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We live in astounding times. No, I’m 
not talking about bursting housing 
bubbles or crashing stock markets. 
Rather, I’m thinking of the “miracle” 
of modern travel.

Taking a trip used to be a real 
challenge. Two hundred years ago, 
horse or wind power was the only 
mode of transportation by land or 
sea, and long-distance journeys 
were usually measured in weeks, 
sometimes months. A century later 
the mechanical engine began to 
change the face of travel, and long 
trips would soon be accomplished 
in days or a few weeks. Today we can be on 
the other side of the world in less than 24 
hours. And, depending on your definition of 
travel, you can be standing on Mars, orbiting 
Saturn, or zooming through the universe in 
less than a few heartbeats.

I’ve had cause to ponder this theme of 
travel several times during the past few 
months. On August 1st I was standing in the 
middle of nowhere, China, watching a total 
eclipse of the Sun. Exactly two months later I 
was half a world away, standing in the middle 
of nowhere, Iceland, watching the northern 
lights dance overhead. And in late October, as 
I put together this issue, I realized that a trav-
el theme had somehow crept into these pages.

In her article “A Russian Adventure,” 
Tanya Phillips describes her experiences on 
her way to totality in Novosibirsk on August 
1st. William Sheehan explores one of the con-
sequences of John Milton’s 1838 trip to Italy 
in “A Meeting of Giants.” And C. Reneé James 
takes a thought-provoking journey to the 
“Seven Wonders” of the universe that are not 
what you might expect.

I must confess that I didn’t think I’d be 
creating theme issues for Mercury. In fact, 
while attending the ASP’s annual gathering in 
St. Louis this past June, I struck up a conver-

sation with an ASP member about Mercury in 
general and themes in particular. “I don’t like 
‘theme’ issues of magazines,” she said, 
“because if I don’t care for the theme, that 
particular issue is largely a waste.” (When I 
mentioned that the Summer ’08 issue would 
have an International Year of Astronomy 
theme, she admitted that since the IYA was 
something she was keenly interested in, such 
a themed issue would be okay.)

The IYA aside, deliberately themed issues 
of Mercury are unlikely to be common. I’ve 
worked on themed issues of magazines 
before, and if the theme is tightly focused, the 
issue can be challenging to create. And yes, 
there is a danger that the theme will not be of 
interest to some readers.

But accidental themes can be a pleasant 
surprise, and they do provide an interesting 
cohesion to an issue. I hope the themed fea-
tures in this issue launch you on your own 
journey of exploration. Bon Voyage.

Paul Deans
Editor, Mercury
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ON THE COVER
Front:  Most of the terrain visible here had never been imaged until MESSENGER flew by in October 2008.    

The bright crater just below the center of the image is Kuiper. Courtesy NASA / JHUAPL / Carnegie 
Institution.

Back:  This Hubble Space Telescope view shows the edge of the giant gaseous cavity within the star-forming 
region NGC 3324, located about 7,200 light-years from Earth. Courtesy NASA, ESA, and The Hubble 
Heritage Team (STScI / AURA).
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first word

Do you have a “bucket list?” You know, one of those lists of 
things you want to see and do before you “kick the bucket.” 
We all probably have one, whether it’s written down or not: 

those “to do’s” we tuck away into the back corner of our brain, to 
accomplish when we have the time, the money, or the opportunity.

More to the point: do you have an astronomical bucket list?
Perhaps you’ve always wanted to spend a night at the telescope 

on Mount Palomar or Kitt Peak; observe a starry night sky in com-
plete darkness from the middle of the ocean; watch a true meteor 
storm; or, once you saved up that $20 or 30 million, hitch a ride 
aboard a Soyuz to the International Space Station. for me, the item 
that should be on the top of everybody’s astronomical bucket list — 
as it certainly was on mine — is to witness a total eclipse of the Sun.

On the theory that some bucket list items are worth repeating, 
I’ve managed to do that more than a dozen times over the years 
(which officially qualifies me as an eclipse junkie). Most recently, I 
did so this past August 1st in Siberia with the group from Melita 
Tours, a company that stages delightfully astronomical outings (and 
with whom the ASP partners by offering its tours through the ASP 
website). After spending time with the sights of Moscow and taking 
a leisurely river cruise to the palaces of St. Petersburg, we flew to 
Novosibirsk. On the appointed day we set up camp in the path of 
totality on the shores of the reservoir south of the city. The Sun sat 
high in the west over the water in an unexpectedly clear sky as the 
encroaching Moon (alternately, the cosmic dragon Alklha of the 
Buryat people who live just south) began to nibble away.

As the Sun shrank to a sliver and the light grew brassy and dim, 
we who waited on the sandy strand or the bluffs above could see the 
northwest grow dark as the umbral shadow swept in. A final bright 
bead of photosphere created a “diamond ring” as the Moon settled 
into place. As darkness fell, the corona blossomed into view in 
gauzy equatorial swatches — a single hot pink prominence decorat-
ing the rim of the black lunar disk. The sky was a midnight blue, 
and Venus and Mercury glittered up and leftward of the eclipsed 
Sun, All around the horizon, a saffron sunset glowed where the par-
tially eclipsed Sun still shone — while the shadow of the Moon 
thundered over our heads.

And when the two minutes or so of totality was up, a second dia-
mond ring seared the darkness as a blazing bead of Sun reappeared 
through a lunar valley and grew. The shadow fled southeastward, 
and we were left blinking in the emergent sunlight, exultant and 
bereft at the same instant — from the emotional rush of the experi-
ence and the tinge of regret that it was as swiftly done.

There’s nothing intellectual about a total eclipse of the Sun. It is 
an entirely visceral experience; one that registers in the gut. You can 
read it described (as you’ve just done), you can see pictures, and/or 

you can watch a video, but none of these will do it justice. It is an 
event that simply has to be witnessed in person to be truly under-
stood — to get a palpable sense of the motions of great bodies in 
space, to appreciate the remarkable coincidence that allows the 
Moon to just fit over the Sun in our sky, to feel your own primal 
reaction to it, and to see just how glorious the universe can really 
be. It should be an item on everybody’s bucket list, astronomical    
or otherwise.

An Astronomical Bucket List 
A total eclipse of the Sun is one of those “must-see” events of a lifetime.

by James G. Manning
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Cloudy skies cleared before first contact and remained so during the 
entire sky show. Venus (distant) and Mercury (closer) are visible to the 
Sun’s upper left.

http://melitatrips.com
http://melitatrips.com
http://www.astrosociety.org/events/tours.html
http://www.dennismammana.com
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And as long as I’m presumptuously filling out your lists for you, 
let me suggest another item that might go there (for astronomy  
lovers, anyway): to share the universe with somebody else. for the 
uninitiated, an astronomical bucket list entry might be as funda-
mental as looking through a telescope — any telescope — or seeing 
the rings of Saturn or the craters on the Moon . . . having some-
body point out those pesky constellations they just can’t quite find 
on their own . . . or being introduced to a Milky Way that their 
light-polluted urban lives can’t quite reveal to them. In other words, 
be a catalyst for sparking another person’s appreciation of the wider 
universe.

for more than a century, the Astronomical Society of the Pacific 
— your Society — has strived to do just that: to serve as a catalytic 
force in advancing the appreciation and understanding of astrono-
my. Now, more than ever, we work to increase the general apprecia-
tion and understanding of science as the adventure of discovery, and 
to help create a more science-literate society in which astronomy- 
and science-related goals appear on many bucket lists. You are, as 
you’ve always been, instrumental in helping us to achieve this goal. 
We thank you for the many ways in which you help to advance the 
Society’s mission, both with your own initiatives and in your      
support of ours.

There’s a big (which is to say long) total solar eclipse coming up 
next July, visible across China and a portion of the Pacific. A shorter 

bout of totality will 
cross Easter Island 
in 2010. The eclipse 
of 2017, which will 
diagonally bisect the 
US, is now less than 
nine years away. 
And there are other 
opportunities in 
between to cross off 
“see a total solar 
eclipse” from your 
bucket list, if you 
haven’t already. 
(And as a non-
eclipse aside, 
don’t forget the transit of Venus in 2012, the last one visible during 
our lifetime.) 

So plan. Save your pennies. Go. See. Enjoy. And in the mean-
time, be sure to help others achieve their bucket-list entries by   
sharing with them the universe at large! 

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

first word

Oceanside Photo & Telescope has been serving
the astronomical community for over 25 years.
We have the largest selection of astronomy
equipment on the planet! Whether you need
telescopes, CCD cameras or accessories for 
personal use or a large observatory project for 
a University, OPT’s experts are here to help.

OPT’s Customer Commitment:
Huge Selection
Competitive Pricing
Product Knowledge
Customer Service  

Discover the Wonders 
of the Universe

800.483.6287 • optcorp.com
Oceanside Photo & Telescope

 

Don’t miss the transit of Venus in 2012. 
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http://www.astrosociety.org/events/china.html
http://eclipse.gsfc.nasa.gov/SEgoogle/SEgoogle2001/SE2017Aug21Tgoogle.html
http://eclipse.gsfc.nasa.gov/SEgoogle/SEgoogle2001/SE2017Aug21Tgoogle.html
mailto:jmanning@astrosociety.org
http://www.solarphysics.kva.se
http://www.optcorp.com
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astronomer’s notebook

Planetary nebulae are often classified as round, elliptical, bi-
polar (double-lobbed or “butterfly”), or irregular, but these 
objects actually span a continuum of shapes across these cate-

gories. Only a small fraction of the known planetary nebulae have 
spherically symmetric structure; most are bipolar. Irregular planetary 
nebulae are even rarer. And Hubble Space Telescope images have 
revealed even more complex structures such as halos, knots, and jets.

Determining the physical origin of these different morphologies 
and complex structures remains a major challenge. Both single-star 
and binary-system scenarios have been proposed. In the single-star 
model a strong magnetic field coupled with the asymptotic giant 
branch (AGB) star wind and stellar rotation appear to be capable of 
producing nearly all of the observed morphologies. But it now seems 
unlikely that a single AGB star can maintain a strong enough mag-
netic field long enough to act on the expanding shell of material.

Although binary models have been explored for three decades, 
only a minority of researchers favored such scenarios. A compan-
ion could produce the observed planetary nebulae menagerie by 
“spinning up” the primary, thereby helping maintain the magnetic 
field strength of the post-AGB star. Alternatively, the companion 
might create an accretion disk around the primary either by over-
flow or breakup.

One complicating factor in all this is the effect of orientation. 
Hugo Schwarz, Hecktor Monteiro, and Ryan Peterson examined a 
sample of 29 bipolar planetary nebulae from the literature and com-
pared these to models of bipolar objects having a dusty, equatorial 
accretion disk irradiated by a single central star or a binary system. 
They found that as the viewing angle gets closer to the equatorial 
plane, these objects appear redder and less luminous, and the pro-
jected expansion velocity decreases. Interestingly, models incorpo-
rating a hot, compact star and a cool, giant companion yield good 
agreement with observations. 

A recent study by Patrick Huggins lends more support for the 
binary models. Huggins examined the time sequences for the appear-
ance of jets and tori in proto-planetary nebulae. Using optical and 
infrared data, Huggins found that tori appear a few hundred years 
before jets. This formation sequence favors models in which tori and 
jets form due to the interaction of a companion with the central star.

A planetary nebula population dominated by binary central stars 
would be consistent with our current knowledge of main sequence 
binarity, and both stellar and galactic evolution. But observational 
evidence for the existence of a large population of planetary nebulae 
with binary central stars is hard to come by. Detecting binaries 
using the radial velocity method is plagued with difficulties because 
stellar winds and pulsations induce spectral variability. Searching for 
photometric variability has proven much more fruitful. 

We can detect light variations in planetary nebulae with binary 
central stars in one of three ways. Some are total or partial eclipsing 
binaries, and so the variation is easy to observe. Alternatively, the 
hotter star can irradiate one hemisphere of the cooler star making it 
appear brighter, which would correlate with the system’s orbital 
phase. finally, if one or both stars fill their Roche lobes, the system 
will appear brighter at quadrature than at conjunction. 

Howard Bond, Robin Ciardullo, and Albert Gauer conducted 
the most extensive survey for photometric variability (the HCG 
Survey). from 1970 to 2000, they (and others) examined roughly 
100 central stars of planetary nebulae and found that 10-15% 
exhibited photometric variability indicative of binarity. This frac-
tion is much too low to explain the observed population of bipolar 
planetary nebulae. However, it has been argued that longer period 
binaries lead to reductions in all of the aforementioned variability 
mechanisms. This observational bias towards very short period sys-
tems means that 10-15% represents the lower limit on the total 
number of binary systems.

Late this summer, an international team lead by Brent Miszalski 
in france identified three new eclipsing binary central stars towards 
the galactic bulge. The photometric variability of these three previ-
ously know planetary nebulae (M 3-16, H 2-29, and M 2-19) was 
identified using Optical Gravitational Lensing Experiment (OGLE) 
data. All three of these objects exhibit bipolar morphology. 

New developments should be forthcoming. Orsola DeMarco, 
Todd Hillwig, and A. J. Smith revisited the HGC survey and noted 
that the search technique should have been biased against systems 
with orbital periods of one to two weeks. The group identified some 
of the observational biases in the HGC sample and is proposing a 
“new and improved” survey. Meanwhile, Miszalski and company are 
preparing a follow-up paper to present more new binary central 
stars of planetary nebula and a new estimate of the binary fraction 
of planetary nebulae. Stay tuned! 

Astrophysicist JENNIFER BIRRIEL is an Associate Professor of Physics at 
Morehead State University in Kentucky. Sometimes she thinks she could go 

either way on the theory of bipolar nebulae.

Shaping Bipolar Planetary Nebula
Are binary central stars responsible for shaping planetary nebulae?

This Hubble Space Tele-
scope image of the Cat’s 
Eye Nebula (NGC 6543) 
reveals a bull’s eye pattern 
of 11 or more concentric 
shells around the Cat’s Eye. 
Observations suggest the 
star ejected its mass in a 
series of pulses at 1,500-year 
intervals. NASA / ESA / HEIC / Hubble Heritage (STScI / AURA)

by Jennifer Birriel

http://www.astro.washington.edu/balick/WFPC2
http://www.noao.edu/outreach/press/pr03/sb0307.html
http://www.noao.edu/outreach/press/pr03/sb0307.html
http://eprintweb.org/S/authors/All/sc/H_Schwarz/2
http://arxiv.org/abs/astro-ph/0703569
http://arxiv.org/abs/0808.0526
http://hubblesite.org/newscenter/archive/releases/2004/27/image/a
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planetary perspectives

This fall Venus, our nearest planetary neighbor, 
reemerges into in the evening sky. It seems the 
cloudy world is also reemerging above NASA’s  

mission planning horizon as well. Although our hothouse 
sister planet may not always enjoy the same level of   
attention that’s lavished upon her smaller red cousin, 
Venus has always had a core group of cythereanphiles  
who understand the planet’s importance in the grand 
scheme of terrestrial planetdom.

If you want to truly understand what it means to be an 
Earth-like planet, in all the possible geologic and climatic 
variations that might orbit other stars, studying the full 
range of what our own solar system has to offer in that 
department is the natural starting point. Specifically, we 
learn a lot more about our own world and our place on it 
by studying not only the ones where conditions might be 
favorable to life but also the ones where things have gone hellishly 
wrong (wrong at least from our biased perspective here on Earth!).

