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The Astronomical Society of the Pacific Invites Nominations for 
the Organization’s 2015 Annual Awards
The Astronomical Society of the Pacific (ASP) is accepting nomi-
nations for the organization’s national annual awards, which 
recognize special achievements in astronomy research, technol-
ogy, education, and public outreach. Nominations are welcome 
in seven categories, online or in writing, until February 15, 2015. 
Honorees receive a cash award and engraved plaque, as well as 
travel and lodging to accept the award this coming autumn at a 
banquet that takes place as part of the ASP’s Annual Meeting.  
The awards for which nominations are accepted are as follows:

The Maria and Eric Muhlmann Award recognizes recent significant 
observational results made possible by innovative advances in astro-
nomical instrumentation, software, or observational infrastructure.

The Robert J. Trumpler Award is presented each year to a recent 
recipient of the PhD degree in North America whose research is 
considered unusually important to astronomy.

The Klumpke-Roberts Award recognizes those who have made 
outstanding contributions to the public understanding and appre-
ciation of astronomy.

The Richard A. Emmons Award celebrates outstanding achieve-
ment in the teaching of college-level introductory astronomy for 
non-science majors.

The Thomas J. Brennan Award 
is given for excellence in the 
teaching of astronomy at the 
high school level in North 
America.

The Amateur Achievement 
Award recognizes significant 
observational or technological 
contributions to astronomy or 
amateur astronomy by an indi-
vidual not employed in the field 
of astronomy in a professional 
capacity.

The Las Cumbres Amateur Outreach Award honors outstanding 
educational outreach by an amateur astronomer to K–12 youth 
and the interested lay public.

The nominations deadline is February 15, 2015. Submission 
guidelines, lists of past recipients, and additional information may 
be found here.

http://www.astrosociety.org/about-us/awards
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on the cover
Front: Starry skies at Arches National Park. 
Courtesy National Park Service; photo by 
Jacob W Frank. The ASP’s annual 
fundraising dinner features keynote 
presentations by two leading champions 
of the night sky: Dr. Tyler Nordgren and 
Dr. Paul Bogard.

Back: These 2015 images by NASA’s Hubble 
Space Telescope reveal how different the 
Eagle Nebula’s Pillars of Creation appear in 
visible (left) and near-infrared light (right). In 
visible light, the five-light-year-tall pillars look 
as they did in HST’s iconic image from 1995. 
The near-infrared view transforms the pillars 
into eerie, wispy silhouettes, because near-
infrared light can penetrate the gas and dust, 
revealing stars both behind the nebula and 
hidden inside the pillars. Courtesy NASA, ESA, 
and the Hubble Heritage Team (STScI/AURA).

http://www.nps.gov
http://www.astrosociety.org/get-involved/asp-2015-annual-dinner/
http://www.astrosociety.org/get-involved/asp-2015-annual-dinner/
http://tinyurl.com/nqlphca
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I will confess that I usually don’t receive a lot of 
feedback regarding Mercury. Most of what I do 
get occurs at the ASP’s annual conference, when 
attendees come up to me and say: “So you’re the 
editor of Mercury.” Depending on their tone of 
voice, I sometimes wonder what they’re going 
to complain about. But in reality, the comments 
are almost always positive.

Much of the feedback I received at our 
August 2014 meeting centered on an occa-
sional feature I call “Extrasolar Planets: The 
Saga Continues.” It’s a very simple item. I collect 
some of the most interesting press releases 
I receive regarding exoplanets, add a few 
images, and there it is — a brief look at few of 
the most recent (and fascinating) discoveries 
about planets beyond our solar system.

And why is this occasional feature so popu-
lar? Because exoplanet information is surpris-
ingly hard to come by. Only the most exotic 
discoveries appear in the mainstream media, 
and even the usual astronomy magazines don’t 
push the topic. You can certainly keep an eye on 
JPL’s PlanetQuest site, or the NASA/Ames Kepler 
site, or any of the other sites that chronicle 

extrasolar planet finds, but these days obser-
vatories and university science faculties also 
make, and announce, many of the discoveries, 
and those often don’t receive wide coverage.

So I thought I’d devote a regular column to 
the ongoing saga of exoplanets. What cinched 
the decision was the arrival of a short article 
from the University of California. It describes 
how astronomers have discerned the weather 
on a ‘hot Jupiter’ 260 light-years away, and it 
makes for great initial column content.

I’m not sure how “Strange New Worlds” will 
evolve, but this doesn’t mean that my intermit-
tent “Extrasolar Planets: The Saga Continues” 
feature will disappear. Indeed, there are so 
many discoveries of, and about, these distant 
worlds that I could probably run a feature an 
issue on this topic. But a regular column and 
occasional feature will have to suffice.

Paul Deans
Editor, Mercury

http://astrosociety.org
mailto:asilva@astrosociety.org
http://planetquest.jpl.nasa.gov/
http://kepler.nasa.gov/
mailto:%20editor%40astrosociety.org
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Angela Lee Duckworth, a research psychologist at the 
University of Pennsylvania, won a MacArthur Foundation 
“genius” award in 2013 for her innovative thinking and 

groundbreaking research on what she calls “grit.” Grit is a psychologi-
cal attribute of successful people. While intelligence, training, and 
raw talent are all important characteristics, grit trumps them all. Grit 
is what makes someone tenaciously pursue a goal for years — even 
decades — despite all the obstacles, false starts, disappointments, 
and challenges that act to stand in their way. Grit, loosely defined, 
is the willingness and capacity to work on a problem as if it were a 
marathon, not a sprint.

Space exploration is a very gritty field. Take the Moon landings for 
example. Do you remember where you were when Neil Armstrong 
set foot on the Moon? Anyone alive at the time remembers the first 
Moon landing vividly. Leaving aside the Cold War politics that drove 
the US-Soviet space race, people had accomplished something that 
many believed was impossible. Despite the numerous set backs 
and a horrible tragedy on the launch pad, the scientists, engineers, 
and astronauts had persevered. The world celebrated and marveled 
at this example of “grit in action.” There were plenty of examples of 
gritty science in 2014. Here are three of them to celebrate. 

The Rosetta mission, built and launched by the European Space 
Agency, had the audacious goal of catching up to a city-sized comet 

hurdling through 
space and success-
fully harpooning a 
220-pound probe 
to its surface. There 
were countless 
challenges, set 
backs, and frustra-
tions to overcome 
to successfully 
carry out this high-
stakes, high-risk 
mission. Launched 
in 2004, Rosetta had to bounce around the planets of the inner solar 
system like a ping-pong ball, and receive gravitational shoves from 
three Earth flybys and one trip past Mars. Each encounter accelerated 
Rosetta until it reached the speed it needed to catch up to the comet.

Mission scientists waited 10 years after Rosetta launched for the 
spacecraft to reach comet 67P/Churyumov–Gerasimenko (a.k.a 
67P/C-G). On November 12, 2014, in a nail biting sequence of high-
stakes maneuvers, Rosetta delivered the Philae lander to the comet’s 
surface. The images that Rosetta sent back to Earth are astounding 
with more groundbreaking observations on the way. Rosetta and 

Neil Armstrong heading toward that first step on the Moon. [NASA]

True Grit
Space exploration is a very gritty field.

by Linda Shore

first word

http://tinyurl.com/l73pnsr
http://tinyurl.com/ombpxo2
http://tinyurl.com/pzwrch7
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Philae will become 
the first probes to 
follow a comet as it 
heads towards the 
Sun, sending back 
photographs and 
data as the comet 
heats, vaporizes, and 
forms its tail. Then 
the duo will stay with 
67P/C-G, collecting 
data as the comet 
orbits away from the 
Sun, cools, loses its 
tail, and returns to its 
icy state. 

The Mars Orbiting 
Mission (MOM), 
launched by the 
Indian Space Research 
Organization (ISRO), is a gritty achievement of a different kind. 
On September 24, a spacecraft named Mangalyaan (Sanskrit for 
“Mars-craft”) successfully entered Martian orbit. Four days later, 
Mangalyaan sent back its first color photograph of the planet. Only 
two countries had successfully reached Mars before MOM: the 
United States and Russia. Two other countries — China and Japan 
— had tried and failed. But ISRO was the first agency to reach Mars 
on the first attempt. For India, this success was the result of decades 
of investment in education with the long-term goal of developing 
the nation’s science and engineering talent. 

Meanwhile, in the outer solar system, the New Horizons space-

craft awakened from its six-year slumber on December 6, 2014, and 
will soon arrive at Pluto. In mid-January 2015, New Horizons took its 
first measurements of Pluto. By mid-May, we will receive the high-
est resolution images of Pluto ever captured. Then on July 14, 2015, 
New Horizons will make its closest approach to Pluto and its five 
(known at the time of writ-
ing) orbital companions: 
Charon, Hydra, Nix, Kerberos, 
and Styx. Ironically, when this 
NASA mission was conceived 
in 2001, Pluto was still consid-
ered a planet. But regardless 
of how we define Pluto today, 
propelling a robotic probe 
three billion miles into space 
and waiting nine years for it 
to arrive is an example of how 
“good things come to those 
who wait.”

