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Save The Date: October 10, 2015
The 127th Meeting of the Astronomical Society of the Pacific

UNIVERSE 2015
at Chabot Space and Science Center

10000 Skyline Blvd. Oakland, CA
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Public astronomy lectures

Planetarium shows

Science teacher workshops

Telescopic observing

Chabot’s interactive exhibits

Astrophotography contest

ASP Annual Awards and Banquet

...and much more!
The Chabot Space & Science Center is set amid the beautiful Redwood Regional Park in the hills 
above Oakland. Chabot offers visitors the very latest in hands-on interactive exhibits, displays, 
planetarium shows, and three magnificent telescopes including an historic 8-inch Alvan Clark 
refractor, a 20-inch refractor, and a 36-inch reflector. [Courtesy Chabot Space & Science Center, x2]
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on the cover
Front: Four images from New Horizons’ Long 
Range Reconnaissance Imager were 
combined with color data from the Ralph 
instrument for a global view of Pluto; images 
of Charon were collected earlier during the 
spacecraft’s approach. The relative reflectivity, 
size, and orientations of Pluto and Charon are 
approximated in this composite image, and 
they are shown in approximate true color. But 
their relative separation is not correct. 
Courtesy NASA/JHUAPL/SWRI. 

Back: During February and March 2015, as 
comet 67P/Churyumov–Gerasimenko traveled 
toward the Sun, its outgassing activity 
increased. The escaping gas carried streams of 
dust out into space, which slowly expanded to 
create the comet’s fuzzy atmosphere, or coma. 
Courtesy ESA/Rosetta/NavCam.

http://pluto.jhuapl.edu/
http://rosetta.esa.int/
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On July 15, I sat in my office and watched the 
NASA press conference featuring some first-
look images and science about Pluto. Thanks to 
the Web and streaming NASA TV, I did it again 
two days later. And it brought back memories 
of 1979, 1980, 1981, 1986, and 1989 — when 
two Voyager spacecraft flew past the four giant 
worlds in our outer solar system.

Back then I was part of the press core cover-
ing the missions. No Internet. No immediate 
image gratification for the masses. You had 
to physically be at the Jet Propulsion Lab in 
Pasadena and accredited as press. There were 
daily press briefings with the usual Q&A, after 
which everyone lined up at the Dutch door of 
the Image Room to receive the day’s “goodies” 
— audio clips only for the radio people, print 
images only for newspaper and magazine folks, 
and, for the media gods (a.k.a television report-
ers), everything. 

I was an interloper. While I had real press cre-
dentials, I was actually there to get images and 
details for the planetarium shows I was writing 
and producing at the time. Science educators 
were not welcome here. Instead, NASA held 

uninformative educator’s conferences and 
didn’t send out images and information sum-
maries until several months after the flybys — 
too late for my purposes.

I thought of this ancient history as the panel 
of New Horizons scientists presented their very 
preliminary findings and tried to answer report-
er’s questions. Often, as happened 30-plus 
years ago, the answer was “We don’t know yet.” 
Now, as then, they were operating on little 
sleep and had seen the data (and images) often 
only a few hours prior. Now, as then, they were 
doing science interpretation on the fly. 

Perhaps John Spencer, the mission’s Geology, 
Geophysics and Imaging deputy team leader, 
put it best: “It’s baffling in a very interesting 
and wonderful way.” But these scientists are 
good at what they do, and if past history is any 
indication, their initial scientific interpretation 
of what’s going on in Pluto’s distant realm will 
stand the test of time. 

Paul Deans
Editor, Mercury

http://astrosociety.org
mailto:pnelson%40astrosociety.org
mailto:%20editor%40astrosociety.org
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“Methinks it should be now a huge eclipse
Of sun and moon, and that the affrighted globe
Should yawn at alteration.”

— William Shakespeare Othello

the oldest known recorded observation of a solar eclipse is 
a stone carving discovered at the Loughcrew Megalithic 
Monument in Ireland. By comparing the carved pictograph of 

the Moon and Sun with the orientation of these bodies predicted 
by a computer simulation, archeoastronomer Paul Griffin estimated 
that this eclipse occurred on November 30, 3340 BCE. 

Many thousands of solar eclipses later, another was visible in 
the town of Cloverdale, a small town north of San Francisco. This 
solar eclipse occurred on January 1, 1889, and a group of astrono-
mers, inspired by the writings of Edward Holden, Director of Lick 
Observatory, traveled by train to observe it. Photographers from the 
Pacific Coast Amateur Photographic Association joined this expedi-
tion, successfully capturing images of the darkened Sun and corona 
on their plates. A month later, 40 professional and amateur astrono-
mers, and photographers who had experienced the eclipse, met in 
San Francisco to compare notes. This was the very first meeting of 
the Astronomical Society of the Pacific. 

The sight of a blackened Sun surrounded by its shimmering 

corona is awe inspiring, frightening, and transformative. People 
have described witnessing a total solar eclipse as “nature’s grandest 
event,” “nothing else like it,” and “completely addicting.” Once you see 
one, you are hooked and want to see more. Yet being able to cross 
“witnessing a solar eclipse” off your bucket list isn’t easy. Traveling 
to sites where total solar eclipses occur is difficult, expensive, and 
sometimes just plain impossible. Most people, like me, never have 
experienced one.

Baily’s Beads, diamond ring (above), prominences, chromosphere, corona. These words describe all 
the components of totality, but until you actually experience the stunning majesty of a total solar 
eclipse in person, they are only words. [Richard Tresch Fienberg] 

The Lure of Totality
After a lifetime of waiting, I will finally get to experience totality.

by Linda Shore

first word

http://www.newgrange.com/loughcrew-eclipse.htm
http://www.newgrange.com/loughcrew-eclipse.htm
http://www.astronomy.ca/3340eclipse/
http://tinyurl.com/ontyykv
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I have wanted to witness an eclipse for almost 50 years. When I 
was a very young girl, there were some impressive eclipses visible in 
the Americas. One passed through Alaska and another was visible 
across northern Canada. I remember seeing one of them live on tele-
vision, narrated with avuncular zeal by Walter Cronkite. Even though 
the footage was black and white, witnessing that eclipse unfold live 
in my living room deeply affected me. While I promised to keep my 
room clean forever, my parents steadfastly refused to let their pre-
teen daughter travel to other eclipses that were seen in Europe, in 
central Africa, and across the Indian Ocean. 

While in college years, a solar eclipse was visible in the far north-
ern latitudes of Russia, another was seen near the South Pole, one 
crossed the southern Atlantic, and another spanned the entire width 
of the Pacific Ocean. Unfortunately, travel to these was unaffordable 
on my graduate student salary, but I figured that once I got a real 
job and a steady income, there would be few barriers preventing 
me from traveling to an eclipse. I was sorely mistaken. Family obliga-
tions, job responsibilities, and unexpected car repair expenses and 
veterinarian bills drained my savings — forcing me to miss total 
eclipses in Turkey, Africa, and Mongolia. 

A few of my friends are eclipse chasers, traveling across the globe 
for the chance of witnessing just a few minutes of solar grandeur. 
No matter what the cost or inconvenience, they select exotic loca-
tions where the weather is most likely to be clear and the duration 
of totality is near maximum. They return with fabulous photographs 
and amazing tales. I have been really envious of their journeys, but 
always reminded myself that my chance would come in 2017 when a 
total solar eclipse would literally cross the United States “from sea to 
shining sea.”

Finally, my long-anticipated solar eclipse is here.
This issue of Mercury includes the first of a series of articles relating 

to the Great American Solar Eclipse of 2017, “coming to a state near 
you” on Monday, August 21, 2017. On that morning, the Moon’s 
umbral shadow will make landfall along the coast of Oregon. From 
there, it will travel to the east at speeds of about ½-mile per second.  
The total eclipse will pass through Idaho, Wyoming, Nebraska, 
Missouri, Illinois, Kentucky, Tennessee, and South Carolina. It will 
reach the Atlantic coast in the middle of the afternoon, departing 
the mainland just northeast of Charleston, NC. If you are fortunate 
to be observing at very southern tip of Illinois, you will get to expe-
rience the total eclipse for a glorious 2 minutes 41 seconds — the 
longest duration of totality along the path. 

It is estimated that 10 million people live along the path of the 
Moon’s shadow and will witness the total solar eclipse if weather 
permits; many millions are expected to travel to the path of totality. 
Everyone in the continental US will be able to see a partial eclipse 
— that’s 500 million people! It has been more than 36 years since a 
total solar eclipse touched the continental US. The next “American 
Eclipse” will make its way across the southern states on April 8, 2024, 
followed 21 years later by another “coast-to-coast” eclipse on August 
12, 2045. This upcoming solar eclipse is a rare national experience 
not to be missed.

To science educators like myself, this eclipse represents a unique 
and critically important opportunity. Scientists and educators are 
already starting to work together and develop public outreach 
activities and materials. Science teachers are preparing new curricu-
lum so their students can watch the eclipse safely. Together, we can 
ignite the imagination of the next generation of astronomy enthu-
siasts, just like a grainy image of a solar eclipse on black and white 
television captured my imagination as a little girl. 

Linda Shore is the Executive Director of the Astronomical Society of the Pacific.

http://www.greatamericaneclipse.com/nation/
http://www.greatamericaneclipse.com/future/
http://www.greatamericaneclipse.com/future/
mailto:lshore%40astrosociety.org
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the 18th century witnessed the rise of the “amateur scientist.” 
As more became known about the natural world and the 
heavens above, inquiring minds became attuned to explain-

ing what they saw and experienced. 
Some of these amateurs, such as William Herschel, became well-

respected men of science who laid the foundations upon which mod-
ern science rests. But others, nearly forgotten now, contributed their 
own (often unusual) thoughts about astronomy. It is easy to dismiss 
them, but contemplating how scientists hundreds of years from now 
may look back on our current understanding of the cosmos, it may be 
misplaced to be so smug about what happened in centuries past.

One of these amateur scientists was Edward King (1735-1807) 
who (at age 32) became a Fellow of the Royal Society. His entry in 
the Dictionary of National Biography is less than flattering. One of 
his works, dealing with ancient castles, was “full of foolish theories, 
misplaced learning, and blunders.”

Of interest here is his 1788 work, Morsels of Criticism, which itself 
was severely criticized. The criticism generated so much interest that 
King, rather than being dissuaded, printed a second edition in three 
volumes! In them he felt compelled to explain the Sun’s nature: 

• The real body of the Sun is one-third its apparent diameter.
• Its density is thus greater than that of Earth.
• We never discover the real body except when we behold its spots

• The Sun is inhabited.
• It is not necessarily subject to burning heat.
• There is no violent elementary heat in the rays of the Sun.

The concept that the Sun was inhabited was not unusual, as many 
people at this time believed every celestial body harbored intel-
ligent life. It would be more than a century before nuclear fusion 
was understood to be the source of the Sun’s heat, and the nature 
of sunspots — as cooler areas of the photosphere — was likewise 
completely unknown until much later. 

However, he was not wholly mistaken: we now understand the 
solar core is 150 times the density of water and extends from the 
center to about 25% of the visible solar radius. Therefore his supposi-
tion that the “real body” of the Sun was one-third of what we actu-
ally see was remarkably accurate. 

In 1796 King published a 34-page book about the origin of stones 
that appeared to fall from the sky — stones we now call meteorites. It 
is an excellent overview of a wide range of reports from ancient times 
right up to his own time. But what was the origin of these stones?

King believed that pyrites and iron filings became mixed together 
in the atmosphere as flying dust or ashes (most likely from volca-
noes). By some unknown physical process, he then postulated that 
these became “condensed together, or compressed.” Then, just as 
the very same substances buried in the ground catch fire, “the same 

Edward King’s Astronomy
In the 18th century, amateur scientists sometimes created unusual theories to explain the universe.

by clifford J. cunningham

annals of astronomy
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effect might be produced, even in the atmosphere and air.”
Once these substances took fire, King next postulated many 

explosions that “melted the particles, of which the ashes were 
composed.” The final step in the process, he said, would be a “sud-
den crystallization, and consolidation of those particles taken place, 
which formed stones of various sizes, that fell to the ground.”

While wholly mistaken, it was ingenious and shows how an inquir-
ing mind tried to explain what now seems so obvious. His theory 
had just as much merit as the other popular theory of the time. 

When a seven-pound meteorite fell in France in 1768, King dis-
missed the verdict of French scientists who believed it was nothing 
more than a stone struck by lightning. This verdict, despite eyewit-
nesses who “saw an opaque body descending in a curved line; which 
fell in a green patch of ground near the high road to Mons. They all 

ran instantly to the spot, and found a kind of stone which was so 
burning hot they could not possibly touch it.”

While King’s meteorite theory did not survive, John Watson 
immortalized it in a poem in 1844:

Philosophers are found
Who think them all originate within
Our own terrestrial atmosphere, compos’d
Of particles metallic, carried up
And wide dispers’d through air and clouds, by force
Electric, sudden there condens’d, and thrown
Precipitate in fusion. 

In June, dr. CLiFFord CUnninGhaM presented a paper on William Herschel’s spurious moons of 
Uranus at the Biennial History of Astronomy Workshop, held at the University of Notre Dame.

Fermi’s Paradox: New Insights
A recent article sets the record straight on Fermi’s views and the origin and nature of his so-called paradox.

Many astronomy textbooks have a final chapter on life in the 
universe that includes a discussion of the “Fermi paradox.” 
During a 1950 lunch at Los Alamos National Lab (as the 

story goes), physicist Enrico Fermi and his colleagues were discuss-
ing the possibility of intelligent life in the universe, and Fermi asked: 
“Where is everybody?” The implication was that intelligent life 
capable of interstellar travel should inevitably arise on a planet, so 
their absence among us is a paradox that requires explanation.

Because it is a fun and thought-provoking topic, I have students 
generate their own “solutions” to the Fermi paradox in my general 
education cosmology course and my first year seminar class on 
extraterrestrials and interstellar travel. Accordingly, I was intrigued 
when I ran across a recent article by Robert H. Gray in Astrobiology. 
Gray examines several aspects of the so-called Fermi paradox 
including its origin, authorship, and its very nature as a “paradox.” 

Gray points out that Fermi, who died in 1954, never authored 

by Jennifer Birriel

astronomer’s notebook

http://online.liebertpub.com/doi/10.1089/ast.2014.1247
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a single paper on this topic. A reference to Fermi’s question first 
appeared in print in 1963 as a footnote in Carl Sagan’s “Direct Contact 
Among Galactic Civilizations by Relativistic Interstellar Flight” in 
Planetary and Space Science. In the article it is apparent that Sagan 
understood Fermi’s question as follows: If aliens had visited Earth, 
we should see evidence of it; since we do not, aliens have not yet 
visited. In other words, Sagan never presents the argument as one of 
Fermi questioning the existence of intelligent life in the universe but 
rather as one of the feasibility of interstellar travel.