With this in mind, NASA earlier this year formed a Science and 
Technology Definition Team (STDT) to map out the science goals 
and objectives, and the technological hurdles to overcome, for a 
flagship class mission to Venus. (That’s NASAese for a complex, 
expensive space mission.) Of course, this won’t be the first flight to 
Venus. Among the dozen or so successful missions flown there so 
far, several Soviet Venera spacecraft have landed on and imaged the 
sweltering surface; NASA’s Magellan orbiter peered through the 
unbroken clouds with radar eyes to map the entire planet; and ESA’s 
Venus Express is there right now studying the atmosphere, clouds, 
and plasma environment. Although these missions have scoped out 
the gross characteristics of the planet, there remain many crucial, 
big-picture questions about Venus, including the evolution of its 
geology and climate, for which we still don’t have good answers.

We suspect that Venus was initially water-rich, like Earth. 
Evidence from the ratio of hydrogen isotopes in its atmosphere   
supports the idea that it lost up to a global ocean’s worth of water. 
Was that really the case, and if so, when and where did all that water 
go? What does the Venus greenhouse tell us about the evolution of 
terrestrial-planet climates and how these climates are influenced by 
the distant Sun and overhead clouds? How geologically active is the 
planet right now and what form does that activity take? How do the 
surface and corrosive atmosphere interact? What caused the appar-
ent global resurfacing of Venus during the last billion years?

The technological challenges facing a future Venus flagship   
mission are as many and varied as these science questions, and the 
STDT has identified a number of specific technology requirements. 
Primarily, we need to begin development, environmental testing, 

and flight demonstration of spacecraft and science-instrument com-
ponents that can survive the sizzling temperatures and crushing 
pressures found on the Venusian surface. We need to be able to 
build and field some pretty durable computer and telecommunica-
tions electronics, power generation and storage components, and 
sample collection and handling equipment in order to survive for 
any useful amount of time on the surface.

Among the ‘ground rules’ that NASA set for the STDT was 
launch on a Delta IV Heavy vehicle sometime in the 2020-2025 
timeframe and a total cost of about $3-4 billion. Based on these, the 
team identified a mission plan that meets all the high-value science 
priorities. It would include a long-lived (as in years) orbiter with a 
high-resolution Interferometric Synthetic Aperture Radar (really 
good for detecting changes in the surface geology), two instrument-
ed balloons that would float for weeks in the cloud deck, and two 
surface landers designed to last at least a few hours and return clear 
images and invaluable data on the composition of the surface.

Perhaps in the end we may not be able to get a $3-4 billion Venus 
mission off the ground, at least not given all the other big entrées 
NASA has been served on its not-big-enough plate. But what a 
study like this does do is to help us prioritize our big-picture plane-
tary science questions and sharpen our mission-planning pencils. 
Even if we don’t get the one big Venus mission, we may well still 
achieve a few focused, smaller-scale missions that NASA can afford.

Venus is a particularly challenging planet to explore, but we 
humans thrive on this kind of challenge. Let’s face it head on and 
give our sister planet the attention she deserves. 

DANIEL D. DURDA is a Principal Scientist in the Department of Space Studies 
at the Southwest Research Institute in Boulder, Colorado.

Rise of the Veiled Planet
NASA scopes out options for a flagship mission to a world of contrasts.

by Daniel D. Durda

The surface of Venus as seen by Venera 13 on March 1, 1982.
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http://nssdc.gsfc.nasa.gov/planetary/magellan.html
http://www.esa.int/esaMI/Venus_Express/index.html
http://www.mentallandscape.com
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Astronomers strapping together a string of radio telescopes in 
Hawaii, California, and Arizona have captured the closest 
look yet at the suspected black hole in the center of our gal-

axy, all but sealing the case that such objects really do exist. The 
three unified telescopes attained a resolution that was about one 
thousand times sharper than what the Hubble Space Telescope usu-
ally musters. The astronomers, led by Sheperd Doeleman of MIT, 
focused on Sagittarius A* (right), the enigmatic radio-strong source 
at the center of our galaxy thought to be a supermassive black hole 
with a mass of four million suns confined within a region smaller 
than Mercury’s orbit.

As described in an article in the September 4, 2008, issue of 
Nature, the team discerned structure in the galactic center at a 37 
micro-arcsecond angular scale, corresponding to a size of about 30 
million miles across. The suspected black hole is about 12 million 
miles across, and its circumference delineates its event horizon. But 
the black hole’s extreme gravity bends light in such a way as to dou-
ble the apparent size of the event horizon. 

This means astronomers are very close to “imaging” this elusive 
object. Also, the observation leaves little possibility that anything 
other than a black hole could be the source of the activity in 
Sagittarius A*.

“Assuming that the central object must be smaller than the sur-
rounding ‘cloud’ of radio-emitting gas that we see, the case for a 
black hole looks compelling,” wrote Christopher Reynolds, a black 
hole expert and X-ray astronomer at the University of Maryland, in 
his glowing commentary accompanying the Nature article.

Don’t be surprised that this observation didn’t make front-page 
news. Radio astronomers are the unsung champions of astronomy. 
Astronomers using the HST and massive ground-based, optical- 
infrared telescopes (such as the Keck or the Gemini twins) high in 
their exotic mountaintop locales get all the press and fame.

Yet it was in the radio band that astronomers detected the echo 
of the Big Bang, called the Cosmic Microwave Background, as well 
as the first pulsars. Now, radio observations are poised to greatly 
advance the field of black holes. 

Doeleman’s group used a technique called Very Long Baseline 
Interferometry (VLBI). This exploits a phenomenon known as 
interference, in which multiple light waves can be superimposed to 
amplify the signal. The long lengths of radio waves, in the milli-
meter to kilometer range, enable receivers to be placed at great    
distances from each other. Detectors comprising optical and infra-
red interferometers, in contrast, need to be close together.

VLBI observations routinely achieve 50 micro-arcsecond resolu-
tion, as opposed to Hubble’s 50-milliarc best. To put this in perspec-
tive, the precision of the latest VLBI observation of Sagittarius A* is 

similar to seeing a 
radio alarm-clock on 
the surface of the 
Moon from Earth, 
whereas Hubble can 
“only” resolve an area 
the size of a football 
field from such a dis-
tance — and whereas 
my eyes, from my 
home in light- and 
air-polluted 
Baltimore, can barely 
see the Moon.

Doeleman is taking radio interferometry to the next level. 
Previous VLBI observations have been in the 3- to 7-mm frequency 
range. But interstellar matter dampens the signal in this range. 
With a bit of tweaking on the three radio telescopes, Doeleman 
extended VLBI to higher-energy waves at 1.3 mm. This is a sweet 
spot between longer waves prone to interstellar scattering and 
shorter submillimeter wave (or microwaves) prone to atmospheric 
absorption.

As spectacular as it is, this Sagittarius A* observation was just 
proof of concept. Doeleman and others plan to conduct similar 
observations with up to a dozen radio dishes spread around the 
globe. This could take about five years, but the payoff will be 
immense, says fulvio Melia, a black hole expert at the University of 
Arizona and author of The Black Hole at the Center of Our Galaxy. 

Such observations could measure the spin of a black hole and 
image the so-called shadow of the event horizon, allowing unprece-
dented tests of the general theory of relativity. “This is quite       
optimistic . . . but it will come in the future,” Melia said. 

So a friendly race is underway, pitting radio astronomers against 
X-ray astronomers, who in reality do appreciate each others’ work. 
Nearby Sagittarius A* is a dim X-ray source, but powerful quasar-
like supermassive black holes are bright enough in X-ray (despite 
their great distances) to provide tests of general relativity in an  
environment of extreme gravity.

X-ray astronomers are also unsung heroes; they discovered the 
first black hole candidates. Which group will “image” a black hole 
first is uncertain. But when it happens, it will be worth singing 
about. 

CHRISTOPHER WANJEK is a health and science writer who enjoys staying in 
tune with astronomical observations from across the spectrum.

Radio Dishes Tune In To Event Horizon
The latest observation is but a prelude of concerts to come.

armchair astrophysics

by Christopher Wanjek
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Encke’s Comet has the shortest period of any known comet 
and has made more observed returns to the vicinity of the 
Sun and Earth than any other. In 1948, Robert S. Richardson 

wrote an ASP Leaflet about this comet and the mysteries it present-
ed. Some of these mysteries have since been solved, but Comet 
Encke continues to surprise us.

The comet was first observed by Pierre Mechain in 1786 and 
seen on several subsequent occasions before astronomers realized 
that they were seeing the same short-period comet. In 1819 Johann 
franz Encke calculated its orbit and showed that it had an orbital 
period of about 3.5 years. He also demonstrated that the comets 
seen in 1786, 1795, and 1895 were in fact the same comet, and he 
successfully predicted its return in 1822. It was only the second 
comet (after Halley) to be recognized as periodic.

Richardson wrote that, “Encke suspected that there was a gradual 
acceleration in the motion of the comet . . . [and] felt justified in 
assuming that some unknown force must be acting to produce it. In 
this way he was led to his famous hypothesis of a resisting medium 
which by opposing the motion of the comet had the effect of 
increasing its velocity.”

Encke continued to use this idea in his later calculations of its 
motion, and in 1861 published a summary showing that the period 
decreased by 0.11 days each time the comet came around past the 
Sun. Since this was exactly what he expected from such a resisting 
medium, he felt that this was strong evidence in support of his  
theory.

Encke died in 1865, and the next two returns of his comet 
showed a sudden change in the acceleration rate that was totally at 
variance with his resisting medium idea. Another major change 
occurred in 1931, and other variations followed. Thus, according to 
Richardson, “the precise prediction of its motion is still beyond our 
control.” And he concluded, “Whether the peculiarities . . . will 
eventually be found to originate in meteoric collisions near the Sun, 
in solar emanations, or in some other source wholly unknown at 
present, is impossible to say.”

In Encke’s day, the true nature of a comet was unknown; and this 
was still true in 1948 when Richardson wrote his Leaflet. But in 
1950 fred Whipple put forth his “dirty snowball” or “icy conglom-
erate” model of a comet. In this theory, a comet’s nucleus (its core) 
is a mass of frozen gases containing bits of embedded dusty debris. 
When it nears the Sun, heat on the sunward side of the nucleus 
vaporizes the gas and releases some of the dust, which forms a large 
ball (the coma) around the still-frozen nucleus. The dust and gas are 
pushed away from the Sun by the combined effects of the solar wind 
and solar radiation, and form a tail. This is now the accepted view 
of a comet’s structure.

Whipple applied this idea to the case of a rotating comet nucleus 
and showed that depending on the direction of rotation of the 
nucleus, the ejected gases will act like a rocket engine to either slow 
down or speed up the comet’s orbital motion. furthermore, any 
pockets of ice in the nucleus with low melting points can randomly 
give off additional rocket-like bursts of gas when heated, thus 
accounting for sudden unexpected changes in the comet’s velocity. 
He then considered Comet Encke and showed that the observed 
motion could be accounted for if the nucleus rotated retrograde, 
and lost no more than 0.5% of its mass during each orbit around the 
Sun. At this rate it could last for more than 1,000 years. 

Comet Encke last passed perihelion on April 19, 2007. The next 
day, its tail was ripped off by a coronal mass ejection, a violent cloud 
of charged particles blown off at high speed from the Sun. NASA’s 
STEREO satellite was able to catch images of the tail being torn 
away by the solar wind. Still, the comet survived, and we expect it 
back on August 6, 2010. We’ll see how closely we can predict its 
arrival this time. 

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.

60 Years Ago: Encke’s Comet
This regular visitor helped unlock some of the secrets of comets.

echoes of the past

Comet Encke near the Sun on April 26, 2007.
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http://cometography.com/pcomets/002p.html
http://www.surveyor.in-berlin.de/himmel/Bios/Encke-e.html
http://www.surveyor.in-berlin.de/himmel/Bios/Encke-e.html
http://www.phys-astro.sonoma.edu/brucemedalists/whipple
http://stereo.gsfc.nasa.gov/img/stereoimages/preview/enckeRipoff_movie_short.gif
http://stereo.gsfc.nasa.gov/img/stereoimages/preview/enckeRipoff_movie_short.gif
mailto:bracher@whitman.edu
http://stereo.gsfc.nasa.gov
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It is said that the pen is mightier than the sword, which is presum-
ably why so many books have been banned over the centuries. 
One notable banned book was Religio Medici by Sir Thomas 

Browne. He rather mendaciously suggested that if the Vatican 
burned to the ground, he would not be too upset: “I have heard 
some with many groans deplore the combustion of the Library of 
Alexandria; for my own part, I think there be too many in the 
world, and could with patience behold the urn and ashes of the 
Vatican, could I recover the perished leaves of Solomon.”

This incendiary remark (pun intended) caused his book to be 
placed on the Index of Prohibited Books in 1645. for many books, an 
appearance on the Index was followed by a ceremony in town squares 
throughout Catholic Europe, during which pages were torn from the 
book, and copies then burnt before the eyes of the populace.

In extreme cases, it was the authors themselves who were burnt 
in public. Notable among these were the cosmologists Michael 
Servetus in 1553 and Giordano Bruno in 1600. Both cases were like-
ly in the mind of Galileo when he decided to submit to the Church 
and suffer (merely) life imprisonment for revealing reality as seen 
through his little telescope.

Bruno wrote that Earth might be only one of an infinite number 
of worlds inhabited by aliens. His books, including The Universe and 
Its Worlds, were all banned in 1603. In 2000, exactly 400 years after 
martyring him, the Catholic Church declared the execution to be a 
“sad episode.”

The mindset of the Church in 1600 contrasts sharply with the 
modern views expressed by Jose funes (right), Director of the 
Vatican Observatory and popularly known as the Pope’s astronomer. 
In May 2008 funes said: “Just as a multiplicity of creatures exists on 
the Earth, so there could be other creatures, even intelligent ones, 
created by God.” The Argentine Jesuit added: “This does not conflict 
with our faith, because we cannot set limits on the creative liberty  
of God.”

Sometimes the state and the Church worked together. Blaise 
Pascal proved the existence of a space devoid of air (which we call a 
vacuum); a concept that conflicted with the writings of Aristotle, 
which the Church upheld. Then he developed the theory of proba-
bility that paved the way for much of modern mathematical analy-
sis. This renown did not save him from official condemnation. His 
book Provincial Letters was banned in 1660 by the french King 
Louis XIV and was later put on the list of forbidden books by the 
Inquisition. The King ordered all copies gathered and burned. 

A century later the climate of repression, while not eliminated, 
had lifted enough to permit more freedom of expression. Here is a 
passage by Constantin Volney in his book The Ruins (1789). “In a 
word, all the theological dogmas on the origin of the world, the 

nature of God, the revelation of his laws, the manifestation of his 
person, are known to be only the recital of astronomical facts, only 
figurative and emblematical accounts of the motion of the heavenly 
bodies.”

In other words, Volney was stating quite directly that reality, as 
revealed by astronomy and not superstition, was the bedrock upon 
which men should understand nature. It was this clear statement of 
purpose that we call The Enlightenment — the beginning of the 
modern age of reason.

Just a few years earlier (in 1771), Louis-Sebastien Mercier pub-
lished an extraordinary book of fiction. Entitled The Year 2440, it 
was the first work of science fiction ever set in the future, and it 
became one of the bestsellers of the 18th century. The narrator  
wakens in Paris in 2440 as a 700-year-old man. He pays a visit to the 
royal library and finds only four cupboards full of books. What hap-
pened to all the books that even in 1771 were so numerous?

