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A new child has the power to transform the 
world into a place of only light and dark—one 
of strong contrast, ignored gradations, and 
untouched texture—and a suitcase of new 
sounds blurred over bars carrying J. S. Bach’s 
playful weight and Trini Lopez’s nasal throws.

About the time that Mercury began to 
undergo a change, a Darwinian push into a 
newer age and appearance, my child emerged 
and immediately cast spells and worked magic 
more powerful than any I have encountered. 
Nights and days blended in a saucy continu-
um of wonder about what, what, what my 
wife and I might do with and to this small 
(well, not so small) human charge: should we 
count out loud in primes, recite the particu-
larly poignant sections of Goethe’s Faust, or 
fill our home with the fragrance of fresh 
injera? We’ve shelves of books dedicated to 
baby building, unveiling, and development; 
most tell us that our first months with Sebas-
tian Artemis are critical to his development. 
And while most present logical and reason-
able directions and insight, the elaborate 
flourishes in some are wearisome.

My wife and I continue to play music of all 
kinds and our place remains dark and warm 
and free of television, but now we vary our 
vocal pitches more. We end words with “ie” or 
“y” or “ito.” We hold our little one almost con-
stantly. And we read aloud more than ever 
before—books of fiction or not, magazines 
like the Economist or Wired or the New York-
er, newspaper articles even. And Mercury.

I discovered several days ago that my son 
enjoys listening to me read from Mercury. 
Perhaps it is that I am especially animated by 
a publication for which I have such emotion 
and such a long association. Or maybe he 
enjoys the range of high-contrast illustration 
that is mortared into each issue. Or maybe it’s 
just that I look for response from Sebastian to 
the things that move me. I know, it is too early 
to expect so much from an infant—yet already 
he guards his smiles and freely shares his seri-
ous displeased look with things that do not 
stir him in a positive fashion.

The new look for the magazine is one that 
has come from recommendations from mem-
bers of the ASP’s staff, from Tom Ford (Mer-
cury’s marvelous designer), and from desires 
that I have to continue to compel this maga-
zine to reflect better the quiet glistening of the 
Society. The decision to make Mercury a quar-
terly publication was one made after several 
years of discussion: having a seasonal maga-
zine feels right for the ASP, and Mercury, as 
the face and a critical incarnation of the Soci-
ety, will always hold the organization’s mission 
and desires within it.

My child greets Mercury with an excited 
“grrrrrr.” He sees images of light and dark and 
swirled color and hears the singalong sounds 
of tales about new suns, old universes, and 
teachers who want to bring the heavens down 
to Earth for their students. The Society has 
been doing this for a long time, and Mercury 
will continue to be the Society’s voice and 
face. Grrrrrrr, indeed.

James C. White II, Ph.D., Editor
editor@astrosociety.org

Grrrrrrrr.

ON THE COVER: The “South Pillar” region 
of the Carina Nebula is captured in this moving, 
false-color portrait by NASA’s Spitzer Space  
Telescope. Illustration courtesy of NASA, JPL-
Caltech, and N. Smith.
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by Christopher Wanjek

Astronomers have found a black hole 
where few thought they could ever 
exist—inside a globular star cluster. 

The finding suggests that, like a frontiers-
man, any black hole that can rough it out in 
this extreme environment for a few years 
and survive might ultimately flourish, 
increasing its mass a hundredfold or more.

Globular clusters are dense bun-
dles containing thousands to mil-
lions of old stars. One would think 
that black holes are a dime a dozen 
here. After all, a black hole is creat-
ed in the death of a massive star; 
when such a star runs out of fuel to 
burn, it no longer has the energy to 
support its own mass, and its core 
collapses into a black hole.

There’s no doubt that black 
holes form in clusters. At issue is 
their staying power.  Computer 
simulations show that a newly 
formed black hole would first sink 
towards the center of the cluster 
but quickly get gravitationally 
slingshot out entirely when inter-
acting with the cluster’s myriad 
stars.

But as Tom Maccarone of the University 
of Southampton in England reports in the 
11 January issue of Nature, at least one 
black hole has managed to stake out some 
land in a globular cluster in a galaxy named 
NGC 4472. And this might not be so 
uncommon.

“We were preparing for a long, systematic 
search of thousands of globular clusters with 
the hope of finding just one black hole,” said 
Maccarone. “But bingo, we found one as 
soon as we started the search. It was only the 
second globular cluster we looked at.”

The finding was made primarily with 
the European Space Agency’s XMM-New-
ton satellite. The search continues, Macca-
rone said, yet only one black hole was 

needed to resolve the decades-old discus-
sion about black holes and globular clusters. 

This isn’t just any old black hole, though. 
The region around it is radiating far bright-
er than one would expect from a stellar-size 
black hole, suggesting that this could be an 
“intermediate-mass” black hole. 

Scientists say there are two main classes of 
black holes. Supermassive black holes contain 
the mass of millions to billions of Suns and 
are found in the core of most galaxies, includ-

ing our own. A quasar is one kind of super-
massive black hole. And stellar-size black 
holes contain the mass of a few tens of Suns. 
Our galaxy likely contains millions of these.

Black holes are, by definition, invisible. 
But the region around them can flare up 
periodically when the black hole feeds. As 
gas falls into a black hole, it will heat to 
high temperatures and radiate brightly, par-
ticularly in x rays. 

XMM-Newton is extremely sensitive to 
x-ray variability and can efficiently scan 
large patches of the sky. Maccarone’s team 
also used NASA’s Chandra x-ray Observato-
ry, which has superb angular resolution, to 
pinpoint the position of the x-ray source 
they found to prove that it was, indeed, in a 

globular cluster. NGC 4472 is about fifty 
million light-years away in the Virgo Clus-
ter, not exactly next door.

Details in the x-ray light detected by 
XMM-Newton leave little doubt that this is 
a black hole; the object is too bright and 
varies by too much to be anything else. 
Actually, the source is extra bright, an 
Ultraluminous X-ray (ULX) object—per-
haps because the light is beamed or because 
this black hole is far more massive than a 

stellar-mass black hole, for more 
mass means more gravitational 
energy and more light.

Enter the intermediate-mass 
black hole (IMBH). Some scientists 
think that at least some of the hun-
dred or so known ULXs are black 
holes of a few thousand solar masses.

Cole Miller, a theorist and pro-
fessor at the University of Mary-
land, College Park, is one advocate 
for the ULX-IMBH link. He said 
that while previous observations of 
black holes in globular clusters 
were speculative, the Maccarone-
led finding is “indisputable.” The 
fact that this is also a ULX is icing 
for him because it supports his 
theory that IMBH can build their 
mass in clusters.

Miller says a stellar-mass black hole can 
gain enough mass through merging with 
other stellar-mass black holes or by accret-
ing interstellar gas to stay locked in a clus-
ter. About 100 solar masses would do. Once 
entrenched, the black hole has the opportu-
nity to merge with other black holes or 
accrete gas from a local neighborhood rife 
with star-stuff. 

In this way, they could grow into 
IMBHs. Sounds straightforward. But while 
the American West has been won, this issue 
will take a few more years to settle. 

CHRISTOPHER WANJEK is now working 
primarily with the National Institutes of Health 

on another type of mass-gain issue.

To Boldly Go…
A hostile environment might be home to the speculative class of intermediate-mass black holes.

armchair astrophysics

An artist’s impression of a stellar-mass black hole, shown here 
receiving mass via an accretion disk of material that has been 
syphoned from a companion star. Illustration courtesy of ESA,
NASA, and F. Mirabel.
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planetary perspectives

by Daniel D. Durda

Nestled in a remote, bowl-shaped 
valley in north-western Puerto 
Rico lies a unique and invaluable 

tool for planetary radar astronomy. At a 
thousand feet across, Arecibo is the world’s 
largest semi-steerable radio/radar telescope. 
The facility is operated by Cornell Uni-
versity on behalf of the National Sci-
ence Foundation and has been 
responsible for a great many exciting 
discoveries in planetary science, not to 
mention Galactic and extragalactic 
astronomy as well. It was even used, 
just once—in November 1974—to 
broadcast a message toward the globu-
lar cluster M13, a sort of interstellar 
note in a bottle.

But now this unique tool for study-
ing planetary bodies is in danger of 
being decommissioned.

I want to briefly highlight just a few 
recent observations made possible by 
Arecibo’s powerful radar transmission 
capabilities, to give you a sense of the 
high-impact research enabled only by this 
critical planetary research facility.

In 2001, the large near-Earth asteroid 
1999 KW4 approached to within just 4.8 
million km of our planet, close enough to 
allow Arecibo and its often-partner in such 
studies, the Goldstone antenna in Califor-
nia, to bounce radio waves off the object. 
While the fully-steerable Goldstone dish 
provided long, continuous coverage of the 
asteroid, the radar echoes from the much 
larger Arecibo dish were an order of magni-
tude stronger, allowing JPL’s Steve Ostro 
and colleagues a very detailed three-dimen-
sional reconstruction of the asteroid’s shape 
and spin properties. The radar data, now 
fully examined, have revealed 1999 KW4 to 
be a binary asteroid. With some 15% of 
near-Earth objects having companions, this 
by itself is not so surprising. What is amaz-
ing is the remarkable shape of the primary 

component—it spins so fast that all the 
loose material on the object has migrated to 
the equator and piled up into a nearly zero-
g ridge of debris! This fine regolith exists in 
a perpetual no-man’s-land, barely clinging 
to the surface while ever in danger of being 
flung off to space.

Don Campbell, at Cornell University, 
and his colleagues have used Arecibo’s pow-

erful radar-mapping capabilities to probe 
the lunar poles for water ice. Arecibo data 
from 1992 indicated thick, coherent layers 
of ice in polar craters on Mercury, and the 
neutron spectrometer aboard the Lunar 
Prospector spacecraft detected hydrogen 
(which may or may not be water ice) at the 
lunar poles in the late 1990s. Water ice con-
densed in the cold traps of permanently-
shadowed polar craters would be a valuable 
resource for astronauts stationed at the 
Moon’s north or south pole. But Campbell’s 
new, high-resolution radar maps of the 
Moon’s south pole show that radar features 
there once thought only associated with 
water ice in shadowed cold traps are also 
found in surrounding sunlit areas as well, 
areas where any ice would rapidly evapo-
rate. This result suggests that any plans for 
lunar polar bases that depend on an in-situ 
supply of water ice ought to have a back-up 

source for that precious resource, just in 
case.

Cornell’s Jean-Luc Margot and JPL’s Jon 
Giorgini have designed a long-term pro-
gram using Arecibo to secure highly-pre-
cise measurements of the positions of 
several near-Earth objects whose orbits reg-
ularly carry them deep into the inner Solar 
System, some within only a few dozen solar 

radii of the Sun. These radar-deter-
mined trajectories, far more precise 
than optical measurements alone, will 
directly probe the distribution of mass 
inside the Sun (something we’ve only 
been able to do indirectly so far 
through helioseismology) and provide 
important tests of the general theory of 
relativity by quantifying the perihelion 
advance of the NEOs’ orbits.

None of these measurements and 
observations would be possible with-
out radar telescopes, in general, and 
without Arecibo’s uniquely powerful 
radar, in particular. And yet, in a 
penny-wise but pound-foolish proposi-
tion, the National Science Foundation 
is now considering shutting down the 

facility in order to save funds. We can not 
afford to run every research facility ever 
built forever, and we should not—techno-
logical advances do make some facilities 
obsolete in time. But some active instru-
ments are vital national (indeed, global) 
assets that, once terminated, might not be 
replaced in a generation.  

Arecibo is not merely another large 
radio/radar telescope. It is the only radar on 
the planet able to precisely track and direct-
ly image many potentially hazardous near-
Earth asteroids. If we lose Arecibo, we lose 
not only some really amazing planetary sci-
ence, we sacrifice a bit of planetary security 
as well. Let’s not let that happen. 

DANIEL D. DURDA is a Senior Research Scientist 
in the Department of Space Studies at the 

Southwest Research Institute in Boulder, 
Colorado.

Planetary Science on the Radar Screen
An irreplaceable tool for planetary research may be chopped by the budget axe.

A view of the Arecibo Observatory in Puerto Rico. Photo 
courtesy of the NAIC–Arecibo Observatory, a facility of 
the NSF.
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by Katherine Bracher

In one of the A.S.P.’s early Leaflets (no. 
41), Sir James Jeans described what 
was known in 1932 about the Uni-

verse beyond the Milky Way. He wrote 
that about two million of what he called 
“extra-galactic nebulae” (the term then in 
common use for what we now call galax-
ies) could be observed. These were sys-
tems of stars similar to our own Milky 
Way Galaxy. He went on to speculate 
about how they formed, and what the 
future of the Universe might look like.

James Jeans (1877-1946) was a well-
known British physicist and theoretical 
astronomer, who studied the motions of 
stars and gases. He worked on theories for 
the formation of the Solar System, of the 
stars, and of the galaxies; he also wrote 
successful popular books on astronomy, 
such as The Universe Around Us (1929) 
and The Mysterious Universe (1930).

In this Leaflet, Jeans first discussed the 
types of these nebulae: “…we find that…
[most] can be arranged in a single contin-
uous sequence, beginning with spheres 
and ending with flat discs. Since the speed 
of rotation of a body increases as it 
shrinks, it seems likely that we may inter-
pret this sequence of nebulae as one of 
different stages of development or evolu-
tion… A nebula starting with little rota-
tion at first and shrinking in size would 
gradually increase its speed of rotation as 
it shrank, and would move steadily along 
the sequence as it did so.” We now believe, 
however, that galaxies do not change in 
shape as they evolve, and the shape is 
determined primarily by the initial angu-
lar momentum of the system.

Jeans went on: “Differences in size and 
brightness between nebulae of the same 
shape are almost entirely due to a distance 
effect. This makes it possible to estimate 
the distances of all nebulae.” (We now 
know that not all galaxies of the same type 

are actually the same size and luminosity; 
elliptical galaxies, for example, can be 
huge giants or very small dwarfs.) The 
farthest system known at the time was “at 
the amazing distance of about 140,000,000 

light years,” whereas today we know of 
galaxies that are nearly one hundred times 
that far.

The most surprising recent discovery 
in 1932 was that the extra-galactic nebu-
lae “appear to be running away from us 
and from one another… The nearer nebu-
lae have small speeds and the more 
remote nebulae have greater speeds; in 
general, speed is approximately propor-
tional to distance. This simple law seems 
to hold to the very farthest of the nebu-
lae.” His conclusion was that “this looks as 
though the whole universe were uniformly 
expanding.” This is a statement of what is 

now known as Hubble’s Law, which, 
indeed, is believed to apply to all galaxies.

Jeans was not sure, however: 
“[V]arious circumstances suggest a need 
for caution. For one, the speeds of the 
nebulae are not strictly proportional to 
their distances. Again, the very magnitude 
of their apparent speeds casts doubt on 
their reality.” But, since then, speeds vastly 
greater than those known in 1932 have 
been measured—by the redshifts in the 
spectra of distant galaxies and quasars—
up to speeds greater than 90% of the 
speed of light, and most astronomers 
agree that these are real.

Jeans was also concerned with the tim-
escales involved. The expansion suggested 
that the Universe must not be more than 
about ten billion years old; but “the stars 
carry intrinsic evidence of having lived 
through far longer periods than this.” 
Jeans had developed a theory of star for-
mation that suggested stars were at least 
hundreds of billions of years old, and 
“considerations such as these make it very 
difficult to believe that the universe can 
be such an ephemeral concern as the 
apparent speeds of recession of the nebu-
lae would suggest.” Stellar evolution theo-
ry now gives us ages for stars that are 
much younger than Jeans thought.

Recent developments in the past eight 
years have also shown that the expansion 
of the Universe has been accelerating over 
time. This has revolutionized our ideas 
about the nature of the Universe and has 
led to theories about dark energy and 
other strange phenomena. Jeans would be 
astonished at all the changes since he 
wrote his Leaflet. 

KATHERINE BRACHER 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. Her email 

address is bracher@whitman.edu.

Beyond the Milky Way
We now know that most of the Universe is outside our galaxy.

echoes of the past75 Years ago

In 1932, Sir James Hopwood Jeans (1877 – 1946) 
described what was known at the time about 
the Universe beyond the Milky Way Galaxy.
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astronomer’s notebook

by Jennifer Birriel

Nearly fifty years ago, astronomers 
discovered the first evidence of gas 
flowing out from the Milky Way 

Galaxy’s center. A few years later, similar 
outflows, or winds, were discovered in M82 
and other galaxies. In the forty or so inter-
vening years, it has become evident that 
galactic winds are commonplace at both 
high and low redshifts. 

Galactic winds transport energy and 
matter both within galaxies and from galax-
ies to the intergalactic medium (IGM). As 
such, galactic winds are a leading contribu-
tor to the chemical and thermal evolution 
of galaxies and the IGM—galactic winds are 
undoubtedly responsible, at least in part, for 
the metal enrichment of the IGM.  

When it comes to galactic winds, there 
are many unanswered questions. It is still 
not clear whether galactic winds are driven 
by starbursts or active galactic nuclei or a 
combination of both. Even quantifying the 
role of galactic winds on the formation and 
evolution of galaxies and the IGM remains 
a significant challenge.  