Fortunately, grit is not hard 
wired and can be learned. 
The accomplishments of 
2014 can teach our children, 
who live in an age of instant access to information and immediate 
gratification, the importance of persistence. So as we begin a new 
year, we at the ASP look forward to sharing the wonder of the uni-
verse with you and keeping you informed about all the amazing 
new discoveries that will surely be made in 2015. We wish you all a 
happy, healthy, and gritty new year. 

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

Imagine how you’d feel if you spent more than two decades 
of your life working on a mission to a comet and finally seeing 
this — a four-image mosaic of the underside of the larger lobe 
of Comet 67P/C-G taken December 14, 2014, from a distance of 
19.4 km from the comet’s center; the mosaic measures 3 x 3 km. 
A close up of the smooth region named Imhotep is here. [ESA/
Rosetta/NAVCAM, CC BY-SA IGO 3.0] This is the most detailed view to date of a hemisphere 

of Pluto, as constructed from multiple NASA HST 
images taken from 2002 to 2003. New Horizons will 
have a better view starting in May 2015. [NASA, ESA, 
and M. Buie/Southwest Research Institute]

http://isro.gov.in/pslv-c25-mars-orbiter-mission
http://isro.gov.in/pslv-c25-mars-orbiter-mission
http://tinyurl.com/ofz4tpj
mailto:lshore%40astrosociety.org
http://tinyurl.com/oopasg7
http://creativecommons.org/licenses/by-sa/3.0/igo/
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The year 2014 was the 150th anniversary of English astronomer  
William Huggins’s first observation of the spectrum of a nebula. 
 Like the first measurement of stellar parallax in 1838 by 

Friedrich Bessel, it marked a critical point in the development of 
astronomy. No longer were astronomers merely looking through their 
telescopes, they were using instruments to make accurate measure-
ments that totally transformed how we understand celestial objects.

His description of that moment is probably the finest literary 
example of an astronomical discovery ever written. Here is how 
Huggins described the event, 33 years later, as he observed the Cat’s 
Eye nebula (NGC 6543):

On the evening of the 29th of August, 1864, I directed the telescope for 
the first time to a planetary nebula in Draco. The reader may now be able 
to picture to himself to some extent the feeling of excited suspense, min-
gled with a degree of awe, with which, after a few moments of hesitation, 
I put my eye to the spectroscope. Was I not about to look into a secret 
place of creation? I looked into the spectroscope. No spectrum such as I 
expected! A single bright line only! At first, I suspected some displacement 
of the prism, and that I was looking at a reflection of the illuminated slit 
from one of its faces. This thought was scarcely more than momentary; 
then the true interpretation flashed upon me. The light of the nebula was 
monochromatic, and so, unlike any other light I had as yet subjected to 
prismatic examination, could not be extended out to form a complete 

spectrum.... The riddle of the 
nebulae was solved. The answer, 
which had come to us in the light 
itself, read: Not an aggregation 
of stars, but a luminous gas. [W. 
Huggins, The New Astronomy: A 
Personal Retrospect, Nineteenth 
Century, 41 (1897), pp. 916-17.]

It was not just a critical point 
in astronomical understanding, 
but also a very personal one, as 
Huggins admitted in a speech 
he gave in 1891. In 1864 he believed that the form and nature of 
nebulae were totally different from any other celestial body. But now 
he admitted he had embraced that view while under the influence 
of religious dogma. Freed from the shackles of religion, he now said 
the observations supported the nebular hypothesis and a universal 
evolutionary scheme for all celestial bodies. As the first to distin-
guish galaxies from nebula, Huggins was a key player in establishing 
the basis for modern astrophysical research. 

Huggins continued his work on the spectra, and it was widely 
publicized. The astronomer Richard Proctor, who helped popular-
ize astronomy in Victorian times, wrote an extensive article for 

First Spectrum of a Nebula
In 1864 Huggins discovered the true nature of nebulae. 

An HST view of the Cat’s Eye Nebula, one of the 
most complex nebulae seen in space. [NASA, ESA, 
HEIC, and The Hubble Heritage Team (STScI/AURA)]

by Clifford J. Cunningham

annals of astronomy
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The Australasian newspaper published April 3, 1880, in Melbourne, 
Australia. The general reading public was told about spectra Huggins 
had taken of the stars, Moon, and planets.

The article highlights one of those very curious theories of astron-
omy that has been totally forgotten. Proctor noted that the spectra 
Huggins obtained of Venus, Mars, and Jupiter was directly compa-
rable with the “faint solar spectrum derived from the light dispersed 
by our own atmospheres. This shows that the atmospheres of the 
planets named exerts no influence differing from that produced by 
our own air, and seems to establish unmistakably the incorrectness 
of the opinion of Professor Benjamin Pierce to the effect that at least 
nine-tenths of the light of Jupiter and Saturn is due to the inherent 
luminosity of those planets.” 

It seems strange to think a distinguished professor (Pierce) could 

believe the planets were the source of most of the light we see from 
them. As Huggins’ spectral analysis showed, their luminosity is due 
entirely to reflected solar light.

Huggins was awarded every major medal of accomplishment the 
world of astronomy could bestow, and he was even knighted by 
Queen Victoria in her Diamond Jubilee year of 1897. He is one of the 
very few people to have not just an asteroid, but craters on the Moon 
and Mars named in his honor. He died in 1910 at age 86. Dr. Barbara 
Becker of the University of California (Irvine) has written extensively 
on Huggins, and I recommend her book Unravelling Starlight: William 
and Margaret Huggins and the Rise of the New Astronomy. 

CLIFFORD J. CUNNINGHAM was just awarded his PhD in the history of astronomy by the University 
of Southern Queensland in Australia.

Comets and Night Sky Brightness
Amateur observations of comets could help track long-term changes in light pollution.

Light pollution was noted as a growing problem for astronomical 
observatories by Kurt Riegel in 1973. Since then, most long-
term, ground-level measurements of night sky brightness have 

been limited to regions near major optical observatories. Most of  
these have been made with astronomical instruments such as photo-
electric photometers and CCDs.

Starting in 2006, citizen scientists participating in the Globe at 
Night and Great World Wide Star Count projects have collected 

widespread measurements of naked-eye limiting magnitudes. 
Nonetheless, T. Ściężor of Cracow University notes that there is 
no record of artificial sky glow for much of the twentieth century. 
Furthermore, most past amateur astronomical observations have 
been made without simultaneous measurements of ambient  
light pollution.

To remedy this, Ściężor has developed a method to determine 
night sky brightness using amateur observations of comets. Comets 

by Jennifer Birriel

astronomer’s notebook

http://www.sciencemag.org/content/179/4080/1285
http://www.globeatnight.org
http://www.globeatnight.org
http://www.windows2universe.org/citizen_science/starcount/
http://adsabs.harvard.edu/abs/2013MNRAS.435..303S
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appear blurry to the naked eye and the amount of blur is defined by 
a degree of condensation (DC) value. A comet with DC=0 is totally 
diffuse and a comet with DC=9 appears to have a sharply defined 
coma that looks like a star. Ściężor noted that comets with DC values 
of 0, 1, or 2 could be used to approximate the surface brightness of 
the night sky. With hundreds of amateur comet observers around 
the globe and thousands of observations made over time, there is 
a large sample of reliable measurements. All visual estimates are 
subjective, and for each comet the observer reports a DC value, total 
magnitude, and coma diameter. Ściężor estimates that the maxi-
mum uncertainty in the surface brightness for a comet is about 0.36 
magnitudes per arcsecond squared (mpass). 

Ściężor’s “cometary method” is a statistical method primarily 
because of the subjectivity of observations and external factors such 
as weather. From a database containing more than 10,000 comet 
observations contributed by Polish amateurs during the period 
1994-2009, Ściężor selected comets brighter than magnitude 7 and 
DC values between 0 and 2. He further selected comets observed at 
elevations above 45°, between 22:00 and 02:00 local time, and on 
moonless nights (except in cases where he was looking at the effect 
of lunar phases!). These constraints left 451 viable observations. 

In principle, the highest recorded surface brightness for a comet 
in a particular geographic area represents the lowest surface bright-
ness of the night sky. However the brightness of the night sky var-
ies with several factors. During the course of the lunar cycle, the 
brightness of the night sky increases by almost two mpass during 
full Moon. During the winter season, the Sun is much deeper below 
the horizon than during the summer, and so the night sky is brighter 
by about 0.5 mpass during summer. Finally, during the 11-year 
solar cycle, the night sky is brighter by roughly 0.5 mpass at solar 
maximum. The night sky brightness estimated from the cometary 

method agrees 
with all of these 
variations both 
qualitatively and 
quantitatively! 