We burned them, the librarian replies: 800,000 volumes of law, 
50,000 dictionaries, 100,000 works of poetry, 1,600,000 travel books, 
and 1,000,000,000 novels all went up in a gigantic bonfire.

When asked the reason, the librarian replies it was not because 
they despised the books, but because they feared their power. 

CLIFFORD CUNNINGHAM recently had Sir Salman Rushdie autograph his 
book The Satanic Verses, which was banned in 1988 in many Islamic 
countries. The leader of Iran at the time called for Rushdie’s execution.

Banned Books
In the past, books and sometimes their authors suffered a grim fate.

annals of astronomy

by Clifford J. Cunningham
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http://penelope.uchicago.edu/relmed/relmed.html
http://www.newadvent.org/cathen/07721a.htm
http://www25.uua.org/uuhs/duub/articles/michaelservetus.html
http://www25.uua.org/uuhs/duub/articles/michaelservetus.html
http://galileo.rice.edu/chr/bruno.html
http://clavius.as.arizona.edu/vo/R1024/VO.html
http://oregonstate.edu/instruct/phl302/texts/pascal/letters-contents.html
http://www.gutenberg.org/etext/1397
http://clavius.as.arizona.edu/vo/R1024/VO.html
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Many people love spring because flowers bloom, the grass 
turns green, and new life sprouts up around us. But I love 
fall. That is when a new academic year starts, full of 

promise, with another unique group of students to mentor.
No matter how distressing the previous year, I always feel as if 

this next year will be the year that I finally figure out how to get my 
students to learn. The failed experiment with group exams, the 
semester where few students took the weekly quizzes, the incredibly 
silent semester: Those are all in the past. The future holds only the 
promise of better methodologies and academic success.

This fall, I look forward to experimenting with a Wiki, enhanc-
ing my lecture activities, modifying the course workbook with 
advanced organizers, and restructuring my grading system to better 
motivate students to become engaged in the daily tasks of learning. 
The things that have gone well in the past become the foundation 
from which new teaching methods can be assessed. 

To be honest, fall is really the endpoint that focuses my renewal. 
The process starts as the spring semester expires, when students 
appraise what helped them learn and what I should change. During 
the summer I construct new learning tools and recraft old ones as 
well as shape assessments to give students feedback about how well 
things are going. One wrinkle that always causes problems for me is 
the Cosmos in the Classroom colloquium (co-sponsored by the 
ASP) — I always come back from that meeting with more ideas 
than I can implement and so, in the last weeks before school, I hur-
riedly throw things out and replace them with new ideas. 

In the weeks following the spring semester, I often feel down 
because of student evaluations. “He makes us work too hard for a 
general education course.” “Why won’t you just let us memorize 
things like our other professors do?” fortunately, the tyranny of the 
few bad evaluations passes (not always quickly) and gets replaced by 
the memories of the students who strived to do better: The student 
who raised her grade one step as she learned to link evidence to 
conclusions, another student who leaped from Ds and fs to an A on 
the final, and the student who finally figured out what it means to 
learn. These success stories fuel my renewal and help me learn bet-
ter how to empower students.

Three admonitions stick with me during the summer as I pre-
pare for fall: 

• We can never give up on students, even the cantankerous,   
confrontational ones; it is our job to rise above pettiness and still   
be a learning role model. 

• You never know what effect you have on students. A student 
who struggled to pass the course may take lasting value from the 
course. Even the students may not realize what the effect was until 
some significant time later. 

• And, to play 
off the last point 
because it was an 
incidental proverb 
I embraced from 
a German litera-
ture course: 
Immer streben! 
forever strive! We 
can always do 
better. After all, 
we have a brand 
new semester, full 
of promise and 
exciting uncer-
tainty just ahead 
to relish and   
venture through, 
with all of its 
risks and, more 
importantly, all of its rewards.

Renewal has to have a game plan. Trying to do too many things 
at once is a surefire route to burnout and having the whole course 
topple around you like a house of cards. I try to modify only two or 
three methodologies that need minor adjustment and add one 
major new thing each term. Not only does that prevent an unrea-
sonable workload, but it also permits a better assessment of whether 
the changes improved learning.

As the new academic year starts, take a moment to think about 
how you can improve your students’ learning. Maybe it’s adding 
peer instruction or collaborative learning activities, communicating 
with them through just-in-time teaching, or experimenting with 
learning portfolios as part of the grading system (for other ideas see 
astronomycenter.org). Pick one to start. 

If you are not already doing it, you should perform regular 
assessments so you know where students’ current level of learning is 
at. Looking at pre- and post-activity results can help you judge 
which methodologies work best for you and your students. 

feel renewed; look forward to the new semester, and immer   
streben! Your students will thank you for it.  

DAVID BRUNING (david.bruning@uwp.edu) is a Distinguished Lecturer at 
the University of Wisconsin-Parkside. He finds trying to reach his students in 

new ways invigorating.

Fall: A Season of Renewal
Each new academic year presents a fresh opportunity to improve our teaching.

education matters

by David Bruning

Autumn is when nature sets new growth, and we 
plant the seeds of  new learning.
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As part of our mission to increase science literacy through 
engagement in astronomy, the Astronomical Society of the 
Pacific (ASP) continues to advance the cause by working in 

partnership with other organizations that share our vision. Your 
Society continues to be very successful in securing external support 
while partnering with others, and I am pleased to share with you 
some recent successes.

400 Years of the Telescope
Scheduled for release in 2009, a television show and a planetarium 
program will explore Galileo Galilei’s first telescopic observations of 
the heavens and how this event forever changed our view of the uni-
verse. Through funding by the National Science foundation, and in 

partnership with Interstellar Studios and Southern Oregon Public 
Television, the ASP will manage the education and public outreach 
effort for this project. Specifically, outreach material will be provid-
ed for participating Night Sky Network clubs along with online edu-
cational material for both formal and informal educators. for 
additional information, visit 400 Years of the Telescope.

Asteroids! 
In partnership with the Space Science Institute located in Boulder, 
Colorado, the ASP received a sub-award from the National Science 
foundation to assist in the creation of an exhibit on comets, aster-
oids, and meteors. The ASP’s education team, with Suzy Gurton 
serving as a co-investigator for the project, will develop an outreach 
program that will coordinate with amateur astronomy clubs and 
provide an outreach toolkit for Night Sky Network members.

Universe Quest
Increasing the level of involvement of our K-12 students in the sci-
ences continues to be a priority for the Society. Working in partner-
ship with the University of California Berkeley and their Hands on 
Universe program, as well as the Girl Scouts of Northern California, 
the ASP is assisting with a National Science foundation funded pro-
gram titled Innovative Technology Experiences for Students and 
Teachers (iTEST). The ASP will aid in the development of science 

activities that specifically encourage family involvement and support 
for girls participating in science and technology.

International Year of Astronomy
This year the ASP established four 
signature programs to be initiated in 
2009 with plans to sustain these 
efforts in the years to come. One is 
the IYA Cosmic Companion funded 
by the NASA Science Mission Direc-
torate, Space Telescope Science Insti-
tute, and NASA’s Origins Education 
forum (who are supporting our 
efforts to integrate NASA monthly themes into this effort). This set 
of 12 downloadable monthly Discover Guides includes meaningful 
and accessible astronomy activities for the IYA linked to NASA’s IYA 
calendar of monthly themes and featured objects. These Discover 
Guides will be featured in three online workshops for the ASP’s 
Astronomy from the Ground Up Community, as supported by the 
National Science foundation. 

Pending additional funding, the ASP will then adapt the materi-
als and activities for use by a variety of users including teachers 
striving to meet science curriculum goals in the classroom. Addi-
tional information regarding the ASP’s IYA activities, and how you 
can partner with us in 2009, can be found on our IYA webpage.

New Project ASTRO Site
The flagship program for the Society continues to be Project 
ASTRO, a national program that improves the teaching of astrono-
my and physical science by linking professional and amateur astron-
omers with local educators. Each astronomer is matched with an 
educator in a one-on-one partnership and commits to visiting the 
educator’s students at least four times during the school year. This 
fall, West Chester University joined the national network as the 
newest site. Dr. Karen Vanlandingham, assistant professor with the 
university, is the site director and is assisted by a graduate student 
who will serve as the site coordinator. To learn more, please visit our 
Project ASTRO website.

These are just a few recent examples of how your Society contin-
ues to actively participate with others to fulfill our mission to 
increase the understanding and appreciation of astronomy by 
engaging scientists, educators, enthusiasts, and the public to advance 
science and science literacy. 

MICHAEL G. GIBBS  (mgibbs@astrosociety.org) is the Chief Advancement Officer 
for the Astronomical Society of the Pacific.

Partnerships
Joint participation in programs is the key to extending the ASP’s reach.

societal impact

by Michael G. Gibbs

http://www.nsf.gov
http://www.interstellarstudios.com
http://www.astrosociety.org/education/nsn/nsn.html
http://www.400years.org
http://www.spacescience.org
http://www.handsonuniverse.org
http://www.handsonuniverse.org
http://origins.stsci.edu
http://origins.stsci.edu
http://www.astrosociety.org/iya
http://www.astrosociety.org/education/astro/project_astro.html
http://www.astrosociety.org/education/astro/project_astro.html
http://www.astrosociety.org/education/astro/project_astro.html
mailto:mgibbs@astrosociety.org
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a  m e e t i n g  o f 

g i a n t s

by William Sheehan

How would you like to work here?

A wide-angle view over part of Bellosguardo (in Florence), where Galileo lived before he moved to nearby Arcetri.

Born in Bread Street, Cheapside, not far from St. Paul’s Cathedral 
in London, Milton proved to be a prodigy in languages, mastering 
Latin and Greek at St. Paul’s School. Later, as a student at Christ's 
College, Cambridge, he added modern European languages and 
Hebrew. He had delicate features and a fair complexion, and was so 
far from being hirsute that he became known as the “Lady of 
Christ's.” Several of the poems he wrote while still in his early   
twenties, including the Hymn on the Morning of Christ’s Nativity,  
the sonnet How Soon Hath Time, and his symmetric set-pieces 
L’Allegro and Il Penseroso are still frequently anthologized.

To the Continent
At the age of thirty and armed with various letters of introduction, 
Milton set out to continue his education in Europe, “designing  
especially for Italy,” which was still the font of learning and brim-
ming with the creations of the glorious Renaissance. Italy had, said 
Bertrand Russell, “liberated men from the narrowness of medieval 
culture and . . . made scholars aware that a variety of opinions had 
been held by reputable authorities on every subject.” It also boasted 
such splendid scenery that it was (and still is) arguably the loveliest 
and most paradisiacal place on Earth. Milton left England in May 
1638 and did not return until July 1639.

Despite a modern reputation for being a rather stern and dour 
fundamentalist boor, Milton as a young man was every inch a poet. 
Deeply sensual and passionate, he was said to be “of a very cheerful 
humor.” He drank in the Italian scenery that, twenty years later 
when he came to dictate Paradise Lost, inspired his vision of Eden:

The Birds their choir apply; airs, vernal airs,
Breathing the smell of field and grove, attune
The trembling leaves, while Universal Pan
Knit with the Graces and the Hours in dance
Led on th’Eternal Spring.
{Paradise Lost, IV, 264-268}
Arriving in florence in August 1638, Milton likely did as genera-

tions of tourists have done — got himself up into the heights. He 
probably stood on the ramparts of fort Belvedere, in the Piazza 
Michelangelo, on the hill of Bellosguardo, and in the ancient town 

As we await the International Year of 
Astronomy, when the world will mark 
the 400th anniversary of Galileo’s first 
observations with the telescope, we also 
celebrate the 400th anniversary (on 
December 8, 1608) of the birth of John 
Milton, still generally regarded as the 
greatest poet in the English language 
— after Shakespeare. 
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of fiesole. He stayed in florence more than two months — longer 
than he expected — during which (said his nephew Edward 
Phillips): “He visited all the private academies of the city . . . and 
maintained a correspondence and perpetual friendship among   
gentlemen fitly qualified for such [institutions] . . . .”

Phillips furnishes a longish catalog of the learned and conse-
quential men Milton met “who caressed him with all the honors and 
civilities imaginable”: Jacobo Gaddi, Carlo Dati, Antonio francini, 
frescobaldo, Cultellino, Bonmatthei, and Celemtillo. Not one is 
exactly a household name. Curiously, Phillips omits to mention the 
one person we’re still interested in today: Galileo.

Galileo and Milton
But Milton did meet him — in Arcetri, a town just south of flor-
ence, in September 1638. Under house arrest by the Roman Inquisi-
tion, Galileo was living out the slender remains of his life. To reach 
him, Milton would have walked from forte Belvedere, passing along 
the narrow and enchanting Via San Leonardo between the walled 
city and the hills with their olive groves, vineyards, and fallow fields. 
At last the narrow street would have led him to the villa known as Il 
Gioiello — the Jewel — where, he says: “I found and visited Galileo, 
grown old, a prisoner to the Inquisition for thinking otherwise than 
the franciscan and Dominican licensers thought.”

Galileo was then seventy-four and completely blind. He had lost 
the sight of his right eye some time earlier, and then his left the   

previous year — but not, however, before making his last discovery: 
the libration of the Moon. In ill health for years, he had been 
deprived of the companionship of his favorite daughter, Suor Maria 
Celeste. A cloistered nun in the Convent of San Matteo just down 
the road, she had died, tragically young, in 1634. The old Seer was 
situated (as Milton would later say of himself in Paradise Lost) “in 
darkness, and with dangers compassed round / And solitude.”

Nevertheless, Galileo’s work was done. His masterpiece, the 
Discourses and Mathematical Demonstrations Relating to Two New 
Sciences, regarded as the foundational work of modern physics, had 
been slipped out of Italy two years earlier and published in Leiden.

It is not possible to know exactly what Milton and Galileo dis-
cussed — perhaps very little. The year 1638 had been a terrible one 
for Galileo. After previous unsuccessful petitions, he had finally 
been granted leave in March to move in with his son Vincenzio (the 
house is on the Costa San Giorgio on the way to fort Belevedere), 
so he could be closer to his physicians. As an additional gesture of 
generosity, Galileo was also allowed to hear Mass in the nearby 
Church of San Giorgio, to which he had to be carried by chair,  
“provided he did not make personal contacts.” 

Galileo was back in Arcetri later that spring, but in August he 
was again so ill that he set about preparing his last will and testa-
ment. Under the circumstances, he can hardly have been up to talk-
ing much with a young stranger — however preternaturally fluent in 
Italian — least of all about his “World Systems,” which he had been 
commanded not to “hold, defend, or teach.” (His book on the     
subject, the Dialogue Concerning the Two Chief World Systems, had 
been placed on the Index of forbidden Books in 1633 — where it 
remained for two centuries. Milton could not have legally obtained a 
copy in Italy.)