For two decades or so, there have been 
indications that our own galaxy has a wind 
originating from its center. In 1984, NRAO 
astronomer Felix Lockman noted a peculiar 
absence of 21-cm neutral hydrogen emis-
sion in the Galaxy’s inner 3 kiloparsecs at 
Galactic heights above 500 pc. He attribut-
ed this to clearing by a nuclear wind. Later, 
an extended, bipolar emission from the 
Galactic center was observed in mid-infra-
red, radio, and x-ray wavelengths. In fact, 
the evidence suggests that every 10 to 15 
million years or so, a large-scale wind ema-
nates from the Galactic center. Because the 
Milky Way’s central black hole is dormant, 
this wind must be driven by starbursts. 

Detecting galactic winds is fairly com-
plex. One method, useful for edge-on gal-
axies, is to look for the telltale of emission 
from charged wind particles colliding with 

other particles in the galaxy. Typical emis-
sion features are filaments or bipolar bub-
ble-shaped regions oriented perpendicular 
to the galactic plane. An alternative tech-
nique involves searching for blue-shifted 
absorption features in the spectra of back-
ground continuous sources. The absorp-
tion-line technique is useful for detecting 
winds in face-on galaxies.  

Recently, Brian Keeney and several col-
leagues from the University of Colorado in 
Boulder and the Space Telescope Science 
Institute used the absorption-line technique 
to search for a nuclear Galactic wind in the 
Milky Way. The team identified two high-
latitude AGNs on either side of the Galactic 
center where a nuclear Galactic wind was 
expected. They examined ultraviolet spec-
tral data from the Hubble Space Telescope 
and the Far Ultraviolet Explorer for both 
AGNs. In addition, they identified two 
comparison stars near each AGN to remove 
absorption components from foreground 
material.  

Keeney and colleagues detected high-
velocity absorbing gas both above and 
below the Galactic center. In fact, they 
detected two high-velocity clouds associat-
ed with each observed AGN. Both clouds in 
the northern Galactic latitude are redshift-
ed; in the southern galactic region, one is 
redshifted, and one blueshifted.   

All four clouds are found to reach a 
maximum height of about 12 kpc above 
the Galactic plane. Thus, it is likely that 
these clouds were all ejected from the 
Galactic center with the same initial veloc-
ity. Assuming that all four high-velocity 
clouds are components of the same large-
scale Galactic wind pattern, the redshifted 
components represent material flowing out 
of the Galactic center with a velocity that 
may be as large as 250 km/s. The blueshift-
ed cloud represents material that is falling 
back toward the Galactic center at about 
250 km/s.  

The outflow velocity derived by Kee-
ney and colleagues is less than half the 
escape velocity at that location in the Gal-
axy. If these high-velocity clouds do, in 
fact, represent a nuclear galactic wind, 
that wind is bound. The Milky Way’s 
Galactic wind may be contributing the 
metal enrichment of the halo and globular 
clusters but certainly not to the local 
intergalactic medium!

The existence of a nuclear Galactic wind 
in the Galaxy is not yet definitively 
answered. It is possible that these absorption 
clouds are not directly associated with a cen-
tral Galactic wind. Observations of addition-
al AGN along the same Galactic longitude 
are needed to confirm the existence of a 
wind from the Galactic center. Hopefully, 
this will all be resolved with the 2008 instal-
lation of the Cosmic Origins Spectrograph 
on the Hubble Space Telescope! 

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

stellar cemeteries. She is an assistant professor 
at Morehead State University in Kentucky.

A Wind from the Galactic Center?
Galactic winds are ubiquitous, and our galaxy is likely no exception.

A radio image of the center of the Milky Way 
Galaxy shows a lobe feature that may have 
been created during a period of intense star 
formation in the Galactic center. Image cour-
tesy of NRAO, AUI, NSF, and Yusef-Zadeh, et.al.
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by Clifford J. Cunningham

The cause of the tides mystified and 
fascinated both poets and scientists 
for generations. Many stumbled for 

an explanation, and it is perhaps unique in 
astronomy that an approach based in mysti-
cism won out over a purely rational scien-
tific approach.

The ancient Romans, not prone to a 
great deal of reflection about the natural 
world in comparison to their Greek prede-
cessors, were captivated by the rise and fall 
of the water. This astronomy-laden passage 
comes from the pen of the poet Virgil 
around the year 29 BCE:

Give me the Ways of wandring Stars to know;
the Depths of Heav’n above, and Earth below.
Teach me the various Labours of the Moon,
and whence proceed th’Eclipses of the Sun.
Why flowing Tides prevail upon the Main,
and in what dark Recess they shrink again.

Sixteen hundred years later, both of the 
great minds of astronomy were seriously 
looking for an explanation of the tides. In 
1609, Kepler wrote: “The sphere of influ-
ence of the attraction which is in the moon 
extends as far as the Earth, and incites the 
waters up from the torrid zone.”

But what was this mysterious “attrac-
tion” of which Kepler spoke? To the rational 
experimentalist, Galileo, it was not just 
mysterious, but mystic. Kepler was well 
known for his flights of fancy and for the 
astrological charts he drew for the rich and 
famous. Galileo was having none of that.

As early as 1597, Galileo had informed 
Kepler in a letter that he had found an 
explanation for the tides in his investigation 
of the Copernican system, which placed the 
Sun at the center of the Solar System. For 
those of us who regard Galileo’s astronomi-
cal discoveries as preeminent, it may come 
as a surprise to realize just how important 
he regarded his work on explaining the 

everyday phenomena 
of the tides. For most 
of his life it occupied 
much of his thought.

In 1616 he wrote 
“Discorso sul flusso e il 
reflusso delmare”—a 
“Discourse on the 
Tides”—as a private let-
ter to his patron Cardi-
nal Orsini, and in 1618 
he sent a copy to 
Emperor Leopold of 
Austria. Assuming that 
Earth really does 
revolve around the Sun, 
he reasoned that there 
is an irregularity in our 
planet’s motion. The 
combination of rota-
tion around its axis, 
and its revolution 
around the Sun, caused a shift in the speed 
of Earth every twelve hours.

Galileo likened the situation to a vase 
that was subject to irregular motion—not 
just the vase would move, but the water in 
it would thereby acquire motion, too. The 
idea first came to him in 1595 while trav-
eling on a barge carrying water: whenever 
the barge altered speed or direction, the 
water sloshed around. The idea was inge-
nious. So ingenious, in fact, that Galileo 
was enamored of it; he thought it 
explained not just the tides but proved 
Copernicus was right in placing the Sun at 
the Solar System’s center.

The Church regarded any such notion as 
heresy, so Galileo was treading on danger-
ous ground. He bided his time until his 
friend Cardinal Barberini became Pope 
before publishing his theory. We now know 
it by the famous title Dialogue on the Two 
Chief World Systems (Dialogo sopra i due 
massimi sistemi del mondo), but that is not 
how Galileo first titled his work. In 1629, he 
wrote to a friend in Paris: “I have taken up 
work again on the Dialogue on the Ebb and 

Flow of the Sea, which 
was left aside for three 
years. It will provide, I 
trust, a most ample 
confirmation of the 
Copernican system.”

The censors of the 
Church realized the 
explosive nature of 
what Galileo had writ-
ten, and it was they 
who mandated the 
change in title. They 
further switched the 
explanation of the tides 
to the end of the book.

The changes made 
no difference. The 
book, published in Feb-
ruary 1632, sealed Gal-
ileo’s fate. By August of 
the same year, the Vati-

can issued an order to withdraw all the cop-
ies from circulation. The Pope felt he had 
been made to look like a simplistic buffoon 
named Simplicio in the Dialogue, and the 
proverbial cat was out of the bag—Europe’s 
most famous astronomer showed Coperni-
cus was right.

The irony is that even though Coperni-
cus was right, Galileo was wrong. The 
Moon really did control the tides: the mys-
terious force posited by Kepler was none 
other than gravity, but this would not be 
formulated until Newton wrote his master 
work in 1687. 

Even so, the subject of the tides 
remained “the spiniest problem” of celestial 
mechanics in the words of the great mathe-
matician Pierre-Simon Laplace a century 
later. It was not until the 20th century with 
the aid of computers and data gathered 
from spacecraft that we gained a full under-
standing of the tides. 

CLIFFORD J. CUNNINGHAM is no less mystified 
by the tides as was Galileo and studies them every 
chance he gets from his beachside home in Florida.

Galileo versus Kepler: Two Minds on Tides
The cause of tides was a question for which Kepler and Galileo attempted answer.

annals of astronomy

1632 marked the arrival of Galileo’s 
grand Dialogo sopra i due massimi sistemi 
del mondo. Included in the work was his 
explanation of the tides. 
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societal impact

by Connie Walker

The educational outreach staff at the 
Astronomical Society of the Pacific 
hit upon an intellectual goldmine 

when they created Family ASTRO. Little 
could they realize how far this program’s pos-
itive influence would extend—not only 
across the United States, but also south across 
the equator and onto another continent.

Spinning off of the successful Project 
ASTRO program, the ASP developed Fami-
ly ASTRO in 2000 to help families, youth 
groups, after-school clubs, and everyone 
else to learn about and enjoy many of the 
exciting ideas that underpin our under-
standing of the Universe. One important 
aim of the program is to help parents (and 
other caregivers) to get more involved in 
their children’s science education, and to 
spend more time together in active experi-
ments, observations, and discussion.

In 2002, the National Optical Astrono-
my Observatory (NOAO) in Tucson, Arizo-
na—a national network site funded by the 
National Science Foundation that has host-
ed Project ASTRO for 6 years (and count-
ing)—became part of the Family ASTRO 

network. The central role of a Family 
ASTRO site is to train educators to be event 
leaders and conduct their own astronomy 
events for families, centered around one of 
four themes: the Moon, the Solar System, 
the night sky, and decoding various mes-
sages in light. Participants receive three to 
four hours of training on a particular 
theme, a leader kit, and a number of family 
kits with the materials necessary to hold 
events. Educators who have been trained to 
use Family ASTRO materials include class-
room teachers, homeschool teachers, ama-
teur and professional astronomers, 
volunteer college students, science/nature 
center staff, museum staff, librarians, after-
school providers, park and recreation staff, 
and youth group leaders (e.g., Boy’ and 
Girls’ Clubs, Girl Scouts and Boy Scouts, 
etc.). All of these types of people have been 
trained as event leaders by NOAO.

NOAO has a major observatory site in 
Chile, the Cerro Tololo Inter-American 
Observatory, as well as many ties to a 
neighboring site on Cerro Pachón. This 
peak is home to the SOAR 4.1-meter tele-
scope (a partnership between NOAO, the 
University of North Carolina, Michigan 
State University, and Brazil) and the inter-

national Gemini South 8-meter telescope, 
in which NOAO is the U.S. partner.  

In December 2005, Maria Antonieta 
Garcia, the public information and outreach 
officer (PIO) for the Gemini Observatory 
in Chile, invited me, the site leader for both 
ASTRO programs at NOAO, to conduct a 
pilot training session for event leaders on 
two of the Family ASTRO themes: Moon 
Mission and Night-Sky Adventure. Thanks 
to the excellent support by the ASP staff, all 
of the key materials in the leader and family 
kits for these two themes were translated 
into Spanish (with the exception of the 
Moon Mission board game), and were ready 
for the training in Chile. 

Fifteen educators from nine different 
institutions were invited to the event-leader 
training. Most were teachers from schools 
of various grade levels in La Serena, Chile, 
and surrounding towns. Three participants 
hailed from Buenos Aires, Argentina, 
including the local PIO coordinator for 
Gemini, Viviana Bianchi, who was so excit-
ed by the December 2005 training that she 
later planned and hosted in December 2006 
a training session in Argentina. The local 
newspaper in La Serena, El Día, published 
an article on the first training. 

Go for the Gold (Star) with Family ASTRO!
The reach of Family ASTRO encircles the world.

Viviana Bianchi (center, from the Gemini Public 
Information Office) uses both Project ASTRO 
and Family ASTRO activities to promote an 
understanding of astronomy at this school in 
Argentina. Photo courtesy of the author.

Take me to your leader… Educators from La 
Serena, Chile, participate in the December 
2006 Family ASTRO event leader training 
for Cosmic Decoders. Photo courtesy of the 
author.

Future event leaders show off their skills at 
creating a Play-Doh Solar System to compare 
sizes of planets at the December 2006 Family
ASTRO event leader training in La Serena, 
Chile. Photo courtesy of the author.
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The first seven Chilean institutions from 
the initial cohort of trained event leaders 
(listed below) conducted a total of ten Fam-
ily ASTRO events in 2006, with an average 
attendance of ten families, twenty-three 
adults and nineteen children per event. 

Colegio San José, La Serena, Chile 
Escuela David León, Tongoy, Coquimbo, 

Chile
Colegio Alemán, La Serena, Chile
Colegio Inglés Catolico, Chile
Liceo Monseñor Escriva de Balaguer, Sin-

dempart, Coquimbo, Chile
Escuela Fronteriza Rios del Elqui, Vicuña, 

Chile
Jardín Infantil Vista Hermosa, Chile
Centro de Apoyo a la Didáctica de la 

Astronomía, Altovasol, Chile
Centro Astronomico Don Torcuato, Buenos 

Aires, Argentina 
The Public Information and Outreach Offi-

cer for Gemini in Argentina (V. Bianchi)
The Public Information and Outreach Offi-

cer for Gemini in Chile (A. Garcia, host)

Meanwhile, Viviana Bianchi, who is also the 
Argentinean “Section Education and Diffu-

sion of Astronomy” Coordinator and a rep-
resentative of the Iberoamerican League of 
Astronomy, spearheaded the initial Family 
ASTRO outreach events in Argentina.  Four 
events in March 2006 give typical examples 
of the socioeconomic challenge she and the 
participating children faced, but to which 
the activities were adapted admirably (see  
www.espacioprofundo.com.ar/verarticulo/
Proyecto_Astro_Family_en_Don_Torcuato_
Buenos_Aires_-_Argentina.html).

Family ASTRO is clearly contagious. 
The excitement generated through the 
event-leader training workshops that 
December day in 2005 reverberated across 
South America. As a result, I was invited 
back the following December to give the 
same two workshops near Buenos Aires, 
Argentina, at the Observatorio Nacional de 
La Plata to twenty-eight participants. The 
following week, training workshops on the 
remaining two themes (Race to the Planets 
and Cosmic Decoders) were given to an 
additional twenty-eight participants again 
in La Serena, Chile. 

These efforts were coordinated by Bian-
chi in Argentina and Garcia in Chile, with 
Garcia tirelessly translating at all four work-

shops. Once again, ASP came through with 
Spanish translations for all of the family 
handouts and game instructions for the 
remaining two themes. These translations 
and the materials in the kits provide a 
“turn-key” program that has proven to be 
adaptable and successful with a wide variety 
of cultures, social groups, and educational 
levels. 

Dates for more than twenty-five Family 
ASTRO events in Chile during 2007 were 
assigned to the newly trained event leaders 
directly at the end of the December 2006 
training workshops—toward a goal of dou-
bling the 376 people reached in 2006.

Catch this rising star! For more informa-
tion about Family ASTRO, contact Dan 
Zevin at dzevin@astrosociety.org or 
415.337.1100 x121. 

CONNIE WALKER was trained as an astronomer 
but by trade is a science education specialist at 

the National Optical Astronomy Observatory 
(NOAO) in Tucson, Arizona.  The best of both 

worlds are combined as she manages programs 
such as the Arizona Project ASTRO and Family 

ASTRO programs. She can be reached by email 
at cwalker@noao.edu.

Family ASTRO Leader Kits

 Each of the Family ASTRO Leader 
Kits focuses on a particular theme 

or topic in astronomy.  
Night Sky Adventure is a step-by-step 

introduction to the night sky. There is 
an exploratory station for families to 
understand how dark adaptation is fun-
damental to observing the night sky. 
There is a “Where’s Waldo?” activity to 
identify constellations. Another activity 
has families working together to create 
their own “sky heroes” from maps of the 
night sky. Families build star wheels and 
learn to use them to find constellations 
in the night sky. There are recipes for 
constellation cookies and celestial trea-
sure hunts for cloudy days.

Race to the Planets helps one lead a 
hands-on tour of the Solar System. Fami-
lies build their own Solar System from 
Play-Doh and compare the sizes of the 
planets. Using sand-filled bottles repre-
senting what a bottle on Earth would 
weigh on the other planets, families dis-
cover together which bottle corresponds 
to which planet. To get an idea of the 

scale of the Solar System, families roll out 
two hundred sheets of toilet paper and 
realize that the half-way point corre-
sponds to the 7th planet in our Solar Sys-
tem! Families each create a flag depicting 
characteristics of their favorite planet 
and have the rest of the group guess 
which one it is. Finally, the fun Race to 
the Planets game allows players to test 
their knowledge of the Solar System and 
explore its many intriguing worlds.

