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From time to time each of us experiences a 
“turning point” — a moment that has a pro-
found impact on the rest of our life. Perhaps it 
was a college or university course that was so 
fascinating it caused a change in your educa-
tional direction. maybe you attended, or par-
ticipated in, an event that inspired you to alter 
your life’s path. but unlike a scientist’s often-
immediate “eureka” moment, we frequently 
don’t recognize these personal turning points 
until well after the fact. 

mine came as a teenager on a chilly octo-
ber morning in 1968. at the time i was some-
what interested in astronomy (enough to own 
one of those ubiquitous tasco 2.4-inch refrac-
tors) and fascinated by the space program. but 
a friend and enthusiastic observer with a 
home-built 8-inch reflector somehow talked 
me into getting up at five in the morning to 
trudge through the snow to his place to see an 
occultation of Jupiter.

the moon and Jupiter were barely above 
the horizon when the bright side of the thin 
lunar crescent hid the planet. to be honest, i 
can’t say i remember much about that. but 50 
minutes later the sight of Jupiter and its satel-
lites materializing from behind the moon’s 
dark limb mesmerized me. i fear i hogged the 
eyepiece, but if my friend was annoyed, he 
didn’t let on.

in retrospect, it’s clear that the influence of 
this event was subtle, but real. it definitely 
nudged me toward astronomy, and even 
though i discovered later on that i didn’t have 
the mathematical skills necessary to become a 
professional astronomer, i found other ways 
to remain involved in the subject. i joined the 
local astronomy club. i worked as the night 
assistant at the small observatory run by the 
university i was attending. in my first-year 
astronomy class at the University of alberta, i 
made a connection that ultimately resulted in 
a decades-long career in the planetarium field. 
that led to a six-year-long stint as an editor at 
Sky Publishing (Sky & Telescope), which, in 
turn, brought me here . . . as the new editor 
of Mercury.

my arrival coincides with Mercury’s own 
turning point, but it’s one that’s not at all sub-
tle. With this issue, the magazine transitions 
from the print world to the digital domain. 
We want to make this changeover as seamless 
as possible, which is why the format of the 
magazine you’re now reading so closely 
resembles the one from previous issues. 

While we hope to eventually take advan-
tage of many of the features that the digital-
publishing realm has to offer, we’re starting 
slowly down that road. if you’re reading this 
issue on your computer (printing the pages is, 
of course, always an option), you’ll note that 
there are numerous highlighted hot links that 
will propel you to other articles, Web pages, 
and press releases. this is a tremendous 
resource, because it would be impossible to 
include all this extra material in Mercury 
itself. So click on whatever interests you, go 
where you want, and then come back to Mer-
cury for more fine reading.

as the new kid on the Mercury block i 
have an interesting perspective that lets me 
look at past issues to see what old concepts 
might work well in our new digital realm and 
seek out new content to better serve Mercury’s 
readers. For example, “book Corner” is the 
start of a new series of book excerpts, begin-
ning with one from aSP’s own andy Fraknoi. 
and “astronomy in the news” features amaz-
ing discoveries about the cosmos that often 
don’t make their way into the popular press. 
thanks to the immediacy of digital “printing,” 
we’ll pass on as many of these recent finds as 
possible so that you, too, can revel in the won-
ders of our universe.

Until the next issue, i wish you clear skies 
and pleasant reading.

Paul deans, editor
editor@astrosociety.org

Turning Points

ON THE COVER
Front: The surface of Mercury by Chesley Bonestell, painted in 1972. © Astronomical Society of the Pacific. 
Back: The surface of Mercury as photographed by the MESSENGER spacecraft in 2008. Image courtesy NASA / 
JHUAPL / Carnegie Institution.
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first word

by James G. Manning

Shades and shadows . . . words with 
a negative, sinister feel . . . suggest-
ing things dark, hidden, dangerous, 

ghostly. better to live in the full light of day, 
where motives can be plainly seen.

Such sentiments also 
translated to the sky in 
ancient days, when anything 
passing into shadow made 
our forebears decidedly ner-
vous. and thus were eclipses 
of the Sun and moon regard-
ed with a certain dread. the 
loss of the Sun was especially 
feared, for people recognized 
it as the life-giver. but even 
when the calendar-keeping 
moon slid alarmingly into 
shadow, our ancestors 
assumed some dread mon-
ster or demon was snacking 
away, drenching the assailed 
orb in coppery blood, and 
they felt the need to respond.

the same rescue that 
worked so well for the Sun 
was also applied to the 
moon: you made a lot of 
noise, eventually the beastie 
let go, and the moon 
regained its healthy sheen. you do what 
works — and it worked.

on the evening of august 28, 2007, the 
moon was again subjected to the shady 
spectacle of a total eclipse, but now we 
know that the perpetrator is simply the 
Sun-cast shadow of earth (the umbra) 
through which the moon sometimes sails. 
We see it as a glorious and leisurely event 
— something to be savored.

i savored it last august from the parking 
lot of a local motel (prior to finding a place 
to live in the San Francisco area). it was just 
me and the cleaning ladies filling the 
dumpster in the wee hours, watching the 

slowly shifting colors on the moon as 
earth’s umbra played across the dusty lunar 
plains and highlands in oranges and grays 
— the moon looking like a Chinese lantern 
being lit from below. it’s the kind of shadow 
play of which one can grow fond, and i try 
to never miss one.

eclipses also make good metaphors for 

less glorious circumstances, and my lunar-
eclipse experience came to mind this past 
december as i poured over the just-released 
results of the 2006 Program for internation-
al Student assessment (PiSa), which com-
pared science aptitudes and attitudes of 
15-year-old students in 57 countries around 
the globe. Finnish students scored highest 
in student performance, (those of Kyrgyz-
stan, lowest). hong Kong-China, Canada, 
Chinese taipei, estonia, Japan, and new 
zealand were also among the highest-scor-
ing countries. 

the United States, where the aSP is 
headquartered, finished 29th overall, 11 

points below the average. in the US, while 
9% of students performed at the highest 
levels of tested proficiency, nearly a quarter 
performed at levels described as below the 
level at which “students start to demonstrate 
the science competencies that will enable 
them to participate actively in life situations 
related to science and technology.”

Worldwide, 93% of stu-
dents said that science was 
important for understanding 
the natural world, and 92% 
said that science and technol-
ogy usually improved peo-
ple’s living conditions, but 
just 57% said that science 
was relevant to them person-
ally. and smaller percentages 
agreed that scientific advanc-
es bring socio-economic ben-
efits than agreed that science 
helped in the understanding 
of nature.

these and additional sta-
tistics, in this report and oth-
ers, are what often lead me to 
ponder: in an age punctuated 
by what seems to be a grow-
ing anti-intellectualism, is 
overall science literacy itself 
in eclipse?

it’s a question we think 
about a lot at the aSP. it’s one 

of the reasons that, in working to increase 
public understanding and appreciation of 
astronomy, we use astronomy engagement 
as an avenue to introduce people to science 
and to improve science literacy. our goal is 
to help create a public that will make 
enlightened decisions, which will largely 
determine our future on this planet.

it’s an important responsibility, and with 
your continued support, we can make a dif-
ference in those student scores by doing 
what we love. after all, you know the drill 
when it comes to eclipses — you make a lot 
of noise. you figure out what works to get 
rid of the shadow, and do it!

Shadow Play
Is overall science literacy in eclipse?

The lunar eclipse on Feb 20–21, 2008, is the last total eclipse of the Moon until 
December 20–21, 2010. Seen above is the total lunar eclipse of August 28, 2007.
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on a completely different matter . . .  
welcome to the first electronic issue of Mer-
cury. We hope you find that it remains true 
to the format you’ve come to appreciate — 
full of astronomy content of all sorts and 
news of your Society, esthetically presented. 
as i mentioned in the previous issue 
(autumn 2007, page 46), the hard-copy ver-
sion of Mercury has become costly to pro-
duce at a time when it is essential for us to 
maintain a solid financial base from which 
to seize the opportunities that lie ahead. 
the change to a digital format gives us 
more resources to accomplish our mission 
and ensures that your important member-
ship contributions help advance the work of 
the aSP as well as provide benefits of asso-
ciation. it also allows us to preserve the best 
of what you’ve come to appreciate in the 

magazine in a flexible and versatile form.
We have a new editor to fill the shoes 

Jay White has left behind. Paul deans is 
a Canadian freelance writer and editor, a 
former editor at the redoubtable Sky & 
Telescope magazine, and a former plane-
tarian. We welcome him to our team, 
and know that he and the rest of our 
staff will do their very best to continue 
Jay’s legacy of content and quality.

lest there be any doubt, take another 
look at the front cover of this issue. it’s a 
landscape of the planet mercury painted 
by none other than Chesley bonestell, 
space artist extraordinaire, some 36 
years ago. bonestell painted it for the 
inauguration of the new publication cre-
ated by the aSP, which took its name 
from the roman god featured in the 

Society seal.
apparently the painting has never 

been published in the journal for which 
it was meant, though it has hung in our 
offices in San Francisco for all this time. 
With this issue, that changes.

We hope that you enjoy this image of 
a bonestell original, created for the aSP. 
We also hope it affirms for you, as it 
does for us, that even as our Society 
evolves — as all living organisms must 
— we remain true to the principles and 
values on which the Society was found-
ed. and so we shall remain, with your 
support, as we advance, ever advance! 

JAMES G. MANNING (jmanning@astrosociety.
org) is the Executive Director of the Astronomical 

Society of the Pacific.

first word
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astronomer’s notebook

by Jennifer Birriel

“astronomers have pinned their 
conclusion of an accelerating 
universe on observations of 

type ia supernovae. but truth be told, they 
don’t even know for sure what causes these 
explosions.” So began a feature article i 
wrote, early in my years as a probationary 
faculty member, for the January/February 
2003 issue of Mercury. having just made 
tenure, i thought it would be nice to revisit 
this topic and see what progress has been 
made in the intervening five years. 

there are two competing models for 
the production of type ia supernovae 
(Sne ia): the single-degenerate (Sd) and 
the double-degenerate (dd) scenarios. 
both candidate systems are binaries. the 
favored Sd progenitor system consists of a 
degenerate white-dwarf star and a less 
evolved, mass-donating secondary star 
(either a main-sequence star, a subdwarf, 
or a red-giant star). a dd system consists 
of a merging binary white-dwarf system in 
which the less massive dwarf star dumps 
matter onto the more massive component. 

regardless of the nature of the second-
ary companion, the accepted explosion 
mechanism is the same — thermonuclear 
runaway. however, the exact details of the 
mechanism are still a matter of debate. 
the mass-accreting carbon-oxygen white 
dwarf steadily fuses the donated hydrogen 
or helium on its surface, but the accretion 
rate exceeds the burning rate. as a result, 
the white dwarf increases in mass. in one 
model, when the white dwarf reaches the 
Chandrasekhar mass limit, carbon ignites 
in the central core. in the other model, 
helium ignites off-center before the Chan-
drasekhar mass limit is reached. 

in the Sd scenario, the mass-donating 
secondary star has lots of hydrogen. it was 
originally predicted that the hydrogen 
should be detectable immediately after the 
supernova because the circumstellar mate-

rial lost by the white dwarf ’s companion is 
not immediately swept up and ionized by 
the blast. at much later times, some 250 
days after maximum brightness, the ion-
ized hydrogen will have recombined with 
free electrons and should emit strongly in 
hydrogen alpha. 

on the other hand, the dd scenario 
involves two white dwarfs, and so hydro-
gen should be absent at all times. if 

astronomers were to find a Sne ia nebula 
with any hydrogen, this would certainly 
deal a fatal blow to the dd scenario. it all 
seemed so simple! 

to date, only a few type ia supernova 
nebular spectra have been obtained and 
hydrogen alpha has been detected in just 
two of them: Sn 2002ic and Sn 2005gj. 
So, is the dd scenario now refuted? Well, 
not exactly. 

mario livio (Space telescope Science 
institute) and adam reiss (John hopkins 
University) argue that Sn 2002ic and 
supernovae like it could easily be 
explained by a dd system embedded in a 
common circumbinary nebula. alterna-
tively, the amount of hydrogen detected in 
these two objects is so much higher than 

predicted that alex Filippenko (University 
of California, berkeley) and others suggest 
that these objects are actually core-col-
lapse supernovae in which the supernova 
ejecta is interacting with circumstellar 
material. 

the Sd scenario has its own observa-
tional problems. the absence of hydrogen 
alpha in the optical spectra of all but Sne 
2002ic and 2005gj, coupled with a com-
plete lack of detectable hydrogen in the 
radio portion of the spectrum, is difficult 
to explain. and yet, it is not possible to 
rule out the Sd models at this point. 

there are three distinct alternatives 
that might explain the absence of hydro-
gen in Sd systems. one possibility is that 
lines of singly ionized iron in the region 
near 6563 Å (angstroms) absorb the 
hydrogen-alpha light. alternatively, a 
strong white-dwarf wind might strip mass 
from the secondary, resulting in far less 
hydrogen gas being drawn into the super-
novae ejecta than models predict. Finally, 
it is just possible that there are simply too 
few gamma-ray photons available to power 
hydrogen-alpha emission if the ejecta has 
too great an opacity. any of these possibil-
ities would make it difficult to fully test 
any Sd scenario based on hydrogen-alpha 
observations alone! 

 So, five years after my Mercury feature, 
the astronomical community is still strug-
gling to unravel both the nature of the 
explosion mechanism and the nature of 
the binary systems that lead to type ia 
supernovae. in fact, it could be argued that 
the problem has become somewhat more 
perplexing owing to the discovery of a 
number of “oddball” Sne ia that don’t fit 
neatly into the previously observed super-
novae groups. let’s check back in another 
five years! 

Astrophysicist JENNIFER BIRRIEL spends her free 
time poking around in stellar nurseries and stellar 

cemeteries. She is now an Associate Professor of 
Physics at Morehead State University in Kentucky.

Type Ia Supernovae Progenitors
Constraining the types of binaries that give rise to Type Ia supernovae remains a difficult task.

Four different Type Ia supernovae remnants 
as imaged by the Chandra X-ray Observatory.
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planetary perspectives

by Daniel D. Durda

it’s hard to imagine more awe-inspiring 
and starkly beautiful “planetary per-
spectives” than the ones being sent 

home by Japan’s Kaguya lunar orbiter.
Kaguya, formally known as the Seleno-

logical and engineering explorer 
(Selene), is Japan’s second lunar mission 
and the first arrival of a veritable armada of 
new lunar explorers. the roughly SUv-size 
spacecraft arrived at the moon on october 
3, 2007, carrying a 
suite of 13 instru-
ments for exploring 
the origin of the 
moon, the evolution 
of its geology, and the 
nature of its surface 
environment. high-
resolution visible and 
near-infrared cameras 
are mapping the sur-
face; X-ray and gam-
ma-ray spectrometers 
are determining the 
compositions of crust-
al rocks; a laser altim-
eter and radar 
sounders are measur-
ing topography and 
subsurface properties 
of the regolith; and a number of plasma 
instruments are sniffing the wispy lunar 
atmosphere. there are even two subsatel-
lites deployed on their own independent 
orbits to help refine knowledge of the 
moon’s lump gravity field.

but in addition to these scientific and 
engineering instruments, Kaguya also car-
ries a special payload to help take us along 
on the journey. the Japan broadcasting 
Corporation, nhK, funded the first high 
definition tv camera to fly to the moon 
and it’s already returning wonderfully sharp 
video sequences of the cratered terrain of 
the moon rolling by 100 kilometers (60 

miles) below the spacecraft.
a highlight ‘spinoff ’ of such a capability, 

of course, is the opportunity to capture 
breathtaking video of our brilliant blue 
home world rising and setting over the 
charcoal-gray lumpy lunar landscape, and 
Kaguya has certainly delivered on that 
promise. For the first time since the apollo 
astronauts (the first being the crew of apol-
lo 8 in december, 1968) captured fleeting 
film sequences of such scenes, these clear 
hd videos allow us to vicariously witness 
the majesty of that bright blue marble rising 

in stark contrast to the harsh foreground 
terrain.

they also serve to make a useful point 
on what lies in store for us as we get ready 
to return to the lunar surface.

i’ve included a labeled version of one 
still frame from the Kaguya lunar-south-
pole earth-set sequence, labeling Shackle-
ton crater and pointing out a nearby crater 
that’s about the size of meteor Crater in 
arizona. the rim of Shackelton crater is the 
proposed site of a lunar outpost, a place 
with a near-continuous view of the Sun. 
that’ll help keep the base solar powered 
day after day, rather than having to endure 

the two weeks of freezing blackness that 
occurs every month at lower-latitude sites. 
the always-shadowed floor of Shackelton 
holds the promise of finding cold-trapped 
hydrogen-containing volatiles, a precious 
resource for ‘living off the land’ and main-
taining a permanent, sustained human 
presence on the moon. the lit peak on the 
horizon just under the setting earth is 
malapert mountain, 5 km high and 120 km 
away from Shackleton. From atop malapert 
a lunar communications facility would have 
a constant view of earth, providing contin-

uous, high-bandwidth 
data transfer for all 
manner of scientific 
and commercial 
needs.

now, take a second 
look at that meteor-
Crater-size hole on 
the slope of Shackel-
ton’s rim. if you’ve 
ever visited earth’s 
best preserved exam-
ple of the source of 
most of the moon’s 
rolling topography, 
mentally take yourself 
back to the rim of 
meteor Crater and 
picture that impres-
sive hole in the 

ground superimposed on the foothills of 
the rocky mountains. the moon possesses 
some serious topography that must be fold-
ed into our lunar exploration plans — kilo-
meter to multi-kilometer high (and deep) 
topography, which may be rather daunting 
to traverse if it needs to be scaled with any 
kind of conventional roving technology.

