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Charting Your Path
Milestones often present opportunities for reflection and assess-
ment. In the ASP’s 125th year, we reflect on our legacy with great 
pride: an education and outreach resource defined by popular 
programs supported by you as well as leading benchmarking 
agencies such as NASA and the NSF. Now under the leadership of a 
new executive director, we are charting new ways to be of service 
to our members, donors, and all champions of science literacy. 

Just as astronomers chart the stars and planets to help them 
navigate the universe, please consider us a resource in helping you 
navigate your financial options and chart your philanthropic path. 
We offer an array of planning tools and helpful information on our 
website, www.astrosociety.org/tomorrow, with content updated 
monthly. If you wish to leave a bequest to the ASP — or to any 
organization — you will want to start by assessing your goals and 
wishes. To see which planned giving option best suits you, try 
ranking these benefits in order of importance: 

___ Retain flexibility
___ Receive an income tax deduction 
___ Ensure the future of my favorite cause
___ Provide for my loved ones

Then decide which type of gift matches your priorities:

To retain flexibility. You can leave a gift to the ASP in your will or 
living trust, while free to change your mind at any time to adapt to 
unforeseen circumstances.

To receive an income tax deduction. You can create and fund a 
charitable remainder trust, and receive payments from the trust 
for your lifetime (and/or the lifetime of another beneficiary you 
choose) for a fixed number of years. Thereafter, we’ll use the trust’s 
balance to carry out our mission.

To ensure the future of your philanthropic cause. You may cre-
ate a named endowment at the ASP. You make a gift, we carefully 
invest the money and then, annually, a portion of the endowment 
is used to meet our needs. The rest of the endowment remains 
invested to keep it healthy and growing. Your name — and your 
support of our mission — will live on long after you’re gone.

To protect loved ones from burdensome inheritance taxes. 
Qualified retirement plans and IRAs are the biggest offenders. 
Naming the ASP as beneficiary of these types of assets avoids  
that problem since we are tax-exempt, and you can leave less  
tax-burdened assets to your loved ones.

Please contact our Development Department for assistance,  
development@astrosociety.org, and thank you for considering the 
ASP in your gift planning.

http://www.astrosociety.org/tomorrow
http://tinyurl.com/osvacoh
http://tinyurl.com/nuzcgql
mailto:development%40astrosociety.org
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on the cover
Front: NASA’s Lunar Reconnaissance Orbiter 
captured this sunrise view of the central peak 
of the lunar crater Tycho in June 2011. The 
summit of the central peak, which contains a 
boulder more than 330 feeet (100 meters) 
wide, is 1.24 miles (2 kilometers) above the 
crater floor. Image courtesy NASA Goddard/
Arizona State University.

Back: The Whirlpool Galaxy (M51) glitters with 
hundreds of X-ray points of light in this 
combination image from the Chandra X-ray 
Observatory (in purple) and the HST (red, 
green, and blue). Most of the bright X-ray 
sources are X-ray binaries. Image courtesy 
NASA/CXC/Wesleyan Univ (X-ray) and NASA/
STScI (optical).

http://tinyurl.com/n47zdop
http://chandra.harvard.edu/photo/2014/m51/
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Earlier this year I helped lead a two-week tour 
through northern Spain and southern France. 
The trip featured visits to numerous medieval 
towns, tours of wineries in both countries, fab-
ulous food, and cave art. We visited nine caves 
— two replicas and seven real ones containing 
original paintings and wall etchings, some dat-
ing back more than 20,000 years.

I think I can safely say that everyone in our 
group felt privileged seeing this prehistoric art. 
We realized that some of the caves we entered 
could well be closed to visitors in future years. 
The preservation of this ancient artwork, a 
glimpse into our past, is more important than 
allowing a few thousand people a year to see 
these Cro-Magnon etchings and paintings for 
themselves. I must admit, however, that while 
the replica caves were well done, they certainly 
didn’t have the ambience of the real thing.

Some of the (real) cave art is amazingly de-
tailed and realistic (such as the spotted horses 
in the Peche Merle cave), while others are mere 
outlines and sometimes hard to see, particu-
larly when the artist included the contours 
of the cave wall within the design (a crack as 

part of a bison’s back, for example). Our guide 
would take her laser pointer and slowly trace 
the outline of the animal — the head, eye, neck 
and back, tail, and so on. Often she’d get only 
part way, and suddenly I could connect the 
lines and see the entire animal.

The first time this happened, I thought of the 
constellations. What the guides were doing in 
the caves is the same thing that we often do 
at star parties — point out shapes in the sky 
created by the stars. It was an unexpected link 
from a cave in Europe to the starry sky, but with 
a major difference. Stargazers and storytellers 
imagined the constellations a few thousand 
years ago, and their stories have come down to 
us through the ages. The cave paintings were 
created more than 10,000 years ago, and we’re 
just beginning to unravel the stories they can 
tell about our early ancestors. Yet both repre-
sent a fascinating glimpse into our past.

Paul Deans
Editor, Mercury

http://astrosociety.org
mailto:asilva@astrosociety.org
http://tinyurl.com/ovd4mb9
mailto:%20editor%40astrosociety.org
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When I was a young girl, my family used to leave the city and 
drive to a quiet lakeside resort in the mountains. My father 
fished from the dock from dawn until dusk, catching bass 

in the morning, trout at midday, and catfish in the late afternoon. My 
mother slathered herself from head to toe in coconut-scented baby 
oil and let the Sun’s ultraviolet rays “roast” her to a golden brown. 
Night at the fishing resort was my favorite time, when darkness rose 
in the east and the stars emerged from the background. I started 
stargazing when I was six years old and have never looked back.

At night, lacking TV reception, resort guests converged on the 
lawn to talk, smoke unfiltered cigarettes (it was the 1960s), and crack 
open the six packs of beer. Eventually someone would suggest,  
“Let’s look for Sputnik!” We all tilted our necks back and strained  
our eyes in an attempt to locate a faint pinpoint of light drifting 
among the background of stars. With enough time and alcohol, you 
could always count on someone to claim they had found the elusive 
satellite. Someone would ask, “where?” and that’s when the evening 
got interesting.

The sky at the resort was black, the Milky Way arched across the sky 
in all its brilliance, and the stars were so numerous that the constel-
lations were nearly impossible to identify. Soon the crowd became 
engrossed in the celestial objects overhead and lost interest in find-
ing Sputnik. The questions began. “Is that the Big Dipper?” “I think 

that’s Andromeda?” “What’s Andromeda?” “Is that the Milky Way?” 
“Hey — a falling star — is it really a star?” On and on it went, night 
after night. I wanted to learn the answers to their questions, so during 
the school year I read astronomy books and memorized the names 
and positions of the constellations. By the time I was 12 years old, I 

The Big Dipper swings above the northern horizon during a summer’s evening. [Paul Deans] 

The Night Sky Still Beckons
Identify yourself as an astronomer and you will be pelted with questions.

by Linda Shore

first word
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had taught myself enough astronomy to answer the questions that 
inevitably surfaced during Sputnik searches, and I became the unof-
ficial “very amateur astronomer” at the Pine Acres Blue Lake Resort.

The public is still spellbound by astronomy. Identify yourself as 
an astronomer and you will be pelted with questions; do this under 
a night sky, and you will not be heading to bed in the immediate 
future. What makes astronomy so compelling? I believe the primary 
reason astronomy is appealing is because the sky above us is demo-
cratic — available to everyone to investigate. Research astronomers, 
inner city children, science teachers, and families all have access 
to the same stars, planets, comets, meteors, nebulae, and galaxies. 
Although “professional” investigators may have better tools than 
enthusiasts, everyone has access to the same objects in the same 
celestial laboratory. 

Second, not only is the celestial sphere accessible, but it com-
prises 180° of our entire visual field. The sky is ubiquitous and hard 
to ignore. Finally, astronomical objects are responsible for the events 
and cycles that we depend on in our lives including the changing 
seasons, the passing of day and night, the weather, the tides, photo-
synthesis, and the origins of all the atoms that comprise everything. 

Interest in astronomy begins naturally and early in life, and if this 
passion is supported and nurtured, will continue for a lifetime. Ask 
any amateur what sparked their enthusiasm for astronomy, and they 
will describe a story similar to the one from my own childhood. 

However, the average age of the ASP membership is currently 
about 55 years and has been steadily increasing. The average age  
of most members of astronomy clubs across the country is also  
more than 55. At the ASP, we want to cultivate the next generation 
of enthusiasts and amateurs by creating a pathway that starts in 
early childhood. 

During the next several years, ASP staff will be working on an NSF-

funded project designed to acquaint preschool children with the 
daytime and nighttime sky. We will continue to create resources for 
science teachers, museum educators, and park rangers that engage 
students and the public in skywatching. We are also developing new 
publications and tools to give astronomy enthusiasts the knowl-
edge and skills needed to be involved in amateur astronomy activi-
ties. Your ASP membership and donations are absolutely critical to 
continuing and growing these programs, and I thank you for your 
support. You’ll hear much more about these programs in upcoming 
issues of Mercury. But in the meantime, keep your eyes on the skies. 

LINDA SHORE is the Executive Director of the Astronomical Society of the Pacific.

The ASP is Proud to Participate in the 
Combined Federal Campaign

CFC#: 10651

Dear Valued Public Sector Professional,

Thanks to your CFC contribution, we continue to sow the seeds 
of curiosity and discovery, critical thinking, quantitative fluency, 
comfort with data, and problem solving — all through the unique 
science of astronomy. Funding supports well-respected professional 
development programs for educators in formal and informal settings 
across the country, enabling us to make an exponential impact on the 
front lines of science learning and literacy.

Thank you!

mailto:lshore%40astrosociety.org
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Seven years ago in this column (“Who Discovered Jupiter’s 
Satellites?” Spring, 2007), I mentioned that Simon Marius (1573-
1624) was a close rival to Galileo when it came to finding the 

four large satellites of Jupiter. As the court mathematician in Ansbach 
(part of Bavaria since 1806), Marius began making observations with 
a telescope in 1609, and on January 8, 1610, he spotted Jupiter’s sat-
ellites. This was just one day after Galileo discovered them!

Unlike Galileo, Marius did not rush into print but first published 
his “discoveries” in 1614 in his magnum opus, Mundus Iovialis. (In 
those days of Latin texts the letter “I” was used instead of “J”). This 
year marks the 400th anniversary of that publication, and the astro-
nomical community of 2014 is taking notice.

On February 18, the 400th anniversary of the signing of the dedi-
cation in the Mundus Iovialis, the Simon Marius Portal was officially 
launched. The Nürnberger Astronomische Gesellschaft (Nürnberger 
Astronomical Society) set up the 24-language Portal, which brings 
together all the electronic sources of his work as well as the second-
ary literature.

The high point of the year’s Marius events will be a conference 
on his life and work at the Nicolaus Copernicus Planetarium in 
Nürnberg on September 20. The proceedings will eventually be pub-
lished in a book. And one of the principal goals of the “Simon Marius 
Anniversary” has been achieved: the committee of the International 

Astronomical Union (IAU) responsible 
for the naming of minor planets has 
announced that the asteroid 1980 SM, 
located in the main belt between Mars and 
Jupiter, will be known as (7984) Marius. 

So, why all the fuss about this 400-year-
old book? In it, Marius claimed to have 
found the satellites independently of 
Galileo in January 1610. Of course, this 
led Galileo to accuse Marius of plagiarism 
in his Il Saggiatore in 1623. Galileo strenuously insisted that Marius 
obtained his knowledge of the satellites from his (Galileo’s) book. 
Being by now the most famous astronomer in Europe, Galileo’s 
charge stuck, ruining Marius’ reputation even to the present day. 

Galileo had named the four satellites the “Medicean stars” in honor 
of his patrons, the Medici family of Florence. Television audiences 
now are very familiar with the Medici family as they feature as the 
patrons of Leonardo in the current hit show Da Vinci’s Demons.

Thus, it is not surprising Galileo was further inflamed by this pas-
sage in the book by Marius: So then let these stars, “Medicean stars” 
to Galileo, their first observer in Italy, be for me, who first saw and 
observed them in Germany “Brandenburg Stars.” Yes, Marius had the 
temerity to rename Galileo’s discovery to honor his own patrons, 

Simon Marius and the Satellites of Jupiter
It took four hundred years, but Marius has finally been cleared of plagiarism.

Simon Marius [Source: Wikipedia] 

by Clifford J. Cunningham

annals of astronomy

http://tinyurl.com/mjnoxk6
http://www.simon-marius.net
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the Margraves of Brandenburg!
The new Portal includes a partial English translation of his 1614 

book. To be precise, Marius actually first published his independent 
discovery of the Jovian satellites in 1612, but it was in an obscure 
pamphlet that received little notice at the time. The 1614 book is the 
one that became famous.

At least Marius saw only four satellites around Jupiter. After Galileo 
died in 1642, it seems that “open season” was declared in the hunt 
for, and discovery of, planetary moons. For example, in 1643 a book 
appeared with this title: Nine stars seen around Jupiter, six around 
Saturn, several around Mars. It was written by Antonius Schyrleus  
de Rheita (1604-60), who obviously had a vivid imagination. He 
dedicated the five “new” moons of Jupiter to Pope Urban VIII, calling 
them Astres Urbanoctavianes. The French astronomer Pierre Gassendi 

(1592-1655) wrote a rebuttal the very same year, rightly claiming 
that the five new moons were just background stars. 

While his discovery skills may have been wanting, Rheita was a pio-
neer in optics, as he improved Kepler’s two-lens inverting eyepiece 
by making it much sharper. He proposed a three-lens form, which 
later evolved into the four-lens form that is still sometimes used.

Thus we see Galileo, Rheita, Marius, and Gassendi all involved in 
convoluted ways with one another in the development of astron-
omy during the 1600s. The new Marius Portal should help anyone 
interested in this fascinating period understand it better, and it will 
certainly prove to be a valuable educational tool. 

CLIFFORD J. CUNNINGHAM was seen recently at the Skalnate Pleso observatory in Slovakia, where 
comets and asteroids have been studied since 1943.

The Future of Visual Observations 
In this digital age, can observers using only their eyes still make useful contributions to astronomy?

Nearly a decade ago, Michael Simonsen noted that the rise of 
sophisticated astronomical CCDs had the potential to render 
visual observations (of variable stars) obsolete. CCDs offer a 

level of precision and sensitivity that simply cannot be matched by 
visual observations. In addition, CCD observations can be calibrated, 
standardized, and archived for future examination. Visual observations 
are subject to observational bias and limited by local atmospheric 
conditions and light pollution. Furthermore, visual observations do 

not provide a permanent record and so cannot be verified.
Nonetheless, Simonsen did note several advantages of visual or 

naked-eye observations. First, visual observations can be made by 
anyone and the observer’s limiting magnitude can be improved by 
using binoculars or an inexpensive telescope. Visual observations 
are inexpensive and have only a small learning curve compared to 
CCD observations. And there is a global network of interested and 
easily trained observers. Simonsen concluded that naked eye and 

by Jennifer Birriel

astronomer’s notebook

http://tinyurl.com/n79arpd
http://tinyurl.com/n79arpd
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binocular variables with amplitudes greater than 0.2 magnitudes, 
and long-period variables, would likely remain the province of visual 
observers for a long time to come. 

In 2012, John Percy discussed the continuing contributions of 
visual observers to the science of variable stars. These include timing 
of semi-predictable minima and maxima of eclipsing variable stars 
whose periods change as a result of mass exchange, long-term visual 
light curves of RVB and Mira stars, and RR Lyrae stars whose periods 
change as the stars evolve. Visual observers are actively contributing 
to studies of stars with unpredictable minima and maxima or “out-
bursts,” such as dwarf novae, recurrent novae, and novae. In addition, 
visual observations are still key to the “discovery” of objects such as 
supernovae, comets, and other transient phenomena.