Moon Mission explores the intriguing 
legends and facts of Earth’s nearest 
neighbor. After examining seven leg-
ends from different cultures, families 
create their own story of how the Moon 
got its appearance. A challenge is given 
to family members to place images of 
different phases of the Moon in chrono-
logical order. A polystyrene ball repre-
senting the Moon, a light representing 
the Sun, and the observer’s vantage 
point are used to illustrate kinesthetical-
ly why the Moon has phases. Family 
members decide as a group what mate-
rials to take or leave behind after crash 

landing on the Moon. Finally, the Moon 
Mission cooperative board game is a 
race against time as players work togeth-
er to retrieve damaged instruments scat-
tered across the lunar landscape.

Cosmic Decoders lets everyone 
involved become a “cosmic code breaker.” 
It focuses on how astronomers “decode” 
light from space to learn about the Uni-
verse and how we might decode radio 
waves from possible alien civilizations 
out there. Secret messages are decoded 
by using visors each with one of three 
colors of filters. The same visors are used 
by “aliens” to depict a blue pond, a yellow 
sun, a green tree, and a white cloud. 
Finally, the Cosmic Decoders Card Set 
consists of a deck of seventy-two cards 
featuring beautiful color images of cos-
mic objects and some well-known tele-
scopes. These can be used to play four 
different fun astronomical games.

For more information on the Family 
ASTRO themes or topics in astronomy, 
visit www.astrosociety.org/education/ 
family.html.                                  —C. W.
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D e e p  p l u n g e
S u n w a r D
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by Bruce Dorminey

Mercury is relatively close to Earth, 
yet this tiny world’s location near 

Sol makes direct study challenging. 
Beginning next year, a MESSENGER 
from Earth should begin to answer 

some of our questions about  
the innermost planet.

D e e p  p l u n g e
S u n w a r D

After one pass by Earth, a couple by Venus, and three by 
Mercury, MESSENGER will arrive into orbit around Mer-
cury and begin a year-long study in March 2011. Illustra-
tion courtesy of NASA/Johns Hopkins University Applied 
Physics Laboratory/Carnegie Institution of Washington.
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Mercury itself is a puzzle, in large part, 
because its exploration has arguably been in 
stasis since NASA’s Mariner 10 spacecraft 
made multiple flybys more than thirty years 
ago. As a result, the tiny planet still holds 
the dubious distinction of being the least 
explored planet of the inner Solar System.

Given its lethal proximity to the Sun’s 
particle flux and extreme radiation, this will 
take some time to undo. But with NASA’s 
$420 million MESSENGER orbital mission 
en route, and development of the European 
Space Agency’s €650 million ($850 million) 
BepiColombo mission in cooperation with 
Japan, this iron-rich runt of a planet is 
finally going to get its due.

Mercury’s Basic Anatomy
Unlike cloud-covered Venus, Mercury is 
laid bare—heavily cratered and barren. But 
because its maximum elongation from the 
Sun in our sky is never more than 28 
degrees, it is off limits to the Hubble Space 
Telescope’s sensitive instruments.

The best we can hope for from the 
ground is Earth-based radar probes of the 
surface of Mercury or basic spectroscopy of 
blurry low-resolution images, many of 
which are now being made by amateur 
astronomers using low-powered telescopes. 
Spectra show that much of Mercury’s sur-
face is probably composed of anorthosite 
(volcanic igneous rock) similar to the lunar 
highlands. From the surface, the view 
would likely resemble a dark regolith, a less 
bright version of the lunar highlands. 

Watched since antiquity by the Egyp-
tians, Sumerians, and the Mayans, Mercury 
bears the name given it by the Romans, in 
honor of their fleet-footed messenger of the 
gods. Because it circles the Sun in just 88 
days, the planet’s short solar orbit (on aver-
age only 58 million kilometers from the 
Sun) makes it visible to us from our back-
yards for only two hours before dawn or 
after dusk. Mercury, which has not even 
half of Earth’s diameter, is locked in a 3/2 
resonance with the Sun: it spins on its axis 
three times (or once every 58.6 days) for 
every two orbits around the Sun. And 
should one find oneself standing on the day 
side of Mercury, the Sun would loom some 
two and a half times larger than here on 
Earth. Mercury’s proximity to the Sun gives 
it extraordinary temperature extremes. 
Temperature differences between its night 
and day sides are greater on Mercury than 
any other body in the Solar System, with 
day-side temperatures reaching 630 K and 
night-side temperatures falling as low as 
95 K.

As elusive as Venus is forgotten, enigmatic Mercury 
only seems to capture our imaginations when mak-
ing one of its rare solar transits. Its very presence 
in an eccentric orbit deep in the gravity well of our 
own G-dwarf star only underscores Earth’s privi-
leged position in the heart of the habitable zone.

The MESSENGER spacecraft sits atop the Boeing Delta II rocket during its departure from Earth on 
3 August 2004. Photo courtesy of NASA.
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Between March 1974 and 1975, Mariner 
10, the sole spacecraft to pass by the tiny 
planet, took some 2700 pictures but was only 
able to image only 45 per cent of planetary 
surface during three separate flybys. And 
only 25 per cent of that was observed at Sun 
angles fortuitous enough to enable quality 
terrain analysis by mission scientists.

Questions of Origin 
For decades, it’s been known that Mercury’s 
iron core is much larger in proportion to its 
rocky silicate crust than any other planet in 
the Solar System. And before Mariner 10 
arrived, it was assumed that Mercury’s inte-
rior had long since cooled and solidified.

But Mariner 10 surprised the whole 
planetary science community when it found 
a dipolar magnetic field surrounding Mer-
cury. Normally, planetary dipolar magnetic 
fields are generated by a rotating liquid 
metallic core or dynamo and characterized 
by strong magnetic field lines. We have 
good evidence from ground-based radar 
observations that Mercury does, indeed, 
have a outer fluid core, which is consistent 
with its having an internal magnetic field. If 
so, it is likely also to have some sulfur in its 
core because sulfur would reduce the iron’s 
melting temperature. But at Mercury’s short 
distance from the Sun, sulfur is highly 
unstable and should be nowhere to be 
found. So how did the sulfur get there?

“Mercury is the biggest hole we have in 
our knowledge of our Solar System,” said 
planetary geologist Robert Strom, a profes-
sor emeritus at the University of Arizona’s 
Lunar and Planetary Laboratory in Tucson, 
and the only Mariner 10 investigator also to 
be a member of MESSENGER’s science 
team. “We almost know nothing about the 
composition, and we don’t know how it got 
the big iron core. Without that knowledge, 
we’re not going to be able to really get a 
definitive theory on the formation and evo-
lution of the terrestrial planets.”

If Mercury ever had an original atmo-
sphere, it would have been short-lived. The 
combined effects of the Sun’s heat and solar 
wind would have long removed the atmo-
sphere. It does have what is known as a sur-
face-bounded exosphere, an atmosphere so 
thin that its atoms only collide with the sur-
face; they don’t even collide with each other. 

On 29 March 1974, the Mariner 10 spacecraft 
collected a series of images of Mercury during 
its approach to the planet. Pieced together in 
this mosaic are those images—a total of eigh-
teen taken during a thirteen-minute period 
when the craft was 200,000 km from Mercury. 
Image mosaic courtesy of NASA.



16 Mercury winter  2007

In fact, only six elements have been detect-
ed on Mercury: hydrogen, helium, oxygen, 
sodium, potassium, and calcium. 

Radar bounced from Mercury’s high lat-
itudes have revealed exceptionally high 
albedos—causing some planetary scientists 
to interpret the data as evidence of water 
ice perhaps preserved in permanently shad-
ed craters and reflecting the radar signals. 
Others have suggested that this putative 
water ice may even be part of the missing 
sulfur, but in a frozen state.

Surface Clues
“Questions raised by Mariner 10 are still 
driving exploration today, including how 
Mercury assembled to end up so dense and 
metal rich,” said planetary scientist Sean 
Solomon, MESSENGER’s principal investi-
gator and director of the Department of 
Terrestrial Magnetism at the Carnegie Insti-
tution in Washington. “Why does it still 
have a global magnetic field when larger 
bodies either lost their field early or don’t 
have a field, but little Mercury still has a 
dipolar field and a miniature Earthlike 
magnetosphere? Theories for how it got 
that way go back to the 1970s and 1980s. 
And there really haven’t been any new ideas 
since, because we haven’t been able to test 
the perfectly good ideas from that era.”

Many of these answers lie in the early 
history of the young solar nebula and the 
era of planetary accretion that followed. 
Some clues to Mercury’s past are also found 
in its surface history. Craters observed 
today on Mercury are likely linked to the 
end of the Late Heavy Bombardment (LHB) 
about 3.8 billion years ago, which itself is 
thought to have been triggered by the 
inward migration of Jupiter’s orbit. Some-
time during the LHB, Mercury felt the 
impact that formed the 1300 km-wide 
Caloris basin located in the mid-latitudes of 
the planet’s northern hemisphere. Among 
other things, this impact produced concen-
tric mountain rings some 3 km high and 
radial ejecta stretching some 600- to 800-
km across.

Lava flowed freely and soon led to the 
formation of the intercrater plains—Mercu-
ry’s oldest and principal terrain type. But as 
cooling set in and the whole planet con-
tracted, it is thought that its magma vents 
were blocked. This caused crustal fractur-
ing that produced large thrust or reverse 
faults known as lobate scarps. Mariner 10 

This mosaic comprises images collected by the 
Mariner 10 spacecraft during its retreat from 
the planet on 29 March 1974. Image mosaic 
courtesy of NASA.
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imaged many of these scarps, which to the 
untrained eye resemble simple upwelling. 

“The crust breaks along fault lines and 
you end up with displacements like the 
lobate scarps,” said Tom Watters, a plane-
tary geologist at the Smithsonian Institu-
tion’s National Air and Space Museum and 
member of the MESSENGER science team. 
“How did a planet the size of Mercury pro-
duce these big thrust faults? Was it really 
because the planet contracted from cooling 
or was something else happening? Are there 
normal faults on the un-imaged hemisphere 
of Mercury that we don’t see? We will actu-
ally image a large portion of that un-imaged 
hemisphere with MESSENGER’s first flyby 
in January 2008.”

A Messenger on the Way
As valuable as Mariner 10 was in providing a 
limited view of Mercury, it raised questions 
that still keep planetary scientists hanging. 
For decades, they have pored over Mariner 
10 data in an effort to squeeze out satisfacto-
ry answers. From a vantage point outside the 
aerospace community, it is hard not to won-
der why NASA has taken so long to get back 
to the iron planet. The answers have more to 
do with delta-v trajectories and mission 
scheduling than planetary science. 

“It was only in the 1980s that reverse 
gravity-assist trajectories were discovered,” 
said Solomon. “By doing multiple flybys of 
Venus and Mercury, you could slow the 
spacecraft so that a conventional chemical 
propulsion system could achieve orbital 
insertion. That’s the route we’re taking now. 
But back in the mid 1980s, NASA was 
abandoning expendable launch missions so 
that all space missions would be launched 
on the shuttle. After the Challenger disaster, 
there was a three-year hiatus of launches 
and there was a queue of missions like Gali-
leo and Magellan that were waiting for 
launches.”

It wasn’t until NASA again started 
implementing more frequent and smaller 
launch missions that opportunity knocked 
and the organization began to think about 
sending an orbiter to Mercury.

Like Mariner 10 before it, the MESSEN-
GER (MErcury Surface, Space ENviron-
ment, GEochemistry, and Ranging) 
spacecraft, launched in 2004, will fly by Mer-
cury three times in January and October 
2008 and September 2009. The flybys will 
slow the spacecraft’s velocity enough so that 
it can use its main engine to insert itself into 
orbit around Mercury in 2011. It will remain 
there for at least a year. And, except for some 
minor hiccups, all of MESSENGER’s seven 

An artist’s impression of the MESSENGER spacecraft in orbit at Mercury. Illustration courtesy of 
NASA/Johns Hopkins University Applied Physics Laboratory/Carnegie Institution of Washington.

Riding a Delta II rocket into outer space, the MESSENGER spacecraft departed Earth for Mercury 
on 3 August 2004. Illustration courtesy of NASA/Johns Hopkins University Applied Physics Labora-
tory/Carnegie Institution of Washington.
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instruments are in good shape to start global 
imaging, chemical mapping of Mercury’s 
surface, and surveys of its topography, exo-
sphere, and magnetosphere. 

MESSENGER will also give researchers 
the first look at the putative polar deposits 
with instruments that can distinguish dif-
ferent types of ices while also looking into 
the nature and origin of Mercury’s core and 
magnetic field. First scientific papers gener-
ated by MESSENGER data are expected by 
the end of 2008—assuming there are no 
technical glitches.

“To keep the spacecraft from overheating 
once in orbit,” said Watters, “MESSENGER 
will always have a Sun shade pointed at the 
Sun. The major thermal concern is heat 
coming from Mercury itself.” Specifically, 
scientists are concerned about heat from the 
Sun re-radiated as thermal infrared radiation 
from the planet and back into space.

To avoid overheating its instruments, 
MESSENGER will assume an elliptical 
polar orbit about Mercury, instead of a 
more ideal circular one. MESSENGER’s 
closest orbital approach will be in the 
northern hemisphere, and its farthest in the 
southern hemisphere. If there is a scientific 
object of opportunity, Watters says that the 
spacecraft’s orbit can be drifted a bit north 
or south.

“But the orbit can’t be changed a great 
deal,” said Watters. “The cost in terms of fuel 
in trying to modify the orbit greatly would 
shorten the life of the mission. You’d lose all 
your attitude control on the spacecraft.”

MESSENGER’s Message
Hopes are also riding on MESSENGER to 
help explain Mercury’s high density and 
large iron core. Debate on just how Mercu-
ry may have come up with such a large iron 
core has raged within the planetary science 
community for decades. Three scenarios 
have been offered to explain Mercury’s 
anomalous iron/silicate ratio: they range 
from preferential accretion of iron-rich 
planetesimals during Mercury’s formation; 
to vaporization of Mercury’s silicates from 
within the young hot solar nebula; to a cat-
astrophic giant impact that would have 
stripped the planet of its silicates very early 
in the planet’s history.

At 1,300 km across, Caloris (Greek for “hot”) 
basin is the largest such feature on Mercury 
and so-named because it is one of the two 
areas on the planet that face the Sun at perihe-
lion. Data for this image were obtained by the 
Mariner 10 spacecraft during its encounter with 
the Solar System’s innermost planet in 1974. 
Image courtesy of NASA.
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The first scenario, known as aerody-
namic sorting, would require silicate-rich 
planetesimals to be negatively affected by 
orbital drag in the young inner solar nebu-
la. Quickly, as a result of orbital decay, these 
lighter silicate planetesimals would simply 
be lost to the Sun. By contrast, this sorting 
mechanism would leave the inner part of 
the solar nebula increasingly enriched in 
heavier metal grains. The second scenario 
involves the vaporization of Mercury’s sili-
cates due to radiation and solar wind inside 
the young hot nebula. In the third and most 
popular scenario, a giant impactor simply 
removes the silicate outer portion of early 
Mercury far enough away from the early 
planet’s orbit so that it does not re-accrete 
back onto Mercury’s surface.

According to current paradigms of ter-
restrial planet formation, Mercury itself 
formed in fifty million years or less, nearly 
4.5 billion years ago. And a planet-changing 
giant impact would probably have taken 
place some fifty million years after Mercu-
ry’s formation. If the giant-impact scenario 
is correct, in its original state, Mercury may 
have been between the size of Mars and 
Venus. Strom favors the giant-impact sce-
nario and believes that there may have been 
a plethora of such large potential impactors 
rolling around the young inner nebula.

“These giant impactors,” said Strom, 
“could have collided with Earth to form the 
Moon. Another could have collided with 
Mercury; another could have collided with 
Venus to cause the slow retrograde rotation 
of that planet; and a large impactor on Mars 
that would have caused that planet’s crustal 
dichotomy.” MESSENGER will hopefully 
provide enough data to allow us to choose 
between the three hypotheses. Or, as Solo-
mon puts it, at the very least, obtain enough 
data to reject the models. And if MESSEN-
GER’s results are definitive, then it is hoped 
that the BepiColombo mission may provide 
additional answers.

More Mercury Missions
“Data from MESSENGER will help to 
decide what issues BepiColombo should 
also address while our mission is still in 
development,” said BepiColombo project 
scientist Rita Schulz. The MESSENGER 
team has also already been informally col-
laborating with the BepiColombo team. 
The two teams are now in discussions about 
how they might effectively combine data 
sets from the two missions at the working 
level. Shulz says that this will make it possi-
ble to “adjust some bits” of the BepiColom-
bo mission to complement what is found 

with MESSENGER.
After an anticipated August 2013 launch, 

ESA and the Japan Aerospace Exploration 
Agency will send the two BepiColombo 
spacecraft into dedicated polar orbits after 
arrival at Mercury in 2019. The Mercury 
Planetary Orbiter (MPO) will spend almost 
all of its time below 600 km altitude, with 
instruments to measure the planet’s composi-
tion and exosphere. The Mercury Magneto-
spheric Orbiter (MMO) will focus on probing 
and measuring Mercury’s magnetosphere.

Early in its mission-development process, 
ESA had planned for BepiColombo to 
include a lander, but cost overruns caused it 
to be dropped from its plans in 2003. Never-
theless, a lander capable of doing some fruit-
ful in situ analysis is a natural next step in 
Mercury’s exploration. But as Solomon cau-
tions: “We’re a long way from having some-
thing readily designed to get there, survive, 
and get back. Getting there, surviving, and 
transmitting data back is more practical.” 