We’re headed for some interesting, chal-
lenging, and visually awe-inspiring terrain 
there. i can’t wait! 

DANIEL D. DURDA is a Principal Scientist in the 
Department of Space Studies at the Southwest 

Research Institute in Boulder, Colorado.

HDTV Earthrise
Spectacular new video highlights and contrasts our blue home and rugged lunar terrain.
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by Christopher Wanjek

twenty-seven subatomic particles 
have hundreds of scientists in a 
lather. the particles, ultrahigh-en-

ergy cosmic rays (UheCrs), are the most 
energetic bits of matter in the universe. 
While exceedingly rare, their unequivocal 
existence remains one of astronomy’s great-
est mysteries.

in the november 9 issue of Science, a 
team of scientists using the Pierre auger 
observatory in the high plains of argen-
tina say they have determined where 
these particles come from: supermassive 
black holes relatively nearby. many ques-
tions remain, though. Scientists still don’t 
know how black holes can accelerate par-
ticles to such speeds, or what the energy 
limit is — or even, according to one US 
cosmic ray observatory, whether the 
auger observatory is right with its mod-
est sample size of 27.

Such is the field of cosmic rays, where 
the only thing rarer than the highest-ener-
gy variety is agreement among scientists.

Cosmic rays are charged particles, such 
as electrons or protons. energies range 
from a few million electron volts to a bil-
lion trillion electron volts. your power 
company, for example, might be interested 
in gigawatts, and supercomputers have 
reached teraflop speeds, but scientists 
studying cosmic rays deal with peta (1015), 
exa (1018) and zeta (1021) electron volts. 
that’s a whole lotta volts, though not quite 
a yotta-volt (1024). 

lower-energy cosmic rays come from 
the Sun; mid-energy particles come from 
stellar explosions. UheCrs above 1018 
electron volts are so rare and energetic that 
they’ve been the source of great debate 
since their discovery four decades ago. a 
UheCr will strike earth at a rate of about 
one per square kilometer per century. only 
about 100 have been detected so far. 

Subatomic with a macroscopic punch, 

UheCrs carry the energy of a well-thrown 
baseball pitch. they are about a million 
times more energetic than particles whirled 
about in the most powerful accelerators, 
and they are the only sample we have of 
matter from beyond our galaxy.

the auger observatory, comprising 
1,600 detectors spread across 2,600 sq. km 
(1,000 sq. miles, about the size of rhode 
island), began collecting data three years 
ago. the observatory set out to resolve a 
scientific dispute between the high resolu-
tion Fly’s eye (hires) collaboration at the 
University of Utah and the agaSa obser-

vatory near tokyo. agaSa was detecting 
too many UheCrs above a certain energy 
cutoff. theorists had predicted that protons 
flying through the universe would interact 
with primordial photons from the big bang 
and lose energy, and that no cosmic rays 
above 60 exa-electron volts (eev) would 
reach earth. hires, using a different meth-
od than agaSa, also found very energetic 
particles, though not as many.

the agaSa data presented a conun-
drum. no particles originating from 
beyond about 160 million light-years could 
retain an energy level above about 60 eev, 
yet nothing known within 160 million 
light-years could produce a particle pack-

ing 60 eev. if the agaSa numbers were 
real, this would imply new physics was 
afoot to create "local" high-energy particles.

auger, utilizing both the agaSa and 
hires methods, has detected over a million 
cosmic rays. of these, only 77 were above 
40 eev; 27 were above 57 eev; and 15 were 
about 60 eev. hence, auger identified the 
theorized cutoff around 60 eev, meaning 
agaSa’s observations in the zeta-electron 
volt range were likely inaccurate. 

the auger team also found that 20 of 
the 27 UheCrs above 57 eev pointed 
back to galaxies with supermassive black 
holes… probably. the best the team could 
say with its limited statistics is that the 
UheCrs don’t appear to be isotropic 
(independent of direction), and that they 
can be traced to regions of high matter 
density. black holes are a likely source.

the auger announcement is premature 
at best, according to hires. the team 
looked at its data in the northern hemi-
sphere and found no such correlation with 
black holes. also, the auger team made 
several assumptions. little is known about 
intergalactic magnetic fields, for example. 
the auger team allowed for a slight bend-
ing of about 3º from a straight path 
between earth and the proposed origins. 
the distortion could be greater. to resolve 
these issues, more UheCrs are needed.

nobel laureate James Cronin, who co-
established the auger project, called the 
work so far "a fundamental discovery." 
While that might be a bit overblown — 
they may be right, but the data doesn’t sup-
port them yet — Cronin is correct that 
scientists are entering into an era of astron-
omy when discoveries are based not just on 
the detection of light but by sampling cos-
mic particles. 

CHRISTOPHER WANJEK is a communications 
director at the National Institutes of Health. 

His opinion on cosmic rays does not represent 
the NIH, mainly because the NIH has no 

opinion on cosmic rays.

UHECR . . .
Faster than a speeding bullet by an order of a few million, ultrahigh-energy cosmic rays have defied 
explanation . . . until now . . . maybe.

armchair astrophysics

The Pierre Auger Observatory in Argentina 
is a hybrid detector. On the hill is one of the 
four Fluorescence Detector buildings and a 
communications tower. In the bottom fore-
ground is one of the 1,600 surface detectors.
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by Katherine Bracher

this past autumn, many of us were 
delighted to see Comet holmes, 
which unexpectedly brightened 

about fifteen magnitudes and became a 
naked-eye object easily visible even in a 
light-polluted sky. but our knowledge of 
this comet goes back to its discov-
ery in 1892 during a similar out-
burst. Since then it has been a very 
faint telescopic object and was even 
lost for a while.

edwin holmes of london, 
england, first found the comet that 
bears his name on november 6, 
1892. While observing the 
andromeda galaxy, he spotted an 
object looking like a “round, nebu-
lous mass 5 arcminutes in diame-
ter,” according to gary Kronk in his 
book Comets: a Descriptive 
Catalogue. holmes reported that it 
was brighter than the andromeda 
galaxy, giving it an apparent magni-
tude of about 4. during the next 
few weeks, more observations led to 
the calculation of an orbit, which 
indicated that holmes was a short-
period comet (6.9 years) that was 
closest to the Sun (2.14 a.u. or 
astronomical units) on June 13, 1892. Since 
the comet had passed perihelion and its 
closest point to earth (perigee) before being 
discovered, astronomers expected it to fade 
quite rapidly.

however, by late november it was still 
bright and had developed a tail a half-de-
gree long and a coma of similar size. it 
faded during december and sank to magni-
tude 9 or10 by January. but to everyone’s 
surprise, on January 16 it flared up again 
and briefly became a 5th-magnitude, naked-
eye sight. after that it continued to fade, 
and it was last seen on april 6, by which 
time it was fainter than 12th magnitude.

at its next return in 1899, Comet 

holmes was recovered at magnitude 16 
near its predicted position. based on its 
previous performance, astronomers expect-
ed it to brighten significantly, but it rose to 
only 13th magnitude. in 1906 it was again 
seen, this time at 15th magnitude. 
Calculations indicated that it should have 
passed close to Jupiter in 1908, an encoun-
ter that would likely alter its orbit. it was 

not found at its next predicted return and, 
in fact, was not seen again for more than a 
half century.

in the december 1963 issue of the 
Astronomical Journal, brian marsden 
reevaluated the orbit, which led to the 
recovery of Comet holmes in 1964 by 
elizabeth roemer at the US naval 
observatory in Flagstaff, arizona. it 
remained faint (magnitude 18.7) on this 
return and for all its subsequent reappear-
ances. the comet passed close to Jupiter in 
1968 and again in 2004; this last pass 
decreased its perihelion distance to 2.05 a.u. 
and its period to 6.88 years.

now officially called Comet 17/P 

holmes, it passed perihelion on may 4, 
2007, never rising above magnitude 14.5. 
but on october 24, Juan antonio henriquez 
Santana in the Canary islands reported that 
it was much brighter. other observers 
quickly confirmed this and documented its 
rise to magnitude 2.6 in less than 48 hours! 
by early november it had developed a short 
tail and its coma had a diameter larger than 

that of the Sun. and it remained 
bright; in late november observers 
were still reporting it to be brighter 
than the andromeda galaxy. as of this 
writing (early december), it is still vis-
ible to the naked eye in a dark sky and 
in binoculars in light-polluted cities.

So what happened to this comet? 
Clearly there was a huge outburst in 
1892 but no others until now. on 
october 23rd it seems to have shot off 
a huge amount of dust, perhaps a 
hundred million tons. as to what trig-
gered this, Kronk wonders if the 
change in perihelion distance that 
brought it a little closer to the Sun had 
something to do with it. J. Kelly 
beatty of Sky and Telescope writes: 
“most likely, repeated warmings by 
the Sun caused a dusty, ice-free ‘crust’ 
to form on the nucleus, sealing the 
interior. over time the pressure 
beneath this seal steadily grew as 

once-frozen ice became gas, eventually 
breaking through and sending large chunks 
of crust flying into space that quickly disin-
tegrated into microscopic dust.” 

now we wonder whether, as in 1892, 
Comet 17/P holmes will have another out-
burst a few months later. by the time you’re 
reading this, we’ll likely know the answer to 
that question. 

KATHERINE BRACHER (bracher@whitman.edu) 
taught astronomy at Whitman College in Walla 

Walla, Washington, for 31 years. Retired in 1998, she 
currently lives in Austin, Texas. Her research focuses 
on eclipses and the astronomy of the ancient world; 

her other principal interest is early music.

Comet Holmes
Two outbursts, separated by 115 years, make this an odd comet.

echoes of the past 115 YeARS AgO

This early evening scene, captured November 11, 2007, from 
Breil-sur-Roya, France, shows Comet Holmes to the left of 
Perseus, while to the comet's left, a satellite streaks behind 
the pine trees.
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by Clifford J. Cunningham

John dee, a most extraordinary charac-
ter, died in 1608. in the ensuing 400 
years he has often been regarded as lit-

tle more than an astrologer or a charlatan, 
but this view has been revised by modern 
research.

born in london in 1527, dee was 
already a well-known scientist and astrolo-
ger by the time Queen elizabeth i ascend-
ed the english throne, and he soon became 
her advisor on scientific and astrological 
matters. now imagine the following as a 
dramatic scene in a movie. 

the location: Windsor castle, just out-
side of london. the time: 1577. a large 
comet has appeared, spreading terror 
across europe. hysterical anxiety grips the 
english court, and Queen elizabeth dis-
cusses how best to handle the situation 
with her confidant, John dee. dee dis-
misses the usual dire warnings associated 
with comets, and instead tells the Queen 
it is a portent not of her destruction, but 
of her elevation — the fulfillment of a 
great destiny. her courtiers advise that she 
look away from the comet, but she steps 
out onto the balcony of the castle and 
gazes directly at it, and says in latin, “the 
die is cast.” 

one can almost hear the symphonic 
crescendo in the movie soundtrack! the 
best part is that it really did happen. What 
a destiny indeed.

among other things, dee was keenly 
interested in comets. he sketched the 
great Comet of 1577 in his notebook, and 
upon a large celestial globe constructed by 
gerard mercator, he marked his own 
observations of other comets. this merca-
tor globe was one of the most valuable 
artifacts in dee’s library, which became the 
largest academic library in europe. it was 
established at mortlake, now part of great-
er london, and was visited by none other 
than elizabeth i. other distinguished visi-

tors to the library included the adventurer 
Sir Walter raleigh and thomas harriott, 
england’s foremost astronomer. 

his library was a marvel of the elizabe-
than age, containing 2,317 printed books 
and 368 manuscripts. We know it well 
because it was meticulously catalogued in 
1557 and again in 1583. after his depar-

ture for Poland in 1583, mortlake was ran-
sacked, and the collection suffered serious 
damage; dee estimated that 500 books 
were taken. the names of those responsi-
ble are now known and, by a curious irony, 
the books stolen by one of the culprits 
form the largest surviving part of dee’s 
printed library (more than 300 of his 
books have been found). the british 
library holds the greatest number of man-
uscripts that formerly resided in dee’s 
library. they have 118 manuscripts in 
total, covering topics such as astrology, 
astronomy, history, geography, mathemat-
ics, medicine, music, natural history, navi-
gation, and theology. 

dee’s collection included astronomical 
instruments, too. one was a quadrant, 
made by his friend, richard Chancellor, 
the first englishman to reach russia via its 

northern port of archangel. it measured 
five feet in semi-diameter, and dee relates 
that he and Chancellor used it to make 
observations of the Sun’s height on the 
meridian just before Chancellor sailed on 
his last voyage in 1556 (during which he 
and his crew perished). on dee’s return 
from Poland in 1559, he found it had been 
hacked to pieces with hammers. 

even though dee’s library is no longer 
intact, the scholarly publishing house 
adam matthew Publications has done an 
admirable job in reconstructing the con-
tents of much of his library in a series of 
microfilms.

Some scholars believe that the true 
beginning of the age of enlightenment 
came from dee’s landmark work: The 
Mathematicall Praeface to Elements of 
Geometrie of Euclid of Megara. Considered 
by historians to be equal in stature with 
Francis bacon’s The Advancement of Learn-
ing, the Preface was the first treatise in his-
tory specifically directed to scientists but 
written in english in order to open and 
expand the world of science for all people. 
in the Preface, the application of mathe-
matics to various scientific disciplines was, 
for the first time, explained comprehen-
sively, with added information that would 
substantiate applications from mysticism, 
metaphysics, and philosophy.

in fact, dee saw mathematics as the key 
to all knowledge. this was an amazing 
leap of intellect, one that even einstein did 
not recognize until after he had developed 
the special theory of relativity. in the 21st 
century, this idea is now being advocated 
by Professor max tegmark at mit, who 
believes the universe is a mathematical 
structure. anyone who said that in the 
16th century would have been branded a 
mystic. today they’re called a cosmologist. 
John dee would be pleased. 

CLIFFORD CUNNINGHAM recently gave a 
presentation on his asteroid-history research at 

James Cook University in Australia.

John Dee at 400
A 16th-century writer, book collector, and scientist/astrologer in the court of Elizabeth I.

annals of astronomy
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by David Bruning

at each of the last few astronomy 
education meetings i have attended, 
there has been a session or paper 

describing what astronomy topics we can 
drop from an introductory astronomy 
course. in an outburst of self-righteousness, 
i contend that is the wrong question. a cur-
riculum shouldn’t be based upon a 
textbook’s table of contents or index 
and then whittled away until we can 
squeeze what’s left into 15 weeks. 
rather, we should “zero-base” the 
program and build topics on a 
framework of more fundamental 
principles.