The argument that “they are not here, therefore they do not exist” 
first appeared in 1975 in a paper “An Explanation for the Absence of 
Extraterrestrials on Earth” by Michael H. Hart in the Quarterly Journal 
of the Royal Astronomical Society. The phrase “Fermi paradox” did not 
appear in print until 1977 when D.G. Stephenson coined the phrase 
for his article “Factors Limiting the Interaction Between Twentieth 
Century Man and Interstellar Cultures” in the Journal of the British 
Interplanetary Society. Frank Tipler extended Hart’s ideas in 1981 and 
concluded that humans are the only intelligent life in the universe. 

By the 1980s, the Fermi paradox had become the subject of  
numerous papers and conferences. It was even used in Congressional 
arguments to cancel US funding for SETI at NASA! Eric Jones solic-
ited letters from the three surviving members of the luncheon with 
Fermi: Emil Konopinski, Edward Teller, and Herbert York. In 1985 in 
his ‘‘Where is Everybody? An Account of Fermi’s Question,” Jones 
reported that these letters reveal that although Fermi did in fact ask 
the question “Where is everybody?” he did not question the exis-
tence of intelligent life in the universe. Rather, he questioned the 
feasibility of interstellar travel.

A paradox is a self-contradictory statement that requires every 
statement to be true. In the case of the so-called “Fermi paradox,” the 
reasoning is that technological civilizations should arise on planets 

capable of sustaining life, and these 
civilizations will colonize the galaxy 
they inhabit. The fact that they are 
not here contradicts the first prem-
ise. However, Gray points out that 
these are complicated arguments 
with numerous premises that are 
assumed (but have not been proven) 
to be true, e.g. that interstellar travel 
is feasible. Rather than being a para-
dox, Gray contends that this is really 
a reductio ad absurdum (or reduction 
to an absurdity) argument.

Gray concludes that the phrase 
“Fermi paradox” both misrepresents 
Fermi’s views and conceals the 
actual authorship. He suggests that it should be renamed the “Hart-
Tipler argument against the existence of technological extraterres-
trials.” Others suggested renaming the Fermi paradox as far back as 
1985. Gray’s suggestion is different: he gives credit to both Hart and 
Tipler and reframes it as an argument rather than a paradox. 

In the past, the misleading and incorrect terminology of the “Fermi 
paradox” was used as a logical argument against funding NASA’s SETI 
program. These arguments were further supported by the appeal 
to Fermi’s authority as a distinguished scientist. Gray contends that 
future funding for astrobiology might be negatively impacted by the 
same kinds of applications of the so-called “Fermi paradox.” 

JenniFer BirrieL is Professor of Physics in the Department of Mathematics and Physics at 
Morehead State University in KY. 

Enrico Fermi; image between 1943 and 1949. 
[Department of Energy, Office of Public Affairs]

http://tinyurl.com/penqjf4
http://tinyurl.com/penqjf4
http://adsabs.harvard.edu/full/1975QJRAS..16..128H
http://adsabs.harvard.edu/full/1975QJRAS..16..128H
http://www.fas.org/sgp/othergov/doe/lanl/la-10311-ms.pdf
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it has been a busy summer in planetary science! Instead of focus-
ing on one mission or planetary body, I’m going to provide brief 
updates on some of the many exciting things that are happening. 
New Horizons: By the time you read this, the spacecraft will have 

made the first-ever flyby of Pluto and its five moons. As I write this, 
two weeks prior to the historic flyby, every image New Horizons 
sends back is the best-ever picture of the dwarf planet and its 
companions, and it has been thrilling to watch. The best global view 
available prior to publication is on the cover, several news briefs start 
on page 38, and expect a complete write-up in a coming column! 

Dawn: NASA’s Dawn mission reached orbit at Ceres in mid-March. 
Its orbit is trending ever closer to the surface for detailed mapping, 
and the mission team has been releasing image after image, show-
ing the surface of the dwarf planet in unprecedented detail. 

The most intriguing feature is the collection of “bright spots” 
located in a 90-km-diameter crater. These strange spots are the sub-
ject of much speculation — are they ice, salt minerals, metal depos-
its, material exposed by a meteorite strike, or even cryovolcanos? 
Dawn still has several instruments that are waiting for the spacecraft 
to reach low orbit before being powered up, so answers will be 
forthcoming in the upcoming months. 

Philae: This past winter I discussed Philae, the lander of the 
European Space Agency’s Rosetta comet orbiter. Philae touched 

down on comet 67P/
Churyunov-Gerasimenko, 
then bounced and settled in 
the shadow of a cliff. Without 
good access to sunlight, its 
batteries discharged dur-
ing a 60-hour-long science 
marathon. Ever since Philae 
powered down, Rosetta has 
been occasionally pinging 
the lander, hoping that as the 
comet approached the Sun, 
the lander would be able to 
recharge its batteries and respond. 

On June 13, almost seven months after it had last been heard 
from, Philae finally answered. It reported that it’s now getting a little 
more than two hours of sunlight a day, more than enough to keep 
its electronics warm and get its instruments up and running. Four of 
its six solar panels are getting light and don’t appear to be impaired 
by any dust blocking their surfaces.

Also in the data received were “historical” packets — data that 
Philae had gathered over the proceeding days when it was awake but 
unable to connect with Rosetta. It retained the information, and once 

Hither and Yon in the Solar System
The small worlds of our Sun’s family are receiving large amounts of attention these days.

This image of Comet 67P/Churyumov-Gerasimenko 
reveals details of the comet’s activity and highlights the 
shadows and silhouettes of its two lobes. [ESA/Rosetta/
NAVCAM – CC BY-SA IGO 3.0:]

by emily Joseph

planetary perspectives

http://pluto.jhuapl.edu/
http://dawn.jpl.nasa.gov/
http://blogs.esa.int/rosetta/
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in contact with Rosetta, passed it along to mission control on Earth.
Now that Philae is awake, the mission team is altering Rosetta’s 

orbit to better communicate with the lander. Once that is done, they 
will begin executing plans made while the lander slept to do more 
science with Philae’s instruments. [Editor’s Note: As of the end of July, 
Philae may be in trouble. Here is an update  from ESA.] 

Europa: Europa is the smallest of the four large Jovian satellites. It 
is of great interest to scientists because it is thought to have an ocean 
of liquid water beneath its icy surface. This makes the moon one of 
the likeliest places in the solar system to find extraterrestrial life.

The Europa Clipper is planned for flight in the mid-2020s and 
would reach Jupiter in three or six years, depending on the launch 
vehicle used. This NASA mission took a step down the development 
road early this summer with the announcement of nine instruments 

slated for inclusion on the spacecraft. The instruments selected 
include two cameras, two imaging spectrometers, a mass spectrom-
eter, a magnetometer, a radar system, and an instrument each to 
measure the plasma and dust particles around the moon.

The mission concept was also approved, allowing design of the 
probe to begin in earnest. Multiple flybys as low as 25 km above 
the surface may allow the Clipper to pass through any water vapor 
plumes erupting from the moon’s icy surface and deliver “samples” of 
the ocean to the probe, while more distant flybys will permit detailed 
mapping of the surface in preparation for a possible future lander. 

eMiLy JoSeph is a Research Assistant (with an emphasis on Mars studies) at the Planetary Science 
Institute, and is part-time on the VIMS operations team for the Cassini mission at the University of 
Arizona Lunar and Planetary Lab. You can find her on Twitter @EmExAstris.

Kepler Finds a Large Version of Earth
It’s the first near-Earth-size planet in the “habitable zone” around a Sun-like star.

NASA’s Kepler mission has confirmed the first near-Earth-size 
planet in the “habitable zone” around a Sun-like star. The 
newly discovered Kepler-452b is the smallest planet to date 

discovered orbiting in the habitable zone (the area around a star 
where liquid water could pool on the surface of an orbiting planet) 
of a G2-type star, like our Sun. The confirmation of Kepler-452b 
brings the total number of confirmed planets to 1,030.

Kepler-452b is 60% larger in diameter than Earth, and is considered 

a super-Earth-size planet. While its mass and composition are not 
yet determined, previous research suggests that planets the size of 
Kepler-452b have a good chance of being rocky.

While Kepler-452b is larger than Earth, its 385-day orbit is only 5% 
longer. The planet is 5% farther from its parent star Kepler-452 than 
Earth is from the Sun. Kepler-452 is 6 billion years old, 1.5 billion 
years older than our Sun, has the same temperature, is 20% brighter 
and has a diameter 10% larger.

by NASA and the Ames research center

strange new worlds

http://tinyurl.com/nvl4fap
http://www.jpl.nasa.gov/missions/europa-mission/
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“We can think of Kepler-452b as an older, bigger cousin to Earth, 
providing an opportunity to understand and reflect upon Earth’s 
evolving environment,” said Jon Jenkins, Kepler data analysis lead 
at NASA’s Ames Research Center who led the team that discovered 
Kepler-452b. “It’s awe-inspiring to consider that this planet has spent 
six billion years in the habitable zone of its star; longer than Earth. 
That’s substantial opportunity for life to arise, should all the neces-
sary ingredients and conditions for life exist on this planet.”

To help confirm the finding and better determine the properties 
of the Kepler-452 system, the team conducted ground-based obser-
vations at the University of Texas at Austin’s McDonald Observatory, 
the Fred Lawrence Whipple Observatory on Mt. Hopkins, Arizona, 
and the W. M. Keck Observatory atop Mauna Kea in Hawaii. These 
measurements were key for the researchers to confirm the planetary 
nature of Kepler-452b, to refine the size and brightness of its host 
star and to better pin down the size of the planet and its orbit. The 
Kepler-452 system is located 1,400 light-years away.

In addition to confirming Kepler-452b, the Kepler team has 
increased the number of new exoplanet candidates by 521 from 
their analysis of observations conducted from May 2009 to May 
2013, raising the number of planet candidates detected by the 
Kepler mission to 4,696. Candidates require follow-up observations 
and analysis to verify they are actual planets. Twelve of the new 
planet candidates have diameters between one to two times that 
of Earth, and orbit in their star’s habitable zone. Of these, nine orbit 
stars that are similar to our Sun in size and temperature.

“We’ve been able to fully automate our process of identifying 
planet candidates, which means we can finally assess every transit 
signal in the entire Kepler dataset quickly and uniformly,” said Jeff 
Coughlin, Kepler scientist at the SETI Institute in Mountain View, 
California, who led the analysis of a new candidate catalog. “This 

gives astronomers a statistically sound population of planet candi-
dates to accurately determine the number of small, possibly rocky 
planets like Earth in our Milky Way galaxy.”

Scientists now are producing the last catalog based on the original 
Kepler mission’s four-year data set. The final analysis will be con-
ducted using sophisticated software that is increasingly sensitive to 
the tiny telltale signatures of Earth-size planets. 

The complete briefing materials from the Kepler 452b press conference, the press release, and a link 
to the PDF of the paper submitted to the Astronomical Journal can be found here.

Twelve exoplanet discoveries from Kepler that are less than twice the size of Earth and reside in 
the habitable zone of their host star. The sizes of the exoplanets are represented by the size of each 
sphere. These are arranged by size from left to right, and by the type of star they orbit, from M stars 
(significantly cooler and smaller than the Sun), to K stars (somewhat cooler and smaller than the 
Sun), to G stars that include the Sun. The sizes of the planets are enlarged by 25X compared to the 
stars. The Earth is shown for reference. [NASA/JPL-CalTech/R. Hurt]

http://www.nasa.gov/keplerbriefing0723
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today Circinus X-1; tomorrow the galaxy! Well, maybe the press 
reports this summer weren’t so bold, but the implications of 
this result really are impressive. Scientists have nailed down the 

distance to Circinus X-1, an oddball neutron star that arguably only a 
few astronomers have cared about these last few decades. But inter-
est in Circinus X-1 and similar systems could ramp up soon enough.

It seems that Circinus X-1 has provided scientists with a new tech-
nique to map our galaxy’s dust distribution. With that information, 
they can begin to map out the dusty spiral structure of the Milky Way.

It all started in 2013 or, perhaps, in 28,867 BCE — if you add in the 
time it took for the light to travel to Earth. (That’s right, the accurate 
distance to Circinus X-1 is 30,700 light-years, plus or minus a few.) 
The relatively quiet Circinus X-1, which is in orbit around a large 
companion star, underwent an enormous outburst that lasted about 
two months before going dim again.

X-rays were generated when material from the companion star 
spiraled onto the ultra-dense neutron star and heated to very high 
temperatures. An instrument on the International Space Station was 
the first to detect the X-ray flash. (Who says the ISS doesn’t do real 
science?) A notice to the X-ray astronomy community went out. A 
team led by Sebastian Heinz, an associate professor of astronomy at 
the University of Wisconsin, Madison, quickly organized a series of 
follow-up observations with NASA’s Chandra X-ray Observatory and 

ESA’s XMM-Newton satellite.
The team found four rings 

of X-rays around neutron star 
Circinus X-1, reverberating like 
ripples in a pond. The rings are 
light echoes created by dust 
grains in interstellar space. As 
the X-rays encountered the 
dust, some photons bounced 
about; other photons passed 
through in a straight path from 
the source to Earth. Thus, the 
astronomers could calculate a 
time delay between the arrival 
of the straight X-rays and the 
ones taking a more zigzagged 
path. The delays extended upwards of three months. By measuring 
the time delay and geometry of the rings, they could perform a sort-
of triangulation to get a rather precise distance measurement.

Australia’s Mopra radio telescope in New South Wales was key 
in determining the position of the dust clouds. “We used the dust 
that otherwise gets in the way to pioneer a new method of estimat-
ing distances to X-ray sources,” Heinz said. The group published this 

Special Neutron Stars Could Map Galaxy’s Spiral Arms
A technique similar to sonar pins down distances.

Chandra data of Circinus X-1 reveal a set of four 
rings that appear as circles around the neutron 
star. These rings can be seen in this composite 
image of X-rays from Chandra (red, green, and 
blue) and visible light from the Digitized Sky 
Survey. [X-ray: NASA/CXC/Univ. of Wisconsin-
Madison/S.Heinz et al; Optical: DSS]

by christopher Wanjek

armchair astrophysics

http://www.narrabri.atnf.csiro.au/mopra/
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work in June in the Astrophysical Journal. The co-authors hail from 
nine different institutions, including the University of New South 
Wales in Sydney, which helps to operate Mopra.

While Circinus X-1 alone can’t serve as a “standard candle” or yard-
stick to measure distances in the galaxy, similar observations could 
help with mapping. “The more sources we have like this, the better 
we can also map out the dust distribution, because the echo basi-
cally allows us to do what one might call ‘X-ray tomography’ of the 
dust,” Heinz said. “We could start building a very accurate map of  
the dust distribution and map out the spiral structure of the galaxy.”

Surprisingly little is known about this structure because of all  
the pervading dust and the fact that our solar system is on the  
galactic plain. “All the images of the Milky Way from the ‘bird’s eye 
perspective’ are artists’ impressions,” Heinz noted.

Frits Paerels, a professor of astronomy at Columbia University in 
New York and an expert on intergalactic dust who wasn’t part of the 
observation, was impressed by the work and suggested that there 
are at least a dozen more objects in the galaxy for whose distance 
can be measured with this technique, if caught at the right time. 
Independently, Heinz also said that “about a dozen would provide a 
good grid to map out large structures.” He’s optimistic this could be 
done with current telescopes in orbit and on the ground, now that 
the technique has been established. 