To overcome anticipated thermal prob-
lems, it has been suggested that a lander 
would set down in either a shadowed crater 
or at high latitudes where the solar effect is 
less severe. Even though technically the 
aerospace community is not incapable of 
mounting a Mercury lander project in the 
near future, Strom doesn’t expect to see 
robotics on the surface within the next half 

century. But when we do get there, it is like-
ly that extrasolar planetary missions will 
have already spotted some sort of terrestrial 
mass analogues around other nearby stars. 
If so, a Mercury lander mission would pro-
vide planetary scientists with much needed 
new hard data from our own inner Solar 
System to use as a basis of comparison.

“Is Mercury typical of inner rocky plan-
ets around other stars?” said Solomon. “We 
have no idea. The planets in our Solar Sys-
tem are all harder to pigeonhole than we 
initially thought. Our Earth perspective and 
our ability to detect Earthlike planets 
around other stars leads us to think that we 
will be looking for either Venuses or Earths. 
But the complexity of evolution of Mars 
and Mercury-sized objects in our own solar 
system would be a vote for expecting simi-
lar complexity among rocky planets around 
other stars.” 

BRUCE DORMINEY is a science journalist who 
writes about astronomy and astrophysics. A 

former Hong Kong bureau chief for Aviation 
Week & Space Technology magazine and a 
former Paris-based technology correspondent 

for the Financial Times, he is the author of 
the book Distant Wanderers: The Search for 

Planets Beyond the Solar System and editor of 
CosmicControversy.com. He can be reached 

by email at brucedorminey@gmail.com.

A rendering of the European Space Agency’s and Japanese space agency’s two BepiColombo-mission 
spacecraft: here, ESA’s Mercury Planetary Orbiter (foreground) and ISAS/JAXA’s Mercury Magneto-
spheric Orbiter (background) are above the planet. Illustration by Medialab and courtesy of ESA.
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by Lisa Kaltenegger

Understanding our planet’s 
developmental history provides 
astronomers with a novel means to 
study terrestrial-type exoplanets.

S e a r c h i n g  f o r  e a r t h ’ S  h i S t o r y
a m o n g  e a r t h - l i k e  W o r l d S
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While the first images of any putative 
exoplanet will be only visual smudges a sin-
gle pixel in size, even a low-resolution spec-
tral picture of the planet will be able to tell 
us a great deal. For examples: from spectra 
we should be able to infer whether the 
world, like Earth four billions years ago, was 
enveloped in a steamy, oxygenless atmo-
sphere and covered completely by an ocean; 
or, in a Jurrasic-park-like epoch, a distant 
planet’s atmosphere consists of about three-
fourths nitrogen and one-fourth oxygen, 
with a small percentage of other gases like 
carbon dioxide and methane.

In the past twelve years, scientists have 
discovered more than two hundred large 
planets orbiting other stars, yet finding 
Earth-like planets is a fascinating and sub-
stantially more technologically demanding 
endeavor. And, once we finally do find 
them, what are clues to life’s presence on 
them? Indeed, how do we need to design 
our instruments so we don’t miss life’s spec-
tral signature?

Clues from Home
From their spectra, exoplanets can be 
screened for habitability. In a famous paper 
that appeared in Nature in 1993 (365, pp. 
715-21), Carl Sagan and four collegues ana-

lyzed a spectrum of Earth collected by the 
Galileo probe during its flyby of our planet 
on the way to Jupiter. They searched that 
spectrum for signatures of life and conclud-
ed that the large amount of O2 and the 
simultaneous presence of CH4 traces are 
suggestive of biological activity. Moreover, 
their detection of a widespread red-absorb-
ing pigment with no likely mineral origin 
supports the hypothesis of biophotosynthe-
sis. The results of this search for signs of life 
on our own world implies that we need to 
gather as much information as possible in 
order to understand how the atmospheres 
of possibly very different planets operate 
physically and chemically. 

To date, all exoplanets have been studied 
indirectly—for example, by monitoring the 
way the host star wobbles as the planet’s 
gravity tugs on it. Only four exoplanets have 
been detected directly, and all are massive 
Jupiter-sized worlds. The next generation of 
space-based missions, like NASA’s Terrestrial 
Planet Finder (TPF) and the European Space 
Agency’s Darwin mission, will be able to 
study directly nearby Earth-sized worlds and 
their atmospheres in the visible and infrared 
portions of the electromagnetic spectrum. 
Particular gases leave highly visible signa-
tures in a planet’s spectrum, like fingerprints 
or DNA markers. And by spotting those fin-
gerprints, researchers can learn about an 
atmosphere’s composition and even deduce 

the presence of clouds.

A Backward View Forward
Earth’s past can inform us about 

other planets’ present. Indeed, if 
we turn back the clock and cre-
ate models of the particular 
spectral fingerprints for dif-
ferent epochs during Earth’s 
life, we can compare those 
model “fingerprints” to what 
we find in exoplanets’ spec-
tra. This comparison should 
then permit us to identify a 
distant world’s current evolu-

tionary stage—to learn, in a 
sense, if there it is the time of 

methane bacteria or photosynthe-
sis or dinosaurs.

For clues to how we might use this pro-
cess, my colleagues Wesley Traub (NASA’s Jet 
Propulsion Laboratory) and Kenneth Jucks 
(Center for Astrophysics) and I have looked 
at our home planet. Past geologic records 
show that Earth’s atmosphere has changed 
dramatically over the past four-and-a-half 
billion years—in part because of the develop-
ing life forms on our planet as discussed in 
detail by James Kasting (Pennsylvania State 
University) and David Catling (University of 
Washington) in their article in the 2003 
Annual Review of Astronomy and Astrophys-
ics. Looking for similar atmospheric compo-
sitions on other worlds, we will have 
indicators if that planet has life on it and also 
in what evolutionary stage it is. Further, 
major events in our own planet’s history have 
changed the atmosphere, and we find an 
intriguing sequence of spectral fingerprints 
that reflects those major events on Earth. 

Our world’s atmosphere has evolved 
through six distinct epochs, each character-
ized by a particular mix of gases with its own 
distinct spectral fingerprint. The path has fol-
lowed the transition from an atmosphere rich 
in CO2 (epoch 0) to a CO2/CH4-rich one 
(epoch 3) to our present-day atmosphere 
(epoch 5). The absorption features of meth-
ane, which are undetectable in low-resolution 
in epochs 0 and 5, grow in strength from 
epoch 1 to epoch 2 and decrease from epoch 
3 to epoch 4. The carbon dioxide decreases 
over Earth’s age, and, while water is visible 
spectroscopically with comparable strength 
throughout Earth’s history, the oxygen con-
centration grows from epoch 3 to epoch 5.

Putting Earth’s evolution in the context 
of a single year, with 12:00 a.m. on 1 Janu-
ary as the time of Earth’s formation, we find 
very different fingerprints about every two 
months. And to set this year in context, 
humans evolved approximately 59 seconds 
to midnight on December 31st.

Closer Inspections
Human activity has altered Earth’s atmo-
sphere by injecting carbon dioxide as well 
as gases like freon, which are used by our 
refrigerators. Can we identify the spectral 
fingerprints of those byproducts on other 
worlds—knowing, of course, that fridges, 
and, thus, probably take-out, are common 
phenomena? Although Earth-orbiting satel-
lites and balloon experiments can measure 
these atmospheric changes here at home, 
detecting similar effects on a distant world 
is beyond even the capabilities of TPF and 
Darwin. It will take flotillas of future space-
based infrared telescopes to be able to 
accomplish this. But even if we can not 

It is only a matter of time before astronomers find 
an Earth-sized planet orbiting a distant star. We will 
naturally ask whether the planet is habitable or bears 
life. But will we be able to tell if there are bacteria, 
roaming dinosaurs, or even more advanced life?

EPOCH 0
12 February

EPOCH 1
17 March

EPOCH 2
5 June

“How do we  

need to design  

our instruments so  

we don’t miss life’s  

spectral signature?”
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At the beginning of Epoch 0, 3.9 
billion years ago, the young Earth 
possessed a turbulent and steamy 
atmosphere composed mostly of 
nitrogen and carbon dioxide and 
hydrogen sulfide. The days were 
shorter, the Sun was dimmer, and 
more greenhouse gases were in the 
atmosphere to keep the surface 
from freezing completely. One 
ocean covered our entire planet 
and absorbed bombardment from 
incoming meteorites and comets. 
Carbon dioxide helped warm the 
planet because the infant Sun was 
a third less luminous than today. 
Although no fossils survive from 
this time period, isotropic signa-
tures in Greenland rocks were left 
behind by life forms that may have 
been photosynthetic like modern-
day plants. All epoch illustrations by 
and courtesy of D. A. Aguilar (CfA).

By the time Epoch 1 began about 
3.5 billion years ago, Earth’s plan-
etary landscape featured volcanic 
island chains poking out of the vast 
global ocean. The first life on Earth 
was anaerobic bacteria, which 
are bacteria that can live without 
oxygen. These bacteria pumped 
large amounts of methane into 
the planet’s atmosphere, changing 
it in detectable ways. Looking at 
the collection of spectra on page 
24 , one can see the absorption of 
methane in the visible and thermal 
infrared in the spectral fingerprint 
in epoch 1 to epoch 3. If similar 
bacteria exist on another planet, 
future missions like TPF and Dar-
win may detect their fingerprint in 
the atmosphere—making the first 
signs of E.T. probably no radio or 
TV broadcasts but a methane spec-
tral line from bacteria. 

As Earth reached an age of 2.5 bil-
lion years, Epoch 2 began, and the 
atmosphere reached its maximum 
methane concentration. The domi-
nant gases were nitrogen, carbon 
dioxide, and methane. Discussions 
are ongoing as to whether methane 
hazes during this epoch could have 
darkened the skies. Continental land-
masses were beginning to form. Stro-
matolites, masses of blue green algae 
like the ones found in western Aus-
tralia, began pumping large amounts 
of oxygen into the atmosphere. No 
oxygen was seen in the atmosphere 
yet as the crust still was being oxi-
dized, and no residual oxygen could 
build up in the atmosphere. Big 
changes were about to happen. 

EPOCH 0
12 February

EPOCH 1
17 March

EPOCH 2
5 June

Putting Earth’s evolution in the context 
of a single year, with 12:00 a.m. on 1 
January as the time of Earth’s formation, 
we find very different fingerprints about 
every two months. And to set this year in 
context, humans evolved approximately 
59 seconds to midnight on 31 December.



detect fridges on other planets, there is 
exciting information that we can extract 
from low-resolution spectra. 

Let us take a closer look at the problem of 
observation of an Earth-like planet around a 
distant star. The Earth-Sun intensity ratio is 
about 10 million in the thermal infrared 
(~10 μm) and about 10 billion in the visible 
(~0.5 μm). That means for every one photon 
of Earth, 10 billion (visible) or 10 million 
(infrared) photons of the Sun arrive at the 
same time. For our observations of that exo-

planet, we need to block out the light from 
the star to be able to collect the light from its 
relatively dim planet. We can do this physi-
cally by putting a mask in front of the tele-
scope (like when you put a hand in front of 
your eyes to block out the light from a bright 
lamp) or by combining the light from a few 
smaller telescopes so that the starlight is sup-
pressed and the planet’s light can be detect-
ed. The interferometric systems suggested 
for Darwin and the TPF Interferometer 
(TPF-I) missions will operate in the thermal 
mid-IR (5-20 μm), where we can detect the 
heat emitted from a planet, and the corona-
graph suggested for the TPF Coronagraph 
(TPF-C) will operate in the visible (0.5-1 

μm), where we measure the starlight that 
is reflected by the planet.

Both the infrared and visible spec-
tral regions contain atmospheric 

bio-indicators that can appear in 
the spectrum of a planet: CO2, 
H2O, O3, CH4, and N2O in the 
thermal infrared, and H2O, O3, 
O2, CH4, and CO2 in the visible 
to near-infrared. The presence 
or absence of these spectral fea-
tures will indicate similarities or 
differences with the atmospheres 
of terrestrial planets. 

Our search for signs of life is 
based on the assumption that 

extraterrestrial life shares fundamen-
tal characteristics with life on Earth, in 

that it requires liquid water as a solvent and 
has a carbon-based chemistry (see “Life 
Without Carbon,” May/June 2006, p. 12). We 
adopt this conservative approach to rule out 
false positives, completely aware that we will 
likely miss some habitable planets, where life 
has developed based on other chemistry or 
where the environment does not lead to a 
buildup of oxygen in the atmosphere. 

And regardless of habitability, future 
space-based missions like Darwin and TPF 
will permit us to do comparative planetolo-
gy on a wide variety of planets. The atmo-
sphere and climatology of seemingly 
Earth-like planets can be outside our cur-
rent understanding and will provide excit-
ing opportunities to learn about and test 
our understanding of planets.

The next few decades offer us so much 
potential new knowledge and will broaden 
our views of planets and their developmen-
tal stages. Indeed, I believe we will come to 
know whether or not our habitable blue 
world is unique in the Universe and if there 
are other worlds like ours out there. 

LISA KALTENEGGER is a post-doctoral fellow at 
the Harvard Smithsonian Center for Astrophysics 

in Cambridge, Massachusetts, where she is 
working on understanding the characteristics of 

terrestrial-type exoplanets and biomarkers in 
their atmospheres, as well as the search for such 

worlds around other stars. She can be reached 
by email at lkaltenegger@cfa.harvard.edu. 

EPOCH 3
16 July

EPOCH 4
13 October

EPOCH 5
8 November

The visible to near-infrared (left panel) and mid-infrared (right panel) spectral features of an Earth-like planet’s atmosphere change considerably over the 
planet’s evolution—from a CO2-rich (epoch 0) to a CO2/CH4-rich atmosphere (epoch 3) to a present-day atmosphere (epoch 5). The panels’ black lines 
show spectral resolutions comparable to the proposed TPFC and Darwin/TPF-I mission concepts. Plots courtesy of the author.
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2.0 billion years ago at the start of 
Epoch 3, the temperature on Earth’s 
surface was probably high, mak-
ing conditions right for heat-loving 
methane bacteria to thrive. But a 
new species evolved that shifted the 
atmosphere’s balance permanently—
the first photosynthetic organisms. 
They produced oxygen, a highly reac-
tive gas that cleared out much of the 
methane, while also suffocating the 
anaerobic bacteria that produced 
it. In doing so, the planet’s atmo-
sphere gained its first free oxygen. 
The fight between the oxygen and 
methane-producing bacteria was on 
and, luckily for us, the methane bac-
teria lost. The landscape was flat and 
damp. With volcanoes smoking in 
the distance, brilliantly colored pools 
of greenish-brown scum created a 
sheen on the stench-filled water. The 
oxygen revolution was fully underway.

800 million years ago, Earth 
entered Epoch 4, with continuing 
increases in oxygen levels. This 
time period coincides with what 
is now known as the “Cambrian 
Explosion,” a interval of time 
550-500 million years ago during 
which most major animal groups 
first appear in the fossil records. 
Earth now would be covered with 
swamps, seas, and a few active vol-
canoes. The oceans would be team-
ing with life.

Finally, 300 million years ago in 
Epoch 5, life has moved from the 
oceans onto land. Earth’s atmo-
sphere has reached its current 
composition of primarily nitrogen 
and oxygen. This time marks the 
beginning of the Mesozoic era 
that will include the dinosaurs. The 
scenery looks like Jurassic Park on 
a Sunday afternoon with plants 
covering the surface of Earth. 
Note that from the beginning of 
this epoch on to the present, the 
vegetation on our planet could be 
detected by a remote observer 
with a very large telescope.

EPOCH 3
16 July

EPOCH 4
13 October

EPOCH 5
8 November



Who Defines a Planet?
By David A. Weintraub

In August 1919, soon after returning 
from observing the solar eclipse of 29 
May 1919, Sir Arthur Eddington arrived 
in triumph at the summer meeting of 
the Royal Astronomical Society. Invited 
to the stage, he strode to the podium 
and announced that by measuring the 
bending of starlight by the gravity of the 
Sun he had proven conclusively that the 
general theory of relativity was correct.

With the approval of the RAS Executive 
Board, he then offered the following 
motion to his distinguished colleagues 
for debate: in so far as the general theory 
of relativity has now been proven abso-
lutely correct by experiment, we declare 
that Newtonian gravity will hereafter be 
replaced by Einsteinian gravity. The motion 
was quickly seconded and, amidst thun-
derous applause, approved by a near-
unanimous voice vote of all of those 
present. Editorials—published later 
that same year in all the major physics 
and astronomy journals worldwide—
announced that all scientific papers sub-
mitted for publication in those journals 
must henceforth conform to this new 
understanding of physics.  

