium.

At first, the turning of the celestial last centuryEven the most experienced By the fourth centunyA.D. a version
sphere perplexes everyone who takes wbservers rely on theraspecially at un- known as the planispheric astrolabe was
skywatchingSooner or later the picturefamiliar hours of the nightThe word in uselts star map was a skeletal metal
snaps into place and the whole setup bé&planisphere’simply means flat sphere framework sliding over a solid plate en-
comes obviousBut those who think the It incorporates a map of the sky thagraved with the observerhorizon.Me-
sky’s motion is inherently simple shouldpivots at the celestial pol&s the map dieval Arabs and Persians refined the
try explaining to a beginner why everyrevolves around the pivat,slides under astrolabe to a peak of versatility and
star follows a different curved patha mask that represents your horizorbeauty Some of these ornatémathe-
across the sky at a different speddd Turning the map mimics the apparenmatical jewels’made their way to Eu-
why do some stars move from west talaily motion of the skycomplete with rope where they were prized as almost
east while most move east to west? Caiisings and settings at the horizon edgemagical.“All the conclusions that have
you explain why some constellations The basic idea was used in anciertieen found,or might be found in so
turn somersaults during the night whileRome The architect and engine¥itru- noble an instrument as an astroladre
others just tilt from side to side? vius writing around 27 EC., described a not known perfectly to any mortal man

To bring the skys motion down to star map engraved on a solid plate andia this regior, wrote Geoffrey Chaucer
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in 1391.By the end of the Middlé&\ges Modern planispheres are direct descen-
astrolabes were the universal trademad@nts of the astrolabe, such as this one
of astronomers and astrologers m%"ze %3;;?;:“;%0 Isvi'r”lzag' in
.AStrOIabeS were commonly used_ t orts 27 points that form arudi-p
sight on the Sun and stars to tell tiM€nentary star map: each point
The invention of accurate clocks alloweds |abeled with the name of a
the procedure to be reversell. you star or constellation. On the
knew the timeyou could use this kind plate under them are lines
of device to find star#nd that is how marking the local horizon,

i itude, and azimuth. The
Eilggéspheres have been employed evé‘fy is portrayed back-

ward, right for left.
USING A PLANISPHERE

In principle nothing could be simpler
You turn a wheel to put your time nex
to your dateand prestgheres a custom-
made map of the stars that are abov
your horizon for that momenthe edge
of the oval star map represents the ho
zon all around youas you would see if
you were standing in an open field an
turned around in a complete circlne Theres only one way to get to
part of the map at the ovaltenter rep- know a map like thisHold it out in
resents the sky straight up — much like,

the all-sky constellation map in the cen ront of you as you face the horizon.
- Twist it aroundso the map edge labeled
ter of each montls'Sky & Telescope ISt " b ead

. N with the direction youe facing isdown.

In practice several comphca’qons €aNThe correct horizon on the map now apzone can amount to a half hour or
th“"{v beginners Om—he worst is that a pears horizontal and matches the horimore Instructions for finding your local
planlspheres map is necessarily Sm_a"zon in front of youNow you can com- mean time correction are in the text fol-
and distortedlt compresses the entire . . <iarc above the horizon on the mdpwing the Skygazrs Almanacon page
celes_tlal he_mlsphr_ere above an_d arounfith those you'e facing in the sky 76 of the dnuary issueThe correction
you into a little thing you hold in YOU'  Then theres the distortion issu®©n to applyto standard clock time in vari-
hangl.So star patterns appeatud big- a planisphere designed for use in theus cities before setting a planisphere is
gerin _real life than on_the map Northern Hemisphereconstellations in given below Fortunately even a half

Moving your eyes just a little WaY the southern part of the sky are stretchdtbur one way or the other doesreally
across the map corresponds to swingin deways taffy-like, making it hard to matter for most star finding

your gaze across a huge sweep %ompare them with real star patterns In fact, if you just want to know
sky. The east and This problem does not exist on a wellwhich constellations are up and where
west horizons designed map for fixed dates and timeshey area planispheres limitations can
such as the one in the center of eadhrgely be overlookedlt's remarkable
month's Sky & TelescopeSsome plani- that such a simple working model of the
sphere designers have come up with $ky can work so well.
partial solution.David Chandles plani- A. M.
sphereThe Night Sk pictured at upper
left on the facing pageresents a map on LOCAL MEAN TIME CORRECTION
each sideOne minimizes distortion north i
of the celestial equatothe other south Anchorage -60 Kansas City ~ -18

may look close together
on a planispherébut of

Tourse when east is inf
front of you west is be-
find your back.Glancing

from the maps edge to
Eenter corresponds to cran-
ing your gaze from horizontal
0 straight up

of it. Just flip it over for the best view Allanta ~ -38 Los Angeles  +7

A further complication is that a plani- Bismarck 43 Memphis 0
sphere works correctly for only one lati- B0 s Al 21
tude on EarthMost today are made in Boston  +16 Minneapolis ~ -13
several editionseach for a particular Buffalo -15 New Orleans 0
latitude Chlcggo . +10 Neyv York . +4

Then theres the matter of daylight Cincinnati 38 AMECERE
saving or‘summer” time. When this is ~ ceveland  -27 Plihigh o
in effect (from the first Sunday iApril Ballas 2 glchhmond . _10
to the last Sunday in October in most o De?\’?tr 3(2) S?CLes.ter’ T (1)
the United States)iemember to“fall Dﬁr[&'m :16 Sal I?;IZ G —_28
back” to standard time by subtracting El Paso 6 San Francisg) 10
an hour from what your clock says be Helena o8 Santa Fe 4
fore you set the planisphesedial. Honolulu 31 Seatile 10

Actually, planispheres doh’ employ Houston  —21 Tucson Y
standard time eitherbut rather local Indianapols —44 Tulsa Y
mean time The difference which de- Jacksonvile —27 Washington, D.C. - 8

pends on where you live in your time
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Books & Beyond
Edited by Stuart J. Goldman

Humans have long pondered the likeli- «
hood of life on other worlds. Is it limited
to Earth, or do organisms thrive every-
where they possibly can?The Biological
Universeexplores the varied sciefptific as-
pects regarding life in the cosmos. Paint-
ing copyright 1991 DavidA. Hardy.

WhatAre the Chances for Life?

may be older and more evolved than wam — the simplest living organism —
meﬁinlnuiual are and possibly superior not only inthrough random molecular collisions is
UIVErse their science and technology but also id in 13%%°%°% Fred Hoyle raises this
o e e their moral and ethical value§he Bio- chance to a more optimistic 1 in “2€°
logical Universe discusses these weightyBiochemist Robert Shapiro estimates
matters in a lucid and engaging stfler that the probability of chance formation
those interested in the place Biomo of a short strand of self-replicating RN
sapiensin the cosmagdt is a mine of in- is considerably greater — darge”as 1
formation and a delight to read. in 10”2 All these numbers are so small
ek Regarding the first questiomgcent that, even when multiplied by the vast
reports of bodies circling other stars conaumber of planets probably present in
THE B_'OLOG'C AL UN'\_/ERS_E firm the suspicion that planets probablyhe universgthey force us to conclude
Steven J Dick (Cambridge University Press gre common in the univers&he ei- that the Earth must be the only planet
1996). 578 pages ISBN 0-521-34326-7. gence is indirect but quite robuahd we bearing life
$54.95. can now guess that a billion trillion fami- But some astronomers argue that as-
SEVEN JDICK has written a fasci- lies of planets — give or take a few powirophysical findings on the cosmic distri-

atingbook, culling from a massive ers of 10 — exist within the univetse  bution of the elements suggest a very dif-

iterature all the interesting ideas The book then turns to the questiorierent answeilhey base their conclusion
and facts relatingo the extraterrestrial- of life’s origin: What is the probability on the aptly named Principle of Medioc-
life debateAre we alone? Has intelligentthat life has arisen out of inanimate matrity: The Earth is an ordinary planet,
life evolved in other solar system@mhat ter on the trillions of these inferred plan-made of common materials that must be
is the best strategy for opening a charets? Opinionglivergewidely. Dick cites found in many solar systemWhy would
nel of communication®hat will be the an estimate by physicist Harold Morowitzthe Earth alone — an undistinguished
corsequences of contact with beings whthat the probability of creating a bacteribody among trillions of similar ones —
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be chosen by nature or the deity as th&ands in relation to humans as we stand
only planet on whose soil the seeds dfi relation to the worm?The human
life have taken rootThey conclude that imagination fails in its attempt to grap-
many — perhaps nearly all — Earth-likeple with this question.
planets circling Sun-like stars bear life And while many people look forward
What, then,can science say about thewith pleasurable anticipation to contact
probability of life arising on other plan-with these presumably marvelous crea-
ets?Apparently not muchsince scientif- tures experience suggests that the out-
ic estimates of the number of inhabitedome may not be pleasant at alelffFu-
planets vary from one (the Earth) taary issugpage 6)On this planetgontact
trillions. between scientificallyadvanced civiliza
Now we see why the recently reportedions and a primitive society — and

NINE WORLDS
and still-tentative evidence for fossilized‘primitive” is the description we mustFalladium Interactive, Inc., 900 Larkspur

anding Circle Larkspur CA 94939.CD-

life on Mars is so importanthe fact that joi
P apply to humans as they prepare 1o joi OM for MacOS andVindows 3.1 and 95.

the older residents of the cosmic commug
. . . . 39.95.
nity — typically results in the destruction
of the less-developed culture ATRICK Stewart is the grand host
What ma‘y be meCted Of Regard|ess of whether the intent OPOf this heavily illustrated introduc-
a meeting between - the technically advanced civilization is tory tour of the solar systemand
lizations searated ly a destructive or benigithe powerful forces he narrates passages throughout.
billion years?Will we sur- at its command tear apart the fabric of The“Orrery”is the first of three main

. the primitive societySuch was the fate sectionsClick on the Sun or a planet for
vive the encounter? | see early Native Americans Australian @ tour that uses a sophisticated combina-
no grounds for optimism. aboriginesand RlynesiansThese have tion of photographsdiagrams anima-

been the consequences of contact bHONS and videosTopics include surface

tween two civilizations separated by only€atures satellites and rings if present,

life appeared on our planet does not teffome tens of thousands of years of cuplanetary structureand the history of

i i ral evolution.What may be expected 94" concept of th_e bodjll is nicely de-
us whether this event is rare or commori! y p livered, though without great depth and

. ili i f a meeting between civilizations sepa- . . . .
place;a probability cannot be estimated® g p With uneven writingA lively “Vacation

on the basis of a sample size of onéated by a billion years®/ill we survive o : :
However if independently evolved life the encounter? | see no grounds for Odgéaengﬁé ﬁg?éﬁ?;gre?él?ﬁgnﬂxes your
or the remains of life are indeed foundimism. The“Resource Exploreris a grab bag

on Marswe will know immediately that ROBERT JASTROW  that includesa short introduction to am-

the creation of I!fe _out of nonlife is.r_lot Jstrow is director of the Mount Wilson Insi-  ateur astronomywith hints on how to
an event of vanishingly low probability y 4o any wrote Red Giants antivhite Dwarfs ~ Select a telescope; quiz;names and ad-

If it were, we would certainly not find x;\\ Norton and Co., 1990). dresses of astronomy organizatiools-
two of these very rare objects — a plan-
et on which life has evolved — in one

solar systemConfirmation of the Mars
report will demonstrate that the uni
verse is teeming with life

There is much more to praise in thig
excellent book.Particularly intriguing
are the discussions of the probable co
sequences of contact with intelligent e
traterrestrialsMost thinking on this sub-
ject assumes implicitly that ETs havsg
roughly a human level of intelligence
but perhaps we should expect somethi
quite different. Astronomy sets the age
of the universe at roughly 10 to 15 bil
lion yearsand planetary science sets th
age of the solar system at 4.6 biIIio
years These two numbers tell us thaj
somewhat more than half the intelligen
beings in the universe are a billion o
more years older than we aRresum-
ably they are correspondingly more
evolved thanHomo sapiens What is the
significance of a separation of a billio
years of evolution?
fogsir:’r;tcg:dt;vfli(?f?st’\év\/eeraTST;Z? :;r%mi;?]eNine Worlds com_bines phpt_ographs, diagr_ams, animations, and vide_os._ Here I?at_rick Stew-

art narrates a video outlining our changing concept of Mars that is inset within larger

years ago the higheSt forms of life oRyraphics. Click on the moonlet for information on Phobos and Deimos (one picture and
Earth were wormlike creature$vhat one paragraph each), or click on the spacecraft to create a NetProbe bookmark.
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servatoriesand space places around thgs

world; “This Day in Astronomy”; and
more A collection of shareware (which
you copy from the disc to your har
drive) is especially interesting

Caution: Use the Resource Explorer
with care Errors — and there are plenty

— range from typos (“Griffith Obseva-

tory” is my personal favorite) to errors|

of fact (“Mariner 4 landed on Mars in
1965”) to absurdities (#gust 24th is the
anniversary of Hipparchus’ invention
of the magnitude system).

“Mankind’s View” is a time line of as-

tronomical history with summaries of fa-

mous astronomemnajor discoverieand
future space mission&s for the rest of

the disgthe navigation system is cleverly
designed and the graphics are supeib_

even if the information is elementary

If you have access to thW&orld Wide
Web, the program links you to Palladi-
um’s proprietaryNine Worlds site where
you'll find pointers toWeb pagesa bi-
weekly astronomy news digestnd un-
derused chat and discussion arédagou

Joel Stebbinss pioneering work involved
this photometer, incorporating a selenium
photocell, attached to a 12-inch refractor
at the University of lllinois. While initial

tests were performed observing the Moon,

ealed a previously undetected secondary

flagged areas of interest while browsin?t‘*’bi”s’S light curve of Algol in 1910 re-

the disc by creating bookmarks calle
NetProbesthe program creates a cus

minimum for the eclipsing binary star.
From The Astrophysical Journal.

tomizedWeb page that links you to other

Internet sitesThere is little you couldm’
find elsewhergbut it is nicely organized.

The disc is as attractively produced as

any I've seenand Patrick Stewag’nar-
ration is a big pludt's a pleasant intro-
duction to the solar systenbut one
marred by too many inexcusable errors

JOHN E.MOSLEY

Modey supervises the educational prograns
at Griffith Observatory in Los Angeles He can

the absolute dimensions of stars and the
size of our galaxySamuel PLangley
Used an infrared bolometer to measure
the solar constant in the 188Qharles G
Abbot later derived the first stellar ef-
fective temperatures from radiometry
spanning wavelengths between 0.44 and
2.22 micronsCurrent applications of pre-
cise brightness measurements range from
determining the size and composition of

be reached via e-mail at jmodey@earthlinknet.  objects in our solar system to studying
the evolution of galaxies in the distant
universe

In The Measurement of Sarlight: Two
Centuries of Astronomical Photometry
John B Hearnshaw masterfully reviews
the development of photometry up to the
application of the charged-coupled device
(CCD).After a brief summary of classical
stellar magnitudeshe clearly describes
the origin and development of visual,
photographicand photoelectric photom-
etry. His comprehensive account includes
fine, critical comparisons of the instru-
ments built to measure stellar brightness-
es as well as the various magnitude sys-
tems derived from these instruments

The illustrations — of the instruments
the scientists who made thewmmd the

HOTOMETRY — the craft of landmark results they produced — are
Pmeasuring the magnitudes and colimpressive and add to the richness of the
ors of astronomical objects — is story The book contains an extensive set

one of the cornerstones of modern astr@f references at the end of each chapter
physics Optical photometry formed the and excellent indexes
basis for the first reliable estimates of Throughout the volumeHearnshaw

THE MEASUREMENT
OF STARLIGHT
John B. Hearnshaw (Cambridge University
Press1996).511 pagedSBN 0-521-40393-
6.$89.95.
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describes how technological developshowed that tarnishing gradually decreas-
ments drove the main advances in thes the ultraviolet reflectivity of a silver
field and how each of these innovationsnirror.
fueled the expansion of modern astro- These and other improvements in pho-
physicsDespite numerous technologicatometry came too late for CaW. L.
challengesthe first photometrists suc- Charlier who unfortunately attributed
cessfully measured stellar brightnessebe first colormagnitude sequence for the
with an almost bewildering variety of Pleiades star cluster to an error in the vis-
tools including bolometergphotovoltaic ual magnitudes and hence missed devel-
cells radiometers and thermocouples oping the'Charlier diagram20 years be-
Some of the early photographic and visfore Ejnar Hertzsprung began work on
ual catalog projects rivaled thdenry the Hertzsprung-Russell diagram!
Draper Catalogue of spectra in accurgc  The Measurement of Sarlight is a well-
and scope and led directly to the discowwritten and lively history of stellar pho-
ery of the interstellar mediumthe tometry The text is most appropriate for
Cepheid period-luminosity relatioand professional astronomers with a historical
precise maps of galactic structuenall- bent.Science historians should enjoy the
er programs of systematic observationslose ties between detector development
of eclipsing binaries and other variablén astronomy and physics — sometimes
stars yielded the first mass-luminosity reby the same scientist — as well as those
lations for main-sequence stars and theetween photometry and astrophysics
first classifications of pulsating variablesAmateur astronomers should also appre-
Hearnshaws narrative includes aciate the instrument histories now that
good mix of major accomplishments andnany amateurs regularly compete with
historical vignettes that show both theprofessional observatories at producing
cooperative and competitive aspects dieautiful images and in detecting new
modern scienceEdward C Pickerings solarsystem objects and distant super-
haste to producédarvard Photometry novae Everyone should relish the rich
led to numerous misidentifications andistory of astronomical photometry and
unacceptably large photometric error$learnshaws skill in presenting it.
compared to the ddsdam group of Paul SCOIT KENYON

Kempf and Gustav MdulleiThe photo- Kenyon is an astrophysicigt at the Harvard-
graphic observations of HarvasdNorth  gqrjthsonian Center for Astrophysics and is
Pdar Sequence were more carefbbr the author of The Symbiotic StargCam
exampleMary Hunt of Radcliffe College bridge University Press 1986).