Galileo and Paradise Lost
A brief, casual meeting is probably all that happened. In any case, 
Milton makes only that one-sentence reference and even then gets 
it wrong. (The licensers had not been the ones who had disap-
proved of the Dialogue.) But in Paradise Lost he does refer once 
explicitly to Galileo, and in several other passages mentions his 
observations with the “Optic Tube” — passages that rank among 
some of the most sublime astronomical allusions in literature. Thus 
Milton refers to:

John Milton (left) and Galileo Galilei.
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(Left) The street in Arcetri that is where Galileo's villa is located — it's the building on the left of this image. It was here that Milton met Galileo in 
September 1638. (Right) A view of Il Gioello, Galileo's villa in Arcetri, with a bust of Galileo perched in a niche in the wall.

http://galileo.rice.edu
http://oll.libertyfund.org/index.php?option=com_staticxt&staticfile=show.php%3Ftitle=753&Itemid=99999999
http://oll.libertyfund.org/index.php?option=com_staticxt&staticfile=show.php%3Ftitle=753&Itemid=99999999
http://www.webexhibits.org/calendars/year-text-Galileo.html
http://www.gutenberg.org/files/13619/13619-h/13619-h.htm#JOHN_MILTON
http://www.polomuseale.firenze.it/english/musei/uffizi


 autumn  2008 Mercury 17

. . . the moon, whose orb
Through optic glass the Tuscan artist views
At evening from the top of Fiesole,
Or in Valdarno to descry new lands,
Rivers or mountains in her spotty globe. 
{Paradise Lost, I, 287-291}
The comment “views . . . to descry new lands” suggests purpose 

rather than accomplishment. Milton seems not to have grasped the 
eyewitness quality and sense of conviction of Galileo’s description, 
in Sidereus Nuncius, of mountains and valleys being thrown into 
relief by raking light. Moreover, in a later passage (Paradise Lost, V, 
418-420), Milton rather astonishingly returns to 
the Medieval idea of the lunar spots as: 
“unpurg’d vapors / not yet into her substance 
turn’d.” 

Galileo’s description of the Milky Way as a 
“host of other stars” finds a lovely echo in 
Milton’s invocation of: 

A broad and ample road, whose dust is Gold
And pavement Stars, as Stars to thee appear,
Seen in the Galaxie, that Milky Way
Which nightly as a circling Zone thou see’st
Powdered with Stars.
{Paradise Lost, VII, 577-81}
And Milton memorably describes Satan’s 

arrival in Paradise, after a descent through the 
shell of the universe and the various spheres of 
geocentric cosmology, as:

A spot like which perhaps
Astronomer in the Sun’s lucent Orb
Through his glaz’d Optic Tube yet never saw 
{Paradise Lost, III, 587-589}

 
Milton and Venus
In a critical passage, Milton refers to the phases 
of Venus — the subject of Galileo’s first tele-
scopic study after he arrived in florence to 
become Chief Mathematician to the Grand 

Duke of Tuscany. According to Ptolemy, Venus could never be seen 
as a full disk or even as a half, whereas in the Copernican system it 
passes through the whole sequence of Moon-like phases. 

As Venus emerged from the Sun in the late summer of 1610, 
Galileo’s telescope showed only a tiny dazzling orb. It was impossi-
ble to know whether Venus was an almost fully illuminated plane-
tary disk, a translucent crystal shining by “tincture” of the Sun’s 
light, or an orb shining by its own light. While following its growing 
and changing shape into early December, Galileo realized that 
Venus was dwindling from a half-moon to a crescent, and as such 
shining by reflected sunlight — an observation that was consistent 
with Copernicus but disqualified Ptolemy. What Milton says, how-
ever, is noncommittal:

Hither, as to their Fountain, other Stars
Repairing, in their gold’n Urns draw Light,
And hence the Morning Planet gilds her horns;
By tincture or reflection they augment
Their small peculiar, though from human sight
So far remote, with diminution seen. 
{Paradise Lost, VII, 364-369.}
What does “by tincture or reflection” mean? Milton accepts the 

fact of the “horns” (which the planet can show in both the 
Ptolemaic and the Copernican systems) but not Galileo’s decisive 
conclusion from them. As with Galileo’s observations of the Moon, 
Milton fails to grasp the full significance of the horns and seems to 
suggest that as the Morning Planet’s shape waxes (“augments its 
small peculiar”) it may not increase all the way to the gibbous or full 
shape required by the Copernican theory. 

In fact, this equivocation is typical. Nowhere in Paradise Lost, 
which contains numerous additional astronomical allusions, does 
Milton say anything suggesting unqualified support for the 
Copernican position. To the Romantics of the early nineteenth   
century, Milton was “of the devil’s party without knowing it” (as 
claimed by William Blake), and a number of literary scholars, such 

One of Galileo’s sketches of the lunar surface.
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as francis R. Johnson (in 
Astronomical Thought in 
Renaissance England), wanted 
to believe that Milton was 
probably a “secret Copernican.” 

Though he may have been 
on the devil’s side, he was no 
partisan of Copernicus. His 
agnosticism about the Two 
Chief World Systems does not 
seem to have been a mere liter-
ary pose providing cover for 
him to make use of the poeti-
cally satisfying (but obsolete) 
Ptolemaic system as the frame-
work of his poem’s cosmo-  
graphy. Instead, Milton really 
does seem to have stood with 
the camp against Galileo that 
included Osiander (the 
Protestant theologian who 
wrote the infamous preface to 
Copernicus’s de Revolutionibus 
claiming it offered only 
hypotheses), Cardinal 
Bellarmine, and Pope  
Urban VIII. 

While the seventeenth  
century belonged to both Milton and Galileo, in many respects 
Milton’s thoughts still look backward. As a man who clearly believed 
that the Genesis story was literally true, and that the pagan gods and 
goddesses of antiquity had been devils masquerading for deities, 
Milton was closer to the thought of the Middle Ages than he was to 
Galileo’s “experimental philosophy,” which anticipated the modern 
hypothetico-deductive method. Although as a very young man 

Milton wrote (in Prolusions, one of his school exercises), “How 
much it means to grasp all the principles of the heavens and their 
stars,” by the time he composed Paradise Lost he no longer took that 
view. Now astronomical questions were seen as leading, like the 
questions debated by the Scholastic philosophers of old, only to 
“futile and barren controversies and wordy disputes.” 

The angel Raphael advises Adam that, as man can never really 
know how the heavens go but only presumably how to go to heaven, 
man should not concern himself with such things:

. . . Heav’n is for thee too high
To know what passes there; be lowly wise:
Think only what concerns thee and thy being;
Dream not of other worlds . . . 
{Paradise Lost, VII, 172-175}

In a sense, Milton gives us the last sublime utterance of the Middle 
Ages — not the first utterance of modernity. 

In the end, Milton’s Raphael was wrong. It does matter how the 
heavens go. To see the truth requires more than just blind faith and 
texts handed down from authorities; it also requires observation and 
experiment. Man, with his Bible, is not self-sufficient; he is not — 
and cannot be — the measure of all things. At some stage man must 
also — as Galileo urged — study the Book of Nature, and that Book 
is not all about man. He cannot really “be lowly wise” unless he 
dreams of other worlds — other worlds than man’s. 

WILLIAM SHEEHAN is a historian of astronomy and occasional contributor 
to Mercury. He led a tour of Galileo’s Rome and Florence for the 
Astronomical Society of the Pacific and MWT Tours in April 2008.

The title page of the second edition of Milton’s Paradise Lost.
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Milton Dictating to his Daughter by Henry Fuseli.
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by Tanya Phillips

Totality in Siberia was the perfect climax to an amazing trip. 
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On a pleasant summer day in San francisco in early July, I boarded 
a morning flight to begin my trip to Moscow. I was a little nervous, 
because Melita had asked me to assist in finding members of our 
group at JfK airport in New York. I was to make sure everyone had 
the right tags on their luggage, and to help out in any way needed. It 

turned out to be easy, because Melita had already prepared everyone 
so thoroughly and many were already well-seasoned travelers.

Moscow
When we arrived in Moscow, we were immediately bussed to the 
dock, where an accordion player greeted us as we boarded the 
Viking Peterhof. This ship was to be our home for the next 10 days. 
The following morning we began our tour with a short ride on  
Moscow’s amazing Metro. The subway stations are huge, elegant, 
and filled with a large variety of art and sculpture. I especially loved 
the elaborate crystal chandeliers in one station.

Then it was off to Red Square — home of the Kremlin, St. Basil’s 
Cathedral, and all the other famous television sights I remember so 
well from the cold war. I kept thinking of the frightful duck-and-
cover exercises from my childhood in the 50’s and was amazed that 
the Russians who were out for a weekend stroll in Red Square with 

It was to be the journey of a lifetime. 
I was going to visit Russia and see my 
second total solar eclipse. This was 
my fourth trip with Melita Thorpe, 
who puts together astronomical tours 
through MWT Associates for the ASP.

Cruising the Volga River on the 
Viking Peterhof.

St. Basil's Cathedral (left) and 
Savior’s Tower on Red Square.
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their families were indistinguishable from our American group. I 
heard one woman remark to her companion something about 
“Americanos” (or something like that) while looking at us. I smiled 
and said “Da,” and got a smile back. Our very young guide looked a 
little clueless when I marveled at being here, the source of so much 
fear when I was young. I told him to talk with his parents. 

While in Moscow we ventured inside the Kremlin (now a muse-
um with many treasures), enjoyed the Moscow Circus, and visited 
many other sites. Along the way I noticed brides and their grooms 
at many of the locations. We discovered that it is a tradition for 
newly married couples to visit major places when they get married.

St. Petersburg
Three days later, we began our cruise to St. Petersburg via the Volga-
Baltic Waterway, a system of canals linking the Volga River and Baltic 
Sea. Along the way we paused at many wonderful towns, monaster-

ies, and churches. My favorite stop was at Kizhi Island, a UNESCO 
World Heritage Site. Evenings were spent attending astronomical  
lectures, historical lectures, and vodka and caviar tasting parties.

We finally arrived in the astonishing city of Saint Petersburg. 
Any description of the art and beauty of this glorious city would 
pale beside the reality. What caught the attention of many of us were 
the photos of the extreme disfigurement of a number of these splen-
did structures by the Nazis during World War II. The restoration of 
this incredible city is a wonder to behold. We were also treated to a 
ballet in the Alexandrinsky Theatre. We saw a newly choreographed 
Romeo and Juliet by Prokofiev. I loved it.

The great news is that the Russians are experiencing open and 
prosperous times, which was evident everywhere. Our tour leaders 
were well informed and enthusiastic, and it was hard to believe that 
we were once enemies. The Russians are learning quickly about 
tourism, but there were few glitches. Peace prevails with prosperity; 

A scene along the banks of 
the Volga River.

The beautiful Church of St. 
Dmitry (in Uglich on the 
Volga) was built on the spot 
where Czar Ivan the Terrible's 
son Dmitry was murdered in 
the 16th century.
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A view over Novosibirsk looking 
toward the Ob River.

The eerie light of the nearly 
totally eclipse Sun.

Scopes mingle with sunbathers on 
the edge of the Ob Sea prior to the 
solar eclipse.
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the people have no interest in going back to the old days.
 
Eclipse Day
After days of fabulous touring, we were finally off to the airport for 
our flight to Novosibirsk. By then, the anticipation of viewing the 
eclipse was at the front of everyone’s minds. Dr. frank Drake (of 
SETI and the Drake Equation) assured us that while the weather 
would likely cooperate, there was a strong chance of rain. Because it 
is always good to arrive early, we had a day to tour Novosibirsk, 
Siberia’s largest city. The citizens knew that visitors from all over the 
world were coming, and it was by far the biggest influx of tourists 
they had ever had. The next day, with a police escort (available for a 
fee), we headed out to our picnic site for the eclipse. Along the way, 
we stopped at a railway museum that had Soviet-era locomotives on 
display.

On the bus eclipse morning, I was so excited that I became   
rather emotional. During my first eclipse in Egypt in 2006, I had 
become quite teary and was already feeling the same way again. Our 
young guide had never seen an eclipse, but she did seem interested. 
Our site was on a small cliff overlooking the Novosibirsk Reservoir 
(unofficially known as the Ob Sea). We arrived early enough so that 
people with telescopes and camera equipment could set up well 
before the event began. The wind was blowing at us from the lake 
and clouds were scudding by. Sitting around waiting was the hard 
part, but most of us were skilled at chatting, so we managed. 

When first contact came, everyone cheered. After what seemed 
like an eternity, we saw a flash of light: the diamond ring! Then we 
were plunged into totality, and I saw my first very bright corona. (I 

thought that the one I saw in Egypt was rather wimpy; what did I 
know?) I was so enthralled that I forgot to note the great drop in 
temperature. The wind was distracting, so I didn’t notice that its 
velocity had increased. I also forgot to watch the shadow of the 
eclipse race towards us. Totality was much too short, but the second 
diamond ring, caused by the Sun shining between lunar mountains, 
was simply spectacular and one of best ever, according to many vet-
eran eclipse chasers. 

After totality we observed images of the partially eclipsed Sun on 
the ground beneath the trees. Then we celebrated by eating (of 
course) and dancing with the professional folk dancers who had 
accompanied us to the site. I asked our young guide what she had 
thought of the eclipse, and she burst into tears! Riding back to our 
hotel, I looked at the faces of the citizens of Novosibirsk; many 
seemed dazed, even hours afterwards.

Some members of our group decided that seeing a total solar 
eclipse should be at the top of everyone’s “bucket list” (the list of 
things to do before “kicking the bucket”). A few of us admitted to 
being tearful during the total phase, and even the scientists in our 
group declared that the experience of totality is 99.9% emotion. In 
my case, I was so caught up in it that I completely forgot to look for 
several details. So I can’t wait for the next one on July 22, 2009, 
which will be the longest total eclipse of the 21st century! 

TANYA PHILLIPS is a retired chemistry teacher and an ASP member. Currently, 
she is coaching new science teachers through the Exploratorium Teacher 

Institute and teaching workshops at Chabot Space and Science Center.

CHINA:  The Great Saros 136 Total Solar Eclipse & 
Grand Yangtze River Cruise.

 July 13 – 26, 2009.  Very few spaces left. 

 Jim Manning, Director, enrichment lecturer.

Travel with the Astronomical Society of the Pacific

MWT Associates, Inc. • www.melitatrips.com• 877-707-7827
CST:  2040611-40

PARIS:  Art, Astronomy, and the Societe 
Astronomique de France Colloquy on Mars.

 September 18 – 24, 2009. 

 Dr. William Sheehan, enrichment lecturer.

http://eclipse.gsfc.nasa.gov/SEmono/TSE2009/TSE2009.html
http://www.exploratorium.edu/ti
http://www.exploratorium.edu/ti
http://www.melitatrips.com
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w o n d e r s

by C. Renée James

In three simple steps you 
can observe seven wonders 
of the universe from 
anywhere on Earth.
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you can observe what are arguably the seven most awe-inspiring 
wonders of the universe this very night no matter where you live. 
All you need do is follow three simple steps.

STEP 1: Wait until dark.
There! You’ve covered two of the wonders of the universe already! 
first, you waited. And in waiting, you experienced this thing called 
time. What makes time so wondrous is that a seven-year-old can tell 
it, but even theoretical physicist John Archibald Wheeler of black 
hole fame was hard pressed to define it, stating simply that, “Time is 
nature’s way of keeping everything from happening at once.” On the 
other hand, the exact same quotation is also attributed to comedian 
Woody Allen. Perhaps time will tell who said it first. 

What we do know about time is that we can measure it with 
amazing precision without really being able to define it. Most defi-
nitions of time are frustratingly circular and are tied to motion or, 
worse yet, time itself. for example, a second is officially defined as 
the time required for 9,192,631,770 oscillations of a particular tran-
sition of a cesium-133 atom. So we know that something else is 
going on as those cesium atoms are oscillating away, but we’re not 
exactly sure what that something is. 

