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Announcing the
Astronomical Society of the Pacific’s

Newest Release

The Universe at Your Fingertips 2.0 DVD-ROM
of Astronomy Activities and Resources is now available.

ASP’s “greatest hits” of astronomy education, designed to help teachers,  
curriculum specialists, museum educators, and astronomers find  
the most effective way of teaching basic space science concepts!

This 2.0 DVD ROM includes: 

• 133 field-tested hands-on activities 
• 17 topic specific guides to information in print and on the web
• 52 background articles on astronomy and education 
• 12 short videos with instructions.

Themes include scales of size, distance, and time; comparing planets; understanding basic sky phenomena, 
such as phases of the Moon, the daily motion of the Sun, seasons on Earth and other worlds, and the multi-
cultural origins of the constellations; and ways of involving astronomy learning with other fields such as 
geography, math, writing, and history.

Here are just a few classic activities:

• Exploring the Phases of the Moon 
• Modeling the Expanding Universe
• Picking the Top Tourist Sights in the Solar System
•  Sensing the Invisible: Waves our Eyes Can’t See but  

Simple Experiments Can Reveal
• Counting to a Billion
•  Mars Opposition Dance: Using Movement to Teach  

about Orbits
• Fun with the Sun
• Transit Tracks: How we Find Planets around Other Stars
• Make a Model Comet in Your Own Classroom
• The Toilet-paper Solar System Model
• Should Pluto be Considered a Planet?
• Bike Years Versus Light Years
• Black Hole Math

The activities have a host of topics that are the staple of national and state science 
frameworks and standards. Edited by Andy Fraknoi, ASP’s Senior Astronomy Educator. 
Each activity comes with full instructions, student handouts, and connections to key 
ideas for learning and teaching. Easy to navigate!

Price: $29.95
Sold through the non-profit AstroShop on ASP’s website.
Discounts are available for bulk orders and to catalogs, museum stores, and other resellers.

For more information and how to order, go to: www.astrosociety.org/uayf or call the 
ASP at 415-337-1100.  

ASP • 390 Ashton Avenue • San Francisco, CA 94112

The Universe at Your Fingertips • Astronomical Society of the Pacific

Astronomy Background • 2.1
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Anyone who has ever gazed at the clear night sky from a dark location knows the special fasci-nation of astronomy — the sense of awe and 
mystery that comes from con sidering our place in the 
vastness of the universe.To the ancients, the planets and stars were simply 
mysterious lights scattered on the dome of the heavens. 
Our modern understanding adds the crucial dimension 
of depth to that simple picture. We now know that some 
celestial objects are rel atively close, while others are un-imaginably remote. The twinkling lights of the sky turn 
out to be other worlds and other suns. Spread among 
them are vast clouds of gas and dust — reservoirs of raw 
material to make new stars, new planets, and perhaps 
even new astronomers. And the countless numbers of 
stars are not randomly distributed in the universe — 
they cluster into vast islands or cities (of stars, planets, 
and raw material) that we call galaxies. The cosmos is 
much richer and more complex than the ancients ever 
dreamed.

Let us, in our mind’s eye, take a short tour of the uni-verse as astronomers understand it today, and get ac-quainted with the main types of objects in the “astro-nomical zoo.” For convenience, astronomers generally 
divide the universe into three realms:1. Our Neighborhood: The Solar System2. Our City: The Milky Way Galaxy3. The Whole Shebang: The Universe.The Solar System

To begin at home, our Earth is a member of the family of 
planets and moons known as the solar system. Orbiting 
our star, the Sun, are eight major planets and their more 
than 160 known moons, each a unique world with its 
own special characteristics. In addition, we have smaller 
worlds, now called dwarf planets, such as Pluto, Ceres, 
and Eris, and more of these are being discovered all the 
time. Assorted cosmic debris — in the form of comets, 

asteroids, and smaller chunks called meteoroids — also 
shares our system with us. (See the glossary later in this notebook if you are not 
familiar with any of the terms in this article. And if you 
are wondering about Pluto, see the article: “What’s a 
Planet and Why is Pluto Not in the Planet Club Any-more?”) 

Let’s examine a few of the neighbor planets that are 
especially noteworthy.
The Inner System
Sunward of us lies the glistening planet Venus, often 
seen as a brilliant morning or evening star. Perpetually 
veiled by layers of clouds that include droplets of sul-furic acid, Earth’s sister planet hoard ed the Sun’s heat 
under its vast cloud layers until surface temperatures 
stabilized at more than 900 degrees Fahrenheit — hotter 
than the self-cleaning cycle of your kitchen oven. With 

A Grand Tour of the Universe:  An Introduction to the Planets, Stars,  and Galaxies
by Andrew Fraknoi and Sherwood Harrington
(Astronomical Society of the Pacific)

Mars globe centered on Mariner Valley; from Viking images (JPL/NASA)
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The Moon and Its Phases

A1 • Images of the Moon

Page 4

125

Lunar Photographs — Set #1

Cut out each picture.  Arrange them in the order you would expect to see the Moon during the

next several weeks.

Astro Adventures, Moon Gazing, Lesson 1: Images of the Moon

© 2003 Pacific Science Center



 summer  2011 Mercury 3
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Many Mercury readers have been with the 
magazine (and the ASP) through thick and 
thin as the magazine transitioned from a print 
publication to a PDF e-zine. Others are recent 
arrivals to the organization and the e-zine. 
And some of you are really new, having joined 
the ASP this year at the organization’s annual 
conference in Baltimore. Welcome.

Since becoming Mercury’s editor in late 
2007, I’ve attended all of the ASP’s annual gath-
erings. I do so for two reasons. One is personal 
— I support the organization’s goals and enjoy 
learning about how various EPO presenters 
and programs work to further the Society’s 
mission. (If you’re really new to the ASP, this 
page on the Society’s website will tell you more 
about the ASP and some of its programs.)

The second reason is to troll for articles for 
Mercury. At the 2008 conference in St. Louis, I 
realized (albeit too late for that year) that 
these conferences are fertile ground for page-
filling Mercury articles. So a keynote address 
plus two other presentations from the San 
Francisco 2009 conference appeared that 
autumn, and a slew of poster papers from the 
Boulder meeting were published in the 
Autumn 2010 issue. Look for material from 
the Baltimore conference this autumn.

Filling the feature-article pages of Mercury 
can be a bit of a challenge at times. Why? 
Three reasons. First, Mercury is a specialty 
magazine that doesn’t have the reach (the cir-
culation) of Sky & Telescope, Astronomy, or 
any of the other “popular” astronomy maga-
zines and so is not a top-of-mind publication 
for authors. Second, we generally don’t run 
articles on observing — a trademark of most 
general astro magazines. And third, we don’t 
pay. The ASP is grant driven, spends its 
money on programs, and tries to keep all non-
program costs low. So writing for Mercury is a 
labor of love, rather than a practical endeavor. 

And yet, despite all this, I’m pleased to say 
that there are people still willing to write arti-
cles for Mercury. Who are these authors? 
They are scientists (from post-docs to PhDs), 
historians, EPO professionals, and educators 
at all levels…in other words, people like you. 

Yes, you. (You knew this was coming, 
didn’t you?) What’s stopping you from writing 
an article about an outreach program you 
tried, the latest research you’ve undertaken, or 
(if you are at the ASP’s Baltimore conference) 
an inspirational session you attended and then 
adapted to your own needs? I’m particularly 
interested in more education-themed articles, 
but all ideas are welcome. 

Our newly updated Guidelines for Mercury 
Contributors will tell you what you need to 
know to write for Mercury. If you have ques-
tions, drop me a line. I’ll be happy to discuss 
your upcoming article!

Paul Deans
Editor, Mercury
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Write On

ON THE COVERS
These two images of the International Space Station (ISS) and the docked space shuttle Endeavour, flying at an 
altitude of approximately 220 miles, were taken by Expedition 27 crew member Paolo Nespoli from the Soyuz 
TMA-20 following its undocking on May 23, 2011 (US time). The pictures taken by Nespoli are the first of a 
shuttle docked to the ISS from the perspective of a Russian Soyuz spacecraft. Things to look for include the 
shuttle with its robotic arm extended, the Progress and Soyuz spacecraft, the Automated Transfer Vehicle, the 
Alpha Magnetic Spectrometer on the truss, the Columbus science lab, and the Japanese Exposed Facility with its 
JEM robot arm. More of these amazing images can be found starting here. And if you like the two stills, check 
out the video. Both images courtesy NASA.

editorial

http://www.astrosociety.org/about.html
http://www.astrosociety.org/about.html
http://www.astrosociety.org/pubs/mercury/guidelines.html
http://www.astrosociety.org/pubs/mercury/guidelines.html
mailto: editor@astrosociety.org
http://www.astrosociety.org
mailto:asilva@astrosociety.org
http://en.wikipedia.org/wiki/File:ISS_configuration_2011-05_en.svg
http://spaceflight.nasa.gov/gallery/images/station/crew-27/ndxpage59.html
http://www.nasa.gov/multimedia/videogallery/index.html?media_id=93985151
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first word

Following the American Astronomical 
Society summer meeting held this year in 
Boston (right before the Memorial Day 

Long Weekend), I lingered in the area to visit a 
place I’ve always wanted to see: Walden Pond in 
nearby Concord, Massachusetts.

Concord has much of note within it: the Old 
North Bridge where the Minutemen fired “the 
shot heard round the world,” as ralph Waldo 
Emerson wrote; a fine small museum housing 
(among its treasures) one of the original lan-
terns hung in the Old North Church as Paul 
revere began his famous ride in 1775; and the 
old homes of Concord’s famous 19th-century 
writers — Emerson, Nathaniel Hawthorne, 
Louisa May Alcott, and Henry David Thoreau, 
all of whom are buried proximate to each other 
on Author’s ridge in the nearby Sleepy Hollow 
Cemetery. All are worth seeing (and I did). But 
the primary goal of my small pilgrimage was to 
visit the glacial kettle hole that Henry David 
Thoreau made famous in his book Walden.

I’ve always had a certain affinity for Thoreau, as have (I think) 
many of my generation, coming of age as we did in the late ’60s 
when the environmental movement was picking up steam. Thoreau 
and his contemporaries and friends Emerson and William Ellery 
Channing, are considered by many to be among the first modern 
environmentalists. As an impressionable college freshman just off 
the farm and experiencing the very first Earth Day in 1970, I could 
appreciate anyone who enjoyed a walk in the woods. And this was 
my long-delayed chance to walk in his.

Walden Pond and its environs is not wilderness, and it wasn’t in 
Thoreau’s day, either. railroad tracks that skirt the western shore 
were already laid down in Henry’s time, he lived in his cabin by the 
shore within easy walking distance to the center of town (and 
walked back for visits every few days), and frequently welcomed 
wandering guests to his small homestead. He was no Garbo “vant-
ing” to be alone; he sought to experiment with simplifying his life, 
to abide in tune with nature, and so understand what the natural 
world had to teach about what it truly meant to live.

Not wilderness — but these days it is much as it appeared in 
Thoreau’s day, after a history of assorted fires, logging, the building 
of an amusement park of sorts that later burned down, and a hurri-
cane in 1938 that flattened many trees. Today, thanks to regrowth 
and careful husbanding, one can find an afternoon’s leafy respite 
from the cares of the wilder world beyond. There’s gift shop now, 

and a small beach with facilities for swimming on the eastern shore, 
and parking lots across the road whose capacity ostensibly limits 
visitors to no more than one thousand per day. On this day, the 
Friday before the holiday weekend, there were not so many — a 
small beach-going crowd; a few kayakers and swimmers crossing 
the pond; hikers and joggers; scattered fisherman; and small groups 
of bathers enjoying some of the many coves around the shoreline. 
But all were mellow, and it was still a remarkably peaceful place for 
a walk on the path ringing the wooded shore.

It was midday, unseasonably in the 80s, with small cumulus 
crossing a steamy blue sky. The hilly woods of mostly oak and hick-
ory were all arrayed in fresh spring green, with darker pitch pines 
poking through the verdant canopy. Orioles fussed among the trees, 
ubiquitous chipmunks rummaged through the leafy forest floor, and 
mating frogs jostled noisily for position in Wyman’s Meadow, the 
separate small lily pond near the site of Thoreau’s cabin. 

The cabin site itself, located in a small clearing next to Thoreau’s 
Cove on the north shore, was marked with a series of short granite 
posts linked by chains to give a sense of the dimensions (a cabin rep-
lica near the parking lot helps to envision it here). While I contem-
plated the site, a young fellow wandered up, sat himself down with 
his back against a tree, and pulled out a book — no doubt to read 
from Walden at the very place where it was conceived. Thoreau still 
resonates with those coming of age, as he did with my generation.

A Walk in the Woods
Heaven is under our feet as well as over our heads — Henry David Thoreau.

by James G. Manning

Walden Pond
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http://www.mass.gov/dcr/parks/walden
http://www.mass.gov/dcr/parks/walden/geology.htm
http://thoreau.eserver.org/walden00.html
http://www.walden.org/thoreau
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Along the path, there were still plenty of places to be alone — to 
sit on the rocks at the water’s margin among the trees and look 
across the water in the warm afternoon, with a solitary mallard 
drifting warily past, a loon out on the pond diving for fish, and bits 
of Thoreau drifting in and out of my mind. 

“I went to the woods because I wished to live deliberately, to 
front only the essential facts of life, and see if I could not learn what 
it had to teach….” he wrote. It seems to me that those of us who 
love exploring the sky as much as walks in the woods have very 
much the same goal: to front the essential facts of the larger uni-
verse, and to see if we cannot learn something of what it has to 
teach not only about the cosmos, and our precious Earth, but about 
us. It is another way to “live deliberately,” to immerse ourselves in 
the world, and to better understand life’s essentials from a natural 
perspective.

“Heaven is under our feet as well as over our heads,” Thoreau 
said. It’s all part and parcel of the universe we strive to know on 
intimate terms, whether stopping to examine a milkweed plant or 
gazing through a telescope at the Hercules globular star cluster 
drifting overhead on a lambent summer night. It is all part of  
connecting — and helping people to make such connections is 

something we strive for every day at the ASP.
I made new connections of my own that sultry afternoon, com-

pleting my circuit of Walden Pond and continuing on my way — 
the place becoming more authentic in my mind for when next I 
review what Thoreau’s experience has to teach us. If we can work 
together through the ASP to make the universe in general more 
authentic to the people we touch by offering direct experience with 
it, and by providing greater understanding of it, then we will have 
honored our own 19-century founders in the work that they began, 
and which we are privileged to carry on.

“The universe is wider than our views of it,” wrote Thoreau. May 
we continue to strive to expand that view, for ourselves and others, 
as we explore the great, wide sky above. 

JAMES G. MANNING is the Executive Director  
of the Astronomical Society of the Pacific.

first word
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The dimensions of Thoreau’s cabin on Walden Pond. These markers are on the exact site of his cabin; a replica of his house was built near the parking lot.

mailto:jmanning@astrosociety.org
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In January 1921, Earl C. Slipher of the Lowell Observatory gave a 
lecture in San Francisco entitled: “Photographing the Planets 
with Especial reference to Mars,” which was published in the 

Publications of the ASP for June 1921. Slipher discussed some new 
photographic techniques and then drew some conclusions about 
Saturn, Jupiter, Venus, and Mars.

At that time, most photographic plates were chiefly sensitive to 
blue light. Astronomers at Lowell were particularly interested in 
images of Mars and thus needed emulsions for orange light. A few 
manufacturers produced these, and they were further treated at  
Lowell to enhance their sensitivity. But as Slipher pointed out, even 
with these fast plates a time exposure was necessary, and the image 
blurs during that time due to fluctuations in our atmosphere. Smaller 
images required shorter exposures, but showed less detail. At Lowell, 
“this question has been settled by a compromise between scale of 
image and exposure time so that neither shall become a bar to secur-
ing the sharpest image of the planet of the largest practical size.”

By the time of Slipher’s talk, Lowell Observatory had generated 
nearly 100,000 photographs of Mars and thousands more of other 
planets. He noted that: “While it is true that...more planetary detail 
can be observed visually than photographically, yet the photographs 
are of great value because they furnish a permanent pictorial record 
of the planet surfaces...Their faithfulness and permanency provide 
incontestable data for future generations of scientists.”

Slipher then turned to the results from these images. He paid 
brief attention to Jupiter, Saturn, and Venus, concluding that Jupiter 
and Saturn were too hot to sustain life. Because there were very few 
markings on Venus, observers had reached widely different conclu-
sions about Venus’ day. Schiaparelli had decided it was 225 Earth 
days, the same as Venus’ orbit around the Sun; others thought it was 
more like 24 hours. But spectrographic evidence seemed to indicate a 
long period, so “the only alternative left us is that Venus rotates in 
225 of our days.” In fact, we now know that the rotation is 243 days 
in a retrograde direction, a possibility not even considered until 
radar studies in the 1960s. 

However, Slipher concentrated chiefly on Mars. In his view, “the 
photographs of Mars made at the Lowell Observatory furnish objec-
tive evidence of the truth of the following general statements con-
cerning the planet.” He then enumerated a large number of these 
statements, including: “the polar caps gradually melt in the Martian 
summer...the dark markings undergo change, apparently fading in the 
Martian winter...the presence of limb light around the margins of the 
planet, indicating the existence of an atmosphere...[and] the existence 
on the surface of the planet of a network of dark, linear markings — 
the ‘canals,’ and small dark spots — the ‘oases.’” He concluded that: 
“the extensive visual observations made at the Observatory have been 

confirmed in toto, and corroborated in detail, by the photographs.”
He then went on to some speculation about the observed changes, 

remarking that “in planets, even more so than in people, the facial 
expression is telltale of life conditions.” Three things were necessary 
for life: water, oxygen, and a warm-enough climate. He believed the 
changes in the polar caps and the dark markings were due to water, 
and spectrographic evidence proved the presence of oxygen. As to 
temperature, some theoretical calculations had suggested an average 
temperature of -39° F, but Percival Lowell had calculated +48° F. 
Slipher pointed out that the apparent melting of the polar caps sug-
gested temperatures above 32° F, supporting Lowell’s view.