Another excellent example of visual observations contributing to 
astronomical science is the Globe at Night project. Globe at Night 
(GaN) is a citizen science project in which individuals collect night 
sky brightness data by reporting a naked-eye limiting magnitude 
(NELM), along with their geographic location and sky conditions, to 
a central database. Observers with access to a Unihedron Sky Quality 
Meter (SQM) can also contribute SQM readings but are asked to also 
provide an NELM for their location. The SQM is a digital sensor that 
can measure the night sky brightness at the zenith with a precision 
of 0.2 magnitudes per square arcsecond. 

The GaN project now has a global database of NELMs and SQM 
readings over the period of 2006-14. The vast majority of GaN par-
ticipants report only a NELM, because it requires only a set of seven 
star charts that can be freely downloaded from the GaN site. The 
observer then compares her/his sky to the charts and reports  
the closest match to the GaN website. Observers are untrained  
citizen scientists — mainly K-12 students, interested citizens, and 
some amateur astronomers. This might lead one to question the 

reliability of the GaN data. 
However, Christopher Kyba 
and his colleagues compared 
GaN data to upward-emitted 
light measured by the Defense 
Meteorological Satellite 
Operational Linescan System. 
They found that the mean 
global NELMs correlate strongly 
with the measured DMSP world-
wide and conclude that GaN 
data can be used to track light-
ing changes worldwide.

Finally, we could define 
“visual observers” to include 
the many individuals who do 
not literally scan the night sky 
but rather cull through photo-
graphic and digital images of the sky. This includes individuals 
involved in online citizen science projects. These observers are mak-
ing significant contributions to science by identifying and classifying 
objects with trained eyes. For example, the participants of Galaxy 
Zoo helped classify galaxy morphologies and identified some 2,500 
supernovae candidates. You need only go to the Zooniverse Website 
to see how citizen scientists are contributing to science using the 
unaided eye.

So, are observers using their eyes and eschewing electronic detec-
tors still making useful contributions to astronomy? Definitely! 

JENNIFER BIRRIEL is an Associate Professor of Physics in the Department of Mathematics, Computer 
Science & Physics at Morehead State University in KY. She still enjoys stargazing with the unaided eye.

Every 27 years, Epsilon Aurigae fades and brightens 
during a two-year period. This star is an eclips-
ing variable — it has a companion that passes 
between the star and us, resulting in a dip in 
brightness. Between 2009 and 2011, during its 
latest eclipse, Epsilon Aurigae was studied exten-
sively by a large number of observers, many using 
just their eyes to estimate the star’s magnitude as 
it faded and brightened. The long eclipse turns out 
to be due to a dusty disk that swirls around the 
companion star. [NASA/JPL-Caltech]

http://www.aavso.org/ejaavso401230
http://www.aavso.org/ejaavso401230
http://www.globeatnight.org
http://unihedron.com/projects/darksky/
http://unihedron.com/projects/darksky/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3655480/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3655480/
http://tinyurl.com/kbapuf3
http://www.zooniverse.org/projects
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During the past 25 years, exoplanets — worlds around other 
stars — have left the realms of science fiction and become 
one of the most exciting research topics in planetary science. 

The first confirmed exoplanet was discovered in 1992, and now we 
know of more than 1,700. In the process, the planets we’ve found 
have started to look more familiar — more and more like home. 

Detecting planets is a very difficult proposition. The only light 
they emit is reflected light from their parent star, and the distance 
between a planet and its star is extremely tiny compared to the 
distances between stars. These limitations made the first worlds we 
detected incredibly alien (pun intended). 

The very first exoplanets (three of them in one system) were 
found by timing variations in the period of the pulsar PSR B1257+12. 
Pulsars are stars that have collapsed into an incredibly dense state 
and emit pulses of radiation in very precise periods as they rotate. A 
planet’s gravity affects the pulsar’s rotation, and therefore the pulsa-
tion period varies ever so slightly. Despite being the first discovered, 
it turns out that planets orbiting pulsars are exceedingly rare — only 
one other pulsar-planet system has been found.

The next successful method was Doppler spectroscopy. This 
measures the gravitational pull of the planet on its star, and while all 
planets tug on their host star, the easiest to find are those that cause 
the largest tug — very, very large planets, orbiting very, very close 

to their stars. The first was found in 1995 around 51 Pegasi, a star 
quite similar to our Sun. However, its planet has 150 times the mass 
of Earth and orbits its star in four days at a distance 10 times closer 
than Mercury. This became the prototype for a class of planets called 
“Hot Jupiters,” gas giants that are closer to their stars than was previ-
ously thought possible. 

According to Exoplanet.eu, 29 planets were discovered prior to 
the year 2000, including the first planets in a binary star system and 
the first system with multiple planets around a sun-like star. The first 
planets in the habitable zone — the area around a star where the 
temperature allows liquid water — were found in 1996, but they 
were later confirmed to be gas giants. 

In 1999, a new discovery technique was tested on an already 
known planet. Known as the transit method, the technique relies 
on the planet passing between its host star and us. When the transit 
occurs, the light we receive from the host star drops very slightly. As 
the planet repeats its orbit, the same decrease in light is seen on a 
predictable schedule, allowing us to infer its existence. 

The first discovery using this method occurred in 2002. But the 
transit method is prejudiced toward finding large planets, as they 
block more of their star’s light. As our instruments improved, we 
could detect smaller and smaller bodies, and the first likely terres-
trial-type planet was found in 2005 (though its mass is 7.5 times that 

Closer and Closer to Home
Astronomers are closing in on the (eventual) discovery of Earth II. 

by Emily Joseph

planetary perspectives

http://exoplanet.eu
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of Earth). Other detection methods have been used through the 
years, but the transit method is the one employed by the telescope 
that changed everything about exoplanet exploration: Kepler.

NASA launched Kepler in 2009. The spacecraft carried a 1.4-meter 
mirror and a camera with one job: to take continuous brightness 
readings on a single patch of sky, thereby monitoring more than 
145,000 main-sequence stars for transits. It discovered five new  
exoplanets in its first six weeks on the job. 

Since then, Kepler has performed an amazing list of firsts. It found 
the first confirmed terrestrial planet in January 2011. The discovery 
of a non-gas-giant planet within a habitable zone was announced 
in December of that year. By the spring of 2013, the spacecraft had 
confirmed 132 exoplanets and found more than 2,700 possibilities 
that required followed up. 

In May 2013, the second of Kepler’s four reaction wheels failed. 
These wheels are used to keep the spacecraft pointed accurately at 
the same spot in the sky, and the craft needs three of them work-
ing to continue its primary mission. After a few months of repair 
attempts, its mission was declared over in August of last year. 

However, Kepler’s new K2 mission has been approved, and science 
operations are now underway.

Kepler’s initial mission continues to provide us with amazing dis-
coveries. In addition to confirmed planets, there are thousands  
of planet candidates in its data archives. Unfortunately, not all the 
extrasolar planet home pages agree on the numbers. As of early 
July, both the NASA Kepler mission page and the Kepler home page 
show 977 confirmed planets and 4,234 planet candidates, but JPL’s 
PlanetQuest page shows 1,737 confirmed and 3,277 candidates 
while NASA’s Exoplanet Archive shows 1,737 confirmed and 4,234 
candidates! Such disagreements are common and usually hinge on 
the rules followed when defining a candidate or confirmed planet.

Recently, Kepler added another “first.” Kepler-186f was announced 
in April of this year — a planet nearly the same size as Earth, orbiting 
within its star’s habitable zone. It’s the closest planet to that mythical 
Earth II that we’ve found so far. (For more on all this, see page 32.) 

EMILY JOSEPH is a Research Assistant, with an emphasis on Mars studies, at the Planetary Science 
Institute. You can find her on Twitter @EmExAstris.

A New Twist on Gamma-ray Bursts
Detection of “circular polarization” means the particle acceleration theory is wrong

When it comes to making calculations about size and power 
of stellar phenomena, any measurement within a few fac-
tors of 10 is deemed to be on the money. Close enough 

for horseshoes and astrophysics, the joke goes. But when the mea-
surement differs from theory by five powers of 10 — that is, an inten-
sity 10,000 times greater than what’s predicted — well, something 

by Christopher Wanjek

armchair astrophysics

http://tinyurl.com/peteumc
http://tinyurl.com/l7wehxn
http://tinyurl.com/kpfyp7l
http://tinyurl.com/kpfyp7l
http://tinyurl.com/qhvlyg2
http://kepler.nasa.gov/
http://planetquest.jpl.nasa.gov/
http://exoplanetarchive.ipac.caltech.edu/
http://tinyurl.com/qy7z22a
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clearly is amiss. And that’s the mess 
astronomers are facing in the field 
of gamma-ray bursts (GRBs). The 
strong detection of circular polar-
ization, sort of like a corkscrew 
motion of light, is forcing astrono-
mers to rethink how GRBs and 
perhaps other collimated beams of 
light and matter are generated.

It all started on October 24, 2012, 
when NASA’s Swift satellite detected 
a GRB, as it does on average about 
once daily. GRBs are random flashes of gamma-ray light lasting just 
a few seconds but containing more energy than the Sun will emit 
during its entire life. Only within recent years have GRBs been under-
stood to be explosive harbingers of a new black hole, formed either 
from the merger of two neutron stars or from the implosion of a mas-
sive star. First comes a burst of gamma rays; then comes an afterglow 
created as shockwaves sweep up matter in the surrounding region.

Swift, as the name implies, swiftly detects these ephemeral flashes 
and turns its cameras to the source for a closer view, simultaneously 
notifying the astronomy community. Klaas Wiersema of University 
of Leicester received such a notice about GRB 121024A (named after 
the detection date) on his smartphone, and he sprung into action. 
From his base in England, Wiersema coordinated with colleagues at 
ESO’s Very Large Telescope in Chile and ultimately captured the GRB 
afterglow in optical light in unprecedented detail, detecting circular 
polarization for the first time. His team published the results in the 
April 30, 2014, issue of Nature.

“We know that the afterglow emission is formed by a shock- 
wave moving at very high velocities, in which electrons are being  

accelerated to tremendous energies,” Wiersema said. “These fast 
moving electrons then produce the afterglow light that we detect.”

Theories of electron acceleration predict various levels of linear 
polarization but inconsequential circular polarization in the after-
glow’s visible light. Yet the light from GRB 121024A was at least 10,000 
times more strongly circularly polarized than any theory predicts.

“This finding is a huge surprise to us,” said Alexander van der Horst 
from the University of Amsterdam, a co-author on the Nature report. 
This level of circular polarization might imply that the shockwave con-
tains both electrons and protons, the scientists reported. The shock-
wave can’t be electrons and positrons, as previously thought, because 
these two particles would cancel out the circular polarization signal.

“The polarization result specifies a more ordered magnetic field 
than previously thought,” said Neil Gehrels of NASA Goddard Space 
Flight Center in Greenbelt, Md., the Principal Investigator for the 
Swift mission, who was not part of the Nature paper. “There is [an 
emerging] shift from fireball models to magnetic reconnection mod-
els that has been going on…and this result supports it.”

Peter Mészáros, a professor of physics at Penn State, is one such 
theorist who has advanced the magnetic reconnection model. He 
called this “a very important result, as it provides relevant — and 
previously unavailable — evidence for a magnetized outflow in 
GRBs.” He added that the circular polarization in GRB 121024A 
demonstrates that magnetic fields may play a far larger role than 
previously assumed, resulting in “a reheating and acceleration of 
the plasma attached to the reconnecting magnetic field lines, which 
leads to increased radiation.”

In short, it’s a new twist in GRBs, explosions that continue to defy 
definition and exceed expectations. 

Science writer CHRISTOPHER WANJEK twists his words from his base in Baltimore.

An artist’s impression of a gamma-ray burst, 
showing the two intense beams of relativistic 
matter emitted by a black hole. [NASA/Swift/
Mary Pat Hrybyk-Keith and John Jones] 

http://swift.gsfc.nasa.gov/
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Regular readers of “Education Matters” know that my course 
goals have focused on “learning how to learn” and “developing 
problem-solving skills.” I see the novel situations in astronomy 

as a means for students to learn how they think, how to monitor 
their thinking, and to think outside of the proverbial box. 

Yet, something always seemed missing. Many students develop 
competency to solve a limited landscape of assigned homework 
problems yet remain novices. But in spite of the same training, we  
as instructors managed to become experts. 

After years of incorrectly thinking instructors should strive for 
transfer, I think I finally have determined what I want students to 
get out of their undergraduate study: Adaptive expertise. I desire 
for them to discover how to use the mental skills and expertise that 
they have developed through their major and other courses, and 
learn how to apply that expertise to novel settings and problems. 
It shifts the focus from transferring learning from one domain to 
another (or even about developing their expertise) to learning how 
to adapt their existing expertise when needed.

Giyoo Hatano and Kayoko Inagaki identified experts to be of two 
types: skilled artisans and creative masters. The first, also called 
routine experts, may be highly skilled but use their expertise in regi-
mented ways. Problems, in their view, have codified boundaries and 
solutions are predefined. 

The second group, the virtuoso experts, has the ability to take 
their skills and apply them to novel situations. They view new and 
unusual problems as exciting opportunities to explore and develop 
their skills. No problem is seen as unsolvable but as requiring only 
modification of the current knowledge and skill set to create a 
solution to the problem. Whereas routine experts are rigid in their 
approach to problems, the virtuosos are flexible not only in skills but 
in the worldview that they bring to bear on the problem.

Many, or arguably even most of our students believe learning is of 
the routine expert variety, but the world increasingly demands that 

Despite Our Training
Do we train students to develop expertise that is rigid or flexible?

This tag cloud highlights the frequency of topics discussed in “Education Matters” for the past nine 
years. [David Bruning]

by David Bruning

education matters

http://tinyurl.com/kzoz8l5
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we innovate and create new solutions in fields that 10 years ago did 
not even exist. The question for instructors is: How do we help stu-
dents evolve from being competent authorities to lithe inventors?

Students commonly overestimate their knowledge and ability. But 
knowledge is not enough. We need to investigate with them what it 
means to be an expert, to move them from a picture of routine skills 
to one of creative and pliable academic artistry. At the same time, 
we need to focus on the metacognitive skills necessary to honestly 
test the depth and breadth of their knowledge. 

John Bransford and Daniel Schwartz claim that it “takes expertise 
to make expertise” and subdivide the tasks into learning exper-
tise and teaching expertise. Learning expertise, provided by the 
student, requires deliberate practice and self-monitoring of learn-
ing. Teaching expertise, or coaching, can take many forms but 
Brandsford and Schwartz note that students inform teachers about 
their teaching expertise as much as teachers inform students about 
their disciplinary expertise, a process they call bi-directional training.

Taylor Martin and her colleagues at the University of Texas at 
Austin have looked at teaching methods to produce adaptive 
expertise. They suggest that directed guidance, coupled with time 
to explore and invent in complex domains, can produce both the 
base-level of knowing needed to develop expertise and provide the 
flexibility and creativity needed to develop adaptive expertise. Their 
challenge-based instructional cycle works especially well where 
small teams can be directed at a problem. 