The Australian government has considered closing Mopra, which 
would be a real bummer, Heinz said. 

ChriStopher WanJek is a freelance science writer living in Baltimore, which seems light-years 
from anywhere these days.

Fostering Deep Understanding of Eclipses through Modeling
The total solar eclipse of 2017 is a teachable moment on a grand scale.

though it is a staple of astronomy courses at every level, learn-
ers of all ages still struggle with the basic concepts of lunar 
phases, and solar and lunar eclipses. Invariably, a good  

percentage of teachers participating in one of our teacher pro-
fessional development workshops will have misconceptions and 
misunderstandings about phenomena those of us in the astronomy 
education community do not give a second thought to. Some of 
this is surely due to the manner in which lunar phases and eclipses 

are taught, even though the requisite knowledge and activities are 
widely available for teachers.

For many years, cognitive scientists have identified active learn-
ing as a prerequisite for a deep understanding and retention of the 
concepts and models relating to natural phenomena. All too often, 
students are treated as passive receptacles for information. They’re 
given diagrams to label and memorize, or told to watch demonstra-
tions from afar as someone else manipulates the configuration of 

by Brian Kruse

education matters
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the elements in a 
model of the Sun-
Earth-Moon sys-
tem. Many teachers 
do provide their 
students oppor-
tunities through a 
variety of modeling 
activities, usually 
through the use 
of a ball on a stick 
to represent the 
Moon, and a bright 

light to represent the Sun. At times the ball on the stick is painted 
black on one side, though this is as likely to reinforce the erroneous 
notion of a permanent dark side of the Moon as it is to teach about 
lunar phases.

At the ASP, the staff of the NASA Night Sky Network developed an 
effective set of materials for teaching about solar and lunar eclipses, 
and their relationship to lunar phases. The model involves a 1-inch 
polystyrene ball to represent the Earth, and a 0.25-inch bead rep-
resenting the Moon clipped a scale distance of 30 inches apart on 
a meter- or yardstick. A flashlight in candle mode provides a model 
Sun. As a part of an instructional sequence in the classroom, these 
materials provide students the means to develop and manipulate 
a physical scale model of the Sun-Earth-Moon system to represent 
observations, make predictions, and collect data to provide evi-
dence for the relationship between the phases and eclipses, as well 
as for the pattern of eclipse “seasons” at two times of the year. 

In an investigation such as this, the lunar phases and eclipses 
serve as “anchoring phenomena,” giving rise to a driving question 

such as “why don’t we observe eclipses every month?” Through 
the modeling process, and analysis of data on the lunar phase and 
eclipse cycles, students are able to construct a deep understanding 
and explanation for the observed phenomena.

The Next Generation Science Standards (NGSS) recognizes the 
learning progression needing to take place for students to con-
struct a complete mental model for the phenomena of lunar phases 
and eclipses. Following a classroom instructional sequence, early 
elementary students should have the ability to “Use observations of 
the Sun, Moon, and stars to describe patterns that can be predicted.” 
(NGSS Performance Expectation 1-ESS1-1.) In late elementary, stu-
dents should have the ability to “Represent data in graphical displays 
to reveal patterns of daily changes in length and direction of shad-
ows, day and night, and the seasonal appearance of some stars in 
the night sky.” (NGSS Performance Expectation 5-ESS1-2.) 

The modeling investigations described earlier are appropriate in 
middle school, with students demonstrating the ability to “Develop 
and use a model of the Earth-Sun-Moon system to describe the 
cyclic patterns of lunar phases, eclipses of the Sun and Moon, and 
seasons.” (NGSS Performance Expectation MS-ESS1-1.) In short, 
the learning progression asks for the scaffolding of concepts from 
describing patterns in early elementary school, to revealing and 
displaying patterns in late elementary school, and modeling the pat-
terns in middle school.

Taking place in the middle of the school day for many students 
around the country, the solar eclipse of August 21, 2017, is a teach-
able moment on a grand scale. The ASP has a wealth of resources to 
help make the eclipse a meaningful, and safe, learning experience 
for every student. 

Brian krUSe manages the formal education programs at the ASP.

Project ASTRO teachers Adriana Hernandez (left) and Kate Magary 
explaining their model of the Earth-Moon system. [ASP/Brian Kruse] 
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On Monday, August 21, 2017, a total eclipse of the Sun will 
sweep across the continental United States. The track of 
the Moon’s umbral shadow (the path of totality) begins in 

the Pacific Ocean, touches land in Oregon, and moves from west 
to east across Idaho, Wyoming, Nebraska, Kansas, Missouri, Illinois, 
Kentucky, Tennessee, Georgia, North Carolina, and South Carolina 
before heading into the Atlantic Ocean. 

Inside the 70-mile-wide path, the duration of totality will increase 
from 2 minutes on the Oregon coast to 2 minutes 41 seconds in 
Illinois, then decrease to 2 minutes 34 seconds  on the coast of South 
Carolina. Outside the Moon’s dark umbral shadow track, a partial 
eclipse will be visible across all of North and Central America and 
down into northern South America. Detailed state-by-state maps, 
plus more information about eclipses in general and 2017 in particu-
lar can be found at Great American Eclipse.com. 

Want to know more? For 15 years, astronomer Fred Espenak and 
meteorologist Jay Anderson published more than a dozen eclipse 
solar eclipse bulletins through NASA. The bulletins were internation-
ally recognized as the most authoritative reference for each eclipse. 
Although both authors have retired from their “day jobs,” they have 
reunited to produce a new bulletin on the 2017 total eclipse.

Eclipse Bulletin: Total Solar Eclipse of 2017 August 21 is a com-
prehensive guide to this event. Exact details about the path of 

the Moon’s shadow are laid out in tables containing geographic 
coordinates, times, altitudes, and physical dimensions, and a set of 
high-resolution maps plot the total eclipse path across the USA. An 
exhaustive climatological study identifies areas along the eclipse 
path where the highest probability of favorable weather may be 
found. The bulletin can be ordered through AstroPixels. 

Mercury editor paUL deanS has seen 10 totalities and looks forward to being able to drive to this one.

The Great American Solar Eclipse of 2017
In August 2017, a total solar eclipse will sweep across the continental United States.

by Paul deans

reaching out

http://www.greatamericaneclipse.com
http://astropixels.com/pubs/TSE2017.html
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Run a 2017 Eclipse Event for  
Friends, Neighbors, and Profit

Today is not too early to start planning outreach 
for the August 2017 solar eclipse.

By Douglas Duncan

On May 20, 2012, 10,000 people viewed the annular eclipse of the Sun from the 
University of Colorado football stadium. [Courtesy University of Colorado Boulder]
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i can remember my first time as if it were yesterday: March 7, 1970, 
at a small village near Miahuatlán, in the vicinity of Oaxaca, 
Mexico. Two friends and I had driven for five days from Pasadena, 

California — in a Volkswagen Beetle not much larger than I am — in 
order to see a total eclipse of the Sun. We carried food, a 40-gallon 
metal water container, a 6-inch f/6 reflecting telescope, cameras, and 
sleeping bags. The total eclipse lasted 3 minutes and 20 seconds. 

Was it worth 10 days in a cramped car? Absolutely! The sight of 
the total eclipse was so beautiful and profound that I’ve continued 
chasing them all over the world for the past 45 years. I lead groups 
of people to see eclipses, and many of them also get “hooked” and 
become eclipse chasers. I also experience great frustration at every 
total eclipse. At each eclipse I see so many (local) people realize at 
the last minute that there is something spectacular to see but, being 
unprepared, miss it.

This article is to help you prepare yourself, friends, and neighbors 
for the Great American Total Eclipse of August 20, 2017, so that more 
people can enjoy one of nature’s most amazing spectacles. While 
doing so you can also make thousands of dollars profit, as hundreds  
of people give you money for providing safe eclipse-watching 
glasses that they did not know to order in advance, and thank you 
profusely for information and guidance about how to safely watch 
an eclipse and what to look for.

What’s All the Fuss About?
It is nearly impossible to convey how spectacular a total eclipse of 
the Sun is to someone who has not seen one. Perhaps you, like many 
others, have seen a partial solar eclipse, and you may think that if 
you’ve seen half the Sun covered by Moon, then you’ve seen half of 
what a total eclipse offers. Wrong! Even a 99% partial eclipse misses 
out on the spectacular effects one sees during a total eclipse.

The eclipse experi-
ence starts slowly. The 
partial phase, as the 
Moon slowly creeps in 
front of the Sun, takes 
more than an hour. 
You use safe eclipse-
watching glasses to 
follow the progress. 
During the partial 
eclipse, if you are near 
any trees that let light 
filter through their leaves, you will see hundreds of little “crescent 
suns” on the ground under them. Each one is an image of the Moon 
covering the Sun. A colander or even a woven blanket will do the 
same. A small hole punched in a piece of paper will also project an 
image onto a piece of white paper held under it.

As the visible disk of the Sun becomes a sliver, the pace of the 
eclipse seems to accelerate. Perhaps 20 minutes before totality (the 
point at which the Moon completely covers the Sun), it starts to get 
cooler. When only a tiny bit of the Sun remains, the rate of darken-
ing seems to accelerate even more. You may see bright planets such 
as Venus or Jupiter, as you would at dusk. (Know beforehand what 
planets will be in the sky and where.) The Moon’s shadow is rushing 
toward you at about a half-mile per second. If you are someplace 
where there are mountains or clouds in the distance and you face 
west, you can actually see the mountains or clouds go dark as the 
lunar shadow envelops them perhaps 10 to 15 seconds before totality 
reaches you. It is eerie! 

Stranger still is that the entire color palette of the landscape grad-
ually begins to change to a more silvery hue. I often feel as if I’m in a 

Road trip to Mexico for the 1970 total solar eclipse. [Doug Duncan]
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movie, or a dream. Suddenly totality 
hits. You see the long silver streamers 
of the Sun’s corona stretch across the 
sky, making patterns shaped by the 
Sun’s magnetic field. You see the pink 
flames of prominences at the Sun’s 
edge. The Moon makes an incred-
ibly black “hole” in the center of the 
picture. It is usually too dark to see a 
watch or the dials on a camera, but it’s not like night — only the very 
brightest stars and planets are visible. 

I always view the totally eclipsed Sun with a good pair of binocu-
lars. This gives a wonderful view, and I recommend it strongly. Of 
course you can only use unfiltered binoculars during the total part of 

the eclipse — otherwise you could damage your eyes!
During totality, take time to look around. If there are any animals 

nearby, they will do strange things. In a Bolivian eclipse, llamas sur-
rounded us. We didn’t notice the llamas at all before totality; no one 
saw where they came from. They came down a trail towards us, then 

In this series of stills from 2013, the eclipse sequence runs from right to left. The center image shows totality; on either side are the 2nd contact (right) 
and 3rd contact (left) diamond rings that mark the beginning and end of totality respectively. [Richard Tresch Fienberg]

Dr. Doug Duncan’s Total Solar Eclipse Guidelines

• If a total eclipse passes within a day’s drive of where you are, do 
whatever it takes to go see it! You will remember it vividly for the 
rest of your life.

• A partial eclipse of any percentage — even more than 95% — is  
not nearly as spectacular as a total eclipse. Don’t settle for that 
unless you must.

• If this is your first total solar eclipse, do not attempt to photograph 
totality! Good eclipse photography is difficult, and the short dura-
tion of totality passes unbelievably quickly. You’ll be able to find 
great shots of totality on the Web after the event.

• If you can record a “countdown” that you start to play at the begin-
ning of totality, it can be helpful. You do not want to waste pre-
cious seconds trying to look at your watch in the dark. I record 
something that counts, “Two minutes left, one minute 50 seconds 
left, one minute 40 seconds left …etc.”

• Observe the Sun during totality with a good pair of binoculars. But 
remember, you can use the binoculars only during totality, when 
the Moon completely covers the Sun. The view of prominences 
and the Sun’s corona is unbelievably beautiful in binoculars. When 
you see the diamond ring that marks the reappearance of the Sun, 
you must immediately stop using the binoculars. 

• You will not see many stars during a total eclipse since it doesn’t 
get fully dark, but you can see the brightest stars and planets. Look 
around for the circular sunrise in the distance. If you make a count-
down recording, insert reminders to look for planets, look at the 
horizon-glow sunset, warn about the approaching end of totality, 
and so on. 

• Totality goes by very, very fast! And if this is your first totality, you 
will spend much of it being gobsmacked. 

http://tinyurl.com/5p989o
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just milled around! In the 1999 Galapagos eclipse, dozens of whales 
and dolphins surfaced right next to our small ship, stayed for totality, 
and then swam away. We never saw them again. 

Also look into the distance. The Moon’s shadow during the 2017 
eclipse will be roughly 50 miles in diameter. That means if you are in 
the middle of the path of totality, 25 miles away the ground and sky 
are still in sunlight. If you have a clear horizon, you can actually see 
a 360° sunset!

No still image or video can capture totality the way your eyes can. 
An in-person total solar eclipse is something you will never forget. 
But the audio of the total eclipse video I have posted on my website 

eclipse-watch.com will give you an idea of how people react. They 
scream and shout and cheer. The video labeled, “edited for use on 
radio and TV” shows the whales and dolphins. The unedited video 
shows how people react to something that looks like the end of the 
world. They do much more than say, “Holy Cow!”

You Need Protection to Look at the Sun
The Sun appears more than a billion times brighter than the bright-
est stars and 400,000 times brighter than the full Moon. Your eye can 
handle the enormous differences between day and night because it 
has a logarithmic response, so that what appears to be a brightness 
ratio of 1, 2, 3, 4, 5… is actually 2, 4, 8, 16, 32… in terms of energy. 

However, here is the practical impact of those ratios on eclipses. 
Even a thin solar crescent exposing a mere 1% of the Sun is tremen-
dously bright, bright enough to prevent you from seeing the corona 
and prominences. 
And that thin solar 
crescent has enough 
energy output to be 
dangerous — even if 
it’s partially screen by 
clouds. This is why you 
must watch the partial 
phases only with special 
viewers made for eclipse 
watching. These are not 
sunglasses — these 
special viewers are 
1,000 times darker than 
sunglasses! The frames 
are made of cardboard, 

Even a skinny crescent shielded by clouds is unsafe to observe 
without eclipse-viewing glasses. [Paul Deans]

Although this is a stunning photo of totality from Svalbard in 2015, no image can truly replicate the 
visual impact of seeing the completely eclipsed Sun. This post-eclipse composite of several shots, taken 
at different exposures, provides a reasonably good impression of how totality appears in low-power 
binoculars. [Images by Judy Anderson; processing by Alson Wong]

http://eclipse-watch.com
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and the special black polymer in their lenses has been certified to 
pass only safe amounts of visible, infrared, and ultraviolet light.