Using this achievement in scientific prog-
ress as inspiration, the National Acad-
emy of Sciences in Washington, D.C., 
invited the astronomers Heber D. Curtis 
and Harlow Shapley to advocate the for 
and against positions in the great debate 
over the nature of spiral nebulae and 
the scale of the Universe. Curtis argued 
that the Milky Way was small (only 
10 kiloparsecs in radius) and that the 
spiral nebulae were other Milky Ways, 
located far beyond the outer edges of 
our galaxy; Shapley argued that the Milky 
Way was at least ten times larger and 
that the spiral nebulae were contained 
within the Milky Way. After Curtis and 
Shapley finished their presentations and 
answered questions, Academy members 
continued the debate in the hallways and 
at dinner. Next morning, they gathered 
and voted on an executive committee 
motion defining the nature of spiral 
nebulae and the size of the Universe: 
resolved, that the spiral nebulae are located 
outside of the Milky Way and are separate 
and independent galaxies consisting of 
uncounted millions of stars. Despite what 
appeared to be a significant amount of 
support, the proposal was not approved. 
Henceforth, the astronomy community 
embraced the majority recommendation 
and continued with research about stars 
and nebulae, with many astrophysical 
advances coming on the heels of this 
momentous decision.

26 Mercury winter  2007

For more than seven decades, remote Pluto 
was counted among the planetary canon. 
In August 2006, however, this world was 
effectively reclassified with the adoption of 
a new definition of “planet.” Opinion among 
astronomers for and against this new definition 
is now regularly slung about, and there is 

P l u t o  B y
 D e f i n i t i o n …
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anticipation of a coming showdown—between, 
on the one side, those who favor retaining Pluto’s 
planetary status and revisiting the new definition 
of “planet,” and, on the other side, those who 
advocate for the new definition in the midst 
of a burgeoning number of recently discovered 
planetary bodies in the Solar System.

Here, two noted astronomers share their opinions 
on the issue.

The “Pluto” Question
By Brian G. Marsden

“Is Pluto a planet?” I have in the past 
answered this question in the affirma-
tive—but with a proviso that I have 
opposed including Pluto with the octet 
of four “terrestrial” (rocky) and four 
“jovian” (gas-giant) planets.

“Is Ceres a planet?” We were faced with 
the same problem two centuries ago. 
After its discovery in 1801, Ceres and 
three comparable objects found shortly 
afterwards were catalogued by most 
astronomers with their larger planetary 
brethren. However, when observations 
in the late 1840s revealed such bodies 
in ever-increasing numbers, astronomers 
began to speak of them as “asteroids,” 
“planetoids,” “small planets,” or “minor 
planets.” The last of these terms has 
always been my own preference (as well 
as that of the International Astronomical 
Union), with the implication that the ter-
restrial and jovian planets are collectively 
the “major planets.” 

When Pluto was discovered in 1930, the 
number of catalogued minor planets was 
approaching 1200. Placing it indisputably in 
a category of its own, the IAU for several 
years wrote of Pluto as the “transneptu-
nian planet,” an appellation that had some 
merit. Indeed, within a matter of months, 
some astronomers were speculating that 
many other transneptunian bodies would 
be found. But it took more than 62 years 
to find the next one, and by then almost 
all the inhabitants of the third major planet 
had come to accept Pluto as a ninth major 
planet. Because the collecting of observa-
tions and the computing of orbits for the 
newly discovered transneptunian objects 
were managed by the IAU’s Minor Planet 
Center, I had the audacity to propose in 
1999 that we should handle Pluto in the 
same way—blessing it with the number 
10,000 and suggesting we grant it “dual 
status” as both a major and a minor planet.

Although there was a fair bit of support 
for this compromise, opponents were 
vocal in judging it to mean a demotion for 
Pluto, so it was not done. Contributing to 
the opposition was the fact that the public 
at large is really not attuned to the terms 
“major planets” and “minor planets”; 
they think of them simply as “planets” 
and “asteroids.” When William Herschel 
devised the latter word—meaning that 
they look like stars—to categorize the 
two such objects then known, many 
believed he was deliberately playing down 
their significance in comparison with 
his own discovery of Uranus. Giuseppe 
Piazzi, the discoverer of Ceres, famously 
remarked to a friend that Uranus also 



If these historical anecdotes are not familiar to you, you 
should not be embarrassed because I fabricated them to 
illustrate the silliness and inappropriateness of the vote 
taken at the August 2006 meeting of the International 
Astronomical Union in Prague, Czech Republic, at which 
a definition of planet and ‘dwarf planet’ (remember to 
use the inverted commas) were voted on and approved, 
thus apparently instantly changing the status of Pluto from 
planet to not-a-planet. While I am not sure I agree with 
this interpretation of the motion approved by the rather 
few and unrepresentative members of the IAU who were 
present and voted in favor of these new definitions, I am 
sure that the entire episode can be described as science 
done badly.

Science is not accomplished by a majority vote. Scientists 
carry out their research programs; they write papers, 
present talks at conferences, participate in workshops. As 
evidence builds, certain ideas are confirmed and others 
refuted. Over time, the scientists who continue to plow 
the fields of their discipline develop a consensus and move 
on to the next pressing problem.

In the case of how to answer the question, “What is a 
planet?” no consensus yet exists. Over the last few years, 
however, many articles have been written, much debate 
has taken place, and this year a major international con-
ference will address this question. We will all know in 
reasonable time if there is a consensus; if there is none, 
competing systems of definitions will operate for an 
unknown amount of time. Ultimately, the most practical 
definition of “planet” will win out in usage.  

The IAU was formed in 1919, its mission “to promote 
and safeguard the science of astronomy in all its aspects 
through international cooperation.” The IAU appropriately 
has jurisdiction over many issues: protecting radio frequen-
cies for astronomy, educating governments about issues 
of light pollution, and “assigning designations to celestial 
bodies and any surface features on them.” But the IAU 
should not have taken upon itself a decision about science 
itself, which is what it attempted to do in voting to define 
a planet. No formal vote anointed general relativity the 
successor to Newtonian gravity, proclaimed plate tecton-
ics as reality, or embraced the particle/wave duality model 
for a photon as its correct description. And a formal vote 
of the IAU cannot and should not be used to determine 
what a planet is.  

I have been giving public outreach talks for years about 
Pluto, beginning with a slide that asks “Is Pluto a Planet?” 
followed by a slide that says “Let’s Vote.” By the time we 
finish voting, the audience always objects that science is 
not done by majority rule and that voting is not the way 
to answer this question. They are right, and the IAU was 
wrong.

The IAU should take up for consideration in 2009 
motions that both rescind the 2006 votes concerning the 
definitions of planets and dwarf planets and recognize that 
the organization has no jurisdiction about the progress of 
scientific ideas.

DAVID A. WEINTRAUB, author of the new book, Is Pluto a 
Planet?, is a Professor of Astronomy in the Department of 
Physics & Astronomy at Vanderbilt University in Nashville,  
Tennessee, and Director of the University’s Program in the 
Communication of Science and Technology. He can be reached 
by email at david.a.weintraub@vanderbilt.edu.
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appeared to him to be one of Herschel’s “asteroids.” The 
derogatory nature of the word was also evident when 
one of the discoverers of the second transneptunian body 
averred that it was “not an asteroid,” even though no objec-
tion was voiced to its bearing the minor-planet provisional 
designation 1992 QB1 and, later, the number 15,760.

This background is necessary for understanding what the 
IAU actually accomplished with its four resolutions on 
24 August 2006. Although I recognized that the outcome 
would deal Pluto a more severe blow than I had proposed 
earlier, I did in each case vote with the majority. Because of 
the difficulty the public has had with the terms “major plan-
et” and “minor planet,” there was really nothing for the IAU 
but to state that there are just eight planets, and that Pluto 
is not one of them. The concept that a planet “has cleared 
the neighborhood around its orbit” could have been better 
stated as “dominates its region of space,” although astrono-
mers who claim that the IAU statement excludes Jupiter 
(because of the existence of the Trojan asteroids), or even 
Earth (because of near-Earth objects), are just being obtuse. 

The planets are also in hydrostatic equilibrium and, there-
fore, molded by their rotation and self-gravitation into 
nearly spherical shapes. But this is true of Ceres, Pluto, the 
recent discovery Eris, and, evidently, a number of other 
moderately large bodies. The compromise the IAU resolu-
tion offers is to call these objects “dwarf planets.” Again, 
the “plutocrats” poke fun at the clarification that “a dwarf 
planet is not a planet.” If they could go along with the idea 
that “major planets,” “dwarf planets,” and “minor planets” 
are three distinct categories, this would not be an issue.

The planet versus asteroid mentality suggests we should 
do well also to adopt a single word for “dwarf planet.” 
“Planetino” has been informally brought up as a possibil-
ity, and it may yet be the best choice. The Prague motion 
that the transneptunian dwarf planets, with Pluto as their 
accepted prototype, be known collectively as “plutonians” 
was very narrowly defeated. Doubtless I should not have 
been alone in changing my vote if there had been a com-
plementary proposal for a word—“cereans,” perhaps—to 
acknowledge dwarf planet Ceres and the possible exten-
sion to its companions Pallas, Vesta, and Hygiea.

And now there is the problem of “minor planet.” This term 
has not actually been banned (although it was in the prelim-
inary version of the resolution), but the IAU recommended 
that the Sun-orbiting objects that are neither planets nor 
dwarf planets be called “small solar-system bodies.” Some of 
the SSSBs are comets, and, while the public might wish to 
call the others asteroids, it seems to me that we now have 
an opportunity to do better. In keeping with “planets” and 
“planetinos,” why don’t we reintroduce the word “plane-
toids”? After all, this word was proposed by Piazzi as prefer-
able to Herschel’s “asteroids,” and it did receive modest use 
throughout the 19th century. Of course, Ceres itself—num-
ber 1 in the catalogue of the perhaps-to-be-renamed Minor 
Planet Center—would now be a “planetino,” rather than a 
“planetoid” (together with 134,340 Pluto and 136,199 Eris), 
but that’s no reason not to use the latter word for non-
cometary SSSBs in the future. 

BRIAN G. MARSDEN is a senior astronomer at the Harvard-
Smithsonian Center for Astrophysics in Cambridge, Massachu-
setts. From 1978 until 2006 he was the Director of the IAU’s 
Minor Planet Center, and from 1968 to 2000 he was the 
Director of the IAU’s Central Bureau for Astronomical Telegrams. 
He can be reached by email at bmarsden@cfa.harvard.edu.
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R E S O L U T I O N S
Six resolutions were adopted by the IAU membership at 
the Union’s XXVIth General Assembly in August 2006. 
Of direct bearing to the definition of “planet” and also 
to the question of Pluto are Resolutions 5 and 6.

— RESOLUTION 5 —
Definition of a Planet in the Solar System

Contemporary observations are changing our under-
standing of planetary systems, and it is important that 
our nomenclature for objects reflect our current 
understanding. This applies, in particular, to the designa-
tion “planets.” The word “planet” originally described 
“wanderers” that were known only as moving lights 
in the sky. Recent discoveries lead us to create a new 
definition, which we can make using currently available 
scientific information. 

The IAU therefore resolves that planets and other 
bodies, except satellites, in our Solar System be defined 
into three distinct categories in the following way:
 
1. A planet1 is a celestial body that is in orbit around 
the Sun, has sufficient mass for its self-gravity to over-
come rigid body forces so that it assumes a hydrostatic 
equilibrium (nearly round) shape, and has cleared the 
neighborhood around its orbit. 

2. A “dwarf planet” is a celestial body that is in orbit 
around the Sun, has sufficient mass for its self-gravity  
to overcome rigid body forces so that it assumes a 
hydrostatic equilibrium (nearly round) shape2, has not 
cleared the neighborhood around its orbit, and is not 
a satellite. 

3. All other objects3, except satellites, orbiting the Sun 
shall be referred to collectively as “Small Solar System 
Bodies.”

1 The eight planets are: Mercury, Venus, Earth, Mars, 
Jupiter, Saturn, Uranus, and Neptune. 

2 An IAU process will be established to assign borderline 
objects into either dwarf planet and other categories. 

3 These currently include most of the Solar System 
asteroids, most Trans-Neptunian Objects (TNOs),  
comets, and other small bodies.

— RESOLUTION 6 —
Pluto

The IAU further resolves:

Pluto is a “dwarf planet” by the above definition and 
is recognized as the prototype of a new category of 
Trans-Neptunian Objects1. 

1 An IAU process will be established to select a name 
for this category.
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by Kevin Marvel
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American Astronomical Society has grown 
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to summarize all the great accomplishments 
made by my predecessors, especially Peter 
Boyce and Bob Milkey, and some thoughts 
about the Society’s future and its role in the 
field of astronomy. 

Organizational Structure
As of 1 November 2006, the AAS boasted 
7,278 active members. Membership types 
include Full and Associate members, who 
generally represent those actively working 

in astronomy research, education, or a 
closely connected activity, Emeritus mem-
bers, Junior members, and Affiliate mem-
bers including the new International 
Affiliate membership class. The AAS also 
has corporate membership classes to repre-
sent the significant participation of for-
profit and other not-for-profit organizations 
in furthering and promoting astronomy 
and related sciences.

The AAS is governed by elected volun-
teers. The AAS Council—composed of the 
Executive Committee (the current Presi-
dent, either the past President or the Presi-
dent-elect, two senior Vice Presidents, 
Secretary, Treasurer, and the Executive 
Officer), the nine elected Councilors, the 
education board chair, and the publications 
board chair—represent the membership 
and make governance decisions. The Coun-
cil meets on the day prior to each regular 
meeting of the Society (currently in January 
and late May or early June of each year). 

The job of the AAS Council is to deter-
mine what the Society should be doing, to 
secure the resources necessary to achieve 
these goals, and to assess the performance 
of the Executive Officer. The Council 
decides where the Society should meet, 
what the annual dues should be, what pro-
grams or projects should be undertaken by 
the Executive Office, and whether the Exec-
utive Officer is accomplishing their vision 
for the Society.

The AAS has five Divisions, which have 
formed over time to allow focused attention 
on some aspect of astronomy. The current 
Divisions are Planetary Sciences, Solar 
Physics, High Energy Astrophysics, 
Dynamical Astronomy, and Historical 
Astronomy. The Divisions have their own 
meetings and governance, but are not inde-
pendent entities in a legal sense, though in 
fact, they are granted nearly full indepen-
dence. Some Divisions choose to meet with 
the AAS at its normal meetings in addition 
to holding their own meetings. The Divi-
sions represent a unique strength for the 
AAS, allowing a wider range of individuals 
to interact than would otherwise be possi-
ble, while enabling specialized interactions 
on specific topics.

Spreading the Science
The Society publishes the world’s major 
research journals in the field of astronomy, 
the Astrophysical Journal (including the 
Astrophysical Journal Letters), Astrophysical 
Journal Supplement, and the Astronomical 
Journal. The journals are available electron-
ically and are actively evolving to enhance 

As I transition from Deputy Executive Officer, mainly 
responsible for public policy issues, to Executive Offi-
cer, responsible for all aspects of the Society, I am 
happy to accept an invitation from my long-time col-
league and Mercury Editor Jay White to muse a bit 
on where the Society stands and where we might be 
going. Indeed, this article represents a humble attempt 

The website of the American Astronomical Society is located at www.aas.org.

The “Not-for-Profit” Concept

 The American Astronomical 
Society, like the Astronomical 

Society of the Pacific, is a 501(c)(3) 
not-for-profit corporation. The desig-
nation refers to a section of the Unit-
ed States Federal tax code that 
establishes the rules under which 
such organizations operate. Organi-
zations like the AAS are one of the 
nation’s true strengths, enabling 
much to be accomplished by those 
willing to work without attention to 
making a profit. 

Such non-profit corporations may 
be formed in order to accomplish 
some fundamental societal good. 
Examples include churches, charity 
organizations, and scientific organi-
zations (among many other types). 
Once formed, they receive a benefit 
from the government in being 
exempt from taxes on income as long 
as any profit is used to accomplish or 
further the organization’s fundamen-
tal goals.

—K. M.
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the presentation of scientific research. For 
example, electronic tables, animations, and 
even source code are now available through 
the online journals.

The value of scientific journals comes 
from the peer-review and editing/produc-
tion process, both of which enhance the 
presented scientific results. Peer-review 
ensures that the conclusions presented can 
at least be defended based on the data pre-
sented in the opinion of a scientific peer. 
The editing/production process ensures the 
readability of the results and ensures stan-
dard presentation rules are met in addition 
to including links to data resources, cited 
papers, and future papers that cite the work.

The Society appoints the editors for its 
journals and actively reviews the perfor-
mance of the editors. The Executive Officer 
is responsible for managing the contractual 
business arrangements with the University 
of Chicago Press, which currently publishes 
the journals for the Society. The AAS jour-
nals are funded through page charges and 
subscription revenue. Income from the 
journals is not used for Society activities 
not directly related to the journals them-
selves. Through sound fiscal management 
and cost-control, page charges and sub-
scription rates are kept as low as possible 
while maintaining the value and longevity 
of the journals. This “firewall” relationship 
represents a great strength of the AAS busi-
ness model. Other societies use proceeds 
from their journals to fund operations; this 
either subjects their programs to the vaga-

Communicating with members of the Congress is an important means of educating and exciting them about sci-
ence being conducted now and [hopefully] in the future. An annual event, the AAS Congressional Visits Day in May 
2005 included the following participants, shown here in front of the Rayburn House Office Building: Dan Lester, D. 
J. Pisano, Sandy Eulitt, David Black, Jim Ulvestad (partially blocked), Rachel Akeson, Alyssa Goodman, Jim Klimchuk 
(partially blocked), Jon Morse, Allison Loll, and Joan Burkepile. Photo by K. Marvel and courtesy of the AAS.