Joan Walker and co-workers found that students who showed 
adaptive expertise in a problem-solving environment often ques-
tioned the wording or premises of problems, seeing the stated prop-
osition as a guideline and not as an absolute. These students also 
looked at the problem with a breadth-first approach, exploring the 
parameter space of the problem before considering multiple options 

for the solution, whereas students applying routine expertise tended 
to quickly focus on one solution and often got mired down with 
a poorly thought-out approach. This amplifies the comments by 
Martin and co-authors that brainstorming after basic information 
has been presented can allow for the creativity and innovation that 
is required for students to evolve into adaptive experts.

Valerie Crawford and associates remind us that teaching also 
requires adaptive expertise, because teaching is neither static nor 
routine. They promote the idea that a theory of teaching practice 
“should begin from a view of teaching as encompassing practice, 
learning, and innovation.”

New Horizons
Your journey in teaching and learning, though, will continue without 
me. After nine years of writing this column, it is time for me to move 
to other endeavors. I started this column as a thinly veiled bully pul-
pit to admonish instructors to pay attention to educational research. 
More than a decade ago, a community of astronomy educators insti-
tuted a new journal called Astronomy Education Review (AER), and the 
first generation of astronomy education researchers graduated with 
PhDs with the hope of improving Astro 101 education nationwide.

As a community, we have achieved mixed results. The journal 
has closed, all too soon. By necessity, too many graduates have 
found their way into education departments or outreach programs 
rather than into mainstream astronomy departments as educational 
experts. Thus, some of our brightest and best trained have limited 
ability to shape astronomy education and further contribute to the 
development of best practices for Astro 101. Admittedly, the eco-
nomic downturn of 2008 dramatically affected colleges and univer-
sities. But part of the hiring problem remains the reticence of our 
science-research oriented colleagues to believe that educational 

http://tinyurl.com/qjp5ofx
http://tinyurl.com/mn7oygl
http://tinyurl.com/mn7oygl
http://tinyurl.com/nyy94ok
http://tinyurl.com/m9bgf36
http://tinyurl.com/m9bgf36
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“No” is Sometimes the Hardest Word to Say
“Just say no” is a phrase once used in an anti-drug campaign, but that philosophy has other applications.

The e-mail came just a few weeks before my baby girl was due 
to be born. The e-mail was of a familiar type: a group had 
planned an astronomy outreach event and was sending out a 

general e-mail to all the local universities wondering if any astrono-
mers wanted to take part. This is one of my favorite types of outreach 
programs in which to get involved — someone else had already 
done all the complex logistical work of scheduling times and venues! 
All I need do was show up and take part!

I immediately started doing some mental planning. Assuming my 
baby arrived more or less on schedule, then she would be about a 
month old at the time of the event. I could probably take her with 
me — she could hang out in the stroller, right? Could I rope my 

husband into also coming so he could keep an eye on her? Maybe 
I could drive to my office and grab my telescope to bring to the 
event, too. Or I could save myself some hassle by not bringing the 
telescope — I’ve got so many fun classroom demos, maybe one of 
them would be relatively portable? Should I try to get some gradu-
ate students involved? 

And then I realized how utterly insane this inner dialogue really 
was. I was about to have a baby! This baby would be my first, so I had 
no real idea about what the first month was going to be like with 
her. Would she be willing to hang out for a few hours in a stroller? 
How often would she need to eat? Would she tolerate a car ride? 
Heck, I didn’t even know if I would be mobile enough to attend an 

by Bethany Cobb

reaching out

research has merit, or that they need to listen to education experts 
about how to help our students learn.

I remain hopeful that better educational opportunities lie ahead 
for our students. But it won’t happen unless we all pay attention 
to educational research. Even though AER is gone, plenty of other 
journals exist: Read them. Take time to go to an ASP Cosmos in the 
Classroom meeting and participate in or present a  hands-on work-
shop. Attend some of the wonderful workshops offered by the 
Center for Astronomy Education and the CAPER Team. Read some 

books, such as How People Learn or Daniel Willingham’s Why Don’t 
Students Like School? (a book excerpt is here). 

Our job is not done, but you can help be a moving force in educa-
tion as long as you continue to learn and adapt. Our students will 
thank you for it. 

DAVID BRUNING teaches physics, math, and astronomy at a midwestern state university. It has 
been an honor to write this column. He leaves you the lasting challenge to employ best practices in 
your classroom and not to become static. 

http://astronomy101.jpl.nasa.gov/
http://www.caperteam.com/currentworkshops/
http://tinyurl.com/2dsa2cy
http://tinyurl.com/lbrx9qk
mailto:bruning%40uwp.edu
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event within a month of giving birth, since I obviously couldn’t pre-
dict how long my own physical recovery might take! 

At this point, I took a deep breath and deleted the e-mail.
I have never liked saying “no” to outreach requests — particularly 

requests such as this one, which require such a minimal effort on 
my part. I very much enjoy having the chance to get out into the 
general community and share my love of astronomy. My schedule 
is so packed that there are not as many opportunities to do so as I 
would like, so when an easy opportunity arises, my default response 
is always an enthusiastic “yes”! But there are some times when it just 
isn’t possible to say yes. 

“How to say no” is a topic that often comes up when people are 
giving career advice. Like so many things, however, it’s usually easier 
said then done. Despite having what I suspect most people would 
see as a reasonably solid excuse (having a baby!) for not being able 

to be involved, I still feel guilty for having to say no. Throughout 
my life, I have almost always felt regret when turning people down. 
While I recognize that I am not super-human and cannot possibly do 
everything, I nonetheless wish that I could.

My daughter arrived more than a week late (but in perfect health) 
toward the end of April of this year, and she brings with her a whole 
new set of priorities for my life. I still plan on saying yes to as much 
as I can, though now, more then ever, I will sometimes just have to 
say no. While I’m sure I will still feel badly when I do, I can already tell 
that she’s definitely worth that minor discomfort. 

BETHANY COBB is an Assistant Professor of Honors and Physics at The George Washington University, 
where she studies gamma-ray bursts and teaches physics/astronomy to non-science majors.

My new daughter, Maia Rose, at three weeks of age. [Bethany Cobb] 
Two Editorial Positions at Sky & Telescope Magazine

Sky & Telescope is looking for experienced 
amateur astronomers to fill two editorial posi-
tions this summer. We are looking for ama-
teurs with strong writing skills, and who can 
also help us expand our efforts in new types of 
media, such as video and digital. We are hop-
ing to find one editor who is an equipment 
expert, and another who is an observing expert. We are looking for candidates 
who either live in the Boston metro area or who are willing to relocate to the 
Boston area, and who are willing to serve on our staff for the long term. 

If you know of any amateur astronomers who might be qualified and inter-
ested, they can apply directly by going to: www.fwmedia.com/careers. Once 
there, scroll to the bottom of the page and click “Search our current openings.” 
On the next screen, select Cambridge, MA in the Location box. That will show 
the two editorial positions, one that is equipment oriented and the other that 
is observing oriented.

Robert Naeye, 
Editor in Chief, Sky & Telescope

http://www.fwmedia.com/careers
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Stalking the Universe with Lights, Action, 
and Camera 

Melding astronomy with Hollywood magic 
creates inspirational astronomy programs.

By William Gutsch

The author (foreground) discusses the next 
shot sequence with an actor on a large 
chroma-key sound stage. All images, unless 
otherwise credited, are courtesy of the author.
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I began my career many years ago as a college professor and now, 
as I near retirement age, I find myself back in the classroom. 
While teaching a room full of university students and even doc-

toral candidates can be rewarding, I have had the great privilege in 
the interim years to work with an incredible array of very talented 
people from both the arts and the sciences — to write, produce, and 
direct a wide variety of programs on astronomy for a wide variety of 
media. Each in its own way was a type of classroom, but each came 
with its own set of capabilities and magical tools, which allowed me 
to transport people of all ages on fantastic rides across this amazing 
universe. I’d like to take you on some of those journeys and, in so 
doing, introduce you to some of the “tools of the trade.” 

I should preface all that follows with the fact that, for me, “Job 
One” must always be scientific accuracy and pedagogical soundness. 
Within the limitations of production, there is never an excuse for 
less. But especially, as part of the latter, one must always be mindful 
of the fact that, as Anatole France once said, “In order that knowl-
edge be properly digested, it must have been swallowed with good 
appetite.” So, like any good teacher, you must always know your 
audience and don’t forget to make learning fun. 

My Start in “Show Biz”
While still working on my doctoral research, I started my creative 
odyssey as Staff Astronomer at the Rochester Museum and Science 
Center’s Strasenburgh Planetarium. I had been used to being on 
mountaintops doing observational astrophysics, but I now found 
myself part of a production team consisting of artists, compos-
ers, and special effects wizards. Together, using hundreds of Rube 
Goldberg-type special effects devices that could make supernovae 
explode and galaxies spin, we created shows that were seen in 
scores of planetariums and science centers in more than a dozen  

languages around the globe. Those years together were a great 
learning experience and a real eye-opener for this young astronomer.

In time, some of the team spun off to co-design pavilions at 
Disney World or score numerous Star Trek soundtracks in Hollywood. 
Later on I also would come to work in the “Star Trek Universe,” writing 
for and directing narrations for many of the Star Trek actors including 
humans, Vulcans, Denobulans, and Borgs (they were all nice to me). I 
was also privileged to do the same with such Hollywood legends as 
Gregory Peck, Burt Lancaster, Charlton Heston, and Kirk Douglas.

Manhattan, Muppets, and Star Wars
While most of the programs I have written and produced have been 
of a documentary nature, dealing with everything from black holes 
to radio astronomy, and aimed at adults and teens, some of my 
favorite experiences have been associated with creating programs 
that teach and inspire children. 

In 1982 I moved on to become Chairman of the American 
Museum-Hayden Planetarium in New York, where I worked for many 
years. Early on, noting that Hayden had never created programs for 
preschoolers, I began collaborating with Jim Henson and Frank Oz 
as well as the wonderful folks at the Children’s Television Workshop. 
As a result, I wrote and produced a computer-controlled, interactive 
planetarium show with the Sesame Street Muppets. 

To create the program, the Muppets were initially photographed 
against black backgrounds to be easily integrated into fully immersive, 
special-effects-laden scenes on the dome. For the first time, projected 
scenes and character images were computer controlled by a live pre-
senter — line of dialogue by line of dialogue, scene by scene — thus 
allowing three-, four-, and five-year olds, 650 at a time, to interact with 
projected images of their favorite Muppet characters in a show that 
taught them about the wonders of the day and nighttime sky.

http://www.nobelprize.org/nobel_prizes/literature/laureates/1921/france-bio.html
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Wonderful Sky with the Sesame Street Muppets became an instant 
hit when it opened in 1982 and sold out six months in advance for 
the next 14 years. And so the idea quickly came to me to extend this 
concept — a computer-controlled educational program with famous 
characters — to a production for older kids. The show, Robots in 
Space, would describe how scientists use satellites and deep space 
probes to study everything from black holes to the planets of our 
solar system, including Earth itself. In this case the “co-hosts” would be 
two of the most famous space robots of all time — R2D2 and C-3P0.

I sent a treatment to Lucasfilm Ltd. It and the follow-up script were 
quickly approved, and we were off to shoot with the actual droids 
and some of the Star Wars crew on a specially designed sound stage 
at Industrial Light & Magic in California. There, Terence Murtagh 
(now with Evans & Sutherland) and I directed live action shots of the 
droids for 17 scenes that were then integrated into visual special 
effects in post production in New York and London. Again, when the 
show was complete, a live presenter controlled each line of com-
puter code and hence each fraction of each scene via a hidden but-
ton attached to his or her handheld microphone. The result, which 
premiered at the Hayden in the spring of 1990, was an interactive, 
custom-timed experience that standard movies cannot create. 

I know I’ve made it seem pretty straightforward, but the produc-
tion was full of challenges. For example, filming and voice recording 
C-3P0 presented issues that viewers of conventional movies don’t 
usually think about. For one, the costume was very reflective. Those 
of us on the set had to hide behind large pieces of white foamboard 
and use reference monitors while shooting and directing the scenes, 
so our reflections would not appear in C-3P0’s golden skin. In addi-
tion, much needed to be done in post production. Tony Daniels, the 
talented actor inside C-3P0, said his lines using a wireless micro-
phone hidden within the hard plastic suit. But since these lines were 

muffled, they served only as 
a reference track. Then, while 
watching the edited video 
on a large screen in a London 
post-production facility, Tony 
repeated his lines in sync with 
the droid’s movements. Our 
sound engineer also took out 
Tony’s breathing sounds (since 
droids don’t breathe!) and 
added servo-motor sounds 
every time C-3P0 moved his 
head, arms, or legs. 

R2D2’s dialogue also 
required special treatment. His 
entire vocabulary was loaded 
into a synthesizer with every 
key playing a different “beep 
or squeak” that were part of R2’s vocabulary. Correct “sentences” 
were then constructed and played on the synthesizer in post pro-
duction to express R2’s excitement, surprise, or displeasure appropri-
ate to a particular scene.

More Interactivity
After leaving the Hayden, I went on to help Carmen Sandiego steal 
the rings of Saturn and the giant black hole at the center of the 
Milky Way galaxy. Working with Broderbund Software, Inc., I directed 
award-winning actresses Rita Moreno (as Carmen) and Lynne Thigpin 
(as the Chief ), as well as the singing group Rockapella, in recording 
studios and on huge chroma-key sound stages. This live action  
was then coupled with three-dimensional computer animation  

The author, as a younger man, with R2D2. Since this 
photo was taken, the author has aged; R2 has not.
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of the copyrighted 
Broderbund characters, 
plus panoramas and 
scenes of objects in space. 

Following the pat-
tern of the multi-year 
PBS TV programs Where 
in the World is Carmen 
Sandiego? and Where in 
Time is Carmen Sandiego?, 
the result was two full-
dome, immersive, inter-
active “quiz shows” in 
outer space that required 
audience members, flying 
the planetarium theater 
like a spaceship, to apply 
deductive reasoning, lis-
tening, and math skills to 

solve clues and ultimately “track Carmen down across the galaxy and 
bring her to justice.” The show played with great success in domed 
theaters in science centers across the US, Canada, and Japan, out-
drawing all other programs presented at the time. 

For the H.R. MacMillan Space Centre in Vancouver, Canada, I was 
asked to write and produce a live, interactive stage play for public 
audiences. The Night of the Martians, which opened in 1999, focused 
on our long-time fascination with Mars and the possibility of life on 
the red planet. In seven acts, the audience was transported from 
an evening encounter with Percival Lowell under the dome of the 
Lowell Observatory in the 1890s, to NASA’s Jet Propulsion Lab in the 
present day, to a 24th-century terraforming station in orbit around 

Mars. On-stage and on-video actors performed amid sets, props, film 
and laser projections, and more to tell the story. A few years there-
after, the production was translated into Spanish and presented at 
the Ciudad de las Artes y las Ciencias in Valencia. 

Different Media, Different Needs
As the years passed, I also found myself working in television — 
both in front of and behind the camera — for such folks as ABC, NBC, 
PBS, The Learning Channel, NASA-TV, and ITV in Britain. As Science 
Editor for WABC in New York and a Science Correspondent for ABC’s 
Good Morning America and World News This Morning, I broadcast 
on location from places such as the Jet Propulsion Laboratory 
(Pasadena, California) and European Space Agency headquarters 

Poster for Where in the Universe is Carmen Sandiego?