Order Your Eclipse-Watching Glasses Early
At every eclipse I’ve been to in 45 years, there has been tremendous 
excitement, but it comes just a few days before the eclipse. That is 
too late to fully prepare. You can earn tremendous gratitude, and 
even a significant profit for your organization, if you work hard to 
prepare your local community for the coming eclipse. 

I had success for the partial solar eclipse on Christmas Day, 2000, 
when I persuaded the Chicago Sun-Times to put 600,000 safe eclipse-
watching glasses into their Sunday paper. For the 2012 annular 
eclipse, which was about 80% total in Boulder, I convinced the ath-
letic department of the University of Colorado to allow us to use the 
football stadium as a viewing site. Ten thousand people came and 
turned it into a giant eclipse-watching party. We also broadcast from 
the stadium with ABC’s World News Tonight. 

Fiske Planetarium, which I direct, ordered 25,000 safe eclipse-
watching glasses well in advance. We sold them for $2 each, but the 
cost in quantity was only about 40 cents, so the planetarium made 
tens of thousands of dollars. Boulder has a great hardware store 
called McGuckin, and I convinced them to carry eclipse glasses. As 
one of their staff said, “In my 37 years, I can’t think of any product 
that created this much excitement.” People called, lined up, bought 
them for friends. This video captures that excitement. McGuckin 
sold 10,000 pairs of glasses and made nearly $20,000 in one week. 
We also worked with non-profit groups that raise money for schools. 
One donated enough money for us to purchase 20,000 more glasses 
and give them free to students throughout Boulder.

Approach hardware or other local stores that many people 
patronize. It is difficult to explain what a big event the eclipse will  
be, and stores will never have sold eclipse-watching glasses. Have 
them watch the video interview with the McGuckin Boulder hard-
ware store employees. This video is extremely persuasive and 
explains how the store had to set purchase limits because of the 
rush for these glasses. And because McGuckin ordered well in 
advance, their glasses could carry store advertising printed on them 
— another selling point for local stores and/or your organization.

Safe eclipse-watching glasses are an essential 
accessory when viewing the partial phases of 
a solar eclipse. [Paul Deans x2]

Useful Sites

Eclipse Watch: my 2017 eclipse website.
The Great American Eclipse: excellent eclipse maps and information.
Eclipse 2017.org: lots of good general eclipse information. 
NASA Glossary of Solar Eclipse Terms
Rainbow Symphony: eclipse-watching glasses and viewers.
American Paper Optics: eclipse-watching glasses.
Eclipse weather: an excellent site for long-range and eclipse-day 
forecasts along the path of totality.

https://vimeo.com/122774810
http://www.eclipse-watch.com
http://www.greatamericaneclipse.com/
http://eclipse2017.org
http://eclipse.gsfc.nasa.gov/SEhelp/SEglossary.html
http://www.rainbowsymphony.com/eclipse-glasses/
http://www.eclipseglasses.com/
http://eclipser.ca
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Prepare and order enough glasses at least six months in advance. 
As the eclipse nears, the small number of factories that specialize in 
producing eclipse-watching glasses will be overwhelmed, and last 
minute orders will be impossible to fulfill. 

For the last 45 years I have used only two factories for eclipse-
watching glasses (Rainbow Symphony and American Paper Optics), 
and I would not use any others. They have the most experience 
and a perfect safety record. The information on my eclipse website 
makes ordering easy, and you can always get in touch with me if 
you want advice and assistance with large orders. (I once advised 
NASA on ordering eclipse glasses, but at the last minute they 
turned the order over to a purchasing department with no eclipse 
experience, and 100,000 pairs of “bargain” glasses were ordered 
from China. They were of poor optical quality and unsafe. All had  
to be destroyed.)

Run an Eclipse-Watching Event
I encourage anyone who reads this article to prepare your neighbor-
hood for eclipse watching! Plan an event in a park or schoolyard. 
Go to your local newspapers and radio and television stations. Local 
papers especially are short on reporters and good stories. Provide 
information and offer to write a draft story if they want. Impress 
on them how spectacular and rare the 2017 Great American Total 
Eclipse will be. 

Tell them that misinformation and rumors circulate at every 
eclipse, and they can help people enjoy safely a great spectacle. 
Explain there is no strange, dangerous radiation that appears only 
during an eclipse. It is the same Sun and the same solar radiation 
(a.k.a sunlight) pre-, during, and post-eclipse. The danger comes 
from watching the eclipse, and hence looking at the Sun, without 
proper, safe solar filters.

If you are fortunate to be within the path of totality, you do not 
need the eclipse-watching glasses to see totality — the total phase 
of the eclipse when the Moon totally covers the Sun. In fact, if you 
wear your eclipse-watching glasses during totality, you will see 
absolutely nothing! But you do need them to watch the partial 
phases before and after totality.

Talk to service clubs such as Kiwanis, Rotary, and others. Ask if 
they would provide financial assistance so you can supply eclipse-
watching glasses, and correct information, to schools and school 
children in your town. Ask them to help publicize your event. Also 
talk to Boy and Girl Scout Troops, but do all this well in advance; 
don’t start in June 2017! 

If you’re thinking of organizing an eclipse-viewing activity for 2017, now is the time to start planning. 
[Casey Cass, University of Colorado]

http://www.eclipse-watch.com
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Think about the logistics of your event: bathrooms, parking, food 
services, a public address system, etc. For instance, our 2012 annu-
lar eclipse event drew 10,000 people. Who will help you handle a 
crowd that size? If I’d spent one minute per person providing each 
with eclipse-watching glasses and a brief explanation of how to 
use them, it would have taken me 166 hours to deal with all those 
people! We used the ticket windows in the stadium to distribute 
glasses. McGuckin hardware sold them for more than a week prior, 
which lessened the crowding. I decided to order several thousand 
extra eclipse glasses months in advance and sold them to McGuckin 
when they ran out. If you have hundreds of glasses on eclipse day, 
trust me — they will all be used. 

Take the Coursera Course 
You may know that Coursera offers hundreds of free college 
courses online. I will be presenting “The Sun and the 2017 Eclipse” 

on Coursera starting in the autumn of 2015. Coursera is online and 
available to anyone. Taking it will prepare you to run an eclipse-
watching program and answer questions about the Sun that you 
might get. Some of my Coursera presentation comes from the 
courses for which I received the ASP’s Emmons Award for College 
Astronomy Teaching in 2011.

Earlier in my career, I was part of the research group at Mt. Wilson 
Observatory that first found sunspot cycles on many other stars. 
Since 1989 I have been taking groups in spring to watch and photo-
graph the northern lights, and it is the solar wind that powers the 
lights. The Sun is fascinating, and the National Solar Observatory 
has just moved to my university in Boulder, Colorado, so I am very 
excited to present this course.

Good Luck
I served as “science guy” on National Public Radio station WBEZ 
Chicago for four years, and now I do commentary on Colorado 
Public Radio. I know that the public has a great appetite for cool  
science when it is well presented, and nothing is more dramatic  
than a total eclipse. Unfortunately, not all editors know this, so it  
isn’t easy to get on radio and TV or into the newspapers. 

Please use all the videos and materials found on the sites listed 
on page 21, and try your best to make this the most-watched total 
eclipse in US history! Please e-mail me and let me know what you 
are planning to do. 

dr. doUGLaS dUnCan is a faculty member in the Department of Astrophysical & Planetary 
Sciences of the University of Colorado, where he also directs the Fiske Planetarium. He is well known 
as a popularizer of astronomy. On August 20, 2017, he will be leading an eclipse-watching group in 
Grand Teton National Park.

Guidelines for Running an Eclipse-Watching Event

• Prepare well in advance. A year ahead is not too soon.
• Find a venue with parking, bathrooms, water, shade, and possibly 

food (or arrange for options such as food trucks).
• Enlist groups such as Kiwanis, Rotary, and the Boy and Girl Scouts 

to help distribute information, and fund and distribute safe 
eclipse-watching glasses.

• Work with local media: newspapers, radio, and TV to highlight 
how wonderful a total eclipse is to see. Accentuate the positive. 
Publicize safe eclipse watching.

• Try to get local stores to sell (and advertise) safe eclipse-watching 
glasses. Tell them that the glasses can be printed with ads or cou-
pons on them. This is also a great fundraiser for your local science 
center or planetarium

• Let me know via email how it goes.

https://www.coursera.org/
mailto:dduncan%40colorado.edu
mailto:dduncan%40colorado.edu
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From ice at the poles to hollows and volcanism, Mercury was 
full of surprises for the scientists of the MESSENGER mission.

List created by Sean Solomon

A section of the floor and peak-ring mountains of the Raditladi impact basin. The rounded, 
depressions, called hollows, may have been formed by sublimation of a component of subsurface 
material when exposed by the Raditladi impact. [All images in this article are courtesy NASA/JHUAPL/
Carnegie Institution of Washington/Brown University.]

Top TenA                     List from Mercury
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A NASA planetary exploration mission came 
to a planned, but nonetheless dramatic, end 
Thursday April 30, 2015, when it slammed 

into Mercury’s surface at about 8,750 mph and cre-
ated a new crater on the planet’s surface. Mission 
controllers at the Johns Hopkins University Applied 
Physics Laboratory (APL) in Laurel, Maryland, con-
firmed NASA’s MErcury Surface, Space ENvironment, 
GEochemistry, and Ranging (MESSENGER) space-
craft impacted the surface of Mercury, as antici-
pated, at 3:26 p.m. EDT on Thursday.

MESSENGER was launched on August 3, 2004, 
and it began orbiting Mercury on March 18, 2011. 
The spacecraft completed its primary science 
objectives by March 2012. Because MESSENGER’s 
initial discoveries raised important new questions 
and the payload remained healthy, the mission was 
extended twice, allowing the spacecraft to make 
observations from extraordinarily low altitudes and 
capture images and information about the planet in 
unprecedented detail. 

“Today we bid a fond farewell to one of the most resilient and 
accomplished spacecraft to ever explore our neighboring planets,” 
said Sean Solomon, MESSENGER’s principal investigator. “A resource-
ful and committed team of engineers, mission operators, scientists, 
and managers can be extremely proud that the MESSENGER mission 
has surpassed all expectations and delivered a stunningly long list 
of discoveries that have changed our views — not only of one of 
Earth’s sibling planets, but of the entire inner solar system.”

At a press briefing two weeks prior to impact, Solomon detailed 
MESSENGER’s “top 10 scientific findings.”

10

Number 10. Field-Aligned Currents
Magnetic field observations of Mercury by MESSENGER revealed the 
flow of electric current from the magnetosphere to low altitudes 
along magnetic field lines. These field-aligned, or Birkeland, currents 
flow downward (blue) at dawn and upward (red) at dusk and have 
magnitudes 100 times smaller than at Earth. Models for the electri-
cal conductivity of the planet suggest that the currents flow radially 
through the low-conductivity layers near the surface and laterally 
from dawn to dusk through more conductive material at depth. A 
brief animated movie is available here.

http://tinyurl.com/pqavp45
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Number 9. Energetic Electrons
A puzzle raised after brief observations by the Mariner 10 spacecraft 
was the nature of apparent bursts of energetic particles. Because of 
instrument limitations, neither the identity of these particles — ions 
or electrons — nor their energy was known.

MESSENGER’s payload included instruments specifically designed 
to address these questions. The energetic particles are electrons, 
not ions, and they have energies from several thousands of electron 
volts to 100 times that energy. Electrons with energies in excess of 
1000 electron volts (1 keV) can produce X-rays by hitting parts of 
the spacecraft or instruments. This process allows electrons with 
energies lower than the nominal threshold of the Energetic Particle 
Spectrometer (about 35 keV) to be detected by their X-ray signature 
in MESSENGER’s X-Ray Spectrometer (XRS). 

An animation shows the location of the more than 3,000 XRS 
signatures of such events detected during MESSENGER’s four-year 
orbital mission. The electrons are seen at all local times (the Sun 
is at local noon) and within a planetary diameter of the center of 
Mercury, although more tend to be located near dawn. The sources 
and loss process for these energetic electrons remain under study.

Number 8. Dynamic Magnetosphere
Mercury’s magnetosphere is highly dynamic because of the planet’s 
small magnetic field and proximity to the Sun. The interaction of the 
solar wind with the planetary field generates waves in particles and 
fields, and reconnection of interplanetary and planetary magnetic 
field lines and circulation of magnetic flux in the magnetosphere 
occur 100 times faster than at Earth. 

An animation shows the temporal evolution of ion density in 
the equatorial plane, looking down from the north pole. Kelvin-
Helmholtz surface waves form at the magnetopause near the sub-

9

8

http://tinyurl.com/pwxfbqh
http://tinyurl.com/n9kglzj
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solar point and grow as they move anti-sunward. The mixing of solar 
wind and magnetospheric plasma is just one of many processes that 
cause Mercury’s magnetosphere to be highly dynamic. 

Number 7. Seasonal Exosphere
Mercury’s tenuous atmosphere scatters sunlight, and the brightness 
of the emission is proportional to its content. Scattered sunlight 
gives sodium a bright orange glow, which was observed by the 
Mercury Atmospheric and Surface Composition Spectrometer to 
vary seasonally with Mercury’s distance from the Sun. 

In an animation that spans more than two Mercury years, orange 
indicates high concentrations of sodium, and blue indicates low 
concentrations. During parts of a Mercury year, the radiation pres-
sure from the scattering process is sufficiently strong to strip much 
of the atmosphere and form a long glowing tail. Someone standing 
on Mercury’s night side at the right time of year would see a faint 
orange similar to a city sky illuminated by sodium streetlights.

Number 6. Global Contraction
This panned image provides a perspective view of the central por-
tion of Carnegie Rupes (screengrab at right), a large tectonic land-
form that cuts through Duccio crater (133-km diameter, centered at 
58.19°N, 307.6°E; north is to the left). The image shows topographic 
heights as measured by the Mercury Laser Altimeter and surface 
features mapped by the Mercury Dual Imaging System. Variations in 
topography are shown in color (red: high-standing terrain; blue: low-
lying terrain). Tectonic landforms such as Carnegie Rupes formed by 
horizontal shortening in response to cooling and contraction of the 
planetary interior. MESSENGER results have shown that Mercury con-
tracted by as much as seven kilometers in radius, a number substan-
tially larger than previously believed.

7

6

http://tinyurl.com/pzsn2ak
http://tinyurl.com/pmjec2x
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Number 5. Volcanic Deposits
Volcanism has played a critical role in shaping Mercury’s surface. 
The scene begins with Timgad Vallis near the top of the screen and 
Angkor Vallis near the bottom. Both valleys formed by the mechani-
cal and thermal erosion of Mercury’s surface by hot, quickly flow-
ing lavas. The movie follows Angkor Vallis into the large crater Kofi 
(136 km diameter, centered at 56.74°N, 118.08°E), which has been 
flooded with lava (right).

The second part of the movie illustrates the remarkable range in 
elemental abundance displayed by the volcanic deposits that make 
up Mercury’s surface. In these global views, the Caloris impact basin 
is initially in the center, and the colors on the spinning globes repre-
sent the ratios by weight of magnesium to silicon and aluminum to 
silicon. 