The AAS’s annual winter and summer meetings are all about the science and matters, policy or otherwise, that 
affect that science. In this photograph from the 208th AAS Meeting, held in June 2006 in Calgary, Alberta, Canada, 
exoplanet investigator Subhanjoy Mohanty of the Harvard-Smithsonian CfA shares some of his research. Photo by 
R. Dreiser and courtesy of the AAS.
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August is a time astronomers devote to travel, meetings, and writing papers. This year, our routine is set 
against the background of sad and frustrating wars and new terror alerts that have rendered our shampoo 
suspect. I hope that by the time this is published there is a return to what passes for normalcy and some 
glimmer of reason for optimism.

In this summer season, the business of the Society, while rarely urgent, moves on. The new administration 
under Executive Officer Kevin Marvel has smoothly taken over operations in the Washington office. The 
transition to a new Editor-in-Chief of the Astrophysical Journal, Ethan Vishniac, has proceeded well, with 
some expectation that the full handover will begin earlier than previously planned.

The Society, under the aegis of the Executive Committee, has endorsed the efforts of Senators Mikulksi 
and Hutchison to secure $1B in emergency funding for NASA to make up for some of the costs of shuttle 
return to flight and losses associated with hurricane Katrina. It remains to be seen whether this action 
will survive the budget process. The Executive Committee has also endorsed a letter from the American 
Institute of Physics supporting educators in Ohio who are fending off an effort there to include intelligent 
design in the curriculum. 

Interestingly, the primary in Connecticut was of relevance to the Society. Senators Cornyn and Lieberman 
have proposed in a draft bill that all federally-funded research be available after six months. Current 
policy is to make the AAS journals available electronically after a decent interval, but six months might 
severely alter our library subscription base and hence the whole funding structure of our journals. The 
Society has written in opposition to this bill. With one of its authors in a re-election battle, this issue will 
probably take a back seat in the near future, but it remains an item of concern.  

One of my priorities has been to refresh the Committee on Astronomy and Public Policy under the 
able leadership of Jack Burns. I am very grateful to those who have served recently on this important 
committee, to those who have agreed to continue, and to those who have newly volunteered their time. 
One of the issues that CAPP is currently considering is an offer by NASA Administrator Mike Griffin to 
take and answer questions from the Society by email. This is an attempt by both the Administrator and 
the Society to keep the lines of communication open and is, to some extent, an extension of the session 
we had at the January, 2006 meeting in Washington where I was charged with asking questions of Dr. 
Griffin in an open session. A sub-committee of CAPP is currently composing questions in what may be 
an on-going exchange.

Several large issues will face the Society in the Fall. The FY 07 budget is not yet settled and plans are 
underway for FY 08. We are likely to see the product of the NSF Astronomy Division Senior Review 
and to assimilate that report in the context of the American Competitiveness Initiative which has some 
promise of increasing NSF funding. There remains concern of adequate community input into NASA 
decisions as priorities are set for large and small missions, the enterprise of searching for planets and life 
from space, and missions in the Beyond Einstein retinue. The NRC is laying plans for the next Decadal 
Survey, one that I am confident will prove to be of extreme importance. 

With the loss of the shuttle Columbia and the President’s response contained in the Vision for Space 
Exploration, there have been immense changes in space science that affect the members of the AAS. 
There is a natural, but unfortunate, tendency to “circle the wagons and shoot inwards,” as astronomers 
leap to the defense of projects that consume their professional lives. A preeminent task of the Society 
is to attempt to “lift all boats” in these turbulent waters. We need to stay focused and nimble. The best 
insurance of a bright future is to continue to do exciting and vibrant science. I wish us all good fortune 
in that quest.

The AAS Newsletter is a popular means of communicat-
ing with the Society’s members. Because members 
requested more frequent news, the Newsletter is mov-
ing to a bimonthly publication frequency.
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ries of journal income fluctuations or forces 
increases in journal rates to support pro-
grams. 

And then there are the Society’s meet-
ings, which are now major events. Consider 
that the January 2006 winter meeting, held 
in Washington, DC, was the world’s largest 
astronomy meeting with more than 3,130 
attendees. Typically four days long, the 
meetings’ content is a mix of contributed 
oral and poster presentations as well as 
invited speakers, prize-winner lectures, 
workshops, public policy, education and 
career-oriented presentations, as well as a 
large exhibition hall. Costs for services 
expected by meeting attendees (LCD pro-
jectors, numerous parallel meeting rooms, 
wireless internet access, etc.) drive the 
growth in registration cost. Meeting loca-
tions are selected years in advance and 
multi-meeting contracts negotiated to keep 
costs down. Two full-time meeting staff, 
contracted audiovisual support, and addi-
tional assistance from other professional 
staff are required to organize and carry out 

successful meetings.
The AAS believes that education is of 

great importance and has a Director of 
Education who is responsible for carrying 
out the strategic goals of the Astronomy 
Education Board. Typically, AAS efforts 
have focused on enhancing the ability of 
undergraduate teachers to teach astronomy 
effectively to their students. The AEB is 
revising its strategic plan and will be focus-
ing on a variety of new projects including 
the International Year of Astronomy in 
2009 (the AAS has established a program 
committee for this event and a resources 
committee to secure funding support for 
the expected wide range of activities cele-
brating the 400th anniversary of Galileo’s 
use of a telescope to study the heavens). 
Strong partnerships among elements of the 
U. S. astronomy community—including the 
long-standing one between the AAS and 

the Astronomical Society of the Pacific—
have developed, and the AAS IYA program 
committee includes members of each major 
astronomy-related organization in the U. S. 
to help make the IYA a successful event.

Other activities of the Society include 
communicating with members through the 
AAS Newsletter and email communications, 
making awards for achievement in and ser-
vice to the field, providing career services 
(including the successful AAS Job Register), 
and maintaining an active public policy 
presence in Washington (among other 
activities too numerous to mention in 
detail). The public policy program has 
grown substantially in influence through 
the hiring of a full-time public policy staff 
member. Beginning in the Spring of this 
year, as I transition away from full-time 
public policy work, the AAS will support an 
in-house public policy intern at the post-

PLANNED GIVING
WITH THE ASP HERITAGE SOCIETY

Join the Heritage Society by 

making a planned gift today. Visit 

us online or contact us to request 

an informational brochure.

Michael Gibbs
Chief Advancement Officer

mgibbs@astrosociety.org

www.astrosociety.org

The 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.

Designated by the International Astronomical Union and in recognition of the four centuries of work since Gali-
leo Galilei first turned his telescope to the heavens, the International Year of Astronomy 2009 (IYA2009) will be a 
global celebration of astronomy and its contributions to culture and society. More information on this grand year is 
available at www.astronomy2009.org.

The American Astronomical Society publishes the world’s major research journals, among them the Astrophysical 
Journal, (www.journals.uchicago.edu/ApJ/) and the Astronomical Journal, (www.journals.uchicago.edu/AJ/).
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graduate level for a part of the year, with 
the goal of again having a full-time person 
on staff within three to five years.

The Future
The role of membership societies is chang-
ing. The new generation of scientists do not 
join societies simply because their advisor 
told them it is a good idea or necessarily 
through a sense of responsibility to the 
field—both reasons cited by older members 
of the AAS as their motivations to join in 
the first place. The younger generation 
wants more of their membership:

they want more value for their mem-
bership dollar;

they want communications that keep 
them informed and enable them to 
make a difference;

they do not want discounted car 
rentals or discounts at office supply 
stores, typical affinity plans with 
some societies; and 

they want to know that the AAS is 
working for them to enhance their 
field.

The AAS Council has recognized the 
changing needs of its membership and is 
beginning to change the way it governs in 

AAS Members who attended the Joint Annual Meeting of the National Society of Black Physicists and the National 
Society of Hispanic Physicists in Orlando, Florida, in February 2005, are pictured, from left to right: Evan Kirby, Dick 
Durisen, Claudia Knez, Keivan Stassun, Kevin Covey, Beth Brown, Marcel Agueros, and Eric Wilcots. Photo courtesy 
of the AAS.

Carl Sagan Medalist Heidi Hammel (right, Space Sci-
ence Institute), assisted by student Tori DeLung (left) 
in a demonstration at the AAS’s winter meeting in 
2003, compared the size of Earth with the distance to 
the Moon at Seattle’s Pacific Science Center. Photo by 
R. Dreiser and courtesy of the AAS.

Undergraduate and graduate students are active participants in the AAS’s meetings. Here, at the 201st Meeting, 
held in January 2003 in Seattle, Washington, then-AAS President Caty Pilachowski (lower left) greeted former REU 
astronomy participants Mark Pitts and Jeff Cummings (both in rear), and Stacy Sidle and TalaWanda Monroe at the 
Meeting’s Undergraduate Reception. Photo by R. Dreiser and courtesy of the AAS. 
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response. At this year’s winter meeting in 
Seattle, the Council dispensed with normal 
business in a half-day and then spent the 
remainder of its daylong meeting discuss-
ing the future of the Society and outlining 
areas of importance. A futures planning 
session is being planned for the summer 
2007 meeting.

My perspective, as Executive Officer, is 
that change is nearly always good but that 
anything we do must provide value to our 
members as they define value. Through sur-
veys, I have found that our members and 
our authors are happy with our reduced 
page charges, but they now want enhanced 
authoring tools so that it is easier to write a 
scientific paper. (I mean, LaTeX/AASTeX is 
great, but it can certainly be a chore some-
times!) Our members want meetings that 
are responsive to their needs. The Council 
has already approved a modified summer 
meeting format that will allow multi-day 
topical meetings to take place and posters 
to remain up for two days. These new topi-
cal meetings will be focused on one partic-
ular topic and will provide means for 
organizers of such meetings to focus on the 
science content—while the AAS focuses on 
contracts, audiovisual needs, and catering. 

We have worked actively to enhance 
Internet connectivity at the meetings and 
find ways to enable casual networking and 

collaboration. Many members feel the AAS 
Newsletter is published too infrequently and 
want to receive more timely information. 
We are moving to a six-issue per year News-
letter in response. These are just a few of 
the changes our members demanded and 
we are providing. I am sure the Council will 
develop other ideas of new or improved 
services we can provide. New online collab-
oration tools, research-focused wikis, and 
other e-communications are just some of 
the ideas floating around.

An International View
Looking farther out, the AAS must become 
more international in focus. Indeed, astron-
omy is already international in scope and 
will only be more so in the future. In an era 
when data from a NASA satellite can be 
downloaded the day after the observation 
was made and analyzed in a coffee shop in 
Nepal using just a laptop and an Internet 
connection, we must embrace and provide 
service to the international astronomy com-
munity. We have taken our first steps. 

The “International Affiliate” member-
ship class was created recently by the Coun-
cil, and, without active advertising, we 
already have more than one hundred such 
members. We expect many more to join in 
2007 as we actively reach out to this broad-
er community.

To be the leading astronomy-related, 
member-based organization, we must 
involve the international community with 
an eye to providing value for their member-
ship dollar (or bhat, or euro, or dinar). 
When we reach five hundred international 
members, we will establish an international 
version of the AAS Newsletter that has con-
tent and information focused on the needs 
of our international members. “Internation-
al Affiliates” already have access to the same 
low-priced electronic journal subscription 
as our full members. As we move forward, 
even more benefits will have to be devel-
oped that foster communication and collab-
oration among the international astronomy 
community.

We must also partner more regularly 
with other astronomy organizations from 
the U. S. and around the world. The AAS is 
open to proposals for joint meetings with 
other organizations—we just conducted in 
early January a successful joint meeting 
with the American Association of Physics 
Teachers in Seattle, and we had a successful 
joint meeting with the Canadian Astro-
nomical Society in Calgary last June. Tenta-
tive discussions with the ASP and the 
AAVSO for future joint meetings have 
occurred, and we look forward to settling 
soon the details for these meetings.

One of the more important responsibili-
ties of my job as Executive Officer of the 
AAS is to keep an eye on today and an eye 
on the future and to inform the Council of 
what is happening now and what we might 
do tomorrow. And the Council, composed 
of people elected by their fellow members, 
must decide what the AAS needs to do. I 
stand ready to implement their vision and 
to provide them with my own ideas. 

But our American Astronomical Society 
can only do well with the approval and 
input of its members. I encourage all 
astronomers, whether you are an AAS 
member or not, to send your thoughts to 
me or a member of the Council at any time. 
We want and need your input to make the 
AAS an even better organization than it is 
today.  

KEVIN MARVEL is an astronomer and the 
Executive Officer of the American Astronomical 

Society. When he gets a chance, he likes working 
on boats, occasionally getting them wet, and 

eating spicy food. He is the only person on his 
block in Virginia with a green chile roaster and 

awakens the neighbors every October when his 
eighty-pound bag of green chiles arrives from 
New Mexico. He can be reached by email at 

marvel@aas.org.

At the Society’s 204th Meeting, held in May 2004 in Denver, Colorado, Aurora Sicilia-Aguilar (Smithsonian Astro-
physical Observatory) presented work on her exploration of accretion on low-mass stars during the epoch of 
planet formation. Photo by R. Dreiser and courtesy of the AAS.
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by Richard Talcott

As 2007 kicks into high gear, clear 
skies will provide plenty of treats. 
As always, winter’s brilliant stars 

shine with sparkling clarity. Look south on 
a February evening, and you’ll see five of 
the sky’s ten brightest stars arrayed from 
the horizon to nearly overhead. And if you 
live south of about 35° north latitude, you 
can also spot Canopus, raising the number 
to six. Splashy star clusters like M41 in 
Canis Major and the Double Cluster in 
 Perseus, along with enormous star factories 
like Orion’s M42, add luster to the scene.

Yet winter evenings this year offer equal, 
if not greater, observing rewards. First up: 
Venus. The winter stars pale in comparison 
to the “evening star.” Venus outshines the 
brightest true star, Sirius, by ten times. It 
dominates early evenings from its perch in 
the western sky. In mid-February, it lies 13° 
above the horizon an hour after sunset. The 
planet’s altitude jumps to 19° a month later 
and to 25° a month after that. Be sure to 
watch during mid-April, when Venus passes 
between the Pleiades and Hyades star clus-
ters in Taurus.

Although Venus looks impressive to the 
naked eye, it doesn’t reach the same level 
through a telescope. The planet still lies far 
from Earth, so it remains relatively small in 
the eyepiece, and its gibbous phase changes 
slowly. On February 15, Venus appears 11" 
across and 90% lit. Two months later, it has 
grown only to 15" in diameter, while its 
phase has diminished to 74% lit.

Mercury will be more difficult to find. 
During the first half of February, it appears 
in the evening sky for Northern Hemisphere 
observers. The peak of the apparition 
comes at greatest elongation on February  
7, but the innermost planet remains visible 
until midmonth. Venus serves as a conve-
nient guide: Mercury lies to the lower right 
of its brighter companion and some 7° high 
half an hour after sunset.

Mercury swings into the morning sky 
during March, but it will be much harder 
for northerners to see. At greatest elonga-
tion on March 21/22, Mercury appears only 
5° high in the east-southeast half an hour 
before the Sun rises. Conditions are much 
more favorable from the Southern Hemi-

sphere, where this is the inner planet’s best 
morning apparition of the year. On the 
22nd, those at mid-southern latitudes can 
find Mercury 15° above the eastern horizon 
a full hour before sunrise.

The third planet visible these winter 
 evenings may not have Venus’ brilliance, 
but it far exceeds Venus in visual appeal. 
Saturn reaches opposition on February 10. 
That day, it lies opposite the Sun in our sky, 
so it rises at sunset, appears highest in the 
south around midnight, and sets at dawn.  
It also lies closest to Earth at opposition,  
so it shines brightest and appears largest 
through a telescope.

In Saturn’s case, it peaks at magnitude 
0.0. Among the stars, only Sirius and Cano-
pus appear noticeably brighter. Saturn’s disk 
reaches 20" across at opposition, while the 
rings span 46". But Saturn, which lies nearly 
ten times farther from the Sun than Earth, 
doesn’t change appearance quickly. Even by 
mid-April, the ringed planet shines at mag-
nitude 0.3 and the rings stretch 43" across. 
And Saturn climbs high in the sky earlier in 
the evening in the months after opposition, 
providing better telescopic views.

Spend some time observing Saturn. 
Although the rings look striking even at 
first glance, only patient observers will 
notice subtle detail. First, find the dark Cas-
sini Division, which separates the outer A 
ring from the brighter B ring. Then, shoot 
for the faint C ring lying between the B ring 
and Saturn’s disk. You can see it with a 4- to 
6-inch telescope under good conditions, 
but it shows up better in larger scopes.

Also search for Saturn’s brighter moons. 
Eighth-magnitude Titan shows up in any 
scope. You’ll need 6 inches of aperture to 
reliably pick up the 10th-magnitude trio  
of Tethys, Dione, and Rhea.