An actor portraying Percival Lowell, set inside a projection of the Lowell Observatory, in a scene from 
Night of the Martians. [Courtesy MacMillan Space Centre]

http://www.spacecentre.ca/
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(Darmstadt, Germany). Deadlines for live TV are always something to 
keep the blood pumping, and I can recall many an afternoon editing 
videotape in the back of a news van careening down the Hollywood 
Freeway to make it in time to uplink to a satellite for news feeds to 
the east coast. For ITV, I cut my teeth on writing for a multi-episode 
television series, Wonders of the Universe, and more recently for JPL, 
I wrote, produced, and directed a documentary series on the Cassini 
mission to Saturn. 

When writing for book publishers and magazines, a major task is 
to craft words to conjure the necessary images in the mind of the 
reader. With TV and domed theaters, however, one must always 
remember that these are visual media and hence the visuals almost 
always come first. The writer’s job is to provide “verbal captions”  
to these visuals that contain information, provide insight, and tell 
the story — but also let the production and the audience breathe, 

i.e., have time to absorb what they are seeing…and allow the music 
and sound effects to play their important roles as well. 

The formats of different visual media each have strengths and 
weaknesses that must be taken into account during production. A 
relatively small, rectangular format such as television allows for faster 
action and edits, since the viewer’s focus is concentrated on a small 
area. Full-dome projection, as in a planetarium or domed IMAX the-
ater, allows audiences to be dramatically immersed in the action. But 
it can require more time for scenes to evolve as audiences need time 
to adjust to an asteroid tumbling into view from over their left shoul-
ders or the heart-in-mouth sensation of suddenly diving downward 
to fly through the millions of pieces of ice that comprise Saturn’s rings.

Scripting also needs to take timing and language into account. 
Simply put, English is a very rich but also a very succinct language. 
Consequently, when writing for a show that initially will be seen in 
English but will also be presented in a variety of other languages, 
the English-language writer must “write tight” so as to allow suf-
ficient room to later drop in another language in which the script 
translator may require more words, and the non-English narrator 
more time, to express the same idea. 

Programing a 21st-Century Flight Simulator
While serving as President & CEO of the Challenger Center for Space 
Science Education during the early 2000s, I was tasked by the Board 
to design a “21st-century interstellar flight simulator” for interactive, 
in-depth learning adventures in deep space. The result consisted 
of a flight deck or “Bridge” connected via Star Trek-like automated 
glass doors to a “Science and Engineering Lab.” Twelve teams of 
three people each made up “the crew” who worked at specialized 
consoles. Led by a master teacher who played the role of the ship’s 
Captain, the participants became scientists, engineers, and even 

There’s a lot going on — flying down a tiger stripe toward a geyser on Saturn’s moon Enceladus — in 
this frame from Mysteries of the Universe, created for Shanghai’s Science & Technology Museum. On 
a big dome, audiences need time to absorb what they’re seeing, something the script has to take into 
account. [Courtesy Evans & Sutherland/Don Davis]

http://www.es.com
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embedded members of the media on two-hour simulated flights to 
the outer planets. 

Actors in costume were shot on Hollywood sound stages, inte-
grated with computer graphics with four times the resolution of 
HDTV (created in conjunction with Sky-Skan, Inc. and the National 
Space Centre in Leicester, England), and projected at appropriate 
points along the journey on the Bridge’s viewscreen (which mea-
sured 15 feet high by 29 feet wide). These actors played astronauts, 
engineers, and others connected with various aspects of the mis-
sion, who periodically reported in and interacted with the Captain 
and crew, and frequently provided important data and planning 
information for parts of the journey that still lay ahead. 

In the first program, Journey to Jupiter, the targets of the mission 

were Jupiter and the four Galilean satellites. Crew members had to 
design specially instrumented probes to each world — including 
a miniature robotic submarine that was deployed in the oceans of 
Europa, and an IR camera for use in a flyover of Io’s giant, active vol-
canoes. Ultra high-resolution computer animation provided simu-
lated video feeds and data from each of the probes. 

In separate mini-labs connected to the Bridge, crew members 
used real science equipment to help design the probes and learn 
about such things as the use of infrared cameras, spectral analysis, 
and the behavior of plasmas in magnetic fields. For example, to  
solve the question of a time delay in a video transmission sent by  
the Chief Engineer on a mining colony in the asteroid belt, crew 

The Bridge of the next generation Challenger Simulator. Very high-resolution graphics, combined with 
actors in costume filmed on sets in Hollywood, appeared on the giant viewscreen.  Twelve interactive 
team workstations are visible in the foreground.

Actors on the set of a shuttlecraft featured in Saturn Rendezvous. In post production, moving 
“techo-graphics” were inserted in place of the green computer screens while, out the windows, 
high-resolution computer animation of a flight down Ithaca Chasma, the ice canyon on Tethys, was 
inserted into the large green screen.
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members used a beam splitter to divide a laser 
beam, bounce one stream around the Bridge 
and back into the Lab and, from the time delay 
between the two beams, calculate the actual 
speed of light. This information was then used  
to calculate when an aurora display, triggered  
by a solar coronal mass ejection, would occur  
on Jupiter. 

In a second program, Saturn Rendezvous, set 
in the early 22nd century, the simulator’s crew 
journeyed out to the ringed planet to again 
launch probes and to pick up astronauts from 
an advance team who had been flying a shuttle-
craft down Ithaca Chasma on Tethys and also ballooning through 
the orange clouds and methane rains of Titan. The crew also located 
the Huygens probe on the surface of Titan (since by then it would 
be a weathered object of scientific interest in itself ), picked it up in 
a shuttlecraft, returned it to the main ship, and brought it back to 
Earth for examination and analysis. Great fun. 

Sometimes a scene involving actors interacting with animation 
may involve the actors being shot in Hollywood while different parts 
of the surrounding animation may be rendered in New Hampshire 
and Leicester, England. The script may be written in New York, music 
scored in Los Angeles, and the final coming together of all the parts 
may be done in a post-production facility in London. Throw in proj-
ects where different members of the team speak different languages 
and are spread out over diverse time zones and, well, it all can get 
quite interesting. 

Who Needs Retirement?
In more recent times, in addition to my university duties, I have gone 

back “under the dome” and am working with my old friends and col-
leagues at Evans and Sutherland in Salt Lake City to create an ani-
mated spectacular, Mysteries of the Universe, for Shanghai’s Science 
& Technology Museum. Hundreds of the individual slide and special 
effects projectors of a now bygone era have been replaced with a 
single, super bright, ultra-high-resolution video projector that, fed 
by amazing three-dimensional computer creations and visual data-
bases from ground-based observatories and probes in space, can 
create brilliant, scientifically accurate journeys limited only by the 
imagination…and, as always, budgets. 

It has been a fun journey melding observational astrophysics and 
planetary science with TV and Hollywood magic for the purpose of 
educating and inspiring millions of people about this amazing uni-
verse in which we live. Maybe retirement isn’t just around the corner. 
I can’t wait to see what comes along next.  

WILLIAM GUTSCH, PHD, is Distinguished Professor in the College of Arts and Sciences, Saint 
Peter’s University, Jersey City, NJ, and is the Past President of the Board of the ASP.

Left: The author (far left) goes over lines and action with an actor on a large chroma-key sound stage while the key grip (right fore-
ground) adjusts lighting. Right: In post production for this scene from Saturn Rendezvous, the actor is inserted into a set designed to 
resemble a mining operation deep under the north polar cap of Mars.



VOL. 43 NO. 3
SUMMER 2014 24

TABLE OF CONTENTS

Making Science Fun:  
The “Dark Skies, Bright Kids” Program

We spark an interest in science by creating long-
lasting relationships between elementary and 
early middle school students and astronomers. 

By Kimberly Sokal, with  
contributions from Sandra Liss

The skies in central Virginia are some of the darkest on the 
eastern seaboard. This scene, with participants waving glow 
sticks under a beautiful Milky Way, was captured at one of 
DSBK’s yearly Central Virginia Star Parties. All images courtesy 
Dark Skies, Bright Kids program.
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While working with the outreach group Dark Skies, Bright 
Kids (DSBK), I have experienced the “holy grail” of teach-
ing: students sincerely beg us to come back and teach 

them more astronomy! At the end of their eight-week Astronomy 
Club, these students will actually tell us that they are scientists. We 
believe this success reflects our simple philosophy regarding science 
outreach: build relationships with students and model the inquisi-
tive nature of scientists. This recipe is the foundation of our unique 
and long-lasting program Dark Skies, Bright Kids at the University of 
Virginia (UVa). 

The Dark Skies, Bright Kids Program
Inspired by some of the darkest skies on the eastern seaboard, UVa 
Astronomy Department faculty member Kelsey Johnson created 
DSBK to enhance science education by utilizing children’s natural 
curiosity. The founding of DSBK was largely motivated by limited 
STEM enrichment opportunities offered at rural schools and the 
recent de-emphasis of science content as a result of a stronger focus 
on early reading and mathematics. 

What DSBK has managed to do for our community is amazing, 
and the volunteers have also benefited greatly. Our volunteers 
devote time and energy to teaching students what science is really 
about. At the same time, the volunteers become better scientists as 
they communicate exciting and fundamental aspects of our field. I 
do not see being part of DSBK as simply volunteering for the benefit 
of society, but as something that keeps my love of astronomy alive. 
Through this organization, I am constantly reminded why astronomy 
and science captivated me in the first place. Each and every volun-
teer at DSBK shares a great enthusiasm and eagerness for astronomy 
outreach — an enthusiasm that powers the success of DSBK.

Dark Skies, Bright Kids is an Education and Public Outreach  

program organized by volunteers in the Astronomy Department at 
the UVa. Our core mission is to enhance science education for stu-
dents in Virginia by connecting students to real, professional scien-
tists. DSBK uses astronomy as a “gateway science,” leveraging the 
wonder of the universe to begin meaningful science explorations. 
Aiming to engage children’s natural excitement and curiosity, we 
hope to enhance their view and understanding of science with a fun 
and creative hands-on approach. The goals of DSBK are to:

• Illustrate to students that science is a fun, creative, and exciting 
process,

• Empower students to ask questions,
• Help develop problem-solving skills,
• Demonstrate that science is a viable career path chosen by 

many diverse individuals,
• Nurture natural curiosity and a sense of wonder about the  

universe, and
• Teach basic astronomy concepts.

DSBK is in its fifth year of providing astronomy outreach in central 

Students in an Astronomy Club get to do something they normally never get to — stare at the  
Sun! The students are clearly getting a kick out of the experience, as is their teacher volunteer. DSBK 
director Kelsey Johnson is in the back on the right.
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Virginia and has been awarded the distinction of “Program that 
Works” by the Virginia Mathematics and Science Coalition, which 
is the highest honor available to an enrichment program oper-
ating in the Virginia public school system. DSBK focuses on the 
Charlottesville city and rural Albemarle regions near the UVa,  
but occasionally travels as far as Washington, D.C. DSBK’s target 
demographics include elementary and middle school students in 
socio-economically disadvantaged regions and schools with high 
fractions of students with disabilities or under-represented groups.

Since 2009, DSBK has amassed more than 15,000 contact hours,  
of which at least 2,500 are from the Astronomy Club afterschool pro-
gram. We have been highly effective at reaching traditionally under-
served populations with our afterschool programs; the student 
demographics (when declared) include 3% Asian/Pacific Islander, 
10% Hispanic/Latino, 25% African American, and 61% Caucasian. Of 
these students, 53% are female, 57% percent qualify for the federal 
free or reduced lunch program, 5% are Limited English Proficient, 
and 20% have special needs or disabilities. 

The Astronomy Club
The backbone of our program is a two-month-long Astronomy Club 
that meets weekly at a school as part of an afterschool enrichment 
program. We found that creating long-lasting relationships with 
children is a powerful way to foster a life-long interest in science. This 
is an idea that was reinforced when I was inducted into the American 
Astronomical Society’s Ambassadors Program — continued inter-
actions promote a larger impact than “random acts of outreach.” We 
believe that elementary to early middle school children are overflow-
ing with curiosity, creativity, and a love for play; all characteristics 
crucial for successful scientists. We have developed a curriculum that 
treats these students as natural scientists, prompting them to explore 

science concepts with fun, 
hands-on activities.

Organizing volunteers 
and the logistics for one of 
our Astronomy Clubs is no 
easy feat. However, DSBK 
has managed not only to 
stay alive but also to grow 
during our five years of 
operation. Our motto is 
monitor and adjust, and by 
doing just that, we have 
learned the steps neces-
sary to host a successful 
Astronomy Club. 

The School and Our 
Volunteers
Our process begins with 
choosing a school. DSBK 
offers its afterschool pro-
gram primarily to schools meeting our target demographic. We 
partner directly with an individual school; the school is responsible 
for selecting students, reserving classroom space, communicating 
with parents, and ensuring that the students have transportation to 
and from the club. In exchange, we provide dynamic professional 
scientists, specialized equipment, and hands-on activities to expand 
upon their current curriculum.

Most of the logistics, such as communicating with schools, is dif-
ferent for each institution and for each school we visit. There are a 
lot of moving pieces — my advice is simple: utilize the volunteers’ 

Engaging, hands-on activities are at the heart of an 
Astronomy Club. Here, students safely make their own 
comets out of soil, ammonia, water, and dry ice. A stu-
dent holds out a comet; outgassing is visible from its top.

http://aas.org/outreach/aas-astronomy-ambassadors-program
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strengths and ensure that every aspect of the group or event has 
someone in charge. 

Our most valuable and limited resource is volunteer hours. Our 
operational model relies heavily on students in the UVa’s astronomy 
degree programs, with volunteers from undergraduate students, 
graduate students, post-docs, faculty, and staff. We require a mini-
mum of two volunteers per activity, and prefer to have a “floater” to 
help communicate and guide between activities. We typically have 
12 to15 students in a club and aim for low student-to-instructor 
ratios to increase both the number of personalized interactions and 
the available guidance through the more difficult scientific concepts. 

It’s important to recognize all volunteers, even those who are not 
comfortable in the public eye or available at the scheduled club 
times. The public can also be a great resource! Amateur astronomers 
and interested organizations can be a lot of help. A final, yet critical, 
note is that volunteers are just that — they are volunteering their 
time from what is often an already very busy schedule. They all have 
different personalities, goals, and opinions. We have been running 
clubs for more than five years and still hit the occasional small bump. 
It takes time, practice, and patience.

What a Club Looks Like
When we start a club at any school, the point is to create long-lasting 
relationships with the students, which will inspire a positive view of 
science. With this in mind, we want the students to feel ownership in 
their club so that they are emotionally connected. 

We have developed several ways to foster this connection, and 
my favorite is the club mascot. For each club at each school, we find 
a stuffed animal that is similar to the school’s mascot and adopt it as 
the club’s mascot. The first day of the club, we have the students col-
lectively brainstorm and vote on astronomy-themed names for the 

mascot. Some of our favorites are a bee named ‘Buzznaut,’ a leopard 
‘Meteor Shower,’ and a space cow ‘Milky Way Mooto.’ We then bring 
the mascot and previous club mascots to every club so that the stu-
dents can play and bond with them. A bonus is that the mascots can 
be easily passed around to soothe any anxious child or reward good 
behavior. Other necessary features of a club include nametags (worn 
by volunteers and students alike) and folders that the students per-
sonalize and decorate with astronomy drawings and cutouts from 
astronomy-related magazines. 

We have discovered (the hard way) that keeping to a schedule 
is important; students enjoy the club more if there is some sort of 
order. We encourage lots of fun and even allow some chaos, but we 
have found it needs to be in controlled doses. This way, different 
dispositions are averaged out — the wildest do not dominate and 
the quietest have a chance to shine. Thus, our schedule has naturally 

Two students proudly show off two of the mascots — Terra the Terrestrial Tiger and Rocket Turtle.
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emerged from our experiences with the clubs.
1. Snack time. We give everyone a snack so that no one crashes at 

the end of the day. While they eat, we introduce the participants 
to the day’s theme. We show cool pictures or videos, and always 
encourage questions with an open floor to turn a question into 
a conversation. 