For my astronomy course, i pick 
several narratives and several learn-
ing outcomes, and then try to build 
the curriculum on those “hooks.” 
yes, you read correctly. instead of 
topics, we should be sharing story 
lines, because there’s an underlying 
cohesiveness in the subject that we 
want students to learn. 

one “story line” that moves 
through my course is how we find distanc-
es to astronomical objects. one learning 
outcome i want is for students to improve 
their analytical (or quantitative) reasoning. 
For example, i choose to discuss magni-
tudes as a means to develop their reason-
ing. more specifically, i spend a week and a 
half on this topic to allow students to prac-
tice this in class; develop the thinking pat-
terns needed to determine which stars are 
brighter and which ones are farther; and to 
link apparent magnitude, absolute magni-
tude, and distance as a logical triad that 
enables students to evaluate any of the 
three quantities. less time than that and 
we’re not developing their thinking skills 
and reaching our goals. i don’t ask which 
topics need to be dropped because we 
spent so much time on magnitudes. rather, 
i ask which topics will help build a distance 

ladder that will enable us determine how 
far away galaxies are.

in the first class, i ask students to be 
mindful of four questions for every topic 
we discuss: What does it mean? how do we 
know? Why do we think this? Why do i 
want this?

Feedback from students tells me that 
concentrating on how we know has a bigger 
impact on them than any individual topic 

does. it takes time to show students how we 
can know, but i want students to under-
stand that science is based on evidence and 
testing, not opinion (one of the learning 
outcomes). So i build time into my curricu-
lum to develop the how-we-know sub-plots 
and create the transitions between concepts 
that form the “why i want this.”

Sometimes it takes fortitude not to think 
of zero-based subject development as sabo-
taging the course. after all, every instructor 
has special topics she/he loves to talk about, 
and we want to share our boundless enthu-
siasm for astronomy with students. but one 
has to cast off thinking about “what am i 
leaving out” and fabricate the structure of 
the course based on only a few central 
ideas. other topics will necessarily come in 
as supporting actors to help develop the 
story lines we wish to narrate. remaining 

topics aren’t necessary to the course and 
shouldn’t be added just because we wish to 
be complete.

as discussed by bruce Partridge and 
george greenstein in their Astronomy Edu-
cation Review article “goals for astro 101,” 
all of us do not need to teach the same 
thing, and we need not try to have a com-
mon curriculum. So how do you zero-base 
your curriculum? i picked four topics for 

my astro 101 course: how big is the 
universe, how do stars change, how 
did we get here, and what does it 
mean to be a planet. i then chose 
four or five main points of evidence, 
or sub-plots, that build toward each 
story line, aiming to have some of 
these repeat in different sections. 
For example, the synthesis of ele-
ments is key evidence for the infla-
tionary model of the universe. it 
also ties into the production of ele-
ments by stars as well as planetary 
composition. Quasars and active 
galaxies never appear in any story 
line, nor do asteroids, telescopes, the 
history of astronomy, or many other 
time-honored topics. they weren’t 

discarded; they were never added.
one caution. even with a zero-based 

approach, it’s easy to add one more sub-plot 
to a story line because it appears important, 
or because we want to add that dazzling, 
newly released image. instead, consider 
using enrichment items for these extra top-
ics rather than taking up class time. 

afraid of giving up your favorite topics 
cold-turkey for an entire semester? try 
zero-basing just one section of your course. 
Focusing the story you tell will reap many 
benefits, including a clearer perception by 
students as to which concepts are key. Who 
knows? they may even thank you. 

DAVID BRUNING (david.bruning@uwp.edu) is a 
Distinguished Lecturer at the University of 

Wisconsin-Parkside. He is working to focus his 
storylines for next semester.

What Do We Keep?
Or should we ask, instead: What do we save?

education matters
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By Vivian White and Tierney O’Dea

the world is changing, there’s no 
doubt about it. today’s kids are hard 
to impress, easily distracted, and 

already more tech savvy than most of us 
will ever be. they want answers and they 
want them yesterday. Who goes to the 
library to look something up when it’s eas-
ier, faster, and more fun to google it? Card 
catalogue — what’s that? Wikipedia has 
more entries than the encyclopedia sitting 
on your shelf, and it even knows the latest 
count of exoplanets! Freshmen entering 
college have never known a world without 
a robust internet and access to these 
immediate sources.

in order to reach out to today’s students 
we, as educators, must speak to their expe-
riences and interests. astronomy has lost 
none of its appeal but attention spans are 
now much shorter. Who has time to wait 
for a dark sky on a clear night, bundle up, 
and set up a telescope to search out the 
wonders of a winter sky? Well, you and i 
will do all that, but what about our stu-
dents? Still, why wait for local nighttime 
when half the world is dark right now? and 
what if it’s cloudy, or your urban sky is 
filled with light pollution, or your bedtime 
is before the object you want to study rises? 

grade-school students learning about 
astronomy rarely get an opportunity to 
observe the deep sky first-hand. restric-
tions on time, location, and equipment 
limit their experience with telescopes to an 
occasional star party, where a student may 
have only a few minutes at the eyepiece. but 
now some lucky students are able to expand 
their astronomy knowledge by exploring 
the night sky right from their classrooms. 

Since 2003, the Slooh online observato-
ry in the Canary islands has delivered 
almost a quarter million live images to its 
global membership in more than 70 coun-
tries. the observatory is dedicated to 
revealing the universe to skywatchers of all 

ages by making their observing technology 
work with point-and-click ease. Slooh’s 
community engages in online discussions, 
astrophotography, and nightly interactive 
Skyguide broadcasts. the company will 
soon have additional observatories in Chile 
and australia, opening the Southern hemi-
sphere for live viewing. 

the beauty of a remote telescope off the 

coast of africa is that students in the US get 
access to the night sky in the early after-
noon, while school is still in session. Users 
log on to the “mission interface,” where 
they can follow other observing projects or 
point the telescope themselves. Slooh’s ease 
of use also makes it ideal for taking beauti-
ful astronomical images without having to 
learn any image-processing techniques.

the aSP discovered the Slooh online 
observatory thanks to bob thomason, a 
longtime member and supporter of our 
educational programs. he approached us 
with a great idea — to train local Project 
aStro teachers to use Slooh in the class-
room to teach astronomy. We put together 
a lesson combining history, kinesthetic 
explorations, and observations of venus to 
allow students to find out for themselves 
that the moon is not the only object that 
has phases. With some great feedback and 
encouragement from the initial 16 work-
shop participants, the aSP has started to 
build on the new partnership with Slooh 
and explore how to successfully address the 
needs of today’s students.

From these beginnings a new initiative, 
Slooh for Schools (www.slooh.com/schools), 
was born in the spring of 2007. the goal is 
to give students a better understanding of 
celestial wonders as well as inspire curiosity. 
We envision lessons that combine active 
learning with reasoning skills and fun 
observing sessions. Students will create a 
personal connection to the cosmos through 
the images that they take themselves. 

While still in the initial stages of devel-
opment, plans include a comprehensive 
website for teachers with free activities and 
a user guide tailored for classroom use. 
also, additional radio shows dedicated to 
teachers and students will enhance the 
already popular Skyguide feature that 
includes personalities such as david levy 
and bob berman. new classroom friendly 
features will be added to the site as well as a 
classroom membership, all with teachers’ 
needs in mind. you can sign up for updates 
on the project at www.slooh.com/schools/
asp_signup.php.

there is no replacement for a good long 
night of observing under clear skies, but 
there are many ways of sharing the joys of 
the night sky. live remote observing is sim-
ply a new 21st-century tool that can help 
students discover astronomy and promote 
science literacy. the aSP is happy to con-
tinue delivering content that excites stu-
dents. more than one hundred years of 
expertise has come together to propel us 
into the coming century. as Professor John 
m. richardson, Jr. (School of international 
Service at american University, Washing-
ton, dC) said, “When it comes to the 
future, there are three kinds of people: 
those who let it happen, those who make it 
happen, and those who wonder what hap-
pened.” Join us as we make it happen. 

VIVIAN WHITE  (vwhite@astrosociety.org) keeps 
busy at the ASP with Bay Area Project ASTRO, the 

Night Sky Network, and Sharing the Universe projects. 
TIERNEY O’DEA  (Tierney@slooh.com) is a science 

writer and COO of the Slooh Online Observatory.

Slooh for Schools
A partnership that brings the night sky to the 21st-century classroom.

societal impact
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by Robert Naeye

Astronomers can’t see most of the 
universe, so it is a real challenge 
understanding what it’s made of.

m y s T E r y 
d a r k  E n E r g y

o f

The galaxies we see represent only a fraction of 
the total amount of mass and energy in today’s 
universe. Image courtesy NASA, ESA, Steven 
Beckwith (STScI), and the HUDF Team.

http://hubblesite.org/newscenter/archive/releases/2004/07
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to picture the effect of a runaway uni-
verse, imagine an inflating balloon that can 
grow for eons without bursting. at first, an 
operator pumps air into the balloon at a 
constant rate, causing it to inflate in a 
smooth and steady fashion. as the operator 
ages, the pumping slows and the balloon’s 
rate of expansion also starts to slow. but after 
a few billion years, the operator’s teenage son 
takes over and cranks up the pressure. Sud-
denly, the balloon begins expanding faster 
and faster. this scenario is somewhat analo-
gous to what’s happening today.

michael turner of the University of Chi-
cago coined the term “dark energy” to 
describe the unknown force that is hasten-
ing cosmic expansion. Whatever it is, dark 
energy makes up the bulk of the universe’s 
mass-energy budget — about 74%. of the 
rest, 22% consists of dark matter and a mere 
4% of the cosmos contains the type of mat-
ter we can actually see. to put it another 
way, scientists are in the same position with 
respect to dark energy as someone who has 
no idea what water is despite the fact it cov-
ers more than 70% of earth’s surface. 
explaining dark energy’s nature is one of 
the greatest challenges in modern physics.

The Evidence
astronomers have known since the late 
1920s that the universe is expanding, 
because distant galaxies are moving away 
from earth faster than nearby ones. Cos-
mologists thought that the rate of expansion 
was slowing due to the mutual gravitational 
attraction of the trillions of galaxies in the 
cosmos. So during the 1990s two groups, 
the Supernova Cosmology Project (led by 
Saul Perlmutter) and the high-z Supernova 
Search team (led by brian Schmidt), decid-
ed to measure this rate of deceleration. to 
their surprise and the befuddlement of the 
scientific community, both teams reported 
in 1998 that they had found the opposite 
effect: the rate of expansion in today’s    
universe is accelerating, not decelerating.

 both groups observed exploding stars 
known as type ia supernovae. these occur 
when a white dwarf, the earth-sized core of 
a dying star that has ceased burning nuclear 
fuel, exceeds 1.4 solar masses. any white 
dwarf pushed over this mass limit, either by 
pulling in material from a binary compan-
ion, or by colliding with another white 
dwarf, will detonate as a type ia supernova. 

because all type ia’s share a common 
origin, they seem to be similar in their 
intrinsic brightness and other properties. 
this fact, coupled with their extremely high 
luminosity, makes them handy “standard 
candles” for measuring cosmic distances. So 
if one of these supernovae in a distant gal-
axy looks much fainter than one in a nearby 
galaxy, then that distant galaxy really is sig-
nificantly farther away than the nearby one.

by studying the light from numerous 
type ia supernovae, astronomers can estab-
lish the distance to the host galaxies. other 
kinds of observations (such as measuring 
their redshift) yield how fast these galaxies 
are receding. together, this information 
reveals the cosmic expansion rate at differ-
ent stages in the life of the universe, and it 
turns out that today’s universe is expanding 
faster than it was in its youth. 

the fact that two competing teams 

Ten years ago a startling discovery stunned the 
astronomical community. Contrary to expecta-
tions, the expansion of the universe is accelerat-
ing, and remote galaxies are speeding away from 
us so rapidly that they will someday disappear 
from view. This finding was so profound that it 
has revolutionized our understanding of the uni-
verse’s past, present and future.
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Supernovae such as SN 1994d on the outskirts of the galaxy NGC 4526 (left) are easy to spot. Those in very distant galaxies (above) are more challenging to find and monitor.

http://supernova.lbl.gov
http://cfa-www.harvard.edu/supernova/home.html
http://cfa-www.harvard.edu/supernova/home.html
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attained the same result using a reliable 
method gives scientists great confidence 
that the conclusion of an accelerating uni-
verse is fundamentally correct. in recent 
years, different techniques (and additional 
observations of more type ia supernovae) 
have provided powerful supporting evi-
dence that cosmic acceleration is real. 

The Candidates 
almost immediately after the discovery of 
cosmic acceleration was announced in 
1998, theorists began speculating about 
what force could be responsible and have 
since proposed dozens of ideas. the prob-
lem is not a lack of theories about what 
dark energy could be. We have too many 
ideas, and we don’t know which idea — if 
any — is correct. 

if you took a poll of physicists, the most 
popular explanation for dark energy would 
be albert einstein’s “cosmological constant.”  
When einstein published his general theory 
of relativity in 1915, the scientists of the day 
assumed that the cosmos was neither 
expanding nor contracting. but einstein 
knew that the gravitational pull of all the 
universe’s mass would tend to make it con-
tract. to maintain a static universe, he 
added a constant term to balance the force 
of gravity. the term assumes each cubic 
centimeter of “empty” space actually con-
tains energy, which exerts an outward pres-
sure and counteracts the universe’s 
tendency to shrink. in 1929, after the dis-
covery that the cosmos is actually expand-
ing, einstein retracted his constant, 
deeming it unnecessary.

Physicists who developed quantum the-
ory proposed that space is filled with “vir-
tual” particles that continually form and 
destroy themselves, which means empty 
space contains a small amount of energy. 
this idea may sound crazy, but it has been 
verified in numerous laboratory experi-
ments. Could the energy associated with 

empty space — often known as vacuum 
energy — exert an outward pressure that 
causes space to inflate? this concept pro-
vides a natural explanation for accelerating 
expansion. as cosmic expansion creates 
more empty space, the total amount of vac-
uum energy increases, which would accel-
erate cosmic expansion.

Supernovae such as SN 1994d on the outskirts of the galaxy NGC 4526 (left) are easy to spot. Those in very distant galaxies (above) are more challenging to find and monitor.

With the discovery of an accelerating cosmos, astronomers initially thought the universe would 
expand forever. But if acceleration increases dramatically in the future, the fate of our universe could 
be a “Big Rip,” when galaxies, stars, planets, and even atoms are pulled apart. On the other hand, if 
the repulsive force of dark energy weakens over time, gravity could regain dominance, pull the galax-
ies inward, and end cosmic life with a “Big Crunch.” 
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the idea remains attractive to cosmolo-
gists, but it comes with a nasty problem. 
When theorists work out the energy that 
should exist in so-called empty space, they 
calculate an amount that is as much as 10120 
larger than what they actually observe! if 
correct, this is a huge discrepancy — the 
widest ever between theory and observa-
tion. if the calculated amount of vacuum 
energy were the true amount, the universe 
would have literally blown itself apart 
moments after the big bang, and we 
wouldn’t be around to ponder the nature of 
dark energy. to get around this embarrass-
ing inconsistency, many cosmologists think 
there is some quirk of nature that almost — 
but not perfectly — cancels out this effect, 
leaving behind a residual force that has 
enough “oomph” to accelerate cosmic 
expansion. but no one has any idea what 
this quirk might be. 

other astronomers think that dark ener-
gy takes the form of an energy field whose 
strength varies over time and space. the 
outward pressure in such a dynamical field 
might change in the future. a decrease 
could even reverse cosmic expansion and 
perhaps lead to a big Crunch as the cosmos 
collapses back in on itself. Still other theo-
rists have proposed that cosmic acceleration 
is caused by our universe interacting with 
other universes, or is an effect of gravity 
leaking into dimensions beyond our famil-
iar four dimensions of space and time. yet 
another idea suggests that isaac newton 
and albert einstein were wrong, and gravi-
ty actually behaves differently over very 
large distances. 