This new 
method also 
agrees well with 
SQM measure-
ments. It yields 
numbers that are 
systematically 
higher (i.e. darker) 
by about 0.7 mpass, but this is not unexpected. SQM measure-
ments include stars and other celestial contributions, whereas the 
cometary method measures only the sky between the stars. Using 
his new method, Ściężor was able to examine temporal changes in 
light pollution levels in several regions of Poland. He also plotted his 
night sky brightness measurements on a satellite map of Poland and 
on the Cizano et al. model map of expected night sky brightness. He 
found that his method is consistent with both. 

Comet observations were not done with light pollution in mind. 
But with this new method, comet observation databases represent 
an untapped night sky brightness database that can extend well 
back into the past! 

JENNIFER BIRRIEL is a Professor of Physics at Morehead State University. She built a 10-inch 
Dobsonian for the 1986 appearance of Halley’s comet and cursed light pollution while observing the 
long-awaited celestial visitor.

A view of comet PanSTARRS from Mount Dale, Western Australia, in 
March 2013. [Astronomy Education Services/Gingin Observatory]

http://www.lightpollution.it/dmsp/totbri.html
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It was a long trip for Rosetta, the European Space Agency’s U-HAUL 
trailer-sized comet probe. Launched in March 2004, it swung by 
Earth three times and Mars once to get boosts from the planets’ 

gravity. These maneuvers took it past asteroid 2867 Steins in 2008 
and 21 Lutetia in 2010. The probe then went into hibernation, pre-
serving its energy for the final approach to its target: Comet 67P/
Churyumov–Gerasimenko (67P/C-G).

Two and a half years and 6.4 billion kilometers later the probe 
woke up between the orbits of Mars and Jupiter. As it approached 
the comet during the summer of 2014 summer, Rosetta sent back 
images of 67P/C-G, revealing something unexpected. Rather than 
the predicted round or oblong shape, the comet had two lobes, 
joined by a narrow neck. This “rubber duckie” shape posed great 
challenges to scientists, because they hoped to land a tiny (100-kg) 
robot named Philae on the comet’s surface. 

Close to a meter square, Philae carried 10 instruments designed 
to collect as much information as possible about the comet’s sur-
face. These include two cameras, two mass spectrometers, a gas 
chromatograph, particle detectors, a drill, and even a fancy hammer 
designed to measure the strength of the comet’s surface. 

All of these instruments needed to land on a hunk of rock and ice 
less than five miles long and two miles wide, with gravity so low that 
Philae would weigh less than a penny. On November 12 — success 

and touchdown! But the 
unexpectedly rough terrain 
and unusual shape, paired 
with a few technological 
glitches, led to the lander 
bouncing. Twice.

After an initial bulls-eye 
landing in its target zone, 
Philae’s harpoons (which 
were supposed to anchor it 
to the surface) failed to fire, 
and the lander rebounded 
a kilometer back into space. 
It re-landed about an hour 
later, only to bounce a sec-
ond time for about seven 
minutes. Philae finally came 
to rest, tilted with two legs leaning against a cliff of some sort and 
most of its solar arrays in shadow.

The lack of sunlight on the solar arrays meant the lander’s inter-
nal batteries couldn’t recharge, which made the rest of the mission 
a race against time because Philae’s internal batteries had only 
three days of power. Since it wasn’t entirely clear where the lander 

Soft Landing on a Comet
The landing wasn’t exactly “soft” but it was a success nonetheless, and now we have some results.

A color image of Comet 67P/C-G acquired August 6, 
2014. “As it turns out, 67P/C-G looks dark grey, in reality 
almost as black as coal,” says the instrument’s Principal 
Investigator Holger Sierks (Max Planck Institute for 
Solar System Research). [ESA/Rosetta/MPS for OSIRIS 
Team MPS/UPD/LAM/IAA/SSO/INTA/UPM/DASP/IDA]

by Emily Joseph

planetary perspectives

http://tinyurl.com/kqu6ezk
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was, moving any of the instruments risked knocking it over or even 
bouncing it again. So the passive instruments — those that didn’t 
have to move to work — took priority, completing about 80% of the 
planned initial experiments. After that data was sent Earthward, the 
team decided to chance using the soil penetrator (the fancy hammer 
mentioned earlier) and the drill. Unfortunately, the tilt of the probe 
meant the drill didn’t reach the surface, only empty space. 

With the available data downloaded, the lander was ordered to 
lift itself up a couple of inches and rotate by 35 degrees, a maneuver 
that hopefully would get the solar panels more light. Once reposi-
tioned, it started science operations again — taking pictures, send-
ing out radar ranging waves, etc. Each completed experiment was 
followed by a tense wait. Would the data make it back to Earth, or 
would Philae run out of power mid-transmission?

Finally, the battery levels plummeted and the instruments all 
powered down automatically, reserving the rest of the energy to 
download as much data as possible. Sixty-four hours after separat-
ing from Rosetta, Philae was out of power and in hibernation on 
the comet’s surface.

As 67P/C-G gets closer to the Sun, it’s hoped that increased light 
falling on Philae’s solar panels might be enough to recharge the 
batteries, but it’s a long shot. However, Rosetta is going strong. The 
probe will accompany the comet as it approaches the Sun, with peri-
helion occurring in August of 2015. [Update: eight open-access peer-
reviewed papers on the mission were just published in Science.] 

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

Wild Weather on WASP-43b
Mapping temperatures and water abundances in the atmosphere of a distant exoplanet.

You thought finding planets around stars hundreds of light-
years away was spectacular, exceeded only by determining 
their sizes and orbits. Well, here’s another phenomenal feat: 

discerning the weather on a distant exoplanet.
The planet is WASP-43b, orbiting a deep orange dwarf (at spec-

tral class K7, as orange as a star can be without being a red dwarf ) 
one-tenth the size of the Sun, and with a cooler surface temperature 
(maybe 7,500°F compared to 10,000°F for the Sun, a G2 star).

Like just about every other exoplanet discovered so far, WASP-43b 
is no vacation spot. The planet is the size of Jupiter but twice as mas-
sive. Indeed, the planet is slightly more than a tenth the diameter of 
the star itself. Worse, it is in a nearly circular orbit less than a million 
miles from its star’s surface — so close that it orbits the star in a year 
of just 19.5 hours. Its day is also 19.5 hours long because the planet’s 
rotation is tidally locked: one side always faces the star and suffers 
permanent day while the other side has permanent night.

by Trudy E. Bell 

strange new worlds

http://www.sciencemag.org/site/special/rosetta/
http://www.sciencemag.org/site/special/rosetta/
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What does all that mean for its weather? To find out, a team of 
astrophysicists — including Jonathan Fortney at the University of 
California, Santa Cruz (UCSC) — combined two observational tech-
niques for the first time and dove deeply into the data.

The team secured observing time on the Hubble Space Telescope 
in November and December 2013 to obtain measurements of the 
planet over three nearly consecutive orbits. They also acquired data 
from three primary transits (where the planet crossed directly in 
front of the star) and two secondary eclipses (where it passed behind 
the star), observing in the thermal near infrared. They supplemented 
the HST observations with high-precision observations from NASA’s 
Spitzer infrared space telescope at slightly longer wavelengths.

During transits, they measured how the host star’s light filtered 
through the planet’s atmosphere — a technique called transmission 
spectroscopy — to determine the abundance of any water vapor in 
the atmosphere where the day side transitions to the night hemi-
sphere. Also at different points during transits, they used a tech-
nique called emission spectroscopy to monitor the heat emitted at 
night by the planet itself.

Using custom software, they used the extracted spectra to pro-
vide a comprehensive view into WASP-43b’s atmosphere, including 
how temperatures change with height around the planet. They were 
also able to map temperatures and water abundances in the atmo-
sphere at different longitudes across the planet’s day and night sides 
— an entirely new technique.

“The emission spectrum shows strong evidence for water absorp-
tion,” the authors wrote in The Astrophysical Journal Letters. The 
Spitzer data also suggest that carbon monoxide and carbon dioxide 
exist in the atmosphere. The place seems to be too hot for clouds. 

Studying the exotic inferno WASP-43b 260 light-years away actu-
ally may shed light on our own solar system. “Even though Jupiter 

is much closer to 
Earth, the compo-
sition of its atmo-
sphere is actually 
harder to study 
than WASP-43b’s.” 
Fortney explains. 
“Our own solar 
system’s giant 
planet is so cold 
that most of its 
important mol-
ecules are hid-
den in clouds 
far below the visible atmosphere. The high temperatures of ‘hot 
Jupiters’ such as WASP-43b make studying their atmospheres easier.”