Briefly Noted

Earth Clodk, Terry Koyn (Bradford Publishing ~ The second edition of this 1994 te8X(T:
Co., 16 Craig Rd.Acton,MA 01720).Software January 1995page 59) has been revised to
for MacOS (68030 processor or bett&g8. include concluding sections on the impact of

This nifty but overpriced program demon-Comet Shoemakdrevy 9 and initial data
strates to students one of the more difficulfrom the Galileo spacecratft.

concepts in astronomy — how Eashflumi-  Astrology: What's Really in the Stas; J.V.
nation by the Sun changes hourly and seasogtewart (Prometheus Bogi996).156 pages
ally. View the Earth as a map or as a globe ifsBN 1-57392077-0. $19.95.

orbit about the Sun (Or as both simultaneous- An emergeng-room physician takes aed
ly) and step through time to watch the pattajled look at the foundations of astrology and
tern of day and night varA sundial shows compares it to what is touted as astrology
how shadows change with timatended for today Although he successfully questions sur-
schoolsgrades 6 to 9. viving ancient mythsseveral errors of calcula-
StarTrax, PaulWarme (120 SPatterson St., tion confuse his results

State CollegePA 16801;e-mail: pkwarme@ The Quest for Longude, William J H. An-
twd.net).Software forWindows 3.1$30 (en- drews ed. (Harvard University Pres4996).
hanced version for $40). 437 pagedSBN 0-96443290-0. $75.

This versatile yet simple staharting pro-  The human drama obtin Harrisors strug-
gram shows 39,600 staf5438 deep-sky ob- gle to perfect his chronometer in the age of
jects constellation outlingsoordinate grids exploration was well told inLongitude by
and star names and designaticas well as pava Sobel $&T: July 1996,page 60)On its
the SunMoon, and planets as viewed fromheels comes this eymlopedic book that tells
any geographic locatiorA trial version is the story in a more scholarly fashidine text,
available from online sources beautifully illustrated and packed with refer-
Jupiter: The Giant Planet, Reta Beebe enceswas produced by Harvard Universgy’
(Smithsonian Institution Presd4996). 265 Collection of Historical Scientific Instruments
pages ISBN 1-56098-731-6;$29.95, cloth. The contributions by historical experts pick up
ISBN 1-56098-685-9%16.95 paper where Sobel left off @
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Rambling Through the Skies
By E. C. Krupp

A Dipper forAll Seasons

Y JUNE the year is half seasonedBecause the stars ¥,
B and the Sun is pushing its norther®f the Big Dipper =&
limit. Rounding the solstice turn!00k so much like
on the summer side of the ecliptic (a%edé%%ef{gufgﬁggﬁs =
far as the Northe_rn Hemisphere is COMarely illustrated fig- T
cerned)the Sun informs us of our sea-ratively. This exception -
sonal progress with spherical geometryappeared on the cover of
Through the elevation of its path acros¥he Big Dipper and You
the daytime sky and the points of its risby E. C. Krupp with art-
ing and settinghe Sun tells us where inWork by Robin Rector £ )
the year we ardts calendrical capacity : S
is compromisedhoweveron our all-sky

map on pages 70 and The chartafter i . .
all, illustrates the pastures of heavefhrough the middle of the map) and alacementThis knowledge is reflected,

after the Sun has left the fiel§ortu- Short distance southwest obl&ris and for examplegin the story the Micmaaonk
nately the swing shift has clocked in,the skys north po_le _ _ _dians of eastern Canada told about hunt-
and the Big Dipper is ready for duty _Becaus_e the Big Dipper is so hard ting thecelestial beafEvents in the hunt
The seven bright starsorin a large misplace just about everybody has acare linked to the Dippes’ ascent from
and distinctive arrangemeoking like knowledged its value as an astronomicahe northern horizonjts culmination
the long-handled cup that was a lotitensil.lts seasonal dimension is not adabove the 8le Starand its descent back
more common before running water- Vertised,howeveron a single magrou to Earth.And the Dippeitempered cal-
door plumbingand sports-drinkbottles have to look at a series of monthly chartendar kept by th&’i people of China
let us kick the bucket back down thd0 see how its configuration at the sam&unnan Province reveals that the year
well. Not classified as an official constel-time of night varies through the yearbegins in winterwhen the Dipper is east
lation, the Big Dipper is anasterism— Six months from nowin Decemberthe of Polaris in the early evening with its
an informally recognized arrangemetit oearly-evening Dipper will be marking Handle dangling toward the ground.
stars — that really belongs to Ursdime in the northeastnore or less on The menu of Big Dipper servicesf
Major, the Great BearYou can find it the opposite side ofdraris course is not confined to calendrics
on our dine star map to the right of the People all over the world have longNorth of the equator the most reliable
meridian (the blue vertical line that cutdbeen aware of the Dippsrseasonal dis- recipe for finding north puts theoiters
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to work. These two stars that front theChina’s version of the
Bowl of the Dipper point to &taris and Big Dipper is also a
turn the asterism into a compass that jfractical utensil. The
dicates true northNo less an authority thg'nﬁjﬁhi'frfuéis'asls
than my 1954 Boy Scouttlandbook for 5 |adie or scoop used
Boysconfirms the merits of this method.to measure portions of
Even though we have already inventograin. Here the Dipper
ried a bowlful of Big Dipper benefitthis is mapped on the great
multipurpose tool also tells timgurning Pronze celestial sphere
on its axisthe Earth spins the entire sky’" thﬁégfgoﬁ %tg.?r:"js
around the north celestial pole every 2 r?cfem Observatc>er.g
hOUI’S and in that time the Blg DipperC()urtesy E. C. Krupp.
runs a complete circle aroundl&ris By
monitoring the Dippes progress around
the polewe can assess how much of the
night has elapsedViliam Tyler Olcott
and EdmundW. Putnam explained how
this works for several generations o
readers inField Book of the Skiesurn-
ing the line that connectoRris with the
Pointers into théthour hand of a clock,
they assertedWith a little practice the
time of night can be ascertained to a
approximate degréeln Living Life’'s
Circle, anthropologist Claire Rzarrer re-
ports how Bernard Second,Mescalero

(1835) preceded Smithhandbookand biggest helping of transcendental power
jts accompanying text refers to Ursdhey could harvest from the slGelestial
ajor's seven bright stars as juthe spirits residing in the Big Dipper kept
Dipper” Burritt described Ursa Minor track of what people did and rewarded
with dipper imagerybut he did not use the just with longevitywithout mindful
the term Little DipperThis implies our measurgthere can be no equijtgnd so
ecognition of two northern Dippers is an the symbolism of imperial power the
ater development. grain measure and the Northern Bushel
The Big Dipper is another kind ofstood for the empera’justice
kitchen utensil in southernrdécewhere The ancient Egyptians also made a
they sometimes call it Casserolthe tool out of the Big Dippeibut for them
Sauceparpresumably in deference to thets task was the magical revival of dead
lofty status of Fench cuisineThe Chi- souls They saw something like an adze
nese called the Big Dipp&®ei tou,which in its starsthe long-handled chisel used
means Northern Buel. It represented a by a priest officiating at a funeraPho-
container used to measure grain beforeetically interchangeable with the name
it was storedTaoist ritualists judged that the Egyptians assigned to the Big Dip-
this confederation of stars furnished th@er, the ceremonial utensil was equiva-

Although it is no surprise

that people spotted a Big

Dipper in the stars of the
Great Bear, it is not so

easy to say exactly when
and how this happened.

Apache Head Singer and her collaborg
tor, kept track of the time using the Big
Dipper during nocturnal ceremonies
Nearly everyone in the United State
and Canada extracts a dipper from t
stars of the Great Bealthough it is no
surprise that people spotted a Big Dip
per theregit is not so easy to say exactl
when and how this happeneldeither
the NorthAmerican Indians nor the col-
onizing Europeans knew the magnifice
seven of Ursa Major as the Big Dippe
In fact,the seven stars are known somse
times as the Plough in Britaiidentified
as somebodgWain (or wagon) through-
out most of Europeand officially as-
signed an ursine pedigree that reach@s
back through Ptolemy to ancient Greelﬂncient Egyptians found a funereal imple-
sky lore No referencehowevertells US ent in the Big Dipper. This tool was
how the Dlpper habit gOt started on th%uched to a mummys eyes and mouth to
western shore of the Nor#tlantic. revive the spirit of the deceased. Ahawk-
Asa Smiths lllustrated Astronomya headed god, perhaps Horusthe son and
19th-century sky guide describes the heir of the dying god Osiris, performs this
“Great Dipper’ It was published in Bos- I‘?eremo.”.y on a mummy wrapped to look
. . - like Osiris. This detail is from Inherkau’s
ton without a datethough internal evi- tomb at Deir el-Medina. Inherkau led a
dence places it in the late 1856$ijah  \ork crew of royal tomb-builders in the
H. Burritt's Geography of the Heavensi2th century B.C. Courtesy E. C. Krupp.

©1997 Sky Publishing Corp. All rights reserved.

lent to the bulls thigh they also saw in
those stars and was included in the ritu-
al paraphernalia for tH®pening of the
Mouth” liturgy. Because the stars of the
Big Dipper never rose and never set,
the Egyptians regarded them as undy-
ing. The priest brushed the lips and eyes
of the mummy with a talismanic Dipper
and so simulated cutting open these aper-
turesthat had been seded by deah. In
doing sothe priest rekindled the senses
of the deceased and reactivated the con-
scious personality for the spistlife after
death.With the help of the Big Dipper
the dead sipped celestial immortality
from imperishable stars

In southerrArizona theAkimel O’od-
ham (formerly Pima) and th&ohono
O’odham (formerly Papago) reach the
ripened fruit of the tall saguaro cactus
with a long hook fabricated from a
saguaro ripand their name for this tool is
the same as that for the Big DippEney
begin harvesting the fruit about midak
and ferment from it saguaro winghich
is consumed in the summsolstice New
Year ceremoniesn a ritual intended to
season the world with fertilityenewal,
and rain,the beverage is served with a
Dipperful of seasonal power @

E. C. Krupp sips from the Dipper at Griffith
Observatory in Log\ngeles
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Stars & Planets
By Fred Schaaf

On June evenings the band of the Milky Way begins ascending in the eastern sky, starting a seasonal appearance that will crest over-
head in late summer. Jerry Schad used a 24-mm wide-angle lens to capture this view of the southern end of the summer Milky Way
rising in the southeast. When he took this photograph two years ago, Jupiter, the brightest “star” here, was just to the upper left of
orange Antares. Starting from Antares you can trace out other stars and constellations using the map on the preceding two pages.

The Rise of the Summer Milky Way

out of your mailbox or just bought it

after it arrived on the newsstand,
Comet Hale-Bopp may still be putting
on an exciting performance in your eve-
ning twilight sky, glowing low in the
west-northwest.

By late May, however, we’ll lose sight
of the comet in the glow of sunset. (Pre-
sumably it will still be bright as it passes
Betelgeuse and moves into Monoceros
during June, but it will be almost direct-
ly behind the Sun from our viewpoint.)
And Mars, brilliant during early spring,
will be considerably faded and dwin-
dled. What then to look at?

Just the entire rest of the universe,
waiting each clear night for you to dis-
cover, or rediscover.

IF YOU’VE just pulled this magazine
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THE SKY AT THE
ARCTURUS HOUR

Our all-sky constellation map on the
previous two pages is drawn for 15:00
sidereal time: when the 15" line of right
ascension is on the sky’s north-south
meridian.

This “star time,” and the entire sky
scene that goes with it, occurs around 1
a.m. daylight saving time in early May,
midnight in late May, 11 p.m. in early
June, and at dusk (for midnorthern lati-
tudes) in late June. The chief star of
spring, Arcturus, is already a little past the
meridian, as the map shows. But this still
deserves to be called the Arcturus Hour.

What else could we call it? Few other
notable stars or constellations are as
close to the meridian now as Arcturus.

©1997 Sky Publishing Corp. All rights reserved.

Toward the south Libra, the Scales, bal-
ances almost on the meridian, but Libra
is pretty dim. Overhead, the northern
part of the constellation Bodtes is on
the meridian — but Booétes is dominat-
ed by Arcturus itself.

What about in the north? Right on
the meridian is the second-brightest star
of the Little Dipper, Kochab or Beta ()
Ursae Minoris. Moreover the Little Dip-
per’s brightest star, Polaris itself, is bare-
ly past its “lower culmination” just under
the north celestial pole. This happens al-
most when Kochab is at “upper culmi-
nation” above the pole. So it’s a special
time for Ursa Minor. The Little Bear
now stands on its unnaturally long tail,
and the Little Dipper (the asterism of
the same stars) on its handle.



What’s the Big Dipper doing? It’s
starting to decline into the northwest, its
handle pointing along an arc toward . ..
Arcturus.

Of course, we could name our sky
hours for the sights that are rising into
fresh view instead of those already on
the meridian. What’s rising on our map?
On the southeastern horizon we find the
Teapot of Sagittarius, but it’s too low to
see properly yet. Scanning the horizon
from southeast to northeast, we find a
remarkably dim strip of the heavens.
This strip is thicker than we see on the
map; more of it will keep rising without
any bright stars for quite a while.

This dark strip is all the more notice-
able in contrast to what’s right above it,
or ahead of it: the rich band of the sum-
mer Milky Way, with bright Cygnus and
Aquila.

On the western (upper) side of this
Milky Way strip is a line of bright Lyra,
bigger but dimmer Ophiuchus, and spark-
ling Scorpius. It’s interesting that such
bright stars precede the Summer Milky
Way across the sky but that nothing
bright follows it.

As a matter of fact, the last 1st-mag-
nitude star to rise was Altair in the
Milky Way’s edge, about an hour and a
half before map time. When will the
next Ist-magnitude star rise for observ-
ers at 40° north latitude? Not for five
more hours! That’s when Fomalhaut and
Capella come up, around 3 a.m. daylight
saving time in early June.

At least Jupiter rises to brighten
things during that long period of no 1st-
magnitude star-rises this year. And Sat-

Dusk, June 6-8

Pollux

Procyon
[ )

Castor

urn makes a late, late rising with Fomal-
haut and Capella.

Take another look at the all-sky map.
Turn it around so the eastern horizon is
at bottom. Does this sky look familiar to
you? If you were one of the bold and
faithful out in the cold when morning
twilight began back in early February,
this is the sky scene you saw — framing
Comet Hale-Bopp in the process of be-
coming magnificent. The Arcturus Hour
occurs at different times of night (or
day) all around the year.

There’s one tempting alternative to

On May and June nights
as the hour grows late, the
Milky Way looms like a
great, glowing arch across
the eastern sky — if you
are blessed with natural,
unspoiled darkness.

calling this the Arcturus Hour, if you
live far enough south. Only three stars
in the heavens are brighter than Arc-
turus. But one of them is actually closer
to the 15" right ascension line. At mid-
southern latitudes, skywatchers would
doubtless want to call their sky scene
the Alpha Centauri Hour. But of course
that scene would look far different from
the one portrayed on our map. You have
to be as far south as latitude 29° (Flori-
da, south Texas) just to see Alpha Cen-
tauri skimming the southern horizon.

THE SUN, MOON, AND
PLANETS IN JUNE

The comet’s departure leaves nights
of only moderately interesting planetary
sights strung across the rather short gap
between dusk and dawn. At dusk, Venus
is still very low in the west-northwest
during June. Mars is high in the south-
west when darkness falls, an unmistak-
able golden orange point despite its
faded and shrunken status. Late in the
night Jupiter rises impressively. It shines
highest in the south-southeast as dawn
brightens, by which time Saturn is lower
in the east-southeast.