Is Dark Energy For Real?
Since dark energy’s strength in an given 
small volume of space is negligible, it’s 
exceedingly difficult to probe in labora-
tory experiments. the only way to study 
it is on an intergalactic scale across vast 
tracts of space. ten years ago, the exis-
tence of dark energy was discovered by 
two teams using ground-based optical 
telescopes to study several dozen super-
novae. Since then, other astronomers 
have used a formidable array of instru-

ments to measure the 
varying speed of cosmic 
expansion during the 
entire 13.7-billion-year 
history of the universe.  

From its lofty perch, 
the hubble Space tele-
scope can view distant 
galaxies without their 
light being distorted by 
earth’s atmosphere. this 
gives hubble the ability to 
complement ground-
based studies by observ-
ing supernovae at much 
greater distances (and 
therefore farther back in 
time). these studies have 
revealed that for slightly 
more than the first half of 
its life, the universe’s 
expansion rate was decel-
erating. then deceleration 
switched to acceleration, 
and the rate of accelera-

tion has been increasing ever since.  
these results agree with theoretical pre-

dictions. the early universe was much 
smaller than it is today, so galaxies were 
crammed more tightly together. the influ-
ence of gravity, which counteracts cosmic 
expansion, must have been greater in the 
past. in addition, since there was less empty 
space, dark energy (assuming it’s vacuum 
energy) had less influence. but theorists 
realized that when our universe reached 
some critical size, the “balance of power” 
tipped from gravity to dark energy, and 
deceleration turned into acceleration. 
according to hSt observations, that transi-
tion took place some five billion years ago.

another space-based telescope —the 
Chandra X-ray observatory — has bol-
stered this conclusion. by studying the 
X-ray emission of hot gas that envelops 26 
different clusters of galaxies, and using 
these measurements to calculate the dis-
tances to these clusters, a team led by Steve 
allen and andrew Fabian found that the 
expansion of the universe began accelerat-
ing about 6 billion years ago. this tech-
nique provides an independent check of 
galaxy-cluster distances, and the Chandra 
result agrees with the hubble result within 
the margin of error of the studies.

a completely independent confirma-
tion of the presence of dark energy came 
from the Wilkinson microwave anisotro-
py Probe (WmaP), a satellite that mea-
sured the cosmic microwave background 
(Cmb) radiation leftover from the forma-

This illustration reveals the changing rate of cosmic expansion: the shallower the curve, the faster 
the rate. The curve changes noticeably five or six billion years ago.

This composite shows the galaxy cluster MACSJ1423 in optical and 
X-ray wavelengths. The mass of the hot gas (red) is about six times 
greater than the mass of all the billions of stars in all of the galaxies 
in the cluster. This galaxy cluster is some 5.4 billion light-years away.  
Optical image courtesy NAOJ, Subaru, and Harald Ebeling. X-ray 
image courtesy NASA, CXC, IoA, and Steven Allen et al.
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tion of the universe. the Cmb gives scien-
tists a picture of what the universe looked 
like when it was only 400,000 years old.

the Cmb isn’t uniform across the 
entire sky; here and there WmaP found 
miniscule irregularities in the distribution 
and temperature of the microwaves. these 
irregularities led to variations in the densi-
ty of matter in the early universe. by com-
paring the distribution of matter in the 
early universe with what’s seen today, sci-
entists can discern the role played by dark 
energy in shaping cosmic structure. 

by analyzing temperature fluctuations 
of a mere 0.00001º Celsius in the WmaP 
data, and combining the information with 
other research, cosmologists have deter-
mined that our universe is 13.7 ± 0.2 bil-
lion years old, and that its inventory adds 
up to 74% dark energy, 22% dark matter, 
and 4% of the type of matter that makes 
up atoms and other familiar particles. 
according to theory, a universe comprised 
of 74% dark energy would have transi-
tioned from deceleration to acceleration 
about 5 billion years ago, so WmaP’s 
results are consistent with other studies.

the fact that these totally different 
research methods yield results that agree 
so closely gives scientists great confidence 
that dark energy is for real, and that the 
standard cosmological big bang model 
stands on solid ground. other studies have 
also produced consistent results. the con-
cept of dark energy is here to stay.

Now What?
the story of dark energy is a perfect exam-
ple of how science works. astronomers 
discover something weird (dark energy) 
that doesn’t fit current scientific thinking. 
theorists rush in with ideas, concepts, sup-
positions, and models that try to explain 
dark energy and how it affects our under-
standing of the history and future of the 
universe. then astronomers step up with 
observing proposals and more observa-
tions that will give the theorists more data 
to refine their theories so that astronomers 
can make more observations . . . and on 
it goes until there’s general agreement in 
the scientific community that the puzzle 
has been solved.

So having determined that dark energy 
exists and the expansion of the universe is 
accelerating, astronomers are refining their 
measurements and dreaming up new ways 
to poke and probe this mysterious force. 
the Supernova Cosmology Project’s latest 
effort uses the hSt to search for type ia 
supernovae in massive galaxy clusters. 

these clusters are dominated by nearly 
dust-free galaxies, so the light from their 
exploding stars won’t be noticeably 
dimmed by galactic dust. dimming is a 
source of uncertainty when determining 
distances to type ia supernovae, and 
errors in distance estimates can alter our 
understanding of how dark energy works. 

Coming up in the not-too-distant 
future is the successor to the hubble Space 
telescope — naSa’s James Webb Space 
telescope (JWSt), which will significantly 
improve upon hubble’s studies of distant 
type ia supernovae. With its 6.5-meter 
mirror and longer-wavelength infrared 
capabilities, the JWSt is ideally equipped 
to probe supernovae in the first few billion 
years of the universe. in fact, it will find 
hundreds of them serendipitously. this is 
an epoch when dark energy was unim-
portant, and so will not be well explored 
by the Joint dark energy mission (see 

below). but those supernovae will allow 
astronomers to understand supernova evo-
lution and thereby solidify Jdem’s mea-
surement of cosmic expansion history.

nobody knows how long it will take  
scientists to crack the mystery of dark 
energy. given the complexity of the task, 
some physicists think it might require a 
multi-generational effort. in fact, we may 
not even be asking the right questions 
about physics and cosmology, since we 
don’t know what dark energy is and can’t 
be certain what types of observations will 
be critical to solving the mystery. So cos-
mologists theorize, astronomers observe, 
and the rest of us wait to learn how dark 
energy will affect our cosmic destiny. 

ROBERT NAEYE of SP Systems is a senior 
science writer working for NASA’s Goddard 
Space Flight Center. He is a former Sky & 

Telescope editor and a past editor of Mercury.

WMAP’s all-sky picture of the 400,000-year-old universe reveals temperature fluctuations (shown as 
color differences) in the young universe that correspond to regions where galaxies ultimately formed.

Future Flights

 In addition to supporting the work being done by its current crop of orbiting 
observatories, NASA is contemplating several cutting-edge space missions that 

will search for answers to the riddle of dark energy. One of them is the Joint Dark 
energy Mission (JDeM), a joint NASA-Department of energy mission, which has a 
primary goal of studying dark energy and how it evolves with time. Currently, three 
concepts for JDeM have been proposed (more may emerge during the next year): 
the Advanced Dark energy Physics Telescope (ADePT), the SuperNova/Accelera-
tion Probe-Lensing (SNAP-L), and the Dark energy Space Telescope (Destiny). each 
mission will measure how the universe’s expansion rate has changed over time by 
studying Type Ia supernovae. But each will also incorporate one additional mea-
surement technique to use as an independent check on the supernova method of 
measuring the changing rate of cosmic expansion.

—R. N.
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by Linda M. V. Martel

Researchers studying some tiny, 
rare meteorites call them melted 
crumbs from the asteroid Vesta.

Spacecraft views of different asteroids. Clockwise 
from lower left: Ida (with its moon Dactyl), Itokawa, 
Mathilde, Gaspra, and Ida. With a diameter of 512 
kilometers, asteroid Vesta is more than eight times 
wider than Ida or Mathilde, the largest of the rocky 
worlds shown. Images not to scale. All images 
courtesy NASA except Itokawa (ISAS / JAXA).
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falls on the land unnoticed, thousands of 
micrometeorites have been collected suc-
cessfully from deep-sea sediments, from the 
snow and ice of the polar caps, and now 
from a water well at the South Pole. 

Concentrations of Cosmic Debris
if you think it’s cold where you live, consid-
er this cool little story about ice . . . ant-
arctic ice . . . studded with minuscule 
grains from the cosmos. researchers are 
studying extraterrestrial materials that are 
particles and spherules less than a millime-
ter in size but whose combined mass 
accounts for about 1,000 tons of new stuff 
added to earth yearly. a micrometeorite is 
generally defined as a tiny meteorite larger 
than 50 micrometers but smaller than a 
millimeter. micrometeorites that have either 
partially or completely melted when plung-
ing through earth’s atmosphere are called 
cosmic spherules.

Just as the antarctic blue ice serves as an 
ideal collector of meteorites, it also pre-
serves micrometeorites and cosmic spher-
ules that land on the surface and are 

subsequently incor-
porated into ice lay-
ers. in his book 
Meteorites, Ice, and Ant-
arctica: A Personal 
Account, William Cassidy 
(University of Pittsburgh, and 
founder of anSmet — the 
antarctic Search for meteorites 
project) retells a detail from the story of 
Paul Siple, the boy Scout on admiral rich-
ard byrd’s expeditions to antarctica in 
1928–1930 and 1933–35. one day Siple col-
lected a jar of grains from the bottom of an 
icy cavity at one of the base camps, where 
the crew had melted ice for drinking water. 
though no one knows where his jar is now, 
Siple’s collection no doubt contained micro-
meteorites mixed with rocky, volcanic frag-
ments from past eruptions of nearby 
volcanoes. 

Collecting Cosmic Debris
in a modern version of Siple’s effort, Susan 
taylor (Cold regions research and engi-
neering laboratory) and her colleagues col

lected 
micro-

meteorites 
with an inge-

niously designed robot 
from a decidedly out-of-the-way place: the 
water well at the amundsen-Scott South 
Pole Station. the South Pole water well is a 
4,000-cubic-meter pool located 100 meters 
below the surface. it has supplied the drink-
ing water to the US amundsen-Scott South 
Pole Station since January 1995. 

this well is one of the largest sources of 
micrometeorites exploited to date. the well 
itself helps concentrate the micrometeorites, 
because the large pool volume and low cir-
culation rate allows the particles to form a 
deposit on the bottom of the well. there is 
a small well house on the surface that hous-
es the drilling and operating equipment. an 
adjacent hole and shelter were constructed 
in 1997 expressly for the collection of 
micrometeorites. the remote-controlled 
robotic collector is lowered down a 30-cen-
timeter-diameter well neck to the icy bot-
tom of the pool where it maneuvers to 
suction, filter, and gather the micrometeor-
ites and cosmic spherules without contami-
nating the well or the water.

after an initial electron microprobe 
analyses of the micrometeorites and cosmic 
spherules collected from the well, the 
research team chose 10 for further study 
because of their unusual shapes or mineral-
ogy. Scanning electron microscope images 
of the ten cosmic spherules are shown in 
the sidebar on the next page. 

Analyses
in their 2007 article “Crumbs from the 
Crust of vesta: achondritic Cosmic Spher-
ules from the South Pole Water Well” 
(Meteoritics and Planetary Science, v. 42, p. 
223-233), taylor and her colleagues (greg 
herzog and Jeremy delaney) describe how 
they measured the concentrations of major 

Micrometeorite bombardment accounts 
for almost 30,000 tons of material 
entering Earth’s atmosphere each year. 
Though most of the material evapo-
rates during entry or is lost at sea or
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These shelters (winch room and laboratory) at the South Pole water well house the equipment 
needed to support the remote-controlled collector. Inset: Susan Taylor stands by the collector, which 
is made of plastic and has a small slit along its length through which water is suctioned — basically a 
vacuum cleaner that can be driven from the surface.
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and minor elements, including iron (Fe), 
manganese (mn), and magnesium (mg), in 
these 10 specimens. theirs is one of the 
first studies to use iron/manganese (Fe/mn) 
and iron/magnesium (Fe/mg) ratios on 
micrometeorites. these particular ratios 
have been shown by previous researchers to 
be excellent diagnostic tools for distinguish-
ing achondrites (stony meteorites made of 
material similar to terrestrial basalts) from 
chondrites (stony meteorites that have not 
been modified due to melting of the parent 
body). these ratios determine where the 
meteorites came from.

Seven cosmic spherules, one from the 
current study (SP37-3) and six others reex-
amined from a previous study, have Fe/mn 
and Fe/mg ratios that make them unlikely 
to have come from the moon. in fact, these 
ratios lie near the values typical of hed 
meteorites. heds are a class of achondrites 
known as howardite, eucrite, and diogen-
ite meteorites thought to have originated 
from the crust of the asteroid vesta.

taylor and her colleagues also consid-

ered whether or not the cosmic spherules 
are like basaltic martian meteorites. they 
found that the mineralogies did not match, 
yet were not so far off as to completely rule 
out a martian origin. but given that heds 
outnumber martian meteorites by about 10 
to 1, taylor argues that the seven noncon-
dritic cosmic spherules are more likely to 
have come from a hed-like parent body. 
trace element and oxygen-isotope analyses 
of the seven cosmic spherules would give 
researchers even more information to better 
determine the sources of the spherules.

another nod to a hed-like parent body 
is the plagioclase feldspar grain found in 
cosmic spherule SP37-3. Plagioclase feld-
spar ranges in composition from calcium 
aluminum silicate (anorthite) to sodium 
aluminum silicate (albite). taylor and col-
leagues found the anorthite relic grain in 
SP37-3 is much more calcium-rich (an90, 
which means 90% calcium in the sodium/
calcium position in the crystal structure) 
than what’s found in shergottite martian 
meteorites, but it is comparable to anorthite 

(an72-90), which is commonly found in 
hed meteorites. 

micrometeoroids are susceptible to 
mass loss when passing through earth’s 
atmosphere. how do we know that the 

In this scanning electron microscope image of 
spherule SP37-3, the plagioclase feldspar grain 
is labeled “Pg.”
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Ten Cosmic Spherules Collected From the South Pole Water Well

SP37-1 is a tiny glass particle with an 
elongated shape. SP37-2 and SP37-5 

are glass spherules with vesticles (bub-
ble-shaped cavities) that were filled with 
terrestrial oxide grains after landing on 
earth. SP37-3 is another glass spherule 
with vesicles (black areas) containing an 
unusual plagioclase feldspar (An90) grain, 
which appears as a non-circular dark 

grey shape in the lower part of the 
spherule. Anorthite has not previously 
been reported in cosmic spherules. 
SP37-4 is a glass spherule with no vesi-
cles but a fractured edge. SP37-6 is a 
glass spherule with two (bright) metal 
regions and (darker grey) olivine grains. 
SP37-7 is a glass spherule with a (bright) 
bead of iron sulfide. SP37-9 is a vesicu-

lar fragment of a larger spherule. It con-
tains some iron sulfide grains and 
regions that did not completely melt. 
SP37-10 and SP37-11 are glass spherules 
with parts dissolved away, leaving etched 
surfaces.

—L. M.

Scanning electron microscope images of some of the cosmic spherules analyzed by Susan Taylor and her colleagues. All images are © 2007 
and courtesy Meteoritics and Planetary Science, v. 42, p. 223-233.

http://www.meteorlab.com/METEORLAB2001dev/achonds.htm
http://www.meteorlab.com/METEORLAB2001dev/ordchond.htm
http://ology-kids.net/exhibitions/permanent/meteorites/planets/vesta.php
http://www2.jpl.nasa.gov/snc/
http://geology.about.com/library/bl/images/blplagioclase.htm
http://geology.about.com/library/bl/images/blplagioclase.htm
http://www.lpi.usra.edu/meetings/lpsc2004/pdf/1895.pdf
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measured concentrations of Fe, mn, and 
mg represent true concentrations, unal-
tered by the heat during passage through 
earth’s atmosphere? as taylor and her col-
leagues point out, mg is fairly refractory, 
which means it is not easily lost by evapo-
ration. also, the relatively constant ratios 
of mn to other refractory elements such as 
Ca (calcium) and al (aluminum) imply mn 
is not lost either. iron, by contrast, is likely 
to be lost when cosmic spherules burn 
through earth’s atmosphere. loss of iron 
could occur by evaporation or, more fre-
quently, by physical separation of the metal 
or sulfide. loss of iron would not ruin the 
distinction seen between chondritic and 
achondritic spherules. So the authors are 
confident that their Fe/mg and Fe/mn 
ratios represent the true mineralogy of the 
spherules.
 