How hot? WASP-43b’s dayside is hot enough to melt iron (2,700°F); 
the night side is “cooler” — at 900°F it would only melt lead. Because 
heat is so poorly distributed through its atmosphere, fierce hot 
winds roar from the dayside to the night side. 

The team hopes that their measurements can reveal more about 
the conditions under which planets form. “These observations with 
Hubble show us that we can understand the makeup and weather 
of giant planets around other stars with current telescopes,” Fortney 
says. “Thus, they are an important step towards characterizing the 
atmospheres of more Earth-like worlds with future, specialized  
space telescopes.” 

TRUDY E. BELL is a senior writer for the University of California High Performance AstroComputing 
Center.

Artist’s concept (not to scale) of WASP-43b orbiting its orange dwarf 
host star. The four images show close-ups of the planet at points in its 
orbit 90° apart. A time-lapse video of the data is here. [NASA, ESA, and 
Z. Levay (STScI)] 

http://www.spacetelescope.org/news/heic1422/
http://www.spacetelescope.org/news/heic1422/
http://hipacc.ucsc.edu
http://hipacc.ucsc.edu
http://tinyurl.com/o6ner62
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The press reports dubbed it as a “spooky alignment of quasars,” 
a clear reference to Albert Einstein’s description of quantum 
entanglement being “spooky action at a distance.” And this 

was long past Halloween.
Astronomers using ESO’s Very Large Telescope (VLT) in Chile have 

found evidence that the rotation axes of supermassive black holes 
in a sample of quasars are parallel to each other over distances of 
billions of light-years. What’s more, the team says that the rotation 
axes of these quasars tend to be aligned with the vast structures in 
the cosmic web. So, for quasars residing in a long filament of cosmic 
matter, the spins of the central black holes point along the filament. 

This implies that the large-scale structure of the universe is in sync 
through some “missing ingredient in our current models,” said one 
member of the research team. The only catch here is that the obser-
vation is based on a mere 19 quasars. The research team, led by 
Damien Hutsemékers from the University of Liège in Belgium, esti-
mates that the probability these alignments are the result of chance 
is less than 1%. While that might sound like low odds for being 
wrong, astronomers usually want a 0.00001% level of confidence.

Quasars are galaxies with very active supermassive black holes 
at their cores; they are among the brightest objects in the universe. 
They tend to reside at the hubs and along filaments in the so-called 
cosmic web, the large-scale structure of the universe seen as bright 

strings of galaxies 
woven through colossal 
voids of darkness.

Hutsemékers’ team 
used the VLT to study 93 
quasars known to form 
huge groupings spread 
across billions of light-
years, from a time when 
the universe was about 
a third of its current age. 
Among these quasars, 
they found 19 with 
signals strong enough 
to determine the light’s 
polarization. The direction of this polarization, combined with other 
information, was used to determine the angle of the black hole 
accretion disc and the direction of the spin axis of the quasar.

For these independent quasars to be somehow sharing polar-
ization properties “is surprising but not unexpected, since theory 
predicts such alignments for galaxies at smaller scales,” said 
Hutsemékers. Specifically, gas flows toward the galaxy along fila-
ments; this influx is asymmetric but induces a preferential direction 

Aligning Quasars: Spooky or Just Spurious?
There’s something very interesting about how quasars shape the universe, or maybe not.

This illustration shows schematically the mysterious align-
ments between the spin axes of quasars and the large-scale 
structures that they inhabit. These alignments span billions 
of light-years and are the largest known in the universe. The 
large-scale structure is shown in blue and quasars are marked 
in white with the rotation axes of their black holes indicated 
with a line. [ESO/M. Kornmesser]

by Christopher Wanjek

armchair astrophysics
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for the spin of the galaxy. However, extending this idea to central 
black holes in galaxies billions of light-years apart is complicated, 
because those black holes likely formed much earlier and indepen-
dent of each other.

“But why not, and this would be interesting indeed,” said 
Patrick Petitjean, an expert on galaxy evolution at the Institut 
d’Astrophysique de Paris who wasn’t part of the study, cautioning 
that the idea itself is stronger than the data that support it. Other 
astronomers agree that the observation was done well but falls  
way too short on statistical power.

“It is very speculative, and the confidence statistics could be  
more rigorous, but…they do a well-defined measurement and find 
an intriguing result that can be disproved with more data,” said 
Anze Slosar, a member of the Cosmology and Astrophysics Group at 

Brookhaven National Laboratory.
Hutsemékers, himself, insists that more data are needed before 

making any strong claims about quasar alignment at the largest 
scales. He and his colleague Dominique Sluse of the Argelander-
Institut für Astronomie in Bonn, Germany, hope to conduct more 
observations. If correct, the findings would force astronomers into 
thinking how black holes, with their extreme gravity, shape the 
entire universe in a unified way.

“I do think that any astronomer should keep this possibility in the 
back of his or her head ‘in case,’” said Petitjean. “This is…speculative, 
but this is not stupid.” 

CHRISTOPHER WANJEK is a freelance science writer in Baltimore, Maryland, filing stories from a 
spooky distance all around the world.

Thinking for Themselves
Students need the ability to reason based on evidence, not just on what they know.

All year she worked hard, earning good grades though strug-
gling to truly “get it.” Then one day in April, she looked up 
from her work and said: “I finally get it Mr. Kruse, you’re trying 

to get us to think for ourselves.”
All too often, students are not encouraged to think for themselves, 

mainly because of the traditional way science is taught through 
lectures and confirmative lab activities. This approach looks at sci-
ence as a body of knowledge students should learn. Oregon, where 

I taught freshman physical science for 15 years, had a robust set of 
inquiry standards for students that required a different approach to 
designing learning opportunities, and teachers were starting to col-
lect student performance assessments in the form of work samples. 
Unfortunately, “No Child Left Behind” and its emphasis on high-
stakes testing shifted science instruction away from frequent oppor-
tunities for student inquiry.

Fast-forward a decade to early 2011, when we were developing 

by Brian Kruse

education matters
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the NASA Galileo Educator Network (GEN) at the ASP. One of our 
partners had an advance copy of the Framework for K–12 Science 
Education, and we immediately adopted it as a guide in our GEN 
development. The emphasis on practices and crosscutting concepts 
looked very much like how I had taught in Oregon, which made it 
easy to embrace this “new” way of teaching science. Based on the 
Framework, the Next Generation Science Standards were released in 
2013 and focused on a set of Performance Expectations for students 
to work towards. Interestingly enough, the word “inquiry” is not used 
to describe the approach. The Framework and NGSS define much 
more precisely the aspects of science students will engage in. 

The approach to student engagement in the NGSS complements 
quite well that of the Common Core State Standards in mathematics 
and English/language arts. Both sets of standards describe the com-
petencies students should display at the end of a course of instruc-
tion. There is an emphasis on what students can do, particularly the 
ability to reason based on evidence and not just on what they know. 

ASP programs and resources for K–12 teachers are evolving to 
meet the needs of teachers and learners, taking into account the 
guidelines set forth in the Framework and the specific learning 
targets in the NGSS. Along with several of our partners in the Project 
ASTRO National Network, efforts are underway to adapt many of the 
traditional activities to fit classroom instruction in the context of the 
NGSS. At times this is challenging, as astronomy has a relatively lim-
ited presence in the NGSS. Even in the better-represented physical 
and life sciences, time-honored activities don’t always easily fit into 
an instructional sequence. 

One of the real shifts, particularly for high school teachers, is to con-
struct more integrated courses incorporating Earth and space science 
themes and content. The nature of both astronomy and geology, the 
sciences behind the more generic handle “Earth and space science,” 

is to integrate physics, chemistry, and biology to investigate nature 
and build understanding of its processes. Subfields such as planetary 
science and astrobiology are an even deeper integration, and hold 
promise as stand-alone courses in a high school curriculum designed 
to give students a deeper understanding of how science is applied.

ASP formal education programs are actively working to meet the 
needs of teachers through incorporating NGSS themes in every pro-
fessional development workshop, helping them acquire the knowl-
edge and skills necessary to make the shift to teaching in the context 
of the NGSS. As an indication of the success we are having, here are a 
few end-of-workshop reflections from teacher participants:

• I got great hands-on ideas and I had a chance to delve into NGSS 
and create lessons that correlate with NGSS.

• This workshop was worthwhile and engaging, for personal content 
knowledge as well as for ideas for classroom use; the workshop pre-
senters know what classrooms/students needs are esp. with NGSS.

• I used to think astronomy was awesome, now I know it’s wicked 
awesome!