Venus is so bright that it can be spot-
ted even through twilight very low in
the west-northwest 45 minutes after sun-
set. But Venus is beginning the kind of
evening apparition that tries our pa-
tience. It won’t get much higher and
more easily visible until autumn.

Mars remains prominent all evening,
even though it fades from magnitude
+0.2 to +0.6 during June. Look for the
colorful world shining high in the south-
west during dusk and lower in the west-
southwest as night grows late.

Mars’s brightness in June is about mid-
way between that of Arcturus and Spica.
Its position is about midway between
Spica and Regulus — but it’s moving to-
ward Spica and will pass less than 2°
from it in the first few days of August.
On the North American evenings of June
11th and 12th, Mars is within '/5° of 3.8-
magnitude Beta Virginis.

Because Mars comes to eastern quad-
rature on June 23rd, it should appear

Dusk, June 10-13

Looking high SW

[

Moon
June 13

Denebola
[

B

) Regulus.

J

Moon
June 10

Venus can be spotted low in the west-northwest during twilight in June, while fainter, orange Mars shines higher in the southwest.
The two planets will gradually converge on each other to meet in the twilight next October. These diagrams are drawn for one hour
after sunset at latitude 40° north, but they can be used throughout the world’s north temperate latitudes.
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| ° A The Sun, Moon, and planets against the stars. The Sun and planet dots are

'S (] o Positioned for mid-June, on colored arrows that show their motions throughout

B Mercury i A the month. The Moon is plotted every few days on its black path. Moon dates are
_120° ~ in the evening when waxing or full (right side), in the morning when waning (left).
°® Local time of transit tells when objects cross the meridian (are due south) at

| 4 ® —midmonth. Transits occur an hour later on the 1st, an hour earlier at month’s end. Moon ®
—+10 ° Moon — ® ... . ‘ June 12 ‘
° June 30, Moon ‘l\ June 26 °
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THE SUN AND PLANETS

&

N2 & R 3 &
W Ny '{\@ N SR
& & & & &

0N 9 LA LA SN R\
Sun  June 1 4"35.8™ +22°02 —  -26.8 31'33" —  1.014 a.u.
16 5'37.8" +23°200 —  -26.8 31'20" —  1.016 a.u.
July 1 6"404" +23°07 —  -26.8 31'28" —  1.017 a.u.

Mercury June 1 3"03.2" +14°17" 23°Mo 0.0 6.9 56% 0.981 a.u.
11 4"07.5™ +19°31' 17°Mo -0.8 5.8 78% 1.165 a.u.

21 5"32.8™ +23°45' 6°Mo -1.7 5.2" 97% 1.302 a.u.

July 1 7"08.0" +24°13' 6°Ev. -1.6 5.1 97% 1.315 a.u.

Venus June 1 5"42.9™ +24°10' 16°Ev -3.9 10.2" 96% 1.642 a.u.
16 7"03.3" +23°55' 20°Ev -3.9 10.5" 94% 1.590 a.u.
July 1 8"21.5™ +21°05' 24°Ev  -3.9 10.9" 91% 1.525 a.u.

June 1 11"35.5™ +3°37" 102°Ev  +0.2 9.1 89% 1.033 a.u.
16 11"55.5" +1°01' 94°Ev  +0.4 8.2 88% 1.145 a.u.
July 1 12"19.9™ -2°00' 86°Ev +0.6 7.5 88% 1.254 a.u.

Jupiter June 1 21"37.7" -14°55' 109°Mo -2.5 42.2" 99% 4.668 a.u.
16 21"38.1" -14°57' 123°Mo -2.6 44.2" 99% 4.455 a.u.
July 1 21"35.6™ -15°13' 138°Mo -2.7 46.1" 100% 4.274 a.u.

Saturn  June 1 1"07.4™ +4°41" 53°Mo +0.8 16.5" 100% 9.999 a.u.
16 1"12.1™ +5°06' 66° Mo +0.7 16.9" 100% 9.784 a.u.
July 1 1"15.7" +5°24' 80°Mo +0.7 17.3" 100% 9.547 a.u.

June16 20"43.3" -18°49' 137°Mo +5.7 3.7 100% 19.068 a.u.
() June 16 20" 06.1™ -19°51' 145°Mo +7.9  2.3" 100% 29.309 a.u.
? Pluto June 16 16" 16.3" -8°12' 155°Ev +13.7  0.1" 100% 29.058 a.u.

Right ascension and declination (equinox of date) are given for Oh Universal Time on selected days. Elongation is the angle between a planet and the
Sun, in the morning (Mo) or evening (Ev) sky. Next are the object’s visual magnitude and apparent equatorial diameter (neglecting phase). Next is the
percentage of the disk diameter illuminated by the Sun. Finally, distances from Earth are given in astronomical units. One a.u. is 149,597,870 km, or
92,955,807 miles. The planet disk diagrams have south up. Sets of two or three disks show the beginning and end of the month, single disks midmonth.
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June 8

DECLINATION

(Times and dates are Universal Ti

New Moon
First Quarter
Full Moon
Last Quarter ..
New Moon
First Quarter
Full Moon
Last Quarter ..

. June 27, 12:42

Greatest and Least Distances
Apsis Distance Diameter
Perigee May 3,11" 366,626 km 32'35"
Apogee May 15,100 404,211 km 29'34"
Perigee May 29, 7" 369,788 km 32'19"
Apogee June 12, 5" 404,185 km 29'34"
Perigee June 24, 5" 366,494 km 32'36"

€00
YV0O
000¢ (

The Moon’s phase, orientation, and rela-
tive apparent size are shown for 0" UT
every two days in June. Celestial north is
up, and a blue tick indicates the Moon’s
north pole. The red dot shows the point
on the Moon’s limb tipped into best view
by libration; the dot’s size indicates by
how much. The maximum libration plotted
is 8.5° on June 19th; the minimum plotted
is 1.6° on the 13th. Adapted by Guy Otte-
well from his Astronomical Calendar
1997. For more on libration see June
1992, page 670.

distinctly gibbous in even a very small
telescope all month. Most amateur tele-
scopes won’t be showing any substantial
detail on Mars, for its apparent diameter
shrinks from 9.0" to 7.5" during June.

But at least the two spacecraft heading
for the planet are now drawing near!
Mars Pathfinder is due to land on July
4th; Mars Global Surveyor should go into
orbit around the planet in September.
See the December 1996 issue, page 24.

Pluto, at the Scorpius-Ophiuchus bor-
der, is well up in the south-southeast by
late evening. If you have at least an 8-
inch telescope, dark skies, and the finder
chart on page 84 of last month’s issue,
consider taking on the challenge of find-
ing this tiny, 14th-magnitude world dis-
covered in 1930 by the late Clyde Tom-
baugh.

Jupiter rises around 1 a.m. daylight
saving time at the beginning of June and
11 p.m. by month’s end, a powerful
brightness coming up from the eastern
horizon. The -2.5-magnitude behemoth
spends June essentially stalled out a few
degrees north of Delta (§) and Gamma
(y) Capricorni, the eastern tip of the boat
shape of Capricornus. The giant planet
will not be high enough to offer a steady
telescopic image until dawn is nearing.

Uranus and Neptune, west of Jupiter
near the Capricornus-Sagittarius border,
are at their highest in the south around
the time dawn gets under way. You can
consult the map on page 84 of last
month’s issue to find them.

Saturn doesn’t rise until early-morn-
ing hours, when it comes into view in
the east in faint Pisces. Don’t confuse it
with decidedly dimmer Fomalhaut, which
rises around the same time in the south-
east. Even by morning twilight Saturn is

The Near Sky:

not high enough in the east-southeast to
look crisp in a telescope’s eyepiece —
but who can resist any view of the rings?

Mercury is essentially a lost cause for
viewers at midnorthern latitudes in June.
It has an apparition in the morning twi-
light from mid-May to mid-June, but it’s
very low in the bright dawn; look far to
the lower left of Saturn. Mercury finally
reaches superior conjunction with the
Sun on June 25th.

The Moon is near Saturn before sunup
on June’s opening morning (parts of Asia
and North Africa see an occultation).
New Moon occurs on June 5th. After
sunset on the 6th look for a slim crescent
very low in the west-northwest, well to
the left of Venus. On June 8th at dusk a
line drawn through Castor and Pollux
and extended far to the left hits the
thicker Moon. The Moon is about half-lit
as it slips past Mars between the North
American nights of June 12th and 13th,
occulting the planet for central Africa.

The full Moon pursues a low path
across the southern sky on June 20th.
A hefty waning gibbous Moon appears
near Jupiter on the morning of June
24th, but it has dieted down to last quar-
ter on the 27th. The Moon’s second ren-
dezvous of the month with Saturn takes
place on the morning of June 28th, with
the extreme southeastern U.S. getting an
occultation in daylight.

The Sun is at the June solstice at 4:20
a.m. Eastern Daylight Time June 21st.
This is the Sun’s farthest-north point in
our sky, marking the start of summer
in the Northern Hemisphere and winter
in the Southern Hemisphere.

Fred Schaaf welcomes mail at 681 Port
Elizabeth-Cumberland Rd., Millville, NJ 08332
and e-mail at fschaaf@aol.com.

Storms and Stars

atmosphere — sometimes opaque with clouds, sometimes too much

WE SEE THE WONDERS of outer space through the often frustrating
atremble to allow us a sharp telescopic view of Moon, planet, or dou-

ble star. But sometimes the atmosphere’s wilder manifestations can combine
with astronomical views to produce scenes of rare splendor.

Long-exposure photographs of lightning sometimes show bright planets and
stars above thunderheads in a clear sky. I recall a summer night in North Dakota
when I was hiking to a weather radar installation. The thunderstorms were far
away, but I got amazing views of lightning propagating many miles sideways,
while just beyond the leading edge of cloud the sky was thick with 6th-magni-
tude stars and structured Milky Way. Occasionally very distant thunder rumbled
in the cosmic silence — echoing in our imaginations across thousands of light-
years or throughout the entire chamber of the universe itself. Another night, with
the weather radar’s help, we determined that we were hearing thunder from
lightning 50 miles away!

F S.
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Mutual Events of upiter's Moons

VERY SIX YEARS — twice in
Eeach orbit of Jpiter around the

Sun — the orbital plane of
Jupiter’s four large moons turns edge o
to the Sun and Eartfihis event is simi-
lar to the way the rings of Saturn tur
edge on to us twice in each Saturni
orbit, as happened last in 199%6. But
instead of seeing rings turn to a Rai
thin ling we see uJpiter’'s four moons
start to eclipse and occult each other
they shuttle back and forth on their wa
around the planet.

These “mutual events” of Jdupiter’s
satelliteswhich last just a few minutes
each,interest both amateur and profes
sional astronomerdn some cases the
satellites dim by enough for us to watc
the change in a small telescopecu-
rate photoelectric timings of the dim-
mings help to refine the precision wit
which the satellites’ orbits are known
For centuries astronomers have tracked
the orbits of the satellites by timingevents of the satellites for the rest ofVWide Web at http://cdsweb-strasbdr/
when they pass in and out of eclipse byupiter’s apparitionMore than 400 mu- htbin/myqcat4?J/A%2bA/314/312.)
Jupiter's own shadow(lmages from one tual eclipses and occultations are pre- Events that happen whempiter is
such eventseen close up by th€oy- dicted in all.To make our short listan visible from at least part of Northmer-
ager 2 spacecraftare at right.) But event had to involve a drop in bright-ica are highlighted in boldface
Jupiter's shadow edge is hazy and variness of at least 47 percent (0.7 magni- The first three columns give the date
able whereas the satellites’ own profilesude).This is enough change to be clearand time in Universallime when an
are sharp ly noticeable to the ey¢The complete eclipse or occultation begins and ends

Listed in the table are the best mutudist with further details is on th&/orld The Eventcolumn tells what happens
The satellites are numberddfor lo, 2
Europa,3 Ganymedgeand 4 Callista O

Above: Jupiter’s satellites shuttle back and
forth from our viewpoint as they orbit the
planet. In most years, when two of them
pass we see one going slightly above the
other, as in this double pairing photo-
graphed by Jean Dragesco orApril 16,
1984. But this year one satellite will often
cross right over another Left: Europa be-
ing eclipsed by Jupiters own shadow as
photographed by \byager 2 in 1979.

BEST MUTUAL EVENTS !
stands for occult€ eclipsesA annular-
Date Start End Event Light Distance | Date Start End Event  Light Distance ly, and P partially.
LU bap (o ) () ChEp (I, The next column gives the expected
(%)  radii) (%)  radii) . . .
dimming as the percentage of light that
May 5 23:03 23:10 203A 48 6.0 17 1417 1421 4E2A 83 75 will be lost. This is the change in one
18 947 950 1E2P 49 55 | Aug.1  0:13 029 4E3A 60 149 eclipseor in the combined brightness of
21 2254 2257 1E2P 61 556 3 003 007 4EIA 77 37 two satellites in the case of an occulta-
29 1:.08 1:12  1E2P 81 5.8 20 3:53 4:07 4E3 56 7.0 of the event in @vian radii east or west
Junel 14:16 1421 1E2A 87 58 24 934 937 3EIP 57 03 of the planes center
5 323 327 1E2A 88 5.9 31 1217 1221 3EIP 82 0.6 For example the first line tells that
7 945 947 2EIA 50 3.9 Septl 627 6145 3E2P 72 9.3 from 23:03 to 23:10 UT May 5thzu-
8 1631 16:35 1E2P 8 6.0 3 1519 1534 1E3A 49 45 ropa occults Ganymede annularly for a
10 2251 2254 2EIA 57 37 7 1501 1504 3EIA 9 14 48 percent total light drofTo change
12 539 542 1E2P 78 6.0 8 10556 11:12 3E2P 99 9.3 this value to magnitudesse the formu-
14 1157 12:00 2EIA 62 36 14 17:45 1748 SEIP 91 22 la Am = 2.5log(13-AL), whereAm s the
15 1847 1851 1E2P 68 6.0 15 1503 1516 3E2P 99 92 change in magnitude ardl is the light
18 103 106 2EIA 65 35 18 1932 1938 1E3A 47 67 drop) The last column in the table
19 755 759 1E2P 58 6.1 21 1723 1739 4E2P 85 04 shows that Europa and Ganymede are
21 1410 1412 2EIA 65 33 21 2030 2033 3EIP 73 30 six Jupiter radii from the planewell re-
22 21:04 21:07 1E2P 47 6.1 22 1858 19:06 3E2P 67 90 moved from its glare _ _
25 316 319 2FIA 64 3.2 28 2316 2319 3EIP 48 3.7 _You can use the wavy-line diagram at
28 1622 1625 2EIA 60 30 | Nov.4 623 655 3EIP 96 4.1 ][.'glr: th identify the satellllt(es In yolur
30 535 544 4E2 55 2.4 4 1103 1125 3EIP 69 58 eﬁ da? t\(’)'et‘:\;attoaggtg?ivr'g 01}"1%52 .
Juy 2 528 531 2FIA 54 28 11 424 443 3EIP 87 1.0 usual events!
6 2226 2240 3E4P 55 17.3

A. M.

78  Sky & Telescope June 1997 ©1997 Sky Publishing Corp. All rights reserved.



Jupiter ’s Satellites
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The curving lines represent Jupiter’'s four bright
satellites: lo (I), Europa (Il), Ganymede (llI),
and Callisto (IV). Jupiter itself is the center
vertical bar. Each white or gray horizontal
band represents a full day, from Oh (upper
edge of band) to 24h Universal Time. The date
is given at left, and 1 mm vertically is very
nearly four hours. West is left and east is right
to match the view from the Northern Hemi-
sphere in an astronomical (inverting) tele-
scope; binocular observers can just turn the
page upside down. The bottom diagram shows
where the satellites disappear (d) or reappear
(r) during their eclipses by Jupiter's shadow
nearest midmonth.

Calendar Notes

Saturn Nebula
NGC *
7009 o

42

44

( J
45.
Jupiter

CAPRICORNUS

STEROID OCCULTS A BRIGHT STAR. The data above aran order:the day of the

A 6.2-magnitude star neaugiter in Cap- month near which the star should be at maxi-
ricornus will be occulted by the faint asteroidmum brightnessthe stars nameijts designation
170 Maria on the morning ofude 10th.Ob- numberwhich gives rough right ascension (first
servers can try timing the stardisappearance four digits) and declination (boldface if south-
with the smallest of telescopes or even tripodern);and the stas typical visual magnitude at
mounted binocularsThe occultation path is peak brightnessThe actual maximum may be
predicted to run fromTexas or Louisiana brighter or fainter and many days early or late
through Saskatchewan anéllberta between All predictions are byahet Mattei using recent
about 9:23 to 9:29 Univers@lme Howeverer- data of theAmerican Association ofVariable
rors in the catalog position of the star or asterStar Observers25 Birch St.,Cambridge MA
oid could move the occultation track many hun02138. Stars are listed if magnitude 8.0 or
dreds of kilometers east or west. brighter at average maximum.