Silicon is known to be relatively homogenous across the surface, 
so these maps demonstrate variations in the abundances of mag-
nesium and aluminum, both of which are sensitive to the details of 
the interior melting that produced the lavas that formed the surface 
volcanic deposits.

Number 4. Hollows
Hollows are shallow, irregular depressions and are a geologic 
landform discovered by MESSENGER that appears to be unique to 
Mercury. Hollows are also some of the brightest and youngest fea-
tures on Mercury’s surface. The floor (right) of the 32-km-diameter 
crater Kertesz (centered at 27.36°N, 146.11°E), shown here, is exten-
sively covered with hollows. 

The formation of hollows remains an active area of research, but 
the etched nature of the features, such as in this image, suggests 
that material is being lost from the surface to create the hollows.

5

4

http://tinyurl.com/q45st2x
http://tinyurl.com/p7679sc
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Number 3. Offset Magnetic Field
Observations by MESSENGER’s Magnetometer showed that 
Mercury’s magnetic field is offset along the planetary spin axis by 
about 20% of the planet’s radius. The internal magnetic field is 100 
times weaker than that of Earth and barely stands off the solar wind 
at the subsolar point to form the magnetosphere. The interaction 
of the planetary field with the solar wind generates currents in the 
magnetosphere, which induce external magnetic fields with mag-
nitudes similar to or larger than the planetary field in much of the 
magnetosphere. Here is a brief animation.

Number 2. Polar Deposits
MESSENGER has provided multiple lines of evidence that Mercury’s 
polar regions host water ice. Shown here is a view looking down on 
Mercury’s north polar region, with 0° longitude on the bottom of the 
view and extending to 65°N latitude. 

The first frame shows an Earth-based Arecibo radar image in red 
overlaid on a polar mosaic, enabling the identification of the host 
craters for all of the radar-bright deposits. The second frame (screen 
grab at right) shows the topography of the region as measured by 
MESSENGER’s Laser Altimeter (purple: about 5 km below average 
surface elevation; red: about 5 km above average surface elevation); 
illumination models derived from the topography show that the 
radar-bright deposits are located in regions of permanent shadow. 

The third frame shows a longitudinal average of the neutron 
flux over the polar region obtained by MESSENGER’s Neutron 
Spectrometer; the decreased neutron flux at higher latitudes is 
evidence for the presence of hydrogen (as in water ice) in Mercury’s 
polar region. The fourth frame shows a map of Mercury’s maximum 
surface temperature, modeled from the topography. The tempera-
tures range from 50 K (purple) to >550 K (red). The permanently 

3

2

http://tinyurl.com/oyt93az
http://tinyurl.com/ob9zqu8
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shadowed craters near Mercury’s north pole have thermal environ-
ments that allow water ice to be stable in these craters either at the 
surface or a few tens of centimeters below the surface.

Number 1. Volatile-Rich Planet
MESSENGER measurements have revealed that Mercury is surpris-
ingly abundant in volatile elements that evaporate at moderately 
high temperatures, ruling out many of the models for its forma-
tion and early history that had been proposed before the mission. 
Because potassium is much more volatile than thorium, the ratio 
of the abundances of these two elements is a sensitive measure of 
thermal processes that fractionate elements by volatility. 

For Mercury, as seen in the first graph (upper right screen grab), this 
ratio is similar to that for other terrestrial planets at greater distances 
from the Sun but significantly higher than that for the Moon, which 
lost potassium during the giant impact that led to its formation. 
MESSENGER’s Gamma-Ray Spectrometer observed particularly high 
potassium concentrations at high northern latitudes. Relatively high 
abundances of other volatile elements, including sulfur, sodium, and 
chlorine, provide further evidence that Mercury is volatile-rich.

 The high-sulfur contents, combined with low amounts of iron on 
the planet’s surface, additionally indicate that Mercury formed from 
materials with less oxygen than those that formed the other terres-
trial planets, providing an important constraint on theories for the 
formation of all of the planets in the inner solar system. 

Sean SoLoMon is the principal investigator for the MESSENGER mission to Mercury. He is also 
director of Columbia University’s Lamont-Doherty Earth Observatory, and conducts research in 
planetary geology and geophysics, seismology, marine geophysics, and geodynamics.

1

http://tinyurl.com/p48rduj
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Harvesting ALFALFA

The Arecibo radio telescope’s ALFALFA survey is seeking cool hydrogen 
gas in tens of thousands of galaxies.

By Mary Crone Odekon, with assistance from 
Rebecca A. Koopmann, Aileen O’Donoghue,  
and Martha P. Haynes

The Arecibo Observatory dish is 1,000 feet across and built into a large limestone sinkhole in Puerto Rico. 
[Courtesy National Astronomy and Ionosphere Center Arecibo Observatory, a facility of the NSF.]
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radio astronomers who detect neutral hydrogen atoms like to 
call their work cool. Their excuse is that the hydrogen itself 
must be literally cool — if it were hot, it would become an 

ionized plasma and glow in visible light instead of radio. But while 
seeing things that are invisible may feel satisfyingly countercultural, 
it does pose a challenge for radio astronomy: How to compete with 
images from the Hubble Space Telescope? Is it possible to use radio 
astronomy to excite the next generation of potential scientists, not 
to mention the general public? 

The UAT Team
One answer is to show people the largest radio dish in the world, 
ideally in person. It’s not easy to feel bored about radio astronomy 
when you’re climbing across a swinging jungle walkway to a 900-ton 

platform suspended 450 feet over a telescope dish that covers 
20 acres. As the student behind me said when I took a tour of the 
Arecibo radio telescope in Puerto Rico in 2008, “This is the coolest 
thing I’ve ever done.” 

By itself, touring Arecibo is hardly a practical way to reach the 
masses. But it can play a key role as one component of a program 
to promote undergraduate research and, through the students 
and faculty in the program, promote excitement about astronomy 
in society at large. The UAT, or Undergraduate ALFALFA Team, is a 
consortium of 19 primarily undergraduate-focused institutions, 
designed to broaden participation in astronomy research by a 
diverse group of students and faculty across the country. Students 

UAT members climb the Arecibo Observatory platform suspended 450 feet above the main dish. 
[Courtesy Mike Jones]

Annual UAT workshops incorporate a series of scavenger hunts where students learn data analysis 
and interpretation, culminating in group presentations. They also allow students from smaller 
institutions to collaborate closely with a larger community of faculty, graduate students, and fellow 
undergraduates. [Courtesy Parker Troischt]

http://tinyurl.com/p7tfvxj
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perform all aspects of research from proposal writing, to controlling 
the telescope on-site and remotely, analyzing data, and presenting 
results. The National Science Foundation has provided funding for 
UAT workshops, student stipends and travel, and computer equip-
ment for the past seven years. 

Crucially, the effectiveness of the UAT as a serious research expe-
rience hinges on linking to a major legacy project — the ALFALFA 
survey, which taps the high sensitivity of Arecibo to see cool hydro-
gen gas in tens of thousands of galaxies out to a distance of 250 mil-
lion parsecs. The name for the project, which is headed by Riccardo 
Giovanelli and Martha Haynes at Cornell University, is an acronym 
where two of the A’s stand for Arecibo: the Arecibo Legacy Fast-ALFA 
survey, where ALFA is the Arecibo L-Band Feed Array, a seven-pixel 
radio camera. Among the mysteries addressed by the survey is the 
“missing satellite” problem — a lack of small galaxies compared with 
the predictions of theoretical models. The ALFALFA survey can see 
galaxies that remain hidden because they have not yet turned on in 
visible light by forming stars. 

Galaxies Large and Small
One unexpected outcome is the degree to which UAT members 
have taken over the sometimes tricky data-collection procedure 
used by ALFALFA. Ann Martin, a former Cornell graduate student 
who was heavily involved with training both students and faculty, 
recalls, “The UAT experience had a huge impact on data quality, 
because participants were well-prepared to run the telescope.” By 
now, hundreds of undergraduates have helped operate the tele-
scope, either on-site or remotely, under the guidance of faculty from 
the array of UAT institutions. 

The UAT has several observing projects that follow up on the 
ALFALFA survey. Only sources with a very clean signal are included 

in the official ALFALFA catalog. This leaves many almost-detections 
— galaxies that are probably there but need additional telescope 
time to be sure. Some are especially interesting objects such as small 
galaxies on the hard-to-see, but probably common and cosmologi-
cally important end of the mass spectrum. 

Large, not-pristine galaxies also present puzzles pursued by the 
UAT. Why are there spiral galaxies and elliptical galaxies? One clue 
is that elliptical galaxies tend to show up in denser environments, 
such as big clusters filled with hot plasma that can strip galaxies of 
their loose star-forming material. But even quite far out from the 
centers of clusters, galaxies look surprisingly cluster-like, suggesting 
that galaxies are pre-processed in less-dense environments before 

Operating the Arecibo telescope is a key part of the UAT experience, whether on-site in Puerto Rico or 
remotely from offices, labs, and classrooms at participating institutions. [Courtesy Rebecca Koopmann]

http://arecibo.tc.cornell.edu/hiarchive/alfalfa/
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they fall into clusters. (A related effect is called “galactic conformity” 
— galaxies somehow conform to the environments that are nearby, 
not just the environments they’re in.) The UAT is analyzing the cool 
hydrogen gas content in intermediate-density environments to look 
for this pre-processing. 

There are also dark galaxies that have not yet formed many stars 
from their initial collection of loose gas. Some of them are puzzling 
specifically because they show evidence of star formation, but there 
is very little cool hydrogen gas from which stars can form. UAT col-
laborators are running follow-up observations at Arecibo to verify 
the detections, as well as observations at other telescopes to assess 
the star-formation properties of these dark galaxies.

Leo P
An exciting follow-up observation was the discovery and charac-
terization of the extreme galaxy Leo P. In 2012, Riccardo Giovanelli 
noticed a cloud of hydrogen gas with the characteristics of an espe-
cially tiny and nearby galaxy. No galaxy was previously known to 

exist at this location. 
The “team” aspect 
of the full ALFALFA 
collaboration kicked 
into high gear as 
collaborators with 
expertise and con-
nections at various 
telescopes came 
together to confirm 
the object’s position 
and radio characteris-
tics, look for evidence 

of rotation, and find stars associated with it.
Leo P is a “new” galaxy in two important ways. It is newly discov-

ered, despite the fact that it is quite nearby, essentially at the edge 
of the Local Group, the loose collection of galaxies that our own 
Milky Way inhabits. It is also new in having formed very few stars so 
far — that is, only hundreds of thousands of stars. Not only that, but 
the stars have left their primordial gas cloud largely uncontaminated 
by heavy elements. (The “P” in its name stands for Pristine.) For now, 
Leo P is special. But tiny pristine galaxies may be common! They are 
just hard to see. 

An Ideal Collaborative Project
Any project of this size poses challenges to organization, decision-An optical image of Leo P. [ALFALFA team]

The UAT workshop at Arecibo always has something exciting going on. Although these participants 
are pretending to see Godzilla, something exciting did happen during this particularbworkshop — 
a 6.5-magnitude earthquake! [Courtesy Parker Troischt]

http://tinyurl.com/q9y39sz
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making, and focus. But the longevity and broad impact of the UAT 
may be credited to the way it has been simultaneously coherent 
and flexible.

The coherence comes from having a core of truly dedicated lead-
ers, most notably Becky Koopmann of Union College and Martha 
Haynes of Cornell University, who link the scientific leadership for 
the full ALFALFA survey to the many regularly scheduled events 
specific to the UAT. The flexibility comes from a structure where 
faculty, many with heavy responsibilities in teaching and adminis-
tration at their home institutions, can participate in the ways that 
work best for them.

It’s also not very expensive. While a minimum level of funding has 
been crucial for holding the collaboration together, this is not a fund-
ing-intensive endeavor, especially since it links and provides mutual 
leverage with a major existing project. Participants share rooms at 
conferences and workshops, faculty do not receive stipends, much of 
the observing can be performed remotely from our own offices and 
classrooms, and data analysis can be done on a laptop. (It also helps 
that expenses for student research and travel are shared by founda-
tions and participating institutions.) Because it builds on the existing 
ALFALFA survey, the scientific infrastructure is already there. 

The excitement of having control (now and then) of a world-
class telescope cannot be dismissed, of course, even for the faculty. 
As Aparna Venkatesan, Chair of the Department of Physics and 
Astronomy at the University of San Francisco says, “As a theorist, it’s 
been nothing short of thrilling for me to be at Arecibo, learning to 
take data, be on observing shifts and tours, and use this data in my 
theoretical work.” 

Classroom teaching is refreshed by the UAT experience too, 
from UAT-inspired activities for introductory laboratories to current 
research embedded in advanced courses. 

Following Students Post-UAT
Perhaps most exciting for UAT faculty is the opportunity, seven years 
into the program, to follow the paths taken by UAT students. In 
many cases it is clear how their love of astronomy is rippling out-
ward to a broader community. Haley Sharp, who remembers “that 
the group of undergrads bonded instantly over our mutual love of 
astronomy,” graduated from the University of San Francisco and then 
earned a master’s in planetary astronomy from San Diego State. She 
is currently Planetarium Director at the Science Factory Museum 
in Eugene, Oregon. Also from USF were Long Yan Yang, currently 

“I still love spending nights at a telescope with a couple of good cookies to snack on, which is a tradi-
tion that started on my Arecibo observing run that I have continued to this day.” says Jamie Lomax, 
here observing as an undergraduate from St. Lawrence University with Tom Balonek of Colgate. 
[Courtesy Jeff Miller]
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pursuing a PhD at Rutgers, who remembers turning 21 at the largest 
telescope in the world, and Ben van Kleeck, currently a counselor at 
Astrocamp in Idyllwild, California.

Cornell graduate students recall the UAT as a turning point as 
well. Ann Martin, the graduate student heavily involved in training 
others to use the telescope, remembers: “I had to get pretty comfort-
able being an expert resource for faculty members….That kind of 
responsibility reaffirmed for me that I knew what I was doing, that I 
brought strong skills to the table as a scientist and a researcher, and 
that the best career path for me was going to involve helping people 
find their pathways to science.” She now works at NASA Langley as a 
contractor in education and public outreach. 

As of June 2014, more than 210 undergraduates had participated 
in the UAT, with more than 80% of alumni now in graduate school or 
employed in STEM disciplines. There is evidence that the program is 
especially valuable for underrepresented groups. For example, 50% 
of former UAT participants attending graduate school in physics or 
astronomy are women, and non-Caucasian participants report larger 
gains for learning measures during the annual workshop.

Regardless of their specific paths, we hope these students carry 
a vision that many of us experience daily, but that differs from the 
ivory tower, lone genius stereotype: that science is a collaborative 
venture, that it is okay not to know everything already as long as 
you’re ready to work hard (!), that generously sharing what you do 
know is socially rewarding and can lead to new insights, and that 
radio astronomy is much more than cool. 