• I used to think astronomy was hard, complicated and for older 
students, but now I know it’s fun, understandable and applicable 
for all ages!

• I used to think that astronomy was just book facts; now I know that 
there is a lot of opportunity for INQUIRY!

In some ways, these comments are just as powerful as my stu-
dents’ were all those years ago. And with the implementation of  
the Next Generation Science Standards, students across the country 
will hopefully have the same opportunity to learn how to think for 
themselves. 

BRIAN KRUSE manages the formal education programs at the ASP, where he continues to confound 
learners when he answers questions with more questions.
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Fashion is not a topic that is widely discussed within the astro-
nomical community. Recently, however, a single shirt caught 
the attention of many astronomers (and non-astronomers). The 

piece of clothing in question was covered in comic book-like images 
of provocatively dressed women, some holding guns. A European 
Space Agency project scientist on the Rosetta Mission wore this shirt 
during a TV interview focused on the successful landing of the Philae 
probe on a comet. Objections to this choice of dress were raised by 
both men and women within and outside the astronomical commu-
nity, the affair being referred to online as “#ShirtGate” or “#ShirtStorm.”

Discussion of this shirt included important commentary on the 
presence of sexism, misogyny, and bias in science in general and 
astronomy in particular. These issues have been covered thoroughly 
and eloquently by other writers, so I will not address them any 
further in this column. (Here is the ASP’s Executive Director’s take on 
the issue.)

Instead, I would like to ponder more generally the issue of cloth-
ing and fashion in astronomy. Astronomers are typically a casual 
bunch of dressers, though this is almost certainly an overgeneral-
ization. The “average” astronomer (particularly in academia) is not 
limited to closed-toed shoes and lab-coats, as might be the case 
with chemists or biologists working in the lab. Nor are we generally 
expected to adhere to “business” dress. This freedom of style results 

in astronomers who span the entire range 
of fashion. Some choose to dress in up-to-
date styles, others find joy in personal style 
choices that could be described as unique 
or quirky, while still others pay little to no 
attention to fashion and just wear what-
ever happens to be clean and comfortable. 

Unfortunately, there is a downside to 
the lack of a clear “dress code” in the field: 
the potential for conscious or unconscious 
biases, based on clothing and style. For 
example, I once heard a senior colleague 
mention in earnest that he was wary of 
the fact that a number of job candidates 
had been dressed nicely in suits for their 
visits — as if their attempt to make a good 
impression during their job interviews through formal clothing 
reflected poorly on their qualifications as scientists. Additionally, 
members of the general public may imagine the stereotypical scien-
tist (e.g. frumpy, with glasses) and have more trouble taking a well-
dressed scientist seriously.

Interestingly, the photogenic nature of our science also means 
that astronomy is often featured on novelty clothing. Planets, stars, 

Astronomical Fashion
When conducting public outreach, should you dress formally or thematically?

by Bethany Cobb

reaching out

Alex Filippenko, Professor of 
Astronomy at the University of 
California, Berkeley, shows his 
stylish support for Pi Day.

http://tinyurl.com/kjs238m
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galaxies, and nebulae can be found on shirts and tights, shoes and 
socks, dresses and pants, and in a wide variety of jewelry and other 
accessories. Prof. Alex Filippenko at UC Berkeley, for example, is well 
known for his vast collection of astronomy-themed t-shirts. 

Particularly when conducting public outreach, this can lead to an 
interesting fashion conundrum: should I dress formally or themati-
cally? There are certainly some types of outreach where the answer 
is relatively straightforward. Participating in a public viewing session 
at an observatory, for example, usually calls for less formal garb (and 
often a very warm jacket). But what about a public lecture or inter-
view in the media? Are you trying to project the image of a subject 
expert, or trying to be more approachable? The choice might be 
different depending on the venue or the target audience. There isn’t 
necessarily a correct answer in every case, but a bit of thought (and 

perhaps a quick dialog with some colleagues) will enable you to 
avoid the embarrassment of another #ShirtStorm. 

Astronomers should continue to embrace a wide variety of per-
sonal styles. This means setting aside biases and realizing that an 
interest (or lack-thereof ) in fashion and style does not reflect on a 
person’s skills as a scientist or educator. This can also help beat back 
the scientist white-lab-coat stereotype, which in turn may make 
science a more attractive profession for a diverse cohort of young 
people. Meanwhile, we should also have more open discussions 
about professionalism to help make sure that it is our science — and 
not ourselves — that makes the headlines. 

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.

Epic Pi Day is Coming Soon!
Wow, I made a short memorable pi string, could you?

Pi Day is coming on March 14! And not just any old Pi Day, but 
an “Epic Pi Day” — the first 10 digits of pi on 3.14.15 at 9:26:53 
(3.141592653). This happens only once per century — and you 

can recite the 10 digits when the time comes!
Why pi? Beloved worldwide, pi is simply the never-ending, irratio-

nal number π = 3.14…. It is used to calculate the circumference of 
a circle — any circle — among a multitude of other applications in 
math, physics, and engineering.

Pi Day was founded at the Exploratorium (in San Francisco) 
by Larry Shaw, and it has been celebrated there every year since 
1988. But Pi Day activities also spread to other locations nation-
wide and even worldwide. And in 2009, the United States House of 
Representatives declared March 14 (3.14) to be National Pi Day. They 
passed resolution HR 224 to celebrate the importance of math,  
science, and education in our lives. It provides a chance to spark 
interest in learning among students and the general public.

by Noelle & Alex Filippenko

societal impact
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No longer reserved only for the geek culture, pi is fun, approach-
able, and entertaining. Learning the first 10 digits is, well, as easy 
as pi (3.141592653). As an example, the letter count of each word 
below corresponds numerically to the first 10 numbers in pi: 

Wow I made a short memorable pi string, could you?
3 1 4 1 5 9 2 6 5 3
We have developed a new website, NationalPiDay.org, to promote 

National Pi Day and the importance of a strong STEAM (science, 
technology, engineering, arts, and math) education. Through videos, 
online games, activities, demos, and events, it engages students, 
educators, and the public in the fun of action learning as a means 
of inspiring the next generation of scientists, researchers, doctors, 
educators, and techies who will spur new life-impacting innovation. 

Math and science are present in all of our everyday lives. All technol-
ogy, from the wheel to the Smart Phone to GPS, utilizes physical laws 
that are described in terms of mathematics.

Beyond being just a number, pi can also be an expression of art, 
dance, music, and writing. When learning is informative, entertain-
ing, and sensory, it encodes more efficiently and effectively into 
the participant’s brain. When learning is fun and engaging, it sparks 
curiosity and a desire to discover, explore, and question. The ability 
to think critically is essential to people living in our high-tech world.

All of these activi-
ties culminate in the 
question, “What can I 
do to support STEAM 
education?” It starts 
with building aware-
ness among the general 
public about the vital 
importance of fund-
ing education, with an 
eye on the future and 
its impact on all of us. 
Having a well-educated 
workforce utilizes tech-
nology to drive innovation, in turn creating better lives for us all.  
We all have a piece of this educational pi — and you’re invited to 
share the pi.

Check out NationalPiDay.org, and we look forward to your  
pi-ticipation! 

NOELLE FILIPPENKO is an ASP Board member, pi enthusiast, and EPO supporter. ALEX 
FILIPPENKO is a Professor of Astronomy, University of California, Berkeley.

http://NationalPiDay.org
http://NationalPiDay.org
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Begging for Planets, HAT in Hand

The charm of small telescopes in the 
search for extrasolar planets is that 
instrumentation is affordable.

By Dayton Martindale

The southern Milky Way over Namibia. How many planets orbiting other 
stars might there be in this one image? [Unless otherwise indicated, all 
images are courtesy Gaspar Bakos.] 
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“Do you see that?” Professor Gaspar Bakos asked, gesturing 
towards his computer screen. From his office at Princeton 
University he is able to manage two telescope mounts 

of his own design in Namibia, surrounded by an electric fence that 
deters inquisitive monkeys from reprogramming things. 

He replayed the video and there it was: a dark spot on the screen 
— there one moment, gone the next. “Porcupine,” he proclaimed 
proudly. According to Bakos, the quills are resistant to the fence’s 
current, allowing this curious creature to get an up-close look at 
Bakos’s work. It may be worth following the porcupine’s lead.

Gaspar’s Different HATs
The two units in Namibia make up one-third of the HATSouth sys-
tem; “HAT” stands for “Hungarian-made Automated Telescope,” and 

“South” refers to the hemisphere. Two other sets of two can be found 
in Chile and Australia. 

The original (non-southern) HAT model, HAT-1, was stationed at 
Kitt Peak’s Steward Observatory in Arizona. It was suited to measure 
the incoming light — the flux — from stars, and how that flux varies. 
At the time, Bakos wrote that while HAT was “suitable for exoplanet 
search via transits,” he planned to “concentrate on a broader range 
of variabilities.” Not long after this paper was published, the sugges-
tions of his colleagues led him to drop that “broader range” and use 
an updated system of HAT telescopes almost exclusively for exo-
planet research.