In conclusion, he wrote: “the changes in the canals and other 
dark markings, as shown in the photographs, require vegetation for 
their satisfactory explanation....There is broad foundation in the 
observed facts for believing that vegetable life exists on the planet 
Mars.” As for animal life, he felt that on Earth plants and animals 
had always coexisted; so “if, as it appears is the case, Mars possesses 
plant life then we cannot, it seems, logically exclude animal life.”

This view still had some support until space probes began 
exploring Mars in the 1960s. We now believe there is some water, 
but we have seen no evidence of plant or animal life in any form as 
yet. The canals of Lowell do not exist, but huge volcanoes and deep 
chasms do. Slipher would be astonished at the detail we can see in 
the images of Mars returned from various orbiters and from surface 
vehicles such as Spirit and Opportunity. 

KATHERINE BRACHER taught astronomy at Whitman College, Walla Walla, 
WA, for 31 years. Retired in 1998, she currently lives in Brunswick, Maine. 

90 Years Ago: Photographing the Planets
Photographic evidence seemed to point to the presence of life on Mars.

echoes of the past

Four of Slipher’s photographs showing seasonal darkening on 
Mars during different years.
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by Katherine Bracher

http://www.lowell.edu
http://adsabs.harvard.edu/full/1921PASP...33..127S
http://adsabs.harvard.edu/full/1921PASP...33..127S
mailto:kbracher%40earthlink.net?subject=
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It was a half millennium ago that Erasmus reinhold was born in 
Saalfeld, Germany. At the time Henry VIII was on the throne of 
England, Louis XII was King of France, Maximilian I was the 

Holy roman Emperor, and Julius II was Pope. It was an age of great 
monarchs who have left a lasting impression on history and civiliza-
tion. Even though only scholars of astronomical history know 
reinhold’s name, he played a major role in helping disseminate the 
ideas of the great Nicolaus Copernicus, ideas that forever changed 
our understanding of our place in the universe. 

Nine years before he was born, the University of Wittenberg was 
founded by Frederick the Wise, Elector of Saxony. By 1519 the uni-
versity was the center of the Protestant reformation that split the 
Catholic Church, and Philipp Melanchthon, a collaborator with 
Martin Luther, had become a faculty member. It was Melanchthon 
who set reinhold on his career path, appointing him professor of 
mathematics at Wittenberg in 1540.

The nature of the universe 
was a topic that had exercised the 
best minds since the times of 
ancient Greece. There were two 
great opposing theories — those 
of Aristotle and Ptolemy. Nearly 
40 years before reinhold was 
born, the Austrian astronomer 
Georg von Peurbach attempted 
to reconcile these theories in his 
book Theorica novae planetarum 
(New Theory of the Planets). 
reinhold was also fascinated by 
this topic, and in 1542 he wrote a com-
mentary on Peurbach’s work. It was in 
this commentary that reinhold made favorable references to a  
contemporary of his, one who was also struggling with the great 
question of how the heavens were constructed. His name was 
Nicolaus Copernicus.

While Copernicus’ book de Revolutionibus Orbium Coelestium — 
placing the Sun (not Earth) at the center of the heavens — was not 
published until his death a year later (in 1543), reinhold was very 
much aware of what Copernicus was working on. Once the book 
was in print, reinhold made extensive annotations to his  
personal copy. It was this copy, now at the royal Observatory in 
Edinburgh, which started Harvard University’s Owen Gingerich on 
his quest for all the first and second editions of the book he could 
find. A great deal of our understanding about Copernicus and  
reinhold comes from Gingerich’s studies during the past four 
decades, much of it contained in The Book Nobody Read (2004).

To understand 
the important con-
nection between 
reinhold and 
Copernicus, we 
have to go back to 
the 13th century, 
when Alfonso X 
(the King of Cas-
tile) commissioned 
the development of 
tables for determin-
ing the positions of 
the Sun, Moon, and 
planets. Known as 
the Alfonsine Tables 
in his honor, they 
were used for 300 years  
— even Copernicus had  
a copy. 

In 1551 reinhold published a revised set of tables, known as the 
Prutenic Tables, which were based on the work of Copernicus. 
Christopher Clavius used reinhold’s Prutenic Tables and Copernicus’ 
work as a basis for the calendar reform directed by Pope Gregory 
XIII (see the Winter issue of Mercury, 2009, Vol. 38, No. 1, page 10).

These astronomical tables disseminated the calculation methods 
of Copernicus throughout the Holy roman Empire. But Gingerich 
notes that they showed a “notable lack of commitment” to helio-
centricity and were “carefully framed” to be independent of the 
movement of Earth. reinhold used Copernicus’ mathematical 
methods but rejected his basic cosmology of a Sun-centered cosmos.

Even so, the Prutenic Tables were instrumental in establishing the 
reputation of Copernicus as a mathematician and astronomer on a 
level to rival the immortal Ptolemy. To understand what a grip the 
words of Ptolemy still had after nearly 1,500 years, one has only to 
consider reinhold himself. In an unpublished commentary about 
Copernicus’ book, reinhold calculated the distance from Earth to 
the Sun. Not content with the result, he fudged his own calculation 
method to get a result close to what Ptolemy had written.

reinhold’s name has been immortalized via a crater on the 
Moon, not far from a crater every amateur astronomer who has 
ever looked at the Moon is very familiar with — the great impact 
crater Copernicus. 

CLIFFORD CUNNINGHAM most recently met with Owen Gingerich at 
Cambridge University, England, in the spring of 2011.

Erasmus Reinhold at 500
His Prutenic Tables were instrumental in establishing the reputation of Copernicus.

annals of astronomy

by Clifford J. Cunningham

The title page of Reinhold’s Prvdenticae 
tabvlae coelestivm motvvm (Prutenic 
Tables).

A sketch portrait of 
Erasmus Reinhold.

http://www.univie.ac.at/hwastro/rare/1473_peuerbach.htm
http://ads.harvard.edu/books/1543droc.book
http://www.fas.harvard.edu/~hsdept/bios/gingerich.html
http://www.complete-review.com/reviews/scibio/copernn1.htm
http://en.wikipedia.org/wiki/Pope_Gregory_XIII
http://en.wikipedia.org/wiki/Pope_Gregory_XIII
http://www.lpod.org/?m=20071119
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astronomer’s notebook

Interstellar astrophysicists have been plagued by two mysteries 
for decades. The first is the origin of the diffuse interstellar 
bands, or DIBs, that show up as absorption features in the con-

tinuous spectra of hot stars. The first DIBs were identified in 1922, 
and presently more than 400 DIBs are recognized, with wavelengths 
ranging from visible to infrared (4000Å to 10,000 Å). These lines 
are detected in both galactic and extragalactic sources and at cos-
mological distances. The second mystery is the progenitor of the 
broad absorption feature centered at 2175 Å in the ultraviolet spec-
tra of heavily reddened stars. This “extinction bump,” discovered 
nearly four decades ago, is observed throughout the galaxy and in 
distant galaxies as well. 

The exact nature of the progenitors of the DIBs and the extinc-
tion bump is not known. However, there is strong evidence that 
complex carbon molecules called polycyclic aromatic hydrocarbons 
(PAHs) are the likely culprits. Astrochemists suggest that PAHs are 
produced by carbon-rich, red giant stars and are among the most 
common form of carbon compounds in space.

But are PAHs really responsible for both the DIBs and the 
extinction bump in ultraviolet? Despite numerous studies during a 
period of three decades, little progress has been made, and the 
astrophysical literature abounds with contradictory conclusions. 
recently astrophysicists F. Y. Xiang, Aigen Li, and J. X. zhong 
reviewed the literature and posit that the discrepant results originates 
because of differences in how different groups determined the 
strength of the 2175 Å extinction bump. 

Using data from the literature, the trio re-examined the correla-
tion between the strength of the DIBs and the extinction bump. 
They examined 84 lines of sight in the night sky for which both DIB 
and extinction bump data are available. In most of the previous 
studies, researchers used the height of the 2175 Å bump to deter-
mine the strength of the feature. Xiang, Li, and zhong decided that 
the area under the extinction bump is a better measure of the bump 
strength. Accordingly, they measured the strength of the bump as 
the area above the “linear background extinction.” In spectroscopic 
terms they determined the “equivalent width” of the bump, consis-
tent with the method used by previous researchers to measure the 
strength of DIBs.

Their study concentrated on nine strong DIBs found in the visible 
region of the spectrum. They found that the correlation coefficient 
for these nine lines all fall below 0.60. This means it is unlikely that 
any real correlation exists between these nine DIBs and the 2175 Å 
extinction bump. Does this unequivocally demonstrate that PAHs 
cannot be responsible for both the DIBs and the extinction bump?

Well, not really. Xiang, Li, and zhong point out there is at least 
qualitative evidence that suggests a correlation. For example, within 

the Milky Way 
there are lines 
of sight that 
exhibit weak 
DIBs and weak 
extinction 
bumps, while 
in the Small 
Magellanic 
Cloud there is 
one line of 
sight in which 
both features 
are observed, 
and five other 
lines of sight 
through which 
neither DIBs 
nor the extinction bump are present. 

The trio took another look at the issue of correlation. It turns out 
that individual diffuse interstellar bands are likely produced by a 
single polycyclic aromatic hydrocarbon, whereas the 2175 Å bump 
is suspected to arise from a mixture of many different PAH species. 
So they looked at the correlation between the sum total strength of 
all nine DIBs and the strength of the extinction bump. They used 
nine lines of sight that had data for all nine DIBs and the bump; 
still, the correlation is weak, if not non-existent.

Where does this leave things? Xiang and colleagues remind us 
that laboratory studies of PAHs indicate that a single PAH will pro-
duce a sharp UV absorption, but it has also been shown (theoreti-
cally and experimentally) that a complex mixture of PAHs in space 
would result in a broad absorption feature in the ultraviolet. PAHs 
might still be the progenitors of both DIBs and the extinction bump 
— DIBs could come from small, gas-phase PAHs and their ions, and 
the bump might be the result of absorption by large PAHs or clusters 
of condensed PAHs. It is also possible that other chemical species, 
such as graphite dust and carbon buckyonions (or multishell fuller-
enes), also contribute to the production of the extinction bump. 
Consequently, this cosmic mystery is still not resolved. 

JENNIFER BIRRIEL is Associate Professor of Physics in the Department of 
Mathematics, Computer Science, & Physics at Morehead State University. . 

This column is dedicated to her father, Dr. Jerry R. Dias, a Curators’ Professor 
of Chemistry at the University of MO in Kansas City, who has  

spent more than 25 years studying PAHs.

The Origin of Interstellar Absorption Features
Are PAHs responsible for diffuse interstellar bands and the 2175 Å extinction bump?

by Jennifer Birriel

An interstellar nebula showing PAH emission 
in red, some PAH molecular structures, and the 
interstellar PAH infrared signature.
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http://www.eas-journal.org/index.php?option=com_article&access=standard&Itemid=129&url=/articles/eas/abs/2011/01/eas1146035/eas1146035.html
http://www.eas-journal.org/index.php?option=com_article&access=standard&Itemid=129&url=/articles/eas/abs/2011/01/eas1146035/eas1146035.html
http://www.astrochem.org/sci/Cosmic_Complexity_PAHs.php
http://iopscience.iop.org/0004-637X/733/2/91/?rss=2.0
http://www.slac.stanford.edu/econf/C0307073/papers/SI.pdf
http://www.slac.stanford.edu/econf/C0307073/papers/SI.pdf
http://www.astrochem.org/pahdb/pressrelease
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planetary perspectives

The ring systems of the giant planets are more than 
just beautiful adornments circling the cloudy 
worlds of the outer solar system. They are Isaac 

Newton’s playground, spectacular natural gravitational 
laboratories evolving intricate structures born of time and 
inverse-square law interactions between countless moon-
lets and moons. The processes at play there can teach us a 
great deal about the interiors of their parent planets and 
the histories of their attendant larger satellites.

Two new studies now show us that the ring systems of 
Saturn and Jupiter record evidence of past cometary inter-
lopers as well.

In August 2009, as Saturn passed through its spring 
equinox, the Sun illuminated the planet’s rings almost 
exactly edge-on. This afforded a particularly opportune 
chance for the Cassini spacecraft to make numerous 
observations of the rings under unique lighting condi-
tions that might potentially highlight new features and 
reveal new phenomena unobservable from ground-based 
observatories. Indeed, Cassini obtained spectacular 
images of dramatic, spire-like shadows cast by ephemeral clumps of 
particles in the outer edge of the B ring, as well as double-armed 
propeller-shaped structures associated with embedded moonlets.

But even more surprising was the discovery of a series of regularly 
spaced bright and dark bands extending across the entire C ring. 
This periodic banding had not been seen in earlier Cassini observa-
tions of the C ring, so the features could not be explained as simple 
variations in the spatial or optical density of the ring, which would 
have been seen before. Instead, the bands were shadows cast by a 
vertical corrugation extending through the entire extent of the C 
ring. The ring is very thin for its tremendous radial extent, and the 
corrugations responsible for the newly found 30- to 80-km-long 
shadowy bands are only some 2 to 20 meters high.

A new study by Matt Hedman and his colleagues on the Cassini 
imaging team has interpreted these vertical waves as a perturbation 
propagated through the ring after an event caused a portion of the 
ring to become inclined. Hedman used the observed amplitude and 
wavelength of the corrugations to ‘unwind’ the spiral-like structure 
and calculate the time that has elapsed since the ring was perturbed 
into a simple inclined sheet.

The answer came out to be an 80-day period centered around 
September 20, 1983, within a year of the date estimated for an event 
ushering in a similar set of corrugations in the D-ring. Hedman and 
colleagues concluded that a single event was probably responsible 
for setting the rings askew. A natural first guess for such an event 
would be an impact of some kind. But the impact of, say, a single 

intact comet nucleus would involve only a tiny portion of the ring, 
and it’s hard to imagine that would produce any sort of feature as 
radially extensive as the observed corrugations.

But, in a related study with Hedman, Mark Showalter points out 
that Jupiter’s main ring shows a very similar vertical corrugation, 
imaged by the Galileo spacecraft in 1996 and again in 2000. Using 
the same ‘unwinding’ calculations, Showalter and colleagues have 
shown that the pattern in Jupiter’s ring system would have originated 
between July and October 1994. Very interestingly, this range of 
dates coincides with the impacts into Jupiter of the remnants of 
comet Shoemaker-Levy 9. Although the comet fragments them-
selves slammed into Jupiter’s southern latitudes on a north-bound 
trajectory and therefore never reached the ring plane, a dispersed 
cloud of dust grains from the disrupted comet could have been 
deflected into the rings by the effects of solar radiation pressure. 
Such a dispersed mass of dust could interact with a broad area  
of the rings and a large mass of ring material, setting a portion of 
the ring atilt.

Saturn was near solar conjunction during the fall of 1983, so we 
wouldn’t have seen the event that caused the corrugations in the C 
and D rings. But there’s a fair chance that we missed an interesting 
Shoemaker-Levy 9-like show. 

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

Curious Corrugations in Saturn’s C Ring
Features in the rings of Saturn and Jupiter record past cometary impacts.

by Daniel D. Durda

Above: One segment of the C ring. 
Right: A Cassini webpage has an 
animation of the three graphic panels 
shown here.
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http://photojournal.jpl.nasa.gov/catalog/?IDNumber=PIA11668
http://photojournal.jpl.nasa.gov/catalog/?IDNumber=PIA12790
http://astro.cornell.edu/~mmhedman/papers_published/dring_icarus.pdf
http://astro.cornell.edu/~mmhedman/papers_published/jwarp_all_revised.pdf
http://www.ciclops.org/view/6760/Subtle_Ripples_in_Jupiters_Ring
http://nssdc.gsfc.nasa.gov/planetary/comet.html
http://www.ciclops.org/view/6748/Tilting_Saturns_Rings
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Despite the universe’s rapid expansion, which ultimately will 
shift every star and every bit of matter infinitely distant 
from each other, astronomers millions of years from now 

will still be able to infer the Big Bang, according to Harvard theo-
rist Avi Loeb, as described in an upcoming issue of Journal of 
Cosmology and Astroparticle Physics. And it’s a good thing, too, 
because, given the current funding climate, it might take that long 
to build and launch more satellites to study cosmology.

NASA has all but killed its cosmology and astrophysics pro-
gram, at one time known as “Beyond Einstein.” remember that one 
mission that would detect gravitational waves from merging black 
holes? Gone. How about that other mission to “film movies” of 
matter falling into a black hole? Gone.

The short story is that competition is intense, funding is lean, 
and what little money there is to be had is going towards Hubble’s 
successor, the James Webb Space Telescope. The long story is actu-
ally more succinct than the short story: Astrophysicists see little in 
the mission pipeline to keep them employed.

It all started back in April, when Jon Morse, head of NASA’s 
astrophysics division, told the astrophysics advisory board that 
NASA was cutting funding for two flagship missions being devel-
oped with the European Space Agency: the Laser Interferometer 
Space Antenna (LISA) and the International X-ray Observatory 
(IXO), previously known as Constellation-X. This led ESA to scrap 
the partnerships, fearing that these missions would never launch. 

ESA was committed to approximately half of the combined $7.5 
billion price tag for both missions. It is now scrambling for a plan 
B, while its trust in NASA has plummeted.

LISA, more than 14 years in the making, was the highly 
acclaimed mission to measure gravitational waves — predicted by 
Albert Einstein but never directly detected. IXO, scaled down over 
the years to one satellite from a proposed fleet of X-ray detectors, 
was to succeed NASA’s Chandra X-ray Observatory. 