Crumbs from the Crust of Vesta
in their article, taylor et al show the Fe/mg 
and Fe/mn ratios of the cosmic spherules 
are similar enough to hed meteorites that 
a hed-like parent body is likely. the hed 
meteorites are a class of achondrites that are 
igneous rocks formed from basaltic mag-
mas. this class represents about 6% of 
meteorites that fall to earth but only about 
0.5% of all micrometeorites from the South 
Pole water well. there are far fewer of these 
hed-like micrometeorites and cosmic 
spherules than carbonaceous chondrites. 
the authors infer that a natural mechanical 
toughness of hed-like material would 
resist breakup and fragmentation, whereas 

the comparative mechanical weakness of 
carbonaceous material would tend to favor 
breakup and spherule formation. 

the heds are the only class of meteor-
ites whose spectral data have been matched 
(but not without some ongoing debate) 
with spectra from a potential parent body. 
that parent body is asteroid 4 vesta. data 
from the hubble Space telescope show the 
asteroid has a basaltic surface and a giant 
impact crater near one pole. isn’t it remark-
able that crumbs measured in micrometers 
can tell us stories about 500-kilometer- 
diameter asteroids?

Still, there’s nothing like on-site science 
to confirm (or refute) these findings. on 
September 27, 2007, a spacecraft called 
dawn was launched on a multi-year mis-
sion to explore the large asteroid vesta and 
the dwarf planet Ceres. if all goes well, 
dawn will reach vesta in august 2011 and 
spend nine months studying this world 
from orbit (before heading off to Ceres). 
these two bodies were chosen because 
(from naSa’s dawn website): “vesta 
appears to be dry, evolved, and differentiat-
ed with surface features ranging from basal-
tic lava flows to a deep crater near its 
southern pole. Ceres, in contrast, has a 
primitive surface and evidence of water 
content, which has led scientists to suspect 
the presence of frosty polar caps.” you can 
follow the progress of this mission on the 
dawn website, and in a little more than 
three years from now, we’ll all know if those 
crumbs found in a water well at the South 
Pole really came from vesta. 

LINDA M. V. MARTEL works at the Hawai’i 
Institute of Geophysics and Planetology 

(University of Hawai’i) on a variety of NASA 
research, education, and public outreach 

projects related to meteorites and the 
exploration of the Moon and Mars. She and Jeff 

Taylor, a professor at the institute, publish the 
online science magazine, Planetary Science 

Research Discoveries.

Meteorites on Ice

 T his article was reprinted 
from Planetary Science 

Research Discoveries, Septem-
ber 17, 2007. For more about 
the search for meteorites in 
Antarctica, see Linda Martel’s 
2001 article “Meteorites on Ice.”

NASA’s Hubble Space Telescope took images of Vesta in 1996 (left), which were used to create a 3-dimensional computer model of the asteroid (center). 
A crater’s 8-mile-high central peak can clearly be seen near Vesta's south pole. Both images are courtesy Ben Zellner/Peter Thomas/NASA. The illustra-
tion of the Dawn spacecraft gathering spectral data while in orbit around Vesta (right) is courtesy NASA/JPL.

The author finds her first meteorite.
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The Odd Shapes of Saturn’s 
Small Moons
Jet Propulsion Laboratory / Space Science Institute

imaging scientists on naSa’s Cassini mis-
sion are telling a tale of how the small 
moons orbiting near the outer rings of Sat-
urn came to be. the moons began as left-
over shards from larger bodies that broke 
apart and filled out their “figures” with the 

debris that made the rings.
Several years’ worth of cosmic images of 

Saturn’s 14 known small moons have been 
used to derive the sizes and shapes of most 
of them, and in about half the cases, even 
masses and densities. this information has 
led to new insights into how some of these 
moons may have formed.

the tip-off was the very low density of 
the inner moons, about half that of pure 
water ice, and sizes and shapes that suggest-
ed they have grown by the accumulation of 
ring material. the trouble was, these moons 
are within and near the rings, where it is 
not possible for small particles to fuse 
together gravitationally. So how did they do 
it? they got a jump start.

“We think the only way these moons 
could have reached the sizes they are now, 
in the ring environment as we now know 
it to be, was to start off with a massive 
core to which the smaller, more porous 

ring particles could easily become bound,” 
said Carolyn Porco, Cassini imaging team 
leader from the Space Science institute in 
boulder, Colorado.

More information:  
http://saturn.jpl.nasa.gov/news/press-release-
details.cfm?newsID=795

Saturn’s Rings: Old After All?
NASA / JPL

new observations by naSa’s Cassini space-
craft indicate the rings of Saturn, once 
thought to have formed during the age of 
the dinosaurs, instead may have been creat-
ed roughly 4.5 billion years ago, when the 
solar system was still under construction. 

larry esposito, principal investigator for 

Cassini’s Ultraviolet imaging Spectrograph 
at the University of Colorado, boulder, said 
data from naSa’s voyager spacecraft in the 
1970s, and later from naSa’s hubble Space 
telescope, led scientists to believe Saturn’s 
rings were relatively youthful and likely cre-
ated by a comet that shattered a large 
moon, perhaps 100 million years ago. 

but ring features seen by instruments on 
Cassini — which arrived at Saturn in 2004 
— indicate the rings were not formed by a 
single cataclysmic event. the ages of the 

different rings appear to vary significantly, 
and the ring material is continually being 
recycled, esposito said. 

“the evidence is consistent with the pic-
ture that Saturn has had rings all through 
its history,” said esposito. “We see extensive, 
rapid recycling of ring material, in which 
moons are continually shattered into ring 
particles, which then gather together and 
re-form moons.”

“We have discovered that the rings prob-
ably were not created just yesterday in cos-
mic time, and in this scenario, it is not just 
luck that we are seeing planetary rings now,” 
said esposito. “they probably were always 
around but continually changing, and they 
will be around for many billions of years.”

More information: 
www.jpl.nasa.gov/news/news.
cfm?release=2007-149

Planet Embryos Collide in the 
Pleiades Star Cluster
Gemini Observatory

astronomers have found evidence for the 
formation of young rocky planets around the 
star hd 23514 located in the well-known 
Pleiades (Seven Sisters) star cluster that is 
easily visible in the current evening sky.

Using an infrared sensitive camera 
(miChelle) on the gemini north tele-
scope, Joseph rhee of UCla and his col-
laborators have measured heat from hot 
dust surrounding a 100 million year old star 

astronomy in the news

High resolution images of Atlas (top) and Pan 
(bottom) reveal distinctive “flying saucer” 
shapes created by prominent equatorial ridges 
not seen on the other small moons of Saturn.

This artist’s concept shows a close-up view 
of Saturn’s ring particles. The particles are 
composed mostly of ice and clump together 
to form elongated, curved aggregates, con-
tinually forming and dispersing. The largest 
of the individual particles shown are a few 
meters across.

Artist’s rendering of what the environment 
around the star HD 23514 might look like as 
two Earth-sized bodies collide.

Recent astronomical discoveries from the solar system to the outer limits of the universe.
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in the bright star cluster. the star has prop-
erties very much like our Sun except that it 
is 45 times younger and is orbited by hun-
dreds of thousands of times more dust than 
our Sun. the star is also one of the very few 
solar-type stars known to be orbited by 
warm dust particles.

these warm emissions betray catastroph-
ic collisions in an evolving young planetary 
system around an adolescent-age solar type 
star. the emission appears to originate from 
dust located in the terrestrial planet zone 
between about ¼ to two astronomical units 
(aUs) from the parent star hd 23514, a 
region corresponding to the orbits of mercu-
ry and mars in our solar system.

rhee and team members inseok Song of 
the Spitzer Science Center and benjamin 
zuckerman of UCla interpret the presence 
of so much hot dust as a result of colliding 
planetary embryos leading to the conclu-
sion that a recent collision occurred 
between relatively large rocky bodies. 
according to zuckerman, this is thought to 
be similar to the encounter that produced 
the earth-moon system more than four bil-
lions ago. “indeed, the collision that gener-
ated the moon sent a comparable mass of 
debris into interplanetary orbits as is now 
observed in hd 23514,” said zuckerman.

More information: 
www.gemini.edu/pleiadesdust

White Dwarf Siblings Collide
Harvard-Smithsonian Center for Astrophysics

astronomers at the harvard-Smithsonian 
Center for astrophysics (Cfa) have found 
that a supernova discovered last year was 
caused by two colliding white dwarf stars. 
the white dwarfs were siblings orbiting each 
other. they slowly spiraled inward until 
they merged, touching off a titanic explo-
sion. Cfa observations show the strongest 
evidence yet of what was, until now, a purely 
theoretical mechanism for creating a 
supernova.“this finding shows that nature 
may be richer than we suspected, with more 
than one way to make a white dwarf 
explode,” said harvard graduate student and 
first author malcolm hicken.

astronomers characterize an observed 
supernova based on whether its spectrum 
shows evidence of hydrogen (type ii) or 
not (type i). in type ii, a massive, short-
lived star undergoes core collapse and 
explodes. in the conventional picture for 
type ia, the most common supernovae 
lacking hydrogen, a white dwarf star col-
lects gas from a companion star until it 
undergoes catastrophic nuclear fusion and 
blasts itself apart.

the new find, supernova 2006gz, was 
classified as a type ia due to the lack of 
hydrogen and other characteristics. howev-
er, an analysis combining Cfa data with 
measurements from ohio State University 
suggested that Sn 2006gz was unusual and 
deserved a closer look. 

More information: 
www.cfa.harvard.edu/press/2007/pr200729.
html

Fifth Planet Discovered Around 
Nearby Star
NASA

astronomers have announced the discov-
ery of a fifth planet circling 55 Cancri, a 
star beyond our solar system. the star  
now holds the record for number of con-
firmed extrasolar planets orbiting in a 
planetary system. 

55 Cancri is located 41 light-years away 
in the constellation Cancer and has nearly 
the same mass and age as our Sun. it is easi-
ly visible with binoculars. researchers dis-
covered the fifth planet using the doppler 
technique, in which a planet’s gravitational 
tug is detected by the wobble it produces in 
the parent star. 

the newly discovered planet weighs 
about 45 times the mass of earth and may 
be similar to Saturn in its composition and 
appearance. the planet is the fourth from 
55 Cancri and completes one orbit every 
260 days. its location places the planet in 
the “habitable zone,” a band around the star 
where the temperature would permit liquid 
water to pool on solid surfaces. the dis-
tance from its star is approximately 116.7 
million kilometers (72.5 million miles), 
slightly closer than earth to our Sun, but it 
orbits a star that is slightly fainter. 

This artist’s concept shows four of the five 
planets that orbit 55 Cancri, a star much like 
our own. The most recently discovered planet, 
the fourth out from the star, looms large in 
the foreground. The system’s three known 
inner planets can be seen in the background 
around the glowing star, while its most distant 
planet is not pictured.

This illustration shows two white dwarf stars 
spiraling in toward each other until they col-
lide. A collision like this is believed to have 
spawned supernova 2006gz.
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“the gas-giant planets in our solar sys-
tem all have large moons,” said debra Fis-
cher, an astronomer at San Francisco State 
University. “if there is a moon orbiting this 
new, massive planet, it might have pools of 
liquid water on a rocky surface.”

More information: 
www.nasa.gov/vision/universe/newworlds/exo-
planet-20071106.html

A Squashed Solar System
NASA / JPL

naSa’s voyager 2 spacecraft has followed 
its twin, voyager 1, into the solar system’s 
final frontier, a vast region at the edge of 
our solar system where the solar wind runs 
up against the thin gas between the stars. 

however, voyager 2 took a different 
path, entering this region, called the 
heliosheath, on aug. 30, 2007. because voy-
ager 2 crossed the heliosheath boundary, 
called the solar wind termination shock, 
about 16 billion kilometers (10 billion 
miles) away from voyager 1 and almost 1.6 
billion kilometers (a billion miles) closer to 

the Sun, it confirmed that our solar system 
is “squashed” or “dented” — that the bubble 
carved into interstellar space by the solar 
wind is not perfectly round. Where voyager 
2 made its crossing, the bubble is pushed in 
closer to the Sun by the local interstellar 
magnetic field. 

“voyager 2 continues its journey of dis-
covery, crossing the termination shock mul-
tiple times as it entered the outermost layer 

of the giant heliospheric bubble surround-
ing the Sun and joined voyager 1 in the last 
leg of the race to interstellar space,” said 
voyager Project Scientist edward Stone of 
the California institute of technology.

the solar wind is a thin gas of electrical-
ly charged particles (plasma) blown into 
space by the Sun. the solar wind blows in 
all directions, carving a bubble into inter-
stellar space that extends past the orbit of 
Pluto. this bubble is called the heliosphere, 
and voyager 1 was the first spacecraft to 
explore its outer layer, when it crossed into 
the heliosheath in december 2004. 

More information: 
www.nasa.gov/mission_pages/voyager/voyag-
er-20071210.html

Revisiting Europa
Washington University in St. Louis

Jupiter’s moon europa is just as far away as 
ever, but new research is bringing scientists 
closer to being able to explore its tantalizing 
ice-covered ocean and determine its poten-
tial for harboring life.

“We’ve learned a lot about europa in the 
past few years,” says William b. mcKinnon, 
professor of earth and planetary sciences at 
Washington University in St. louis.

“before we were almost sure that there 
was an ocean, but now the scientific com-
munity has come to a consensus that there 
most certainly is an ocean. We’re ready to 
take the next step and explore that ocean 
and the ice shell that overlays it. We have a 
number of new discoveries and techniques 
that can help us do that.”

mcKinnon points to refined methods 
that can use combined measurements of 
gravity and the magnetic field made from 
orbit to characterize europa’s ocean. by 
observing how the moon flexes and 
deforms and by measuring magnetic varia-
tions, researchers can determine how thick 
or thin the ice is over the ocean and even 
learn how salty the ocean is. a new model 
shows that radiation on europa is much less 
than previous models predicted, making 
the environment much more hospitable for 
orbiting spacecraft or landers to operate.

More information: 
http://news-info.wustl.edu/tips/page/
normal/10725.html

Galactic Black Hole Blasts 
Neighboring Galaxy
NASA / Chandra X-ray Observatory

a powerful jet from a super massive black 
hole is blasting a nearby galaxy, according 
to new findings from naSa observatories. 
this never-before witnessed galactic vio-
lence may have a profound effect on plan-
ets in the jet’s path and trigger a burst of 
star formation in its destructive wake. 

Known as 3C321, the system contains 
two galaxies in orbit around each other. 
data from naSa’s Chandra X-ray obser-
vatory show both galaxies contain super 
massive black holes at their centers, but 
the larger galaxy has a jet emanating from 
the vicinity of its black hole. the smaller 
galaxy apparently has swung into the path 
of this jet.

“We’ve seen many jets produced by 
black holes, but this is the first time we’ve 
seen one punch into another galaxy like 
we’re seeing here,” said dan evans, a   
scientist at the harvard-Smithsonian 
Center for astrophysics and leader of the 
study. “this jet could be causing all sorts 
of problems for the smaller galaxy it is 
pummeling.”

Artist’s concept of the outer fringes of the 
solar system, including the locations of 
Voyagers 1 and 2.

This illustration illustrates two possible views 
through Europa’s ice shell. If the heat from 
below is intense and the ice shell is thin (left), 
the ice shell can directly melt, causing regions 
of what appear to be broken, rotated, and 
tilted ice blocks. If the ice shell is sufficiently 
thick (right), the less intense interior heat 
will be transferred to the warmer ice at the 
bottom of the shell and additional heat is 
generated by tidal squeezing of the warmer 
ice. This warmer ice will slowly rise, flowing as 
glaciers do on Earth.