2. Wiggle time. We take everyone outside (or to an open indoor 
space) to run around during what we like to call ‘wiggle time.’ 
We play a physically active game that is related to the theme of 
the day. The goal of this 10- to 15-minute activity is to get the 
students ready to focus on the content and activities. 

3. Activity time. We do a series of fun, hands-on activities based 
on the day’s theme. We almost always break into two or three 
groups and rotate the children through the same number of 
activities. This is because it is difficult to accommodate large 
groups in some of our activities. Also, groups that are too large 

make it difficult for the students to concentrate.
4. Journal time. We end with journal work, during which students 

reflect on what they learned that day as they complete both 
creative and content-driven worksheets written by the DSBK 
assessments team. 

What We Teach
The content is where the fun really begins. DSBK volunteers adapt 
activities on the fly to best meet the personalities of the students 
and to leverage existing resources. We are fortunate that we have 
access to unusual and expensive equipment for a non-profit group, 
such as a portable planetarium, an infrared camera, and telescopes 
for nighttime and solar observing. 

Here are the topics we cover during a typical eight-week-long 
club, plus a few descriptions from a sampling of our favorite activi-
ties and wiggle times.
Week 1: Rockets. Example wiggle time: Payloads. This is a great way 
to get rid of extra energy and demonstrate why carrying something 
on a rocket is difficult. Students take turns carrying a rocket payload 
(another student on their back) and race to a finish line. 
Week 2: Invisible Light (The Electromagnetic Spectrum).
Week 3: Constellations and the Night Sky. Example activity: Make 
Your Own Constellation. This wonderful staple activity easily trans-
lates to bigger events. The idea is for students to use their imagina-
tions to create their own constellations. We give them each a half 
sheet of black construction paper that we previously punched with 
random holes. Then the students use a chalk crayon to draw their 
constellation, including some or all of the ‘stars.’ But we don’t let 
them stop there! The students name their constellation and create a 
backstory of how it came to be. 
Week 4: The Solar System.

To get ready for a rocket-themed topic, students race carrying payloads (other students) to burn off 
extra energy during wiggle time.
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Week 5: Comets and Impacts. Example activity: Impacts. We fill basins 
with flour, smooth the surface, dust with a fine layer of cocoa powder, 
and then drop a variety of balls into them. When you lift out the ball a 
perfect crater remains, and the cocoa helps distinguish the layers. We 
work with the students to hypothesize and experiment with different 
impactors by varying the size, weight, angle, and the height at which 
they are dropped. This activity actually results in visible rays, oblique 
craters, etc. A crowd favorite is to end by compiling what they have 
learned with a contest for the largest or smallest crater.

Another example activity: Comets. We make a version similar to 
the one created by the ASP’s Dennis Schatz. It’s so simple, you can 
make it with common items, and we do — potting soil, a squirt of 
ammonia, some powdered dry ice, and just the right amount of  
water. Squeeze together, and you get a comet. (Okay, there’s more 
to it than that; click here to see Dennis’s complete recipe.) We watch 
and listen to the outgassing, and eventually smash the comets on 

the cement — students really love us — to see the caverns created 
inside the comet’s core by the gas.
Week 6: Astrobiology. Example activity: The Drake Equation. New 
members of DSBK created this just last year! We used a variety of 
M&Ms (though I recommend using beads, and then swapping for 
M&Ms at the end of the activity) to work through a simplified version 
of the Drake Equation. We start by guiding the students through a 
brainstorming session to determine what planetary characteristics 
might be necessary for life. We then take a giant pile of varied beads/
candy, match a planet characteristic with a bead characteristic —
such as blue has water or a dull finish doesn’t have an atmosphere 
— and take out every bead with traits that are unlikely to permit life. 
At the conclusion, students should realize just how few of the large 
collection of planets we’ve discovered are likely to have life! 
Week 7: Stars and Galaxies.
Week 8: Party and Family Observing.

In our Drake Equation adaptation, students actively sort ‘planets’ to leave only those with characteristics 
that might host life.

Students lean in to examine the crater and its impressive ray features, which we created with a ball 
impactor that “slammed” into a basin of flour.

http://www.astrosociety.org/edu/publications/tnl/03/halley2.html
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Testing Impact 
Written journals have always 
been an important part of a 
DSBK club. They originated 
as an astronomy-themed 
creative outlet for the stu-
dents at the end of the day 
and have recently evolved 
into a means to assess our 
impact. The newly formed 
DSBK assessments team 
works with the volunteers to 
develop journal pages that 
are aligned with the learning 
goals of each week’s activi-
ties. In addition to the journal 
work, we also collect volun-
teer observations and photo 
documentation of the clubs. 
Analysis of the journals, observations, and photos allows us to see 
the strengths and weaknesses of each lesson in order to improve 
future Astronomy Clubs.

Other Things We Do
DSBK has grown to reach beyond the Astronomy Club. We seek to 
ignite a spark of interest in astronomy and science in more children, 
their families, and their teachers. One of the major outreach events 
that DSBK hosts every year is the Central Virginia Star Party. We offer 
an open invitation to the community to encourage families to enjoy 
astronomy together and experience the majesty and wonder of the 
night sky. In fact, consider yourself invited to the next one!

Throughout the year, DSBK holds one-off day programs (akin to 
astronomy field days) beyond the Astronomy Club for schools and 
children’s groups. We are also in the final stages of a project to create 
two bilingual astronomy books (in Spanish and French with English 
translations) called Snapshots of the Universe. This art book will be 
made available online. 

Dark Skies, Bright Kids is a wonderfully successful astronomy 
outreach program. DSBK is a huge undertaking and made up strictly 

A student fills out one of our assessments team’s 
journal pages.

Partners and Thanks

We have many people to thank for DSBK’s success throughout the 
years, and a few partnerships have developed as well. First and 
foremost, we must thank our volunteers for donating their time 
and spirit. We are supported through private donations (thanks for 
all the snacks Kelsey!), help from our department (which we owe to 
Dr. Michael Skrutskie, our Department chair at the UVa) and grants 
from the College of Arts and Sciences, thanks to the generous aid 
of Dean John Hawley and Michelle Prysby, the Director of Science 
Education and Public Outreach. We obtained our portable inflat-
able planetarium through a Chandra grant, and our start-up funds 
and telescopes (which make family observing possible) are thanks 
to a National Science Foundation grant. 

We are constantly grateful for the reliable and enthusiastic sup-
port from the Charlottesville Astronomical Society (in particular 
Richard Drumm) and Professors Ed Murphy and Anne Verbiscer 
from our department. We benefit greatly from a strong partner-
ship with the UVa public relations office. Recent partnerships with 
CosmoQuest at Southern Illinois University via the @loudastrono-
mer Nicole Gugliucci, the Charlottesville Derby Dames and the 
Charlottesville Lady Army Wrestlers, and the family-owned orchard 
Albemarle CiderWorks all build community awareness, provide 
fundraising support, and ensure volunteers — and the public— are 
having a blast. 
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of volunteers dedicated to 
sharing our love of science 
and astronomy. We use fun, 
hands-on activities to spark 
an interest in science, and 
constantly evaluate and 
improve our impact. Many 
of our activities have been 
tried, tested, and even for-
mally written up. For further 
information, please look at 
our DSBK website. We wel-
come any inquiries.

We have worked hard 
for many years to get to 
where we are, and have 
shared great moments 
with our students. We have 
encountered some bumps 
along the way, but thanks 
to motivated, devoted, and 
quick-thinking volunteers, 
DSBK is a rewarding experi-
ence for the students and 
us alike. Perhaps as DSBK 
matures and our volunteers 
continue to graduate, DSBK 
will become a widespread phenomenon. After all, excitement and 
enthusiasm about astronomy are contagious. 

KIMBERLY SOKAL AND SANDRA LISS are graduate students at the University of Virginia. 
Kimberly is a 4th year (observing super star clusters) and has been active in astronomy outreach 
throughout her career as a primary DSBK volunteer and an AAS Ambassador. Sandra is a 2nd year 
(studying dwarf-dwarf mergers) and, in addition to volunteering at DSBK events, she is the chair of 
the DSBK assessments committee.

Inside our portable inflatable planetarium at the 4th Annual Central Virginia Star Party, fellow volunteer Sabrina Stierwalt (left) and I awe the public with the 
motions of the night sky and the ability to travel to other planets. More than 400 participants made 2013’s star party the most successful yet, and we are looking 
forward to 2014’s star party in August. 

http://www.astro.virginia.edu/dsbk/index.php
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Extrasolar Planets: The Saga Continues

An occasional account of our ongoing discoveries 
of planets beyond the solar system.

By Paul Deans

The artist’s concept depicts Kepler-186f, the first validated Earth-size planet orbiting a distant star in 
the habitable zone. The planet, about 10% larger than Earth, resides in the Kepler-186 system about 
500 light-years from Earth in the constellation Cygnus. [NASA/Ames/JPL-Caltech/T. Pyl]
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This is truly astonishing. Think of it. Twenty-two years ago we 
didn’t know of any extrasolar planets (planets orbiting other 
stars). Now there are more than 1,700 confirmed exoplanets, 

and we’ve directly imaged 12 of them. Today’s news is tomorrow’s 
history. And it’s useful to bring historical context to today’s top astro-
nomical news story: the rapid rise in the number of known planets 
beyond our solar system. (For more background, see page 10.)

In the Beginning
On April 21, 1992, radio astronomers Aleksander Wolszczan and Dale 
Frail announced the discovery of two planets orbiting the pulsar PSR 
1257+12. A third planet was identified two years later. This is consid-
ered to be the first definitive detection of exoplanets. (In reality, the 
first published discovery of an extrasolar planet was made in 1988 
by three astronomers in Canada, but the planet orbiting Gamma 
Cephei wasn’t confirmed until 2003.)

In 1995, a planet was discovered orbiting the Sun-like star 51 
Pegasi. From 1996 to the end of 1999, 24 more were added to the 
fold, including the first stars with two orbiting planets. And then, 
the numbers exploded. Why? For one thing, there were more tele-
scopes (and hence more astronomers) searching for exoplanets. For 
another, spacecraft joined the hunt: ESA’s COROT in December 2006, 
and NASA’s Kepler in March 2009. Before the first release of Kepler 
data in 2011, there were slightly more than 700 exoplanets con-
firmed or suspected. During its first data dump in early 2011, Kepler 
astronomers announced 1,235 candidate exoplanets!

As of mid-July there are, according to NASA’s exoplanet archive, 
1,737 confirmed planets, 451 systems with multiple planets, and 
4,234 Kepler candidates. On the other hand, Exoplanet.eu says there 
are 1,810 confirmed worlds and 466 multiple planet systems. Why 
the disparity? As I understand it, NASA accepts as confirmed only 

those announced in academic journals, so it updates its list less fre-
quently and hence has a slightly lower number. And if you thrive on 
speculation, the Habitable Planet Catalog claims there are 21 known 
exoplanets with the potential to support life.

So, what’s our historical perspective? It took a mere 22 years to 
go from the first two exoplanets to more than 5,000 confirmed and 
candidate planets. In another 22 years these numbers, so astonish-
ing to us today, may be seen as nothing more than the beginning of 
a tsunami of exoplanet discoveries that ultimately led to the detec-
tion of the “Holy Grail” of exoplanet research: an Earth-like world in a 
star’s habitable zone that shows signs of extraterrestrial life. 

As the editor of Mercury, PAUL DEANS receives numerous press releases regarding extrasolar planets. 
Several of the more interesting appear on the following pages: an optimistic story of not-so-rare 
Earths [page 34], a cautionary tale about assuming too much from the current data available [page 
36], a nearby Earth-like planet [page 38], and a new type of extrasolar planet [page 39].

The Gemini Planet Imager, attached to the 8-meter Gemini South telescope in Chile, reveals Beta 
Pictoris b, a planet orbiting the star Beta Pictoris. The star is hidden behind a mask in the center of the 
image; the planet is the bright dot to the lower right. [Processing by Christian Marois, NRC Canada]

http://tinyurl.com/lmo52fb
http://tinyurl.com/lmo52fb
http://exoplanetarchive.ipac.caltech.edu/
http://exoplanet.eu
http://phl.upr.edu/projects/habitable-exoplanets-catalog
http://www.gemini.edu/node/12113
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Not-So-Rare Earths
by Trudy E. Bell

If the stars observed by NASA’s Kepler spacecraft are statistically 
representative of those in our own solar neighborhood of the 
Milky Way galaxy, then “Earth-size planets are common around 

nearby Sun-like stars,” conclude Erik A. Petigura and Geoffrey W. 
Marcy from the University of California, Berkeley and Andrew W. 
Howard from the University of Hawaii. They were led to that conclu-
sion by a monumental statistical analysis of Kepler data completed 
with the help of the Carver supercomputer at the 
Department of Energy’s (DOE’s) National Energy 
Research Scientific Computing Center (NERSC).

Computing Earth’s Twin
NASA’s Kepler spacecraft, launched into an Earth-
trailing orbit in 2009, stared at some 156,000 stars 
in the constellation Cygnus, monitoring their 
brightness photometrically every 30 minutes 
for four years. It was searching for any minute 
decreases in brightness that might indicate one or 
more planets transiting (passing in front of ) their 
host star as seen from Earth. (For example, if Earth 
transited the Sun as viewed another star system 
exactly in the plane of Earth’s orbit, the Sun’s light 
would be dimmed by 100 parts per million — onr 
hundredth of one percent — for about 12 hours 
once every 365 days.)

Although Kepler identified thousands of planet candidates of all 
sizes orbiting stars of all colors and luminosities — some quite close 
to their parent star — the three authors wanted to find just those 
about the size of Earth that might be in the “habitable zone” where 
surface water could remain liquid. Thus, they wanted to search 
through the Kepler data to find evidence specifically for “Earth-size 
planets orbiting far enough from Sun-like stars to receive a similar 

Artist’s representation of the “habitable zone,” the range of orbits where water can remain liquid on the surface of a planet. [Erik A. 
Petigura, Andrew W. Howard, and Geoffrey W. Marcy; artwork by Illumina Studios, LLC.]
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intensity of light energy as Earth,” the authors explained.
First, they narrowed their search in the Kepler data to 42,557 stars 

of spectral classes G (yellow) and K (orange), with surface tempera-
tures of 4,100 K to 6,100 K bracketing the Sun’s 5,770 K, and masses 
ranging from 0.6 to 1.1 times the Sun’s. Then, with the aid of custom-
built software called TERRA, they further looked for evidence of 
Earth-size planets with orbital periods longer than 50 days. They 
also quantified the fraction of planets that might have been missed 
by their census, either because the planes of their orbits were tilted 
so the planets could not transit the host star as seen from Earth, or 
those that the TERRA software itself could have missed.

Shedding the Right Amount of Light
The intensity of light energy bathing a planet depends on both 
the star’s luminosity and its distance from the planet. So the three 
astronomers then secured spectra for all 62 stars that hosted planets 
with orbital periods longer than 100 days to precisely determine 
their luminosity. They ultimately found that some 11% (± 4%) of 
Sun-like stars have a planet one to two times the size of Earth that 
receives one to four times as much sunlight as Earth. 