Maria is very smallpnly about 46 kilometers  Easy sky measues. As a guide to judging an-
in diameterbut it is near the eastern end of ithular distances on the skyour wide-outspread
retrograde loopso it will be moving slowly hand at arns length (from thumb tip to little
against the backdrop of staiEhe occultation fingertip) covers roughly 20¥our fist at arms
could thus last for up to 12 seconiétsr more in-  |ength is about 103nd your little fingertip is 1°.
formation see the map and table in tlebifary An eyepieces field of view. To find your way
issuepage 73For late updates call the recordingground with a telescope or finderscopmu need
at 3014744945 a day or so before the event. 5 match the star patterns you see in the eye-

Moon occults Saturn.On the morning ofuhe piece to star patterns on your chartis means
28th telescope users in and around Florida camowing the size of your eyepiesdield of view
watch the waning Moon (two days past last quar- To find the field diameteraim at a star with-
ter) occult Saturn in broad daylightt Charles- in about 10°%f the celestial equator and center
ton, South CarolinaSaturn is covered by the it. Turn off the telescope’drive if any, and time
Moon’s bright limb at 8:11 a.neastern Daylight how many seconds the star takes to drift from
Time and uncovered by the dark limb at 8#8. the center to the edg&he number of seconds
Tampa Saturn is occulted from 7:42 to 8:33 a.mdivided by two equals the field diameter in arc-
EDT,; at Miami,from 7:36 to 8:44 a.nEDT. See minutes
the map in theahuary issugage 90. Mirror images in telescopes Any optical sys-

Variable-star maxima. May 10, R Reticuli, tem with an odd number of reflections gives a
043283, 7.6;11,V Coronae Borealjs54639,7.5; reversedpr mirror,image The usual culprit is a
13,V Cancri,081617,7.9;16,U Ceti, 022813, 7.5; star diagonal used with a refractor or Casse-
19, S Herculis 164715,7.6; 23, R Cygni, 193449, grain designTo obtain a correct image that can
7.5;26,T Hydrae 085008,7.8. be compared with a mamove the star diag-

June 1,R Carinag 092962,4.6; 1, W Lyrae onal and view straight througB®r use arAmici
181136,7.9 (see chariMlay 1990 page 524)8,R  prism,which employs two reflections instead of
Sagittarii,191019,7.3;13, T Aquarii, 204405,7.7; an ordinary diagona’ one
22,R Normage152849ay.2;29,W Andromedage A mirror image has nothing to do with
021143a7.4 (see charfQctober 1988page 395). whether the view is turned upside dowas,it is in
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most telescopes. The two effects are entirely sepa-
rate. If the view is correct but upside down, you
can simply turn a map upside down to match it.
But you can’t make a correct-image map match a
mirror-image view no matter how you turn it.

However, you can flip the map over and
shine a flashlight up through it to view a mirror
image of the printing through the paper. Or
trace the map and flip the tracing paper over.
(A mirror-image Moon map is available from
Sky Publishing Corp.)

Sunspot numbers. The following final Ameri-
can relative sunspot numbers are reported by
Peter Taylor, chair of the AAVSO Solar Divi-
sion, from observations by 88 contributors:

February 1, 9; 2, 23; 3, 27, 4, 25; 5, 20; 6, 21; 7,
22;8,8;9, 7,10, 0; 11, 0; 12, 0; 13, 0; 14, 0; 15, 0;
16, 6;17,7; 18, 8; 19, 7, 20, 6; 21, 0; 22, 0; 23, 5; 24,
7,25, 7,26, 4; 27, 3; 28, 0.

The AAVSO’s final mean for February is 7.9.

Below are provisional daily sunspot numbers
derived by Pierre Cugnon of the Sunspot Index
Data Center in Brussels, Belgium (http://www.
oma.be/KSB-ORB/SIDC/):

March 1, 0;2,0; 3,0, 4,0;5,0;6,8;7,10; 8, 19; 9,
18; 10, 12; 11, 13; 12, 15; 13, 14; 14, 13; 15, 25; 16,
11;17, 12; 18, 12; 19, 0; 20, 12; 21, 0; 22, 0; 23, 0; 24,
0; 25, 0; 26, 0; 27, 10; 28, 14; 29, 18; 30, 20; 31, 17.

Cugnon predicts the following classically
smoothed monthly sunspot numbers: May, 13;
June, 14; July, 14; August, 15.

Universal Time (UT). In Sky & Telescope
many events are given in Universal Time. UT is
used worldwide by all who need to avoid confu-
sion between time zones. It is expressed in the
24-hour system, whereby 1:00 p.m. is called
13:00, 2:00 p.m. is 14:00, and so on.

To convert a UT time and date to a standard
time and date in North America, subtract the
following hours: to get Eastern Standard Time,
5; CST, 6; MST, 7; PST, 8; Alaska, 9; or Hawaii,
10. To obtain daylight saving time (currently in
effect in most of North America), subtract one
hour less than these values. If you get a nega-
tive number of hours, add 24; in this case the re-
sult is on the date before the UT date given.

For example, 6:45 UT on the 9th of the
month is 1:45 a.m. on the 9th EST, and 10:45
p.m. on the 8th PST.

You may find it easier just to remember
when 0:00 UT happens in your time zone. This
is on the previous date at 7 p.m. EST, 6 p.m.
CST, 5 p.m. MST, or 4 p.m. PST. When daylight
saving time is in effect: 8 p.m. EDT, 7 p.m. CDT,
6 p.m. MDT, or 5 p.m. PDT.

Universal Time is sometimes expressed as a
decimal of a day to simplify calculations. Thus,
12:00 UT June 9th is June 9.5.

A note on sky positions. In Sky & Telescope,
descriptions of where things appear with re-
spect to the horizon or zenith are written for
the world’s midnorthern latitudes. Descriptions
that also depend on longitude are for North
America, except where otherwise noted.

Skyline: our telephone news service. To pro-
vide all readers with access to fast-breaking
news such as comet and nova discoveries, Sky &
Telescope maintains Skyline, a dial-up news
service. The three-minute voice recording is up-
dated every Friday afternoon, or more often if
news warrants. Call 617-497-4168. Only regular
toll charges apply.

The Skyline text (“Weekly News Bulletin”)
and much more can be found at our World
Wide Web site, http://www.skypub.com/.



Telescope Making
Edited by Roger W. Sinnott

An Optimized Newtonian Reflector

THE GENERAL BELIEF among

amateur astronomers is that ob
taining the ultimate in planetary
performance and pinpoint definition re{&
quires a refractorRecent advances in|f
lens design and the availability of new-
otic gasstypes have only served to rein
force this wisdomWhat is less-well ap-
preciated,however is that the humble
Newtonian reflector is capable of remark|
ably similar performance at a fraction of
the cost. :
But can a Newtoniamo Gary Seronik’s attention |
matter how carefully de- JRIeReEEleliReTalo Mool kYl -
Signed and bu”t, rea”y tion resulte‘d in a 6-inch ®
match the views of an ex- [ttt
. . that provides refractor -
pensive apochromatic re- like views of the planets
fractor? | say yes because IR SRSIvETIre
have made just such ar in EREGERET T RRel T IIav%lale
strumentl! like to call it my  [EelSlels\ RSN AVET NI

Newtonian refractor seen here with the tele-
scope.The squat mount- |

DESIGN FIRST ing is highly stable and

. much lighter than that
| began my project by required for a refractor
choosing design parameter QRIS e ) g
that matched those typicalAINsaleitele[e=YelERE=1W0)%
of commercial apochromats [RUlERcUiglel
| settled on a 6-inch /9 op-
tical systemWhile smaller apertures can(i
show a lot,| wanted the greater light [%
grasp of a 6-inch telescopexperience
has shown that with this aperture plan
tary details become muamore certain
than with smaller scope& 6-inch also
puts a truly astonishing numbefr deep-
sky objects within reach. :
There are good reasons for the popy&
larity of the f/9 focal ratio among mod-
ern apochromatic refractor§he tube a high-quality Barlow lensnd it is pos- eyepiece designs to handleis amazing
length is short enough to be manageablsible to minimize the need for short-how well the previous generation of or-
while still retaining the benefits tradition-focal-length eyepiecesvhich lack the thoscopi¢c Erfle, and Pléssl eyepieces
ally ascribed to long-focus instrumentsadequate eye relief necessary for reserform with moderate and long f/ratios
These include a generous image scallxed viewing These eyepieces lack the extra correct-
which yields high-magnification views Furthermore the slowly converging ing lenses found in some modern eye-
with medium-focal-length eyepiecésdd /9 light cone is much easier for simplepieces designed with fast-f/ratio tele
scopes in mindBecause less glass can be
i Image degradation due  better than morat least when the quest
Comparing f/4.5 3 Standard focuser to the central obstruc- 5 for maximum contrast and light trans-
and f/9 Newtonian Il :gjlgslgo?)eNiesV\:’teogLﬁgd o Mission,the use of simple eyepieces be-
Optical Systems negligible levels when ~ came part of my design criteria.
the obstruction is less Another important benefit of long
_ than about 15 percent of f/ratios is the relatively lax collimation
Fp Low-profile focuser the primary mirror 'sdi-  tglerances compared with faster mirtors
;Tdefgcvfp'ﬁ)?ﬁ’eﬂfrggfser Rather thgn rgndering an excuse for
make it possible to use a casual collimation standardbese toler-
small secondary mirror. ~ances provide the opportunity to colli-
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Steve Ewald holds the tube extension,
which prevents contrast-robbing stray
light from reaching the eyepiece. This is
especially important for telescopes hav-
ing low-profile focusers that place the
eyepieces field lens close to the inside
wall of the telescope tube.

mate with greater precision and the asionally well polished, accurately fig-
surance that once adjustexdtelescope ured, and free of zones and surface
will remain collimated during use roughnessFortunately here again the

The principal limitation of the New- choice of a long f/ratio has important
tonian design is often attributed to thédenefits Many telescope makers are fa-
secondary-mirror obstructiohleverthe- miliar with the Millies-Lacroix tolerance
less telescope experts such a&adTex- envelope $&T: February 1976,page
ereau note that this image degradatioh?27), which graphically illustrates the
can be greatly minimize®ecause an f/9 range of surface correction for a mirror
light cone is very narrow where it meet®f acceptable qualityThe envelope is
the secondary mirrpa relatively small extremely narrow for short f/ratios but
mirror can be usedhus reducing the generously wide for long onebhis im-
size of the obstructiorAn astonishing plies that long-focal-length mirrors can
amount of literature has been devotetblerate far greater figuring errors than
to this topigand the range of opinions isthose of shorter focal lengtlt is also
wide, to say the leasDne detailed dis- easier to work a long-focus mirror to-
cussion appears in Harold Richard Suitward a truly excellent figure and verify
er's Sar Testing Astronomical Tdlescopes it with the simple Bucault test.
(Willmann-Bell, 1994). After much de- Since the degree of parabolization re-
liberation,| settled on a secondary withquired is small for a 6-inch /9 mirror
a ¥ inch minor axisAccording to Suiter the time-tested method of first produc-
and Texereau,obstructions this small ing a good sphere and then proceeding
(only 12/, percent of the aperture’di- to a parabola works very welthe ben-
ameter) degrade the image very slightlgfits of this technique are as subtle as
— certainly below the level that can bghey are importaniThe Foucault test is
easily perceived in the eyepiece a null test for sphereand as such the

, slightest imperfections stand out in stark

IT'S ALL DONE WITH MIRRORS relief. Early on | decided that the sphere

Without a doubtthe single most im- would be the battlefield on which |
portant aspect of building a high-would fight zones and surface roughness
performance Newtonian is the quality of Obtaining a smootlgone-free sphere
the primary mirrorlt has to be excep- was considerably more demanding than
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| had expectedt was easyfor example Simple modifications
to see differences produced by workingke this embroidery
the mirror using pitch of different hard-N09P. which prevents
. . . the tube from sliding

nesses and subtly different pollshlngOngitudinally in its
strokes After much experimentation | cradie when you are ro-
found the combination of soft pitch andating it to place the
a slow gentle /s--diameter stroke with a eyepiece in a comfort-
full-size tool produced a smoothpne- able observing position,
free surfaceThe experience also left medreatly enhance opera-
wondering just how much roughness ca oendoatrtkhe telescope in
hide in the dark &ucault shadows of a '
short f/ratio mirrorGlass pushers some-
times become so fixated on a mirr’
figure that surface roughness becomes a
secondary issyespecially with fast mir-
rors where such defects are difficult to
detect.Could surface roughness be one
reason why so many Newtonians fail to
produce highcontrast images?

| made several tries at parabolizing myvas finished Although the final wave- timized.For most Newtonian telescopes
mirror before arriving at the final figure error calculation implied a surface fig-baffling consists of a coat of flat black
Because the overall correction was smallire good to/ wave such measurementpaint on the inside of the tuléhis is ob-
it was easy to return the mirror to aaccuray is beyond that possible withviously better than nothingout it is far
sphere if | didrt like how the figuring the Foucault testl was however satis- short of the complete baffling systems
was progressingeveral pretty goodd- fied that the primary mirror was veryfound in todays quality refractorsThe
ures were polished back to spheres in nyood,and perhaps even excellent. principle behind baffling is simply to en-
search for perfectiomnd my notebook FADE TO BLACK sure that only the light coming to focus
reads like the diary of a mad telescope from the telescops’ objective reaches
maker | recall the trepidation with which ~ The highcontrast images | soughtthe eyepiece
| took a‘'h-wave paraboloid back to afrom my telescope required more than Refractors usually accomplish this with
sphereuncertain | could do better just a smoothwell-polished mirrorThe a series of ring baffles spaced along the

After much effort the primary mirror telescopes baffling system had to be op-length of the tubéugging the converg-

Advertisement
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ing cone of light as it narrows to a focusThree of the telescopes
Some advocate a system of ring baffle§portant contrast-
for Newtonians but these have draw-€nhancing features are
backs Not only are they time consum-2pparent in this view:
. . the roughened inner
ing to make and awkward to instadiut syrface of the tube, the
without the correct dimensions and spacsurved spider, and the
ing they either become ineffective ,or small, *inch-diameter
worse vignette the light pathA greater Secondary mirror.
drawback is thawithout elaborate mod- YWhile the roughened
e . . . . tube cuts down light
ification, they will force air moving inside ¢, iered into the field
the telescope tube into the light pathy view, the other two
and thus degrade the image features work by reduc-
In my mind it is much simpler to ing diffraction. The
rough up the inside of the tube — in efblack drawer handle
fect creating many tiny bafflesrecalled Provides a convenient
. . . handhold when you are
a note in this magazwm’tel_escope-maI.(- aiming the telescope.
ing department that described sprinkling
sawdust onto the first coat of black paint
before it dried A second coat of paint
made the surface truly blaclRather
than sawdust,] used crushed walnut
shells (a product sold commercially as
Slip-Not). The resulting roughness made
for a tube that did an impressive job of
soaking up stray light.
Complete baffling requires more than
just a blackened tubboweverLooking  prightest ones appear as intensérac- that the views are the equal of anyel’
into the focuser without an eyepiece iRor-jike, spike-free points of light. seen through a 6-inch instrumeithe
place revealed several possible sources ofgg far 1ve described how | minimized planets present a wealth of subtle detail.
stray light.Openings at the mirror endthe Newtoniarg shortcomingsBut the There have been nights of steady seeing
of the tube needed to be blockédso, design in its own righhas many advan- in which dipiter displayed more detail
the edge of the secondary mirror angagesFor exampleone of the refractos’ than | could draw
the miscellaneous screws and hardwajgsome problems results from the eye- While | expected this telescope to
on the mirror supports were all blackpieces placement at the bottom end operform well on the planets didn’t ex-
ened with paint. the tuberequiring a tall mount for com- pect the performance | got on deep-sky
A final, but crucial,piece of baffling fortable viewingSuch mounts are pronepbjects One particularly memorable
consisted of an extension at the top qb vibrate more than squat ones suitabl@orning when | was observing on
the telescope tub®ithout it, stray light for Newtonians especially considering Mount Kobau,| had a superb view of
could fall directly on an eyepiecefield that, for a given aperturerefractors the Orion NebulaDelicate tendrils of
lens This is a significant source of glow tend to be heavier than reflectors nebulosity contrasted with a startlingly
especially for telescopes equipped with A Newtonian can reach thermal equipjack skyThe clear demarcation of the
low-profile focusersA tube extension librium with the night air more rapidly nebulosity reminded me of viewsdlhad
eliminates this and also helps preverthan a refractoThe stabilizing process through my 1Z-inch reflector equipped
the formation of dew on the secondarys even faster if the reflector is activelyith an ultra-higheontrast (UHC) neb-
mirror. cooled with a small fariThere are few |5 filter. The 6-inch performed as if it

SUPPORING THE SECONDARY  dewing problems with a reflectawhich a4 5 fyll-time UHC filter that worked