The term “exoplanet” refers to any planet that does not revolve 
around our own Sun. It is conjectured that there are roughly 100 
billion planets in our Milky Way galaxy alone, but we were not able 
to detect any of them until recently — only in the last quarter-
century or so.

There is more than one way to spot an exoplanet, but HAT uses 

the transit method. As a planet passes in front of a star, it blocks 
some of the light, like a mild, partial eclipse. A dip in the star’s flux 
suggests a transiting object, and the depth of this dip can tell us the 
object’s size relative to the star.

The other indicator of a transit is regularity. If a planet is revolv-
ing around a star, it should pass between the star and the Earth at 
consistent intervals. A periodic and uniform dip in the flux is high 
evidence for a planet. This gives us four observed quantities: the 
planet’s period (the time it takes for the planet to complete one orbit 
around it star), the depth of the transit, the steepness of the drop 
in flux, and the time duration of that drop. These alone can show 
us where on the star the planet transited (towards the equator or 
towards the poles), the ratio of the planet’s radius to the star’s radius, 
the ratio between the star-planet distance and the star’s radius, and 
the star’s mean density. 

At a southern sky HAT site, a curious Namibian porcupine (visible inside the red rectangle) investigates 
a Hungarian Automated Telescope, as seen on a computer screen in the US. [Courtesy Toni Hanke, Max 
Planck Institute for Nuclear Physics]

http://arxiv.org/pdf/astro-ph/0206001.pdf
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While this method is fairly straightforward in theory, it is more dif-
ficult in practice. For one, the planet must be relatively large for the 
dip in flux to be measurable. Around a sun-sized star, some space-
based telescopes would be able to detect Earth-sized planets, but 
HAT is only able to detect down to the size of Neptune. The second 
constraint is that the period of revolution must be short in order to 
confirm multiple dips in flux; a telescope can only afford to watch 
one spot on the sky for so long. As such, HAT is best suited to finding 
so-called “hot Jupiters,” gas giants in tight, quick orbits (a month or 
less) around their host star.

Thus far the most prolific exoplanet mission has been the space-
based Kepler space telescope, which has discovered more than 1,000 
confirmed planets and thousands more unconfirmed candidates. 

Kepler is able to find much smaller objects than HAT, because it’s 
capable of detecting mere 0.01% decreases in flux (as opposed to 
about 0.4% for HAT). But luckily, this doesn’t make HAT irrelevant. 
Ground and space can work together: HAT is able to explore larger 
regions of the sky at a fraction of the price, and the data accumu-
lated by the two projects is mutually beneficial. 

HATNet and HATSouth
The original HAT was built by Bakos — Hungarian by birth but then 
working at the Harvard-Smithsonian Center for Astrophysics —  
and three friends from the Hungarian Astronomical Association  
in Budapest: József Lázár, a software developer, István Papp, an 
electrical engineer, and Pál Sári, a mechanical engineer. HAT uses 
lenses from digital cameras and off-the-shelf CCDs, devices that 
record light as an electric charge. Their first design has since been 

This light curve shows the transit of the planet HAT-P-11b. It reveals the magnitude (brightness) 
change of the star HAT-P-11 star in the “Z band” (a range of light in the near infrared) observed during 
a span of 0.16 days (3.8 hours). Note how brief the transit actually is — a mere two hours.

HATNet telescopes open for servicing during the day near the Fred Lawrence Whipple Observatory, 
Mount Hopkins, Arizona.
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significantly updated, but the basic elements remain.
From the beginning, HAT was intended to be part of a network, 

and indeed, “HATNet” has been operational since 2003. HATNet 
currently consists of six identical telescopes — four at the Fred 
Lawrence Whipple Observatory in Mount Hopkins, Arizona, and 
two on Mauna Kea, Hawai’i. As night ends in Arizona, the identical 
telescopes in Hawai’i can automatically latch on to the same stars 
that the Arizona telescopes had been viewing, putting off the dawn 
by an extra three and a half hours. This supplies a more complete 
picture of a given star than isolated, shorter observations would. 
And when one site might be having a cloudy or rainy night, HATNet 
is still able to gather data from its other site. 

HATNet did not find a planet until 2006, but as of April 2014, it 
has discovered 49 confirmed exoplanets — and 1,500 unconfirmed 

candidates. HAT has become more efficient over time, but still 
only about 10% of candidates end up confirmed as planets, either 
because no larger telescope is available to follow up, the signal is 
too faint, or further observation finds some other explanation for 
the dip in flux. 

HATSouth, an international collaboration between Princeton, 
the Australian National University, the Max Planck Institute for 
Astronomy, and Pontificia Universidad Católica de Chile, ups the 
ante. Although only six HATSouth candidates have been confirmed 
as planets so far, dozens are prepared for publication, and once it 
hits its stride it is expected to find 30 exoplanets per year. Each of 
the six HATSouth units contains four separate HAT tubes, each with 
its own CCD. The three sites for HATSouth — Namibia, Chile, and 
Australia, with two units each — are strategically chosen so that it 
is always nighttime in at least one location. In the southern winter, 
as night lengthens, sometimes four of the six units can observe the 
dark sky at once. 

HATSouth’s ability to observe the sky at all hours makes it able to 
detect planets with periods nearly twice as long as those discovered 
by HATNet. In addition, each HATSouth telescope has a diameter of 
18 centimeters, as opposed to 11 centimeters for a HATNet telescope. 
Upgrades such as these make HATSouth sensitive to fainter objects, 
allowing it to potentially find smaller planets than HATNet. HATSouth 
also has fewer “false alarm” candidates and greater resolution than 
HATNet. All of these developments increase the likelihood of finding 
Earth-like planets that are far enough from their star to be habitable.

Inexpensive HATs 
Bakos takes pride in making HAT relatively cheap. In a 2004 paper, 
he wrote: “The charm of small telescopes is that instrumentation is 
affordable.” There are a number of components to this charm. First is 

A HATSouth unit, with four 18-centimeter telescopes, located at Las Campanas Observatory, Chile. 

http://hatnet.org/planets/
http://arxiv.org/pdf/astro-ph/0401219.pdf
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the fun of reusing: he delights in using motors from car windshield 
wipers, LEDs from Christmas lights, and other spare parts for his 
telescopes.

There is also a greater emotional connection. HAT has always been 
a personal project. HAT-1 was built in its creators’ spare time — not 
as part of their jobs but for the fun of it. Today, Bakos works with a 
very small core team (about 10 people) all of whom he knows per-
sonally. Smaller, do-it-yourself telescopes give Bakos greater auton-
omy over his projects. Unlike huge, expensive telescopes that he 
would have to share with the greater scientific community, he is able 
to use HAT exclusively for research he wants to do, with the people 
he wants to work with.

Bakos finds all of this philosophically appealing; there is a sort 
of populist-democratic appeal to a cheap instrument some friends 
threw together from scraps. He admits that he couldn’t have secured 
more funding even if he’d wanted to, but he does seem sincere. He 
sees it as a “fundamentally good thing to do to use inexpensive, 
existing, off-the-shelf, massively produced equipment for science.”

The small-scale, intimate nature of HAT also means Bakos is fully 
responsible for keeping it running. Even automated telescopes don’t 
take care of themselves. Bakos often flies across the globe to make 
repairs and meets weekly with his colleagues at Princeton. “Let’s not 
discuss all the good things,” he tells them. “Let’s discuss what is bad.” 
Ruefully, he confided, “Any time I check I find some anomaly.”

These anomalies can take a number of forms. Sometimes the lid 
of a telescope closes randomly in the middle of a fair-weather night. 
Sometimes dew and dust obscure the lens, blocking up to half the 
flux. Other culprits include snowmelt messing with electric gadgets, 
meddling monkeys, and unexplained instrument failures.

Bakos caught one such failure last spring while looking at the 
previous night’s sky footage from Las Campanas, Chile. He pointed 
to a group of stars in the middle of the screen and announced that 
around 5:00 am they had started to subtly elongate.

Bakos pulled up the relevant graphs from that night and saw that 
the light sources had not been well pinpointed. Instead the atmo-
sphere, lens focusing, and other disruptive factors had distorted the 
observation. The graph showed this effect increasing around 5:00 am, 
backing up Bakos’s impression that the stars had become blurrier 
and less precise. 