They did not identify any Earth-like planet with TERRA with an 
orbital period of 200 to 400 days, but they attribute that primarily to 
the shortness of the Kepler survey before the loss of the spacecraft’s 
stabilizing reaction wheel in May 2013, and the difficulty of observ-
ing such long-period planets. However, extrapolation from Kepler 
data of star systems with shorter-period orbits strongly suggests that 
nearly 6% of Sun-like stars have an Earth-size planet in an Earth-like 
orbit of 200 to 400 days. “Naturally, such an extrapolation carries less 
weight than a direct measurement,” the authors note in their paper 
published in the Proceedings of the National Academy of Sciences, but 
it “seems unlikely to be unrealistic by more than a factor of two.”

Even planets with shorter orbital periods could also be in the hab-
itable zone, the authors note — for example, around stars of very 
different spectral types, such as early M dwarfs (small, cool red stars). 
“Thus, Earth-size planets appear to be common in the HZs [habitable 
zones] of a range of stellar types,” the authors observe. 

Upshot: The authors calculated that some 26% of more-or-less 
Sun-like stars have a planet one to two times the size of Earth, with 
an orbital period of five to 100 days. About 11% of Sun-like stars 
have an Earth-size planet that receives one to four times Earth levels 
of stellar energy.

Kepler observed a portion of sky 120 times larger than the full 
Moon — equivalent to 1/400 of the celestial sphere. The statistics 
from the Kepler region led the authors to make a bold and exciting 
prediction. “If one were to adopt a 22% occurrence rate of Earth-size 
planets in habitable zones of Sun-like stars, then the nearest such 
planet is expected to orbit a star that is less than 12 light-years from 
Earth and can be seen by the unaided eye.” 

TRUDY E. BELL is the Senior Writer for the University of California High-Performance Astro-
Computing Center.

This artist’s illustration shows a hypothetical habitable planet with two moons orbiting a red dwarf 
star. [David A. Aguilar (CfA)]

http://www.pnas.org/content/110/48/19273.full
http://hipacc.ucsc.edu/
http://hipacc.ucsc.edu/
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Rife with Hype, Exoplanet Study Needs Patience and Refinement
by Morgan Kelly

Imagine someone spent months researching new cities to call 
home using low-resolution images of unidentified skylines. 
The pictures were taken from several miles away with a camera 

intended for portraits, and at sunset. From these fuzzy snapshots, 
that person claims to know the city’s air quality, the appearance of 
its buildings, and how often it rains.

This technique is similar to how scientists often characterize the 
atmosphere — including the presence of water and oxygen — of 
planets outside of Earth’s solar system, known as exoplanets, accord-
ing to ”Spectra as Windows into Exoplanet Atmospheres” published 
in early 2014 in the Proceedings of the National Academy of Sciences.

A planet’s atmosphere is the gateway to its identity, including 
how it was formed, how it developed, and whether it can sustain 
life, stated Adam Burrows, author of the article and a Princeton 
University professor of astrophysical sciences.

But the dominant methods for studying exoplanet atmospheres 
are not intended for objects as distant, dim, and complex as plan-
ets trillions of miles from Earth, Burrows said. They were instead 
designed to study much closer or brighter objects, such as planets  
in Earth’s solar system and stars.

Nonetheless, scientific reports and the popular media brim with 
excited depictions of Earth-like planets ripe for hosting life and other 
conclusions that are based on vague and incomplete data, Burrows 
wrote. Despite many trumpeted results, few “hard facts” about exo-

planet atmospheres have been collected since the first planet was 
detected in 1992, and most of these data are of “marginal utility.”

The good news is that the past 20 years of study have brought a 
new generation of exoplanet researchers to the fore that is establish-
ing new techniques, technologies, and theories. As with any relatively 

This is a beautiful rendition of an exoplanet as seen from one of its moons. Plenty of scientific liber-
ties have been taken with this depiction, not the least of which is that we have yet to discover an 
exoplanet’s moon. [IAU/L. Calçada]

http://arxiv.org/abs/1312.2009
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new field of study, fully understanding exoplanets will require a lot 
of time, resources, and patience, Burrows said.

“Exoplanet research is in a period of productive fermentation 
that implies we’re doing something new that will indeed mature,” 
Burrows said. “Our observations just aren’t yet of a quality that is 
good enough to draw the conclusions we want to draw.

“There’s a lot of hype in this subject, a lot of irrational exuberance. 
Popular media have characterized our understanding as better than 
it actually is,” he said. “They’ve been able to generate excitement that 
creates a positive connection between the astrophysics community 
and the public at large, but it’s important not to hype conclusions 
too much at this point.”

The majority of data on exoplanet atmospheres come from low-
resolution photometry, which captures the variation in light and 
radiation an object emits, Burrows reported. That information is used 
to determine a planet’s orbit and radius, but its clouds, surface, and 
rotation, among other factors, can easily skew the results. Even newer 
techniques such as capturing planetary transits — which is when a  
planet passes in front of its star, and was lauded by Burrows as an 
unforeseen “game changer” when it comes to discovering new plan-
ets — can be thrown off by a thick atmosphere and rocky planet core.

All this means that reliable information about a planet can be 
scarce, so scientists attempt to wring ambitious details out of a 
few data points. “We have a few hard-won numbers and not the 
hundreds of numbers that we need,” Burrows said. “We have in our 
minds that exoplanets are very complex, because this is what we 
know about the planets in our solar system, but the data are not 
enough to constrain even a fraction of these conceptions.”

Burrows emphasizes that astronomers need to acknowledge  
that they will never achieve a comprehensive understanding of exo-
planets through the direct-observation, stationary methods  

inherited from the explora-
tion of Earth’s neighbors. 
He suggests that exo-
planet researchers should 
acknowledge photometric 
interpretations as inherently 
flawed and ambiguous. 
Instead, the future of exo-
planet study should focus 
on the more difficult but 
comprehensive method of 
spectrometry, wherein the 
physical properties of an object is gauged by the interaction of its 
surface and elemental features with light wavelengths, or spectra.

Existing telescopes and satellites are likewise vestiges of pre-
exoplanet observation. Burrows calls for a mix of small, medium, and 
large initiatives that will allow the time and flexibility scientists need 
to develop tools to detect and analyze exoplanet spectra. He sees 
this as a challenge in a research environment that often puts quick-
payback results over deliberate research and observation. Once 
scientists obtain high-quality spectral data, however, Burrows pre-
dicted, “Many conclusions reached recently about exoplanet atmo-
spheres will be overturned.”

“The way we study planets out of the solar system has to be radi-
cally different because we can’t ‘go’ to those planets with satellites or 
probes,” Burrows said. “It’s much more an observational science. We 
have to be detectives. We’re trying to find clues, and the best clues 
since the mid-19th century have been in spectra. It’s the only means 
of understanding the atmosphere of these planets.” 

MORGAN KELLY IS a science writer in the Office of Communications, Princeton University.

This artist’s impression shows a gas giant exoplanet 
transiting the face of its star. The planet, HD 189733b, was 
discovered in 2005 as it transited its parent star, dimming 
the star’s light by some three percent. [ESA/C. Carreau]
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Nearby Earth-Like Planet Found
The University of New South Wales; issued June 27, 2014

A UNSW-led team of researchers has discovered a potentially 
habitable Earth-like planet that is only 16 light-years away. 
The “super-Earth” planet, GJ 832c, takes 16 days to orbit its 

red-dwarf star, GJ 832 (also called Gliese 832), and has a mass at least 
five times that of Earth. It receives about the same average stellar 
energy as Earth does, because red dwarfs shine more dimly than our 
Sun, and may have similar temperatures to our planet.

Team member and Head of UNSW’s Exoplanetary Science research 
group, Professor Chris Tinney, says that if the planet has a similar 
atmosphere to Earth it may be possible for life to survive, although 
seasonal shifts would be extreme. “However, given the large mass 
of the planet, it seems likely that it would possess a massive atmo-
sphere, which may well render the planet inhospitable. A denser 
atmosphere would trap heat and could make it more like a super-
Venus and too hot for life,” says Professor Tinney.

The planet was discovered from its gravitational pull on its parent 
star, which causes the star to wobble slightly. Members of the Anglo-
Australian Planet Search team used the Anglo-Australian Telescope 
to make observations of the planet. Their data were combined with 
observations from the 6.5m Magellan Telescope and the European 
Southern Observatory 3.6m telescope (both in Chile) to make this 
new discovery. This team had previously found, in 2009, that the star 
has a cold Jupiter-like planet with a near-circular orbit of about nine 
years, called GJ 832 b.

“With an outer giant planet and an interior potentially rocky 

planet, this planetary system can be thought of as a miniature 
version of our solar system,” says Professor Tinney. The interna-
tional team, led by Dr Robert Wittenmyer in the UNSW School of 
Physics, report their finding of the planet online ahead of publica-
tion in the Astrophysical Journal (the preprint is available here).   

Artistic representation of Super-Earth Gliese 832c set against a stellar nebula background. [Planetary 
Habitability Laboratory at the University of Puerto Rico, Arecibo, NASA/Hubble, Stellarium]

http://arxiv.org/abs/1406.5587
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Astronomers Find a New Type of Planet: The “Mega-Earth”
Harvard-Smithsonian Center for Astrophysics; issued June 2, 2014

Astronomers have discovered a new type of planet — a rocky 
world weighing 17 times as much as Earth. Theorists believed 
such a world couldn’t form because anything so hefty would 

grab hydrogen gas as it grew and become a Jupiter-like gas giant. 
This planet, though, is all solids and much bigger than previously 
discovered “super-Earths,” making it a “mega-Earth.”

“We were very surprised when we realized what we had found,” 
says astronomer Xavier Dumusque of the Harvard-Smithsonian 
Center for Astrophysics (CfA), who led the data analysis and made the 
discovery.“ The newfound mega-Earth, Kepler-10c, circles a Sun-like 
star once every 45 days. It is located about 560 light-years from Earth 
in the constellation Draco. The system also hosts a 3-Earth-mass “lava 
world,” Kepler-10b, in a remarkably fast, 20-hour orbit.

NASA’s Kepler spacecraft finds planets using the transit method, 
looking for a star that dims when a planet passes in front of it. By 
measuring the amount of dimming, astronomers can calculate the 
planet’s physical size or diameter, but not if a planet is rocky or gassy. 
Kepler-10c was known to have a diameter of about 18,000 miles, 2.3 
times as large as Earth. This suggested it fell into a category of planets 
known as mini-Neptunes, which have thick, gaseous envelopes.

The team used the HARPS-North instrument on the Telescopio 
Nazionale Galileo in the Canary Islands to measure the mass of 
Kepler-10c. They found that it weighed 17 times as much as Earth, 
far more than expected. This showed that Kepler-10c must have a 
dense composition of rocks and other solids.

“Kepler-10c 
didn’t lose its 
atmosphere over 
time. It’s mas-
sive enough to 
have held onto 
one if it ever 
had it,” explains 
Dumusque. “It 
must have formed 
the way we see it 
now.”

The discovery 
that Kepler-10c 
is a mega-Earth 
also has profound 
implications for 
the history of the 
universe and the 
possibility of life. The Kepler-10 system is about 11 billion years old, 
which means it formed less than three billion years after the Big Bang.

This research implies that astronomers shouldn’t rule out old stars 
when they search for Earth-like planets. And if old stars can host 
rocky Earths too, then we have a better chance of locating poten-
tially habitable worlds in our cosmic neighborhood. 

The newly discovered “mega-Earth” Kepler-10c dominates the fore-
ground in this artist’s concept. Its sibling, the lava world Kepler-10b, is 
in the background. Though believed to be a solid, not gaseous world, 
Kepler-10c may possess a thin atmosphere shown here as wispy 
clouds. [David A. Aguilar (CfA)]

http://tinyurl.com/pu7lbos


VOL. 43 NO. 3
SUMMER 2014 40

TABLE OF CONTENTS

Mars Weathercam Helps 
Find Big New Crater
NASA/Jet Propulsion Laboratory

Researchers have discovered on 
the red planet the largest fresh 
meteor-impact crater ever firmly 
documented with before-and-
after images. The crater spans half 
the length of a football field and 
first appeared in March 2012. The 
impact that created it likely was preceded by an explosion in the 
Martian sky caused by intense friction between an incoming aster-
oid and the planet’s atmosphere. This series of events can be likened 
to the meteor blast that shattered windows in Chelyabinsk, Russia, 
last year. The air burst and ground impact darkened an area of the 
Martian surface about 5 miles (8 kilometers) across.

The darkened spot appears in images taken by NASA’s Mars 
Reconnaissance Orbiter’s (MRO’s) weather-monitoring camera, the 
Mars Color Imager. Once the dark spot was verified as new, it was 
targeted last month by the orbiter’s sharpest-sighted camera, the 
High Resolution Imaging Science Experiment (HiRISE).

HiRISE reveals more than a dozen smaller craters near the two 
larger ones, possibly created by chunks of the exploding asteroid or 

secondary impacts of material ejected from the main craters during 
impact. It also reveals many landslides that darkened slopes in the 
5-mile surrounding area. A second HiRISE image in May 2014 added 
three-dimensional information.

“The biggest crater is unusual, quite shallow compared to other 
fresh craters we have observed,” said HiRISE Principal Investigator Al-
fred McEwen of the University of Arizona, Tucson. The largest crater 
is slightly elongated and spans 159 by 143 feet (48.5 by 43.5 meters). 
McEwen estimates the impact object measured about 10 to 18 feet 
(3 to 5 meters) long, which is less than a third the estimated length 
of the asteroid that hit Earth’s atmosphere near Chelyabinsk.

MORE INFORMATION

This pair of images taken by MRO’s weather camera reveals when an asteroid impact made the scar seen in the right-hand image. The left image was taken 
on March 27, 2012; the right one just one day later. [NASA/JPL-Caltech/MSSS]

Excerpts from recent press releases that describe an assortment of astronomical discoveries.

astronomy in the news

http://tinyurl.com/mjgn6ee
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Spitzer and WISE Telescopes Find Close, Cold Neighbor 
of the Sun
NASA/Jet Propulsion Laboratory

NASA’s Wide-field Infrared Survey Explorer (WISE) and Spitzer Space 
Telescope have discovered what appears to be the coldest “brown 
dwarf” known — a dim, star-like body that surprisingly is as frosty 
as Earth’s North Pole. Images from the space telescopes also pin-
pointed the object’s distance to 7.2 light-years away, earning it the 
title for fourth closest system to our Sun. The closest system, a trio of 
stars, is Alpha Centauri at about 4 light-years away.

“It’s very exciting to discover a new neighbor of our solar system 
that is so close,” said Kevin Luhman, an astronomer at Pennsylva-
nia State University’s Center for Exoplanets and Habitable Worlds, 
University Park. “And given its extreme temperature, it should tell us 
a lot about the atmospheres of planets, which often have similarly 
cold temperatures.”

Brown dwarfs start their lives like stars, as collapsing balls of gas, 
but they lack the mass to burn nuclear fuel and radiate starlight. The 
newfound coldest brown dwarf is named WISE J085510.83-071442.5. 
It has a chilly temperature between minus 54 and 9 degrees Fahren-
heit (minus 48 to minus 13 degrees Celsius). Previous record hold-
ers for coldest brown dwarfs, also found by WISE and Spitzer, were 
about room temperature.

“It is remarkable that even after many decades of studying the  
sky, we still do not have a complete inventory of the Sun’s nearest 

neighbors,” said Michael Werner, the project scientist for Spitzer at 
NASA’s Jet Propulsion Laboratory in Pasadena, Calif. “This exciting 
new result demonstrates the power of exploring the universe using 
new tools, such as the infrared eyes of WISE and Spitzer.”