One refractor trait | particularly like is o impprtqnt ad_vantgge for those %n objects not typically helped with con-
P y us observing in moist climates ventional filters such as star clusters

the beautifully clean star images free of Perhaps the Newtoniasybiggest ad- d qalaxi
diffraction spikesTo reduce these spikesvantage over refractors is its perfect colo | Jaon oo
. - ) - ; g a - P In retrospectthe deep-sky perform-
in - my Newtonian,| first tried a single or correction.While some of todag ance should not have been a surprise
stalk to support the secondary mitrorpremium refractors have nearly eIimi'After all, the very properties that make
While it did minimize the total amount of nated color errord’ve yet to see one ' Y prop :
. . . . . a great planetary scope also result in a
diffraction, | soon grew tired of seeing athat was perfectHaving always used re- :
. . - > fabulous deep-sky instrumemdy expe-
streak of light running through brightflectors | may be more sensitive to . . .
- : rience with the Orion Nebula helped me
stars and planetRecalling another arti- color errors than some observdrst to
; . - . understand why refractor owners often
cle in this magaziné set about making a my eyes the pure colors of a Newton- .
e Y . . report deep-sky views that seem out of
curved secondary supponthich is shown jan’s planetary images are aesthetically " - ihe telescops’ aperture — it
in the accompanying photograpBe- more pleasing Il tt f tpt P
cause the single curved vane is made of THROUGH THE EYEPIECE all a matter ot contrast.
thin steel,it creates less diffraction than GARY SERONIK
a traditional fowvane spider made from So how does my Newtonian perform? Long-time amateur astronomer Seronik
the same thickness materidt also Did my efforts to achieve high contrastyrites and presents programs at the H. R.
spreads the diffracted light into an invisi-and resolution pay off? Happily the anivacMillan Planetarium in Vancouver, British
bly faint halo around starBven the very swer is yesl can say without hesitation Columbia.
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Astronomical Computing
Edited by Stuart J. Goldman

Seeing Under the Sum'Skin

EVER SINCE GALILEO turned

his telescope toward the Suas-
tronomers have been confined tq
looking at the surface of our nearest sta
Although we have learned a great deal i
the course of these four centurigeere
are still many facets of solar activity tha
we only dimly perceiveFor examplewe
have great difficulty predicting the oc-
currence and extent of solar flares
common astronomical phenomenon th
can produce adverse consequences
the Earth (April issugage 37).
Much of what we observe on the lu
minous solar disk (called the photo
sphere) is undoubtedly due to what haf
pens beneath the surfad®hile studies
of magnetic fields have helped explai
many areas of solar physiase really
need to uncover what goes on below t
photospheréA burgeoning solar science
called helioseismology has come to th
rescue and is now starting to yield som
of the Sun$ secrets

THE QUIVERING SUN

Two new observing programs — the
ground-based Global Oscillation Net
work Group (GONG) and the Solar
and Heliospheric Observatory (SOHO
spacecraft — are generating larg
amounts of data for studyS&T: Sep-
tember 1996,page 24;October 1996,
page 20)These projects watch the Su

The Sun’s three-dimensional oscillations areanalogous to the one-dimensional vibra-
tions of a plucked string. Waves bounce back and forth, reflected by the fixed endpoints

for extendeduninterrupted periods and
Harmonic Oscillations allow astronomers to measure precisely
the frequencies of millions of oscilla-
tions The strongest shakings move
the solar surface up and down about
every 5 minutes
These undulations are the visible re-
sult of an incredibly large number of
sound waves propagating throughout
the solar interiarAs the waves move
Jloce B NG through gas at different depthisey are
affected by the changing temperature
density composition rotation,and mag-
netic fields they encounteDetailed
analyses of the frequencies can help us
Node Node Node Node deduce these properties throughout the
body of our star
To understand why the Sun vibrates
let's look at simpler oscillating systems

Mode
n=1

(nodes). Higherfrequency vibrations produce intermediate nodes. Each set of nodesA_ guitar string _is_a One'dimenSion"_J" 0s-
represents a different oscillation mode. cillator. When it is pluckedthe string
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has two stationary pointsalled nodes
where the string is anchored at bot
ends The string can have additional
nodes for highefrequeny vibrations
These “standingwaves” are illustrated
in the diagram on the previous pager
each additional nodehe string is said
to oscillate in a highetfmode” In gen-
eral the modal frequencies are given b,
f = nf,, wheref, is the fundamental fre-
queny andn is the mode numbeOur

string will vibrate with up to a few refracting
dozen modes A depth
. . 7’
In two dimensions (sayor a drum- =
. . refracting
head), many more modes of vibration depth

are possibleln such caseshere will be ) )
two mode numbers and m. A vibrat- Sound waves in the Sun do not travel in
) straight lines but are refracted by chang-

Ing _Surface . ha_s frequ_enC|e_s related tﬁ)lg gas density Here are ray paths for two
multiples of its linear dimensions fundamental oscillation modes marked
A three-dimensional body — the Sunwith their | values. The lower thel value,
— allows for even more mode&s we the deeper a wave penetrates.
might expect,these are specified by
three integersn, m, andl. The result is a |, the degree of the mogandm, the az-
resonance occurring in a cavity definedmuthal order
by the surface of the Sun and a spherical We view only a very limited part of
lower edge located somewhere belowhe Suns$ oscillations — the motions of
The first mode numben, is called the the surface which forms the outer
radial order of the modét determines boundary of each vibrating cavityhe
how many nodes exist on a line fromnner boundary of the shell within which
the center of the Sun to its surfatte a given mode is confined depends lon
however does not influence the surfacgsee the diagram abovd)owerdegree
appearance of the mad® characterize modes resonate in larger cavitidst is
the surface motion we need only speciftheir lower boundary is located deeper

10 REM Sol ar Surface Oscillations 250 LOCATE 28,3

20 REM SOLARCSC. BAS by John Kennewel | 260 PRINT "MODE : L ="; L;" M=";M
30 DIM P(200) 270 REM Show color palette

40 SCREEN 12: PH=1.570795: MX=0 280 FOR I=1 TO 15

50 RD=1: GN\=256: BL=65536! 290 LINE (600, -15+30*1) -

60 PRINT "Solar GCscillation Mdes" (620, 15+30*1), 1, BF

70 INPUT "Degree L [0 to 28]";L 300 RC=RD*| NT((15-1)*4.5)

80 INPUT “Order M [0 to L ]";M 310 BC=BL*INT((I-1)*4.5)

90 REM Cenerate Legendre function 320 GC=GN*I NT((7-ABS(8-1))*4.5)
100 FOR XI=0 TO 200 330 PALETTE |, RC+BC+GC: NEXT |
110 X=(XI-100)/100: D=SQR(1-X*X) 340 REM Pl otting

120 P1=D‘L: P2=0 350 FOR CT=-1 TO 1 STEP .005
130 FOR LI=1 TO (2*L-1) STEP 2 360 ST=SQR(1-CT*CT)

140 P1=P1*LIl: NEXT LI 370 PM=P(CT*100+100)/ MX

150 IF M>=L OR P1=0 THEN 200 380 FOR SF=-1 TO 1 STEP .005
160 FOR M =L-1 TO M STEP -1 390 CF=SQR(1- SF*SF)

170 PM:=2* (M +1) * X* P1/ D- P2 400 Fl =PH* SGN( SF)

180 PMEPM (L-M )/ (L+M +1) 410 |F CF<>0 THEN FI =ATN( SF/ CF)
190 P2=P1l: P1=PM NEXT M 420 S=PM COS( M FI)*ST*CF

200 P(XI)=P1: Mr=ABS(P1) 430 X%300+200* SF* ST

210 | F MI>MX THEN MX=MT 440 Y%240- 200*CT

220 NEXT Xl 450 PSET (X% Y%, 8-7*S

230 CLS : COLOR 1: LOCATE 2,3 460 NEXT SF: NEXT CT: END

240 PRINT "Sol ar d obal Oscillations"

Program Listings Online

The BASIC listing in this article is available for downloading from SKY On-
line, Sky & Telescopes site on theWorld Wide Weh Direct your browser to
http://www.skypubcom/ and selec¢iAstronomy Software fo¥our Computef
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The author’s program on the opposite
page illustrates the field of helioseismol-
ogy by demonstrating a myriad of solar
oscillation modes on your home comput-
er. Entering values for the mode degreé
and the azimuthal order m produces a
disk showing where the solar surface i
approaching (blue) and receding (red).
These sample screens illustrate the ge
eral classes of modes: zonalupper left),
sectoral (upper right), and tesseral(right).
Astronomers are observing these fluctua-
tions to gain a better understanding of
the solar interior.

inside the SunHigherdegree modes it may take 15 minutes or so to complete
tend to be shallow A Pentium processor will finish the task
Solar modes exist withranging from in seconds
zero to more than 1,0080r each value It is instructive to observe the differ-
of I, m may range from kto |. Those ent modal structure dsandmare varied
multiplied by more than a decade otising the programin essencd deter-
values forn, produce more than onemines the total number of nodal (sta
million separate modes of vibration.  tionary) planesThese planes may be ei-

HELIOSEISMIC SIMULATOR ther longitudinal (passing through the

Sun’s polar axis)or latitudinal (parallel
The accompanyingBSIC program (at to the equatorial planeJhe m number
determines how many longitudinal plane:
there arewhile | — mis the number of
latitudinal planes

For the general case whan is not

lower left) will allow you to visualize
some of the lowel modesUpon execu-
tion, it asks for only two inputshe mode
degreel and the azimuthal orden. The

program is written for IBM PC and equal tol, we have what are called tesser

compatible computers with ¥GA or

al modesWhenm = | sectoral modes are

higher graphical displait uses SCREEN producedandm= 0 creates zonal modes
MODE 12 to display the solar surfase’ To understand how they are namgast

velocity oscillations with a 64@y-480-
pixel resolution in 16 color{This set-
ting is not available with all BSIC in-
terpreters;however it will work with

examine the images for these specifi
cases shown above

Whenl = 0 the solar surface moves ir
and out equally all over (it could be

QuickBasc, which is included with the termed a“‘breathing” mode).Although
Windows operating systemle neutral this scenario would look similar to the
(nonmoving) surface of the Sun is depictplot for | = m = 1, the two modes are
ed in gray-whitePoints on the surface ap-quite differentThe latter sectoral mode
proaching the observer are colored bluiss such that when one side of the Su
while those receding are refhe hues moves outthe other side is moving in.
are more intense for greater velocities The reason that thie= 0 mode features
After you have entered the two modeshading near the limb is that the motiol
numbersthere is a slight delay while theis essentially radial and the progran
program computes the Legendre funcshows the line-of-sight component as ac
tion (lines 90 through 220Jhe screen is tually observed by a terrestrial observe!
then cleared for the solaurface plotA  This effect is apparent for all modes
color palette is drawn along the right- The program has its limitatiolsnpre-
hand side of the screeli.the program dictable results may occur ifiis speci-
is being run on a computer with a 386ied to be greater thaih— the program
processor that lacks a math coprocessatoes not check for this conditiovialues
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of | greater than 28 will cause an arithof-sight velocity variations in the Sun-like
metic overflow This restriction may be star 51 Pegasi (May issymage 24).

bypassed by declaring the

ble precision.However computational
time will, of courseincrease

As a final notehelioseismology recent-
ly made headlines in the ongoing search
for extrasolar planetd Canadian astron-

variables dou-

JOHN KENNEWELL
Learmonth Solar Observatory

PO. Box 200

Kennewel is Principal Physicig at Lear-

Exmouth W. Australia 6707Australia

month Solar Observatory, which is host to

omer suggested that sectoral oscillationghe of the sx GONG heliosgisic telescopes

of anl =2,m= 2 modeand not aupiter

deployed around the world by the U.S Na-

mass planeire responsible for the line-tional Solar Observatory.

Bargain Hunting

OR MORE than a decad@éhe Sarry Messenger has offered a monthly
F publication devoted to classified advertisements for the amateur as

mer. The major aspect setting its contents apart ffoormal” ads appear

lrono-

ing in Sky & Telescopeis that instead of payment upfrotiie publication fee is

4 percent commission once the item is sblulight,or traded.The Sarry Mes-

senger can now be found on th&orld Wide Web (http://wwwstarrymessenge
1 com/),though in a limited capacityou cannot read

- Astronomy

current ads at theleb site (thas reserved for sub
W8 scribers),but the previous montk’issue is available
B for downloadingYou can also post an ad for the next
issue by completing the online form.

However theres competition out ther&or sever-
al yearsRobert kelds has been operating a classi-
fied-ad service calledstroMart (http://wwwastromart.com/)The ads are availt
able via an electronic mailing list and on th¥éeb site The systems are
complementaryyou’ll receive ads quickly by e-ma#nd you can search the entire
collection onthe Weh The sites information is updated every two haurs

* Online=:

By Stuart J. Goldman

A similar service is provided by the Students for Exploration and Development

for Space (SEDS) at the
University of Arizona.
Among the vast astro-
nomical riches on that
Web site areAstro Ads
(http://www.sedsorg/
Astro-Ads/).Like Astro-
Mart, the nocost classi-
fieds are available on
their Web site and as a
mailing list.Similarly, The
On Line Astro Tader
(http://membersol.com/
EPSweb/olat.htm) is a
relatively new service
that pitches the search-
ability of the adsHow-
ever effective with the
May listing posting is no
longer free of charge The World Wide Web offers amateur astronomers an

Other than these as-online marketplace.
tronomy-specific routes
you have several alternatives for buyiand sellingFor wider readershijghere
are more general classifieds on Weh such as Classifieds2000 (http://wwv
classifieds2000.com/For narrower reachsome local astronomy clul¥eb sites
have ad sections

And finally, while it may seem enticing to post an ad to the sci.astro
sci.astreamateur Usenet newsgroypen't. There are specific newsgroups for
ads though none are dedicated to astronomical equipnvogt readers of the
discussion newsgroups do not appreciate the Tdds people who feel most
strongly will certainly let you know personalshould you post one anywa$?”

Metscape - [ASTROMAF The Global Astronomy Marketplace| n =

The Global Astronomy Marketplace

WIN a Free Copy of FIRST LIGHT

How to use Astromart Erowse Curent Ads

Search Curvent Ads Flace a new ad
Ads with Pictures Free E-mail Subscription

Commercial Astro pages Advertising Information

4|
8] Document: Done | =7
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of ~Amateur Astronomerf@‘,
Edited by Edwin L. Aguirre/ e

Eloating more than 600 kilometers (375

miles) above the Earth, NASA 2.4-meter

Edwin P. Hubble Space Elescope is the

= world"s  premier orbiting observatory.

- Since 1992 15 amateurs have had the op-
portunity. tor use HST for observations
ranging from observing frost on Jupiters
innermost moon to hunting for extrasolar
comets around exploding stars. This pho-
tograph was taken during Hubble’s ser-
vicing mission by astronauts aboard the
space shuttleDiscoverylast February (see
page 34). Courtesy NASA.

The Demise of the HSAmateur Program

LL GOOD THINGS must come devoting /. of 1 percent of his discre- New York, became the first amateur to

A to an endTake for instancethe tionary observing time with HST to ama-use the world premier telescopeS&T:

Hubble Spacfelescopes ama- teur programsAll United States citizens August 1992page 154)News of his his-
teur astronomy programiollowing a were eligible to applyBut the proposals toric observation rippled through the as-
much-publicized launch iApril 1992, had to pass the screening of &mmateur tronomical community and paved the
the program quickly set sail with highAstronomersWorking Group (AAVG), way for a homemakean electrical en-
hopes and expectations before it sarkteam of seven amateur and professiongineer a mathematicianand an elec-
into obscurity This August dmes P astronomers established to administer thteonics technician to follow in Secoslsy’
Flood, a chemist and amateur astronoselection process footsteps $&T: January 1990page 30).
mer from Scotch Plaindlew Erseywill But HST's flawed primary mirror
use the $1.5 billion orbiting observatory soon caused massive technical problems

to probe the enigmatic nucleus of the «T ha progam required so affecting the scheduling of professional,

galaxy NGC 1808 in Columbd&ut his as well as amateuobservationsBy the
will mark the 12th and final observation ~ MUch manpower that | time Hubble was repaired in 199t
in the revolutionarysomewhat contro- had to terminate it. amateur program had lost momentum.
versial, program.The question that im- — Director Robert Although the future looked bright for
mediately comes to mind,ig/hat hap- . the space telescope with its corrected
pened? V\ﬁlllam_s, Space -_éIeSCOpe optics winds of change had rattled
Former Spacdelescope Science Insti- Science Institute STScl andin turn,the foundation of the
tute (STScl) director Riccardo Giacconi HST amateur program.
conceived the programyhich he made —— One major setback was Giaccande-
public onAugust 7,1986.That day Giac- Giacconi honored his promisend on parture from the institute in 1994 to di-
coni said he wanted to reward amateuspril 20, 1992,James JSecoskya high rect the European Southern Observatory
for their contributions to astronomy byschool science teacher in Bloomfieldin Chile Ray Villard, who spearheaded

©1997 Sky Publishing Corp. All rights reserved. June 1997 Sky & Telescope 97



expensive and we did need a lot of
hand-holding| feel bad about the out-
come but I'm really grateful for the
once-in-a-lifetime opportunity | hdd.