Even more puzzling is Einstein’s discovery that time cannot be 
measured independently of space and motion. Once thought to 
march steadily along as a sort of universal heartbeat, time is now 
understood to be intimately tied to the material universe. So those 
same cesium-133 atoms aboard an airplane speeding around Earth 
won’t keep the same beat as the cesium-133 atoms sitting on the 
ground. Near a black hole, the moving clock will appear to diverge 
even more from its Earth-bound counterpart. At extreme densities, 
such as those that existed at the birth of the universe, time ceases 
altogether. 

frustratingly, even though time is connected to the spatial pack-
aging of the universe, we can’t choose our direction the way we can 
choose whether to go north or south on a highway. We’re stuck on a 
one-way street, a harsh reality that has encouraged fascinating   
philosophical and physical forays into the definition of time. And 
here you are, experiencing the wonder of time in all its glory, and 
you didn’t even really notice because you were hoping that the night 
would hurry up and get here.

But night — and everything that it implies — is a wonder unto 
itself. The familiar day-night cycle means that you are on a planet 
that first shows its face to the nearby bright Sun, and then later 
points outward to the rest of the universe. This isn’t something to be 
taken for granted. Just look at the Moon, perpetually pointing the 
same face to Earth, giving lunar astronauts the strange impression 

that Earth is sitting still. On another planet around another star we, 
too, might have had one face locked to our sun, never experiencing 
night without a pilgrimage to the “dark side.” 

What’s even more amazing is that night implies that the rest of 
the universe is comparatively dark. Cosmically speaking, even this 
phenomenon isn’t a given. Without an expanding universe, the sky 
we see when we’re not facing the Sun would be blazingly bright. Just 
the fact that the night sky is dark is proof that the universe is not 
steady state. Night! Another wonder that you’ve been fortunate 
enough to observe, and you haven’t even gotten off the porch yet. 
With those two wonders out of the way, you are ready to move to 
the second step.

STEP 2: Lie down outside.
Did you feel that? Made possible by Earth’s interaction with you, 
you have a distinct impression of “down” that, strangely enough, is 
opposite from the “down” that someone in India is feeling. What 
you’re really sensing is a tug toward the center of the Earth because 
of this wondrous force called gravity. And while you’re being pulled 
down, you are tugging the entire Earth up. You see, gravity is an 
interaction between things, pulling each object towards the other. 

Earth isn’t the only thing that interacts with your mass. All the 
masses in the entire universe tug at all the other masses, making 
gravity a universal phenomenon. fortunately, the force of gravity is 
relatively weak, a feature that kept the material universe from      
getting squished back into a point within minutes of the Big Bang. 
But it is strong enough that, after millions of years, vast pockets of 
matter can be compressed and heated enough to turn on starlight. 
Gravity — with the help of static electricity — can fashion even 

s e v e n 
w o n d e r s

As anyone deep in the heart of Texas 
can tell you, there is almost nothing 
to rival the sight of a clear night sky 
studded with thousands of white-hot 
stars and maybe a planet or two. But 
you don’t have to buy a telescope, learn 
your constellations, or travel to the 
boondocks to observe some of the most 
amazing things in the universe. In fact,
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smaller aggregates of material into planets around a star.
And you’re lying down on one of those planets. While feeling 

Earth’s inexorable tug on your mass, you’re actually observing a 
fourth wonder: Stuff! Admittedly, it’s not as technical a term as 
gravity, but it is wondrous nonetheless. You lie there with your 
approximately seven trillion quadrillion personal 
atoms, all abuzz with protons, neutrons, and 
electrons. The entire observable uni-
verse has something like ten bil-
lion, billion, quintillion, 
quintillion, quintillion 
atoms. That’s 10 fol-
lowed by 54 zeros 
tons of stuff, 
made possi-
ble by the 
gener-
ous 

conversion of energy to matter (via Einstein’s famous equation:       
E = mc2) moments after the Big Bang. 

It’s wild enough thinking about the sheer amount of energy 
required to create enough matter to build a simple backyard tele-
scope (turns out to be enough to power about ten million US  

households for a year), much less the entire universe. 
Wilder still is the fact that, theoretically, the 

road from energy to matter also seems 
to require the creation of equal 

amounts of something 
called anti-matter, 

which snuffs out 
matter altogether. 

for reasons 
that are not 

yet fully 
under-

stood, 
our 
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universe apparently has a predisposition 
towards matter rather than anti-matter. If 
it hadn’t, you wouldn’t be reading this, and 
you would never have realized how stun-
ningly amazing stuff really is.

four wonders down, three to go. Now 
it’s time to do some serious observing.

Step 3: Look up.
What did you see? Clouds? The Moon? Or 
did you finally see some stars? The fact 
that you’re seeing anything is pretty amaz-
ing because that means there is a cosmic 
messenger at work, bringing information 
from the rest of the universe (even a 
cloudy atmosphere) to you. If you see a 
star, it has sent information across trillions 
of miles to tickle your optic nerve and let 
you know of its existence. You can even 
divine the approximate temperature of that 
star just by noting its color. 

In fact, if analyzed properly, the light 
from a star can ultimately lead to knowl-
edge of its distance, motion, size, wattage, 
temperature, composition, magnetic field 
strength, and rotation rate. Heck, you can 
even find out information about your own atmosphere by observing 
the light from a distant star. Amazingly, you don’t have to retrieve 
even a teaspoon of material from that star to determine all of this. 

You merely have to understand the cosmic interplay between light 
and another wonder, matter (a.k.a. stuff), and the universal secrets 
come pouring forth.

But there’s more to light than meets the eye, and the wealth of 
information we retrieve from visible light is just a fraction of what 
the universe is conveying. By tuning our electronic eyes to “see” 
infrared, microwaves, radio waves, ultraviolet, X-rays, and gamma 
rays, we can explore the invisible. It is in some of these hidden 
wavelengths that we find the evidence for the birth of the universe 
itself.

Maybe, though, instead of seeing a star, you were fortunate 
enough to witness a cloud or even the Moon. As you encounter the 
wonder of their light, you’re also observing another wonder: Home. 
Even Dorothy in The Wizard of Oz ultimately realized that there was 
no place like it, but we, like Dorothy, tend to take our home for 
granted — until, that is, we are swept into a Technicolor parallel 
universe revealed by our multi-wavelength studies. Only then do we 
realize that this normal, boring, everyday planet circling this average 
middle-aged Sun is actually quite special. 

Take clouds. The water cycle that uses surface water to produce 
those annoyingly opaque clouds sets Earth apart from all the other 
planets in the solar system. Without liquid water, life as we know it 
couldn’t exist. A bit closer to the Sun, and the water would all be 
vaporized; a bit farther and it would be frozen. Moreover, a lower-
mass planet wouldn’t have the gravitational strength to hold on to 
an atmosphere thick enough to support liquid water, even if it were 
at a prime location. 

As for the Sun, that mediocre yellow star is actually quite special 
in itself. Were it hotter and more massive, not only would Earth be 
flooded with ultraviolet radiation, but the star would also burn out 
long before life could get a foothold. If it were cooler and less mas-
sive, Earth would have needed to snuggle much closer to it — and 
likely be tidally locked — to be able to support liquid water. But the 
water probably wouldn’t have gotten there in the first place because 
of the extreme conditions in the vicinity of the newborn star during 
the formation of its solar system.Pu
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Are you annoyed by the fact that you can’t see any stars because 
of the glare of the Moon? It might have spoiled your deep-sky 
observing, but that single, comparatively large satellite of ours might 
very well have driven the emergence of life on this planet. Without 
it, it’s unlikely that you would be here at all. 

And if you still don’t appreciate your home, think about this. Our 
planet is shrouded by a comfortable blanket of an atmosphere that, 
in addition to regulating the temperature and incinerating incoming 
rocks, is conveniently transparent to most of the energy produced 
by the Sun and stars. That transparency is the reason you can see 
anything at all of the spectacular universe we inhabit.

There really is no place like home!
 
A Final Wonder
But there’s one wonder left to observe before you turn in for the 
night. That wonder is wonder. And it is quite a wonder that those 
seven trillion quadrillion atoms — a cosmic sampler containing a 
taste of everything the universe has forged — are organized in such 
a way that they can feel a sense of awe when considering the uni-
verse they inhabit. 

You have a distinct sense of identity that is somehow separate 

from everyone else and everything else. Clearly your “self ” is not the 
same as my “self,” but what exactly is “self ” to begin with? And if 
“you” are really “you,” then what happens if your brain is injured, 
memories are lost, and your reactions to situations are drastically 
altered? Is your identity just an illusion brought on by an incompre-
hensible network of organized electrical pathways? Or is “self ” 
something deeper? 

If your mind is reeling at these questions, now is a good time to 
try to step outside your “self ” and regard it. What has your collec-
tion of atoms got that a tree or rock or computer is lacking? How 
did it happen that your seven trillion quadrillion atoms seem to 
have such an appreciation for the night sky, wanting to point their 
photoreceptors away from the nearest large gravitating object and 
into the relative darkness whenever possible? 

How is it that your atoms can ponder such wonders as time, 
night, gravity, stuff, light, and home?

Makes you wonder . . . . 

C. RENÉE JAMES is an Associate Professor at Sam Houston State University. 
She recently received a popular science-writing award and is now working on 

a book that explores the seven wonders of the universe in more depth.
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How Windy is it on Venus?
European Space Agency

It is well known that winds on Venus are 
extremely fast and powerful. Now, ESA’s 
Venus Express has, for the first time, put 
together a 3-D picture of the Venusian 
winds for an entire planetary hemisphere.

The Venus Express Visual and Infrared 
Thermal Imaging Spectrometer, VIRTIS, has 
been studying the thick blanket of clouds that 
surround Venus, gathering data on the winds. 
The area studied spans altitudes of 45 to 70 
km above the surface and covers the entire 
southern hemisphere, up to the equator. It is 
above the southern hemisphere that Venus 
Express reaches its highest point in orbit 
(about 66,000 km), allowing the instruments 
to obtain a global view.

Agustin Sánchez-Lavega, from the 
Universidad del País Vasco in Bilbao, Spain, 
led the research on 3-D wind mapping with 

data from the first year of 
VIRTIS observations. “We 
focused on the clouds and 
their movement. Tracking 
them for long periods of time 
gives us a precise idea of the 
speed of the winds that make 
the clouds move and of the 
variation in the winds,” he 
said.

“At latitudes higher than 
65˚, the situation changes 
dramatically — the huge  
hurricane-like vortex      
structure present over the 
poles takes over. All cloud 
levels are pushed on average 
by winds of the same speed 
independently of the height, 
and their speed drops to 
almost zero at the centre of 
the vortex.”  More information

The different atmospheric layers and respective wind 
speeds are shown between the equator and 50˚ to 55˚ 
latitude on the southern hemisphere of Venus.
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Liquid Lake on Saturn Moon
University of Arizona

NASA scientists have concluded that at 
least one of the large lakes observed on Sat-
urn’s moon Titan contains liquid hydrocar-
bons and have positively identified the 
presence of ethane. This makes Titan the 
only body in our solar system beyond Earth 
known to have liquid on its surface.

Scientists made the discovery using data 
from an instrument aboard the Cassini 
spacecraft. The instrument identified chemi-
cally different materials based on the way 
they absorb and reflect infrared light. Before 
Cassini, scientists thought Titan would have 
global oceans of methane, ethane and other 
light hydrocarbons. More than 40 close flybys 
of Titan by Cassini show no such global 
oceans exist, but hundreds of dark, lake-like 
features are present. Until now, it was not 
known whether these features were liquid or 
simply dark, solid material.

“This is the first observation that really 
pins down that Titan has a surface lake filled 
with liquid,” said Bob Brown of the 
University of Arizona, Tucson. Ethane and 
several other simple hydrocarbons have been 

identified in Titan’s atmo-
sphere, which consists of 95% 
nitrogen, with methane mak-
ing up the other five percent. 

Some of the hydrocarbons 
react further and form fine 
aerosol particles. All of these 
things in Titan’s atmosphere 
make detecting and identify-
ing materials on the surface 
difficult, because these parti-
cles form a ubiquitous hydro-
carbon haze that hinders the 
view. Liquid ethane was iden-
tified using a technique that 
removed the interference 
from the atmospheric 
hydrocarbons.

The visual and mapping 
instrument observed a lake, 
Ontario Lacus, in Titan’s 
south polar region during a 
close Cassini flyby in 
December 2007. The lake is 
roughly 20,000 square kilo-
meters (7,800 square miles) in 
area, slightly larger than North 
America’s Lake Ontario.  More information

This view of Titan’s south polar region reveals an intriguing dark 
feature (left of centre), which may be the site of a past or pres-
ent lake of liquid hydrocarbons.  A red cross below centre in 
the scene marks the pole. The brightest features seen here are  
methane clouds.
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Recent astronomical discoveries from the solar system to the outer limits of the universe.

http://www.esa.int/esaSC/SEMZG6Q4KKF_index_0.html
http://saturn.jpl.nasa.gov/news/press-release-details.cfm?newsID=858


30 Mercury autumn  2008

Cassini Pinpoints Source of 
Enceladus Jets 
NASA / JPL / Space Science Institute

In a feat of interplanetary sharpshooting, 
NASA’s Cassini spacecraft has pinpointed 
precisely where the icy jets erupt from the 
surface of Saturn’s geologically active moon 
Enceladus.

New carefully targeted pictures reveal 
exquisite details in the prominent south polar 
“tiger stripe” fractures from which the jets 
emanate. The images show the fractures are 
about 300 meters (980 feet) deep, with 
V-shaped inner walls. The outer flanks of 
some of the fractures show extensive deposits 
of fine material. finely fractured terrain lit-
tered with blocks of ice tens of meters in size 
and larger surround the fractures.

“This is the mother lode for us,” said 
Carolyn Porco, Cassini imaging team leader at 
the Space Science Institute, Boulder, Colorado. 

“A place that may ultimately reveal just 
exactly what kind of environment — 
habitable or not — we have within this 
tortured little moon.”

One highly anticipated result of 
this flyby was finding the location 
within the fractures from which the 
jets blast icy particles, water vapor, and 
trace organics into space. Scientists are 
now studying the nature and intensity 
of this process on Enceladus, and its 
effects on surrounding terrain. This 
information may answer the question 
of whether reservoirs of liquid water 
exist beneath the surface.

“There appears to have been exten-
sive fallout of icy particles to the 
ground, along some of the fractures, 
even in areas that lie between two jet 
source locations, though any immedi-
ate effects of presently active jets are 
subtle,” said Porco.  More information

This close up of Encleadus shows a fracture crossing 
the upper part of the image. Image scale is approxi-
mately 30 meters (98 feet) per pixel.

N
A

SA
 /

 JP
L 

/ 
Sp

ac
e 

Sc
ie

nc
e 

In
st

itu
te

astronomy in the news

Comet Dust Reveals 
Unexpected Mixing
University of Wisconsin at Madison

Chemical clues from a comet’s halo are 
challenging common views about the histo-
ry and evolution of the solar system and 
showing it may be more mixed-up than 
previously thought.

A new analysis of dust from the comet 
Wild 2, collected in 2004 by NASA’s Stardust 
mission, has revealed an oxygen isotope signa-
ture that suggests an unexpected mingling of 
rocky material between the center and edges 
of the solar system. Despite the comet’s birth 
in the icy reaches of outer space beyond Pluto, 
tiny crystals collected from its halo appear to 
have been forged in the hotter interior, much 
closer to the Sun.

The result, reported in the Sept. 19 issue of 
the journal Science, counters the idea that the 
material that formed the solar system billions 
of years ago has remained trapped in orbits 
around the Sun. Instead, the new study sug-
gests that cosmic material from asteroid belts 
between Mars and Jupiter can migrate out-
ward in the solar system and mix with the 

more primitive materials found at the 
fringes.