N
A

SA
 /

 W
al

t 
Fe

im
er

M
ic

ha
el

 C
ar

ro
ll

astronomy in the news

http://www.nasa.gov/vision/universe/newworlds/exoplanet-20071106.html
http://www.nasa.gov/vision/universe/newworlds/exoplanet-20071106.html
http://www.nasa.gov/mission_pages/voyager/voyager-20071210.html
http://www.nasa.gov/mission_pages/voyager/voyager-20071210.html
http://news-info.wustl.edu/tips/page/normal/10725.html
http://news-info.wustl.edu/tips/page/normal/10725.html


 winter  2008 Mercury 27

More information: 
www.nasa.gov/mission_pages/chandra/
news/07-139.html

Galaxy Evolution
NASA / GALEX

in the early 1900s, edwin hubble made the 
startling discovery that our milky Way gal-
axy is not alone. it is just one of many galax-
ies, or “island universes,” as hubble dubbed 
them, swimming in the sea of space.

now, a century later, naSa’s galaxy 
evolution explorer is helping piece togeth-
er the evolution of these cosmic species. 
Since its launch in 2003, the mission has 
surveyed tens of thousands of galaxies in 
ultraviolet light across nine billion years of 
time. the results provide new, comprehen-
sive evidence for the “nurture” theory of 
galaxy evolution, which holds that the gal-
axies first described by hubble — the ele-
gant spirals and blob-like ellipticals — are 
evolutionarily linked.

according to this “nurture” theory, a 
typical young galaxy begins life as a spiral 
that is actively churning out stars. over 
time, the spiral might merge with another 

spiral or perhaps an irregular-shaped gal-
axy, before kicking out a few more bursts of 
newly minted stars. eventually, the galaxy 
slows down its production of stars and set-
tles into later life as an elliptical.

“our data confirm that all galaxies 
begin life forming stars,” said Chris martin, 
the principal investigator for the galaxy 
evolution explorer at the California insti-
tute of technology in Pasadena, Calif. 
“then through a combination of mergers, 
fuel exhaustion and perhaps suppression 
by black holes, the galaxies eventually stop 
producing stars.”

More information: 
www.galex.caltech.edu/FeATUReS/2007-05

MESSENGER's First Look at 
Mercury's Previously Unseen Side 
NASA / JHUAPL

When mariner 10 flew past mercury three 
times in 1974 and 1975, the same hemi-
sphere was in sunlight during each encoun-
ter. as a consequence, mariner 10 was able 
to image less than half the planet. 

on January 14, 2008, the meSSenger 
spacecraft observed about half of the hemi-
sphere missed by mariner 10. other images 
obtained during the flyby will reveal surface 
features in color and in much more detail. 
Collectively, these images and measurements 

made by other meSSenger instruments 
will soon provide a detailed global view of 
the surface of mercury, yielding key infor-
mation for understanding the formation and 
geologic history of the innermost planet. 

More information: 
http://messenger.jhuapl.edu/news_room

Examples of young, teenage, and adult galaxies 
are shown here from left to right. The data 
making up these photos come from both the 
Galaxy Evolution Explorer and visible-light 
telescopes. Long-wavelength ultraviolet light 
is blue; short-wavelength ultraviolet light is 
green; and visible red light is red.

In this composite image of the system 3C321, 
X-rays from Chandra (in purple), optical 
and ultraviolet data from Hubble (red and 
orange), and radio emission from the Very 
Large Array and MERLIN (blue) reveal how 
the jet from a black hole in the main galaxy 
on the lower left is striking its companion 
galaxy to the upper right. The jet is disrupted 
and deflected as it impacts the edge of the 
companion galaxy. X-ray: NASA / CXC / CfA 
/ D.Evans et al. Optical/UV: NASA / STScI. 
Radio: NSF / VLA / CfA / D.Evans et al., STFC 
/ JBO / MERLIN.
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this excerpt, from disney’s Wonderful World of 
Space (a children’s book by the aSP's own andrew 
Fraknoi), is copyright © 2007 disney enterprises, 
inc. - Pixar, and is reproduced with permission. 
the author’s proceeds from the sale of the book 
through the aSP’s astroShop go directly to the 
Society.

Wonderful World of Space. 126 pages, full color. 
includes star maps, a 2-page glossary, and index.  
target age range: 8-14.
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PICKERING’S TRIANGLE
Image by Travis A. Rector/University of Alaska Anchorage, 
Heidi Schweiker, and NOAO / AURA / NSF. 

Pickering’s triangle is part of the Cygnus loop super-
nova remnant, which includes the better-known veil 

nebula. discovered by Williamina Fleming in 1904 on a 
harvard observatory photographic plate, the triangle was 
named after e.C. Pickering, the director of the observatory. 
the entire nebula is located about 1,500 light-years away in 
the constellation Cygnus, the Swan. astronomers estimate 
that the supernova explosion that produced the nebula 
occurred between 5,000 to 10,000 years ago. the image 
was acquired with the 4-meter mayall telescope at Kitt 
Peak national observatory, arizona, and shows a region 
some 45 light-years across.
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by Andrew Fraknoi

the 120th annual meeting of the 
astronomical Society of the Pacific 
will take place from may 31 to 

June 4 and will be part of the summer 
meeting of the american astronomical 
Society (aaS) in St. louis. the two Soci-
eties have met together before — in 1915, 
in berkeley, Cali-
fornia. then, as 
now, the aSP 
meeting was one 
noteworthy session 
within the larger 
aaS meeting.

the 2008 aSP 
meeting will con-
sists of a two-day 
series of work-
shops, a three-day 
symposium, the 
aSP membership 
meeting, and awards banquet. details will 
be sent to all aSP members as they 
become available.

Workshops will be held on may 31 and 
June 1 (prior to the symposium) to dem-
onstrate and develop techniques for 
reaching a wide range of audiences. if 
you’d like to learn more about how to 
participate in international year of 
astronomy (iya) events, pick up some 
useful educational tools and ideas, and 
become part of the grass roots network 
disseminating information and conduct-
ing activities for iya, attending workshop 
sessions will provide an exciting opportu-
nity to become involved.

the aSP’s symposium (June 2–4) will 
bring together education and outreach 
professionals to discuss international, 
regional, and local programs for the 
international year of astronomy in 2009, 
which celebrates the 400th anniversary of 
the invention of the astronomical tele-
scope. if you’re interested in planning iya 

activities in 2009, this meeting is an 
excellent chance to learn more about what 
various institutions and organizations are 
proposing to do and to coordinate your 
ideas with colleagues around the country 
and the world.

The International Year of Astronomy 
in 1609, the italian scientist galileo galil-
ei first turned his telescope to the heavens 

and revolutionized humanity’s under-
standing of its place in the universe. dur-
ing the next 400 years, new telescopes 
have allowed us to build on galileo’s work 
and discover vastly more about the uni-

verse, its geography, and its evolution. 
iya 2009 will be a global celebration of 
progress in astronomy and its contribu-
tions to society and culture, with the aim 
of sharing the excitement of the day and 
nighttime sky with as many people as 
possible. its theme is “the Universe: 
yours to discover.” 

the aSP hopes to engage teachers, 
families, museums, parks, amateur 
astronomy groups, community organiza-
tions, the media, and the public at large 
in a year of events and programs around 
the country. a number of national and 
international working groups are already 
involved in planning efforts, and they will 
be reporting (and networking) at the aSP 
meeting. Several television documentaries 
and a planetarium show are planned, kits 
of educational materials are being devel-
oped, and professional and amateur 
astronomy organizations and institutions 
hope to introduce the sky (and some 
astronomical awareness) to a wider-than-
usual audience.

The AAS and the ASP
the american astronomical Society 
meets twice a year, and their summer 

Preparing for the International Year of Astronomy
The 2008 meeting of the Astronomical Society of the Pacific.

asp 2008 meeting

PREPARING FOR THE 
INTERNATIONAL YEAR OF 

ASTRONOMY
A HANDS-ON SYMPOSIUM

Astronomical Society of the Pacific
May 31 – June 4, 2008 • St. Louis, Missouri
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gatherings have recently begun to wel-
come topical “meetings within a meeting.” 
in other words, astronomers who want to 
discuss a particular subject in more detail 
are invited to propose two or three days 

of sessions that 
become part of 
the aaS meet-
ing program 
(and yet can 
maintain a dis-
tinct identity 
within the larg-
er meeting). 

at the invita-
tion of the aaS 
(and because 
the aaS and 
aSP are work-
ing together on 
plans for iya), 
the aSP decid-
ed that its sym-

posium would fit very nicely into this 
format. at the same time, we will main-
tain some of the traditional programs that 
make aSP meetings distinct, including a 
lecture for the public and the evening 
banquet where the aSP’s prizes are 
announced and the winners celebrated.

ASP Meeting Format
on may 31 and June 1, the weekend 
before the aaS meeting starts (when 
there is more room in the convention 
center and non-astronomers have time to 
attend), we will have a series of hands-on 
workshops in which we will be practicing 
and demonstrating some of the tech-
niques and materials that are being devel-
oped for iya 2009. the aSP will be 
accepting proposals for workshops that 
focus on techniques for reaching particu-
lar audiences for iya including teachers, 
families, reporters, museum and environ-
mental staff, park rangers, community 
leaders, and the scientist and educators 
who want to work with them. a more  

formal announce-
ment of how to pro-
pose will be coming 
soon, but if you have 
a workshop idea or 
would like to attend 
a workshop, you can 
contact us via e-mail 
at: 2008meeting@
astrosociety.org.

monday through 
Wednesday (June 
2–4), we will have a 
symposium for edu-
cation and outreach 
professionals in 
astronomy and space 
science on the programs, materials, and 
approaches that are being prepared for 
iya. the idea is to pool information, 
resources, and techniques, and form col-
laborations that will increase everyone’s 
effectiveness. you do not need to be a 
member of any particular group to partic-
ipate in the symposium. if you are inter-
ested in what is being planned for iya, 
you are more than welcome to attend.

the symposium will include some ple-
nary talks and panel discussions, a variety 
of smaller “breakout sessions” for practic-
ing specific techniques or addressing spe-
cific audiences, and poster papers about 
individual projects, ideas, and institution-
al plans. instructions for proposing and 
much more information (when available) 
will be posted on the aSP meeting web-
site at www.astrosociety.org/events/meet-
ing.html. you can sign up at this website 
to be on the meeting mailing list. 

in the meantime, if you would like to 
see some particular topic or issue covered, 
you can write to the Program Committee 
using the e-mail address: 2008meeting@
astrosociety.org. Please include your full 
name and your institution or affiliation, 
and let us know whether you are propos-
ing something you would like to help 
organize or just something you would like 
to see happen at the meeting.

We look forward to seeing all Mercury 
readers in St. louis. 

ANDREW FRAKNOI is the Chair of the 
Astronomy Program at Foothill College in Los 

Altos Hills, California. He co-founded Astronomy 
Education Review, founded the Cosmos in the 

Classroom Symposia for college faculty, and 
served for many years as the Executive Director 

of the Astronomical Society of the Pacific.
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E x p l o r e  t h e  U n i v e r s e …

M a s t e r  o f  E d u c a t i o n  
w i t h  a  S p e c i a l i z a t i o n  
i n  A s t r o n o m y  (Online)

M a s t e r  o f  E d u c a t i o n  
w i t h  a  S p e c i a l i z a t i o n  
i n  A s t r o n o m y  (Online)

• Innovative partnership between Northeastern University in Boston and Australia’s Swinburne
University, the leading international astronomy program.

• Earn a Master of Education (MEd) from Northeastern and a Graduate Certificate of Science 
(in Astronomy) from Swinburne—entirely online!

• Ideal for science teachers or career changers.

• Courses in the solar system, galaxies, astrobiology, and more.

Centre for Astrophysics 
& Supercomputing
Melbourne, Australia

Boston, Massachusetts 
U.S.A.

School of Professional
and Continuing Studies

APPLY TODAY
Swinburne classes begin March 30  •  Northeastern classes begin April 7
www.spcs.neu.edu/astronomy

http://www.spcs.neu.edu/astronomy
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ASP Announces the 2008 Slate 
of Board Candidates
the astronomical Society of the Pacific is 
pleased to announce the candidates for 
three board of directors seats to be filled in 
2008 by vote of the membership. in alpha-
betical order, the candidates are:

 
Dr. David Black, lunar and Planetary 

institute, houston, texas
Cindy Brennan, astronomy enthusiast, 

bullhead City, arizona
Dr. William Gutsch, President, great 

ideas, Kinnelon, new Jersey
Russ Harding, astronomy educator, Stam-

ford, Connecticut
Judy Kass, education outreach Consultant, 

albuquerque, new mexico

the bylaws provide 90 days from the first 
announcement of the candidates (on the 
aSP web site) for the membership to sub-
mit petitions to add additional candidates; 
this period ends on april 15. around may 
15, ballots will be mailed including biogra-
phies and candidate statements. the mem-
bership will have until July 15 to return 
completed ballots, after which the new 
board members will be announced and 
will take office in the fall. Check www.
astrosociety.org/about/nominate.html for 
election details.

the aSP thanks the nominations Com-
mittee (Chair: arlo landolt with Steve 
Pompea, denise Smith, and dennis Schatz) 
for their important work in assembling the 
2008 slate. 

ASP Receives Three Major Gifts 
Totaling $70,000
during the fall of 2007, the Society received 
three significant gifts from three different 
anonymous benefactors: 

• A $40,000 gift that will be used to sup- 
 port a part-time financial consultant  
 position. 

• A $20,000 gift designated to support  
 bay area Project aStro and is given  
 in honor of former aSP executive  
 director, andrew Fraknoi.

• A $10,000 annual fund gift in honor of  
 the appointment of Jim manning as  
 the executive director of the aSP.

these gifts support the overall mission 
of the Society by directly funding key proj-
ects and initiatives that advance that mis-
sion. the aSP thanks these anonymous 
benefactors for their vital support of the 
Society’s work. For information on how 
you, too, can partner with the aSP to sup-
port the cause of advancing science literacy 
through engagement in astronomy, visit 
www.astrosociety.org/support.html.

Conference Series Publication: 
Providing Resources Interna-
tionally
Since 1988, the aSP has published the 
renowned Conference Series as part of its 
century-old mission to provide resources 
for astronomers and advance the science 
of astronomy. Since that time the Society 
has published nearly 400 volumes touch-
ing upon all aspects of astronomy and 
astrophysics.

the aSP proposes to provide this 
resource to overseas institutions who are 
interested in either beginning or enriching 
the astronomy section within their library 
but do not have the resources to do so. 
recently, dr. virginia trimble made the 
first gift of $1,750 in memory of bohdan 
Paczynski to begin this important initiative. 
the aSP thanks dr. trimble for her 
groundbreaking support of the Society’s 
efforts. read more about this new program 
and consider making a gift today at www.
astrosociety.org/support.html.

Scott W. Roberts Appointed to 
the Society’s Board of Directors
the aSP is pleased to 
announce the 
appointment of Scott 
W. roberts to a 
vacant position on 
the board of direc-
tors. roberts is the 
former vice President 
for global Client Sup-
port and Community 
relations at meade instruments Corpora-
tion and also serves as the executive direc-
tor of the meade 4m Community an 
alliance of astronomy and space exploration 
organizations and enthusiasts, with mem-

bers spanning the globe. roberts has an 
extensive background in astronomy public 
outreach. read more about Scott in the 
aSP’s press release: www.astrosociety.org/
news/roberts.html.

United Nations Declares 2009 
as the International Year of 
Astronomy
in december, the United nations 62nd 
general assembly declared 2009 as the 
international year of astronomy. Jim man-
ning, executive director of the aSP, said, 
"the astronomical Society of the Pacific is 
extremely pleased by the United nations 
endorsement of the international year of 
astronomy. the sky belongs to everyone, 
and this global expression of support will 
provide a critical impetus to our interna-
tional efforts and those of other organiza-
tions to use the appeal of astronomy to 
improve science literacy in general, and to 
promote greater appreciation and under-
standing of our place in the cosmos." 

News and information for Society members

society scope
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NEW MEMBERS  —  The ASP welcomes new members who joined between October 27, 2007, and January 4, 2008.