THE SILENT MAJORITY

As farreaching as Giacconi wanted
the HST amateur program to,befell
short of expectation8vhen the call for
proposals went outhe review commit-
tee didnt know how the amateur com-
munity would respond — would they be
deluged with tens of thousands or just a
handful? Out of the estimated 300,000
amateur astronomers in theSat that
time, only about 500 submitted nearly
200 proposals during the firsyde; the
second gcle produced 30yhile the last
one saw only 6.

The decline was due partly to a lack
of publicity, claims AAWG chairman
Stephen .Edbergespecially when STScl
was experiencing changes in manage-
ment.But one other problem was clear:
“There arenot a lot of amateurs who
could have presented the level of docu-
mentation necessary to applEdberg
admits He says it would have taken sev-
Secosky breaks into a wide grin as the eral weeks t(.) d,raft a proposs, prove
first image of Jupiter’s moon lo is dis- the ob.servatlo.r$. Worth’and to demon-
played on the monitor Sky & Telescope strate its feasibilityThe proponent had
photograph by Stephen James O’Meara. peared on local television and radido be thoroughly familiar with related re-

shows wrote letters to newspapers insearch in professional journg$ST’s in-
public relations for the amateur programsupport of HST when it was hobbled bystrumentationand other technical data.
was transferred to another departmeniad opticsspoke to community groups“Furthermorg’ Edberg emphasizgthe
and Eric JChaissona key STScl techni- about the benefits of the space teleéANorking Group took its job seriously
cal-support scientiskeft to join the facul- scopeand stressed the upside oASIA. The amateurs had to know what they
ty of Tufts University in Massachusetts Indeed,public outreach was arguablywere doingThe proposals had to be real-
Meanwhile the institutes new directagr the programs greatest achievemently innovative and be really godd.
RobertWilliams, was faced with impend- And that was one of Giaccosi'princi- Edbergs estimate on the amount of
ing budget cutghesehe saysforced him pal reasons for bringing amateurs ontime needed to prepare a proposal is
to make some difficult decisioride had board.He said he wanted the HST amaeonservativeHST amateur George R.
to downsize his staff by 60 people — andieur experience to become part of theewycky of Milltown, New &rsey says
that included astronomersechnicians popularscience cultureand it did.He his required sevemonthsof research.
and programmers expected the participants to becom&Being an amateur in a professional set-

“We lost a lot of capability to help am-local heroes and role models for théing is quite difficult; he reveals*l
ateurs with their proposdls says youth and spread the gospel about HSThose to do a project requiring spec-
Williams. “We tried cutting back the and they did. troscopy | had no idea what was in
number of amateurs using H3Lt still, Take for instance NamcK. Cox, a store for meUsing HST was a great op-
the program required so much manpowaurse and an HST amateur from Saportunity and I'd do it againBut I'd do
er that | had to terminate fthe problem FranciscoCalifornia.Cox fought for the imaging the second time around and not
was not the telescope time but the amarestige of MSA when a myopic HST spectroscopyHeck,| couldn't even pro-
teursand | say that sympatheticallhey became thébutt of all the joke$ She nounce'spectroscopy’ a few years ago
don't have the technical background necsays*“l hope [the institute] realizes thewish | had known then what | do néw
essary to write a professional proposabenefit of having had amateurs avail- Most everyone in the program agrees
or to analyze their resulfBhey needed a able at such a critical timbecause we that,as an activitythe program did not

Above: New York high school science
teacher James J. Secoskyfar left) gazes
intently at the computer screen as he and
staff members of the Space dlescope Sci-
ence Institute (STScl) in Baltimore, Mary-
land, review his observing run. In April
1992 Secosky made history as the first
amateur astronomer to use HST Photo-
graph courtesy John Bedke, STScIRight:

lot of help from our staff knew how to communicate the problenoffer enough amateurs a realistic oppor-
To the amateur astronomers alreadwithout talking over people’head$ tunity to use HST — a few people used
immersed in the prograndVilliam’s de- Cox did sense the amateur prograrthe telescopeand a lot did notFurther-

cision hit hard.“l feel bad about it, wouldn't last. The halls of STScl were more few of the amateur observations
Secosky says'’A piece of my life has reverberating with talk of budget cutswent smoothlyand some had to deal
been chopped awaAySecoskywho had and mass layoff§We had to have been with the worstThe amateurs were ex-
the honor of using HST twicavas a taking up a lot of staff timé she says pecting perfectionput the unexpected
public-relations machine forABA. He, “and that seemed ominatisSecosky happened,Edberg confessealluding to
like all the successful candidatemp- concurs!l knew the program had to bethe telescope’ mirror defect:Some am-
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ateurs got distressednd rightly solt
took time to try to find solutions to their
problemsand not always with success

For instance because Hubble could
not perform at its optimum leveHST
amateur Ana M. Larson of Seattle
Washington,never got a chance to use
the telescopeher program to search for
extrasolar protoplanets required pust
ing HST to its optical limitswhich was
impossible given its astigmatic mirror

“Just about every amateur had techn
cal problem$ Lewycky reveals“and |
can tell you we werehready for techni-
cal problemsand there were lots of
them. These were the same problem
professionals would have encounterec
but we didnt have an army of graduate
students to help solve theém.

Lewycky is very grateful for the insti-
tute’s technical supporhut he believes
some outside help in the proposal proc
ess could have saved some valuab
time down the lineFor example his

Voyager

lo as seen through HSTs Wide Field/Plan-
etary Camera (top) on April 20, 1992, and
by Voyager 1 in 1979. The HST image is a
composite of three ultraviolet (3577-ang-
strom) images, while the dyager one was
taken through a filter centered at 3500
angstroms. Coutesy James Secosky

HST Amateur Observations

AMA TEUR CYCLE 1 (1992)

Proposal: Sulfur Dioxide Concentra-
tion and Brightening éllowing Eclipses
of lo

Investigator: James .J Secosky sci-

ics technicianBerkeley California
Overview: Use the outburst of a
bright galactic nova (in this case Nova
Cygni 1992) as &probe” to search for
evidence of an Oort Cloud of comets

ence teacheBloomfield, New York surrounding _the e_rupting stﬁhis Is
Overview: Use HSTs Wide Feld/ done by taking high-resolutiomear
Planetary Camera (WF/PC) in planUltraviolet images with _th(WF/PC in
etary Mode to imageupiter's moon lo Planetary Modeand trying to detect
in April and May to see if temporary the clouds hydroxyl (OH) emission
accumulations of sulfur dioxide (S following the passage of the nosa
frost cause the previously observeddht pulse through the clousl’inner
brightening of the moon when it"€g!ons _ _
emerges from the planetshadow Resulf[s: Saturated imageagsults in-
Results: Secosky did not see anyconclusive
brightening after three attemptsle Proposal: Detection of Collapsing
did, however find some mingrpost- Extrasolar Protoplanets
Voyager changes on ®’surfaceThe Investigator: Ana M. Larson,home-
results appeared imcarus Vol. 111, maker and studen§eattleWashington
1994,pages 7378. Overview: Use the WF/PC in the
Proposal: Imaging theArc in the hearinfrared to search the stform-

Galaxy Cluster 22402 ing regions inTaurus andAuriga for

Investigator: Raymond ESterner |l, Massive protoplanets undergoing grav-
mathematicianWoodbine Maryland ~ itational contraction.

Overview: Use theWF/PC to deter- Results: Spherical aberration in
mine whether the mysterious luminesHubble's primary mirror prevented
cent arc around CL 224@2 inAquar- Larson from using the telescope
ius |S a graVitational-lenS mirage or AMA TEUR CYCLE 2 (1993)
massive stars that formed along the .
shock wave generated during the colli- Proposal: Transition Comets:UV
sion of two galaxies Search for OH -

Results: Because of HSE flawed Investigators: Harald Schenk,civil
optics the resulting images were fuzzyengineer Sheboygan Wisconsin, and
and could not be deconvolve@ihus James Secosky _ .
the results are inconclusive Overview: ;J?e H)STS Faint hObJeCt g

. . Spectrograph (FOS) to search asteroids
”af%%oes_"ﬂ' Vagnetic feld of a Pect- 185 Eisap24 Oceana§99 akaste 944
Investigator: Peter JKandefer elec- Hlidalag andie 20 ey |l

. . sion indicating weak cometary activity
;r;cca::cftngmeer e Results: No sign of OH emission.

Overview: Use HSTs Goddard High ~ Proposal: Investigation of the Dy-
Resolution Spectrograph (GHRS) tdamics of BinaryAsteroids
record the activity of Epsilon Ursae Investigator: Benjamin PWeiss col-
Majoris for one gcle of variation.In lege studenthmherst,Massachusetts
particular study the intensity changes Coinvestigators: Winslow Burleson
in the spectral signatures of rare-EartAnd Rukmini Sichitiucollege students
elements in the sta’atmosphere and Overview: Use theWF/PC in Plane-
make inference as to its magnetic-fieldary Mode in attempting to resolve the
strength. companions of suspected binary aster-
Results: Kandefer did detect chang-oids 18 Melpomene16 Kleopatra532
es in the spectra of the rare-Earth eldderculina,146 Lucinaand 624 Hektor
ments confirming the existence of a Results: Did not discover any obvi-
weak magnetic field around Epsilonous asteroid satellites at the expected
Ursae Majoris distancesbut a few of the asteroids re-

Proposal: Search for the Oort main suspect.
Comet Cloud UV EmissionSuitable Proposal: Titan’'s Atmosphereand
Nova of Opportunity EvolutionThrough Disk-Resolved Spec-
Investigator: John Hewitt, electron- troscopy
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The HST Cycle 2 amateurs pose for posterity at the STScl in October 1992ront row
(left to right): James SecoskyRukmini Sichitiu, George Lewycky and Nancy Cox.
Middle row: Lewis Thomas and STScl director Riccardo GiacconiBack row: Ben-
jamin Weiss, Wnslow Burleson, Karl Hricko, Harald Schenk, and Joseph Mitterando.
Photograph courtesy STScl.

Investigator: George R. Lewycky, Proposal: The Ultraviolet Emission
computer programmeMilltown, New Spectrum of an HIl Region
Jersey Investigator: Nang/ K. Cox, nurse
Overview: Use the GHRS to searchSan FanciscoCalifornia

These “hydrogen walls” are regions
where the stellar wind interacts with
the interstellar mediumThe results
were presented at theanbary 1996
American Astronomical Society meet-
ing in SanAntonio, Texas and were
published in theAstrophysical durnal,
Vol. 470,1996,pages 1157-1171.

Proposal: Lyman-Alpha Spectra of
Discordant Redshift Systems

Investigator: R. Dennis Te, computer
programmerSan FanciscoCalifornia

Overview: Use the FOS to examine
the Lyman-alpha forest absorption lines
in the spectra of the galaxy MCG 03-
34-085 and its associated quasar PKS
1327-206 inVvirgo.

Results: Due to time constraints on
HST, Tye could make only one obser-
vation of the quasar and none of the
galaxy His preliminary results show
about 28 absorption lines in the ob-
served spectral rang&fter eliminating
those associated with the galakyere
were still six to seven lines which might
arise from clouds of neutral hydrogen
(H 1) in an object between the galaxy
and the quasaHis results support the

Titan’s atmosphere for formaldehyde Overview: Use FOS to obtain ultravi- 1986 ground-based studies of the
(CH,O) which, when combined with olet spectra of M8he Lagoon Nebula, galaxy by Fench researcherthey too
hydrogen ganide (HCN),can produce in SagittariusAlso use theWF/PC in attribute the excess absorption lines to
simple precursor organic molecules necPlanetary Mode to look for filamentaryan intermediate systemThus the
essary for DM formation.(HCN was structure and youngot stars forming in quasar is probably a background object
already discovered byoyager 1 inTi- the Lagoors Hourglass region. and not related to the galaxy itself
tan in 1980.) Results: The UV spectra did not re- .
Results: Data analysis is 90 percentveal anything newThe chemical abun- AATEUIR EELE B e T
completePreliminary results look prom- dances fell in line with other H Il neb- Proposal: Morphology of theActive
ising A few mysterious or unexpectedulae in the area like those in Mifhe Nucleus and Radialilements of NGC
absorption lines in the spectrum aré@mega Nebula.) Until recentlox’s 1808
under investigation.Updates can be optical images showed more filamen- Investigator: James PFlood,chemist,
found on Lewyckys Web site at http:// tary detail than any previous imageScotch PlaindNew Ersey
sohoioscom/~lewycky/hubblentml. She was hoping newborn stars would Overview: Use HST5 new Wide
Proposal: WFC Observations  of appear in the imaggsut none did. Field and Planetary Camera 2 (WFPC2)

NGC 4319-Markarian 2084igh-Reso- AMATEUR CYCLE 4 (1994-96)* to examine the core of the Seyfert

. galaxy NGC 1808 in Columba and
lution Morphology of a Galaxy-Quasar  proposal: UV Spectroscopic Deter- hopefully reveal the nature of the half-
Association Displaying a\nomalous

mination of the Deuterium-to-Hydro- i " idi
Redshift y dozen energetic¢hot spots” residing

. ) ) gen RatioAlong the Line of Sighiflo-
Investigator: Karl J Hricko, high

ward Epsilon Indi and
school teacheCarteretNew &rsey Andromedae
Coinvestigators: Lewis Thomas col-

. Investigator: William R. Alexander
lege teacherand &seph Mitterandp chemistHuntington West Mrginia
high school student

there (These spots could be circum-

Lambdanyclear starburstamassive supernova

remnantsor black-hole accretion disks
Also study the pronounced radial dust
filaments streaming from the galazy’

Overview: Use the GHRS to try to core These are associated with large

_OverVieW: Use theWF/PC inWide measure the abundance of deuteriur@aseous po|ar outﬂowsuggestive of
Field Mode to study the nature of theeft over from the Big Bang in the localgalactic fountaining

“bridge” of material linking the galaxy interstellar medium.

Results:Was supposed to use HST in

NGC 4319 (about 80 million Iight_'years Results: HST'’s SpeCtraI imageS alongJJ|y 1996,but was bumped because of
distant) and the quasar Markarian 20%he line of sight toward the two targethe servicing mission last eBruary
(nearly 1 billion Ilght'years away) IN stars Clearly separate the primordiaNOW slated to observe in eaw_jgust_

Draca deuterium from hydrogenThe ob-

Results: HST's uncorrected optics served deuterium-to-hydrogen ratio is
resulted in fuzzy image®ata analysis about 1.6%10°. Alexander also discov-

S.J O.

*Cycles 3 and 5 were cut short due to the

is still ongoing but preliminary results ered walls of hottompressed hydrogenHST repair and servicing missions in 1993

are inconclusive
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gas around the two stars he surveyednd this yearespectively



project required comparing the spectral
data he got from Satum’moonTitan
with spectral data from the Sumhe
problem was that he couldmpoint HST
to the SunBut no one at STScl thought
of taking spectral images of Satwsn’
moon Rhea and reading the signature of
reflected sunlight.l got that advice
from outside astronomets Lewycky
laments “But the advice came a little
too late — the observation had already
been completed. The program could
have been bettehe believesif profes-
sional astronomers had been more in-
volved in the preparation of the propos-
al rather than just in the data reduction.
HST amateur Raymond Bterner 1l
of Woodbine Maryland, looks at the
dilemma this way‘Everyone at the in-
stitute was nice to ysand we loved
working with them. But they were
learning tooThe problem was that most
of the amateur projects were long shots
but thats what they wantet.Sterners
project called for imaging a mysterious
luminous arc in a galaxy clustéynfor-
tunately because of light loss arising
from Hubbles defective mirrarthe im-
ages couldrt’be deconvolved — but no
one knew that at the tim&o his final
images remain fuzzy

“In a sensgwe were guinea pigslohn Advertisement

Hewitt, an HST amateur from Berkeley
California, exclaims “Our observations
took place before many of the bugs in
the postobservation process had been
fully realized or resolvetl. Hewitt says
his emotions went from elationnce he
learned he would use Hubbte despair
after he used itHis project was a long-
shot: it required using HSTE Wide
Field/Planetary Camera to detect the ul-
traviolet hydroxyl (OH) emissions in an
extrasolar Oort CloudBut he had to
wait not only for a bright nova to ocgur
but for its light pulse to collide with the
hypothetical comet cloud.