“Observations from this sample are 
changing our previous thinking and 
expectations about how the solar    
system formed,” says UW-Madison 
geologist Noriko Kita, an author of  
the paper.

The Stardust mission captured 
Wild 2 dust in hopes of characterizing 
the raw materials from which our 
solar system coalesced. Since the 
comet formed more than 4 billion 
years ago from the same primitive 
source materials, its current orbit 
between Mars and Jupiter affords a 
rare opportunity to sample material 
from the farthest reaches of the solar system 
and dating back to the early days of the 
universe. 

“They were originally hoping to find the 
raw material that pre-dated the solar system,” 
explains Kita. “However, we found many crys-
talline objects that resemble flash-heated parti-
cles found in meteorites from asteroids.”

“Even though the comet itself came from 
way out past Pluto, there’s a much more    

complicated history of migration patterns 
within the solar system and the material origi-
nally may have formed much closer to Earth,” 
says UW-Madison geology professor John 
Valley. “These findings are causing a revision 
of theories of the history of the solar system.”

 More information

Tiny crystals from the Wild 2 comet resemble frag-
ments of the molten mineral droplets called chon-
drules, shown here, found in primitive meteorites.
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http://www.news.wisc.edu/releases/14750


 autumn  2008 Mercury 31

Mind the Gap
European Southern Observatory

More than 300 planets are already known 
to orbit stars other than the Sun, and these 
new worlds show an amazing diversity in 
their characteristics. But astronomers don’t 
just look at systems where planets have 
already formed — they can also get great 
insights by studying the discs around young 
stars where planets may currently be form-
ing. “This is like going 4.6 billion years 
back in time to watch how the planets of 
our own Solar System formed,” says Klaus 
Pontoppidan from Caltech, who led the 
research.

Pontoppidan and colleagues have analy-
sed three young analogues of our Sun that 
are each surrounded by a disc of gas and 
dust from which planets could form. These 
three discs are just a few million years old 
and were known to have gaps or holes in 
them, indicating regions where the dust has 
been cleared and the possible presence of 
young planets.

The new results not only confirm that 
gas is present in the gaps in the dust, but 
also enable astronomers to measure how 

the gas is distributed in the disc and how 
the disc is oriented. In regions where the 
dust appears to have been cleared out, 
molecular gas is still highly abundant. 

for one of the stars, SR 21, a likely 
explanation is the presence of a massive 
giant planet orbiting at less than 3.5 times 
the distance between the Earth and the Sun, 

while for the second star, HD 135344B, a 
possible planet could be orbiting at 10 to 20 
times the Earth-Sun distance. The observa-
tions of the third star, TW Hydrae, may 
also require the presence of one or two 
planets.

 More information

Artist’s impression of a planet-forming disk with gaps.
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Stars Pose for Family Portrait
JPL / Spitzer Space Telescope

A new image from NASA’s Spitzer Space 
Telescope tells a tale of life and death 
amidst a rich family history. The striking 
infrared picture shows a colorful cosmic 
cloud, called W5, studded with multiple 
generations of blazing stars. 

It also provides dramatic new evidence 
that massive stars — through their brute 
winds and radiation — can trigger the birth 
of stellar newborns.

“Triggered star formation continues to 
be very hard to prove,” said Xavier Koenig 
of the Harvard Smithsonian Center for 
Astrophysics in Cambridge, Mass. “But our 
preliminary analysis shows that the phe-
nomenon can explain the multiple genera-
tions of stars seen in the W5 region.” 

The most massive stars in the universe 
form out of thick clouds of gas and dust. 

The stars are so massive, ranging 
from 15 to about 60 times the mass 
of our Sun, that some of their materi-
al slides off in the form of winds. The 
scorching-hot stars also blaze with 
intense radiation. Over time, both 
the wind and radiation blast away 
surrounding cloud material, carving 
out expanding cavities.

Astronomers have long suspected 
that the carving of these cavities 
causes gas to compress into succes-
sive generations of new stars. As the 
cavities grow, it is believed that more 
and more stars arise along the cavi-
ties’ expanding rims. The result is a 
radial “family tree” of stars, with the 
oldest in the middle of the cavity, 
and younger and younger stars     
farther out.

 More information

In this wispy, star-forming region called W5, the oldest 
stars can be seen as blue dots in the centers of the 
hollow cavities. Younger stars line the rims of the cavi-
ties. The white knotty areas are where the youngest 
stars are forming.

N
A

SA
 /

 JP
L-

C
al

te
ch

 /
 L

. A
lle

n 
&

 X
. K

oe
ni

g.

astronomy in the news

http://www.eso.org/public/outreach/press-rel/pr-2008/pr-27-08.html
http://www.spitzer.caltech.edu/Media/releases/ssc2008-15/release.shtml
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Globular Clusters Tell Star-
Formation Tail
NASA / ESA

The NASA/ESA Hubble Space Telescope 
has identified thousands of more than 5 bil-
lion year-old globular clusters in the Virgo 
cluster of galaxies. One of the results of 
these discoveries led astronomers to under-
stand more about the life and evolution of 
cannibal galaxies.

Globular star clusters, dense bunches of 
hundreds of thousands of stars, contain 
some of the oldest surviving stars in the uni-
verse. A new international study of globular 
clusters outside our Milky Way Galaxy has 
found evidence that these hardy pioneers 
are more likely to form in dense areas, 
where star birth occurs at a rapid rate, 
instead of uniformly from galaxy to galaxy.

Astronomers used the HST to identify 
over 11,000 globular clusters in the Virgo 

cluster of galaxies, most of which are 
more than 5 billion years old. 
Comprised of over 2,000 galaxies, the 
Virgo cluster is located about 54 million 
light-years away and is the nearest large 
galaxy cluster to Earth. Along with 
Virgo, the sharp vision of Hubble’s 
Advanced Camera for Surveys (ACS) 
resolved the star clusters in 100 galaxies 
of various sizes, shapes, and brightness 
— even in faint, dwarf galaxies.

The team found a bounty of globular 
clusters (from a few dozen to several 
dozen) in most of the dwarf galaxies 
within 3 million light-years of the clus-
ter’s centre. This happens to be the same 
region where the giant elliptical galaxy 
Messier 87 resides. These numbers were 
surprisingly high considering the low 
masses of the dwarfs they inhabited.

 More information
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Schoolteacher Discovers 
‘Cosmic Ghost’
Oxford University

A Dutch schoolteacher has discovered a 
mysterious and unique astronomical object 
through the Galaxy zoo project, which 
enables members of the public to take part 
in astronomy research online. Hanny van 
Arkel, a primary schoolteacher from the 
Netherlands, came across the image of a 
strange gaseous object with a hole in the 
centre that has been described as a ‘cosmic 
ghost’ whilst using the www.galaxyzoo.org 
website to classify images of galaxies.

She posted about the image — which 
quickly became known as Hanny’s 
‘Voorwerp’ after the Dutch for ‘object’ — 
on the Galaxy zoo forum and the astrono-
mers who run the site began to investigate. 
They soon realised the potential signifi-
cance of what they think is a new class of 
astronomical object and will now use the 
Hubble Space Telescope to get a closer look 
at ‘Hanny’s Voorwerp’.

“At first we thought it was a distant gal-
axy,” said Dr Chris Lintott of Oxford 
University, a galaxyzoo.org team member, 

“but we realised there 
were no stars in it so 
that it must be a cloud 
of gas.” What was par-
ticularly puzzling to 
astronomers was that 
the gas was so hot — 
more than 10,000 
degrees Celsius — 
when there were no 
stars in the vicinity to 
heat it up.

“We now think that 
what we’re looking at 
is light from a quasar 
— the bright, stormy 
centre of a distant gal-
axy powered by a 
supermassive black 
hole,” said Dr Chris 
Lintott. “The quasar 
itself is no longer visi-
ble to us but its light 
continues to travel 
through space and the 
Voorwerp is a massive 
‘light echo’ produced 
as this light strikes the gas.”  More information

‘Hanny’s Voorwerp,’ the green blob of gas (centre), is believed to be a 
light echo from the bright, stormy centre of a distant galaxy that has 
now gone dim. 

“We found few or no globular clusters in galaxies 
within 130,000 light-years from Messier 87, suggest-
ing the giant galaxy stripped the smaller ones of 
their star clusters,” Peng said. 
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http://www.spacetelescope.org/news/html/heic0815.html
http://www.galaxyzoo.org
http://www.ox.ac.uk/media/news_releases_for_journalists/080806.html
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Barred Spiral Galaxies Are 
Latecomers
STScI

A frequent sign of the maturity of a spiral 
galaxy is the formation of a ribbon of stars 
and gas that slices across the nucleus, like 
the slash across a “no smoking” sign. In a 
landmark study of more than 2,000 spiral 
galaxies from the largest galaxy census con-
ducted by NASA’s Hubble Space Telescope, 
astronomers found that so-called barred 
spiral galaxies were far less plentiful 7 bil-
lion years ago than they are today, in the 
local universe.

The study’s results confirm the idea that 
bars are a sign of galaxies reaching full maturi-
ty as the “formative years” end. This new 
detailed look at the history of bar formation, 
made with Hubble’s Advanced Camera for 
Surveys, provides clues to understanding 
when and how spiral galaxies formed and 

evolved over time.
A team led by Kartik Sheth of the 

Spitzer Science Center at the 
California Institute of Technology in 
Pasadena discovered that only 20 per-
cent of the spiral galaxies in the distant 
past possessed bars, compared with 
nearly 70 percent of their modern 
counterparts.

Bars have been forming steadily 
over the last 7 billion years, more than 
tripling in number. “The recently 
forming bars are not uniformly dis-
tributed across galaxy masses, how-
ever, and this is a key finding from our 
investigation,” Sheth explained. “They 
are forming mostly in the small, low-
mass galaxies, whereas among the 
most massive galaxies, the fraction of 
bars was the same in the past as it is 
today.”

 More information

These images show four spiral galaxies with bars of 
stars and gas slicing through them. The galaxies are at 
various distances from Earth.
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Hubble Sees Magnetic Monster 
in Erupting Galaxy
STScI

NASA’s Hubble Space Telescope has found 
an answer to a long-standing puzzle by 
resolving giant but delicate filaments 
shaped by a strong magnetic field around 
the active galaxy NGC 1275. It is the most 
striking example of the influence of the 
immense tentacles of extragalactic magnetic 
fields, say researchers.

One of the closest giant elliptical galax-
ies, NGC 1275 hosts a supermassive black 
hole. Energetic activity of gas swirling near 
the black hole blows bubbles of material 
into the surrounding galaxy cluster. Long 
gaseous filaments stretch out beyond the 
galaxy, into the multimillion-degree, X-ray–
emitting gas that fills the cluster.

These filaments are the only visible-light 
manifestation of the intricate relationship 
between the central black hole and the sur-
rounding cluster gas. They provide impor-
tant clues about how giant black holes affect 
their surrounding environment.

Exploiting Hubble’s view, a team of 
astronomers led by Andy fabian from the 

University of Cambridge, 
UK, have for the first time 
resolved individual threads 
of gas that make up the fila-
ments. The amount of gas 
contained in a typical thread 
is around one million times 
the mass of our own Sun. 
They are only 200 light-
years wide, are often very 
straight, and extend for up 
to 20,000 light-years. The 
filaments are formed when 
cold gas from the core of the 
galaxy is dragged out in the 
wake of the rising bubbles 
blown by the black hole.

It has been a challenge 
for astronomers to under-
stand how the delicate 
structures withstood the 
hostile, high-energy envi-
ronment of the galaxy clus-
ter for over 100 million 
years. They should have 
heated up, dispersed, and 
evaporated by now, or collapsed 
under their own gravity to form stars.  More information

By combining multi-wavelength images into a single composite, 
the dynamics of the galaxy are more easily visible. X-ray data 
from Chandra and radio data from NRAO’s Very Large Array 
were combined with optical wavelengths from the HST.
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http://hubblesite.org/newscenter/archive/releases/2008/29/full
http://hubblesite.org/newscenter/archive/releases/2008/28/full
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The Double Firing Burst
European Southern Observatory

Astronomers from around the world com-
bined data from ground- and space-based 
telescopes to paint a detailed portrait of the 
brightest explosion ever seen. The observa-
tions reveal that the jets of the gamma-ray 
burst called GRB 080319B were aimed 
almost directly at the Earth.

GRB 080319B was so intense that, 
despite happening halfway across the uni-
verse, it could have been seen briefly with 
the unaided eye. 

“We conclude that the burst’s extraordi-
nary brightness arose from a jet that shot 
material almost directly towards Earth at 
almost the speed of light — the difference is 
only 1 part in 20 000,” says Guido 
Chincarini, a member of the team.

Gamma-ray bursts are the universe’s 
most luminous explosions. Most occur 

when massive stars run out of fuel. 
As a star collapses, it creates a 
black hole or neutron star that, 
through processes not fully under-
stood, drives powerful gas jets out-
ward. As the jets shoot into space, 
they strike gas previously shed by 
the star and heat it, thereby gener-
ating bright afterglows.

The team believes the jet direct-
ed toward Earth contained an 
ultra-fast component just 0.4 
degrees across (this is slightly 
smaller than the apparent size of 
the full Moon). This jet is con-
tained within another slightly less 
energetic jet about 20 times wider.

“Perhaps every gamma-ray 
burst has a narrow jet, but astrono-
mers miss it most of the time,” says 
team member Stefano Covino.

 More information
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Scientists Detect Cosmic “Dark 
Flow”
NASA / GSFC

Using data from NASA’s Wilkinson Micro-
wave Anisotropy Probe (WMAP), scientists 
have identified an unexpected motion in 
distant galaxy clusters. The cause, they sug-
gest, is the gravitational attraction of matter 
that lies beyond the observable universe.

“The clusters show a small but measur-
able velocity that is independent of the uni-
verse’s expansion and does not change as 
distances increase,” says lead researcher 
Alexander Kashlinsky at NASA’s Goddard 
Space flight Center in Greenbelt, Md. “We 
never expected to find anything like this.”

Kashlinsky calls this collective motion a 
“dark flow” in the vein of more familiar 
cosmological mysteries: dark energy and 
dark matter. “The distribution of matter in 
the observed universe cannot account for 
this motion,” he says.

Hot X-ray-emitting gas in a galaxy clus-
ter scatters photons from the cosmic 
microwave background. Clusters don’t pre-
cisely follow the expansion of space, so the 
wavelengths of scattered photons change in 

a way that reflects 
each cluster’s 
individual 
motion. This 
results in a    
minute shift of 
the microwave 
background’s 
temperature in 
the cluster’s direc-
tion. Astronomers 
refer to this 
change as the 
kinematic 
Sunyaev-
zel’dovich (Sz) 
effect.

The astrono-
mers teamed up 
with Dale 
Kocevski at the 
University of California (Davis) and Harald 
Ebeling from the University of Hawaii to 
identify some 700 X-ray clusters that could 
be used to find the subtle spectral shift. 
This sample includes objects up to 6 billion 
light-years — or nearly half of the observ-
able universe  — away. Using the cluster 

catalog and WMAP’s three-year view of the 
microwave background, the astronomers 
detected bulk cluster motions of nearly 2 
million miles per hour. 

 More information

Galaxy clusters like 1E 0657-56 (inset) seem to be drifting toward a  
20-degree-wide patch of sky (ellipse) between the southern constellations  
of Centaurus and Vela. 