Both missions received high marks in the 2010 Astronomy and 
Astrophysics Decadal Survey, an independent report from scientists 
concerning what missions should receive the highest funding prior-
ity — for what it’s worth.

So it seems that the inside joke rings true — that GLAST, 
NASA’s developmental name for the Gamma ray Large Area Space 
Telescope, really stood for the “Gee, Last ASTrophysics mission.” 
GLAST is now called Fermi and is in its third year of splendid 
operation. But other than this mission, there is precious little to 
feed hungry astrophysicists. A famine will be upon them in just a 
few years.

The current workhorses for X-ray astronomers are Chandra and 
ESA’s XMM-Newton. Both are more than 10 years old, they can’t be 

serviced like Hubble, and both will likely be scuttled by mid-
decade. The great rossi X-ray Timing Explorer, launched in 1995, 
will be turned off in December 2011.

Japan’s Suzaku is “only” six years old; but its main NASA-built 
instrument failed after launch. Swift, NASA’s gamma-ray burst 
hunter launched in 2004, has been one of the most successful  
missions in recent years in terms of low cost and spectacular  
performance, but it’s a tiny thing.

In development are only three astrophysics missions: NuSTAr, 
GEMS, and Astro-H. NuSTAr, smaller than Swift, is an experi-
mental, two-year mission to be launched in 2012 to test new high-
energy x-ray imaging technology. Not a bad snack, but it won’t feed 
many astronomers.

GEMS, the Gravity and Extreme Magnetism SMEX planned for 
2014, is a nine-month experimental mission to test an X-ray polar-
imeter. Very exciting…but just an entrée. The Japanese-led 
Astro-H, also known as NeXT for New X-ray Telescope, is planned 
for 2014 and will be the one facility-class mission to support the 
thousands in the X-ray astronomy community.

The above list is an alphabet soup of missions, but the take-
home message is that without LISA and IXO the entire field of 
astrophysics is in jeopardy. Many scientists have dedicated most or 
all of their careers based on the development of these missions.

Who is to blame? Astrophysicists are angry and frustrated, but 
extrasolar-planet hunters and the extensive James Webb team aren’t 
glib. Yes, these latter groups have funding…for now. And their mis-
sions are equally as important to the broad field of astronomy as 
IXO and LISA are. But no one will be surprised if those ambitious 
projects are scaled back or cancelled.

While this is the most exciting time ever in astrophysics — with 
all these mysteries in our grasp about how the universe began, what 
happens to time and matter at the edge of black hole, and what is 
the “dark energy” ripping apart the universe — the United States is 
facing across-the-board cuts in health and science. That’s the reality. 
One must look beyond NASA for blame. 

Baltimore-based health and science writer CHRISTOPHER WANJEK has 
covered LISA and IXO and all of their incarnations from 1998, when they 

were just dreams, to 2011, when they are still dreams.

The Death of Astrophysics?
Maybe our great-great-great-great-grandchildren will explain today’s cosmological mysteries.

armchair astrophysics

by Christopher Wanjek

http://www.cfa.harvard.edu/news/2011/pr201111.html
http://www.jwst.nasa.gov
http://lisa.nasa.gov
http://lisa.nasa.gov
http://constellation.gsfc.nasa.gov
http://www.nap.edu/catalog.php?record_id=12951
http://fermi.gsfc.nasa.gov
http://chandra.harvard.edu
http://sci.esa.int/science-e/www/area/index.cfm?fareaid=23
http://heasarc.nasa.gov/docs/xte/learning_center
http://universe.gsfc.nasa.gov/xrays/programs/astroe/astroe.html
http://heasarc.nasa.gov/docs/swift/swiftsc.html
http://www.nustar.caltech.edu
http://heasarc.nasa.gov/docs/gems
http://astro-h.isas.jaxa.jp/index.html.en
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Too many instructors teach Astronomy 101 as if the goal of 
education is to cover the textbook from cover to cover, 
treating every topic from ocean tides to the meaning of the 

Hubble diagram with equal merit. Better teachers develop a list of 
topics that they wish to discuss during their Astro 101 course, nar-
rowing their focus to a few main ideas and physical concepts and 
bolstering these targets with a strong scaffold of supporting ideas. 

For instance, one might wish to discuss the Hr diagram and 
how it provides tools for finding stellar distances and revealing 
star’s relative ages. Careful instructors schedule the introduction of 
the diagram after discussions about how to find stellar mass, radi-
us, temperature, and luminosity, so students have the skills to not 
only understand the Hr diagram but to handle new tools, such as 
spectroscopic parallax. 

But often, even after our best efforts to lay an orderly path from 
basic concepts to our goal, students appear lost and inappropriately 
resort to memorization instead of reasoning skills. Instructors 
shake their heads and claim that last term’s cohort learned the 
material from the same set of activities but that this group does  
not get it.

The flaw that appears from nowhere to torpedo our efforts is 
the seldom-heard-of “threshold concept.” Many of us know of “key 
concepts,” those ideas important to the understanding of a topic. 
Jan Meyer introduced threshold concepts as concepts central to 
mastery of a topic. They are transformative and irreversible in that 
they cause a student to perceive the broader topic in a new way and 
hence the student cannot return to the prior view. Threshold con-
cepts provide the means to integrate allied concepts into a larger 
cohesive structure. 

Mastery of the threshold concept is transitional, meaning that 
one needs to grasp this idea to pass over to the understanding on 
the other side. Kepler’s third law is a key concept in the discussion 
of stellar mass, for example, as it is important to the topic, but it is 
not a threshold concept because it does not transform how you 
perceive stars.

Threshold concepts can be hard to identify; they are not simply 
abilities that students must master. Worse, the thresholds may be 
different for different students.

As an example, one may wish to use magnitudes in the discussion 
of stellar distances. Key concepts would be apparent magnitude and 
absolute magnitude. Students often do not master magnitudes and 
how to use them to determine distance, because they fail to grasp 
the threshold concept that magnitudes are not cardinal numbers 

but ordinal numbers — perceiving a magnitude not as an ordinary 
number but as a token that indicates brighter and fainter is transi-
tional and transformative. Without this concept, students can never 
deal with the larger concept of distance modulus.

Mastering threshold concepts is not only hard work, but stu-
dents don’t always like learning what is on the other side. Learning 
about density, for example, forces students to reject their previously 
held ideas that bigger objects have to be more massive. A mixture 
of disbelief, self-doubt, and frustration can ensue; students need to 
have reassurance from instructors that we all have to deal with 
“troublesome knowledge.”

Determining what the threshold concept is for each core idea 
requires some thought by the instructor and some reflection by 
students. Indeed, the threshold may lie at different places for differ-
ent students. But once you know that thresholds exist, and that 
they are the reason why students either succeed or fail to master 
concepts, the sooner you can help your students cross through to 
the other side of understanding.

Department of Second Thoughts 
In the “Education Matters” column in the Autumn 2009 issue of 
Mercury (Vol. 38, No. 4, page 11), I discussed learning styles. A 
recent meta-analysis of learning styles by Harold Pashler and co-
workers indicates there is insufficient evidence to claim that adapt-
ing teaching styles to student learning styles impacts learning gains. 

Instead of trying to mesh teaching techniques with learners’ 
styles, the authors argue that instructors should match concepts 
with appropriate teaching tools. Even critics of Pashler’s analysis 
agree that adjusting teaching to student learning styles is beside the 
point in classroom practice. Instructors should look past their pre-
ferred learning style and reflect on how best to present material, 
using a mixture of learner-centered methodologies. 

DAVID BRUNING teaches astronomy at a Midwestern state university. His 
threshold concept about becoming a better teacher seems to be threshold 

concepts (iterate as needed).

Opening the Door to Conceptual  
Understanding
Some concepts are more important than others in promoting understanding.

education matters

by David Bruning

http://www.ee.ucl.ac.uk/~mflanaga/thresholds.html
http://csep10.phys.utk.edu/astr161/lect/history/kepler.html
http://www.staffs.ac.uk/schools/business/iepr/etc/WorkingPapers/etcworkingpaper1.pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1467-9752.2007.00554.x/full?globalMessage=0
http://onlinelibrary.wiley.com/doi/10.1111/j.1467-9752.2007.00554.x/full?globalMessage=0
http://outreach.atnf.csiro.au/education/senior/astrophysics/photometry_magnitude.html
http://outreach.atnf.csiro.au/education/senior/astrophysics/photometry_magnitude.html
http://www.ee.ucl.ac.uk/~mflanaga/popupTroublesomeness.html
http://www.psychologicalscience.org/journals/pspi/pspi_9_3.pdf
http://chronicle.com/article/Matching-Teaching-Style-to/49497
http://chronicle.com/article/Matching-Teaching-Style-to/49497
mailto:david.bruning@uwp.edu
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Astronomers “reach out” to share their knowledge of the 
extraordinary universe. We want our audience to walk away 
from our outreach efforts having gained new information 

and a new appreciation of the cosmos. Unfortunately, in transferring 
information from ourselves to our audiences, we are often hindered 
by the human attention span. 

Still with me?
The typical attention span is notoriously lacking — our minds 

start to wander after a mere 15 minutes. This has long been identi-
fied as a barrier to learning in the traditional undergraduate lecture 
classroom, and it has led to fantastic innovations in teaching such  
as response clickers, think-peer-share, group activities, and one-
minute papers. Some classrooms have even transitioned away from 
lectures to activity-based models such as “SCALE-UP.” 

Despite these advances, the pure lecture format clings to life in 
the typical public outreach presentation. 

There are clear differences between your classroom audience and 
a public lecture audience. Undergraduates take astronomy classes 
for many reasons — some students have a true interest, while others 
want an easy science credit. We can reasonably assume that not 
every student in our classroom is going to be focused on, or inter-
ested, in the topic of the day. The public audience, on the other 
hand, is an entirely different beast. Most members of the public 
audience are there because they want to be. These audience mem-
bers have willingly sacrificed their time to come and listen to us! 

Given the assumed motivations of our audiences, we make con-
scious choices about how to present material in these two different 
situations. In the classroom, we work to add “change-ups” to keep 
interest and attention as high as possible — or at least to keep every-
one awake! Given that we assume (correctly or not) that the median 
interest level at a public lecture is significantly higher than the typi-
cal Astronomy 101 classroom, we have a tendency to also assume 
that such an audience is willing and able to sit through an uninter-
rupted 60-minute lecture. 

Now think back to all the lectures you have attended. You may 
have occasionally found your mind wandering or your eyes droop-
ing, despite an extremely interesting lecture given by an engaging 
speaker. Or maybe you attended a lecture that was very informative 
— only to find that a day later the information just didn’t stick in 
your head. This is not a matter of “brainpower” or will power — it’s 
a matter of being human. 

Even with the most willing audiences, astronomers should work 
to apply what we know about classroom learning to the public lec-
ture setting. So I send out a challenge for you to think carefully 
about how you give your next public lecture — you can do more 
than just talk at the audience. 

Of course, many public lecture venues are not set up to encour-
age audience participation or interaction. Don’t let these limitations 
stop you. Also, remember that your audience likely expects to 
remain passive during your presentation. Fortunately, they should 
be a willing group who will follow your lead even if you challenge 
them more than anticipated. 

You don’t need to significantly alter your presentation — just add 
one or two “change-ups” to a lecture to help re-engage any audience 
members whose attention may be waning and to keep everyone’s 
brain really working. How about a “clicker” question answered by a 
show of hands? You could add peer-learning by encouraging the 
audience members to discuss the answer with their neighbors. 
Audience neighbors can even do simple small group activities or 
have brief discussions. If you have demos, consider asking a few 
audience members up on stage to assist you. Ask for opinions from 
the audience. Ask them to stand or move around the auditorium in 
response to a question. Do anything you can to get your audience 
actively thinking! 

Astronomy public outreach is intrinsically interactive when it 
happens in the observatory — where we can use our telescopes to 
show off the sky and can easily answer questions one-on-one. We 
should strive to bring a piece of this interaction into our public  
lectures to fully engage our audience members so that they hear and 
remember all the wonderful things we have to share. 

BETHANY COBB is a National Science Foundation Astronomy  
and Astrophysics Postdoctoral Fellow at The George Washington University, 

where she studies gamma-ray bursts and currently teaches  
physics/astronomy to non-science majors. 

Public Audiences Are Different
Members of a public audience are there because they want to be, so adjust your presentation accordingly.

reaching out

by Bethany Cobb
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The June 8, 2004, transit of Venus at sunrise from an overlook above the 
Catawba River near Connelly’s Springs, NC. Courtesy David Cortner.

by Paul Deans

You won’t get another chance to 
see this rare astronomical event.

T h e  2 0 1 2  
T r a n s i T  o f  V e n u s

http://www.davidcortner.com
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The phrase “once in a lifetime” denotes a rare event. A Venus 
transit is actually a twice-in-a-lifetime event, because two transits 
occur within a span of eight years. But each transit pair is separated 
from the next (and previous) pair by more than a century. Since the 
invention of the telescope, only three transit sets have occurred: 
1631 and 1639; 1761 and 1769; and 1874 and 1882. The current pair 
(2004 and 2012) concludes next year. Miss 2012, and you’ll have to 
wait 105 years — until December 11, 2117 — for the start of the 
next transit pair (2117 and 2125). 

Why so rare? It’s all in the tilt.

The Science of Transits
An inferior conjunction occurs when an inner planet (Mercury or 
Venus) passes between us and the Sun, A transit takes place when an 
inner planet, during inferior conjunction, passes across any part of 
the Sun’s face as seen from Earth. Because we think of the planets as 
orbiting the Sun in a flat plane (called the ecliptic), it might be 
assumed that we should see a transit at every inferior conjunction 
(which, in the case of Venus, is every 584 days). 

But the planets do not swing around the Sun in a flat plane — 
their orbits are slightly inclined (if we take the plane of Earth’s orbit 
to equal 0°). The orbital tilt of Venus is 3.4° relative to Earth’s. This 
means Venus’ orbit intersects the ecliptic at two points (nodes) that 
currently cross the Sun each year during early June and December. 
Only if Venus moves through an inferior conjunction at a node does 
a transit takes place.

But a node passage during an inferior conjunction is rare: Venus 
usually passes above or below the ecliptic (above or below the Sun 
as seen from Earth). When they do occur, transits happen within a 
day of June 7 and December 9, though this date gradually shifts as 
the position of the nodes slowly precesses during a period of some 
80,000 years (see NASA’s Six Millennium Catalog of Venus Transits).

Venus transits show an unusual recurring pattern. When one 
transit takes place, a second follows eight years later. That’s because 
while Earth revolves around the Sun eight times (eight years), Venus 
completes almost exactly 13 revolutions. As a result, Venus and 
Earth line up in nearly the same positions with respect to the Sun 
every eight years.

But due to the precession of Venus’ orbit around the Sun, the 
node/conjunction alignment (that gives us a transit) is lost and 
doesn't return for another 105.5 years or 121.5 years. In fact, the 
complete sequence (8, 105.5, 8, and 121.5 years) repeats every 243 
years. During those 243 Earth orbits of the Sun, Venus completes 

395 orbits, at which point both planets are again at almost exactly 
the same point in their respective orbits, and the cycle begins again. 
But it’s a long cycle — during the 6,000 years between 2000 BC and 
4000 AD, Venus transits the Sun only 81 times.

First Sighting
About fifteen minutes past three in the afternoon…the clouds, as if by 
divine interposition, were entirely dispersed…I then beheld a most 
agreeable spectacle, the object of my sanguine wishes, a spot of unusual 
magnitude and of a perfectly circular shape, which had already fully 
entered upon the sun’s disc on the left, so that the limbs of the Sun and 
Venus precisely coincided, forming an angle of contact.

Jeremiah Horrocks, 1639

Despite extensive searches by numerous researchers, there is no firm 
evidence that a transit of Venus was ever observed prior to 1639. A 
study of naked-eye sunspot sightings made by long-ago Chinese 
astronomers, who were renowned for their skywatching prowess, 
turned up no instances where a sunspot (that might have been the 
planet) was seen on a Venus-transit day. Of course, back then, 
nobody knew of planetary transits.

In 1627, a breakthrough. Johannes Kepler published the 
Rudolphine Tables, which consisted of a catalog of star positions and 
tables used to determine planetary positions. These tables allowed 
planet positions to be calculated with a greater accuracy than all 
previous efforts. Based on the tables, Kepler realized that first 
Mercury, and then Venus, would transit the Sun’s disk in late 1631.

Two astronomers observed it in 1639. 
Hundreds viewed it in 1769. Hun-
dreds of thousands of spectators 
caught at least a glimpse of it in 1882. 
No one knows how many  millions 
— perhaps even hundreds of mil-
lions — witnessed it in 2004. And 
June 5/6, 2012, is your only opportu-
nity to see it. So, where will you be 
during next year’s transit of Venus?

The approximate positions of Venus at inferior conjunction during four 
consecutive eight-year periods (not to scale).
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Kepler died in 1630, but French astronomer Pierre Gassendi took 
it upon himself to detect both. On November 7, 1631, Gassendi 
spotted Mercury on the solar face and made the first transit obser-
vation in history. He was tormented by intermittent clouds and was 
nearly deceived by Mercury’s small size. “But when the sun shone 
again, I discovered further movement, and only then did I conclude 
that Mercury had come in on his splendid wings.”

The following month, Gassendi tried to observe the transit of 
Venus, but Kepler’s computations weren’t precise enough, and he 
didn’t see it. It turns out (based on modern calculations) that the 
transit ended about 50 minutes before sunrise at Paris, Gassendi’s 
observing site.