Surprisingly a bright nova did erupt
in the constellation Cygnus in time for
him to use HSJTand Hewitt carried out
his observations — but not when he
wanted to“ldeally, the planned obser-
vation should have occurred about a
week after the nova’ peak luminosity
but I didnt get telescope time untiivo
monthsafter the eventThis meant the
loss of an opportunity to image the sus-
pected circumstellar clou@he name of
the game was for the nova to proviitle
lumination’ of the Oort Cloud inner
region. The farther the nova’ light
pulse the lesser the irradianc8o each
day | waited meant a very rapidly de-
creasing possibility of detecting the hy-
pothetical cloud.

©1997 Sky Publishing Corp. All rights reserved.
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HST Cycle 4 amateur
William R. Alexander of
Huntington, West Mr-
ginia, at the STScl in
October 1994 doing his
data reduction and
analysis. Like other suc-
cessful candidates, he
became an advocate
and ambassador of
goodwill for NASA and
STScl, promoting the
cause of the HST ama-
teur program to the
public, the media, and
the professional com-
munity. Courtesy
William Alexander.

Despite the problembiewitt believes cation GroupwhereVillard now works
using Hubble was the greatest exper¥illard and Williams have already dis-

ence of his life“There will be another cussed new ways for amateurs to bq

nova somedgyhe says‘and my dream come involved with HST The amateur
would be to reapply for HST tim&he community is important for astronoghy
greatest miracle is that the telescope hagilliams stressesln fact, | still consid-
been repaired and making stunning oker myself oneYet, ironically, I'm the
servationsl'd like another chance to dogne who killed the prograf.

my observation rightin fact, | wish
more people would have an opportunityart of Hubbles scientific activitiesbut
to take up the challenge of using Hubhe doesrt think giving telescope time is

ble to be a part in a continuing series ofhe answerHe would have a hard time

original, innovative observations madejustifymg that, especially in the face of
by the amateur community budget cuts‘Besides’ he asks“what's

BUT WAS THE PROGRAM
REALISTIC?

“The amateurs came up with goo
ideas’ says Edberg“and thats what
they were asked to dBut was it realis-
tic to expect that amateurs could use
professional instrument without outside”

help?The answer iNo!” o .
Villard shares Edberg’ view: “The findings of HST Having amateursuse

amateurs who used HST certainly folHST, howeverwould be last on my list.
lowed the spirit of the prograrbut did Williams would also like to make

people use the telescoper sending

ave to say the schoolEhe thing most
beneficial to society is education.

Williams says he wants amateurs to b

search.Such a progranhe sayswould
reach a greater fraction of amateliis
idea is to create some softwase that
amateurs could start tackling the wealth
of data in the archive¥rofessional as-
tronomers are going ga-ga ovel ihe
says“Why not the amateurs®nd the
data is freeAmateurs can get this stuff
over the Internét.(Interested amateurs
teachers and students can visit the
HST Web sites at http://icarissci.edu/
~mutchler/HSamateuhtml and http://
quest.armasa.gov/livefrom/hst.html.)

While the idea of a new amateur pro-
gram is being considered at STSile
HST amateurs are continuing to analyze
their own data.And some important
discoveries have already appeared on
the horizon.For example William R.
Alexanderwho was the first amateur to
use HST after its optics were corrected,
also became the first person to separate
he absorption lines of deuterium from
those of hydrogen along the line of sight
toward the stars Epsilon Indi and
Lambda Andromedae “Not even the
Copernicus or International Ultraviolet
Explorer satellites have done that,
Blexander exclaimsHe gave a poster
talk on his results at theaduary 1996
American Astronomical Society meet-
ing in SanAntonio, Texas

According to cosmological models the
amount of deuterium observable at pre-

more important — having three or foursent was left over from the time of the

Big Bang The ratio of this primordial

hose same persons into schools@ I'deuterium to hydrogen can be used to

determine whether the universé'apen”
or “closed” That ratio as measured to-

ould love to send amateurs into thgvard the two starflexander targeteds
assroom with materials from the insti-about 1.6%10°°, which, according to cur-
tute and have them communicate theent Big Bang modelsuggests that the

universe is open and could expand for-
ever However he admits that more re-
search is needed to prove this theory

the program accomplish its goaliftere Hubble's archival data available for re- Alexander also found some interest-

werent any real s_cientific break- William Alexander used
throughsBut | dont think anyone was (he HST to measure the
expecting any The amateurs fulfilled abundance of deuterium
their part of the bargain by asking neweft over from the Big
questions in their proposals and for inBang. But his results
volving the public We loved working &!so led to the serendipi-
with them, and that was the greatesﬁiocu“sh%srgg\;r{\lgﬂg,'gan'
part of the experiencet's just that ,ound the stars Epsilon
something was fundamentally wrongndi and Lambda An-
with the existing prograrh. dromedae. Asimilar wall
Sq this August the HST amateur ex-around our Sun had
periment will have run its coursand, Peen found earlier by
as with any experimenthe time has other professional HST
. researchers. Diagram
come to assess the resultse question courtesy Brian E. Wood
now is how can Hubble be linked with and Jeffrey L. Linsky
the amateur community without giving(University of Colorado)
observing time to amateur3hat prob- and Alexander
lem is in the hands of the STSEIEdu-

Interstellar medium

102 Sky & Telescope June 1997 ©1997 Sky Publishing Corp. All rights reserved.

Hydrogen
wall (coolest)

Heliopause

Termination

Stellar wind




These HST views of the Hourglass region of
M8, the Lagoon Nebula, in hydrogen-alpha
light (top) and sulfur (S IlI) were obtained

by Nancy K. Cox. Compare them with the

image on page 57 of the May issue.

ing features in his spectrauggesting
the existence of cup-shaped walls of hot,
compressed hydrogen gas around the
stars he studied.These “hydrogen
walls” mark the boundary where the
stellar wind interacts with the interstel-
lar medium.(A similar wall around our
Sun had been detected earlier by other
professional HST researchgrsUntil
this observatiori, Alexander says‘no
one has been able to detect soVard-
like outflows beyond our solar systém.
The success dtlexanders program is
testimony to the amateur visioQer-
tainly the amateur program as a whole
would have been more successful had
Hubble's optics been perfect from the
start. Of the 13 amateur programs se-
lected,only three will have utilized HST
with corrected opticsHow could the
vast majority of HST amateurs be ex-
pected to make scientific breakthroughs
when the telescope they hoped would
lead them to discovery couldrperform
as promised? Unfortunatelsight now
it appears there’little hope for many of
these pioneers to get another chance to
prove themselves

Advertisement
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Then againconsider the plight of Lar-
son. Last September she earned her
Ph.D in astronomy from the University
of Victoria in British ColumbiaCanada.
Her original HST research project calleg
for the search for protoplanetary syste
around young star§ actually did end up
hunting for planets after dll,she ex-
claims“And I'm still looking for planets
like | dreamed in my HST proposdlyt
I’'m doing it in a different fashioh.

nadian planet-search team that use
data from the Canadad&hce-Hawalii
Telescope atop Maunael, Hawaii, in
trying to detect planets around sela
type starsHer current research at Brit-
ish Columbias DominionAstrophysical
Observatory inVictoria is hunting for

planets around reditant stars Amateur astronomer Barbara Wilson is an observing powerhouse. She enjoys hunting
“The fact that | didri’get a chance to down deep-sky objects to the limits of her 20-inch f/5 Dobsonian. Photograph taken by
use HST didrt lessen the experiente Barbara’s husband, Buster Wison, from their suburban home in Houston, Exas.

Larson explains‘Talking to people at

STScl was a real encouragement for m‘STAR TRAILS

From Sixth Magnitude to
Seventh Heaven

By David H. Levy
ONE of the top deep-sky ob-junctions in the wee hours of the night.

servers of our timdarbarawil- The following year Buster bought his
son was introduced to astronowife a 13-inch Coulter Odyssey Dobson-
my one evening in 1956 while takingian. Barbara was shocked at the big
down laundry from the clothesline atlanky heap of cardboard tubing and ply-
her family home in Green Bayiscon- wood box.“You're not going to bring
sin.“What is that bright orange thing inthat ugly thing inside the hou%eshe in-
the east?9-yearold Barbara asked hersisted. “l want something with shiny
father innocentlyThat “thing,” her fa- knobs and gears and stuff coming off it.
ther explainedwas the planet Mars at Buster persuaded her to give the new
one of its best oppositions of the centurgcope a tryHe set it up just inside the
‘ o Born to a military family Barbara doorway of the front porctwhere Bar-
Although Ana M. Larson didn't get a  gnons her youth moving all over thebara could see the clear skies beckon-
chance to use the HSTthis homemaker . . . . .
from Seattle, Washington, obtained her World, from ltaly, Austria,and finally to ing. Peering skeptically through the eye-
Ph.D. in astronomy from the University of Texas Reading about the lives of greapiece she caught sight of an artificial
Victoria, British Columbia, last fall. Sky & scientists like comet finder Maria Mit- satellite that happened to be moving
Telescopephotograph by the author. chell and physicist Marie Curi@arbara slowly in the middle of the fieldMes-
felt inspired to study sciencBo she be- merized,Barbara nudged the telescope
— a mother of two kids — to entergan a systematic study of the constellae follow the point of light as it passed
graduate schoollo think that you can tions an endeavor later enhanced by hdrom one field to the nexfhe journey
come out of nowherget an opportuni- marriage to Bustewilson in 1976. ended abruptly when the telescope tube
ty to use HS'Tget guidance from profes- |n 1982 Buster brought home a vintagdit the carpet.That session changed
sional astronomeyand then share your Criterion R/-6 Dynascopga 6-inch f/8 everything In an instant,Barbara re-
experience with the world — well thatreflector that was popular during thecalls“l was in love with that 13-inch!”
just really bolstered my confidenceigeos and 1970Since then life at the During the 1986Texas Star Party she
level. Imagine the homemaker from wjison household in Houston has beedecided to give up her leisurely trek
Seattle finally made good!” come focused on the statid wake up through the constellations to embark on
STEPHEN AMES O'MEARA at 4 in the morning and Buster would ben ambitious project of trying to ob-
Contributing editor O'Meara has wered the outdoors with his R-6!" says Barbara. serve the faintest deep-sky objecf[s visi-
HST amateur program since it was first anBY 1984 they were observing togetherble in amateur instruments$=rom sixth
nounced to the public #ugust 1986. watching events like eclipses and conmagnitude to seventh heaverns how
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Barbara describes her shift from learn-
ing the constellations to collecting the Calendar Of EVE ntS
bounty of the deep sky

Barbara threw her energy into that
effort with a single-minded intensity
that went beyond books and star atlases
She watched her morexperienced col-
leagues in action at star parti€$
would watch how they observedhe
way they used their scopesd I'd ask
lots of question% For three years she
logged observations of progressively
fainter objectsincluding globulars and
galaxies that offered her only fleeting
glimpses at the limits of her telescope
Soon the 13-inch wasnbig enough.

One evening at th@exas Star Party
in 1987 she happened to gaze at NGC
4631, a beautiful edge-on spiral a full
quarter degree acrqsbrough a 20-inch
DobsonianLaced with a series of bright
knots this galaxy in Cane¥enatici was
an amazing sight in such a large aper-
ture “This galaxy stretched from one
edge of the field to the othet;was as m June 8-13 (New Mexico).The first at the US National RadioAstronomy
big as life!” she exclaimed:That’s it. | annual Observation@lstronomy Retreat Observatory in Green Bankor details
gotta have a telescope like this will take place at the Lamaokindation call Hal Braschwitz at 212-252-817@x

The following year Barbara arrived atnear Taos (elevation 8,600 feetBring write to Vince Caracci 247 N Linden
TSP with a new 20nch /5 Dobsonian. your own telescopes or use the sit20- St.,Massapequa)Y 11758;phone:516-
Its primary mirror was handcrafted byinch Dobsonian and 7-inch refractor798-8459;e-mail:vinhell@junocom.
the then-fledgling Galaxy OpticsVith  Camping facilities onlyCost is $250 per . jyly 25-26 (Canada)The 15th annu-
the 20-inchBarbara extended her list ofperson. For details contact the Lamag| telescope-making contest of the Mon-
must-see objects to include the faintestoundation at 505-586-1202 or -1269; treal Planetarium and the Société d'As-
globular clustergncluding the seemingly mail: 76375.2726@compusergem. tronomie de Montreal will be held at

impossible Palomar globular$&T. Oc- June 10-14 (Florida). The Southeast- the Parc des lles de SirTothée in
tober 1991page 423and October 1994, o1y planetariumAssociations annual Québec For details contactvan Pré-
page 97). conference hosted by the Space andgent at 514-377-249%-mail: ypregent@
In 1986 some ten thousand peoplgcience Theatre of Pensacolaurior roclerqcca; or Patrice Gérin-Rose at
clogged the approaches to the BrazqSgjiege will be held at the Hampton 514-257-9613¢-mail: pgr@cam.org
Bend State Park where telescopes wefg, in pensacola Beackor more infor- 4 July 25-August 3(Massachusettsill
set up to observe Hallay' CometAl- mation contact Clint Hatchet6cience are invited to the sixth annual Summer
though many were turned batke sheer 5nq gpacerheatre 1000 College Bivd., giar Party & Bmily Campingvacation at
interest in the sky shown by HoustonergonsacolafFl 32504, or call 904484 Shady Pines Campground in Savdgn-
led to the construction of a permanenss;g.e_mail: chatchett@pjccfl.us tact the Rocklandistronomy Club c/o

ublic observatory at the sitavolved in .
!‘Oundraising and g{her activities from the" June 13-14 (Ohio). The Dayton Mu- Don Urban,73 Haring St.Closter NJ
um of Natural History in Dayton will 07624;e-mail:durbanl@aol.com.

start,Barbara helped turn the project int > .
reality with the opening of George Ob(-Jbe the site of the 27th annuapollo 4 July 28—August 18 (Germany).The

servatory in 198Her dedication eventu- Rendezvous  conventionCall Terry 5314 |nternational Astronomical atth
ally paid off Burned out from being a Mann at 937-678-5032r send e-mail 10 camp open to anyone between age 16
real estate brokgin 1993 she happily ac- SISIUS@infinet.corWWW: hitp:/MWW. 504 24 will be held at the ugendgaste-
cepted a teaching job at the observatorVaserg/- hause Mortelgrund hostel near Says,

When Barbara sees a faint galaxy ap- July 4-6 (Canada)The RoyalAstro- kjlometers from Dresdeifhe cost for the
pear and disappear at the limits of hefomical Society of Canada’Regina and entire program is DM790 (approximately
vision, she is living her dreamtEach Saskatoon Centres will host the Saska$s520).Contact Gwendolyn MeepBark-
session | try to push back the edge dgthewan Summer Star Party at Cypresgiraat 91B-3000 LeuvenBelgium;e-mail:
the deep sky a little mor#’s a thrill to Hills Provincial Park (elevation 1,200 megwendolyn@stekuleuven.abe @
imagine that these thingso distant and ters).Contact Erich kserRASC Saska-
so faint that they offer me just a fewtoon CentreRO.Box 317RPO Universi-
photonshave now been seen by humaiy, SaskatoonSK S7N 4J8Canada,or
eyes Whatever lurks out ther¢here is call 306374-4262; e-mail: keser@duke
some warmth to therh. usask.ca.

An avid deep-skenthusiast himsghuthor July 14-15 (West Mrginia). The Soci-
David Levy likes to observe at the limits of higty of Amateur Radio Astronomers
16-inch telescope from his homeAnizona. (SARA) will hold its annual conference

= OTHER

An expanded version of this listing
including active links to e-mail ad-
dressesis available on ourWorld
Wide Web home pagePoint your
browser to SKY Online at http://www
skypubcom/calendar/calendatml.
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Observer'’s Page

Edited by Edwin L. Aguirre

Although small in size, Delphinus contains a variety of targets for backyard telescopes. The constellat®mistinctive diamord-
shaped asterism (left) at the Dolphirs head is easily located near the eastern edge of the Milkyay near the brilliant star Altair
(below center), which marks the southern tip of the Summer ffiangle. Australian astrophotographer Luke Dodd prepared this view
from a pair of 20-minute exposures on 120-format Fujicolor 400 film. His Pentax>& camera was fitted with a 105-millimeter /3 lens.
The negatives were sandwiched together before printing to enhance contrast and color saturation.

The Dolphins Deep-Sky Delights

pointed out that the monikers spell out

tion. The celestial dolphin covers1814,Alpha Delphini was labeled Sua-Nicolaus Venator in reverseThis was

just 189 square degrees of skylocin while Beta Delphini was Rotanevthe latinized name of Piazgi'assistant,
and only 19 of todag 88 officially ac- The derivation of these names posed Miccolo CacciatoreThe advertising hy-
cepted constellations are smalldever- mystery throughout much of the 19thperbole of today private star registries
thelessDelphinuss distinctive diamond- century untii Thomas W iliam Webb not withstandingNiccolo Cacciatore is

D ELPHINUS is a small constella- Giuseppe Piazz Palermo Catalogue of

shaped asterism is easily identified near

the southeast edge of the prominer
SummerTriangle Despite its diminutive
size the Dolphin contains many inter-
esting objects

Delphinuss two brightest stars form
the western edge of the diamohdhile
you wont find them printed on modern
star chartshe names once attributed tc
these suns have a fascinating histomy

Delphinus offers some-
thing for every deep-sky
appetite, be it double
stars, nebulae, star
clusters, or galaxies.