Mary Crone odekon is Professor and Chair of the Physics Department at Skidmore College, 
Saratoga Springs, NY. reBeCCa a. koopMann is Professor of Physics & Astronomy at Union College, 
Schenectady, NY. aiLeen o’donoGhUe is Priest Associate Professor of Physics at St. Lawrence 
University, Canton, NY. Martha p. hayneS is Goldwin Smith Professor of Astronomy at Cornell 
University, Ithaca, NY.
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Rosetta Sees Sinkholes on Comet
University of Maryland

The European Space Agency’s Rosetta spacecraft first began orbit-
ing comet 67P/Churyumov-Gerasimenko (67P/C-G) in August 2014. 
Almost immediately, scientists began to wonder about several sur-
prisingly deep, almost perfectly circular pits on the comet’s surface. 
Now, a new study based on close-up imagery taken by Rosetta sug-
gests that these pits are sinkholes, formed when ices beneath the 
comet’s surface sublimate, or turn directly to gas.

The study reveals that the surface of 67P/C-G is variable and 
dynamic, undergoing rapid structural changes as it approaches the 
Sun. Far from simple balls of ice and dust, comets have their own life 
cycles. The latest findings are among the first to show, in detail, how 
comets change over time.

“These strange, circular pits are just as deep as they are wide. 
Rosetta can peer right into them,” said Dennis Bodewits, an assistant 
research scientist in astronomy at the University of Maryland who 
is a co-author on the study. The pits are large, ranging from tens of 
meters in diameter up to several hundred meters across.

“We propose that they are sinkholes, formed by a surface col-
lapse process very similar to the way sinkholes form here on Earth,” 
Bodewits added. Sinkholes occur on Earth when subsurface erosion 
removes a large amount of material beneath the surface, creating a 

cavern. Eventually the 
ceiling of the cavern 
will collapse under its 
own weight, leaving 
a sinkhole behind. 
“So we already have a 
library of information 
to help us understand 
how this process 
works, which allows 
us to use these pits to 
study what lies under 
the comet’s surface,” 
Bodewits said.

The team noted 
two distinct types of 
pits: deep ones with 
steep sides and shal-
lower pits that more closely resemble those seen on other comets, 
such as 9P/Tempel 1 and 81P/Wild. The team also observed that jets 
of gas and dust streamed from the sides of the deep, steep-sided 
pits —a phenomenon they did not see in the shallower pits.

MoRE iNFoRMATioN

This close-up image shows the most active pit, known as 
Seth_01, observed on the surface of comet 67P/C-G by the 
Rosetta spacecraft. A new study suggests that this pit and others 
like it could be sinkholes. [Vincent et al., Nature Publishing Group] 

Excerpts from recent press releases that describe an assortment of astronomical discoveries.
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Charon’s Surprising, Youthful and Varied Terrain
NASA/JHUAPL/SWRI

Remarkable new details of Pluto’s largest moon Charon are revealed 
in this image (right) from New Horizons’ Long Range Reconnaissance 
Imager (LORRI), taken late on July 13, 2015 from a distance of 
289,000 miles (466,000 kilometers).

A swath of cliffs and troughs stretches about 600 miles (1,000 
kilometers) from left to right, suggesting widespread fracturing of 
Charon’s crust, likely a result of internal processes. At upper right, 
along the moon’s curving edge, is a canyon estimated to be 4 to 6 
miles (7 to 9 kilometers) deep.

Mission scientists are surprised by the apparent lack of craters on 
Charon. South of the moon’s equator, at the bottom of this image, 
terrain is lit by the slanting rays of the sun, creating shadows that 
make it easier to distinguish topography. Even here, however, rela-
tively few craters are visible, indicating a relatively young surface 
that has been reshaped by geologic activity.

In Charon’s north polar region, a dark marking prominent in New 
Horizons’ approach images is now seen to have a diffuse boundary, 
suggesting it is a thin deposit of dark material. Underlying it is a  
distinct, sharply bounded, angular feature; higher resolution 
images still to come are expected to shed more light on this enig-
matic region.

The image has been compressed to reduce its file size for trans-
mission to Earth. In high-contrast areas of the image, features as 

small as 3 miles (5 kilometers) across can be seen. Some lower-con-
trast detail is obscured by the compression of the image, which may 
make some areas appear smoother than they really are. The uncom-
pressed version still resides in New Horizons’ computer memory and 
is scheduled to be transmitted at a later date.

MoRE iNFoRMATioN

[NASA-JHUAPL-SwRI]
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Pluto: The Ice Plot Thickens
NASA/JHUAPL/SWRI

The latest spectra from New Horizons’ Ralph instrument reveal an 
abundance of methane ice, but with striking differences from place 
to place across the frozen surface of Pluto.

“We just learned that in the north polar cap, methane ice is diluted 
in a thick, transparent slab of nitrogen ice resulting in strong absorp-
tion of infrared light,” said New Horizons co-investigator Will Grundy, 
Lowell Observatory, Flagstaff, Arizona. In one of the visually dark 
equatorial patches, the methane ice has shallower infrared absorp-
tions indicative of a very different texture. “The spectrum appears as 
if the ice is less diluted in nitrogen,” Grundy speculated “or that it has 
a different texture in that area.” 

An Earthly example of different textures of a frozen substance: a 
fluffy bank of clean snow is bright white, but compacted polar ice 
looks blue. New Horizons’ surface composition team, led by Grundy, 
has begun the intricate process of analyzing Ralph data to deter-
mine the detailed compositions of the distinct regions on Pluto.

This is the first detailed image of Pluto from the Linear Etalon 
Imaging Spectral Array, part of the Ralph instrument on New 
Horizons. The observations were made at three wavelengths of infra-
red light, which are invisible to the human eye. In this picture, blue 
corresponds to light of wavelengths 1.62 to 1.70 micrometers,  
a channel covering a medium-strong absorption band of methane 
ice, green (1.97 to 2.05 micrometers) represents a channel where 

methane ice does not absorb light, and red (2.30 to 2.33 micro-
meters) is a channel where the light is very heavily absorbed by 
methane ice. The two areas outlined on Pluto show where Ralph 
observations obtained the spectral traces at the right.  Note that the 
methane absorptions (notable dips) in the spectrum from the north-
ern region are much deeper than the dips in the spectrum from the 
dark patch.  

MoRE PLUTo iNFoRMATioN

[NASA-JHUAPL-SwRI]

http://tinyurl.com/qd569mg
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New Horizons Discovers Frozen Plains in the Heart of 
Pluto’s ‘Heart’ 
NASA/JHUAPL/SWRI

In the latest data from NASA’s New Horizons spacecraft, a new close-
up image of Pluto reveals a vast, craterless plain that appears to be 
no more than 100 million years old, and is possibly still being shaped 
by geologic processes. This frozen region is north of Pluto’s icy 
mountains, in the center-left of the heart feature, informally named 
“Tombaugh Regio” (Tombaugh Region) after Clyde Tombaugh, who 
discovered Pluto in 1930.

“This terrain is not easy to explain,” said Jeff Moore, leader of 
the New Horizons Geology, Geophysics and Imaging Team (GGI) 
at NASA’s Ames Research Center in Moffett Field, California. “The 
discovery of vast, craterless, very young plains on Pluto exceeds all 
pre-flyby expectations.”

This fascinating icy plains region  — resembling frozen mud cracks 
on Earth — has been informally named “Sputnik Planum” (Sputnik 
Plain) after the Earth’s first artificial satellite. It has a broken surface 
of irregularly-shaped segments, roughly 12 miles (20 kilometers) 
across, bordered by what appear to be shallow troughs. Some of 
these troughs have darker material within them, while others are 
traced by clumps of hills that appear to rise above the surrounding 
terrain. Elsewhere, the surface appears to be etched by fields of small 
pits that may have formed by a process called sublimation, in which 
ice turns directly from solid to gas, just as dry ice does on Earth.

Scientists have two working theories as to how these segments 
were formed. The irregular shapes may be the result of the contrac-
tion of surface materials, similar to what happens when mud dries. 
Alternatively, they may be a product of convection, similar to wax 
rising in a lava lamp. On Pluto, convection would occur within a sur-
face layer of frozen carbon monoxide, methane and nitrogen, driven 
by the scant warmth of Pluto’s interior.

MoRE iNFoRMATioN

In the center left of Pluto’s vast heart-shaped feature – informally named “Tombaugh Regio” - lies a 
vast, craterless plain that appears to be no more than 100 million years old, and is possibly still being 
shaped by geologic processes. An annotated version of this image is here. [NASA/JHUAPL/SwRI]

http://tinyurl.com/p5n7dow
http://tinyurl.com/phlm6t9
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New Horizons Discovers Flowing Ices on Pluto
NASA/JHUAPL/SWRI

NASA’s New Horizons mission found, in images from its Long Range 
Reconnaissance Imager, evidence of exotic ices flowing across 
Pluto’s surface and revealing signs of recent geologic activity, some-
thing scientists hoped to find but didn’t expect.   

The new images show fascinating details within the Texas-sized 
plain, informally named Sputnik Planum, which lies within the west-
ern half of Pluto’s heart-shaped feature, known as Tombaugh Regio. 
There, a sheet of ice clearly appears to have flowed — and may still 
be flowing — in a manner similar to glaciers on Earth.

“We’ve only seen surfaces like this on active worlds like Earth and 
Mars,” said mission co-investigator John Spencer of SwRI. “I’m really 
smiling.” Additionally, new compositional data from New Horizons’ 
Ralph instrument indicate the center of Sputnik Planum is rich in 
nitrogen, carbon monoxide, and methane ices.

“At Pluto’s temperatures of -390 degrees Fahrenheit, these ices 
can flow like a glacier,” said Bill McKinnon, deputy leader of the New 
Horizons Geology, Geophysics and Imaging team. “In the southern-
most region of the heart, adjacent to the dark equatorial region, it 
appears that ancient, heavily-cratered terrain has been invaded by 
much newer icy deposits.”

View a simulated flyover using New Horizons’ close-approach 
images of Sputnik Planum and Pluto’s newly-discovered mountain 
range, informally named Hillary Montes, in this video.

[The southern region of Pluto’s Sputnik Planum contains newly 
discovered ranges of mountains that have been informally named 
Hillary Montes (Hillary Mountains) and Norgay Montes (Norgay 
Montes) for Sir Edmund Hillary and Tenzing Norgay, the first two 
humans to reach the summit of Mount Everest in 1953. Here is an 
annotated image of the southern region of Pluto’s Sputnik Planum. 
The infilled crater highlighted in the image is about 30 miles wide.]

MoRE iNFoRMATioN

In the northern region of Pluto’s Sputnik Planum, swirl-shaped patterns of light and dark suggest that 
a surface layer of exotic ices has flowed around obstacles and into depressions, much like glaciers on 
Earth. [NASA/JHUAPL/SwRI]

http://go.nasa.gov/1MMEdTb
http://tinyurl.com/px6n87s
http://tinyurl.com/nd5dckb


VOL. 44 NO. 3
SUMMER 2015 42

TABLE OF CONTENTS

astronomy in the news

Stunning Nightside Image Reveals Pluto’s Hazy Skies 
NASA/JHUAPL/SWRI

Speeding away from Pluto, the New Horizons spacecraft looked back 
and captured this spectacular image of Pluto’s atmosphere, backlit 
by the Sun. The image reveals layers of haze that are several times 
higher than scientists predicted.

Just seven hours after its July 14 closest approach, New Horizons 
aimed its Long Range Reconnaissance Imager back at Pluto, captur-
ing sunlight streaming through the atmosphere and revealing hazes 
as high as 80 miles above Pluto’s surface. A preliminary analysis of 
the image shows two distinct layers of haze — one about 50 miles 
above the surface and the other at an altitude of about 30 miles.

“My jaw was on the ground when I saw this first image of an 
alien atmosphere in the Kuiper Belt,” said New Horizons Principal 
Investigator Alan Stern of the Southwest Research Institute (SwRI), 
Boulder, Colorado. “It reminds us that exploration brings us more 
than just incredible discoveries — it brings incredible beauty.”

Studying Pluto’s atmosphere provides clues as to what’s happen-
ing below. “The hazes detected in this image are a key element in 
creating the complex hydrocarbon compounds that give Pluto’s 
surface its reddish hue,” said Michael Summers, a New Horizons  
co-investigator from George Mason University, Fairfax, Virginia.  

Models suggest that the hazes form when ultraviolet sunlight 
breaks apart methane gas, a simple hydrocarbon known to  
reside throughout Pluto’s atmosphere. The breakdown of methane 

triggers the buildup 
of more complex 
hydrocarbon gases, 
such as ethylene 
and acetylene, 
which were also 
discovered at Pluto 
by New Horizons. 
As these hydro-
carbons fall to the 
lower, colder parts 
of the atmosphere, 
they condense 
as ice particles, 
forming the hazes. 
Ultraviolent sun-
light chemically 
converts hazes into 
tholins, the dark hydrocarbons that color Pluto’s surface.

Scientists had previously calculated that temperatures would be 
too warm for hazes to form at altitudes higher than 20 miles above 
Pluto’s surface. With New Horizons detecting hazes at up to 80 miles, 
“We’re going to need some new ideas to figure out what’s going on,” 
said Summers.

MoRE iNFoRMATioN

Backlit by the Sun, Pluto’s atmosphere rings its silhouette like a 
luminous halo in this image taken by NASA’s New Horizons spacecraft. 
This global portrait of the atmosphere shows structures as small as 12 
miles across. [NASA/JHUAPL/SwRI]

http://tinyurl.com/pdxe2du
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ALMA Discovers Proto Super Star Cluster
National Radio Astronomy Observatory

Globular clusters — dazzling agglomerations of up to a million 
ancient stars — are among the oldest objects in the universe. 
Though plentiful in and around many galaxies, newborn examples 
are vanishingly rare and the conditions necessary to create new 
ones have never been detected, until now. Astronomers using the 
Atacama Large Millimeter/submillimeter Array (ALMA) have dis-
covered what may be the first known example of a globular cluster 
about to be born: an incredibly massive, extremely dense, yet star-
free cloud of molecular gas.

“We may be witnessing one of the most ancient and extreme 
modes of star formation in the universe,” said Kelsey Johnson, an 
astronomer at the University of Virginia in Charlottesville. “This 
remarkable object looks like it was plucked straight out of the very 
early universe. To discover something that has all the characteristics 
of a globular cluster, yet has not begun making stars, is like finding a 
dinosaur egg that’s about to hatch.”

This object, which the astronomers playfully refer to as the 
“Firecracker,” is located approximately 50 million light-years away 
from Earth nestled inside a famous pair of interacting galaxies (NGC 
4038 and NGC 4039), which are collectively known as the Antennae 
galaxies. The tidal forces generated by their ongoing merger are trig-
gering star formation on a colossal scale, much of it occurring inside 
dense clusters.

What makes the 
Firecracker unique, 
however, is its 
extraordinary mass, 
comparatively small 
size, and apparent 
lack of stars. All other 
globular cluster ana-
logues astronomers 
have observed to 
date are already brim-
ming with stars. The 
heat and radiation 
from these stars have 
therefore altered the 
surrounding environ-
ment considerably, 
erasing any evidence 
of its colder, quieter 
beginnings.