Earth’s rotation next brings the planet 
Jupiter into view. The giant planet rises in 
the morning hours during February and 
March, but pokes above the horizon before 
midnight by late April. Still, the best views 
through a telescope will come when Jupiter 
lies highest in the sky shortly before dawn. 
(The best views of Jupiter overall will come 
in late February, however, when the Pluto-
bound New Horizons spacecraft passes 2 
million kilometers from the planet.) Jupiter 
measures 44" across at April’s close, some 
30% larger than in early February. It will 

grow another 2" by the time it peaks at 
opposition in early June.

Northern observers will have to wait 
until the wee hours to spot the final bright 
planet, Mars. Even in late April, the Red 
Planet rises in the east barely before the 
first blush of morning twilight paints the 
sky. From farther south, it rises earlier and 
appears more prominent. Mars shines at 1st 
magnitude throughout April and appears  
5" across in the eyepiece — still too small  
to show any detail.

Totality’s Splendid Return
Two-and-a-half years is a long time to wait 
for anything, much less for one of nature’s 
most impressive spectacles. Yet we haven’t 
witnessed a total eclipse of the Moon since 
October 2004. The drought ends the night 
of March 3/4, when the entire Moon passes 
through the northern half of Earth’s shad-
ow. And in a rare bonus, every continent on 
Earth gets to see at least part of this eclipse.

Observers throughout Europe and 
 Africa can view the entire eclipse. In Asia 
and Australia, the Moon sets before the 
eclipse concludes, while in the Americas, 
the Moon rises with the eclipse in progress. 
The best views in North America come 
from the eastern third of the continent. 
Totality begins at 5:44 p.m. EST, just about 
the time the Moon rises in the northeastern 
United States and eastern Canada. The total 
phase lasts 74 minutes, wrapping up at 6:58 
p.m. EST (5:58 p.m. CST). Only the conclud-
ing partial phases can be seen from the 
Great Plains and eastern Rocky Mountains. 
Westerners shouldn’t fret, however — they 
will see totality at the next lunar eclipse,  
on August 28.

With March’s totally eclipsed Moon 
hanging low in the sky, expect it to appear 
more orange-red than usual. When the 
Moon is fully eclipsed, it typically glows 
orange. This is because Earth’s atmosphere 
acts like a lens, bending sunlight into our 
shadow, and as a filter, scattering blue light 
and leaving only redder shades. Combine 
this effect with the Moon’s ruddy hue stem-
ming from its low altitude, and the result-
ing color should be memorable. 

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

Shadow: An Observer’s Guide to Eclipses. 

sky events
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February 2007

The all-sky star map shows the night sky as  
seen from about 35° north latitude at:
9 p.m. on February 1,  
8 p.m. on February 15, and  
7 p.m. on Feb ruary 28.

Check out www.astrosociety.org/pubs/ 
mercury/36_01/contents.html  

for more detailed maps  
covering February 2007.

sky events

 1 Full Moon is at 9:45 p.m. PST
 2 The Moon passes 0.9° north of  

Saturn, 3 p.m. PST
 7 The Moon is at apogee, 4:38 a.m. PST
  Venus passes 0.7° south of Uranus,  

5 a.m. PST
  Mercury reaches greatest eastern 

 elongation (18°), 9 a.m. PST

 8 Neptune is in conjunction with  
the Sun, 8 a.m. PST

 10 Last Quarter Moon is at 1:51 a.m. PST
  Saturn reaches opposition, 11 a.m. PST
 12 The Moon passes 6° south of  

Jupiter, 2 a.m. PST
 14 The Moon passes 4° south of  

Mars, 5 p.m. PST

 17 New Moon is at 8:14 a.m. PST
 19 The Moon is at perigee, 1:36 a.m. PST
  The Moon passes 2° north of  

Venus, 9 a.m. PST
 22 Mercury is in inferior conjunction,  

9 p.m. PST
 23 First Quarter Moon is at 11:56 p.m. PST
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sky map will then represent what  
you see in the sky.
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March 2007

Check out www.astrosociety.org/pubs/ 
mercury/36_01/contents.html  

for more detailed maps  
covering March 2007.

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

sky events

Open cluster
Globular cluster

Diffuse nebula
Galaxy

 1 The Moon passes 1.1° north of  
Saturn, 6 p.m. PST

 3 Full Moon is at 3:17 p.m. PST;  
total lunar eclipse

 6 The Moon is at apogee, 7:37 p.m. PST
 11 The Moon passes 6° south of  

Jupiter, 5 p.m. PDT
  Last Quarter Moon is at 8:54 p.m. PDT

 15 The Moon passes 1.9° south of  
Mars, 6 p.m. PDT

 16 The Moon passes 1.4° south of  
Mercury, 8 p.m. PDT

 18 New Moon is at 7:43 p.m. PDT;  
partial solar eclipse

 19 The Moon is at perigee, 11:39 a.m. PDT
 20 Vernal equinox is at 5:07 p.m. PDT

 21 The Moon passes 4° north of  
Venus, 8 a.m. PDT

  Mercury is at greatest western 
 elongation (28°), 7 p.m. PDT

 25 First Quarter Moon is at 11:16 a.m. PDT
 28 The Moon passes 1.2° north of  

Saturn, 9 p.m. PDT

To locate stars  
in the sky, hold  
the map above  
your head and orient  
it so that one of the four  
direction labels matches the  
direction you’re facing. The all- 
sky map will then represent what  
you see in the sky.
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April 2007

Check out www.astrosociety.org/pubs/ 
mercury/36_01/contents.html  

for more detailed maps  
covering April 2007.

sky events

 2 Full Moon is at 10:15 a.m. PDT
 3 The Moon is at apogee, 1:38 a.m. PDT
 8 The Moon passes 6° south of  

Jupiter, 2 a.m. PDT
 10 Last Quarter Moon is at 11:04 a.m. PDT
 13 The Moon passes 0.5° north of  

Mars, 7 p.m. PDT

 16 The Moon passes 5° north of  
Mercury, 4 a.m. PDT

  The Moon is at perigee, 10:58 p.m. PDT
 17 New Moon is at 4:36 a.m. PDT
 20 The Moon passes 3° north of  

Venus, 1 a.m. PDT
 21 Venus passes 7° north of Aldebaran,  

5 a.m. PDT

 22 Lyrid meteor shower peaks
 23 First Quarter Moon is at 11:36 p.m. PDT
 25 The Moon passes 1.1° north of  

Saturn, 3 a.m. PDT
 30 The Moon is at apogee, 3:56 a.m. PDT

To locate stars  
in the sky, hold  
the map above  
your head and orient  
it so that one of the four  
direction labels matches the  
direction you’re facing. The all- 
sky map will then represent what  
you see in the sky. Open cluster
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Board of Directors Nominees
Nominees for the three open positions on 
the Society’s Board of Directors have been 
selected. They are:

 
Edna DeVore, SETI Institute
Lynne Hillenbrand, California Institute of 

Technology (incumbent)
Martin Ratcliffe, Sky-Skan, Inc.
Jeffrey Rosendhal, NASA (Retired)
Philip Sakimoto, University of Notre Dame
Chick Woodward, University of Minnesota

According to Society bylaws, members may 
submit additional nominations, provided 
that the nomination is signed by at least 
twenty-five active members and is accom-
panied by a written declaration of the nom-
inee’s willingness to serve.

The nomination, with supporting signa-
tures and statement by the nominee, must 
reach the Society office in San Francisco on 
or before 15 April 2007. Candidates’ state-
ments and ballots will be mailed to all 
active members in mid-May.  

Congratulations
Alex Filippenko, former ASP Board mem-
ber and President, was the recipient of the 
2006 Professor of the Year Award, spon-
sored by the Carnegie Foundation for the 
Advancement of Teaching and adminis-
tered by the Council for Advancement and 
Support of Education (CASE). The award 
acknowledges “outstanding professors for 
their dedication to teaching, commitment 
to students, and innovative instructional 
methods.” Four national winners are cho-
sen, one each from two-year community 
colleges, four-year colleges, master’s degree-

granting institutions, and doctoral and 
research universities—the category for 
which Filippenko was chosen. The Profes-
sor of the Year award was created in 1981 
and is the only national initiative specifical-
ly designed to recognize excellence in 
undergraduate teaching and mentoring.

Filippenko said he has a simple philoso-
phy: “bring the magnificence of the cosmos 
to the students and show them that through 
careful observations, experiments and 
interpretations, we humans have the poten-
tial to understand how our universe works.”

A world-renowned expert on superno-
vae, black holes, galaxies, and cosmology, 
Filippenko has passionately taught “Intro-
duction to General Astronomy” once a year 

since he joined the faculty of the University 
of California, Berkeley, Department of 
Astronomy twenty years ago and estimates 
that one-sixth of all undergraduates at the 
University take the course.

Meetings in 2007
Sign up to be notified when abstract paper 
submission and registration information are 
posted for two important meetings this year.

Cosmos in the Classroom 2007, a three-
day symposium on teaching astronomy to 
non-science majors, is being planned for 3-
5 August 2007 at Pomona College in South-
ern California. Much of the meeting will be 
devoted to hands-on, small-group sessions 
where mentor instructors will help partici-
pants practice ways to make their courses 
more effective. For more information, visit 
www.astrosociety.org/events/cosmos.html.

Co-hosted with Adler Planetarium, the 
ASP’s 2007 Annual Conference, including the 
119th Annual Meeting, will be held in Chica-
go, Illinois, 5-7 September. EPO and a 
Changing World: Creating Linkages and 
Expanding Partnerships will bring together 
scientists, educators, writers, designers, devel-
opers, webmasters, journalists, and public 
affairs professionals working in the field of 
astronomy and space science education and 
outreach. For more information, visit www.
astrosociety.org/events/meeting.html.

ASP Announces $25,000 Gift
Thanks to the generosity of an anonymous 
benefactor, the ASP has received a $25,000 
gift that will be added to the temporarily 
restricted endowment. This gift will be 
invested during the next several years to 
assist in the long-term growth of the Society. 

News and information for Society members

New MeMBerS  —  The ASP welcomes new members who joined between 6 November 2006 and 2 January 2007

Technical Membership

Arthur E. Babcock, Carmel Valley, CA
Debra Lazar-Pearl, Hinsdale, IL
Anna M. LeRoux, Castro Valley, CA
John N. Malandrakis, Uhrichsville, OH
Richard L. Poss, Tucson, AZ
J. Daniel Sedillo, Lakewood, CO
Doug M. Varney, Greenbelt, MD
William D. Yeakel, Sacramento, CA

General Membership

Randy R. Beavers, Stafford, VA
Leon Birnberg, Downey, CA
Marion B. Cate, Davis, CA
Donald K. Chaffey, Cody, WY
Susan A. Chambers, Centereach, NY
Matthew W. Craig, Moorhead, MN
Dennis J. Foley, San Francisco, CA

Lucy F. Fortson, Chicago, IL
Durden F. Harley, Grass Valley, CA
James A. Hawker, Napa, CA
Logan Z. Hill, Santa Rosa, CA
Mark W. Kelly, Larkspur, CO
Henri K. Lese, San Rafael, CA
Kathleen M. Lestition, Cambridge, MA
Forrest E. Lockhart, Rescue, CA

Kala D. Perkins, Saratoga, CA
Ronald D. Saltinski, Newhall, CA
Sarah Silva, Rohnert Park, CA
Michael J. Smith, Newark, DE
Reid W. Smith, Moraga, CA
Jennifer Snively, Columbus, OH
Simon J. Steel, Cambridge, MA
Mark P. Stevens, Souderton, PA

society scope

UC Berkeley astronomer and former ASP 
Board member and President, Alex Filippenko, 
has been selected as the 2006 U.S. Professor 
of the Year National winner by the Carnegie 
Foundation for the Advancement of Teaching. 
Photo courtesy of UC Berkeley.
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society scope

Proceeds from endowment funds provide a 
source of annual revenue to assist in imple-
menting strategic and mission-based pro-
grams. For information regarding making a 
gift to the ASP, contact Michael Gibbs, Chief 
Advancement Officer, at 415.337.1100 x106 
or via email at mgibbs@astrosociety.org.

Travel and Astro-Adventures in 
2007-2008
Siberian Total Solar Eclipse & Grand Water-
ways of the Czars — 18 July – 2 August 2008 
Limited space is available for our newest 
adventure in 2008 on a journey to Russia and 
Siberia aboard the river vessel, Viking Kirov. 
Excursions include visits to storybook villages, 
quaint towns, opulent palaces, grand monu-
ments and cathedrals. Distinguished lectur-
ers—ASP Executive Director Mike Bennett 
and NASA astronomer Michelle Thaller—will 
provide astronomical enrichment programs 
prior to eclipse day on 1 August.

For more information on this and all of  
our trips, visit our website at www.astrosociety. 
org/events/tours.html.

For more information on the ASP’s tour, “Siberian Total Solar eclipse & Grand waterways of the 
Czars,” running from 18 July through 2 August in 2008, visit the ASP website at www.astrosociety.org/
events/tours.html.

SAVE THE DATES
September 5-7, 2007
Chicago, Illinois

EPO and a Changing World: 
Creating Linkages and Expanding Partnerships

A National Conference

Co-hosted with the Adler Planetarium

The 119th  Annual Meeting of the ASP

WHO SHOULD ATTEND:
• Education and Public Outreach Professionals 

in Astronomy and Space Science 
• Scientists Involved in EPO
• Formal, Informal, and Volunteer Educators
• Science Communicators and Public 

Information Professionals

WHY ATTEND:
• Experience “The Best of the Best” EPO 

Programs, Products, and Practices 
• Learn About New EPO Ideas, Approaches, 

and Research Results
• Expand Your Network of Colleagues and 

Collaborators

For More Information Visit the ASP Web Site
www.astrosociety.org
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Society 
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Anonymous
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President’s 
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Michael F. Cronin
John C. Diebel
Russell A. Harding
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Clarence T. Daub
David H. DeVorkin
Robert G. Dryden, Jr.
Reginald J. Dufour
David W. Dunham
Edward E. Elzey
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     in honor of Andy Fraknoi
Neil A. Gehrels
Robert B. Gex, IV
Catherine Gibbs
     in memory of Mary E. 
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     in honor of Mike Bennett
Richard T. Gibbs
John W. Glaspey
     in memory of Raymond 

White
Alan D. Gould
John A. Graham
David H. Gray
William S. Green
Michael Greene
Noreen Grice
Marshall Hall, III
Isabel Hawkins
William E. Haymes
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John S. Hege
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Brian W. Horrocks
Esther M. Hu
Raleigh E. Hughes, Jr.
Deidre A. Hunter
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Michael Jefferson
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     in memory of Dr. Fred 

Gillett
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Alan S. Kane
Dave Kary & Joann Eisberg
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Robert G. Keckler, Jr.
Francis W. Keeler, Jr.
Penelope Keithley
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David M. Myers
Paul D. Nelson
David G. Opstad
Bruce Partridge†

Evans W. Paschal
Gerald T. Penegor
Katherine A. Pettiss
A.G. Davis Philip
Darwin R. Poulos
Thomas E. Pruitt
Frederick J. Raab
Leif J. Robinson
Nancy G. Roman
Janice A. Rose
Vera C. Rubin
Juanita V. Ryan
A. Eric Rydgren
Richard D. Sakal
Philip J. Sakimoto
Edward G. Schmidt
Maarten Schmidt
Barbara Schwarzschild
Richard A. Shaw
Stephen J. Shawl
     In memory of 
     Dr. Raymond E. White, II
Gregory A. Shields
Melanie G. Simet
Janet P. Simpson
Diane P. Smith
Sandra M. Sobie
W. Thomas Stalker, 3rd
Jerry W. Stewart
Ronald M. Stone
     in honor of us who 

have C.P.
Sidney N. Stone
Ray R. Stonecipher
Jeff L. Stoner
Mark V. Sykes†

Laurie A. Toyama
Keith E. Turner
Bernard U. Vainik
Richard M. Van Effen
Yupa Vanichai
Karen M. Vanlandingham
Steven S. Vogt
Elizabeth O. Waagen
     in memory of Janet A. 

Mattei
Michael W. Wajda
Marshall W. Walker
Russell G. Walker
Frederick M. Walter
Bonnie J. Walters
     in memory of John D. 