According to Kepler, the next Venus transit wouldn’t occur until 
1761. But in 1639, Jeremiah Horrocks, a young British amateur 
astronomer, reworked Kepler’s Venus calculations and discovered 
that the planet would likely transit the Sun later that year. Because 
Horrocks determined this a mere month before the event, he had 
little time to spread the word. As a result, only Horrocks (in Hoole, 
a small village in Lancashire) and his good friend William Crabtree 
(in Manchester) witnessed the transit of Venus on December 4, 
1639 — November 24, according to the Julian calendar, which was 
still in place in England at the time. An interesting account of their 

observations, 
published 
more than 120 
years after the 
fact, appears 
in the Annual 
Register. In 
addition to 
being the first 
to see Venus 
silhouetted 
against the 
solar face, 
Horrocks used 
his observa-
tions to determine the diameter of Venus — it was ten times smaller 
than expected — and improve the planet’s orbital elements.

How Far the Sun?
And indeed I would have several observations made of the same phe-
nomenon in different parts… lest a single observer should happen to 
be disappointed by the intervention of clouds from seeing what I know 
not if those either of the present or following age shall ever see again; 
and upon which, the certain and adequate solution of the noblest, and 
otherwise most difficult problem depends.

Edmund Halley, 1716

The big scientific question of the 18th century was the size of the 
solar system. Thanks to Kepler’s third law of planetary motion, 
astronomers knew the relationship between a planet’s orbital period 
and its distance from the Sun. But though the planetary periods 
were known, no one knew the actual Earth-Sun separation — 
Kepler himself estimated 24 million kilometers — without which 
the exact distances to the planets could not be determined . 

During a close approach of Mars to Earth in 1672, Giovanni 
Cassini (in Paris) and Jean richer (in Cayenne, French Guiana) 
observed Mars simultaneously. Because the two astronomers were at 
different locations, they saw Mars in slightly different positions 
against the background stars — an effect called parallax. Cassini 
used these measurements to first calculate the separation between 
Earth and Mars, and then the Earth-Sun distance. His estimate — 

Jeremiah Horrocks observing the 1639 transit of 
Venus, from a 1903 painting by J.W. Lavender.

The frontispiece of Kepler’s Rudolphine Tables celebrates the great 
astronomers of the past, including Hipparchus, Ptolemy, Copernicus, and 
Tycho Brahe. 

A Northern Hemisphere observer carefully times the entire transit (∆t2), 
as does another in the Southern Hemisphere (∆t1). The two will see 
Venus trace out different paths (in different lengths of time) across the 
solar disk. According to Edmund Halley, the dissimilar times would allow 
the separation of the chords to be calculated, and this parallax, together 
with Kepler’s third law, could be used to calculate the Earth-Sun distance. 
(The illustration is not to scale.)
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140 million kilometers — was low but close to the correct value.
The measurements made by Cassini and richer were difficult to 

perform, and astronomers were eager to find a more accurate meth-
od of determining the Earth-Sun distance. In 1677, Edmund Halley 
observed a transit of Mercury and realized that the solution lay in 
transits — especially of Venus, because it was the larger of the two 
inner planets. He replaced parallax measurements with measure-
ments of time and proposed that, by recording the instant of second 

and third contact from widely spaced observing sites on Earth, 
astronomers could calculate the distance to Venus using the princi-
ples of parallax. His seminal paper on this topic, A New Method of 
Determining the Parallax of the Sun, appeared in 1716.

Halley died in 1742, 19 years before the start of the next transit 
pair in 1761. But his proposal inspired scientific societies in various 
countries to mount numerous expeditions to far-flung regions of the 
Earth. The goal was to secure enough cloud-free measurements, by 
widely separated observers, to determine the Earth-Sun distance 
with the highest possible precision. Things didn’t work out quite as 
planned, even when the weather cooperated.

Drawings of the transit of Venus from Tahiti by Captain James Cook. Note 
the black-drop effect when Venus is near the solar limb in Fig 2 and Fig 6.

An illustration showing the black drop. According to the paper The Black-
drop Effect Explained by Pasachoff, Schneider, and Golub, “…the black-
drop effect was not intrinsic to Venus but was rather a combination of 
instrumental effects and effects to some degree in the atmospheres of 
Earth, Venus, and Sun…”.

Transit Contacts

During a transit, there are four contacts. First contact (also called external ingress) occurs when the limb of the planet first touches the 
limb of the Sun. The planet’s disk then crosses the Sun’s limb and second contact (internal ingress) takes place the moment the planet is 
completely on the solar disk. After the planet transits the Sun, third contact (internal egress) happens when the edge of the planet again 
touches the solar limb. The planet’s disk again crosses the Sun’s limb, and fourth contact (external egress) occurs the moment the planet 
departs the Sun’s edge.

    — P. D.
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Observers found that a turbulent Sun-Venus image (caused by 
Earth’s unstable atmosphere), combined with a bright, fuzzy ring of 
light around Venus, made precise timing of Venus’ contacts at the 
Sun’s limb almost impossible. 

Even worse, timings were foiled by something called the black 
drop: a small, black extension that appeared to connect Venus’ disk 
to the solar limb at the critical second and third contacts. The black 
drop caused such significant variations in the recorded contact 
times — even among observers sitting side-by-side — that the 
resulting post-transit calculations produced a variety of Earth-Sun 
distances. It wasn’t until 1824 that the German astronomer Johann 
Franz Encke used the new mathematical method of least squares to 
calculate a reasonable average value: 153.4 million kilometers.

Space does not permit an adequate description of all the tales of 
joy and woe, success and failure that befell the more than 150 
observers at some 125 stations around the world before, during, and 
after the 1761 and 1769 transits. A (Not so) Brief History of the 
Transits of Venus is a reasonably concise summary (despite its title) 
of some of these expeditions (plus those of later transits). Perhaps 
the saddest story is that of Guillaume le Gentil, who was away from 
home for more than 11 years and failed to observe either transit. His 
heartbreaking tale is recounted in Out of Old Books (Le Gentil and 
the Transit of Venus). A more positive story is that of James Cook’s 
1769 Transit of Venus Expedition to Tahiti.

The Last Tango
Many of the residents of San Francisco were noticed yesterday with a 
piece of smoked glass to their eye, looking curiously at the sun… it was 
a grand and beautiful spectacle. All who missed a view of the transit 
of Venus are to be commiserated, for should they live to be 100 years 
old the chance will not come again. 

San Francisco Chronicle, December 7, 1882

By the mid-1800s, other, more sophisticated methods of measuring 
the distance to the Sun threw the results of the 18th-century transit 
observations into question. And now it wasn’t just the size of the 
solar system that mattered. In 1838 Friedrich Bessel became the first 
to gauge the distance to a star (61 Cygni) using the diameter of 
Earth’s orbit as a baseline for his parallax measurement. The Earth-
Sun separation was now a stepping stone to the stars, and it had to 
be known with the greatest possible precision.

Fortunately, another set of Venus transits was approaching (1874 
and 1882). Astronomers hoped that a new technique — photography 

— would solve the problem of the black drop and produce accurate 
contact times. Expeditions were organized for the December 8, 
1874, event, and astronomers from the US, France, Germany, Italy, 
Great Britain, and russia — complete with vast amounts of equip-
ment — were dispatched to the far corners of Earth. The results 
were unspectacular.

Despite having better telescopes, visual observers encountered 
the same problems as 
their 18th-century 
counterparts. Photo-
graphs of the 1874 tran-
sit were of  poor quality, 
showing the same fuzzi-
ness at second and third 
contact that bedeviled 
those using telescopes. 
Still, multiple timings 
and measurements were 
made and the parallax 
calculated. The result 
was an improvement on 
previous computations 
but not significantly so. 

The 1882 transit 
would provide one 
more chance to get it 
right, but enthusiasm 
for using Venus tran-
sits to measure the 
Earth-Sun distance 

For the 1882 transit, astronomer David Todd headed to Lick Observatory 
on Mount Hamilton, California. Here he used wet plates and a 5-inch 
photoheliograph to take 147 images of the transit (the Sun rose with 
Venus already on its face). In 2003, Anthony Misch and Bill Sheehan found 
the plates (in the Observatory’s vault) and created an eerie, flickering 
movie showing an event from a bygone age (you’ll need Quicktime to see 
it). The image above is a still from that movie.

The Venus transit observed in 1874. On this series of rare historical photo-
graphs taken from the island of St. Paul, the black disk of Venus is seen at 
the bottom of the image, near the solar limb.

Sk
y 

&
 Te

le
sc

op
e 

/ 
Li

ck
 O

bs
er

va
to

ry

A black and white print of The Transit of 
Venus by George Brown graced the cover of 
the April 28, 1883, edition of Harper’s Weekly. 
The painting recently sold for $122,500. The 
smoked glass used by one of the children 
is not a recommended method of solar 
observing.
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was waning. Still, the knowledge that 
the following transit would not occur 
for another 122 years caused some  
professional astronomers to try again — 
employing even larger telescopes and 
much-improved cameras. By the end of 
it all, the Earth-Sun distance was deter-
mined to be 149,158,000 kilometers. 
(Current results, based on bouncing 
radar off the surface of Venus, give a 
distance of 149,597,870 km.)

However, the December 6, 1882, 
transit was the first of the “modern era” 
to be visible across Western Europe and 
the United States. Public interest in the 
event reached a fever pitch, particularly 
in the US. On transit day telescopes 
proliferated on sidewalks (the first 
example of public outreach, perhaps?), 
crowds formed, and some enterprising 
scope owners charged 5 or 10 cents for 
the privilege of a quick look at this 
unique sight.

Twice in Our Lifetime 
When the last transit season occurred 
the intellectual world was awakening 
from the slumber of ages, and that wondrous scientific activity which 
has led to our present advanced knowledge was just beginning. What 
will be the state of science when the next transit season arrives God 
only knows. Not even our children’s children will live to take part in 
the astronomy of that day.

William Harkness, Director, US Naval Observatory, 1882

Did you catch a glimpse of the transit on June 8, 2004? The final 
Venus transit of the current pair is almost upon us. Where do you 
need to be to see the event on June 5/6, 2012?

The global visibility of the 2012 transit is illustrated on the 
world map (below). All of North America will see some aspect of 
the transit, though for the lower 48 US states, Mexico, and much of 
Canada, the Sun will set with Venus still on its face. Most of Europe 

The entire 2012 transit (all four contacts) is visible from extreme northwestern North America, Hawaii, the western Pacific, northern Asia, Japan, Korea, 
eastern China, Philippines, eastern Australia, and New Zealand. The Sun sets while the transit is still in progress for most of North America, the Caribbean, 
and northwestern South America. Similarly, the transit is already in progress at sunrise for observers in central Asia, the Middle East, Europe, and eastern 
Africa. No portion of the transit will be visible from Portugal or southern Spain, western Africa, and the southeastern two-thirds of South America.

Steven van Roode’s local transit times webpage shows that the ASP’s headquarters in San Francisco will 
see most of the 2012 transit, though the Sun will set before Venus starts to move off the solar face. 
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will have the opposite experience — the Sun will rise with the tran-
sit in progress and nearing its conclusion. (By the way, the transit 
occurs on June 5th in North and South America; on the 6th else-
where in the world.)

Fred Espenak and NASA have prepared a table listing contact 
times and corresponding altitudes of the Sun for 60 cities through-
out the United States. Universal Time (UT) is used, which means 
you’ll need to convert to your local daylight time (UT-4 hours for 
Eastern; -5 for Central; -6 for Mountain; and UT-7 hours for 
Pacific Daylight Time). They have generated a similar table (again 
using Universal Time) for 121 non-US cities.

For your specific location, Steven van roode and François 
Mignard have developed a local transit times calculator. To use it, 
you can enter a specific address (or even a general one — London, 
England, works just fine) and press “locate,” or you can simply drag 
the location marker on the map to your Venus-observing site. (Be 
patient; the calculations can take a few moments.) If one or more of 
the clocks on the right are dark, it means the event occurs when the 
Sun is below the horizon (see the example for the ASP’s headquar-
ters on the previous page). Be aware that any predictions are apt to 
be slightly off, so start watching early for all the contacts.

Although safe solar viewing is discussed in some detail on the 
next page, it bears emphasizing: When observing the transit, eye 
safety is paramount. In addition to the reference to the NAO Japan 
website and PDF publication in the resources list opposite, links 
and information about safely observing the Sun are provided in the 
“Safety First” sidebar on the next page.

Although care is required, it’s not difficult to safely observe the 
Sun, and hence the transit. And whether you observe by yourself or 
with a group, do not miss the June 5/6, 2012, transit of Venus. You 
will not have another chance to see one! 

PAUL DEANS is the editor of Mercury. He saw the end  
of the 2004 transit from Boston but is not sure  

where he’ll be on transit day in 2012.

Resources

The Transits of Venus by William Sheehan and John Westfall (2004). 
In this fascinating history of science, the authors chronicle the 
travels and explorations of scientists and adventurers who studied 
the transits of Venus in the quest for scientific understanding. The 
authors are preparing a new version of this book that will cover 
transit and eclipse phenomena in general. The working title is 
Celestial Shadows: Eclipses, Transits and Occultations, and it should be 
out in late 2011.

Venus in Transit by Eli Maor (2004), is a straightforward historical 
account of the first five observed transits of Venus. A story by 
Maor about Horrocks and the 1639 transit is available on PDF.

Relive the 2004 Venus transit via the TRACE spacecraft, the only 
satellite able to observe this transit in visible light.

The European Southern Observatory has an extensive archive of 
images from the 2004 transit. Some are organized by theme; in 
the Chronological Order section, transit images start on page 20.

TransitofVenus.org contains all things transit-related, including 
educational activities.

The Transit of Venus Project, part of the “Astronomers Without 
Borders” program, is new, has a few educational activities, and 
hopes to include classroom activities related to the transit.

Eclipse meteorologist Jay Anderson has some general information 
about transit-day weather on his site.

A NASA website discusses Planetary Transits Across the Sun and 
includes information about Mercury transits.

If you’re thinking about holding a public outreach event or an 
observing session to coincide with the transit, the Plan a 
Community Celebration webpage has many valuable tips.

In terms of safety, the National Astronomical Observatory of 
Japan has a very good website dealing with the upcoming (May 
2012) annular eclipse; the “How to Observe” page is excellent. 
The NAOJ has also published a Solar Eclipse Viewing Guide in PDF 
format. Both are excellent resources for viewing the transit, and 
both have image illustrations you can pull and use in your own 
presentations.

If you’d like to see the entire transit and support the ASP at the 
same time, MTW Associates is offering a Hawaii: Transit of Venus 
tour, June 2-7, 2012.

The 2004 transit of Venus was the first one to take place during the age 
of digital photography. 
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Venus nears third contact in 2004. Based on thousands of observa-
tions made during the 2004 transit, it seems that some observers 
saw the black drop, while others didn't. It may well depend on the 
type of telescope you use and the observing conditions at your site.
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Safety First

Think of the transit of Venus as an annular solar eclipse in 
miniature. This means the safety rules for observing an 

annular (or a partial eclipse of the Sun) also apply to observing a 
Venus transit. And the number one rule is: Never stare directly 
at the Sun without using a safe solar filter. (See below for a 
list of solar filter suppliers.)

According to Ralph Chou, an Associate Professor of 
Optometry at the University of Waterloo (Canada), unsafe filters 
include all color film, black-and-white film that contains no silver, 
film negatives with images on them (x-rays and snapshots), 
smoked glass, sunglasses (single or multiple pairs), photographic 
neutral density filters, and polarizing filters. Looking at the Sun 
through a telescope, binoculars, or a camera with a telephoto 
lens, without proper eye protection, can result in “eclipse blind-
ness,” a serious injury in which the eye’s retina is damaged by 
solar radiation. This article by Chou explains it nicely. Six  
different and safe ways to view the transit are listed in an article 
that is a nice companion to Chou’s more technical piece.

Venus appears tiny against the solar disk and will be hard to 
see without optical aid. If you have good eyes and want to try, 
use the cardboard eclipse “glasses” that are commonly employed 
during the partial phases of a solar eclipse. You can also use #14 
welder’s glass, but only #14 — #12 welder's glass does not pro-
vide enough protection. And never place unfiltered optics to 
your eye when wearing eclipse glasses or using a welder’s glass. 
The power of the magnified sunlight will burn through the 
eclipse glasses (or break the welder’s glass) in no time.

Your optical gear — telescopes, binoculars, and cameras — 
also requires solar filters. The filters will protect your optics and 
ensure you don’t accidentally glimpse the Sun through an unfil-
tered telescope or camera. The solar filter must be attached to 
the front of your telescope, binoculars, or camera lens. If your 
telescope has a finderscope, be sure to attach a filter to it, too, 
or at least cover it with black tape.

Another way to safely view the Sun (and one that is useful 
for an outreach event) is via eyepiece projection. There are  
several important precautions that must be taken when using 
this technique. Please review Sky & Telescope’s online article 
“Viewing the Sun Safely” to learn how to protect your telescope 
when using solar projection.

    — P. D.

Solar Filter Suppliers
Astro-Physics, Inc.: Solar-filter material.

Baader Planetarium (Germany): Solar-filter material.

Kendrick Astro Instruments (Canada): Filters for telescopes and 
binoculars, and solar-filter material.

Orion Telescopes & Binoculars: Filters for telescopes.

Rainbow Symphony: Eclipse “glasses” and solar filters.

Seymour Solar: Filters for telescopes and binoculars, and solar- 
filter material.

Thousand Oaks Optical: Eclipse “glasses,” filters for telescopes 
and binoculars, threaded camera filters, and solar-filter material.

Clockwise from upper left: Eclipse glasses also work for transit view-
ing, though you'll need sharp eyes to see Venus without optical aid; 
binocular viewing requires solar filters properly mounted on the 
front lenses; a glass solar filter attached in front of a telescope; and a 
homemade filter, using Baader AstroSolar Solar Filter material, on 
a refracting telescope. Note that the finderscope is covered by black 
tape to prevent an accidental glimpse of the unfiltered Sun.