With ALMA, the astronomers were able to 
find and study in detail a pristine example of 
such an object before stars forever change its 
unique characteristics.

MoRE iNFoRMATioN

The Antennae galaxies, shown 
in visible light in a Hubble 
image (upper), were studied 
with ALMA, revealing extensive 
clouds of molecular gas (center 
right). One cloud (bottom) is 
incredibly dense and massive, 
yet apparently star free, sug-
gesting it is the first example 
of a prenatal globular cluster 
ever identified. [B. Saxton 
(NRAO/AUI/NSF); Images from: 
NASA/ESA Hubble, B. Whitmore 
(STScI); K. Johnson, U.Va.; ALMA 
(NRAO/ESO/NAOJ)]

http://tinyurl.com/nr4dqqa
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The Dark Side of Star Clusters
European Southern Observatory

The elliptical galaxy Centaurus A (also known as NGC 5128) is the 
closest giant galaxy to the Milky Way and is suspected to harbor as 
many as 2000 globular clusters. Many of these globulars are brighter 
and more massive than the 150 or so orbiting the Milky Way.

Matt Taylor [a PhD student at the Pontificia Universidad Catolica 
de Chile, Santiago, Chile] and his team have now made the most 
detailed studies so far of a sample of 125 globular star clusters 
around Centaurus A using the ESO’s Very Large Telescope at the 
Paranal Observatory in northern Chile. They used these observations 
to deduce the mass of the clusters and compare this result with how 
brightly each of the clusters shines.

For most of the clusters in the new survey, the brighter ones had 
more mass in the way that was expected — if a cluster contains 
more stars it has greater total brightness and more total mass. 
But for some of the globulars something strange showed up: they 
were many times more massive than they looked. And even more 
strangely, the more massive these unusual clusters were, the greater 
the fraction of their material was dark. Something in these clusters 
was dark, hidden and massive.

There were several possibilities. Perhaps the dark clusters contain 
black holes, or other dark stellar remnants in their cores? This may be 
a factor that explains some of the hidden mass, but the team con-
cludes that it cannot be the whole story. 

What about dark matter? Globular clusters are normally consid-
ered to be almost devoid of this mysterious substance, but perhaps, 
for some unknown reason, some clusters have retained significant 
dark matter clumps in their cores. This would explain the observa-
tions but does not fit into conventional theory.

MoRE iNFoRMATioN

Observations [of Centarus A] with ESO’s Very Large Telescope in Chile have discovered a new class of 
“dark” globular star clusters around this galaxy. These are marked in red. Normal globulars are marked 
in blue and globulars showing similar properties to dwarf galaxies are in green. The dark globulars 
appear very similar to other globulars around this galaxy but contain much more mass. [ESO/Digitized 
Sky Survey. Acknowledgement: Davide de Martin.]

http://www.eso.org/public/news/eso1519/
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Astronomers Discover More than 800 Dark Galaxies in 
the Famous Coma Cluster
Subaru Telescope

A group of researchers from the Stony Brook University and the 
National Astronomical Observatory of Japan has discovered 854 
“ultra dark galaxies” in the Coma Cluster by analyzing archival data 
from the Subaru Telescope. The discovery of 47 such mysterious  
dark galaxies was a surprising find in 2014, and the new discovery  
of more than 800 suggests galaxy clusters as the key environment 
for the evolution of these mysterious dark galaxies. “Not only do 
these galaxies appear very diffuse,” said Jin Koda, principal investiga-
tor of the study, “but they are very likely enveloped by something 
very massive.” 

These galaxies appear very diffuse and remarkably extended as 
seen by the light of the stars they contain. Many are similar in size to 
the Milky Way, but have only 1/1,000 of stars that our galaxy does. 
The stellar population within such fluffy extended galaxies is sub-
ject to rapid disruption due to a strong tidal force detected within 
the cluster. Something invisible must be protecting the fragile star 
systems of these galaxies, something with a high mass. That “some-
thing” is very likely an excessive amount of dark matter. The compo-
nent of visible matter, such as stars, is calculated to contribute only 
1% or less to the total mass of each galaxy. The rest — dark matter 
— accounts for more than 99%.

The Subaru Telescope revealed that these dark galaxies contain 

old stellar popula-
tions and shows a 
spatial distribution 
similar to those of 
other brighter gal-
axies in the Coma 
Cluster. That suggests 
they have been a 
long-lived popula-
tion of galaxies 
within the cluster. 
The amount of visible 
matter they con-
tain, less than 1%, is 
extremely low com-
pared to the average 
fraction within the 
universe.

Why are these 
galaxies dark? Somehow, they lost gas needed to create new stars 
during or after their largely unknown formation process billions of 
years ago. From their preferential presence within the cluster, it’s 
likely that the cluster environment played a key role in the loss of 
gas, which affects star formation within the galaxy.

MoRE iNFoRMATioN

A color image from the Subaru Telescope. A small region of 6 x 
6 arcminutes is cut out from large Coma Cluster images. Yellow 
circles show two of the 47 dark galaxies discovered last year, and 
green circles are the ones discovered in this new study. [NAJO]

http://subarutelescope.org/Pressrelease/2015/06/22/index.html
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Catherine Wolfe Bruce Gold Medal 
established by Catherine Wolfe Bruce and first 
awarded in 1898 for a lifetime of outstanding 
research in astronomy.
Dr. Douglas N.C Lin, Professor of Astronomy & 
Astrophysics, University of California, Santa Cruz.
Dr. Lin is recognized for his significant and 

seminal achievements in a variety of domains, including the orbital 
motion of the Magellanic Clouds, the formation and evolution of 
exoplanets, the physics of cataclysmic variables and accretion disks, 
and the dynamics, structure, and evolution of Saturn’s rings. 

Professor Lin has made major contributions to our understanding 
of the dynamics of the Magellanic Clouds within our galaxy’s dark 
halo — a campaign that Dr. Lin was the driving force on for decades. 
His writing on the subject remains a classic reference, and his study 
of dark matter in dwarf spheroidal galaxies started a new subfield. 

He has also investigated the evolution of planetary systems and 
is responsible for the models that help interpret the findings from 
exoplanet studies. Shortly after the discovery of a “hot Jupiter” in 
51 Pegasus, Professor Lin wrote the seminal paper on how these 
objects could have obtained such close proximity to their host star. 
As one of Dr. Lin’s distinguished colleagues stated, he is “the leading 
expert in the world today on the architecture of extrasolar planetary 
systems — where planets form, how they interact with their parent 

proto-solar disk of gas, and how far from 
their parent star they end up.” 

In addition to being a driving theo-
retical force in several fields, Dr. Lin is also 
the founding Director of the new Kavli 
Institute of Astronomy and Astrophysics 
at Peking University where he has a 
major impact on the scientific advance-
ment of China. The National Astronomical 
Observatories of the Chinese Academy of 
Sciences nominated Dr. Lin for the Bruce Medal. To quote from their 
nomination letter: “Professor Lin’s experience as a world-leading 
expert has served as an asset for the Chinese astronomical commu-
nity, raising the profile and boosting the visibility of astronomy in the 
country and cultivating the next generation of Chinese astronomers.”

Professor Douglas Lin has received both the Humboldt Fellowship 
and Guggenheim Fellowship. He has held a number of distinguished 
academic positions, including an Honorary Fellow of the Royal 
Astronomical Society, Lecar Lecturer at Harvard University, Rothchild 
Professor at the Isaac Newton Institute of Cambridge University, and 
the Carnegie Centenary Professor at the University of St. Andrews. 
He also served as a member of the American Academy of Arts and 
Sciences. During his career, Dr. Lin has published more than 225 
peer-reviewed articles and has been cited more than 15,600 times.
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Maria and Eric Muhlmann Award is for recent significant  
observational results made possible by innovative advances in astro-
nomical instrumentation, software, or observational infrastructure.
Dr. Stephen A. Shectman, The Carnegie Observatories.
Dr. Shectman investigates the large-scale struc-
ture of the distribution of galaxies, searches 
for ancient stars, develops novel and creative 
astronomical instruments, and constructs 
large telescopes. He was the project scientist 
for the 6.5-meter Magellan telescopes, served 
as the project scientist for the Giant Magellan 
Telescope until 2012, and is actively involved in 
designing instrumentation and providing con-
sulting advice for the Giant Magellan Telescope. 

Over the decades, Shectman has developed a variety of special-
ized instruments for larger and larger optical telescopes at Carnegie’s 
Las Campanas Observatory in Chile. He created photon-counting 
detectors for faint-object spectroscopy, and built the high-resolution 
echelle spectrograph and the multiobject fiber spectrograph for 
Carnegie’s 2.5-meter du Pont telescope. He also built the high-
resolution echelle spectrograph for the 6.5-meter Magellan tele-
scopes and worked on the Magellan echellette spectrograph and 
the Magellan Planet Finder Spectrograph. Instruments with optics 
designed by Shectman have produced the data for three-quarters of 
the scientific publications from the Magellan Telescopes. Last year, 
Dr. Shectman was elected to the National Academy of Sciences.

Klumpke-Roberts Award is awarded to an individual or indi-
viduals who have made outstanding contributions to the public under-
standing and appreciation of astronomy.
Dr. Robert Nemiroff (left) and Dr. Jerry Bonnell (right) for their 
work on the Astronomy Picture of the Day (APOD). 
Dr. Nemiroff is a Professor 
in the Physics department 
at Michigan Technological 
University. He is an active 
researcher, teaches under-
graduate and graduate phys-
ics courses, and supervises 
graduate students. Dr. Bonnell 
is a research scientist with the University of Maryland Astronomy 
Department on contract to the Astrophysics Science Division at 
NASA Goddard. They are the co-creators and co-editors of APOD.

Since 1995, they have selected and explained one image of our uni-
verse every day. Their explanations include links to additional infor-
mation, deepening the educational value of the site. Each day’s image 
and explanation are archived, forming what is one of the largest 
annotated archives of diverse astronomy images on the Web. APOD’s 
home site is hosted by NASA’s Goddard Space Flight Center and cur-
rently has an average of one million hits per day. Its three major social 
media sites collectively have more than two million followers. APOD 
is translated into 21 languages including Arabic, Russian, Spanish, and 
Chinese, and has mirror sites in at least 23 countries.
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Richard H. Emmons Award is presented for outstanding 
achievement in the teaching of college-level introductory astronomy for 
non-science majors.
Dr. Edward Prather, Associate Professor, Steward Observatory, 
University of Arizona.
For the past 20 years Dr. Prather has dedicated 
himself to conducting research on best prac-
tices in teaching general education physics and 
astronomy at the college level. This work has led 
to the development of a huge number of active 
learning instructional materials and new tools 
for assessment of student learning. Prather and 
his team use their courses at the University of 
Arizona as laboratories where they test and validate the effectiveness 
of these teaching and assessment materials, which they disseminate 
through the Center for Astronomy Education Teaching Excellence 
workshops held annually around the country. These workshops have 
reached more than 2,500 astronomy educators and have a dramatic 
impact on the teaching of astronomy in the US and worldwide.

Dr. Prather also serves as the Education Officer of the American 
Astronomical Society, and Executive Director of the Center for 
Astronomy Education. He has more than 60 peer-reviewed publica-
tions and has given hundreds of talks on issues of astronomy and 
physics teaching and learning. He has been awarded the American 
Association of Physics Teachers (AAPT) David Halliday and Robert 
Resnick Award for Excellence in Undergraduate Physics Teaching. 

Thomas J. Brennan Award is presented to an individual dem-
onstrating excellence in the teaching of astronomy at the high school 
level in North America.
Barbel Sepulveda, Lincoln High School, Stockton, California.
Barbel Sepulveda has been a science teacher at 
Lincoln High School for 21 years. Her life-long 
love of astronomy led her to develop a physics-
based astronomy class that is one of only a 
handful of astronomy classes in the state of 
California approved as a laboratory science.  
She has participated in numerous professional  
development opportunities to improve her 
astronomy teaching, including the NOAO’s Teacher Leaders in 
Research Based Science Education Program where Sepulveda 
learned to bring authentic astronomy research into the classroom. 
Sepulveda was also one of only 12 teachers selected from NOAO’s 
cadre of trained teachers to participate in an observing program 
using the Spitzer Space Telescope. She encouraged students to take 
part in this project, and a number of them contributed to projects 
involving young stars, active galactic nuclei, and tidal dwarf galaxies.

Currently she is a participant in the Secondary Integration of 
Modeling in Math and Science Project led by the San Joaquin County 
Office of Education, the University of the Pacific, and Lawrence 
Livermore National Laboratories. As hard as she works to bring astron-
omy to her students, Sepulveda finds time to mentor new teachers so 
that her knowledge and skills can be passed to the next generation.
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Robert J. Trumpler Award is presented to a recent recipient of 
a PhD degree in North America whose research is considered unusually 
important to astronomy.
Dr. H. Jabran Zahid, currently a Clay Postdoctoral Fellow at the 
Harvard-Smithsonian Center for Astrophysics.
Dr. Zahid completed his PhD in June 2014 
at the Institute for Astronomy (IFA) of the 
University of Hawai‘i. His thesis work measured 
the chemical evolution of galaxies using exist-
ing and new data from large extragalactic sur-
veys, and compared that with the predictions 
of cosmological simulations.

Highly motivated to understand his obser-
vational results from a theoretical perspective, he extended this 
work by developing the theoretical links between galactic chemical 
evolution, dust, and star formation in galaxies. IFA Director Guenther 
Hassinger wrote: “Jabran has the strongest proven track record of 
completing a PhD project from observation to publication than 
any graduating student in our history of approximately 200 PhDs 
awarded. Jabran embarked on his PhD thesis with extraordinary 
drive, innate ability, and independence, culminating in a total of 
nine first-author refereed journal articles over a period of four years. 
These publications comprehensively span observations and theory, 
producing a series of seminal papers which have already collected 
over 250 citations.”

Fraknoi Supporters Award is given to an individual who has 
demonstrated exceptional service to, and support of, the Astronomical 
Society of the Pacific.
Michael Greene, Manager of Public Engagement, NASA/Jet Propulsion 
Laboratory, Pasadena, California.
Michael Greene oversees communications and 
education programs involving social media, 
websites, video productions, science festivals, 
museums and science centers, and school and 
university outreach. Part of his responsibili-
ties include oversight of the NASA Night Sky 
Network (NSN) — an active and growing com-
munity of amateur astronomy clubs across the 
nation that look to the network for support as they engage the pub-
lic in astronomy activities. The ASP is NASA’s partner in this project, 
providing member clubs in the NSN with on-line resources, tools, 
training, and kits.

Since spearheading the establishment of the NASA NSN more 
than a decade ago, Greene has been a tireless advocate of the ASP, 
ensuring the Society receives the funding required to support the 
many clubs interested in engaging the public in astronomy. To date, 
NSN clubs have reached well over one million people with their col-
lective outreach efforts, and this number continues to grow. Greene 
has also championed the ASP’s Cosmos in the Classroom conference 
to help instructors, who teach introductory astronomy around the 
country, learn how to do a better job.

asp tidings
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asp tidings
NEW MEMBERS — The ASP thanks all those who recently renewed their membership, and 

welcomes new members who joined between April 1 and June 30, 2015.