WISE J085510.83-071442.5 is estimated to be 3 to 10 times the 
mass of Jupiter. Scientists estimate it is probably a brown dwarf rather 
than a planet since brown dwarfs are known to be fairly common.

MORE INFORMATION

This artist’s concept shows WISE J085510.83-071442.5, the coldest known brown dwarf and thought 
to be 3 to 10 times the mass of Jupiter. In this illustration, the Sun is the bright star directly to the 
right of the brown dwarf. [NASA/JPL-Caltech/Penn State University]

astronomy in the news
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Sakurai’s Object: Stellar Evolution in Real Time
National Optical Astronomy Observatory & Gemini Observatory

Stellar lifetimes are measured in billions of years, so changes in their 
appearance rarely take place on a human timescale. Thus an oppor-
tunity to observe a star passing from one stage of life to another on 
a timescale of months to years is very exciting, as there are only a 
very few examples known. One such star is Sakurai’s Object (V4334 
Sgr). First reported by a Japanese amateur astronomer in 1996 as a 
“nova-like object,” Sakurai’s Object had been, only a few years before, 
the faint central star of a planetary nebula. In the 1990s Sakurai’s 
Object brightened by a factor of 10,000. This brightening has been 
attributed to a final helium shell flash. In this process the burned out 
core of the star at the center of the planetary nebula re-ignites. 

The final helium shell flash is violent, ejecting a cloud of dust and 
gas that forms a thick cocoon around the star blocking all visible 
light. By 2000 the dust cloud was so thick that Sakurai’s Object was 
not visible even with the Hubble Space Telescope. Scientists at the 
National Optical Astronomy Observatory (NOAO) have been observ-
ing the sky in the area of Sakurai’s Object waiting for infrared radia-
tion to break through the dust cloud. Infrared radiation penetrates 
dust much more efficiently than optical light. A detection of the 
infrared light would mean that the dust cloud is breaking apart, ulti-
mately permitting light from the star to escape. 

Using the Altair adaptive optics system with the Gemini North  
telescope on Mauna Kea in Hawai’i to compensate for distortions 

to starlight caused 
by the Earth’s atmo-
sphere, two NOAO as-
tronomers were able 
to observe the shell 
of escaping material 
around the star.

Dr. Kenneth Hinkle 
says, “Sakurai’s object 
appears to be forming 
a bipolar nebula: in 
the past three years 
two lobes of gas have 
been observed mov-
ing outward from the 
central star. The bipo-
lar nebula is roughly 
aligned to the plan-
etary nebula. The co-
alignment suggests 
that there is either 
a companion star or 
planet in the system.“

MORE INFORMATION

An oil painting by Stephen Mack represents what the present 
expanding shell of gas and dust around the star may look like. 
Mack is a member of the Tohono O’odham Nation, the Native 
American tribe on whose land the Kitt Peak National Observatory, 
which is managed by NOAO, is located. [Stephen Mack/NOAO/
Gemini Observatory]

http://www.gemini.edu/node/12195
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Planck Takes Magnetic Fingerprint of our Galaxy
European Space Agency

Light is a very familiar form of energy, and yet some of its proper-
ties are all but hidden to everyday human experience. One of these 
— polarization — carries a wealth of information about what hap-
pened along a light ray’s path, and can be exploited by astronomers.

Light can be described as a series of waves of electric and mag-
netic fields that vibrate in directions that are at right angles to each 
other and to their direction of travel. Usually, these fields can vibrate 
at all orientations. However, if they happen to vibrate preferentially 
in certain directions, we say the light is ‘polarized.’

In space, the light emitted by stars, gas, and dust can also be 
polarized in various ways. By measuring the amount of polarization, 
astronomers can study the physical processes that caused the polar-
ization. In particular, polarization may reveal the existence and prop-
erties of magnetic fields in the medium light has traveled through.

In the new Planck image, darker regions correspond to stronger 
polarized emission, and the striations indicate the direction of the 
magnetic field projected on the plane of the sky. Since the magnetic 
field of the Milky Way has a 3D structure, the net orientation is dif-
ficult to interpret if the field lines are highly disorganized along the 
line of sight, like looking through a tangled ball of string and trying 
to perceive some net alignment. However, the Planck image shows 
that there is large-scale organization in some parts of the Galactic 
magnetic field.

The data also reveal variations of the polarization direction within 
nearby clouds of gas and dust. This can be seen in the tangled fea-
tures above and below the plane, where the local magnetic field is 
particularly disorganized.

The dark band running horizontally across the center corresponds 
to the Galactic Plane. Here, the polarization reveals a regular pattern 
on large angular scales, which is due to the magnetic field lines be-
ing predominantly parallel to the plane of the Milky Way.

MORE INFORMATION

The magnetic field of our Milky Way galaxy as seen by ESA’s Planck satellite. Darker regions indicate 
stronger polarized emission, and the striations indicate the direction of the magnetic field. The dark 
band running horizontally across the center of the image corresponds to the Galactic Plane. [ESA and 
the Planck Collaboration]

http://tinyurl.com/kdwn2og
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Hubble Stretches Stellar Tape Measure 10 Times 
Farther into Space
Space Telescope Science Institute

Even though NASA’s Hubble Space Telescope is 24 years old, astron-
omers are still coming up with imaginative, novel, and ground-
breaking new uses for it. The latest is an innovative technique that 
improves Hubble’s observing accuracy to the point where rock-solid 
distance measurements can be made to Milky Way stars 10 times 
farther away than ever accomplished before.

To do this, Hubble observations and subsequent analysis were 
fine-tuned to make angular measurements (needed for estimating 
distances) that are so fine that if your eyes had a similar capability 
you could read a car’s license plate located as far away as the Moon!

This new capability allows astronomers to use even more distant 
stars as yardsticks to refine estimates. In addition, it is expected to 
yield new insight into the nature of dark energy, a mysterious compo-
nent of space that is pushing the universe apart at an ever-faster rate.

As proof of concept for this new long-range precision, Hubble 
was used to measure the distance to a bright star of a special class 
(called Cepheid variables) that is located approximately 7,500 light-
years away. Such measurements will be used to provide firmer 
footing for the so-called cosmic “distance ladder.” This ladder’s “bot-
tom rung” is built on measurements to Cepheid variable stars that, 
because of their known intrinsic brightnesses, have been used for 
more that a century to gauge the size of the observable universe. 

They are the first 
step in calibrating 
far-more-distant 
intergalactic 
milepost markers, 
such as Type Ia 
supernovae.

Noble Laureate 
Adam Riess (STScI 
and Johns Hopkins 
University) imag-
ined that if Hubble 
could take numer-
ous exposures of a target star quickly, he could combine the data to 
measure extremely small angles on the sky. But rather than taking 
multiple exposures, Riess had the stars trail across Hubble’s imaging 
detector to leave linear streaks. Infinitesimal offsets in the streaks 
that could be caused by parallax were measured through new image 
analysis techniques.

To make a distance measurement, exposures of the target Cepheid 
star were taken every six months. A very subtle shift in the Cepheid’s 
position was measured to an accuracy of 1/1000 the width of a 
single picture element (pixel) in Hubble’s Wide Field Camera 3.

MORE INFORMATION

This illustration shows how the precision stellar distance measure-
ments from the HST have been extended 10 times farther into our 
Milky Way galaxy than possible previously. This greatly extends the 
volume of space accessible to refining the cosmic yardstick needed for 
measuring the size of the universe. [NASA, ESA, and A. Feild (STScI)]

http://tinyurl.com/qdbjh5y
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Trio of Supermassive Black Holes Shake Space-time
Joint Institute for VLBI in Europe

Astronomers have discovered three closely orbiting supermassive 
black holes in a galaxy more than 4 billion light-years away. This 
is the tightest trio of black holes known to date and is remarkable 
since most galaxies have just one at their center (usually with a mass 
between 1 million to 10 billion times that of the Sun). The discovery 
suggests that these closely packed supermassive black holes are 
far more common than previously thought. The team, led by South 
African Dr Roger Deane from the University of Cape Town, used a 
technique called Very Long Baseline Interferometry (VLBI) to dis-
cover the inner two black holes of the triple system. This technique 
combines the signals from large radio antennas separated by up to 
10,000 kilometers to see detail 50 times finer than that possible with 
the Hubble Space Telescope. 

“What remains extraordinary to me is that these black holes, 
which are at the very extreme of Einstein’s Theory of General Rela-
tivity, are orbiting one another at 300 times the speed of sound on 
Earth,” says Deane. “Not only that, but using the combined signals 
from radio telescopes on four continents we are able to observe this 
exotic system one third of the way across the universe.” 

Such systems are important to understand for several reasons; in 
terms of galaxy evolution it is known that black holes — especially 
in active galactic nuclei — influence how galaxies evolve, and un-
derstanding how often black holes themselves merge is key to this 

work. Furthermore, closely orbiting systems such as this are sources 
of gravitational waves in the universe, if General Relativity is correct. 

MORE INFORMATION

Helical jets (blue spiral) from one supermassive black hole are caused by a very closely orbiting 
companion. The third black hole is part of the system, but farther away and therefore emits relatively 
straight jets (shown in red). [Roger Deane (large image); NASA Goddard (inset bottom left; modified 
from the original)]

http://www.jive.nl/trio-supermassive-black-holes-shake-space-time
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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. Kenneth Kellerman, National Radio 
Astronomy Observatory (NRAO), Charlottesville, Va.
Dr. Kellerman is a Senior Scientist at the NRAO 

where he works on the study of radio galaxies, quasars, cosmology, 
the development of new instrumentation for radio astronomy, and 
the history of radio astronomy.

Kellermann’s early work on radio source surveys, counts, and spec-
tra in the 1960s contributed to the development of modern cosmol-
ogy, helping to solidify the basic conclusion that the universe was 
not in a steady state. As a member of the team that invented Very-
long-baseline interferometry (VLBI), his work opened a new window 
on the cosmos and revolutionized astronomy through milliarcsecond 
imaging and microarcsecond astrometry. Using the VLBI technique, 
Kellermann and colleagues discovered superluminal motion in radio 
source active galactic nuclei (AGN). These results demonstrated the 
existence of relativistic expansion of powerful radio jets from super-
massive black holes, thereby providing the first evidence for rela-
tivistic bulk motions in the cosmos. And by correlating signals from 
ground antennas with those from a radio antenna in space, VLBI 
increases the maximum baseline for interferometry to many times 

the Earth’s diameter, resulting in the high-
est resolution imaging in history.

Kellermann’s recent work has focused 
on deep radio surveys with the Karl G. 
Jansky Very Large Array (VLA). His pioneer-
ing study of the micro-Jansky radio source 
population provides a unique and power-
ful tool to study galaxy formation. These 
ultra‐deep radio observations enable a 
dust‐free measure of star formation rates 
in early galaxies, as well as of optically obscured active galactic 
nuclei. He was involved in the development of the VLA and led the 
‘scientific charge’ for the creation of the Very Long Baseline Array, 
two radio telescopes that have had a profound influence on mod-
ern astrophysics. He has also been a staunch advocate for the next 
generation radio telescopes, in particular the Square Kilometer Array 
(SKA). His advocacy for the SKA has led to numerous pathfinder tele-
scopes as well as helping to realize Phase I of the full SKA, for which 
the formal design phase was initiated in 2013.

Kellermann’s contributions to the field, in terms of techniques, 
telescopes, teaching, and deep physical insight, have been made at 
the most fundamental levels of physics and astronomy. He can be 
considered one of the true founders of radio astronomy as a major 
discipline in global science.
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Las Cumbres Amateur Outreach Award honors outstand-
ing educational outreach by an amateur astronomer to K-12 children 
and the interested lay public.
Dan Kaminsky, TriState Astronomers (TSA) of Hagerstown, MD. 
The TriState Astronomers is a volunteer orga-
nization dedicated to expanding the public’s 
understanding and appreciation of astronomy 
through education, outreach, and social inter-
action. In addition to Maryland, the TSA reaches 
into Pennsylvania and West Virginia with its 
outreach activities.

Beyond managing club outreach activities 
that involve more than 5,000 participants each 
year, Dan Kaminsky’s commitment to amateur astronomy is dem-
onstrated by his work organizing star parties for Boy Scout and Girl 
Scout troops, public libraries, science centers, church groups, public 
parks systems, and community service nonprofits. He also provides 
outreach assistance to individual teachers and schools in the county 
that request help with star parties for their students. 

Kaminskyhas served in a leadership capacity with the TriState 
Astronomers since 2005 and is entering his second term as Outreach 
Coordinator. He has been personally involved with about 50% of 
the volunteer hours the TSA recorded in 2013. He is unwaveringly 
enthusiastic, friendly, and knowledgeable, and his efforts have 
enlightened the public and brought new faces to the community of 
amateur astronomers.

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.
Brendan Bowler, California Institute of Technology.
This award recognizes the PhD work of Brendan Bowler, who com-
pleted his dissertation last year at the University 
of Hawaii at Manoa, Institute for Astronomy, 
and is now a postdoctoral fellow at the 
California Institute of Technology, Joint Center 
for Planetary Astronomy. With his PhD thesis 
project, titled “Direct Imaging Search for Planets 
Around Low-Mass Stars and Spectroscopic 
Observations of Young Exoplanets,” Bowler 
has produced six first-author papers in the 
Astrophysical Journal, rounding out a very prolific graduate student 
period with nine first-author refereed papers and 20 more refereed 
papers as a co-author.

Bowler’s thesis study involved an adaptive optics imaging search 
for gas-giant planets and brown dwarfs around more than 100 
young M stars, and detailed near-infrared spectroscopic study of 
individual exoplanets found by direct imaging, including the first 
published near-IR spectrum of the 7-Jupiter-mass extrasolar planet 
HR 8799b. Perhaps the most important results of his thesis work  
are the robust statistical constraints on the frequency of gas-giant 
planets as a function of mass and orbital separation around low-
mass stars, advancing the field of exoplanets research considerably.

asp tidings
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Klumpke-Roberts Award honors an individual or individuals 
who have made outstanding contributions to the public understanding 
and appreciation of astronomy.
Dennis Schatz, Senior Advisor and former Senior Vice President of 
Pacific Science Center.
This award is in recognition of Dennis Schatz’s work in education 
outreach and as an author. His more than 20 science books for chil-
dren have been translated into 23 languages. 
He was also PI for the NSF-supported Portal to 
the Public, an initiative to develop programs 
at Pacific Science Center and other informal 
science education institutions as they bring 
scientists and public audiences together for 
face-to-face interactions. This program model 
was evaluated and successfully implemented 
at eight museums and science centers between 
2007 and 2011. It is now an ongoing core program of Pacific Science 
Center and by 2015 will be implemented in 43 museums in the US. 

Schatz’s other contributions include traveling exhibits that reach 
new audiences traditionally not reached by museums; creative and 
well-reasoned activities that allow youngsters, families, and informal 
audiences to get a taste of real science; and the training of thousands 
of educators in a wide range of settings on how to do hands-on sci-
ence effectively. His impact on the communication of astronomy to 
the public, and on the behavior of other communicators of astron-
omy around the country, has been both profound and lasting.

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.
Vivian Hoette, Director of Education and Outreach, Yerkes Observatory, 
University of Chicago.
Since 1975, Vivian Hoette has introduced space and earth science 
to high school students in the classroom and 
via education programs at the Lawrence Hall 
of Science, the Adler Planetarium, and Yerkes 
Observatory. As a tireless and inspirational 
educator, she is known as the “go to” person in 
astronomy education in Illinois and Wisconsin. 
She was deeply involved in launching Yerkes’ 
Hands-On Universe (HOU) project in high 
schools. HOU is an educational program that 
enables students to investigate the universe while applying tools 
and concepts from science, math, and technology. 