Artist’s concept of a gamma-ray burst with two jets.
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http://www.eso.org/public/outreach/press-rel/pr-2008/pr-28-08.html
http://www.nasa.gov/centers/goddard/news/topstory/2008/dark_flow.html
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New Board Members Elected
The ASP is pleased to announce its newest members to the Society’s 
Board of Directors: Dr. David C. Black, Dr. William A. Gutsch, Jr., 
and Judy D. Kass. 

David Black received his 
Ph.D. in physics from the 
University of Minnesota in 
1970. Between 1970 and 
1985, he served in various 
capacities at NASA’s Ames 
Research Center, including 
as the first Chairman of the 
Ames Basic Research Coun-
cil. He was selected as the 
first Chief Scientist for the 
Space Station Program at 
NASA Headquarters in 
1985. He returned to NASA 
Ames in 1987 as the Chief 
Scientist for Space Research 
and in 1988 was appointed 
Director of the Universities Space Research Association’s (USRA’s) 
Lunar and Planetary Institute. He was selected as USRA’s Vice-  
President for Space Science in 1998 and became the fourth President 
and CEO of USRA in 2000. He retired from USRA on December 31, 
2006, with the title of President Emeritus and Visiting Scientist at 
the Lunar and Planetary Institute. 

During his service with the government and with USRA, David 
maintained close contact with the university community and is   
currently an Adjunct Professor of Physics and Astronomy at Rice 
University. David is an internationally recognized researcher in the-
oretical astrophysics and planetary science, specializing in studies of 
star and planetary system formation. He has also done pioneering 
experimental research involving the isotopic composition of noble 
gases in meteorites; he was the first to discover and correctly identi-
fy evidence for non-solar material in solar system matter; and he 
was the first to show that the isotopic composition of solar flare 
noble gases differs from that of solar wind noble gases. He is a leader 
in the current effort to search for and study other planetary systems. 

David has been a member of the Executive Committee at the 
Space Science Laboratory at U.C. Berkeley and a member of NASA’s 
Space and Earth Science Advisory Committee. He is a charter mem-
ber of NASA’s Task force on Scientific Uses of the Space Station, has 
authored or co-authored more than 100 articles for scientific jour-
nals, and is currently a member of the Editorial Board of “Astro-
physical Letters and Communication.” During 2006/07 he served as 
Co-Chair of the National Academy’s Committee that examined the 
ability of the NASA workforce to implement the Vision for Space 
Exploration. In addition to his scientific and academic work, David 
has volunteered as a coach for Special Olympics for eight years and 
served on the Board of the Clear Creek Education foundation, a 
not-for-profit activity to augment the efforts of the local educational 
district’s programs.

Bill Gutsch has had a life-
long career teaching and popu-
larizing astronomy in formal 
and informal education settings 
that include the high school and 
college classroom, museums, 
planetariums, and broadcast 
and print media. He holds a 
Bachelor’s Degree in Mathemat-
ics and Physics, an M.S. in 
Astronomy, and a Ph.D. in    
Science Education. 

for many years, he served as 
Chairman of the American 
Museum-Hayden Planetarium 
in New York and, before that, 
was Staff Astronomer at the 
Rochester Museum and Science 
Center’s Strasenburgh Planetarium. In addition to creating scores of 
planetarium programs for these institutions and others (that have 
been seen in more than 250 planetariums worldwide), he is the 
author of several books on astronomy and, for more than a decade, 
wrote a monthly and then daily column on astronomy and space sci-
ence for the Gannett newspapers. Bill also served as Science Editor 
for WABC-TV in New York and Special Science Correspondent for 
ABC’s Good Morning America and World News This Morning. for 
these organizations he wrote and produced numerous on-air reports 
on astronomy and space science from such diverse locations as JPL, 
the Johnson Space Center, Harvard University, and the headquarters 
of the European Space Agency. He has also served as a consultant, 
writer, producer, and on-air anchor for many educational television 
projects including work for NASA-TV, the Learning Channel, and 
the Children’s Television Workshop. 

Most recently, Bill served as President & CEO of the Challenger 
Center for Space Science Education, which was founded by the  
families of the Challenger astronauts and has established a network 
of more than 50 Learning Centers that annually serve more than 
400,000 students and teachers across the US and beyond. While at 
the CCSSE, he continued to develop new products and programs 
and wrote successful grants to NASA, the Toyota foundation, and 
leading aerospace companies capping a career-long fund-raising 
record which, to date, has exceeded $36 million. Heading up his 
own company, “Great Ideas,” which he founded in 1995, he contin-
ues to assemble international teams and work as a writer, producer, 
fundraiser, and consultant for universities, local and national gov-
ernments, and leading science museums and science-technology 
centers across North America, Europe, Asia, and the Middle East.

Judy Kass continues as a special-projects consultant after retiring 
from AAAS (American Association for the Advancement of Science) 
in the fall of 2007. As the Senior Project Director for the AAAS’s 
Public Understanding of Science and Technology Programs, she 
developed partnerships with PBS stations, educators, scientists, and 
Community Based Organizations in various projects across the US. 

society scope
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She is currently working on the outreach component for the PBS 
television series Journey to Planet Earth: An Annual Report, which is 
hosted by Matt Damon, and the outreach component for the televi-
sion series Nanotechnology: The Convergence of Science and Society, a 
program that delves into this newest wave of science. She is PI/  
Project Director of the NSf planning grant Science and Mathematics 
Education Reform: What Do Parents Need to Know to Get 
Involved?, which identifies ways for parents to become more 
involved in their children’s science education. Her newest project 
involves an NSf-funded grant to the American Anthropological 
Association to create an exhibition on race in collaboration with the 
Science Museum of Minnesota. 

Judy works not only with science organizations but has aided the 
development of programing such as Public Science Day that focuses 
directly on the public. This event, held during the AAAS annual 
meeting, has helped more than 40,000 students from the third to the 
twelfth grades, and their families, see the impact of science on their 
everyday lives through contests, hands-on activities, and display 
booths. Judy is a graduate of Antioch University in Yellow Springs, 
Ohio and received her Master’s of Arts in Education from Howard 
University in Washington, DC.

Awards
The Astronomical Society of the Pacific honors special accomplish-
ments in astronomy research, technology, education, and public 
outreach by giving eight annual awards. Nominations are welcome 
from ASP members and members of the astronomical community 
for seven of these awards. 

See page 39 for a list of the awards, while descriptions of the 
awards and links to the nomination pages are available on the Soci-
ety’s Awards webpage. Submission deadlines are either December 
15, 2008, or January 1, 2009; check the Awards webpage for details.

Michael Gibbs
The ASP announces that 
Michael Gibbs, the Society’s 
Chief Advancement Officer, 
will be departing the ASP 
effective November 28. 
Michael, whose three-year 
tenure at the Society has been 
double the typical average stay 
for advancement officers, is 
moving to the D.C. area for a 
wonderful new career-advanc-
ing opportunity.

Michael has served the 
Society ably and well, has 
achieved remarkable success 
building an advancement program virtually from scratch, and has 
laid an excellent foundation for the development and advancement 
effort of the Society. We will miss him very much but wish him very 
good fortune. We also look forward to him remaining a good friend 
of the Society as he begins his new adventure.

We will be rehiring the Chief Advancement Officer position and 
have posted a job announcement. If you know of any capable, quali-
fied individuals who might be interested in filling Michael’s sizable 
shoes, I hope you’ll refer them to our website for the posting.

400th Conference Series Volume
The year 2009 is the 400th anniversary of Galileo looking at the 
heavens through a telescope. It also marks the year that the 400th 
ASP Conference Series volume will be published. In a wonderful 
alignment of Society duties and purposes, the 400th volume hap-
pens to be the proceedings from the ASP 2008 meeting “Preparing 

ASP Members:  

enjoy your  

10% members  

discount! AstroShop
www.astrosociety.org

Order your calendar today!  $12.95 – $29.95
All proceeds from product sales support the ASP’s education and outreach programs.

Start Planning for Next Year!

2009 Astronomy Calendars

http://www.astrosociety.org/membership/awards/awards.html
http://www.astrosociety.org/about/career.html
http://www.astrosociety.org/online-store/scstore/c-2009_Calendars.html
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for the International Year of Astronomy: A Hands-on Symposium,” 
which was held May 31–June 4, 2008 at the AAS summer meeting 
in St. Louis. There is still time for you to preorder this milestone 
book at the special rate of $55. It is deeply satisfying that the publi-
cation of this volume honors both Galileo’s legacy and the mission 
of your Society.

2007 Annual Report Now Online
The ASP is pleased to provide a 
summary of our mission-based 
activities and events through the 
online publication, 2007 ASP 
Year in Review. We take this 
opportunity to acknowledge and 
thank our many benefactors, 
members, and friends for the 
support they provided to enable 
the Society to carry out its work. 
To obtain your PDf copy (or to 
download annual reports from 
2005 and 2006), go to the  
Annual Reports page on the 
ASP’s website.

Save the Date
It’s never too early to fire up your 2009 meeting planner and set 
aside September 12 to 16 for the ASP’s 120th anniversary meeting at 
the Westin San francisco Airport Hotel in Millbrae, California. 

The meeting will begin with hands-on workshops for formal and 
informal astronomy and science educators on Saturday, September 
12 and Sunday, September 13. The annual members’ meeting will be 
held on Sunday evening prior to the opening reception. The meet-
ing proper will begin Monday the 14th, and conclude the evening of 
the 16th; the annual awards banquet will be held Tuesday evening. 

The theme of the 2009 gathering will be “Science Education and 
Outreach: forging a Path to the future.” To be notified when more 
meeting information becomes available, sign up via our Annual 
Meeting webpage.

ASP Staffer Receives the 2008 AANC Professional 
Award
Suzanne Gurton, the 
Education Manager at 
the Astronomical Soci-
ety of the Pacific 
(ASP), has received the 
2008 Professional 
Award, given each year 
by the Astronomical 
Association of North-
ern California to an 
astronomer who has 
done outstanding work 
in distinguishing and 
fostering amateur 
astronomy.

Suzanne has been 
an astronomy educator 
at the ASP for eight 
years, creating and 
writing activities, hold-
ing workshops for a 
wide range of educa-
tors, and, more recent-
ly, managing the staff of the entire education department at your 
120-year-old Society. She has spearheaded several major national 
educational initiatives that benefit the amateur and educational 
communities in astronomy.

Primary among these is the Night Sky Network project (in coop-
eration with JPL and several NASA missions), in which members   
of more than 200 astronomy clubs around North America are sup-
plied with education and outreach kits and trained on how to do 
school and public events with them. A new project called Sharing 
the Universe, which she also heads, will undertake research on the 
factors that allow amateur clubs to be successful at outreach and the 
factors that hold clubs back. She has also served as a tireless ambas-
sador between the astronomical community and a variety of com-
munity-based organizations, including the National School Boards 

NEW MEMBERS  —  The ASP welcomes new members who joined between July 18 and October 10, 2008.

Technical Membership

Clifford Bailey, Killeen, TX
Robert N. Brauer, Moffett Field, CA
Judy D. Kass, Albuquerque, NM
Jun Yi Koay, Shah Alam, Malaysia

General Membership

David C. Black, Seabrook, TX
Terry H. Dearborn, Lafayette, CA

Nagamanaidu Dhamodaran,  
Coimbatore, India
Bruce W. Gesslein, Brick, NJ
Daniel R. Hale, Folsom, CA

Carolyn R. Kaichi, Honolulu, HI
Dipayan Kar, Mumbai, India
Laurel E. Kornfeld, Highland Park, NJ
Alejandro G. Levi, Pasadena, CA
Michael G. Lewis, Seattle, WA
Larissa Nofi, San Francisco, CA
Thomas Oberst, New Wilmington, PA
Richard D. Owens, Warrensburg, MO

Ron Rothe, Penryn, CA
Thomas C. Strickland, Atlanta, GA
Brandon M. Williams, New York, NY

Friend of the ASP

Julie A. Silva, Gainesville, FL
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Association, the Girl Scouts, the National Science Teachers Associa-
tion, and the Association of Science and Technology Centers.

Visit the Society News webpage to read the complete press 
release about Suzanne’s award.

Take a Trip
In conjunction with MWT Associates, the ASP offers numerous 
astronomy-themed trips (see the feature “A Russian Adventure”). In 
2009 there are five such journeys: The Northern Lights & Lava 
Fields (february 15–22), Galileo’s Tuscan Sky (March 25–April 2), 
Eastern Seaboard to Iceland (May 8–21), China: Great Saros 136 
Total Solar Eclipse (July 13–26), and Paris: Art, Astronomy, and 
History (September 17–24). 

All tours feature an astronomical enrichment program presented 
by distinguished lecturers including astronomy historian and writer 
Dr. William Sheehan (Paris: Art, Astronomy, and History) and for-
mer ASP President Dr. Alex filippenko (Eastern Seaboard to Ice-
land). To learn more about each trip, visit the ASP’s Astronomical 
Tours webpage.

ASP 2008 Fall Fund Drive
fundraising is always challenging and never more so than in a     
difficult economic environment. As a nonprofit organization, we 
rely on support from 
our members, bene-
factors and friends — 
in other words, from 
individuals like you. 
ASP Executive Director Jim Manning opens his fall fund Drive   
letter as follows:

“Ralph Waldo Emerson once wrote: ‘Bad times have a scientific 
value. These are occasions a good learner would not miss.’ If so, 
then the current climate of economic uncertainty may offer learning 
opportunities for us all. And it is my hope, despite these current  

difficulties, that you — one of our good friends — will continue to 
see investment in the Astronomical Society of the Pacific (ASP) as 
an investment in a science-literate future, and will consider making 
a contribution to our fall fund Drive.”

Please take a moment to read Jim’s letter, which touches on some 
of the exciting initiatives currently being undertaken by your Society. 
If you’ve just recently joined the ASP, have a look at our Education 
webpage to discover the many programs, activities, and resources 
currently available through the ASP. Then consider making a gift 
today to support the ASP’s mission-based programs. 

A Gift That Gives Back
u

planned giving
 with

the asp heritage society 

T he Astronomical Society of the Pacific is 
pleased to recognize our members and friends 

who have included the ASP in their estate plans. This 
support of our mission is truly appreciated.

Join the Heritage Society by making a planned gift 
today. Visit us online or contact us to request an 
informational brochure.

 www.astrosociety.org/support.html  
or  

(415) 337-1100 x106
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The Astronomical Society of the Pacific  

Invites Nominations  

for the Society’s 2009 Awards

amateur achievement award

significant observational or technological contributions 
to astronomy by an amateur astronomer

thomas j. brennan award

dedication to teaching astronomy  

at the high school level

richard h. emmons award

dedication to teaching introductory astronomy at the 
college level

klumpke-roberts award

contributions to the public understanding and 
appreciation of astronomy

las cumbres amateur  
outreach award

educational outreach by an  
amateur astronomer

maria & eric muhlmann award

 innovative advances in astronomical instrumentation, 
software or observational infrastructure

robert j. trumpler award

PhD research considered unusually important to 
astronomy

Further details, submission information,  
and past recipients can be found on our website:

http://www.astrosociety.org/membership/awards/awards.html

http://www.astrosociety.org/membership/awards/awards.html
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sky sights

The Skies of November

Look high in the south around 9 pm and you’ll see four modestly 
bright stars outlining a large square —the Great Square of Pegasus. 
(See the Summer 08 issue of Mercury, page 41, for a discussion of 
this star group.) The upper left star of the Square — Alpheratz — 
actually belongs to, and is the brightest star of, the constellation 
Andromeda, the Maiden. It’s the first of four stars that curve gently 
up and away from the Square. The line marks the head (Alpheratz), 
body, and one long leg of Andromeda (see the chart below).