Another way to safely view the Sun is via eyepiece projection. Venus 
is the small black dot near the right edge of the Sun.  Eyepiece pro-
jection onto a white screen is a particularly useful way to view the 
event if you're planning a public or group observing session for the 
transit of Venus.
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A Hubble Space Telescope view of a segment of the Coma Cluster of 
galaxies, one of the densest known galaxy collections in the universe. 
Courtesy NASA / ESA / Hubble Heritage Team (STScI / AURA).

by Joseph B. Jensen

The surface brightness 
fluctuations of galaxies are 
another tool in the astronomer’s 
distance-determining arsenal.
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dominated the total mass and energy of the universe. The nature of 
dark energy is one of the most important and compelling questions 
in all of science today. Its discovery resulted directly from measure-
ments of the distances to remote galaxies. 

Determining how far away galaxies are is crucial to our under-
standing of the universe. Only when we accurately establish the dis-
tance to a remote object can we understand many of its properties, 
particularly what source of energy powers its luminosity. Distance 
measurements tell us how big the universe is, how old it is, how it 
changes with time, and what its eventual fate will be. For many 
years, systematic errors in those measurements led to the awkward 
conclusion that the universe is younger than the oldest stars in it — 
a conflict that had astronomers stumped until the 1998 discovery of 
cosmic acceleration.

Determining Extragalactic Distances
Astronomers discovered the accelerating expansion of the universe 
by measuring the brightness of powerful supernova explosions, 
which are a particularly useful and bright class of reference beacon. 
Supernova explosions are visible across billions of light-years, and 
for one class of supernova, their maximum absolute brightness is 
(quite fortunately) about the same.

Other objects can also be used as “standard candles,” if they are 
bright enough to see from far away and if all objects in the particu-
lar class have about the same absolute brightness. Because super-
novae are rare events, happening only about once per century in a 
galaxy, it’s helpful to look for standard candles that are perhaps a bit 
dimmer but more common. 

red giant stars are among the brightest stars in a galaxy, and 
there are millions of them visible in a galaxy at any given time. 
Astronomers have developed a technique known as “surface bright-
ness fluctuations” (SBF) to measure the average brightness of thou-
sands of red giant stars in distant galaxies, even when individual 
stars are too faint to be distinguished independently. 

The key to using surface brightness fluctuations to determine the 
distance to a particular galaxy is finding the average brightness of a 
typical red giant star in that galaxy. Once a star’s apparent brightness 
is known, the distance to the galaxy can be easily calculated because 
we know how intrinsically bright such stars are (by comparing them 
to similar red giant stars such as Betelgeuse in our own Milky Way). 
The SBF technique is statistical in nature (see the sidebar at the top 
of the next page), which means that we can still measure the bright-
ness of an average red giant star, even though they are too faint to 
see individually and our atmosphere blurs them together. Surface 
brightness fluctuations are simply a measure of the bumpiness of a 

galaxy that is made up of a smooth distribution of stars.
Galaxies at different distances may look about the same: a small, 

faint, nearby galaxy might appear similar to a larger, brighter, dis-
tant galaxy. The two will have very different fluctuation patterns, 
however. The nearby galaxy will appear bumpy compared to the dis-
tant galaxy (see the two images below), just as a nearby forest might 
look clumpy compared to one that is farther away — even when you 
can’t see all the individual bushes and trees in either forest.

The SBF technique also provides a way to determine the age and 

In 1998, competing teams of astron-
omers were forced to come to grips 
with increasingly convincing obser-
vations that the expansion of the 
universe was accelerating, rather than 
decelerating (as they expected). This 
cosmic acceleration provided the 
first clear evidence that a completely 
unknown force, called “dark energy,” 

You don’t have to search distant galaxies to see a red giant star. There's a 
naked-eye one — Betelgeuse (identified by the marker) — in the winter 
constellation of Orion, the Hunter. 
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Two galaxies at different distances from us. M32 (left) is a very small ellip-
tical galaxy only about 2.5 million light-years away. NGC 7768 (right) is a 
massive elliptical galaxy more than 150 times farther away (roughly 390 
million light-years). Although they appear to be about the same size, the 
more distant galaxy has a much smoother appearance. SBFs quantify the 
relative bumpiness of the galaxies to determine their distances. The two 
images are shown at the same scale.
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composition of the typical red giant stars in a galaxy, particularly in 
elliptical galaxies. This is especially useful when measurements at 
different wavelengths can help us better constrain how long ago the 
last burst of star formation took place in an elliptical galaxy. Some 
ellipticals formed from the merger of gas-rich spiral galaxies, and 
such mergers generate prodigious bursts of star formation. SBF 
studies helped us conclude that the largest and brightest elliptical 
galaxies formed around 12 billion years ago, very early in the history 
of the universe, and lower mass ellipticals often have younger stars 
that are only a few billion years old.

Measuring Surface Brightness Fluctuations
Measuring fluctuations can be tricky. We have to be sure that the 
bumpiness we measure is due to variations in the number of stars, 
not clumpy dust, star-formation nebulae, distant background galax-
ies, globular clusters, or defects in the image caused by how it was 
processed. To avoid some of these problems, we usually observe 
elliptical galaxies, not spirals such as the Milky Way. Elliptical galax-
ies are largely free of dust and star formation, and the stars are 
smoothly distributed in an oval pattern. We also try to get the 
sharpest images possible and carefully correct them to remove the 
sky-brightness background and any other objects in the frame. A 
smooth model of the galaxy can then be subtracted to reveal the 
intrinsic surface brightness fluctuations.

To measure fluctuations in very distant galaxies, we must get rid 
of the blurriness caused by turbulence in our atmosphere. There are 
two ways to remove atmospheric distortion. The most obvious (but 
expensive) way is to launch a telescope into orbit. The Hubble Space 

Telescope (HST) has opened up the universe to SBF distance mea-
surements in a way no other facility has. Being far above the surface 
of Earth allows the HST to avoid atmospheric turbulence, which 
smears the SBF signal we seek to measure. The image quality and 
sensitivity of this fabulous telescope have enabled astronomers to 
measure SBFs in galaxies more than 350 million light-years away. 
We have now carefully mapped the positions and motions of galax-
ies in three of the most important galaxy clusters in the local uni-
verse: the famous Virgo Cluster, the Fornax Cluster, and the massive 
Coma Cluster. These clusters are important benchmarks for studies 
of galaxy evolution across the universe and a critical reference point 

NGC 3379 in the Leo Cluster is a good example of an elliptical galaxy, 
and a perfect galaxy for SBF analysis. In the right-hand frame, the infra-
red image of NGC 3379 (taken with the Hubble Space Telescope) has had 
the smooth galaxy profile subtracted, so the fluctuations can be seen and 
measured. (The very center of the galaxy has been masked off.)
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Poisson Statistical Fluctuations

Galaxies do not appear perfectly smooth because they are made of discrete stars. Statistical fluctuations in the number of stars in dif-
ferent regions of a galaxy give rise to a mottled appearance for that galaxy, even when individual stars cannot be resolved. Although 

we can’t tell the stars apart, we can still tell how many stars there are in each region.
In 1838 the French mathematician Siméon Poisson discovered that variations scale as the square root of the number of objects being 

sampled. In the cartoon above, the nearby galaxy has 16 stars per square box. The square root of 16 is 4, so the variation from box to 
box is 4 stars, or 25% (try counting the stars in a few of the boxes to confirm that this is true!). A distant galaxy that is twice as far away 
will have four times as many stars in each box (because the area covered by each box is proportional to distance squared). That makes 64 
stars per box. The square root of 64 is 8, so the variation from box to box is 8/64, or 12.5%, half the size of the variations of the nearer 
galaxy. Distant galaxies appear smooth compared to nearby ones, because a galaxy twice as far away as another has fluctuations that are 
half as large. 

— J. J.
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in measuring the size and age of the universe. Without the HST, 
high-accuracy SBF measurements to these clusters would not have 
been possible. 

Another more down-to-Earth way to get sharper images is to 
actively cancel out atmospheric turbulence using a technique called 
“adaptive optics” (AO), in which the shape of a flexible mirror is 
changed hundreds of times per second by piezoelectric actuators. 
For AO to work properly, a bright reference star is needed to tell the 
system how to wiggle the deformable mirror. In the image of NGC 
7768 (page 23), the reference star is the bright one on the left edge 
of the frame.

The Future of SBF Measurements
As the HST approaches the end of its life, it’s important to explore 
new ways to make even more distant measurements of surface 
brightness fluctuations. Because very few galaxies happen to have 
bright stars sitting next to them, the newest, most advanced AO sys-
tems have sophisticated laser beacons that can create an artificial 
star anywhere in the sky the astronomer wishes to observe. Laser 
guide-star AO is the most important new approach for the next gen-
eration of SBF studies. 

Adaptive optics systems work best at near-infrared wavelengths, 
usually between 1 and 2.5 microns (the images of M32/NGC 7768 
and NGC 3379 on the previous pages were taken at wavelengths of 
2.2 and 1.6 microns, respectively). Using near-infrared cameras to 
measure fluctuations is a great idea, because red giant stars emit 
most of their light at these wavelengths, and Ir fluctuations are 30 
times brighter than at visible wavelengths. Infrared light penetrates 
dust better, too, making the measurements less susceptible to errors 
due to patchy dust. Ir SBF measurements can reach greater distances 

and are particularly effective at finding populations of younger stars 
in galaxies.

Modern AO systems on 8- to 10-meter telescopes routinely 
deliver near-Ir images from the ground that are just as sharp as 
those taken from space by the HST. Until the next space telescope is 
launched, ground-based AO systems on large telescopes will provide 
the most fertile opportunities to study the ages and compositions of 
stars in remote galaxies, measure their distances, determine how the 
galaxies are moving with respect to each other, and map how mass 

is distributed in the universe. 
One new instrument being commissioned on the Gemini 

South telescope in Chile is particularly exciting. The Canopus 
AO system uses five laser guide stars and three deformable 
mirrors to sharpen the images over a wide field of view. This 
is just what astronomers need to make accurate and efficient 
SBF measurements for dozens of galaxies in clusters at a 
wide range of distances. The Canopus multi-conjugate AO 
system is scheduled to begin science observations in 2012.

Astronomers are now planning ways to see even deeper 
into the universe. Several new telescope facilities and instru-
ments are in the planning and construction phases, and 
these new observatories will extend the SBF distance mea-
surements even farther — perhaps to three billion light-
years, far enough to detect the acceleration of the universe. 
Having a separate distance measurement tool that is com-
pletely independent of the supernova distance scale would 
serve a valuable role in confirming that the acceleration is 
due to dark energy, and not some varying property of super-
nova explosions. 

Another new tool, the James Webb Space Telescope 
(JWST), is currently under construction. This 6.5-meter 
telescope will replace the aging HST sometime during the 
next few years. It will be optimized for Ir observing and 
have an aperture more than seven times larger than the HST. 
The JWST will produce sharper images with much lower 
background levels that any current Ir facility, and will make 
it possible to see the first stars and galaxies in the universe. 
It will also be a fantastic tool for measuring the properties of 
stars in galaxies at much greater distances than is currently 

The Gemini North laser guide-star propagation as seen from the nearby Canada-
France-Hawaii Telescope on Mauna Kea, Hawaii. The faint remains of evening twi-
light can be seen to the right, the glow of Hilo to the left, and the summer Milky 
Way runs parallel to the laser.

Concept drawing (as of September 2009) of the James Webb Space Tele-
scope, which is currently under construction.
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possible. JWST promises to be a very productive SBF machine once 
it’s launched.

New Giant Earth-bound Eyes 
Astronomers are also working to design and build larger telescopes 
on the ground. The next generation of ground-based facilities may 
include the Thirty Meter Telescope (TMT), the 24.5-meter Giant 
Magellan Telescope (GMT), or the 42-meter European Extremely 
Large Telescope (E-ELT). These proposed international telescopes 
will be an order of magnitude more sensitive than the current gen-
eration of 8- to 10-meter telescopes, and will work hand-in-hand 
with the JWST just as the current facilities partner with the HST to 
study the universe. The TMT, for example, will be able to resolve 
details only two millionths of a degree across (this is like seeing an 
object an inch across from about 500 miles away). A telescope such 
as the TMT, with multi-conjugate AO, will enable Ir SBF measure-
ments at cosmological distances where dark energy’s effect on the 
acceleration of the universe can be measured. 

Given the uncertainty in funding for all these international proj-
ects, astronomers are holding their breath to see which telescopes will 
be constructed, when they will be completed, and what important 
new questions about the universe we will be able to answer in the 
coming decade. Advances in technology are critical to advancing the 
science of astronomy, and without new facilities, some of the most 
fundamental questions in all of science will remain unanswered.

To determine the nature of the mysterious dark energy that 
comprises 73% of the total mass and energy of the universe, we 
must make reliable new distance measurements using the next  
generation of large-aperture Ir telescopes. Calculating the surface-
brightness-fluctuation distances of galaxies will help us do that. 

During the last decade astronomers have made precise measure-
ments of the size, composition, shape, and age of the universe for 
the first time. In the next 10 years, we hope to find out why the uni-
verse is the way it is. 

JOSEPH JENSEN is an Associate Professor of Physics at Utah Valley 
University, where he also serves as the Managing Editor for the Astronomical 

Society of the Pacific Conference Series. Before coming to UVU two years 
ago, Jensen worked at the Gemini Observatory where he helped develop 

new instrumentation for the twin 8-meter telescopes. He explores the size 
and evolution of the universe by studying the infrared properties of galaxies 

and measuring their distances using the SBF technique.
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An artist’s conception of the Thirty Meter Telescope on the lava plains atop Mauna Kea, Hawaii. Such a telescope, with a high-performance adaptive 
optics system, will produce infrared images with the sensitivity and resolution needed to extend surface brightness fluctuation measurements to  
cosmological distances.
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NASA’s Wide-field Infrared Survey Explorer (WISE) captured the immense Andromeda Galaxy 
(M31) in this image. Blue highlights mature stars, while yellow and red show dust heated by newborn, 
massive stars. Students in Capitol College’s Space Operations Institute operated the on-campus 
backup mission control center for the WISE satellite. Courtesy NASA / JPL-Caltech / WISE Team.

by Michael G. Gibbs

We must ensure support 
for STEM education 
extends beyond K–12.
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which works with in-service teachers in middle and high schools. 
Others might think about science centers and planetariums across 
the country that offer special programs for K–12 students. These are 
but a few examples. 

Often we think of EPO programs, primarily in the K–12 range, 
that engage our children and students in science, and use astronomy 
as a spark to generate interest in science, technology, engineering, or 
mathematics — the STEM fields. But once students are inspired in 
elementary, middle, or high school, what is being done to support 
them when they reach college or university? What’s being done to 
sustain the interest of undergraduate and graduate students to give 
them the needed STEM education before they enter the workforce?

The Need for STEM Education Everywhere
Across the United States there are numerous programs, funded by 
the government, for K–12 STEM outreach and EPO. This funding 
can be through agencies such as NASA, the National Science 
Foundation, or the Department of Education. Not only is the gov-
ernment providing financial support for STEM outreach, so too are 
corporations such as Lockheed Martin, Ball Aerospace and 
Northrop Grumman — to name just a few. Walk into 
any science center or planetarium, and you’ll see a list 
of benefactors on a recognition/donor wall identifying 
the various sources that provided financial support for 
the new building, new exhibit, or new show.

Of course we need to generate a level of excitement 
at the K–12 level in order for students to take that first 
step toward a STEM career. Often astronomy and/or 
space science can create that excitement. But how can 
we build on that energy once it is generated? How do 
we move beyond the engagement factor and into the 
true education that prepares individuals to enter the 
workforce with the skills needed to become the rocket 
scientists and engineers of tomorrow? How do we 
engage beyond the star party, or the visit to a museum, 
or that special astronomy day at school? How do we 
build a true pipeline to ensure the US remains competi-
tive in STEM fields? These are important questions 
that need to be addressed. One way our nation can 
respond is through our colleges and universities.

Colleges and universities across the country recog-
nize the STEM workforce issue and the problems we 

face. In 2007 the US Department of Labor issued a report titled: 
The STEM Workforce Challenge: the Role of the Public Workforce 
System in a National Solution for a Competitive Science, 
Technology, Engineering and Mathematics (STEM) Workforce. To 
quote directly from the report, it provides a call to action by stating:

American pre-eminence in STEM will not be secured or extended 
without concerted effort and investment. Trends in K–12 and high-
er education science and math preparation, coupled with demo-
graphic and labor supply trends, point to a serious challenge: our 
nation needs to increase the supply and quality of “knowledge 
workers” whose specialized skills enable them to work productively 
within the STEM industries and occupations. It will not be suffi-
cient to target baccalaureate and advanced degree holders in STEM 
fields. Our nation’s economic future depends upon improving the 
pipeline into the STEM fields for sub-baccalaureate students as well 
as BA and advanced degree holders, for youth moving toward 
employment, and adults already in the workforce, for those already 
employed in STEM fields and those who would like to change 
careers to secure better employment and earnings. 
In September 2010, the President’s Council of Advisors on 

Science and Technology issued a report titled, Prepare and Inspire: 
STEM Education for America’s Future. This is yet another report, 

When thinking about those who 
provide astronomy and space sci-
ence Education and Public Outreach 
(EPO) programs, which groups do 
you immediately think of? Perhaps 
amateur astronomers interacting 
with the public at star parties comes 
to mind. Or you might consider 
programs in our K–12 schools — 
such as the Astronomical Society 
of the Pacific’s “Project ASTrO,”
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in a rather long list of reports, that states: “STEM education will 
determine whether the United States will remain a leader among 
nations, and whether we will be able to solve immense challenges 
in such areas as energy, health, environmental protection, and 
national security. It will help produce the capable and flexible 
workforce needed to compete in a global marketplace.”