106 Sky & Telescope June 1997

©1997 Sky Publishing Corp. All rights reserved.

one of the few people to ever get away
with “officially” attaching his name to a
star, at least for a while

Alpha and Beta Delphini are both
multiple starsSky Catalogue 2000.0 lists
four companions forAlpha and three
for Beta.The main components (the so-
calledAB pair) of Alpha are difficult to
split. Although they enjoy a generous 30
arcsecond (30") separatiothe 13th-



magnitude companion is often lost i
the glare of the 4th-magnitude primar
Placing the bright star just outside thds
field of a highpower eyepiece can help
show the secondarwhich is located to
the southwest.

The AB pair of Beta Delphini is a dif-
ficult double for another reasoiihese
stars are of 4th and 5th magnitudaed
they orbit each other with a 26.6-year pej
riod. They are difficult to split because
their maximum separation is 0.7TCur-
rently they are 0.5" apart and widening
to the maximumwhich occurs just after
the turn of the millenniunThe duplicity
of this tight pair was discovered in 187
by the famous double-star observer Sh
burne Wesley Burnham with a 6-inch
Alvan Clark refractor

Not all of Delphinuss many multiple
stars are difficult target$&Samma Del-
phini is an easy pair notable for its colo
contrastThe primary is a 4.5-magnitude
subgiant of spectral classificatio 2,
while the secondary is a 5riagnitude
F8 main-sequence star located so
10" due west of the primarplthough
the spectral classification of the com
panion suggests a yellow-white sta
many observers see it as bluish
greenish in contrast with its golden yel
low primary

Delphinus contains a star that is Offop pair: Delphinus contains two interesting globular star clusters. NGC 693eft) is
special interest because of its positiorwithin reach of large binoculars, but resolving individual stars will require an aper-
Writing in the dnuary 1992 issue @ky ture of at least 8 inches. NGC 700€right), on the other hand, is a very remote object
& Telescope, page 83,Roger Sinnott that will defy resol_ution with apertures_ of Ies_s than a_bout 16 inches._ikginia amateur
points out that the Sth-magnitude StaF’reston Scott J_ustls recorded these views Wlth_a 10-inch f/_S_NeWtonlan reflect&@outh
Rho Aquilae has crossed the bordelrs up, an_d the flelds‘ are each 10 arcminutes wid&ottom pair: Two plangt_ary_nebulae
! - o n Delphinus are within easy reach of modest telescopeAt low magnifications the
into Delphinus due to the slow driftingsmall disk of NGC 6891(left) can be mistaken for that of a starwhile NGC 6905(right)
of its proper motion.It is the first is more easily identified as a planetaryMartin Germano of Thousand Oaks, California,
nakedeye star with a Bayer designatiorcaptured both objects with a Celestron 8-inch /10 Schmidt-Cassegrain telescope. South
to have suffered this fate since the coris up. and both fields are 4 arcminutes wide.
stellation boundaries were officially es-
tablished earlier this centurfhere will thy group of stars between 9th and 11thre needed to distinguish the tiny 12"-
not be another such crossing until thenagnitude that looks like a neat littlediameter disk from thosef nearbystars
southern star Gamma Caeli moves inttbadstool.It's about 12' across and cenAn 8-inch scope reveals the nebsla’
Columba about 400 years from now  tered at right ascension 2I™ declina- 12.4-magnitude central stavhile larger

For observers who are amused byion +6° 18' (epoch 2000.0 coordinates)instruments may show glimpses of the
telescopic asterismgheres a notewor-  There are two easily observed planefaint, 74'- diameter outer halo and the
tary nebulae in DelphinublGC 6891is bluish color of the central diskNGC
Beta very tiny but has a high surface bright6891 lies at an estimated distance of
Delphini nessOf visual magnitude 10.7 can be 7,200 light-years
seen in telescopes as small as 4-inchSomewhat closer iIGC 6905, which
aperture but medium to high powers has an estimated distance of 4,200 light-

years With an apparent diameter of

. . ) about 40"jt is visible in a 4-inch scope
Forming the southwestern tip of the dia- Through an 8-inch instrument this plan-
mond asterism, Beta Delphini is a chal- i .
lenging double star with 4.0- and 4.9-mag- €tary appears slightly oval and a little
nitude components that orbit each other brighter near the centelt lies along
in a 26.6-year period. It was discovered by one side of a small triangle of faint field
the legendary double-star observer Sher- siarsA 10-inch aperture is usually need-
bune W. Burnham with a 6-inch Alvan = o4 14 pick up the 14th-magnitude cen-
Clark refractor . This orbit diagram shows .
that the pair are presently separated by tral star as well as the bluish calor
0.5 arcsecond. Splitting them will test the ~ TWO nice globular star clusters are
caliber of an 8-inch telescope. found within the borders of the Dol-
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DELPHINUS DELIGHTS

Name Type R.A. (2000.0) Dec.
NGC 6891 Planetary nebula 20"15.2™ +12° 35'
NGC 6905 Planetary nebula 20"22.4™ +20° 07'
NGC 6928 Spiral galaxy 20" 32.8" +9° 56'
NGC 6934 Globular cluster 20"34.2™  +7° 24'
{3 Delphini Double star 20"37.5" +14° 36'
a Delphini Double star 20"39.6™ +15° 55'
NGC 7006 Globular cluster 21"01.5" +16° 11'

phin. NGC 6934 is 48,000 light-years
away yet it is visible in a pair of 1470
binoculars as a tinyfuzzy patch that
grows brighter toward the centelt
forms a nearly isosceles triangle wit
two stars of about 6th and 7th magni
tude and there is a faint star at th
western edge of the clustém an 8-inch
scope equipped with a high-power eyd
piece the cluster appears smalgund,
and slightly mottled around the edgeq
Increasing the aperture to 10 inche
shows the 3-arcminute-diameter globu
lar to be slightly oval and partially re-
solved into individual stars at a magnifi
cation of 21&.

The second globulaNGC 7006,is im-
mensely distanand it was once thought
to be drifting independently among th
galaxiesRecent measurement®wever The Moon’s northern limb juts into sunlight during the partial lunar eclipse on March

suggest that NGC 7006 is some 113,00¢8rd. This mideclipse view was obtained by Dennis dlicco. The 6-second exposure on
light-years away and a remote membélrzo-format Kodak Lumiere 100X film was made at the f/10 focus of a Meade 16-inch

of the Milky Way. Even at this great dis- LX200 Schmidt-Cassegrain telescope.

tance NGC 7006 can be spotted in a 4 )

inch scopeMottling shows up when you OBSERVER’'S NOTEBOOK

are viewing it with apertures of 12 to 13 . .

inches Still larger instruments are need-E | p T I d C I’ I l -If I

ed to show any resolution. C I Se a eS an O e al S
The brightest galaxy in Delphinus is

NGC 6928at magnitude 12.Ghrough a SK ANY ASTRONOMER who ond contact was breathtakingith the
10-inch scope it looks like a spindle 1 hasnt witnessed a solar eclipsedark wall of the Moors shadow racing
arcminute (1) long and a third as wid to describe onend youre sure towards us writes German amateur

It is very faint, a little mottled, and to hear how the Moon blots the SurDaniel Ascher who trekked to eastern
brighter in the centefTwo very faint from the daytime sky to reveal the draSiberiaHis observationss well as those
companions lie nearbfNGC 6930 is a matic solar coronaBut ask the same of other eclipse chasemsill be summa-
13th-magnitudeelongated galaxy someduestion of someone wro'made the rized in a future issue

4' south-southeast of NGC 6928hile quest to stand in the Moan’'shadow On the night of March 224, two
NGC 6927 is of similar brightness butand youre more likely to find the event weeks after the solar eclipgae Moon

located 3' to the west. itself buried in a long narrative of exoticdrifted through the northern half of
Small constellations are easily overtravel punctuated with the intimate deEarth’s shadowThis nearly total lunar
looked, especially if they contain no tails of local weather conditions eclipse was visible from much of the

showpiece targets But enthusiastic For those hardy souls who venturedVestern Hemisphere and western Eu-
deep-sky observers will find many ob-into the Moon$ shadow last March 9thrope Although 8 percent of the lunar di-
jects of interest in DelphinusThose there was no shortage of eclipse advemmeter remained outside Eaghimbral
mentioned here are only a sample afure With a shadow track spanning theshadowseveral observers commented on
what awaits you in the realm of the Dol4rigid winter wastelands of Mongolia, how remarkably similar the Moon looked

phin on a cleadark evening northern Chinaand Siberian Russithis to recent total eclipses that displayed a
SUSAN C ERENCH event crossed some of the wosldhost bright limb during totalityThis event will
sparsely populated areas also be detailed in a future issue

Sue French and her husband, Alan, are - .
long-time amateurs living in central New Many Western observers opted for Observers in western Northmerica

York. They are well known at gatherings of  Sites near DarharMongolia, or Chita, had a double treat during the lunar
telescope makers and observers in the United  RUssia, where the corona was seereclipsesince Comet Hale-Bopp had yet
Sates through varying amounts of cloudSec- to dip below the northwest horizon.
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With the full Moon fading from magni- Standardlime. The Moon was exactly 25
tude —12 to perhaps —5 during maximurhours old at the midpoint of his obser
eclipsethe sky darkened and afforded avations*l first noticed the Moors thin,
better view of the comeflan Whitman copper arc against the orange bacl
of Okanagan &lls British Columbia, ground of twilight; he writes“Then |
writes that the Moors waning light al- was able to trace the rest of the circle ¢
lowed“the stars and MilkyWay to come the Moon.It was fainter than the sunlit
out and the two tails of the great comeportion, but definable The face of the
to lengtheri. He could trace the gas andMoon appeared as a gray dislowever
dust tails for 11%Until they became lost and no surface features were appateni
in the glow of the MilkyWay. Possible nev meteor radiant. Veteran
Arizona Earthshine. In theApril issue meteor watcher Georg&V. Gliba of
columnist Fed Schaaf commented onGreenbelt,Maryland, sends a report of
the varying visibility of Earthshine — the unusual meteor activityie was observ-
weak illumination on the dark portion ofing under the tropical skies of tNéinter
the crescent Moon from a brilliamtear- Star Party held each year in the Florid
ly “full” Earth suspended in the lunaiKeys Between Ebruary 6th and 9th he
night sky Schaaf had once thought thatmonitored the sky for a total of sever
Earthshine could not be seen on crescehburs In addition to logging 61 sporadic
Moons less than 28 hours from new bemeteorshe counted several belonging tc
cause the subtle glow would be overweak showersThe latter included &ir-
whelmed by bright twilightBut his own ginids and SAlpha Centaurids
Earthshine sightings argued otherwise Of special notehoweverwere 26 me-
He then asked readers what were theors that streaked outward from a poir.

ALPO at 50

This year marks the 50th anniver-
sary of the founding of th&ssociation
of Lunar and Planetary Observers
(ALPO). Inaugurated with a member-
ship of fewer than two dozethe or-
ganization today boasts nearly 1,000
membersincluding many prominent
amateur and professional astronomers

The annualALPO conference is
scheduled for uhe 25-28 in Las
Cruces New Mexicg and will serve
as a celebration of the past as well as
a look toward the futuréll present
and former members are invited to
attend.Highlights include a tour of
the Very LargeArray radio telescope
and a special session in honor of the
late Clyde Tombaugh,discoverer of
Pluta Information is available from
Elizabeth \estfall, 2775 39th Ave,
San Fancisco CA 94116; 415566-
5786;e-mail:ewestfd@sfsuedu.

thinnest and thickest lunar phases atear the 4.5-magnitude star Xi BoOl® tively. Two more were caught during an
which the feeble light could be seen.  saw a dozen during two hours on the 6tihourlong vigil on the 9thAll of his sight-

Jim Marrin of New York City was as well as two more that he caught wheings were made between 7:30 and 10:30
quick to reply He was vacationing in he wasrt “officially” logging meteotsAf-  Universal Time. The meteors were typi-
ScottsdalgArizona,when he caught sight ter that the numbers declinedith two cally between 3rd and 4th magnitude
of the Moon on the evening of Marchhours of observing on both the 7th andnostly white or blue-whiteand traveling
9th between 7:00 and 7:30pMountain 8th yielding six and four metegrespec- at medium speed. @
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GALLERY

Right: This bright and colorful auro-
ra borealis over Glenallen, Alaska,
was recorded by David E. Cartier Sr
on January 14, 1996. He used a 24-
millimeter /2.8 lens and Fujicolor
400 film exposed for 20 second#\u-
roras are produced when gusts of
solar wind buffet the Earth’s mag-
netic field, inducing electric cur-
rents of charged particles to flow
down the magnetic-field lines. The
current excites the gases in the up-
per atmosphere and causes them to
glow. The green and red are mainly
emissions from oxygen atoms.

Above: A rocket launched from the White Sands Missile Range neaklamogordo, New Mexico, on the morning of
March 6th left this iridescent, spiraling contrail over the eastern horizon, visible for hundreds of miles. The
view at left was snapped by Joshua aughan from Prescott,Arizona, while the one on the right was by Detrick
Demond Branston in Tucson. The rainbow colors are sunlight refracted by water or ice particles condensing on
the rocket’'s exhaust. The plumes chaotic pattern is caused by high-level winds.

Straddling the Cepheus-Cassiopeia border is Ce-[. - - .

derblad 214, a complex of emission and reflec-| = ' - .
tion nebulae that measures 50' by 40'. The tiny |~ .

compact open cluster at lower right of centeris | -~ - .
Berkeley 59. Michael Stecker prepared this im- | - %'
age from two 45-minute exposures on Fujicolor [+ .-« 7.
HG 400 film made with an 8-inch f/4 Bkahashi | = . .. 00
reflector. To boost contrast and color saturation, * b s

he scanned the negatives and combined the re{ .. = J -
sulting digital files using Adobe Photoshop. [« » -
North is to the lower right. ;
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Above NGC 1499, the California Nebula in Perseus, is a challenge to observe visually in any telescope, and long ex-
posures are required to photograph it in its entirety The bright star below it is 4th-magnitude Xi Persei, which
causes the nebula to glowGeorge Greaney combined two 60-minute exposures taken with a 6-inch Agtro-Physics

EDF refractor and hypered 120-format Fujicolor Super HG 400 film (see pagelb of the April issue). North is up.

Giovanni Dal Lago of Carre, ltaly,
assembled six CCD images to create
this mosaic of the PleiadesAlfred,
Lord Tennyson made one of poet-
ry’s finest references to the starry
heavens when he wrote that the
Pleiades “glitter like a swarm of
fireflies tangled in a silver braid.”
Each of Dal Lagos frames is a com-
posite of six 1-minute exposures
made with a Starlight Xpress SL-8
camera attached to a Wdkahashi
CN-212 (8.3-inch) reflector North is
up in this 1.3°-wide view
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Right: David E. Cartier Sr. captured
this luminous auroral band above
the Alaska Highway Visitor Center
at Tok Junction on January 3, 1996.
He used a 24-mm f/2.8 lens and Fuiji-
color 1600 film for this 4-second ex-
posure.As we approach solar maxi-
mum, due around 2000 or 2001, a
dramatic rise in auroral displays
can be expected as the Eartk’mag-
netosphere gets bombarded by
gusts of solar wind from eruptions
on the Sun.

Above: Pierino Delvo’ of Milan, Italy, photographed
this sunspot group in February 1993. He used a 75-mm
refractor working at f/40, a yellow filter, and Agfa-
ortho 25 film. He made a color slide from the black-
and-white print using an orange filter.

Above From his home in Blanc-
Mesnil, France, Gérard Therin made
this CCD image centered near
the smooth-bottomed crater Stofler
when the Moon was waning gib-
bous. Stofler is roughly 125 kilome-
ters (80 miles) in diameter The
smaller crater, Faraday, overlays
Stoéfler’'s southeast (upper left) rim,
while large Maurolycus is promi-
nent at upper left. Therin made this
0.04-second exposure with a Hi-SYS
22 camera and TBkahashi 9%-inch
Schmidt-Cassegrain telescope oper-
ating at f/30. South is up.

NGC 2237-39, the Rosette Nebula, is
a famous emission nebula and star
forming region in Monoceros that
surrounds the open cluster NGC
2244. The nebula measures about 80'
by 60'. George Greaney obtained this
view using the same setup and tech-
nique as his California Nebula shot
on page 11. The exposure times
were 50 minutes each. North is up.
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