The third star along the line is where her faint second leg joins. 
Where her stick-figure knee bends is a faint, elongated smudge of 
light, barely visible to the unaided eye under dark-sky conditions. 
That’s the Andromeda Galaxy or Messier 31 (M31). It contains   
billions of stars and is larger than our Milky Way. But it appears dim 
(and small) because it’s more than 2.5 million light-years away. It is 
the most distant object that the unaided eye can easily see. 

All month long, Venus and Jupiter dominate the western sunset 
skies. Look early in November and note the separation of these two 
brilliant beacons (about three fist-widths held at arms length). By 
month’s end the planets have closed to a mere 2° apart — roughly 
the width of  your thumb also held at arm’s length). On November 
30th and December 1st the lunar crescent shines on either side of 
this brilliant planetary pair. 

Meanwhile, Saturn continues to climb high into the early morn-
ing sky. It’s located beneath the tail of Leo, the Lion. By midmonth 

the ringed planet rises around 1 am and on the 21st is joined by the 
24-day old Moon. 

The other two planets are Sun grazers. Mercury peeks about the 
eastern horizon at dawn during the first week of November, then 
disappears into the solar glare for the rest of the month. And Mars 
is completely hidden by the solar glare and remains unobservable 
until January.

The Skies of December

Look to the southeast these December evenings for a V-shaped 
group of stars that lies flat as it rises. The group is called the Hyades 
and is the core of Taurus, the Bull. The Hyades form the head of 
the Bull with the bright star Aldebaran said to be the Bull’s red eye. 

Notice on the constellation chart (above) that the “V” of the Hyades 
extends out to a pair of stars, thereby creating the horns of Taurus.

But the prettiest sight in the winter sky (some would say in any 
season’s sky) can be found hovering above the Hyades. It’s a compact 
cluster of stars known as the Pleiades or Seven Sisters. It has had 
the Seven Sisters moniker since ancient times, though even in a 
dark sky it’s likely your unaided eye will see only six stars. But it’s a 
lovely sight in binoculars or a small telescope used with low power.

On the night of the 10th-11th, you can watch the nearly full 
Moon pass through the northern half of the Pleiades.

December’s start is spectacular, with the crescent Moon hovering 
above brilliant Venus and Jupiter after sunset on the 1st. But the 

by Paul Deans

• Go to Sky & Telescope’s November 2008 Sky Chart
• How to use S&T’s Interactive Sky Chart

• Go to Sky & Telescope’s December 2008 Sky Chart
• How to use S&T’s Interactive Sky Chart
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http://skychart.skytonight.com/observing/skychart/skychart.asp?lat=40.0&lng=-100.0&timezone=-6&datetime=2008.11.15at9:00PM&dst=off&calt=17&
http://skychart.skytonight.com/observing/skychart/skychart.asp?lat=40.0&lng=-100.0&timezone=-6&datetime=2008.12.15at9:00PM&dst=off&calt=17&
http://www.carinasoft.com
http://www.carinasoft.com
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sight is short-lived. The Moon pulls rapidly away from the planetary 
pair even as Jupiter sinks toward the horizon and away from Venus.

Later in the month little Mercury pops into view low in the 
southwest at sunset. On the 28th, look southwest a half hour after 
sunset; can you spot Mercury 3° directly below Jupiter? (You may 
need binoculars to see it.) The next night the crescent Moon hangs 
over Jupiter. On New Year’s Eve the sky rings out the old year with 
the magnificent sight of dazzling Venus and the crescent Moon high 
in a darkening southwestern sky. 

Meanwhile Saturn now rises in the east around midnight and is 
high in the south at dawn. When the Moon pops up after midnight 
on the 19th, Saturn will be sitting to its upper left. Mars remains 
invisible; it’s in conjunction with the Sun on the 5th.

The Skies of January

By 9 pm on a mid-January night, the second-best-known constella-
tion is almost due south. Its seven bright stars shine through the 
murk of a city sky, making its shape identifiable to all. No, it’s not 
the Big Dipper; it’s the constellation Orion the Hunter (right). 

You’ll know Orion by his three-star Belt. Nowhere else in the 
sky are there three bright stars in such close proximity to each 
other and in such a straight line. Two bright stars above the Belt 
and two below complete the bright-star package of Orion. The 10th 
brightest star in the night sky — Betelgeuse — marks Orion’s trail-
ing (eastern) shoulder, while the 7th brightest star — Rigel — 
marks his leading (western) foot. There are other, fainter stars 
nearby that complete the outline of the Hunter, as shown on our 
star chart.

Hanging from his Belt is a string of three faint stars known as 
his Sword. You’ll need a moderately dark sky to see them.  If the 
middle “star” looks a little fuzzy, that’s because it’s actually a    
glowing cloud of gas known as the Great Orion Nebula (or, more 
prosaically, M42). It looks a little green to the eye.

Orion’s Belt serves as a useful signpost to other stars and con-
stellations. Notice that a line drawn upward through the Belt passes 
through the Hyades of Taurus (see December), while a line down-
ward from the Belt heads toward Sirius, the brightest star in the 
night sky.

As January opens Jupiter and Mercury are together but very 
low in the southwest shortly after sunset. Neither is visible for long; 
both vanish below the horizon as the sunset glow fades. Jupiter 
stays lost in the Sun’s glare for the rest of the month, but speedy 
Mercury pops up in the southeast before sunrise by month’s end.

On the other hand, Venus hangs around in the southwestern 
evening sky, setting almost four hours after the Sun. The crescent 
Moon is above it on the 1st, while at month’s end the lunar crescent 
is below Venus on the 29th and above it on the 30th.

Meanwhile, Mars remains too close to the Sun to be seen.

January IYA Feature Sky Sight: Venus
During each month of the International Year of Astronomy, 

NASA is highlighting one particular celestial object. You can find 
the list on their IYA observing site.

As noted in William Sheehan’s article, Galileo’s observations of 
the changing shape of Venus, in particular its diminishment from a 
half-moon to a crescent, made him realize that Copernicus was 
right (and Ptolemy wrong) when it came to describing the layout of 
the solar system. Venus orbits the Sun, not the Earth.

Starting in January 2009 (and continuing through to mid-
March), it’s easy to recreate Galileo’s observations of Venus. The 
planet is well placed in the sunset sky, and its phases can be easily 
seen in a small telescope. Oddly, it’s brilliance can make seeing it 
through a scope less than satisfying. Try observing Venus as soon 
as it emerges from the sunset glow. The bright twilight sky reduces 
the contrast between the planet and its surroundings, making the 
phases easier to see.

On January 1st shortly after sunset, this brilliant planet can be 
spotted in the southwest to the lower right of the crescent Moon. 
Through a telescope the planet will look like a miniature waxing 
gibbous Moon. fifteen days later, Venus will appear exactly half lit 
and look like a tiny, featureless first quarter Moon

During the next two months, the size and shape of Venus will 
change dramatically. Even as its disk grows larger, its phase shrinks 
from quarter to crescent. 

On february 27th, when the Moon stands just left of the planet, 
both will show a thin crescent (though of course you’ll need a tele-
scope to see Venus’s phase). 

• Go to Sky & Telescope’s January 2009 Sky Chart
• How to use S&T’s Interactive Sky Chart

sky sights
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Thanks to Sky & Telescope maga-
zine, Mercury readers have direct 
access to S&T’s online Interactive 

Sky Chart. While anyone can go to it on 
Sky’s website, registration is required to 
load and use the charts. Registration is 
free and has some advantages, but it’s not 
necessary for ASP members who just want 
to retrieve the monthly star chart.

Sky & Telescope’s Interactive Sky Chart 
is a Java applet that simulates a naked-eye 
view of the sky from any location on Earth 
at any time of night. Charted stars and 
planets are the ones typically visible with-
out optical aid under clear suburban skies. 
Some deep-sky objects that can be seen in 
binoculars are plotted too.

Using the Chart: The Basics
When you launch Sky & Telescope’s Inter-
active Sky Chart applet in your Web 
browser, you should get a rectangular, naked-eye view of the sky on 
the left and a circular all-sky chart on the right. If the chart does not 
appear, see the “Tech Talk” section at the end of this article.

for instance, when you click on the link for the November Sky 
Chart, you should see, in a new window, a screen that looks like the 
image above. Each of the monthly links in Sky Sights will take you to 
a chart set for 40º north latitude and 100º west longitude (which 
makes it useful throughout the continental US) at 9 pm local time at 
midmonth. The chart can be used at 10 pm local time at the start of 
each month, and 8 pm at month-end. 

If all you want is a copy of the circular All-Sky Chart to take out-
side, press the “Create PDf” button, and then print the result. You’ll 
find the easy-to-use instructions included on the chart.

But Sky’s Interactive Chart offers much more. Click on any area of 
the circular All-Sky Chart that you’d like to see in more detail. The 
green frame will jump to where your cursor is pointing, and the 
scene in the Selected View window will now show this area. 

Or click and hold down your mouse button within the green 
frame on the All-Sky Chart, then drag the frame around the sky. The 
scene in the Selected View window will change as the location of the 
green rectangle on the All-Sky Chart changes. 

finally, click and hold down your mouse button in the Selected 
View window, then drag the cursor to move to another part of the 
sky. The green frame in the All-Sky Chart will follow your 
movements.

Changing the Chart
Below the Selected View window you’ll find the latitude and longi-
tude the chart is set for, as well as the date and time. These can all be 
changed. 

To alter the date and time, click on the month, day, year, hour, or 

minute in the display at lower left, which will become highlighted. 
(You can change only one parameter at a time.) Then use the + or – 
button to increase or decrease the value you’ve selected. Each time 
you change a quantity, both the Selected View and All-Sky Chart will 
be updated instantly. 

If you’d rather do a wholesale change, click the large “Change” 
button in the Date & Time display area. A pop-up window will 
appear. Here you can choose any date between January 1, 1600, and 
December 31, 2400, using the day and month pull-down lists and the 
year text-entry box.

To alter the location (and time zone), you’ll need to click the large 
“Change” button in the Location display area. A pop-up window will 
appear that will let you select a new location (be sure to enter data in 
just one of the three sections of this page). A follow-up page will let 
you select a time zone. But note that unless you register, the system 
will not remember your new location.

You’ll find more detailed instructions and hints for using the 
chart on the Help page. To really become familiar with this program, 
see the article: fun with S&T’s Interactive Sky Chart.

Tech Talk
The applet should work properly in most Java-enabled Web  brows-
ers. for best results on a PC, use Internet Explorer 6 or Netscape 7; 
on a Mac, use OS X 10.3 (or higher) with Safari. If you’ve installed a 
“pop-up stopper” to block advertisements that automatically open in 
new browser windows, you’ll probably have to turn it off, as the 
Interactive Sky Chart needs to open in a new browser window.

If you have trouble getting the Sky Chart to open on your comput-
er, please review Sky’s detailed system requirements to check whether 
you’re using a supported operating system. And don’t forget to also 
review the Help page. 

Using Sky & Telescope’s Interactive Sky Chart
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Like many Canadians, I’ve become deeply concerned about 
global warming. I realize that I have to reduce my “carbon 
footprint” and to do so will require adjustments in lifestyle.   

I consider myself an environmentally aware citizen, and I want to 
do my part.

But wait. Does this mean giving up my summer observing trips? 
Will I have to retire my gas-guzzling camper that conveys me and 
all my gear, including a hefty 17.5-inch telescope, to the dark coun-
tryside? As I ponder these questions, it’s a hot, clear June afternoon 
and I want to go observing. But the night will be short, gas prices 
are sky-high, and those global warnings truly have me worried.

I’ve been a serious stargazer since the first Moon rockets roared 
into space 40 years ago. It was almost inevitable that my love of 
astronomy would lead to a strong interest in environmental issues. 
Describing “the good Earth” during their historic circumlunar flight 
in 1968, the Apollo 8 astronauts essentially launched the environ-
mentalist movement. Since then, the increasing popularity of our 
hobby has coincided with endless urban sprawl, rampant light pol-
lution and now, if the experts are correct, anthropogenic (human-
caused) climate change.

All the books I’ve read on climate change (a half dozen so far) 
argue a link between unbridled growth, the burning of fossil fuels, 
and a suddenly warming planet. One of them inadvertently raises 
an issue of special concern to astronomers: the degradation of the 
night sky. In his book A Short History of Progress, BC novelist and 
historian Ronald Wright asks (not quite rhetorically) “How long 
can [the Earth] withstand a blaze of consumption so frenzied that 
the dark side of this planet glows like a fanned ember in the night 
of space?”

Recently, Canadian solar astronomer Ken Tapping amplified 
Wright’s haunting question when he remarked in his weekly news-
paper column that the satellite shots of the Earth’s nightside “illus-
trate, in a most glaring fashion, the amount of energy we’re wasting. 
The light reaching the spacecraft from which the pictures were 
taken has fulfilled no useful purpose. In a world of concern about 
carbon dioxide emissions, why are we doing it?” Lamenting the 
diminished darkness, Tapping concluded that this is why amateurs 
“end up putting their telescopes in the back of the car and heading 
off to somewhere well away from house and street lights.”

My favorite observing spot is a mountain lookout in British 
Columbia’s Cascade Range. Until recently, this site boasted a pristine 
sky. But my prized perch is gradually losing its luster — or perhaps  
I should say that it’s gaining luster. Scanning the horizon after dark, 
I see those “fanned embers” closing in on me, from Vancouver 
almost 120 miles to the west and Seattle even farther to the south. 
As Montreal science writer Andre fazekas mentioned in his article 

“Saving the Night 
Sky” (SkyNews, 
Jan./feb. 2008), 
“Even though an 
urban area is liter-
ally beyond the 
curvature of the 
Earth, it can still 
have an impact.” 
Monitoring the 
slow death of that 
wondrous Cascade 
sky is a dagger to 
my heart.

I witness a    
different — yet 
related — degrada-
tion every time I motor up to the lookout in daylight. Those once 
verdant Cascade slopes have turned rusty red, the evergreens dev-
astated by the mountain pine beetle that now survives our milder 
winters. Unfortunately, by driving into the boonies, we stargazers, 
not to mention other nature lovers, only make the problem worse 
with our growing CO2 emissions.

I’m no help. I keep telling people to hit the highway and get 
under a dark sky. Indeed, in my previous (SkyNews) column, I urged 
stargazers to attend their favorite summer star party. At least star 
parties put a bunch of people in one place (with their car engines 
off) for several days and nights. Star parties make good travel sense.

In contrast, I admit I’ve occasionally exercised rather poor travel 
judgment. I once roared up to my beloved lookout hoping that a 
hazy sky would clear (it didn’t) then repeated the mistake a few 
nights later. On another evening, I arrived amid thick smoke from a 
nearby forest fire. If I’d bothered to check the on-line highway cam, 
I never would have left the house!

In future, I pledge to stretch those gas dollars and make every 
observing run count. Will you? 

KEN HEWITT-WHITE is a long-time astronomy communicator and star- 
gazing enthusiast who observes the night sky from the mountains of south-
western British Columbia, Canada. This column is reprinted, with permission, 

from the September/October 2008 issue of SkyNews magazine. 

Rethinking the Remote Dark-Sky Site
A fresh look at the drive to a favorite mountaintop observing site.
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