These reports, and others like it such as Rising Above the 
Gathering Storm: Energizing and Employing America for a 
Brighter Economic Future (revised July 2008), continue to high-
light the requirement for a “pipeline” of future workers, specifically 
within the STEM fields, that will ensure the continued prosperity of 
the United States. The needs are known. The call for action has 
been made.

Helping Create a STEM Workforce 
With a clear national necessity to develop the STEM workforce 
within the US, the government has taken measures to direct funding 
toward this issue in an attempt to develop that workforce. Two 
examples are the America COMPETES Act of 2007 and the 
Reauthorization Act of 2010 that are designed to deepen the future 
STEM talent pool. The America COMPETES Act calls on a number 
of federal agencies — the Office of Science and Technology Policy, 
NASA, the National Science Foundation, the National Oceanic and 
Atmospheric Administration, and the Department of Energy — to 
address the issue of the future STEM workforce.

When there is an issue of national importance, both the public 
and the government often turn to higher education. One example of 
the government working in partnership with higher education at a 
national level in the astronomy and space science field is the 
National Space Grant. Established in 1989, the Space Grant is a net-
work of institutions of higher education across the US, working 
together to expand opportunities for US citizens to better under-
stand and engage in NASA’s aeronautics and space projects. Through 
various funding initiatives, fellowships, and internship programs, the 
Space Grant — comprised of 52 consortia in all 50 states, the 

District of Columbia and Puerto rico — works to address the STEM 
workforce need in the US and furthers NASA’s education goals.

STEM at Colleges and Universities
We need to educate the engineers, scientists, and astronomers of 
tomorrow, as well as support the pre-service teachers who are an 
important link in the workforce development pipeline. In addition 
to partnerships, many colleges and universities are working directly 
to address the need to provide educated students for the future 

STEM workforce.
The Johns Hopkins University Applied Physics 

Laboratory in Maryland offers summer projects 
for students interested in working on NASA mis-
sions or space-related research opportunities. 
Students recruited to this internship program 
participate in making critical contributions to 
current and future missions.

There are also opportunities for students to 
have hands-on learning experiences — for exam-
ple, the Space Systems Laboratory (SSL) in the 
Department of Aeronautics and Astronautics at 
the Massachusetts Institute of Technology. As 
their website indicates, “The SSL engages in  
cutting-edge research projects with the goal of 
directly contributing to the present and future 
exploration and development of space.” Their 
current research webpage indicates they are 
engaged in projects such as the Synchronized 
Position Hold, Engage, reorient Experimental 
Satellites (SPHErES) formation-flight test bed 
for the Air Force and NASA (left).

The University of Colorado at Boulder pro-
vides undergraduate and graduate students with 
practical learning beyond the classroom, which 
includes space theory and hardware development,  

Mars in 2014 is the goal of the MAVEN mission, which includes participa-
tion by Colorado University-Boulder graduate and undergraduate students.

SPHERES are bowling-ball-sized spherical satellites, designed to test a set of well-defined 
instructions for spacecraft performing autonomous rendezvous and docking maneuvers. Before  
a trial on the International Space Station, SPHERES was tested aboard NASA’s KC-135 
reduced-gravity aircraft. MIT students were co-investigators.
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through the CU-Boulder’s Laboratory for Atmospheric and Space 
Physics. One example is the Mars Atmosphere and Volatile 
Evolution mission (MAVEN), set to launch in 2013 and designed to 
explore the Martian upper atmosphere and ionosphere, and their 
interactions with the Sun and solar wind. The MAVEN effort 
includes participation by a number of CU-Boulder graduate and 
undergraduate students, thereby providing them with training for 
future careers as engineers and scientists.

Another example of providing college students with real-life 
learning examples in STEM education comes from Iowa State 
University’s College of Human Sciences. They are working to pro-
vide pre-service teachers with a hands-on learning approach that 
builds on the latest developments in education research, and inte-
grates innovative STEM curriculum so that future teachers entering 
the classroom are prepared to teach in STEM fields. 

Not only are top-tier research universities engaging in STEM 
workforce development and research, and providing hands-on 
learning opportunities for college students — so too are other insti-
tutions across the country. Capitol College, located in Laurel, 
Maryland, is working in partnership with NASA’s Goddard Space 
Flight Center and a consortium of industry partners to provide 
hands-on learning experiences for undergraduate students via the 
Space Operations Institute (SOI). The SOI’s mission is to “provide 
resources and services to the NASA and aerospace community for 
the advancement of scientific discovery resulting in a pipeline of 
college-educated engineering personnel with applicable hands-on 
experience to meet the workforce needs of the aerospace industry.”

In addition to making hands-on, practical training available to 
undergraduate and graduate students, colleges and universities can 
serve as a forum for government and industry to come together to 
discuss STEM workforce development. The April 2011 STEM-
diversity “roundtable,” held at the Howard Baker Center for Public 
Policy at the University of Tennessee Knoxville, is one such example. 
As reported in an online press release issued by the roundtable, 70 
national, regional, and local leaders involved STEM education and 
workforce issues participated. “The primary purpose of this round-
table,” said Stan Duncan, STEMdiversity Program Manager, “is to 
begin the dialogue among representatives of the diverse body of 
Knoxville-area and Tennessee stakeholders committed to resolving 
STEM problems; a dialogue that leads to a better understanding of 
the needs and perspectives of other stakeholders.”

Discussions regarding educating the future STEM workforce 
don’t occur only at colleges and universities. The ASP, with leader-

ship provided by individuals such as Andrew Fraknoi (Foothill 
College and the ASP), regularly hosts “Cosmos in the Classroom” 
Conferences. These provide a forum where those teaching introduc-
tory astronomy courses in college and high school can gather to 
explore new activities and resource materials, engage in hands-on 
workshops that encourage better teaching practices, and share their 
experiences in the classroom.

Keeping the Spark Alive
This article is not a com-
prehensive review of the 
literature regarding 
STEM education and 
how our colleges and 
universities are working 
to prepare the future 
workforce. These are just 
a few examples of how 
higher education in  
general is answering the 
call to action, and high-
lights the continued 
need to address this 
issue beyond the K–12 
and informal education 
opportunities. 

Many educators are 
engaged in “traditional” 
education and public 
outreach activities 
though astronomy 
clubs and the NASA 
Night Sky Network; 
or are involved in 
organizations such as 
Astronomers Without Borders and the ASP’s Project ASTrO; or 
volunteer with scouting or at the local science center or planetarium. 
These are all worthy activities that should be continued and sup-
ported. Hosting a star party and providing an opportunity for a 
child to explore the universe for the first time can provide that ini-
tial spark to generate an interest in astronomy, space science, or 
other STEM fields.

Yes, funding and support is essential at the K–12 level and for 
informal learning activities. But after those initial steps, colleges  
and universities need to further develop and support that interest. 
Hands-on experience and practical knowledge often inspires today’s 
students to become tomorrow’s rocket scientists. 

We constantly hear how expensive higher education is today, and 
how we need to prepare students in the K–12 system so they can be 
ready for college. But we mustn’t forget the educational experiences 
and learning opportunities for undergraduate and graduate stu-
dents. They are the next group to enter the workforce, as we work 
together to answer America’s call for the 21st century. 

MICHAEL G. GIBBS, EdD, is vice president for advancement, assistant  
professor, and director of the Center for Space Science Education and  

Public Outreach at Capitol College in Laurel, Maryland. Gibbs is also  
an ASP member and is the secretary of the ASP’s Board of Directors.

The Capitol College campus, home of the Space Operations Institute.

In addition to working with college and high 
school teachers, the ASP produces support 
material for the K-12 curriculum. The latest 
offering is The Universe at Your Fingertips 2.0 
DVD-ROM. 
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NASA Spacecraft Confirms 
Theories, Sees Surprises at 
Mercury 
NASA / JHUAPL

NASA scientists are making new discover-
ies about the planet Mercury. Data from 
MESSENGEr, the first spacecraft to orbit 
Mercury, is giving scientists important clues 
to the origin of the planet and its geological 
history and helping them better understand 
its dynamic interior and exterior processes.

To date the spacecraft has provided tens 
of thousands of images showing detailed 
planetary features. The planet’s surface pre-
viously had been seen only at comparatively 
low resolution but is now in sharper focus. 
The spacecraft also has collected extensive 
measurements of the chemical composition 
of Mercury’s surface and topography and 
gathered global observations of the planet’s 
magnetic field. 

“We are assembling a global 
overview of the nature and work-
ings of Mercury for the first time,” 
said MESSENGEr principal 
investigator Sean Solomon of  
the Carnegie Institution of 
Washington. “Many of our earlier 
ideas are being cast aside as new 
observations lead to new insights. 
Our primary mission has another 
three Mercury years to run, and 
we can expect more surprises as 
our solar system’s innermost plan-
et reveals its long-held secrets.”

Flyby images of Mercury had 
detected bright, patchy deposits on some 
crater floors. Without high-resolution 
images to obtain a closer look, these fea-
tures remained only a curiosity. Now new 
detailed images have revealed these patchy 
deposits to be clusters of rimless, irregular 
pits varying in size from several hundred 

feet to a few miles wide. These pits are 
often surrounded by diffuse halos of more 
reflective material and are found on central 
peaks, peak rings, and rims of craters.

 More information

Rover Completes Mission on 
Mars 
NASA / JPL

[On May 25, 2011, NASA ended] opera-
tional planning activities for the Mars rover 
Spirit and transitioned the Mars 
Exploration rover Project to a single-rover 
operation focused on Spirit’s still-active 
twin, Opportunity. Spirit last communicated 
on March 22, 2010, as Martian winter 
approached and the rover’s solar-energy 
supply declined. The rover operated for 
more than six years after landing in January 
2004 for what was planned as a three-
month mission. 

Spirit drove 4.8 miles (7.73 km), more 
than 12 times the goal set for the mission. 
The drives crossed a plain to reach a distant 
range of hills that appeared as mere bumps 
on the horizon from the landing site; 
climbed slopes up to 30 degrees; and cov-
ered more than half a mile after Spirit’s 
right-front wheel became immobile in 
2006. The rover returned more than 
124,000 images. It ground the surfaces off 
15 rock targets and scoured 92 targets with 
a brush to prepare the targets for inspection 

with spectro-
meters and a 
microscopic 
imager. One 
major finding 
came, ironically, 
from dragging 
the inoperable 
right-front wheel 
as the rover was 
driving back-
wards in 2007. 
That wheel 
plowed up bright 
white soil. Spirit’s 
Alpha Particle 
X-ray Spectro-
meter and 
Miniature 
Thermal 
Emission 
Spectrometer 
revealed that the 
bright material was nearly pure silica.

[Editor’s Note. “An Epitaph for rover 
Spirit,” written by Jim Bell, appears on Sky 
& Telescope’s website. To see a nice collec-
tion of high-res panoramas and color  

images acquired by both rovers, check out 
PanCam website.]

 More information

A self-portrait (an approximate true-color rendering) of NASA’s rover Spirit 
two years after the rover landed. The vertical projection used here produces 
the best view of the rover deck itself, though it distorts the ground and 
antennas.
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Excerpts from recent press releases that describe an assortment of astronomical discoveries.

The northern plains of Mercury are seen to be distinctive 
in color, and thus in composition, from the surrounding 
terrain.
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Cassini Sees Seasonal Rains 
Transform Titan’s Surface
Space Science Institute

As spring continues to unfold at Saturn, 
April showers on the planet’s largest moon, 
Titan, have brought methane rain to its 
equatorial deserts, as revealed in images 
captured by NASA’s Cassini spacecraft. This 
is the first time scientists have obtained 
current evidence of rain soaking Titan’s sur-
face at low latitudes.

Extensive rain from large cloud systems, 
spotted by Cassini’s cameras in late 2010, 
has apparently darkened the surface of the 
moon. The best explanation is these areas 
remained wet after methane rainstorms. 
The observations, combined with earlier 
results, show the weather systems of Titan’s 
thick atmosphere and the changes wrought 
on its surface are affected by the changing 
seasons.

“It’s amazing to be watching such 
familiar activity as rainstorms and sea-
sonal changes in weather patterns on a 
distant, icy satellite,” said Elizabeth 
Turtle, a Cassini imaging team associ-
ate at the Johns Hopkins University 
Applied Physics Lab. “These observa-
tions are helping us to understand how 
Titan works as a system, as well as sim-
ilar processes on our own planet.”

Clouds on Titan are formed of 
methane as part of an Earth-like cycle 
that uses methane instead of water. On 
Titan, methane fills lakes on the sur-
face, saturates clouds in the atmo-
sphere, and falls as rain. Though there 
is evidence that liquids have flowed on 
the surface at Titan’s equator in the 
past, liquid hydrocarbons, such as methane 
and ethane, had only been observed on the 
surface in lakes at polar latitudes.  More information

Evidence Indicates Icy Saturn 
Moon Hiding Salt 
University of Colorado at Boulder

Samples of icy spray shooting from Saturn’s 
moon Enceladus collected during Cassini 
spacecraft flybys show the strongest evi-
dence yet for the existence of a large-scale, 
subterranean saltwater ocean. The new  
discovery was made during the Cassini-
Huygens mission to Saturn, a collaboration 
of NASA, ESA, and the Italian Space 
Agency. The plumes shooting water vapor 
and tiny grains of ice into space were origi-
nally discovered emanating from Enceladus 
by the Cassini spacecraft in 2005. The 
plumes were originating from the so-called 
“tiger stripe” surface fractures at the moon’s 
south pole and apparently have created the 
material for the faint E ring that traces the 
orbit of Enceladus around Saturn.

During three of Cassini’s passes through 
the plume, the Cosmic Dust Analyser, or 
CDA, on board measured the composition 
of freshly ejected plume grains. The icy par-
ticles hit the detector’s target at speeds of up 
to 11 miles per second, instantly vaporizing 
them. The CDA separated the constituents 

of the result-
ing vapor 
clouds, allow-
ing scientists 
to analyze 
them.

The study 
shows the ice 
grains found 
further out 
from 
Enceladus  
are relatively 
small and 
mostly ice-
poor, closely 
matching the 
composition 
of the E ring. Closer to the moon, however, 
the Cassini observations indicate that rela-
tively large, salt-rich grains dominate.

“There currently is no plausible way to 
produce a steady outflow of salt-rich grains 
from solid ice across all the tiger stripes 
other than the salt water under Enceladus’ 
icy surface,” said Frank Postberg of the 
University of Germany.

“The study indicates that ‘salt-poor’  

particles are being ejected from the under-
ground ocean through cracks in the moon 
at a much higher speed than the larger, salt-
rich particles,” said CU-Boulder faculty 
member and study co-author Sascha Kempf 
of the Laboratory for Atmospheric and 
Space Physics.

 More information

Plumes spray water ice out from many locations along the famed “tiger 
stripes” (fissures) near the south pole of Saturn’s moon Enceladus.
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Methane clouds appear white here and are mostly 
near Titan’s equator. Cassini observations of clouds 
like these provide evidence of a seasonal shift of 
Titan’s weather systems to low latitudes following 
the August 2009 equinox in the Saturnian system.
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At the Heart of Hartley-2
NASA GSFC

At the heart of every comet lies a remnant 
of the dawn of the solar system. Or is that 
remnants? Astronomers don’t know, but the 
answer would give them a clearer picture of 
exactly how comets were born eons ago at 
the birth of the solar system. Did thin ten-
drils of dust and ice get drawn slowly 
inward and pack themselves into a single, 
uniform mass? Or did a hodge-podge of 
mini-comets come together to form the 
core for a comet of substance?

For Hartley-2, the answer so far is nei-
ther. “We haven’t seen a comet like this 
before,” says Michael Mumma of NASA’s 
Goddard Space Flight Center in Greenbelt, 
Md. “Hartley-2 could be the first of a new 
breed.”

Both data collected by Mumma’s team 
and detailed images of the comet taken by 

NASA’s EPOXI mission 
reveal that the comet’s 
core is not uniform. “We 
have evidence of two dif-
ferent kinds of ice in the 
core, possibly three,” says 
Mumma. “But we can 
also see that the comet’s 
overall composition is 
very consistent. So, 
something subtle is hap-
pening. We’re not sure 
what that is.”

The researchers 
observed Hartley-2 six 
times during the sum-
mer, fall and winter of 2010, both before 
and after the EPOXI mission’s Deep Impact 
spacecraft had its November rendezvous 
with the comet. Using telescopes perched 
high in the mountains of Hawaii and Chile, 
Mumma’s team studied the comet’s coma — 

the aura of gas, dust and ice particles that 
surround the core.

 More information

Jets spew out ice and carbon dioxide from one end of comet  
Hartley-2 in this EPOXI image, while water vapor gets released 
from the middle region. 
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The Crab in Action
Chandra X-ray Center

A new movie from NASA’s Chandra X-ray 
Observatory shows a sequence of Chandra 
images of the Crab Nebula, taken over an 
interval of seven months. Dramatic varia-
tions are seen, including the expansion of a 
ring of X-ray emission around the pulsar 
(white dot near center) and changes in the 
knots within this ring. However, arguably 
the most striking result of these observa-
tions is the variations that were not 
observed.

The pulsar at the center of the Crab 
Nebula is a neutron star that spins around 
about 30 times a second. It was created 
from a supernova explosion in our galaxy 
that was observed by astronomers in China 
and other countries in the year 1054.

The goal of these latest Chandra obser-
vations was to pinpoint the location of 
remarkable gamma-ray flares observed by 
NASA’s Fermi Gamma ray Observatory 
and Italy’s AGILE Satellite. A strong gamma-
ray flare was observed from the Crab in 
September 2010, followed by an even stron-
ger series of “superflares” in April 2011. The 

gamma-ray 
observatories 
were not able 
to locate the 
source of the 
flares within 
the nebula, but 
it was hoped 
that Chandra, 
with its high-
resolution 
images, would.