Technical Membership

Morris J. ellington, Clearwater, MN
Tricia A. Johnson, Grand Forks, ND
Lauren J. Novatne, Reedley, CA
James S. Roloff, Des Moines, IA

Michael A. Simonsen, Imlay City, MI
gregory A. Topasna, Lexington, VA
gary L. Woods, Salisbury, NC
gerry D. Ziemann, Oconomowoc, WI

General Membership

Dwain S. Barefield, Elk Grove, CA
Victor gaizauskas, Ottawa, Canada
William A. gutsch, Jr., Kinnelon, NJ
Joseph S. Johnston, Mobile, AL

Steven C. Rohweder, Uniontown, OH
Bruce Surmacz, Monreoville, PA
Carlos N. Vinas, Quito, Ecuador

society scope

AstroShop
www.astrosociety.org All proceeds from product sales support the mission and education programs of the ASP

Books, Posters, Slide Sets Family ASTRO Games Special Order Items ASP Conference Series

HELP EVERYONE REACH FOR THE STARS!

Co-sponsored with, and part of, the 2008 Summer Meeting of the American Astronomical Society

THE ASP’S 2008 MEETING WILL FEATURE:
•  A symposium for education and outreach 

professionals.

•  Discussions of international, regional, and 
local programs for the International Year of 
Astronomy (IYA)  in 2009.

•  Two days of hands-on demonstration 
workshops for diverse audiences.

•  The annual awards banquet and members 
meeting.

For more information visit the ASP Web Site: www.astrosociety.org/2008meeting

PREPARING FOR THE 
INTERNATIONAL YEAR OF 

ASTRONOMY
A HANDS-ON SYMPOSIUM

Astronomical Society of the Pacific

SCHEDULE THE DATES
May 31 - June 4, 2008

St. Louis, Missouri
The 120th  

Annual Meeting 

of the ASP

http://www.astrosociety.org/2008meeting
http://www.astrosociety.org/online-store/scstore/shophome.html
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Society  
Benefactor
($25,000 and above)
Anonymous
Spitzer Science Center
Donat g. Wentzel

President’s  
Circle
($5,000 - $24,999)
Anonymous
    in honor of Andrew Fraknoi 

for Bay Area Project ASTRO
Anonymous
    in honor of the appointment 

of Jim Manning as the 
executive Director of the ASP

American Astronomical Society
Michael Bennett & Leslie Larson
California Space grant 

Consortium
California Space grant 

Foundation
Michael F. Cronin
evans & Sutherland
Russell A. Harding
Lockheed Martin
    in support of Bay Area Project 

ASTRO
Burton & Deedee McMurtry
Slooh LLC
    in support of Bay Area Project 

ASTRO
Sky Publishing / New Track Media
Sky-Skan, Inc.
Space Science Institute
    in support of Project ASTRO
The Navigator Program
Robert L. Thomason

Edward S.  
Holden Society
($2,000 - $4,999)
Astronomy Magazine
Ball Aerospace & Technologies 

Corporation
Kyle W. Blackman
Terry & Cindy Brennan
DePaul University
Marc A. gineris†
Meade Instruments Corporation
gordon Myers*
Ronald Rosano
    in support of Bay Area Project 

ASTRO
The University of Chicago Press
Virginia L. Trimble
    in memory of Bohdan 

Paczynski
Universities Space Research 

Association
University of Arizona – CAPeR 

Team
Al Whaley

ASP Associate
($1,000 - $1,999)
Andrew M. Abrahams
Richard A. Cleveland
edward K. Conklin
Jo Ann eder
Frank K. edmondson
Timothy & Carolyn Ferris
Alexei & Noelle Filippenko
    in memory of Bohdan 

Paczynski
Michael g. gibbs**
Mary Kay Hemenway†

IBeX Mission
James B. Kaler†
Robert P. Kraft
    in support of PASP Fund and 

Bay Area Project ASTRO
Barbara A. Lindsay
    in memory of Dr. Robert D. 

Lindsay
James g. Manning**
Bruce Partridge†
Dennis L. Schatz†
Seiler Instrument & Mfg. Co., Inc.
Timothy F. Slater†
glenn A. Thompson
Neil & Alice Tyson

Sponsor
($500 - $999)
eric Becklin
Steven V.W. Beckwith†
Charles & Joan Brown
edna† & Chuck DeVore
Katy garmany
Roy H. garstang
    in memory of Donald 

Osterbrock
John & gail gaustad
John A. graham
Lynne A. Hillenbrand†
Paul H. Kohlmiller
    in support of Bay Area Project 

ASTRO
Kathleen e. Kraemer
Richard Larson
David J. Monyak
MWT Associates, Inc.
Tierney A. O’Dea
Andrew M. Schlei

Contributor
($250 - $499)
Christo T. Bekiaris
Robert Black
    in support of Family ASTRO
Joseph C. Bunker
Bruce W. Carney
Robert g. Dryden, Jr.
eugene† & Carol epstein
    in memory of Dr. Wm. g. 

Fogarty
Ruth S. Freitag
Lor C. gehret
girl Scouts of the USA
    in support of Bay Area Project 

ASTRO
Marita glodt*
Werner graf
David S. Heeschen
Arnold M. Heiser
Alan S. Kane
Susan Macke
    in support of Bay Area Project 

ASTRO
Chuck & Patricia Mc Partlin
Joseph R. Pasek
Stephen C. Perrenod
John W. Reed
    in memory of Drs. eli & Nola 

Haynes, Dr. F. N. edmunds, Jr. 
and Mr. Russell C. Maag

Conn & Susan Rusche
    in support of Bay Area Project 

ASTRO
gregory A. Shields
John R. Sievers
Bernhard U. Vainik
Marshall W. Walker
    in honor of Connie Walker
Donna Weistrop & David Shaffer
Robert e. Wilson

Friend of the 
Society
($100 - $249)
Anonymous – several individuals
Allan & Katie Alcorn 
Marsha Allen
Les & Mary Anderson
Albert Andreiko
Roger D. Appel
Thomas T. Arny
Janet J. Asimov
Jim H. Bagley
Frank N. Bash
Laura P. Bautz
Jeffrey & Lisa Bennett
Priscilla J. Benson
Karrie M. Berglund
Sandi e. Billings†
Jeanne e. Bishop
Dennis C. Blanchard
Wayne & Dee Blinka
Walter K. Bonsack
Roger K. Booco
Katherine Bracher
Thomas C. Bretl
Clinton C. Brooks
David H. Bruning
Spencer L. Buckner
Julie & David Burns
Robert B. Caldwell
    in memory of Leon Salanave
Kenneth L. Cashdollar
edward L. Chupp
Donald H. Close
Richard Colten
    in honor of Ms. Tierney A. 

O’Dea
Richard Combs & Baerbel 

Steffestun
Anne F. Cooper
Jean F. Cornuelle
gerald & Buff Corsi
Joycelin Craig**
Steve & Juel Craig
Patrick C. Crane
Lisa A. Crist
Jim Curry
Clarence T. Daub
Jacqueline A. Davidson
David H. DeVorkin
Andrea K. Dobson
David C. Donoho
Reginald J. Dufour
    in memory of Donald e. 

Osterbrock
David W. Dunham
Morris J. ellington
David g. elliott
edward e. elzey
Deborah Farkas
Richard T. Fienberg
Andrew Fraknoi**
Peter & Laurel Friday
Alan J. Friedman
James N. Fry
John Z. gallie
Sandra gant & Michael Nelson
Charles O. garrison
Richard & eileen gibbs
John glaspey
    in memory of Raymond 

White, Jr.
Thomas P. greene
Paul H. guttman
    in honor of Richard J. Smith, 

2007 Las Cumbres Amateur 
Outreach Award winner

Darrow e. Haagensen, Jr.
Marshall Hall, III
    in honor of Astronomers 

everywhere

Robert J. Hawley
James N. Head
Winifred B. Heppler
Richard Hilebrand
Brian W. Horrocks
Leo Houziaux
    in memory of John g. Phillips
esther M. Hu
Raleigh e. Hughes, Jr.
Judith L. Hulse
Deidre A. Hunter
Tim B. Hunter
Nick Itsines
Alan Jaroslovsky
Michael D. Jones
Richard R. Joyce
Stratos g. Kantounis
Dave Kary & Joann eisberg
Sidney J. Kass
Robert g. Keckler, Jr.
Francis W. Keeler, Jr.
Sen Kikuchi
Ivan R. King
    in support of Bart Bok Fund
Arnold R. Klemola
James F. Korschel
Andy Kreyche
Lance & Frosty Krieger
John & Jan Kronholm
edwin C. Krupp
    in memory of Dr. george O. 

Abell
Louis W. Kunz
Arlo U. Landolt
Neil L. Lark
Tony Lazar
Harry W. Lemke
Floyd V. Lewis
Annette Loutrel
Loris Magnani
Kevin M. Mahoney
Ralph Mansfield
Fred Marschak
Christopher F. Mc Kee
Steven P. Menaker
Philip & Noreen Mercaldi
Richard J. Messina
Ted Mitchell
William L. Mohan
Joseph C. Morris
Laura M. Morris
Casper J. Morsello
gregory Mulinare
Tom H. Munnecke
Shannon A. Murphy
David M. Myers
Ronald O. Nordstrom
Robert T. O’Dell
David g. Opstad
Rudy Parzl
evans W. Paschal
John R. Percy
Alexander R. Peters
James g. Peters
    in memory of Mrs. Alice M. 

Peters
A. g. Davis Philip
Philip g. Pierpont
gary W. Portenier
J. A. Posey, Jr.
Darwin R. Poulos
Michael P. Ragan
Tom Rinaldi
Miguel A. Rivera
george C. Roberts
    in honor of Dr. David 

Crawford (IDA)
Lee Roever & Nina Fabian*
Mary C. Rogers
Nancy g. Roman
Jeffrey D. Rosendhal
    in memory of Bart Bok

Vera & Robert Rubin
    in honor of Robert Rubin
Juanita V. Ryan
A. eric Rydgren
Richard D. Sakal
Philip J. Sakimoto†
Scott & Betsy Sandford
edward g. Schmidt
Maarten Schmidt
Richard L. Schneider
Brock C. Schroeder
Michael & Leslie Schroeder*
gregory R. Schultz
    in honor of Mike Bennett
Barbara Schwarzschild
Frank e. Shackelford
    in memory of Barton W. 

Shackelford
Daniel & Jean Shaw
Richard A. Shaw
Charron J. Sikorovsky
    in honor of Alexandra and 

Rebecca Sikorovsky
Janet P. Simpson
W. Thomas Stalker, III
John A. Stevens
Alice A. Stewart
Jerry W. Stewart
edward C. Stone
Sidney N. Stone
Ray R. Stonecipher
William e. Strider
Mark V. Sykes†
Thomas M. Tekach
The Hache group, LLCd.b.a. 

eLIXIR
    in support of Bay Area Project 

ASTRO
Alan Tokunaga
Charles H. Townes
Seth L. Tuttle
Richard M. Van effen
Yupa Vanichai
John A. Vickers
Michael W. Wajda
elizabeth M. Warner
David & Hideko Weissgerber
A. R. Welch
Robert F. Wing
Sidney C. Wolff
Alan & Susan Wyatt
Charles e. Yates
edward J. Young
    in memory of Donald e. 

Osterbrock
Norbert & Marion Zacharias
Dan Zevin**
    in memory of Anne C. Bennett 

Supporter
($1 - $99)
Thomas B. Ake
John & Ursula Anderson
Constance & gary Armitage
J. Thomas Armstrong
Hans Art
Joseph A. Auer, Jr.
Dana e. Backman
Richard S. Baiz
Bruce Balick
Ralph H. Barbee
Barry & Carol Beaman
egon J. Beer Barbuloff
    in memory of Carl Sagan
Leila A. Belkora
John A. Bell
Marni** & Richard Berendsen
Jennifer J. Birriel
    in memory of Francis and 

Margarette Dias

THe ASTRONOMICAL SOCIeTY OF THe 
PACIFIC ACKNOWLeDgeS AND THANKS 
the following individuals and funding 
partners who provided support for our 
annual operating budget as well as specific 

programs from January 1 – December 31, 
2007. Their investment and partnership 
made possible the growth of our mission-
based programs. Thank you for your 
continued support as we work together 

to advance science literacy through 
engagement in astronomy. Together, we are 
making a difference.
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William K. Blades
    in memory of Marguerite F. 

Blades
Jeffrey M. Blohm
Patricia C. Boeshaar
Richard S. Bogart
Thomas Borlik
    in memory of Dr. James Cuffey
georg H. Both
Donald e. Boyd
Lawrence W. Bradford
Michael P. Bradie
Paul A. Bradley
Judith e. Braffman-Miller
    in honor of Dr. William and 

Lorraine Braffman, and Mark 
Miller

Patrick Brigham
Martha & Raymond Bright
David J. Broad
Daniel J. Burns
Stephen M. Burroughs
Matthew & Sally Buynoski
James M. Cannon
David C. Card
Paul e. Carlson
Robert K. Carson
John W. Cary
Patrick Cassen & Dorothy 

Woolum
Richard A. Cavello
gail Chaid
    in memory of Leo Robbins
Rilla Chaney
Daniel P. Chen
edward W. Coble
Lynn R. Cominsky
Jack J. Condon
Larry P. Cooper
    in memory of Ken DeWitt
Sarah g. Corder
Fauno L. Cordes
Harold g. Corwin, Jr.
Andrea Cox & Brian Casey
Harold P. Coyle, Jr.
Mr. & Mrs. Thomas Craig
Robert W. Crawford
    in memory of Dr. Robert 

Chambers
Delwin R. Croom
Paolo A. Custodi
Marilyn Daily Delgado**
    in memory of Anne C. Bennett
Stephen J. Day
Peter De Baan
Stanley A. DeBella
Peter W. Deutsch
Robert J. Dukes, Jr.
    in memory of Dr. Raymond e. 

White, Jr.
Kenneth L. Dulaney*
Noel A. encarnacion**
    in memory of Anne C. Bennett
Steven R. Federman
george Feliz
Allan e. Fenske
Joseph H. Fierstein
Richard S. Freedman
Anthony galatola
Alexander C. gatt
Neil A. gehrels
Barbara M. gex
Robert B. gex, IV
James K. gleim
Bruce M. gottlieb
John J. grant
elizabeth M. green
William S. green
Cesare guaita
Roger A. Haas

Walter H. Haas
    in memory of Beryl e. Haas
William L. Habeeb
Yasuharu Hanaoka
Martha S. Hanner
Robert B. Hanson
Paul S. Hardersen
Frank R. Harnden
edward & Sharon Harris
Louis C. Haughney
    in support of Bay Area Project 

ASTRO
William e. Haymes
    in memory of Zdenek Kopal
Richard W. Heuermann
gary M. Heymann
Jay Hoehl
Karen Hogan
Albert V. Holm
David Holman
Roger A. Howerton
John P. Huchra
    in memory of Marc Aaronson
Shirley Hufstedler
Mary C. Hughes
Claudia Hulbe
Robert L. Humphreys, Jr.
Anna Hurst**
    in memory of Anne C. Bennett
David e. Illig
Philip L. Inderwiesen*
Robert J. Ingram
Cynthia & Nelson Irvine
earnest W. Jackson, II
Michael Jefferson
David C. Jenner
Donald L. Johnson
Peter R. Jordahl
    in memory of Dr. Frank N. 

edmonds
Vesa T. Junkkarinen
Norman T. Kadomoto
Bert g. Katzung
Susan Kayser
Wesley D. Kelly
Sherri King
Steven M. Klean
eric W. Klumpe
Joseph g. Kohler
gregory A. Koumbis
Harvey S. Laidman
Brewster W. Lamacchia
Laurence e. Lange
Almon e. Larsh, Jr.
Patricia Lawton & Joel Offenberg
Martha A. Leake
Larry & Nancy Lebofsky
Warren W. Leong
Charles H. Lewis
Jack Lin
Carol Lloyd
Jeffrey F. Lockwood
Nicholas J. Long
Amy J. Lovell
Timothy W. Lynch
Robert D. Magarian
Antonia Martinez & Nancy Luginbill
Donald H. Martins
Larry Mascotti
Charlene g. Mathias
Christopher W. Mauche
William May
Kirsten Maynard
Margaret L. Mc Crary
Charles J. McDonald, Jr.
Kathryn L. McFarland
gary W. McLeod
William B. Mebane
C. M. Meredith
Anne J. Metevier
Sabine Moehler

Frederick P. Montana
elizabeth F. Moore
    in support of Bay Area Project 

ASTRO
Nancy D. Morrison
glenn C. Murray
Paul C. Narlock
Patrick S. Osmer
Bradley M. Peterson
    in memory of Donald e. 