Hoette also has Project Coordination/Facilitation/Leadership 
responsibilities with NASA’s Stratospheric Observatory for Infrared 
Astronomy (SOFIA). She recently flew on SOFIA and, with her col-
laborators, created a tactile image of the Milky Way’s Circumnuclear 
Ring from a SOFIA image.

In addition, she is the Education Manager for the Stone Edge 
Observatory in Sonoma, CA, and has designed and delivered pro-
fessional development programs for high school teachers across 
the country.
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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. Laurence Marschall, Professor of Physics, Gettysburg College,  
Gettysburg, PA.
After establishing the year-long astronomy sequence at Gettysburg 
College, Larry Marschall’s courses evolved into 
the most popular lab-science courses on cam-
pus. He incorporated peer-learning years before 
such techniques became standard fare, and 
draws from history, literature, current events, 
and multimedia.

He also initiated plans for the campus obser-
vatory, a facility that welcomes both science 
and non-science majors. In addition, and in 
advance of others, he saw the untapped potential for bringing 
digital imaging technology into the introductory astronomy cur-
riculum. His idea became Project CLEA (Contemproary Laboratory 
Experiences in Astronomy), a set of laboratory exercises that have 
revolutionized the teaching of introductory astronomy by having 
undergraduate students observe the sky, record data, and analyze 
that data. Project CLEA became the longest-running program funded 
by the astronomy education section of the NSF.

Marschall is an observational astronomer with interests in stel-
lar evolution. He is also a Deputy Press Officer for the American 
Astronomical Society.

Maria and Eric Muhlmann Award is given for recent signifi-
cant observational results made possible by innovative advances in 
astronomical instrumentation, software, or observational infrastructure.
Dr. Harland Epps, Professor of Astronomy and Astrophysics at the Lick 
Observatories, University of California.
Harland Epps is a pioneer of astronomical optics whose designs 
have touched almost every major telescope in the world. Modern 
astronomy is photon-hungry and depends on 
efficient optics with a high throughput that can 
cover a wide field of view. Epps is an expert in 
designing innovative optics that allow deep 
imaging surveys and spectroscopy of very faint 
targets. His work is invisible to many who use 
his optics, but it has facilitated the modern 
explosive growth of data in astronomy. 

Epps has designed optics for several decades 
and continues to be extremely active with instruments currently on 
the Keck Telescopes at the W. M. Keck Observatory in Hawaii; the 
Multiple Mirror Telescope at the Whipple Observatory in Arizona; 
the Magellan Telescopes at Las Campanas Observatory in Chile; 
the Gemini Telescopes in Hawaii and Chile; and the Hobby-Eberly 
Telescope at the McDonald Observatory in Texas. He has more than 
245 technical reports and published papers to his credit. 

Epps earned his BA in astronomy at Pomona College, and his MSc 
and PhD in astronomy at the University of Wisconsin, Madison. He 
was a professor of astronomy at UCLA before joining UCSC in 1989.
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http://tinyurl.com/pnlxt5b


VOL. 43 NO. 3
SUMMER 2014 50

TABLE OF CONTENTS

asp tidings

Amateur Achievement Award recognizes significant contri-
butions to astronomy or amateur astronomy by those not employed in 
the field of astronomy in a professional capacity.
Rod Stubbings, Tetoora Road, Victoria, Australia.
Rod Stubbings is a visual observer who has been responsible for 
notifying the astronomical community of rare or important out-
bursts of cataclysmic variables for nearly two 
decades. If not for his persistent coverage of the 
southern sky, we would have missed outbursts 
of recurrent novae and WZ Sge type objects 
entirely. He has been referred to as a Southern 
Hemisphere fire spotter, who notifies the astro-
nomical community so they can throw water on 
these “fires” as they erupt with their CCDs and 
spectrographs. 

His first observation of a variable star was in May 1993. On January 
24, 2012, Stubbings recorded his 200,000th visual variable star obser-
vation (on T Pyx), one of only a handful of observers to ever reach 
that goal. He is author or co-author of at least 80 publications in the 
Astrophysics Data System. In recent years he has been instrumental 
in helping redefine the Z Cam sub-type of dwarf novae and discov-
ered the recurrent nova V745 Sco in outburst in the morning sky, 
triggering an AAVSO Alert Notice and significant attention from the 
astronomical community.

He observes with a Meade DS-16 (a 400-mm reflector) from his 
observatory at Tetoora Road, Victoria, Australia.

Priscilla and Bart Bok Award
The Priscilla and Bart Bok Awards are given jointly by the ASP and 
the American Astronomical Society at the annual Intel International 
Science and Engineering Fair (the world’s largest international pre-
college science competition). The main criterion for selecting the 
two annual Bok Award winners is scientific merit. 

The Bok prize is named for Bart and Priscilla Bok. Bart Bok was an 
accomplished research astronomer who made important contribu-
tions to scientific understanding of the Milky Way and star forma-
tion. Throughout his life, and especially as an ASP Board member, 
Bok was a strong advocate for education and outreach in astronomy 
— as was his wife, Priscilla, also a distinguished astronomer. 

This year the two judges for this award were Chris Groppi (lead 
judge), School of Earth and Space Exploration, Arizona State 
University, and Kam Arnold, an Assistant Research Scientist from  
the University of California at San Diego Center for Astrophysics  
and Space Sciences. 

The 2014 Bok first award of $1,000 went to Luhong Li for his proj-
ect “Velocity Gradients in Relation to Spatial Scales of Star-forming 
Dense Cores in the Perseus Molecular Cloud.”  He attends John L. 
Miller Great Neck North High School, Great Neck, New York. The  
Bok second award of $500 went to Coleman J. Kendrick for his 
project “3D Hydrodynamic Simulation of Classical Nova Explosions.” 
Coleman is a sophmore at Los Alamos High School, Los Alamos, 
New Mexico.
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NEW MEMBERS — The ASP welcomes new members who joined  
between April 1 and June 23, 2014.

General Membership
Fred C. Adams, Ann Arbor, MI 
Peter J. Adams, Bend, OR 
Charles L. Baker, San Antonio, TX
Edgar Bering, Houston, TX 
Joe Collins, Fort Collins, CO 
Richard Drumm, Barboursville, VA 
David G. Elliott, La Canada, CA 
Helene Flohic, Stockton, CA 
Daniel W. Fong, Rancho Cordova, CA 
Joseph L. Fragola, San Jose, CA 
Rachel Freed, San Jose, CA 
Pamela K. Harman, Mountain View, CA 
James R. Huddle, Annapolis, MD 
Mark C. Jennings, Las Vegas, NV 
John O. King, Atlanta, GA 
Awanish Mishra, San Jose, CA 
Eric F. Paul, Bloomfield, NJ 

Gerson Schreiber, Palo Alto, CA 
Juan C. Seguel, La Serena, AZ
Angela K. Speck, Columbia, MO 
Christopher L. Taylor, Sacramento, CA
Jennifer Weitz, Phoenix, AZ

Technical Membership
James T. Himer, Calgary, AB, Canada
John E. Hoot, San Clemente, CA 
Ravinder Kumer, Muzaffarnagar, India
Atsushi Matsuo, Yamaguchi, Japan
Mario R. Perez, Oakton, VA 
Thomas E. Pruitt, Houston, TX 
Purchasing Services, Vancouver, WA 
Robert G. Southwick, Lacey, WA
Andrew D. Vanture, Seattle, WA 
Thaddeus F. Worek, Pittsburgh, PA 

Supporter’s Circle
Linda Shore, Sonoma, CA

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.

www.astrosociety.org/tomorrow or (415) 715-1406

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

Amazon Smile
Did you know that Amazon will donate 0.5% of the price of your 
eligible AmazonSmile purchases to the ASP whenever you shop on 
AmazonSmile? AmazonSmile is the same Amazon you know. Same 
products, same prices, same service. So if you shop Amazon, go 
there via AmazonSmile and support the ASP! 

http://www.astrosociety.org/tomorrow
http://astrosociety.org/astroshop
https://smile.amazon.com/ch/94-0294860
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by Paul Deans

sky sights

The Skies of August
If you tried for the Camelopardalid meteor shower in May and saw 
nothing (like the rest of the world), don’t give up seeking meteors. 
One of the two “old faithful” meteor showers occurs this month. The 
Perseid meteor shower builds to a peak during the first 10 days of 
August and usually produces 50 to 60 meteors per hour in a dark sky 
at maximum — which this year falls during the night of the 12th and 
into dawn on the 13th. Unfortunately, the Moon is about two days 
past full and is up all night, which means light from the waning gib-
bous Moon will wash out the fainter Perseids and hence reduce the 
number of meteors you might see during the peak. 

Still, it’s worth a try. The Perseids tend to strengthen in number 
as the night wears on, with the greatest numbers appearing before 
dawn. This year, perhaps heading out after midnight several eve-
nings before maximum (and after the Moon has set) will be more 
rewarding than waiting for peak night and battling moonlight.  
Regardless, August is a lovely month for stargazing, and you can 
practice constellation spotting while watching for meteors. Next 
year promises to be better; the Moon is new just past Perseid peak.

The month opens with Saturn, Mars, and a waxing crescent Moon 
low in the sunset sky. On the 2nd Mars is 5° to the left of the Moon; 
the next night Saturn is nearly 5° to the Moon’s upper left. Mars 
rapidly overtakes Saturn, and passes less than 4° beneath the ringed 
planet between the 23rd and the 26th — a nice binocular sight. On 

the evening of the 31st the 6-day-old Moon joins in, sitting above 
Mars and to Saturn’s left.

Mercury is lost in the solar glare this month, though by month’s 
end it’s creeping into the sunset sky. It’ll be a little higher in early 
September.

Meanwhile, in the dawn sky, there is a fabulous pairing of bright 
planets on the 17th and 18th. Head outside about 45 minutes before 

[Courtesy Sky & Telescope]

http://www.skyandtelescope.com
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sunrise on these two mornings, and you’ll see brilliant Venus beside 
slightly less-brilliant Jupiter. The separation of the pair is less than 
1° on the 17th; they’re even closer the next morning. If you’re using 
a telescope at low power, look for the Beehive star cluster nearby, 
possibly in the same field of view as the two planets.

Venus is easily visible at dawn at the start of the month; Jupiter 
rises up to join it (17th/18th) and then moves off to Venus’s upper 
right. A crescent Moon passes to the right of the two later in the 
month (the morning of the 23rd). 

The Skies of September
During the first half of the month, Mercury is challenging to see low 
in the west after sunset, always setting less than an hour after the 
Sun. Saturn and Mars manage to keep ahead of the Sun, but both 
also remain rather low in the west at dusk. On the 27th Saturn is to 
the upper left of the crescent Moon; on the 29th the Moon hangs 
over Mars. At month’s end, the red planet passes some 4° above the 
reddish star Antares. Be sure to compare their colors — it’s easier if 
you use slightly out-of-focus binoculars.

In the east at dawn, Venus and Jupiter continue to go their sepa-
rate ways. Jupiter is well up in the east before sunrise on the 1st, but 
by month’s end it’s rising by 2:30 am or so. The giant planet is to the 
Moon’s upper left on the 20th. Venus rises more than an hour before 
the Sun at the start of the month, but by the 30th it is pretty much 
lost in the solar glare.

International Observe the Moon Night happens on Saturday, 

September 6. The equinox falls on September 22 at 10:29 pm 
Eastern time; 7:29 pm Pacific. This marks the start of autumn in the 
Northern Hemisphere and spring in the Southern.

The Skies of October
A total eclipse of the Moon is this month’s celestial highlight — but 
you won’t see it if you live in Europe or Africa. Mid-eclipse occurs on 
October 8 at 10:54:36 Universal Time, which translates into 6:54 am 
Eastern, 3:54 am Pacific. By the way, the totally eclipsed Moon will be 
almost overhead as seen from Hawaii. 

But be aware that the Moon sets during totality for observers in 
the eastern third of North America, and prior to totality for much of 
South America. The Moon rises while the eclipse is in progress for 
much of Southeast Asia — this PDF map provides an overview.

There’s another eclipse this month — a partial eclipse of the 
Sun. This event, on the afternoon of October 23, is widely visible 

sky sights

October 8, 2014 UT EDT CDT MDT PDT
Penumbral eclipse starts 08:16 04:16 03:16 02:16 01:16

Partial eclipse starts 09:15 05:15 04:15 03:15 02:15

Total eclipse starts 10:25 06:25 05:25 04:25 03:25

Mid-eclipse 10:54 06:54 05:54 04:54 03:54

Total eclipse ends 11:24 07:24 06:24 05:24 04:24

Partial eclipse ends 12:34 08:34 07:34 06:34 05:34

Penumbral eclipse ends 13:34 09:34 08:34 07:34 06:34

http://observethemoonnight.org/
http://eclipse.gsfc.nasa.gov/SEhelp/TimeZone.html
http://eclipses.gsfc.nasa.gov/OH/OHfigures/OH2014-Fig03.pdf
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across much of North America, though the Sun sets while in eclipse 
for much of the US eastern seaboard. NASA’s October 23 solar 
eclipse webpage has all the details, including a regional map show-
ing where the eclipse is visible and tables giving the local circum-
stances and eclipse times for a number of cities in Canada, Mexico, 
and the United States. Of course, never look directly at the Sun 
without using a safe solar filter. You can read more about safe solar 
viewing in these two articles: “How to Watch a Partial Solar Eclipse 
Safely” and “A Solar Observing Refresher Course.”

All month Saturn slides down toward the Sun in the west, becom-
ing harder to see as the weeks pass. A last look might be possible 
on the 25th, when the ringed world is 4° to the lower right of the 
2-day-old Moon. Mars, however, manages to keep ahead of the Sun, 
setting some three hours after it. The red planet is to the far left of 
the Moon on the 27th, and below the Moon on the 28th. As addi-
tional notes, Mars is less than 1° from the Lagoon Nebula (M8) on 
the 27th, and the 5-day-old Moon sits beside the open star cluster 
M25 on the 28th. And in a short look ahead, Mars sideswipes the 
globular cluster M28 in Sagittarius on November 2. 

In the east, Jupiter rises during the early morning hours and is 
well up in the southeast at dawn. On the 17th the planet is to the left 
of the crescent Moon, and sits above the Moon the next morning. 
Venus is invisible this month, lost in the Sun’s glare. But Mercury 
puts in an appearance at dawn during the last week of the month. 
Can you spot it on the 22nd, some 3° to the lower left of the very 
thin 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. If ASP stargazers have a favorite night sky app, regardless 
of the device, I’d like to hear about it.

— P.D.

http://tinyurl.com/myq7bmp
http://tinyurl.com/myq7bmp
http://tinyurl.com/nh9yk57
http://tinyurl.com/nh9yk57
http://tinyurl.com/ooqr652
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://tinyurl.com/nqwqpme
http://www.skyviewcafe.com/skyview.php
http://astroclub.tau.ac.il/skymaps/monthly
http://www.southernstars.com/products/skysafari
http://www.bisque.com/sc/
mailto:editor%40astrosociety.org
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reflections
NASA/JPL

Giant Planet, Giant Moon

A giant of a moon appears before a 
giant of a planet in this natural color 
view of Titan and Saturn. NASA’s 

Cassini spacecraft obtained this six-image 
mosaic on May 6, 2012. The view is toward 
the northern, sunlit side of the rings from 
just above the ring plane. Image courtesy 
NASA/JPL-Caltech/Space Science Institute.

http://photojournal.jpl.nasa.gov/catalog/PIA14922
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