Chandra 
began observ-
ing the Crab 
on monthly 
intervals 
beginning six 
days after the 
discovery of 
the gamma-ray 
flare in September 2010. This established a 
baseline of seven images of the nebula 
before the superflare was seen.

When Fermi scientists saw that more 
flaring activity was beginning in April 2011, 
a pre-planned set of five Chandra observa-
tions was initiated. Two of these observa-

tions were made when strong gamma-ray 
flares occurred, but no clear evidence was 
seen for correlated flares in the Chandra 
images.

 More information

A still from Chandra’s 12-second movie of the Crab Nebula.
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Radio Telescopes Capture Best-
Ever Snapshot of Black Hole 
Jets
NASA

An international team, including NASA-
funded researchers, using radio telescopes 
located throughout the Southern 
Hemisphere has produced the most detailed 
image of particle jets erupting from a 
supermassive black hole in a nearby galaxy.

“These jets arise as infalling matter 
approaches the black hole, but we don’t yet 
know the details of how they form and 
maintain themselves,” said Cornelia 
Mueller, the study’s lead author and a doc-
toral student at the University of Erlangen-
Nuremberg in Germany.

Mueller and her team targeted 
Centaurus A (Cen A), a nearby galaxy with 
a supermassive black hole weighing 55 mil-
lion times the sun’s mass. Cen A is located 
about 12 million light-years away in the 
constellation Centaurus and is one of the 
first celestial radio sources identified with  
a galaxy.

Seen in radio waves, Cen A is one of the 
biggest and brightest objects in the sky, 

nearly 20 times the apparent 
size of a full moon. This is 
because the visible galaxy lies 
nestled between a pair of 
giant radio-emitting lobes, 
each nearly a million light-
years long.

These lobes are filled with 
matter streaming from parti-
cle jets near the galaxy’s cen-
tral black hole. Astronomers 
estimate that matter near the 
base of these jets races out-
ward at about one-third the 
speed of light.

Using an intercontinental 
array of nine radio tele-
scopes, researchers for the 
TANAMI (Tracking Active 
Galactic Nuclei with Austral 
Milliarcsecond Inter-
ferometry) project were able 
to effectively zoom into the 
galaxy’s innermost realm.

 More information

Merging X-ray data (blue) from NASA’s Chandra X-ray 
Observatory with microwave (orange) and visible images 
reveals the jets and radio-emitting lobes emanating from 
Centaurus A’s central black hole. Credits: ESO/WFI (visible); 
MPIfR/ESO/APEX/A.Weiss et al. (microwave); NASA/CXC/
CfA/R.Kraft et al. (X-ray).

How to Learn a Star’s True Age 
Harvard-Smithsonian Center for Astrophysics

For many movie stars, their age is a well-
kept secret. In space, the same is true of the 
actual stars. Like our Sun, most stars look 
almost the same for most of their lives. So 
how can we tell if a star is one billion or  
10 billion years old? Astronomers may  
have found a solution — measuring the 
star’s spin. 

“A star’s rotation slows down steadily 
with time, like a top spinning on a table, 
and can be used as a clock to determine  
its age,” says astronomer Soren Meibom  
of the Harvard-Smithsonian Center for 
Astrophysics. 

Using the unique capabilities of the 
Kepler space telescope, Meibom and his 
collaborators measured the rotation rates 
for stars in a 1-billion-year-old cluster 
called NGC 6811. If a relationship between 

stellar rotation and age can be 
established by studying stars 
in clusters, then measuring 
the rotation period of any star 
can be used to derive its age 
— a technique called 
gyrochronology. For 
gyrochronology to work, 
astronomers first must cali-
brate their new “clock.” 

They begin with stars in 
clusters with known ages. By 
measuring the spins of cluster 
stars, they can learn what spin 
rate to expect for that age. 
Measuring the rotation of 
stars in clusters with different 
ages tells them exactly how 
spin and age are related. Then 
by extension, they can mea-
sure the spin of a single isolated  
star and calculate its age.

 

 More information

Using the Kepler space telescope, Soren Meibom measured 
the rotation rates for stars in the cluster NGC 6811. They 
found rotation periods ranging from one to 11 days, compared 
to the 30-day spin rate of our Sun. More importantly, they 
found a strong relationship between stellar mass and rotation 
rate, with little scatter.
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Nature’s Best Magnifying Glass 
Views Early Spiral Galaxy
Keck Observatory

Gravitational lenses are nature’s largest  
telescopes, created by colossally massive 
clusters of thousands of galaxies that bend 
and magnify the light of more distant 
objects behind them in a way similar to a 
glass lens. But gravitational lenses are far 
from perfect. Though they make very dis-
tant galaxies from the early universe visible 
to telescopes, they also put the images 
through a cosmic blender. As a result, the 
smeared and distorted images don’t offer 
much in the way of direct information 
about what the earliest galaxies looked like. 

But that is not the case for an elegant  
little spiral galaxy called Sp1149, located 9.3 
billion light-years away. The galaxy’s image 
has come through a gravitational lens mag-
nified 22 times and fairly intact, as seen in a 

Hubble Space Telescope 
image. The giant cluster of 
galaxies that created the 
lens is located in the vast 
expanse of space between 
Sp1149 and Earth, and 
appears beside Sp1149 in 
the Hubble image. 

The secret to Sp1149’s 
successful magnification is 
that it is in a special posi-
tion behind the cluster, 
which allows its light to be 
bent equally in all direc-
tions. The fact that you can 
distinguish the core and 
spiral arms of Sp1149, plus 
the fact that we are seeing 
the galaxy as it was when the universe was 
only a third of its current age, makes it a 
great specimen for testing different models 
of how galaxies are born and then grow up. 

 More information

NASA Telescope Helps Confirm 
Nature of Dark Energy 
NASA / JPL

A five-year survey of 200,000 galaxies, 
stretching back seven billion years in cos-
mic time, has led to one of the best inde-
pendent confirmations that dark energy is 
driving our universe apart at accelerating 
speeds. The survey used data from NASA’s 
space-based Galaxy Evolution Explorer and 
the Anglo-Australian Telescope on Siding 
Spring Mountain in Australia.

The findings offer new support for the 
favored theory of how dark energy works 
— as a constant force, uniformly affecting 
the universe and propelling its runaway 
expansion. They contradict an alternate 
theory, where gravity, not dark energy, is 
the force pushing space apart. According to 
this alternate theory, with which the new 
survey results are not consistent, Albert 
Einstein’s concept of gravity is wrong, and 
gravity becomes repulsive instead of attrac-
tive when acting at great distances.

“The action of dark energy is as if you 
threw a ball up in the air, and it kept speed-
ing upward into the sky faster and faster,” 

said Chris Blake of 
the Swinburne 
University of 
Technology in 
Melbourne, 
Australia. “The 
results tell us that 
dark energy is a 
cosmological con-
stant, as Einstein 
proposed. If gravity 
were the culprit, 
then we wouldn’t 
be seeing these 
constant effects of 
dark energy 
throughout time.”

Dark energy is 
in a tug-of-war 
contest with gravity. 
In the early universe, gravity took the lead, 
dominating dark energy. At about 8 billion 
years after the Big Bang, as space expanded 
and matter became diluted, gravitational 
attractions weakened and dark energy 
gained the upper hand. 

The new survey provides two separate 
methods for independently checking the 

supernovae results. This is the first time 
astronomers performed these checks across 
the whole cosmic time span dominated by 
dark energy.

 More information

Astronomers think the expansion of the universe is regulated by both the 
force of gravity and mysterious dark energy. In this artist’s conception, 
dark energy is represented by the purple grid above, and gravity by the 
green grid below. Gravity emanates from all matter in the universe, but  
its effects are localized and drop off quickly over large distances.

The gravity of a gigantic cluster of galaxies bends and magnifies 
the light of the distant spiral galaxy Sp1149 making its spiral arms 
visible. The inset labeled “galaxy” shows how Sp1149 would look 
without lensing.
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The 2011 ASP Award Recipients

Catherine Wolfe Bruce Gold Medal
Dr. Jeremiah P. Ostriker, Professor of Astronomy, Princeton University
Dr. Ostriker received his BA from Harvard University and his PhD 
from the University of Chicago. After joining the Princeton faculty 
in the 1960’s, Ostriker became Chair of the Department of 
Astrophysical Sciences in 1979, and served as university Provost 
from 1995 until 2001. From 2001 to 2003, he held the post of 
Plumian Professor of Astronomy and Experimental Philosophy at 
the Institute of Astronomy at Cambridge (UK). He returned to 
Princeton to direct the Princeton Institute for Computational 
Science and Engineering.

Dr. Ostriker’s career as a 
theoretical astrophysicist is 
distinguished by its breadth 
of subject area, notably in 
the area of cosmology 
where he performed semi-
nal research on dark matter 
and dark energy. During 
the past 45 years, he has 
authored or co-authored 
more than 500 papers on 
such diverse topics as the 
structure of rapidly rotat-
ing stars, the fundamental 
nature and distribution of 

pulsars, the nature of the interstellar medium, the dynamics and 
evolution of globular clusters, cosmic rays, stability criteria for gal-
axies, and dark matter halos. 

He has been particularly active in computational cosmology, and 
worked on the development of sophisticated numerical simulations 
of the evolution of the early universe and the formation of structure 
in cosmology, including galaxies, clusters of galaxies, and the inter-
galactic medium. Ostriker was also influential in assembling the 
staff and resources to carry out the eight-year Sloan Digital Sky 
Survey, which produced a data set since used in more than 2,500 
scientific papers. 

Thomas Brennan Award 
for exceptional achievement related to the teaching of 
astronomy at the high school level. 
Mark S. Reed, Astronomy Teacher, Jackson High School, Jackson, MI
Mark has taught for 23 years in two high schools, and throughout 
his career he has taught high school astronomy. Mark’s nominator, 
richard Collett, notes: “One of Mark’s gifts is his ability to take 
astronomy concepts and put them into a context so that students, 
teachers, and public individuals understand them.” Jackson High’s 
Assistant Principal, Steven Lieder, echoes this sentiment. “Mr. reed 
takes the teaching of astronomy very seriously, and he diligently 
works to transfer knowledge to students who can be very resistant 
to learning.” 

One of Mark’s major 
accomplishments was tak-
ing a planetarium closed 
five years before he came to 
Jackson High and trans-
forming it. Today the Hurst 
Planetarium is a vibrant 
place where both his 
astronomy class students 
and all students at Jackson 
High and the surrounding 
area learn astronomy. 
remarks Collett, “If some-
thing is related to space, 
there is a good chance that Mark reed in involved helping students 
and others to understand it.”

Richard H. Emmons Award 
for excellence in college astronomy teaching.  
Douglas Duncan, University of Colorado and the Fiske Planetarium,  
Boulder, CO
Douglas’ contributions include his innovative use of clickers (i.e., 
personal response devices) in his classrooms. According to Andy 
Fraknoi, Douglas is regarded as the “Ambassador at Large” for effec-

tive use of this teaching 
tool, writing papers on the 
subject as well as giving 
invited demonstrations for 
colleagues. He is invited to 
give hands-on workshops 
on many campuses, and 
goes out of his way to help 
colleagues who are strug-
gling with adopting one or 
another of the clicker sys-
tems. Douglas has also 
written extensively on 
teaching methodologies for 
college astronomy courses, 

including an article on six ways to discourage learning, written 
while he was the Education Officer for the AAS. 

At the University of Colorado, he co-teaches (with Nick 
Schneider) a seminar for graduate students on how to be a good 
astronomy instructor. The curriculum is based on the workshops he 
taught while Education Officer of the AAS, and it has some of the 
best advice on effective teaching found anywhere.

Amateur Achievement Award 
for significant observational or technical achievements by an 
amateur astronomer. 
Kevin Apps, London, England
According to his nomination letter, written by Geoff Marcy, Kevin 
first contact him while still in the British school system and has 

News and information for Society members.
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“contributed vitally to our 
search for exoplanets, lead-
ing to the discovery of over 
20 planets and being a co-
author of 21 published 
papers.” Kevin has selected 
hundreds of target stars for 
Geoff ’s Keck search for 
planets and has also identi-
fied Doppler signals in the 
data, pointing out the pres-
ence of planets in many 
cases. For the history 
books, Kevin co-discovered 

the 10th, 11th, and 12th known exoplanets. “Kevin thus became the 
first British citizen to be involved in a planet discovery since 
Herschel and Adams found Uranus and Neptune.” 

Geoff also notes: “Kevin Apps has become the world’s expert in 
the calibration of metallicity for M dwarfs.” The Johnson-Apps 
metallicity calibration is now, according to Geoff, the standard for 
this type of work. Kevin currently works as a control engineer for 
Scotia Gas Networks, a southern England gas company.

Klumpke-Roberts Award 
for outstanding contributions to the public understanding and 
appreciation of astronomy. 
Paul Davies, Director of Beyond: Center for Fundamental Concepts in 
Science at Arizona State University, Phoenix, AZ

Few people are as iconic in 
the world of science popu-
larization as Paul Davies. 
His long list of successful 
titles about everything 
from cosmology to the ori-
gins of life grace the book 
shelves of those who are 
already conversant with 
science, and those who 
would like to be. His prow-
ess in outreach and inform-
ing the public about 
science can be seen in the 
many awards that he has 

received previously, e.g., the Faraday Medal of the royal Society of 
London, the Kelvin Medal of the Institute of Physics, and the Star of 
Australia. 

His nominator, SETI’s Seth Shostak, says: “Davies is one of the 
best-known science popularizers working today. Despite his exten-
sive research activities, he manages to find the time to exploit his 
exceptional abilities to bring even complex science ideas to the pub-
lic. In doing so, he is not content to simply rewrite the conventional 
wisdom, but is able to translate new ideas — even in quite complex 
disciplines — into language and imagery every lay reader can grasp.” 

Las Cumbres Amateur Outreach Award 
for outstanding outreach by an amateur astronomer to chil-
dren and the public.
Lonnie Puterbaugh, Brentwood, TN
The ASP Awards Committee agreed that Lonnie’s long-standing and 
substantial devotion to providing astronomy outreach to a wide-
ranging segment of the population makes him a worthy recipient of 

the Las Cumbres award. 
The centerpiece of 

Lonnie’s contribution is a 
minivan that he purchased 
and then modified to func-
tion as a mobile display 
center and observatory. 
According to his nomina-
tion, he did that at consid-
erable personal expense. 
He often travels extensively, 
up to 600 miles, to use his 
modified minivan at vari-
ous public events and 
events sponsored by neigh-

boring amateur organizations, to bring astronomy to the attendees 
of these events. His van is equipped with a variety of electronic gear 
that lets him entertain and inform the public about astronomy, even 
if the event is clouded out for normal observing. Lonnie often 
invests as much time in his crusade for public astronomy education 
and awareness as many people spend on the jobs that they get paid  
to perform.

Maria and Eric Muhlmann Award 
for important research results based upon development of 
ground-breaking instruments and techniques.  
Gaspar Bakos, Harvard-Smithsonian CfA, Cambridge, MA
Gaspar is a brilliant instrumentalist who has single-handedly devel-
oped the HAT (Hungarian-made Automated Telescope) Network 
suite of fully-automated, small-aperture photometric telescopes. Its 
primary purpose is to detect transiting exoplanets through the peri-
odic dips of the brightness of their parent stars as exoplanets transit 

across the face of the star. 
The HATNet project has 
been extremely successful, 
and the HATNet-detected 
exoplanets have been for-
mative in the development 
of our knowledge of exo-
planetary systems. (Gaspar 
has recently deployed a 
new network of somewhat 
larger instruments, named 
HAT-South, in Australia, 
South America, and 
Africa.) 
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His work pushed the forefront of technology to reach high pho-
tometric precision on wide fields with many stars. His efforts have 
provided prime targets for follow-up studies by the Spitzer Space 
Telescope, which have provided the smallest error bars to date on 
exoplanet radii and orbital parameters. For his innovative develop-
ment of ground-based robotic photometric exoplanet detection 
methods and associated analysis tools, Gaspar is well deserving of 
the Maria and Erick Muhlmann award.

Robert J. Trumpler Award 
for a recent Ph.D. thesis considered unusually important to 
astronomy.
Philip Hopkins, Astronomy Department, University of California Berkeley, 
Berkeley, CA
This award is being presented to Philip for his thesis on galaxy and 
supermassive black hole formation, written while he was a student 
at Harvard. According to his nomination and supporting letters, his 

thesis has caused a “sub-
stantial revision” of our 
understanding of these 
objects and their forma-
tion, and spawned more 
than 30 papers, 20 of 
which he was the lead 
author. Philip’s thesis made 
major contributions to our 
understanding of galaxy 
formation. 

In numerous cases the 
models developed by Phil 
and his collaborators are 
now the standard in the 

field. In some instances, these represent completely new ideas, while 
in others Philip elaborated on a theoretical framework that had been 
proposed in a much less complete way by others. These works 
already have more than 2,000 citations and a H-index of 25 on just 
his first-author papers alone. His ability to so effectively combine 
theoretical work, simulations, and analysis of data is truly remark-
able for someone just beginning a career in astrophysics.

ASP Transit Tour
The last transit of Venus in 
our lifetime will occur on 
June 5–6, 2012. For North 
American observers, it takes 
place in the late afternoon, 
with the Sun setting before 
the transit concludes. In 
Hawaii and Alaska, the 
transit is visible from begin-
ning to end, but Hawaii  
definitely has superior 
weather prospects.