In this case, Bakos theorized that the fault lay with the autoguider. 
This tool, less powerful than the primary telescope tubes, is meant 
to follow the stars across the sky and direct the main lenses where 
to point. Sure enough, an automated log showed that between 

A close-up view of a new HAT telescope in Hawai’i, this one with an 11-cm aperture. 
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5:00 and 6:00 am, the autoguider had consistently failed to locate 
any stars. A potential cause might simply be that the sunrise had 
drowned out some of the starlight, but this remains to be confirmed. 

Interesting HAT-Discovered Planets
When Bakos gives presentations on HAT to the scientific community, 
there are several specific discoveries he explores in more detail. 

He starts with the planet HAT-P-2b, first described in a 2007 paper. 
HAT-P-2b’s claim to fame is being heavy and dense. It’s a whopping 
nine times more massive than Jupiter, yet it fits all that mass within 
roughly Jupiter’s volume, making it denser than Earth.

HAT-P-7b, a little bigger than Jupiter, is unusual for its retrograde 
orbit. Most planets revolve in the same direction (clockwise or coun-
terclockwise) as the star spins, because both formed from the same 
rotating cloud of gas. HAT-P-7b, then, may have had some early 
gravitational interaction with another body that sent it hurtling in 
the opposite direction.

HAT-P-11b was the first hot Neptune to be found by the transit 
method — “hot” because it’s high in temperature and closer to its 
star than the Earth is to the Sun, and “Neptune” because it’s roughly 
Neptune’s size. At the time of its discovery, it was also the smallest 
transiting exoplanet to be observed from a ground-based telescope.

When it was discovered, HAT-P-15b had the largest period of any 

HAT-P-11b, a Neptune-sized planet that orbits the star HAT-P-11, is shown crossing in front of its star 
in this artist’s depiction. [NASA/JPL-Caltech]

The pair of HATNet telescopes on Mauna Kea. The silver dome above them houses the Subaru 
Telescope; the white dome beyond contains the Keck-1 telescope.

http://arxiv.org/abs/0705.0126
http://arxiv.org/abs/0803.0746
http://arxiv.org/abs/1009.5671
http://arxiv.org/abs/1005.5300
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transiting exoplanet detected from the ground. This “large” period is 
slightly more than 10 days. For comparison, Mercury, which has the 
shortest period in our own solar system, circles the Sun in 88 days.

HAT-P-33b was a bit of a surprise — it has nearly twice Jupiter’s 
radius but only three-quarters of its mass. People have ideas, but no 
one knows what could have made planets such as this so large with 
such low mean density. 

The first thing of interest is the 
startling diversity of planets, even 
among the large, hot planets to  
which ground-based transit 
searches are limited. Our own solar 
system provides only a small range 
of the possible mix; the added 
information we get by looking 
beyond can teach us more about 
how stellar systems evolve. The 
physics of these systems is an active 
area of research.

The second thing is that the tran-
sit method can teach us a surprising 
amount about a planet — radius, 
period, the tilt of the orbit relative to the star, whether it has any 
moons — and even more once a larger telescope has followed up 
on the planet with a different method of detection. We can even 
learn the chemical composition of the atmosphere (see page 11), 
which could suggest the likelihood of life.

All this excitement over exoplanets does not mean Bakos has 
given up on the original potential of HAT — to explore a diverse array 
of objects with variable brightness. “We are missing bright exciting 
things” such as novae and gamma-ray burst afterglows, he laments.

Next: HATPI
Bakos’s next project, an idea he’s been bouncing around for a while 
now, is something called HATPI. Imagine the night sky as a hemi-
spheric dome enclosing us. Astronomers use something called a 
solid angle, the 3D analogue of a conventional angle, to quantify 
the section of the hemisphere they are imaging. The solid angle 
of a full hemisphere, in the typical unit of steradians, is twice pi. 

HATPI will look at the portion of the 
hemisphere that is greater than 30 
degrees above the horizon, a por-
tion that amounts to pi steradians, 
hence the name.

The apparatus will resemble a 
hedgehog (or perhaps Bakos’s old 
friend, the porcupine): a large num-
ber (63) of HAT-like lenses on one 
big mount, able to cover the major-
ity of the sky at once. With HATPI, he 
aims to take more frequent expo-
sures — every 30 seconds instead of 
HATSouth’s four minutes.

This is no small feat. Today, if one 
were to try to plot the light from the whole sky over time, there 
would be hardly any data points. In the near future, the Large 
Synoptic Survey Telescope (LSST) aims to image the whole sky every 
second to third day recording faint objects, but even that is insuf-
ficient for Bakos. For any point in space, he wants to have data for 
every 30-second time interval.

To keep costs down for this ambitious goal, one version of HATPI 
will scrap CCDs and use commercially available DSLR cameras to 
measure the flux. Bakos is excited about this, as it fits in with his 

The first thing of interest is the 

startling diversity of planets, even 

among the large, hot planets 

to which ground-based transit 

searches are limited.

http://arxiv.org/abs/1106.1212
http://www.lsst.org/lsst/
http://www.lsst.org/lsst/
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reuse-and-recycle philosophy. CCDs are 10 to 50 times more expen-
sive than simply using a DSLR’s built-in equipment.

Extra-terrestrial Harmony
When in Namibia, Bakos likes to go out late at night with a personal 
camera. He takes beautiful portraits of the sky, framed by the 
strange and fascinating acacia trees that populate the landscape. He 
wants the photos “to capture sort of the harmony between life on 
our planet and the galaxy with its 100 billion planets.” 

About 90 billion of the Milky Way’s planets are thought to be 
rocky, and 5% of sun-like stars may have a habitable planet. Even 
accounting for uninhabited worlds like Venus and Mars, planets like 
Earth can’t be all that rare — we expect the universe to be bustling 
with life. 

Bakos let his thoughts drift to extra-terrestrials. “I was thinking 
— what is the chance of someone taking a photograph of us at the 
same time, with a similar set-up of their own plants and animals. 
And that chance, I realized, is not that low anymore.” 

This is a powerful notion, enough to lend an undeniable air of 
romanticism to the study of exoplanets. And it’s enough to move 
at least one Earthling astronomer to wander his world late at night, 
braving monkeys and porcupines, to find a peaceful place to look up 
at the stars and ponder: I’m not alone. 

DAYTON MARTINDALE is a senior at Princeton University, pursuing a degree in astrophysical 
sciences while writing for, and editing, several student publications. He hopes to remain involved 
with both science and journalism after graduating.

Wildflowers and part of the southern Milky Way from Namibia.

mailto:%20dmartind%40princeton.edu


VOL. 44 NO. 1
WINTER 2015 27

TABLE OF CONTENTS

Jobs That Are Out of This World 

Not an astronomer? No worries…you can still 
work at an exotic observatory.

By Peter Michaud

The Gemini North dome/enclosure with the setting Sun lighting up bottom half of telescope through 
the (fully open) thermal vents. The observing slit is partially open, revealing the truss and top end of 
the telescope. [Gemini Observatory/Association of Universities for Research in Astronomy]
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Anyone familiar with astronomical observatories knows that 
there are myriad amazing jobs in and around giant tele-
scopes. For most of us, the best part is that the vast majority 

of these jobs do not require a PhD in astrophysics! 
“It’s painfully clear that students don’t have any idea what 

observatories have to offer when it comes to exciting and diverse 
career opportunities,” says Gemini’s Director Markus Kissler-Patig. 
“Especially in remote local host communities like Hawai‘i and Chile.” 

This reality sparked a desire among many Gemini Observatory 
staff to help build awareness of the people and jobs that make an 
astronomical observatory click. 

“I love sharing what I do with anyone who’s interested,” says 
longtime Hilo resident Bobbi Kikuchi, who serves as Gemini’s Travel 
Coordinator. “When approached to be featured in the brochure and 
video website on jobs like mine I didn’t even have to think before I 
said Yes!”

The result of the enthusiasm of staff like Bobbi is the Out of This 
World observatory careers brochure — some of its content is fea-
tured on the following pages. Augmenting the PDF brochure (which 
is available in both English and Spanish and can be requested as a 
print copy) is a website with video interviews where featured staff 
can better express their zest for what they do, and inspire others to 
follow in their footsteps.

“Although this is a fairly new educational product for us, it is reso-
nating like crazy in our communities and among teachers, students, 
and parents,” says Janice Harvey, Gemini’s Community Outreach and 
Education Administrator. Harvey adds that the Observatory’s initial 
run of 5,000 copies has “flown” out the door (more are being printed) 
and requests have come from all directions, including other observa-
tories and from beyond our local borders. “We are also getting staff 
coming to us asking if they can be featured in the next version,” she 

adds. An updated version 
with more featured staff 
is scheduled for develop-
ment in late 2015 and is 
planned for printing in 
early 2016.

The Spanish-language 
version, which features 
local Chilean staff and 
international staff who 
work at Gemini, is also 
extremely popular. “This 
shows that interest in 
careers related to science, 
technology, engineer-
ing, and mathematics is 
high in all around the world,” says Gemini’s Deputy Director Nancy 
Levenson, who works out of the Gemini South offices in Chile. 