Individual
Larry Bacigalupi, San Francisco, CA
David Balsley, Chicago, IL 
Kelly Fuller, Glen Burnie, MD
Nancy Frizzell, San Jose, CA
Steve Gompert, Phoenix, AZ
Joe James, Keaau, HI
Jay Krumholtz, Riverside, CA
Magdalena Reymundo, National City, CA
Ralph Winrich, Stoughton, WI
Maureen Wright, Portland, OR

Technical
Craig Ledo, Danville, CA
Gil Liptack, Millbrae, CA
Thomas Pierce, Liberty Township, OH

Family
Antonio Martinez, Los Altos, CA

Student
Mark Pritchard, Santa Monica, CA

Bruce Gold Medal Recipient Passes Away
Robert P. Kraft, an eminent astronomer and former director of the 
University of California Observatories and Lick Observatory, died on 
May 26, 2015. Kraft, a professor emeritus of astronomy and astro-
physics at UC Santa Cruz, was 87.

A widely recognized researcher, Kraft was also a gifted administra-
tor who helped guide astronomy into the modern era. He joined the 
astronomy faculty at UC Santa Cruz and Lick Observatory in 1967, 
was named director of Lick Observatory in 1981, and became direc-
tor of the newly created UC Observatories in 1988. As a researcher, 
Kraft made important contributions to the understanding of novae, 
stars that undergo a sudden increase in brightness due to massive 
nuclear explosions.

Kraft was elected to the National Academy of Sciences in 1971 
and the American Academy of Arts and Sciences in 1973. He 
received the Astronomical Society of the Pacific’s highest honor, the 
Catherine Wolfe Bruce Gold Medal, in 2005.

Galileoscope Launches 2015 Year of Light Programs
The Galileoscope program for the 2015 International Year of Light 
(IYL) is now in full swing, with new inventory available for delivery 
worldwide and thousands of K-12 teachers and students in the 
United States poised to receive free telescope kits thanks to a gener-
ous donation to support science education.

Created for the 2009 International Year of Astronomy, the 
Galileoscope solved a long-standing problem: the lack of a high-

quality, low-cost telescope kit suitable for both optics education 
and celestial observation. The Galileoscope has been named part 
of the Cosmic Light cornerstone project of the IYL, coordinated 
by the International Astronomical Union, and special IYL-branded 
kits are now available for purchase and for donation through the 
Telescopes4Teachers program.

In the process of assembling the Galileoscope, students explore 
fundamental optical concepts such as how lenses form images. 
Then, with their completed 50-mm (2-inch) diameter, 25- to 
50-power achromatic refractor — which attaches to any photo 
tripod — they enjoy sharp views of lunar craters and mountains, 
Jupiter’s moons, Saturn’s rings, the phases of Venus, and other 
bright celestial objects.

Galileoscopes can be ordered wholesale by the case of six for $150 
($25 kit) plus shipping. Individual kits are available from the ASP as 
well as retailers listed on the Galileoscope website.

http://tinyurl.com/oyx6al3
http://galileoscope.org/
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Third Eclipse 2017 Workshop, Aug. 22-23, Portland, OR
The 3rd in the series of community Eclipse 2017 workshops will 
take place on Saturday and Sunday, August 22 and 23, 2015, at the 
Oregon Museum of Science and Industry, hosted by the director Jim 
Todd. Saturday’s morning session will be open to the public, with 
presentations to inform the public about the total solar eclipse of 
August 2017. The Saturday afternoon and Sunday sessions will follow 
a schedule similar to those at previous workshops with presentations 
alternating with smaller group discussions, and a final presenta-
tion of small group results. The workshop registration fee of $100 
includes lunches and conference refreshments for August 22 & 23.

Anyone interested and/or planning to attend should contact 
Shadia Habbal with information regarding your contribution in the 
form of a presentation or group discussion leader no later than July 
31. A program will be posted at the end of July, once participant 
contributions are received. More information, including a link to a 
registration form, is available on the Americal Astronomical Society’s 
US 2017 Solar Eclipse webpage. 

asp tidings

legacy giving 
Astronomy compels the soul to look upwards and leads us from 

this world to another
— Plato

Leave a universal legacy...

Astronomy shows us that we are part of something much greater than 
ourselves, and that our actions on Earth have a lasting impact. A legacy 
gift to the ASP as part of your estate plan reflects this understanding, 

and will support future generations as they reach for the stars.

astrosociety.org/donate

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 ASP Conference Series

HELP EVERYONE REACH FOR THE STARS!

mailto:eclipse2017%40ifa.hawaii.edu
https://aas.org/education/outreach/eclipse-2017
http://www.astrosociety.org/get-involved/give-for-tomorrow/
http://astrosociety.org/astroshop
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by Paul deans

sky sights

The Skies of August
Save the date: the overnight of August 12/13 (Wednesday night and 
Thursday morning) — the peak of the Perseid meteor shower. This 
evening the Moon is just two days prior to new, so there’s no moon-
light to interfere with your enjoyment of this annual event. Plan to be 
somewhere dark this evening — perhaps you can spot the 60-plus 
meteors per hour that often grace the August sky. The best block of 
time to observe is usually from 11pm on the 12th until dawn on the 
13th, but the main peak of the shower is expected around 2:00 am 
Eastern Time on the 13th, so keep that in mind as well.

If you track the paths of the meteors backwards, you’ll notice that 
they appear to come from a particular spot in the sky. That spot is 
called the radiant, and the constellation in which a shower’s radiant 
lies lends its name to the meteor shower. As you can see on the sky 
chart (right), the radiant for the 
Perseids lies in northern Perseus, 
below the eastern portion of 
the W-shape of stars that forms 
Cassiopeia. 

As for where to look: don’t 
stare at the radiant. Look off 
to one side. Some observers 
think it’s best to watch the area 
between the radiant and the 

zenith (the point directly 
overhead). Regardless, 
gaze toward the darkest 
part of your sky, and try to 
avoid lights that will spoil 
the darkness and your abil-
ity to spot fainter Perseids.

If you miss this year’s 
shower or are clouded out, 
note that next year the 
waxing gibbous Moon will 
set shortly after midnight, 
leaving fairly dark skies for 
early morning observing.

It’s a good thing there are the Perseids, because for most of the 
month there’s only one naked-eye planet visible. At the start of 
August, Jupiter, Mercury, Mars, and Venus are all clustered within 
10° of the Sun at sunset and basically invisible in the sunset glow.

However, by month’s end Venus rises in the east about an hour 
before the Sun and may be visible a few degrees above the eastern 
horizon at sunrise. But really, wait until next month.

Saturn is low in the south-southwest at sunset. On the 21st and 
22nd, look for the first quarter Moon to Saturn’s right and upper left 
respectively.[Courtesy Sky & Telescope]

This remarkable view captured by astronaut Ron 
Garan on August 13, 2011, looks down on a Perseid 
meteor. From Garan’s perspective onboard the ISS, the 
Perseids streak below him. The foreshortened meteor 
flash is centered, below the curving limb of the Earth 
and a layer of greenish airglow, and just below bright 
star Arcturus. [NASA/Ron Garan]

http://www.skyandtelescope.com
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The Skies of September
A total eclipse of the Moon is this month’s celestial highlight, and 
if you live in Western Europe and Africa, South America, and eastern 
North America, you’ll get to see the whole thing. Mid-eclipse occurs 
on September 28 at 02:48 Universal Time, which translates into 10:47 
pm Eastern, 07:47 Pacific, on the evening of the 27th. The times 
in italic (in the table below) indicate events that occur on the 28th 
(local time). Here is a link to a NASA PDF that provides a few more 
details, including a map showing where the eclipse can be seen. 

Low in the south-southwest after sunset is Saturn. This ringed 
world is to the lower left of the crescent Moon on the 18th.

In the dawn sky, Venus is rising quickly. On the 1st it rises about 90 
minutes before the Sun; by the 30th it’s up nearly four hours before 
sunrise. Much dimmer Mars is to the far left of brilliant Venus, sitting 
about 10° to the upper left of Venus at month start, sliding to the 
lower left of Venus by month end. On the morning of the 10th, the 

thin crescent Moon is almost equidistant between the two planets.
By mid-month Jupiter rises in the east about 90 minutes before 

the Sun. All three planets will gather together before dawn next 
month. But Mercury remains too close to the Sun to be visible.

Finally, some celestial odds and ends. A partial solar eclipse 
occurs on the 15th, but’ it’s visible only from the southern third of 
Africa and Antarctica. Autumn Astronomy Day falls on Saturday 
the 19th, while the Autumnal Equinox occurs at 4:21 am Eastern 
Time (1:21 am Pacific Time) on September 23 — this is when autumn 
officially begins in the Northern Hemisphere.

The Skies of October
Planets, planets, planets. That’s the highlight this month — specifi-
cally the gatherings of Venus, Jupiter, Mars, and even Mercury. The 
catch? It all happens in the morning skies. 

The action is already underway on the 1st. An hour before sun-
rise, look for Venus well up in the east, with Jupiter about 10° to 
its lower left (10° is the width of your fist held at arm’s length). Dim 
Mars is between the two. On the 8th the crescent Moon is to Venus’ 
upper right; the next morning an even thinner crescent is to Jupiter’s 
right. For a real challenge, can you spot the 28-day-old crescent 
Moon with Mercury just to its upper left on the 11th? (Try about 45 
minutes before sunrise. Look slightly south of east, but you’ll need a 
clear and low horizon and probably binoculars.)

Mercury continues to rise before the Sun, and on the 16th it’s at 
greatest elongation (greatest apparent separation) from the Sun. 

sky sights

September 27, 2015 EDT CDT MDT PDT UT 
(28th)

Penumbral eclipse starts 20:12 19:12 18:12 17:12 00:12

Partial eclipse starts 21:07 20:07 19:07 18:07 01:07

Total eclipse starts 22:11 21:11 20:11 19:11 02:11

Total eclipse ends 23:23 22:23 21:23 20:23 03:23

Partial eclipse ends 00:27 23:27 22:27 21:27 04:27

Penumbral eclipse ends 01:22 00:22 23:22 22:22 05:22

http://eclipse.gsfc.nasa.gov/SEhelp/TimeZone.html
http://tinyurl.com/6drpdcu
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But it will still be low in the east; use Venus and Jupiter as pointers to 
guide your eye down toward Mercury near the horizon.

Now things get really interesting. On the 17th and 18th, Mars and 
Jupiter are separated by only ½°. Mars is much dimmer, so this may be 
a binoculars-only sight. Between the 20th and 31st, Venus and Jupiter 
are less than 5° apart, and Mars hangs right in there with them. On the 
23rd the three planets are at their closest for the first time — Venus 
2° to Jupiter’s upper right, and Mars 2° below Jupiter. (Again, keep in 
mind that Mars is much, much fainter than the other two planets.)

The “big event” happens on the 25th and 26th when Jupiter and 
Venus are roughly 1° apart. The pair rise some four hours before the 
Sun and will be well positioned 30° above the east-southeast hori-
zon an hour before sunrise. While not quite as close as the Venus-
Jupiter pairing at the end of June, they will still be a fabulous sight 
— as long as you can get yourself out of bed to see them!

From this point on, Venus begins to very slowly slide back toward 
the Sun, while Jupiter continues its climb into the pre-dawn sky. 
As a parting sight on the morning of the 28th, all three planets are 
again close, with Jupiter 2° above and Mars 2° to the lower left of 
Venus. In case you’re wondering, Venus and Mars meet again in early 
November and spend four days roughly 1° apart.

Meanwhile, Saturn is the forgotten planet in all this. It spends  
the month low in the southwest after sunset. On the 15th and 16th, 
the ringed world is to the left, and then to the lower right, of the 
crescent Moon. 

sky sights

Star Charts

If you’d like a star chart to help you explore the naked-eye night 
sky, you have several options: purchase a star wheel (planisphere) 
or planetarium software, download a PDF showing the sky this 
month, find an online star chart, or locate an app for your tablet or 
smart phone
PDF Star Charts. Skymaps produces a well-done chart that goes 
beyond a mere monthly star chart. It includes a list of monthly 
highlights and observable celestial objects. The downside: each 
month is available only at the very end of the previous month. 
Another nice star chart is available from Orion Telescopes and 
Binoculars; you can download it one month in advance. If you’d like 
simple star charts that don’t show the planets, a set of 12 is avail-
able from the Canada Science and Technology Museum.
online Star Charts. Sky View Café gives you control over the 
chart’s date, time, and location, plus a few other options. But the 
chart names only a few bright stars, doesn’t identify the constella-
tions, and the printout of the resulting chart is poor. The star chart 
created on the Tau Astronomy Club website offers fewer options 
but a better printout. But it lists no star names and the stars are 
color coded based on their spectral type.
Apps For Tablets and Smart Phones. SkySafari 4 ($2.99 for the 
basic version; available for iPhone, iPad, and iPod touch; now avail-
able for Android) is a very well done star chart app and is the one I 
use consistently. The Sky HD by Software Bisque is one of the most 
popular planetarium programs out there, and is now available for 
the iPad and iPhone. If ASP stargazers have a favorite night sky app, 
regardless of the device, I’d like to hear about it.

— P.D.

http://www.astrosociety.org/products-page/special-order/the-miller-planisphere-most-of-the-continental-u-s-special-order-item/
http://astronomy-software-review.toptenreviews.com
http://www.skymaps.com/downloads.html
http://tinyurl.com/bqxn363
http://tinyurl.com/bqxn363
http://cstmuseum.techno-science.ca/en/education/star-charts-activity-templates.php
http://www.skyviewcafe.com/skyview.php
http://astroclub.tau.ac.il/skymaps/monthly
http://www.southernstars.com/products/skysafari
http://www.bisque.com/sc/
http://tinyurl.com/nfqol4l
http://tinyurl.com/pxtx7sd
mailto:editor%40astrosociety.org
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NASA/JPL

This close-up image of a region near Pluto’s equator reveals a range of youthful mountains (likely 
made of water ice) rising as high as 11,000 feet (3,500 meters) above the surface of the icy body.  
The view shown here is roughly 200 km x 200 km. The full caption is here. [NASA/JHU APL/SwRI]

This Mariner 4 photo of Mars shows the crater named after the spacecraft, the 151-km-diameter 
Mariner crater. The image was taken July 15, 1965, from 12,600 km away, and covers approximately 
250 km by 250 km. North is up. [NASA/JPL]

New Worlds, 50 Years Apart reflections

On July 15, 1965, Mariner 4 flew within 9,846 km of the surface  
of Mars, snapping 21 pictures of the red planet. Those 21 photos 
revolutionized our understanding of the Red Planet. 

On July 14, 2015, New Horizons flew within 12,500 km of the 

surface of Pluto, snapping thousands of photos that will be down-
loaded during the next year. Those photos will help revolutionize 
our understanding of Pluto, its largest moon Charon, and the icy 
bodies of the outer solar system. 

http://tinyurl.com/qeo2hom
http://tinyurl.com/npbss59
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