Walters
Harold Weaver
A.R. Welch
Robert F. Wing
Adolf N. Witt
Edwin L. Woerner
Sidney C. Wolff
Alan & Susan Wyatt
Arthur Young

Supporter
($1 - $99)
Anonymous – Several Donors
John K. Abraham
Alfred A. Aburto, Jr.
James Akata
Alane L. Alchorn
Ronald J. Angione
J. Thomas Armstrong
Clyde R. Ashe
     in memory of Steve Ashe
Thomas R. Ayres
Dana E. Backman
Janelle Bailey & Doug 

Lombardi
Richard S. Baiz

John R. Baker
     in memory of
     Challenger & Columbia
     in honor of
     Cassini-Huygens Missions 
Bruce Balick
David Barnaby
Gibor S. Basri
Steven M. Bauer
     in honor of mom
     in memory of grandpa
Barry & Carol Beaman
Dean B. Becker
James R. Bedient
John A. Bell
Priscilla J. Benson
William K. Blades
     in memory of Marguerite 

F. Blades
Richard S. Bogart
Karl-Heinz Bohm
Thomas Borlik
     in memory of Dr. James 

Cuffey
Georg H. Both
L. William Bradford
Paul A. Bradley
Judith Braffman-Miller
     in honor of Mark Miller
Albert M. Brettner
David J. Broad
David R. Brown
     in memory of Dr. Gibson 

Reaves
Daniel J. Burns
Celeste M. Burrows
Robert B. Caldwell
     in memory of Leon 

Salanave
James M. Cannon
Vince V. Caracci
David C. Card
John W. Cary
Richard A. Cavello
Roger Cecchi
Rilla Chaney
Daniel J.P. Chen
Paul G. Comba
Sarah G. Corder
Harold G. Corwin, Jr.
Rafael Costero
Andrea Cox & Brian Casey
Harold P. Coyle, Jr.
Robert W. Crawford
     in memory of 
     Dr. Robert J. Chambers
Delwin R. Croom
Jim Curry
Paolo A. Custodi
Peter De Baan
Paul H. DeGeest
     in honor of Audrey Clare 

DeGeest
Donald A. Demers, Jr.
Peter W. Deutsch
Joseph M. Di Maria
     in honor of My Parents 

Arcangelo
     & Lucille Di Maria
Jason L. Dorfman
Robert J. Dukes, Jr.
Steven L. Ellis
Robin W. Evans
Frohmut W. Ewart
     in honor of Suleika
Steven R. Federman
Paul Feinzimer
George Feliz
Mary Ann Fell
Allan E. Fenske
Joseph H. Fierstein
Michael H. Francis
Richard S. Freedman
David J.I. Fry
Kent A. Fuka
Sandra J. Gant
Harold A. Geller
Barbara & Robert Gex
Irene Glover
Eunice Erb Goodan

Stephen T. Gottesman
John J. Grant
Thomas P. Greene
Cesare Guaita
James M. Gundersdorff
Walter H. Haas
     in memory of Berly E. 

Haas
William L. Habeeb
Theodore A. Haigh
Martha S. Hanner
Robert B. Hanson
David L. Harris
     in support of Project 

ASTRO
John D. Harris
William A. Hatt
Louis C. Haughney
     in support of Project 

ASTRO
W.D. Herbert & Pat Nutter
Richard W. Heuermann
Gary M. Heymann
Albert V. Holm
     in memory of Jesse 

Greenstein
Elliott P. Horch
     in memory of Ruth P. 

Horch
Nelson A. Howell
Roger A. Howerton
Mary C. Hughes
Robert L. Humphreys, Jr.
Peter A. Hunt
Robert J. Ingram
Cynthia E. Irvine
Annette G. Iwamoto
Georgia Jackson
     in honor of the search for 

knowledge
Claire R. Jaxon
William H. Jefferys
David C. Jenner
Alan T. Johnson
Donald L. Johnson
Norman T. Kadomoto
Ken Kalina
Wesley D. Kelly
Steven M. Klean
Joseph G. Kohler
Paul H. Kohlmiller
Michael W. Koop
David J. Kuebel
Brewster W. Lamacchia
Neil L. Lark
Martha A. Leake
Jack Lin
Karen K. Lind
Rowland E. Logan
Timothy W. Lynch
Joseph C. Mackrell
Robert D. Magarian
Loris Magnani
Geoffrey W. Marcy
Laurence A. Marschall
Donald H. Martins
Charlene Mathias
Christopher W. Mauche
Kirsten Maynard
Christopher F. Mc Kee
Charles J. McDonald, Jr.
Gary E. Mechler
David D. Meisel
Rebecca Melsky
     in honor of Cody Kallen
C.M. Meredith
Alice K. Monet
Frederick P. Montana
Drew Morris
Patrick M. Motl
Glenn C. Murray
David R. Myers
Alvyn I. Nacman
Robert Naeye
David J. Nichols
Ronald O. Nordstrom
Ronald J. Oliversen
Patrick S. Osmer
Orlando Parsi Ros
Robert C. Penn

WE TAKE THIS OPPORTUNITY to express our 
gratitude to our friends and benefactors who 
share in our mission and supported the Astro-
nomical Society of the Pacific during 2005 – 2006.  
Your gift to the ASP is truly appreciated, thank you.

This year more than 500 individuals, organizations, and 
corporations made gifts to the Society ranging from 
$1 to more than $25,000. Gifts like these enable us to 
develop further and expand ASP astronomy education 
and outreach programs that excite, interest, and moti-
vate students of all ages.

The following list includes gifts received between 6 
December 2005 and 31 December 2006. Should you 
have any questions regarding this list, please contact 
Michael Gibbs, Chief Advancement Officer for the ASP.
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Stephen C. Perrenod
Joseph G. Perry, Jr.
James G. Peters
Bradley M. Peterson
     in memory of 

WillemWarmsteker
Jim J. Peterson
Melbert E. Peterson
Philip G. Pierpont
Ronald E. Pitts
Barbara J. Planck
Betty P. Preece
John Preston
Carlton P. Pryor
Mike D. Reynolds
Paul F. Richards
Matthew J. Richter
Michael L. Riggs
Tom Rinaldi
Jane J. Risk
     in support of Project 

ASTRO
George C. Roberts
Jack H. Robinson
Ed P. Rocker
David G. Rucker
Keith B. Runnfeldt
     in  honor of Cheryl 

Runnfeldt
John A. Rutherford
Gary E. Sampson
Michael D. Sandras
Gary E. Sanger
Tom P. Sargent
Deborah Scherrer
Dave G. Schleicher
Paul C. Schmidtke
Lani A.J. Schonberg
Donald P. Schroeder
Peter J. Schwalbenberg
Charles A. Schweighauser
     in memory of Dr. Bart Bok
Francois Schweizer
     in memory of Beverly Oke
Andrew W. Seacord, II
J. Daniel Sedillo
Michael A. Seeds
Jerry J. Sershen
Hugo E. Shane
     in memory of Hanna 

Shane
Whitney W. Shane
Steve J. Shlafer
     in honor of Robert 

Burnham, Jr.
Seth Shostak
Joanna T. Shubin
Mark A. Shure
Julius Simon
Evan D. Skillman
Tammy A. Smecker-Hane
Graeme H. Smith
Janis I. Smith
Lynne E. Stark
Donald Starks
Terry & Cheryl Stephenson
Berton L. Stevens, Jr.
Robert W. Stevenson
Richard J. Stover
James Strickland
John J. Sunta, III
Ihor Szkolar
Donald M. Terndrup
John R. Thorstensen
James D. Thursby
Alan Tokunaga
Maurice M. Tomeo
Gary E. Tomlinson
L. Michael Tompkins
Donald F. Trantow
John D. Trasco
Robert G. Tull
     in memory of Dr. R.R. 

Robbins
George Varga
Boris Vernovsky
     in memory of Michael 

Vernovsky
Robert A. Verstraete

Alison J. Vinande
     in honor of Eric Vinande
Erich M. Voester
Francis J. Waller
Rene Walterbos
Richard D. Wheatley
Jane M. Whitner
Michael Wightman
Carole J. Wike
Susan M. Wilkerson
Gene K. Wilson
Linda I. Winkler
     in memory of Dr. Walter 

Wesley
Anne G. Young
     in memory of Louis C. 

Green

In-Kind  
Support
Carol Boyd
     in support of Project 

ASTRO
Clark Planetarium
Glen MacDougal
Maryland Science Center
Meade Instruments 

Corporation
Pima Community College
Matt Quandt
     in support of Project 

ASTRO
Space Telescope Science 

Institute
Therm-O-Rock West, Inc.
Melita Thorpe

Corporate 
Affiliate  
Participants
Substaining Affiliate
($10,000 - $24,999)
Sky Publishing Corporation

Contributing Affiliate
($2,500 - $4,999)
Astronomy Magazine
Learning Technologies, Inc.
Meade Instruments 

Corporation
Universities Space Research
     Association

Matching 
Gifts
Gartner, Inc.
IBM Corporation – Matching 

Grants
SBC Higher Education

Combined 
Federal 
Campaign
A special thank you to 
the federal, state and 
local employees who 
contributed via payroll 
deduction

Anonymous – Several Donors
Shannon Allen
James R. Bedient
Donald Branum
William Bush
Joseph P. Cholewa
Patricia Colonnese
David L. Cox
Morris Ellington
Christopher S. Foster
Rodney Frame
Daniel Guerra
Nancy C. Hamilton
Stephen J. Kennedy
Gary T. Levario
Gary R. Liptrot

Denis M. Lohman
Brandon Matsui
William D. McKibbin
Jennifer L. Parsons
David M. Reis
Brain A. Richins
Paul D. Shankland
Richard M. Simmons, Jr.
Stephen K. Sode
Gregory Staffelbach
David Sushinsky
Warren S. Swanson
Neil Thomas
Calvin Trauger
Jeffrey A. Trestrail
Marie N. Wilkins

Family  
Membership
John & Ursula Anderson
Constance & Gary Armitage
Barry & Carol Beaman
Dennis C. Blanchard
Jeffrey M. Blohm
Daniel J. Burns
Stephen M. Burroughs
Patrick Cassen & Dorothy 

Woolum
Alan L. Clements
Steven & Juel Craig
Mr. & Mrs. Thomas Craig
Stanley A. DeBella
Terrie M. Espinoza
Timothy Ferris
David & Diane Friend
Tobias Gerard
Thomas P. Greene
Russell A. Harding
Edward & Sharon Harris
Marlon Henvit
Dan Hill
Mary C. Hughes
David E. Illig
Gabriele Jost
Dave Kary & Joann Eisberg
Sherri King
Brewster W. Lamacchia
Patricia Lawton & Joel 

Offenberg
Larry & Nancy Lebofsky
Raymond L. Lent
Julio & Nancy López
Brian & Maureen Maerz
Antonia Martinez & Nancy 

Luginbill
Libbie A. Schock
Cheryl & Michael Shintani
John T. Smith
Terry & Cheryl Stephenson
John R. Teerlink
Leslie Thatcher
Craig C. Todd
Gay Van Horn & Alan Koenig
Ted & Nathaniel Vredenburg
Larry & M. E. Wasser
Larry & Sharon Woods*
Alan & Susan Wyatt
Dr. & Mrs. Philip H. Young

Supporter’s 
Circle  
Membership
($150)
Andrew M. Abrahams
Adrian K. Almquist
Les & Mary Anderson
Albert Andreiko
Robert D. Arnott
Janet J. Asimov
Jason P. Aufdenberg
Robert & Matthew Baken
Laura P. Bautz
Eric Becklin
Jeffrey & Lisa Bennett
Wayne & Dee Blinka
Michael P. Bradie
Thomas C. Bretl
Martha & Raymond Bright

Clinton C. Brooks
Richard K. Burandt
Matthew & Sally Buynoski
Edward L. Chupp
Donald H. Close
Jean F. Cornuelle
William G. Crawford
Lisa A. Crist
Jim Curry
Durruty J. de Alba Martinez
John C. Diebel
David C. Donoho
Edward E. Elzey
Peter & Laurel Friday
Alan J. Friedman
Charles O. Garrison
Marc A. Gineris†

Robert J. Hawley
James N. Head
Christoph Hulbe
Nick Itsines
Francine Jackson
Gary & Pam Jaffe
Alan Jaroslovsky
Victor P. Jones
Richard R. Joyce
Stratos G. Kantounis
Sidney J. Kass
Robert G. Keckler, Jr.
Francis W. Keeler, Jr.
Leonard V. Kuhi
Louis W. Kunz
Harry Lemke
Floyd V. Lewis
James W. Liebert
Karen K. Lind
Philip Lockett
Nicholas P. Loutrel
Ralph Mansfield
Charles & Patricia Mc Partlin
Steven P. Menaker
Philip & Noreen Mercaldi
Ted Mitchell
Casper J. Morsello
Shannon A. Murphy
Gordon E. Myers*
Robert T. O’Dell
David & Helen Patterson
Alexander R. Peters
Stephen M. Pompea
Gary W. Portenier
J. A. Posey, Jr.
John W. Reed
Miguel A. Rivera
George C. Roberts
Jim A. Roberts
Donald F. Robertson
Mary C. Rogers
Scott & Betsy Sandford
Dennis L. Schatz†

Andrew M. Schlei
Richard L. Schneider
Brock Schroeder
Gregory R. Schultz
Peter J. Schwalbenberg
Frank R. Shaug
Daniel & Jean Shaw
Timothy† & Kelle Slater
Julie Steffen & Detlev Pansch
John A. Stevens
Edward C. Stone
Sidney N. Stone
Ray R. Stonecipher
William E. Strider
Eric W. Tilenius
Silva Torres-Peimbert
Laura A. Toyama
Seth L. Tuttle
Bernhard U. Vainik
John A. Vickers
Don B. Vollman
James A. Wallsten
Elizabeth M. Warner
Raymond A. Williams, Jr.
Robert & Joyce Wisner
Nancy H. Wood
Anne G. Young
Edward J. Young

Michael  
Bennett  
education 
Fund
Anonymous Donor
Les & Mary Anderson
Dana E. Backman
Jim H. Bagley
Janelle Bailey & Doug 

Lombardi
Ralph H. Barbee
Frank N. Bash
Steven V. W. Beckwith†

Jeanne E. Bishop
Kyle W. Blackman
Paul A. Bradley
David H. Bruning
Celeste M. Burrows
David Burstein
Vince V. Caracci
Bruce W. Carney
Lynn R. Cominsky
Anne F. Cooper
Larry P. Cooper
Joycelin Craig**
Jacqueline A. Davidson
Edna & Chuck DeVore
John C. Diebel
Andrea K. Dobson
Steven L. Ellis
Richard T. Fienberg
Alexei V. Filippenko
Andrew G. Fraknoi**
Ruth S. Freitag
Catharine D. Garmany
Roy H. Garstang
John E. Gaustad
Catherine Gibbs
Michael G. Gibbs**
Marc A. Gineris†

Irene Glover
Alan D. Gould
Michael Greene
Russell A. Harding
Isabel Hawkins
David S. Heeschen
John S. Hege
Mary Kay Hemenway†

James E. Hesser
Lynne A. Hillenbrand†

Tim B. Hunter
David E. Illig
Richard R. Joyce
James B. Kaler†

Bert G. Katzung
Francis W. Keeler, Jr.
Daniel A. Klinglesmith, III
Susumu Kobayashi
Paul H. Kohlmiller
Robert P. Kraft
Neil L. Lark
Almon E. Larsh, Jr.
Larry & Nancy Lebofsky
James W. Liebert
Karen K. Lind
Jeffrey F. Lockwood
Julie H. Lutz
Robert D. Magarian
Ralph Mansfield
Stephen P. Maran
Laurence A. Marschall
Nancy D. Morrison
Gordon E. Myers*
Bruce Partridge†

John R. Percy
Ronald E. Pitts
Barbara J. Planck
Stephen M. Pompea
John W. Reed
Tom Rinaldi
Leif J. Robinson
Ed P. Rocker
Nancy G. Roman
Jeffrey D. Rosendhal
Juanita V. Ryan
Philip J. Sakimoto
Gary E. Sampson
Gary E. Sanger

Dennis L. Schatz†

Deborah Scherrer
Lani A. Schonberg
Barbara Schwarzschild
Seth Shostak
Melanie G. Simet
Timothy† & Kelle Slater
Tammy A. Smecker-Hane
Sandra M. Sobie
Jeff L. Stoner
Melita Thorpe
Gary E. Tomlinson
Keith E. Turner
Yupa Vanichai
Boris Vernovsky
Elizabeth O. Waagen
Russell G. Walker
Al Whaley
Sidney C. Wolff
Arthur Young

Our Loyal 
Volunteers
All the reviewers of the 
PASP who donated their 
time to improve papers 
during the past year.

Harland Epps, Associate Editor
Daniel Fabricant, Associate 

Editor

SF Head-
quarter  
Volunteers
Bay Area Project ASTRO
Salman Azam
Celeste Burrows
Anders Chippendale
Kjersti Chippendale
Jessica James Hale
Meghan Hewett
Bryan Mendez 
Alan Meyer
Nicole Thai
Emily White

ASP’s 2006 
Annual  
Conference
Ball Aerospace & Tech Corp.
Cambridge University Press
Centre for Astrophysics
     & Supercomputing
Lockheed Martin Space 

Systems Co.
Maryland Science Center
Maryland Space Grant
Meade Instruments 

Corporation
MWT Associates, Inc.
NASA - GSFC
National Science Grant 

Foundation
Space Telescope Science 

Institute
Virginia Trimble

Members  
of the ASP 
Heritage 
Society
Robert D. Arnott
Michael Bennett** & Leslie 

Larson
Terence & Cynthia Brennan
William Howard, III
J. Daniel Sedillo
Leopold Tedesco

* Total Includes Corporate 
Matching Gift

† ASP Board Member and/or 
Officer

** ASP Staff Member



Mercury Turns Thirty-Five Years Old

In January 1972, the Society introduced Mercury, a new magazine for members. In the thirty-five years since its first incar-
nation, Mercury has grown in the number of pages, in the amount of original content, and in its presentation. Now, more 
than a third of a century old, the Society’s membership magazine carries in each issue the aims and mission of this vener-
able organization—educating, exciting, and engaging all about the wonders of the Universe.
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