Osterbrock
Katherine A. Pettiss
Ronald e. Pitts
John H. Preston
Leslie W. Proudfit**
    in memory of Anne C. Bennett
Carlton P. Pryor
Frederick J. Raab
Thomas P. Ragouzis
Stephen P. Reidel
Matthew J. Richter
Jane J. Risk
Andrew Rivett
    in honor of Robert Rivett
Jack H. Robinson
James P. Rodman
gary e. Sampson
gary e. Sanger
Sandy Sapatka
Tom P. Sargent
Dave g. Schleicher
Paul C. Schmidtke
Libbie A. Schock
Charles A. Schweighauser
    in memory of Bart Bok
Francois Schweizer
Andrew W. Seacord, II
J. Daniel Sedillo
Jerry J. Sershen
Rich Seymour
    in memory of Basil Peter 

Seymour
Whitney W. Shane
Stephen J. Shawl
    in honor of Harold Weaver
Joanna T. Shubin
Mark A. Shure
Michael A. Simonsen
    in memory of Janet A. Mattei
graeme H. Smith
Horace A. Smith
John A. Splett
george F. Sprott
Martha Stahr Carpenter
William L. Stein
Kathleen M. Steinauer
Terry & Linda Stephenson
Berton L. Stevens, Jr.
Robert W. Stevenson
Dean J. Stoker
Ronald M. Stone
Jeff L. Stoner
Michael L. Swenson
Paula Szkody** 
    in memory of Anne C. Bennett
Perry A. Tankeh**
    in memory of Anne C. Bennett
John R. Teerlink
Charlene Thai**
    in memory of Anne C. Bennett
Leslie & Robert Thatcher
John R. Thorstensen
James D. Thursby
eric W. Tilenius
L. Michael Tompkins
John D. Trasco
george e. Tucker
gary Van Horn & Alan Koenig
george Varga
Robert A. Verstraete
erich M. Voester

elizabeth O. Waagen
    in memory of Janet A. Mattei
Francis J. Waller
James A. Wallsten
Frederick M. Walter
Rene Walterbos
Larry & M. e. Wasser
Harold F. Weaver
earle B. Weiss
    in honor of M. J. Dulfano
Ray J. Weymann
Richard D. Wheatley
Vivian M. White**
    in memory of Anne C. Bennett
Michael Wightman
Susan M. Wilkerson
gene and Annamarie “Wilbers” 

Wilson
Perry B. Wilson
Linda I. Winkler
Robert & Joyce Wisner
gary L. Woods
Larry & Sharon Woods*
Anne g. Young

In-Kind Support
Astronomy Magazine
Michael Bennett & Leslie Larson
edna† & Chuck DeVore
James B. Kaler†
Paul H. Kohlmiller
Bruce Partridge†
Sky Publishing / New Track Media
Slooh LLC
University of Arizona, CAPeR 

Team

Matching Gifts
AT&T Higher education
Chevron Corporation
gartner, Inc.
IBM Corporation – Matching 

grants Program
Microsoft Matching gifts Program
The Neiman Marcus group – 

Matching gift Program

Corporate  
Affiliate  
Participants
Substaining Affiliate
($10,000 - $24,999)
Sky Publishing / New Track Media

Contributing Affiliate
($2,500 - $4,999)
Astronomy Magazine
Meade Instruments Corporation
Universities Space Research    

Association

Slooh for 
Schools
A new collaboration 
between the ASP and Slooh 
Online Observatory to 
help teachers apply remote 
telescope technology in the 
classroom.
Anonymous
Richard Colten
Marita glodt*
Karen Hogan
Tierney A. O’Dea
Lee Roever & Nina Fabian*
glenn A. Thompson

Combined  
Federal  
Campaign
A special thank you to the 
federal, state, and local 
employees who contributed 
via payroll deduction (Fall 
2006 contributors)
Anonymous – several names
Steven Ahrens
Donald Barnum
Robert e. Bell, Jr.
Jeremy Bergdorff
Bryan Blair
Catherine Braiton
Justin R. Brehm
Scott M. Carlin
Patricia Colonnese
David Davis
James H. Delisle
James Fisher
Rodney Frame
Sean M. gardner
Christopher T. Hornberger
Raymond Howard
Jeanette Johnson
Stephen J. Kennedy
gary T. Levario
gary R. Liptrot
Denis M. Lohman
William D. McKibbin
Woodus e. Mintz
Robyn Nielson
Scott A. Owen
Michael Rigoulot
William W. Sabo
Andrew Salata
Paul Shankland
Yurl V. Sidorov
Calvin L. Trauger
Jeffrey A. Trestrail
Joel A. Urban
Frank Whorton
gregory Yancey

Family  
Membership
A portion of the dues is to 
support the ASP’s mission 
and education programs.
John & Ursula Anderson
Constance & gary Armitage
Marni & Richard Berendsen
Jeffrey M. Blohm
Martha & Raymond Bright
Daniel J. Burns
Stephen M. Burroughs
Patrick Cassen & Dorothy 

Woolum
Steven & Juel Craig
Mr. & Mrs. Thomas F. Craig
Stanley A. DeBella
Russell A. Harding
edward & Sharon Harris
Mary C. Hughes
Sherri King
Brewster W. Lamacchia
Patricia Lawton & Joel Offenberg
Larry & Nancy Lebofsky
Antonia Martinez & Nancy 

Luginbill
William May
Kathryn L. McFarland
Anne J. Metevier
Thomas P. Ragouzis
Libbie A. Schock
Kathleen M. Steinauer
Terry & Linda Stephenson
John R. Teerlink

society scope
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Leslie & Robert Thatcher
eric W. Tilenius
gay Van Horn & Alan Koenig
James A. Wallsten
Larry & M. e. Wasser
Robert & Joyce Wisner
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by Richard Talcott

the brilliant stars of winter dominate 
the evening sky at this time of year. 
Sirius, the brightest of them all, 

gleams in the south, with orion and its 
luminaries not far away. half of the sky’s 10 
brightest stars lie in this region, sparkling 
like Christmas lights left up too long after 
the holidays.

in early 2008, two bright planets add to 
the scene. the most conspicuous, at least in 
early February, is Mars. the red Planet not 
only shines brightly (only Sirius surpasses 
it), but it also rides high in the east as dark-
ness falls. mars shines at magnitude –0.6 on 
February 1, but only half as bright (magni-
tude 0.2) by month’s end. it dims further in 
march and april, though not as fast.

early February is also the time to 
observe mars through a telescope. mars 
looks best when its apparent diameter 
exceeds 10" (10 arcseconds), which it does 
during most of February. but late in the 
month, the diameter dips to 9", and it con-
tinues to fall through the winter and spring. 
For a nice observing project, follow the 
shrinking north polar cap as the martian 
spring tightens its grip on the planet’s 
northern hemisphere.

Winter’s second evening planet ranks 
first in most observers’ eyes. Saturn reaches 
opposition and peak visibility on February 
24 when it rises in the east at sunset, appears 
highest in the south around midnight, and 
sets when the Sun comes up. Saturn shines 
at magnitude 0.2, so only Sirius clearly beats 
it. Compare Saturn’s golden glow to the 
blue-white gleam of neighboring regulus — 
the brightest star of leo, the lion.

of course, the naked-eye view of Saturn 
can’t compete with its telescopic appear-
ance. the ringed planet looks spectacular at 
opposition, when its disk measures 20" 
across and the rings span 45". Saturn will 
remain a stunning sight through any tele-
scope until summer.

the rings currently tilt a bit less than 10° 
to our line of sight. that’s down from their 
14° tilt at opposition a year ago. you won’t 
see much additional change before Saturn 
disappears into the Sun’s glow in august, 
but just wait until the planet reappears this 
autumn. in november the tilt of the rings 

will be a mere 1°; you’ll need a big scope to 
see them. they will turn edge-on to earth 
in 2009 and disappear from view entirely.

no other prominent planet comes into 
view until dawn approaches. on February 1, 
look low in the southeast as twilight starts 
to paint the sky. there you’ll see the year’s 
finest planetary conjunction, featuring bril-
liant Venus sitting barely ½° (one moon-
width) to the upper left of Jupiter. although 
the latter planet shines brighter than any 
star, it’s noticeably fainter than venus.

after the two planets meet, they head in 
opposite directions. Jupiter rises earlier 
each morning and so climbs higher before 
dawn. the giant planet also brightens, 
growing more conspicuous among the 
background stars of eastern Sagittarius. 
Steadily held binoculars or a small telescope 
will reveal Jupiter’s four bright moons, 
which galileo discovered nearly 400 years 
ago. a scope will show two parallel dark 
belts in the planet’s atmosphere.

meanwhile, venus sinks slowly into the 
twilight during the next few months. in 
early February, it rises nearly two hours 
before the Sun, but that drops to 30 minutes 
by april 1. the best views of venus will 
come with your naked eyes or binoculars. a 
telescope reveals a disk barely 10" across 
that’s almost fully lit.

venus does point the way to the final 
bright planet. Mercury lies just 1° north of 
venus during February’s last few days, and 
the two move in tandem through much of 
march. by march 25, you can find mercury 
1° below venus. mercury glows around 
magnitude 0, nearly four magnitudes dim-
mer than venus. during april, mercury 
passes behind the Sun and climbs into the 
evening sky. you might glimpse it low in 
the west-northwest at month’s end.

most stargazers develop a sense of the 
night sky’s rhythms. the most obvious pat-
tern belongs to the moon, whose cycles 
form the basis for our month. yet many 
people don’t realize the moon’s monthly 
motion doesn’t match its phases. February, 
march, and april nicely illustrate this point.

the moon passes the Pleiades Star 
Cluster in taurus each time it circles the 
sky. the moon lies near the cluster on the 
evenings of February 13, march 12, and 
april 8 — a reflection of its 27.3-day orbit 
around earth. but note the moon’s phase at 

each passage: it’s half-lit in February, 34% lit 
in march, and just 12% lit in april. earth’s 
motion around the Sun means it takes the 
moon an extra 2.2 days (29.5 days total) to 
return to the same position relative to the 
Sun and therefore show the same phase. by 
the way, the april 8 Pleiades passage should 
be spectacular. north american observers 
will see the waning crescent moon pass 
directly through the cluster.

Third Time’s a Charm
the moon also plays a central role in this 
winter’s premier sky event. on February 20 
the moon passes through earth’s shadow, 
resulting in a total lunar eclipse. although 
this is the third total eclipse of the moon 
visible from north america in the past 13 
months, it could be the best. the eclipse in 
march 2006 favored observers along the 
east Coast, while last august’s eclipse 
appeared best from western north america. 
in February, however, the whole continent 
sees most of the eclipse. 

the partial eclipse starts at 5:43 pm 
Pacific Standard time (add 1 hour for 
mountain time, 2 hours for Central time, 
and 3 hours for eastern time), when 
earth’s dark umbral shadow takes its first 
bite out of the full moon. For the next 78 
minutes, the shadow creeps across the lunar 
face. totality starts at 7:01 pm PSt and lasts 
until 7:52. then the eclipse’s partial phases 
play out in reverse, wrapping up at 9:09 pm 
PSt (12:09 am eSt on the 21st).

throughout the 51 minutes of totality, the 
moon should sport a reddish glow. earth’s 
atmosphere acts like a giant lens, bending 
sunlight into our planet’s shadow. air      
molecules scatter blue light and leave only 
red, imparting the eclipsed moon’s distinc-
tive color. it’s the same reason why sunrises 
and sunsets on earth appear reddish. the 
moon’s southern half should look brighter 
because it lies closer to the shadow’s edge.

if your weather is clear that evening, 
don’t miss this lovely spectacle. despite this 
being the third total lunar eclipse within 
the past 13 months, the well runs dry after 
this one. We’ll have to wait until december 
2010 for our next view of totality. 

RICHARD TALCOTT is senior editor for Astronomy 
magazine. He is coauthor of the book Chasing the 

Shadow: An Observer’s guide to eclipses. 

sky events
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February 2008

the all-sky star map shows the night sky as  
seen from about 35° north latitude at:
9 pm on February 1,  
8 pm on February 15, and  
7 pm on Feb ruary 29
local time.

sky events

 1 Venus passes 0.6° north of Jupiter,  
5 AM PST

 3 The Moon passes 4° south of Jupiter,  
10 PM PST

 4 The Moon passes 4° south of Venus,  
4 AM PST

 6 Mercury is in inferior conjunction,  
10 AM PST

 6 New Moon at 7:44 PM PST; annular 
solar eclipse (visible from Antarctica 
and South Pacific Ocean)

 13 The Moon is at perigee, 4:56 PM PST
  First Quarter Moon at 7:33 PM PST
 15 The Moon passes 1.6° north of Mars, 

midnight PST

 20 Full Moon at 7:30 PM PST; total lunar 
eclipse (see description opposite)

 21 The Moon passes 3° south of Saturn,  
4 AM PST

 24 Saturn reaches opposition, 2 AM PST
 27 The Moon is at apogee, 5:27 PM PST
 28 Last Quarter Moon at 6:18 PM PST
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March 2008

the all-sky star map shows the night sky as  
seen from about 35° north latitude at:
10 pm on March 1,  
10 pm on March 15, and 
  9 pm on March 31
local time.

sky events

Open cluster
Globular cluster

Diffuse nebula
Galaxy

 2 The Moon passes 4° south of Jupiter,  
5 PM PST

 3 Mercury is at greatest western  
elongation (27°), 3 AM PST

 5 The Moon passes 0.2° north of Venus, 
11 AM PST

 7 New Moon at 9:14 AM PST

 8 Daylight Saving Time begins, 2:00 AM

 10 The Moon is at perigee, 2:39 PM PDT
 14 First Quarter Moon at 3:46 AM PDT
  The Moon passes 1.7° north of Mars,  

8 PM PDT
 19 The Moon passes 3° south of Saturn,  

8 AM PDT

 19 Vernal equinox is at 10:48 PM PDT
 21 Full Moon at 11:40 AM PDT
 26 The Moon is at apogee, 1:13 PM PDT
 29 Last Quarter Moon at 2:47 PM PDT
 30 The Moon passes 3° south of Jupiter,  

10 AM PDT

To locate stars  
in the sky, hold  
the map above  
your head and orient  
it so that one of the four  
direction labels matches the  
direction you’re facing. The all- 
sky map will then represent what  
you see in the sky.
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April 2008 sky events

 4 The Moon passes 5° north of Venus,  
6 PM PDT

 5 New Moon at 8:55 PM PDT
 7 The Moon is at perigee, 12:30 PM PDT
 8 The Moon passes through the Pleiades 

Star Cluster
 11 The Moon passes 1.2° north of Mars,  

11 PM PDT

 12 First Quarter Moon at 11:32 AM PDT
 15 The Moon passes 3° south of Saturn,  

11 AM PDT
  Mercury is in superior conjunction, 

midnight PDT
 20 Full Moon at 3:25 AM PDT
 22 Lyrid meteor shower peaks

 23 The Moon is at apogee, 2:34 AM PDT
 26 The Moon passes 3° south of Jupiter,  

10 PM PDT
 28 Last Quarter Moon at 7:12 AM PDT

To locate stars  
in the sky, hold  
the map above  
your head and orient  
it so that one of the four  
direction labels matches the  
direction you’re facing. The all- 
sky map will then represent what  
you see in the sky. Open cluster
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the all-sky star map shows the night sky as  
seen from about 35° north latitude at:
11 pm on April 1,  
10 pm on April 15, and 
  9 pm on April 30
local time.
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This MESSENGER view of Mercury shows 
a long scarp slicing through numerous 
craters to the lower-right of the image.
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