Join Dave Eicher and Dr. Alex Filippenko as they lead the way 
on the ASP’s Hawaii: Transit of Venus tour with MWT Associates. 
Astronomical talks, star parties, and a visit to the Keck Observatory 
on the Big Island of Hawaii — and of course the transit during the 
afternoon of June 5th —  will all be part of this tour.

This trip to see the transit of Venus is but one of several upcom-
ing ASP/MTW astronomically themed tours. This November (8–14), 
join the ASP in Iceland for a winter's night tour in search of the 
aurora borealis or northern lights. To further enhance your experi-
ence, the enrichment program will be led by popular lecturer and 
astronomer Dr. Alex Filippenko.

And in November 2012, join us in Australia for The Great 
Dreamtime Total Eclipse. From barren deserts to lush rain forests to 
the sun-drenched Pacific rim, Australia offers landscape and wild-
life diversity like no other. Experience the total eclipse of the Sun 
from the Great Barrier reef. (On eclipse morning, November 14, 
2012, you'll head to Cairns Wharf where you will board a large cata-
maran for the cruise to Green Island. Here you'll experience totality, 
after which you'll return to Cairns.)

With the choices offered, you may select to visit the Wild West 
Northern Territory, Aboriginal red Center, and the lush gardens of 
the south, or you may continue to New zealand or Tasmania. The 
tour offerings are divided into five groups with variations on each 
group, and each tour will include astronomical lectures, eclipse 
glasses, and star parties. 

Meet Schyleen Qualls, a New ASP Board Member
Schyleen C. Qualls, Founder and President of Arkeon Entertainment 
and Arkeon Education, has written, produced and performed in 
hundreds of projects for film, television, radio and the theatre.

Best known for her highly acclaimed one-woman show, The Last 
Word, Schyleen has traveled to more than 45 countries including 
appearances at the United Nations Fourth World Conference on 
Women in Beijing and the Second World Festival of Arts and 
Culture in Nigeria. Ms. Qualls is the recipient of the Harvard 
University Foundation Medal for her “contributions to American 
Performing Arts and to Intercultural relations.”

Schyleen has a 35-year successful track record of creating and 
producing quality educational-entertainment products. Currently, 
Arkeon Education is working with a team of internationally recog-
nized educators to create Cosmic Campfire for planetarium theaters 
around the world. Using innovative multimedia technologies, the 
show will inspire young people to pursue careers in science, tech-
nology, engineering, art and math-related fields.

In February 2010, a documentary film she co-produced, “Ben 
Ingram vs. the State of Mississippi,” premiered at the Pan African 
Film Festival in Los Angeles.

Ken Kesey, author of One Flew Over the Cuckoo’s Nest, once 
wrote: “Schyleen Qualls is a treasure, a flower, a trump, a humdinger 
of a word slinger, a corker of a talker, a heller of a storyteller, dawn’s 
first light and a downright delight.”

The ASP is delighted to have Schyleen Qualls join the Society's 
Board of Directors. 

society scope

Venus in transit at sunrise, 2004.
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NEW MEMBERS  —  The ASP welcomes new members 
who joined between April 1 and June 15, 2011.

Technical Membership

Duncan A. Brown, Syracuse, NY
Umberto Cannella, Washington, DC
Paul A. Hemphill, Nashville, TC
Naveen Jain, New Delhi, Delhi, India

General Membership

Jeannette E. Allen, Greenbelt, MD
Tania Anderson, Baltimore, MD
Melody A. Basham, Phoenix, AZ
Kassandra Bell, Moffett Field, CA
Veronica A. Belser, Huntsville, AL
Rhoda Berenson, New York, NY
Nicolas (Nico) Billot, Pasadena, CA
Candy Blakeslee, Chino Valley, AZ
Erin L. Braswell, Cambridge, MA
Elizabeth B. Burck, Kasilof, AK
Tony Cappellini, San Jose, CA
Benjamin M. Clark, Lancaster, PA
Sarah A. Crecelius, Hampton, VA
Anna D. DeJong, San Antonio, TX
Cara Dodge, San Jose, CA
Rosa Doran, Sao Domingos de Rana, 
Portugal
Christine Draper, Beverly, MA
Jane Dunkin, Wheeler, OR
Janice A. Elvidge, Coulee Dam, WA
Lori M. Feaga, Eldersburg, MD
Kyle Fricke, Berkeley, CA
Brian R. Graham, Beaverton, OR
Kevin Hainline, Los Angeles, CA
Kim Hayden, Mission Viejo, CA

Monica R. Hoke, Westminster, CO
Maureen S. Jamrock, Dolton, IL
Teresa G. Jiles, Fort Collins, CO
Kurt D. Joviak, Grafton, OH
David W. Klemp, Santa Cruz, CA
David M. Kuehn, Webb City, MO
Catherine L. Lange, Kenmore, NY
Brandon L. Lawton, Baltimore, MD
Scott Ledford, Memphis, TN
Preston Lewis, Hampton, VA
Guisheng Luo, San Leandro, CA
Dennis Martin, South Pasadena, CA
Nina McCurdy, San Francisco, CA
D. Gregory McNeil, Hudson, OH
Susan M. Niebur, Silver Spring, MD
Daniel H. Oostra, Williamsburg, VA
William R. Paracka, Danville, CA
Andy Peterson, Charlotte, NC
Joy N. Scales, Blacksburg, VA
Jeffrey P. Schwartz, San Francisco, CA
John Sepikas, Pasadena, CA
Scott Sinex, Largo, MD
Brigid M. Slinger, Seattle, WA
Darlene Smalley, Aiken, SC
Arthur G. Swedlow, Ayer, MA
Vanessa Thomas, Baltimore, MD
Faith Tucker, Los Altos, CA
Nikolaus Vogt, Valparaiso, Chile
Kathryn E. Williamson, Bozeman, MT
Joseph L. Zawicki, Elba, NY

A Gift That Gives Back
u

planned giving
 with

the asp heritage society 

T he Astronomical Society of the Pacific is pleased to 

recognize our members and friends who have included 

the ASP in their estate plans. This support of our mission is 

truly appreciated.

Join the Heritage Society by making a planned gift today. Visit 

us online or contact us to request an informational brochure.

 www.astrosociety.org/support.html  
or  

(415) 337-1100 x106

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

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

HELP EVERYONE REACH FOR THE STARS!

http://www.astrosociety.org/support/heritage.html
http://www.astrosociety.org/astroshop/
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sky sights

The Skies of August

[Editor’s Note: as of mid-July, S&T’s Interactive Sky Chart was not 
functional. They are aware of the problem and are working on a fix.]

In many ways, August marks the best of the summer months for 
astronomy. Evenings are warm, the sky fades to black at a reason-
able hour, and heading out for an evening’s observing offers a sky 
full of fine sights to explore. Your observing experience will be 
made even better if you escape the city lights  and enjoy the stars 
from a dark-sky setting. 

Unfortunately, finding darkness likely means a drive of at least 30 
minutes from the fringe of the urban center where you live. Note 
that in your quest for a dark sky, not all directions are created equal. 
If at all possible, put the city lights behind you to the north, because 
one of the finer sights you seek lies in the southern sky.

How will you know if your site is dark enough? Some 15 minutes 
after you’ve arrived, set up, and shut off all your own lights, look 
carefully toward the south. Can you see a dim, softly glowing band 
of light stretching up from the horizon toward the zenith (over-
head)? If so, you’ve picked a good site. That glow is the Milky Way, 
our home galaxy, and a sight that is becoming harder to observe as 
light pollution overwhelms the night sky.

The view will improve if you do two more things. Don’t turn on 
any bright lights for 30 minutes or more (so you stay dark adapted) 
— employ a red-light flashlight if you need illumination. And use 
binoculars, not a telescope, to scan the Milky Way. The wide-angle 
view provided by binoculars works very well on our galactic home.

Both inner planets (Mercury and Venus) are too close to the Sun 
to be seen, though you might catch a glimpse of Mercury just before 

sunrise at month’s end. (It will be easier to see next month.)
Saturn is visible in evening twilight, but it’s rapidly approaching 

the Sun and will be lost in the twilight glow in a few weeks. A cres-
cent Moon sits beneath Saturn after sunset on the 3rd and again on 
the 31st.

Jupiter rises in the east before midnight and is nicely placed for 
viewing high in the southeast before dawn. The (almost) last quarter 
Moon and Jupiter make a beautiful pair during the morning hours 
of the 20th.

Mars rises in the east before dawn; the crescent Moon passes to 
its right on the 25th. If you can pull yourself out of bed on the 
mornings of the 5th, 6th, and 7th, you can watch the red planet pass 
about ½° southwest of the open star cluster M35 (both are low in 
the east). If you live in the city, you’ll need binoculars to see M35, 
located at the foot of Gemini, the Twins. A better passage of Mars 
through a star cluster occurs during the morning of October 1st.

The highlight of every August is the Perseid meteor shower. It’s 
not necessarily the best (that honor belongs to the Geminids in 
December), but it is popular because it takes place during the sum-
mer when people are more likely to be outdoors in the evening. The 
shower’s peak occurs during the morning hours of the 13th, when 
upwards of 60 meteors per hours may be glimpsed. Unfortunately, 

by Paul Deans

• Go to Sky & Telescope’s August 2011 Sky Chart
• How to use S&T’s Interactive Sky Chart

The position of Mars at 5:00 am on August 5th through 7th as it passes 
the open star cluster M35. 

The summer Milky Way, from the Scorpius/Sagittarius bulge in the south 
(bottom) to the Summer Triangle segment near the zenith (top). Your 
eyes alone won’t see this amount of detail, but binoculars will reveal 
many interesting features. 
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http://apod.nasa.gov/apod/ap070508.html
http://www.darksky.org
http://www.oneminuteastronomer.com/88/dark-adaption
http://skychart.skytonight.com/observing/skychart/skychart.asp?lat=40.0&lng=-100.0&timezone=-6&datetime=2011.05.15at10:00pm&dst=off&calt=17&
http://www.eso.org/public/images/eso0932a
http://www.carinasoft.com
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the Moon is full on the 13th and is in the sky all night. So moon-
light will wash out all but the brightest Perseids this year. 

The Skies of September

Appearing this month (maybe) is Comet Elenin. Well, the comet 
will be in the sky, but whether it’ll be bright enough to see without a 
telescope or binoculars remains uncertain. As of mid-July, it was 
still predicted to peak at magnitude 6 in mid-September, when it’ll 
be low in the west-southwest just after sunset. It’ll reappear at dawn 
in early October, quickly passing through Leo, the Lion, as it fades. 
On the 14th the comet will be roughly 8° to the left (east) of the red 
planet Mars.

Seiichi Yoshida’s Comet Elenin webpage includes a finder chart 
and a constantly updated magnitude graph (with a brightness-curve 
prediction). And despite what you may have heard, Comet Elenin 
will not destroy Earth — the ASP’s David Morrison debunks that 
myth in a free issue of Astronomy Beat.

Although Saturn and Venus are very close to each other in the 
west at month’s end, both are invisible in the solar glare. Jupiter 
rises approximately two hours after sunset and is nicely placed for 
viewing in the east by midnight. The Moon hangs above Jupiter as 
the giant planet rises on the 15th, and it sits to Jupiter’s left as both 
rise on the 16th. For your Jupiter-observing sessions, Sky & 
Telescope has two free apps on their website that will show you (on 
any date) when the center of the Great red Spot should cross 
Jupiter’s central meridian, and the positions of the four large Jovian 
moons. To access these JavaScript apps, you’ll have to register with 
S&T.com, but it’s free.

Mars rises around 2:30 am and is low in the east as dawn breaks. 
On the 23rd the crescent Moon is to the lower right of the red planet. 
Don’t miss Mars in the middle of the Beehive star cluster during the 
first morning of October.

Mercury is nicely placed for viewing at dawn during the first half 
of the month. It sits low in the east about 30 to 45 minutes before 
sunrise. Use binoculars on the 9th to spot even dimmer regulus to 
Mercury’s right.

The Skies of October

A strong meteor shower, such as the mid-August Perseids, might 
produce up to 60+ meteors per hour under favorable skies. Normally 
the Draconids (so-called because its meteors appear to radiate from 
the northern constellation Draco, the Dragon) are a weak shower 
with only 10 meteors every hour. However, in the past this shower 

has proved strongly variable. In 1933 and 1946, there were Draconid 
“meteor storms,” when 
meteors appeared at rates 
of 10,000 per hour or more. 
Other less dramatic out-
bursts — where the meteor 
counts climbed into the 
hundreds per hour — 
occurred in 1952, 1985, 
and 1998.

The 2011 Draconid out-
burst — with possibly as 
many as 600 meteors per 
hour — is expected to peak 
between 17:00 and 18:00 
Universal Time on October 
8, 2011. That’s 1:00 pm and 
2:00 pm Eastern Daylight 
Time on the 8th, which 
means the shower’s maxi-
mum occurs during day-
light in North America. 
Still, North American 
observers should watch the 
sky just before sunrise and 
just after sunset on the 8th, 
because predicting the peak 
of a meteor-storm remains an inexact science. 

The best locations to view the shower, which is only visible in the 
northern hemisphere, will be Europe, North Africa, and the Middle 
East. (It’s too bad the nearly full Moon will be around all night to 
spoil the show.) The 2011 outburst prediction is based on a paper 
presented at the Canadian Astronomical Society conference in June; 
this Sky & Telescope story from last year provides some background 
information. 

Saturday, October 8, is also International Observe the Moon 
night. It’s another great public outreach opportunity — after all, who 
doesn’t like looking at the Moon? The Moon rises out of the east 
shortly before sunset, and is well-placed in the southeast for viewing 
as darkness falls.

As for the planets this month, Mercury and Saturn are lost in 
the Sun’s glare. Venus is finally visible in the post-sunset glow, but it 
is very low in the west-southwest. Jupiter emerges low in the east 
after sunset and is visible all night. Mars rises around 2:00 am and 
stands high in the east before dawn. The Moon is to the left of 
Jupiter during the evening of the 13th, to the upper right of Mars 
before dawn on the 21st, and to the far upper left of Venus after 
sunset on the 28th.

During the morning hours of the 1st, you can find Mars right in 
the middle of the Beehive star cluster (M44) in Cancer, the Crab. If 
you use a telescope to observe this passage, you’ll be able to watch 
the motion of Mars on an hourly basis because of the concentration 
of background stars through which it’s moving. 

• Go to Sky & Telescope’s October 2011 Sky Chart
• How to use S&T’s Interactive Sky Chart

sky sights

• Go to Sky & Telescope’s September 2011 Sky Chart
• How to use S&T’s Interactive Sky Chart

Draco is a long and winding constella-
tion with plenty of faint stars that are 
difficult to see in a city sky. To watch 
for Draconid meteors, simply keep an 
eye on the northern sky.
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http://www.jpl.nasa.gov/news/news.cfm?release=2011-135&cid=release_2011-135
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http://www.astrosociety.org/elenin/ab2011-72.pdf
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http://www.skyandtelescope.com/observing/objects/javascript/jupiter
http://www.skyandtelescope.com/observing/highlights/104450349.html
http://observethemoonnight.org
http://skychart.skytonight.com/observing/skychart/skychart.asp?lat=40.0&lng=-100.0&timezone=-6&datetime=2011.07.15at010:00pm&dst=on&calt=17&
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Thanks to Sky & Telescope magazine, 
Mercury readers have direct access to 
S&T’s online Interactive Sky Chart. While 

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

Sky & Telescope’s Interactive Sky Chart is a Java 
applet that simulates a naked-eye view of the sky 
from any location on Earth at any time of night. 
Charted stars and planets are the ones typically 
visible without optical aid under clear suburban 
skies. Some deep-sky objects that can be seen in 
binoculars are plotted too.

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

For instance, when you click on the link for the August Sky 
Chart, you should see, in a new window, a screen that looks like the 
image above. Each of the monthly links in Sky Sights will take you 
to a chart set for 40° north latitude and 100° west longitude (so it’s 
useful throughout the continental US) at 10:30 pm local time at 
midmonth in August, and 9:30 pm local time at midmonth in 
September, and October. The chart can be used one hour later at the 
start of each month and one hour earlier at month-end.

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

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

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

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

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

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

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

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

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

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

Tech Talk
The applet should work properly in most Java-enabled Web brows-
ers. For best results on a PC, use Internet Explorer 6 or Netscape 7; 
on a Mac, use OS X 10.3 (or higher) with Safari. 

If you’ve installed a “pop-up stopper” to block advertisements 
that automatically open in new browser windows, you’ll probably 
have to turn it off, as the Interactive Sky Chart needs to open in a 
new browser window.

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

Using Sky & Telescope’s Interactive Sky Chart
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http://www.skyandtelescope.com/help/3304366.html
http://www.skyandtelescope.com/observing/skychart/3304906.html?page=1&c=y
http://www.skyandtelescope.com/observing/skychart/3304901.html?page=1&c=y
http://www.skyandtelescope.com/help/3304366.html
http://www.skyandtelescope.com


reflections
image by Nick Risinger

Photopic Sky Survey
The Photopic Sky Survey is a 5,000-megapixel photograph of 

the entire night sky stitched together from 37,440 exposures. 
Large in size and scope, it reveals our familiar Milky Way with 
unfamiliar clarity.

Seen at a depth thousands of times fainter than the dimmest 
naked-eye star, tens of millions of other suns appear, still perhaps 
only one hundredth of one percent of the stars thought to exist in 
our galaxy. The Milky Way galaxy is the dominant feature, with its 
dust lanes silhouetted by light from distant stars and punctuated 
by red clouds of glowing hydrogen gas. Below center are the two 
Clouds of Magellan, each small galaxies with hundreds of millions 
of stars of their own.

The image on Nick’s website is zoomable and interactive — 
constellation outlines appear and a galaxy icon shows the line-of-
sight for any given view. It’s a remarkable accomplishment. 

Credit: Nick risinger, skysurvey.org.
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