As Gemini enters the next phase of this initiative, we look to 
continue expanding the width and breadth of the featured jobs 
and careers, as well as finding new partners to help leverage these 
resources. Also, plans to track the impact of the materials on student’s 
perceptions of, and desire to pursue, STEM-careers are solidifying.

Neil Barker, who leads the Human Resources (HR) effort for 
the Association of Universities for Research in Astronomy (AURA, 
Gemini’s managing agency), considers these materials a critical part 
of our local HR outreach effort. He expresses his vision in terms of 
our future workforce. “I would be thrilled if someday a potential hire 
came to an interview and said, ‘I’ve wanted to work at an observa-
tory ever since I saw this brochure and staff videos when I was a kid!’ 
One interview like that would make this all worthwhile!”

The beam from Gemini North’s laser guide star system 
reaches skyward. [Gemini Observatory/AURA]

http://www.gemini.edu/images/pio/career/observatory_careers.pdf
http://www.gemini.edu/images/pio/career/carreras_astronomia.pdf
mailto:xzhang%40gemini.edu
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 Gabriela Randrup
“I’m the first voice that most 
people hear when they 
call Gemini — along with 
doing a million other details. 
I’ve been working at Gemini 
since 1999. One of the most 
interesting places Gemini has 
sent me to was our sister site 
in La Serena, Chile. I was part 
of the StarTeachers exchange 
program and got to visit hun-
dreds and hundreds of school 
kids, which was quite wonderful.”

Clayton Ah Hee
“Keeping the mirrors, or the 
‘eyes of the observatory’ 
spotless, so that astronomers 
can do their research is what 
makes my job so interesting. 
Making sure that a 25-foot-
diameter mirror is kept flawless 
at nearly 14,000-feet altitude 
is certainly a challenge, but 
seeing the quality of data the 
scientists produce using it 
makes my job worthwhile.”

Gustavo Arriagada
“What I enjoy most is being 
able to motivate engineers 
so they use their expertise 
and potential to the max and, 
through that exercise, they 
develop the most advanced 
systems for taking the sharp-
est images of space ever. What 
influenced me to become an 
electronic engineer was my 
desire to build my own stereo 
system. That never happened, 
but instead I was hired by an observatory where I have contributed to 
building systems that are thousands of times more complex.”

Angelic Ebbers
“I write the software that 
moves the telescope and 
enables the instruments to 
look up at the night sky. I’ve 
been a software engineer at 
Gemini for 10 years. Software 
is used to direct and control  
all aspects of the observatory.  
In a sense, my job could be 
compared with playing with  
a large, expensive remote-
controlled toy. Since software 
is part of everything at Gemini, I need to understand how every 
system works in order to ensure that they continue to function 
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smoothly.”
Michael Hoenig
“I’m part of a team that 
keeps the telescope point-
ing to the right place and 
getting the best observations 
possible. My job involves 
reviewing data that comes off 
the telescope — images that 
were taken the night before 
by the astronomers on Mauna 
Kea. One morning I came in 
and saw an image of space 
rocks crashing into Jupiter. It was a moment when I thought that this 
is a fantastic job, to see  
a hot-off-the-press image of Jupiter.”

Jerry Brower
“I’m the information systems  
guy to the stars! I keep data  
and information flowing 
smoothly, wherever it needs 
to go. As an IT person, I have 
to communicate with people. 
Gemini staff will ask for some-
thing, but to discover what 
they really need requires 
asking them more questions. 
Communicating effectively  
is huge. This job is about creative thinking and problem solving.”

Katherine Roth 
“I make sure that astrono-
mers from around the world 
get the best data and can 
use them to understand the 
universe. I cannot remember a 
time when I didn’t know that I 
wanted to be an astronomer. 
When you are an astronomer, 
you do get to travel. The most 
interesting places astronomy 
takes me to are the moun-
taintops, Kitt Peak, CTIO (and 
Cerro Pachón) and of course Mauna Kea (my favorite).”

You can watch 12 video interviews at the Gemini Careers Brochure 
Video Page. Remember, you do not have to be a professional astron-
omer to work at, or with, an observatory! 

PETER MICHAUD manages Gemini 
Observatory’s Public Information and 
Outreach (PIO) offices (both Hawai‘i and 
Chile) from the observatory’s headquarters in 
Hilo, Hawai‘i. Prior to taking the helm of 
Gemini’s PIO effort almost 16 years ago. Peter 
managed the Bishop Museum’s planetarium 
in Honolulu. He is passionate about science 
education and inspiring students to pursue 
STEM careers. Peter has two children, and he 
dreams that his offspring will earn degrees in 
one of the STEM fields.

http://www.gemini.edu/careers/
http://www.gemini.edu/careers/
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YouTube for Science
Through entertainment, YouTube science videos 
engage and promote active thinking and reach 
the next generation of young scientists.

By Anna H. Spitz

A screen grab from a YouTube video by 321Science! about NASA’s OSIRIS-REx Asteroid 
Sample Return Mission. [Unless otherwise indicated, all images are courtesy 321Science!]
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YouTube videos reach more than one billion viewers per 
month. These channels range from silly and personal to seri-
ous, educational, and even corporate. The number of viewers 

dwarfs cable or other networks, particularly in the youth and 18- to 
34-age range. This large platform can offer an effective and exciting 
way to communicate astronomy (and other topics) to the public. 

Who are the Science YouTubers?
Science YouTubers, defined here as those who post science videos 
on YouTube, include formal and informal presenters, individuals, and 
institutions. The variety of channels is immense. Many organizations 
and individuals offer traditional lecture- or interview-style formats, 
while others use less formal methods infused with humor. Some 
of the most popular and engaging channels are not affiliated with 
large organizations and produce videos that appeal to audiences 
attracted to a more informal or irreverent style. 

For example, MinutePhysics, MinuteEarth, AsapScience, Vsauce, 
Veritasium, CrashCourse, and SciShow channels offer multiple vid-
eos that address a variety of science topics and use various formats 
including fast-draw, interviews, and demonstrations. Each has its 
own “personality” or method of presentation. They deliver accurate 
and even complex science to millions of viewers, but with a levity 
and energy that engages audiences more easily than traditional  
formats such as textbooks and lectures, and creates devoted fans, 
especially among teens and young adults. They attract far more 
viewers than the traditional “talking head” or even celebrity inter-
view videos. For example, the MinutePhysics video Science, Religion 
and the Big Bang posted August 19, 2013, had more than 1.8 million 
views as of January 2015.

YouTubers experiment with new techniques and different styles 
to keep their videos surprising and viewers excited about their next 

installment. Several of the science YouTubers produce videos for 
multiple channels, each emphasizing a particular topic area. Multiple 
channels and collaborations among science YouTubers expand their 
reach and effectively communicate their topics.

Through entertainment, which appeals to the young or young-
at-heart, these science videos engage and promote active think-
ing. They whet viewers’ appetites for more information or explain 
concepts that viewers may have studied through more traditional 
media. They can infuse science, technology, engineering, and math 
(STEM) with excitement that is often hidden in more traditional, in-
depth methods.

Tiffany Hawley (NASA Space Grant summer intern with OSIRIS-REx) and James Keane (Lunar and 
Planetary Lab graduate student) draw scenes for the 321Science! YouTube video What is the Scale of 
the Universe?, a video Tiffany researched, wrote, and directed.

http://youtube.com/user/minutephysics
http://youtube.com/user/minuteearth
http://youtube.com/user/AsapSCIENCE
http://youtube.com/user/Vsauce
http://youtube.com/user/1veritasium
http://youtube.com/user/crashcourse
http://youtube.com/user/scishow
http://tinyurl.com/p8rmw8c
http://tinyurl.com/p8rmw8c
http://tinyurl.com/nlj63ak
http://tinyurl.com/nlj63ak
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Viewers watch these videos for various reasons:
• they are interested in science topics, 
• they are interested in a particular topic, 
• they are assigned the video by a teacher or other authority 

figure,
• they stumble across the video while searching YouTube or  

the Internet, 
• they follow a link from another source, 
• they subscribe to the author’s channel,
• they enjoy the humor and presentation of the video author  

and/or host. This is the reason that gives some YouTubers  
millions and millions of followers. 

The success of these informal YouTube videos indicates that there 
is a tremendous opportunity for those interested in educating about 
STEM topics and engaging diverse audiences such as girls. While 
such videos cannot replace more traditional methods, they offer a 
powerful tool to heighten engagement and education.

OSIRIS-REx and the birth of 321Science!
NASA’s OSIRIS-REx Asteroid Sample  
Return Mission began to produce 
YouTube videos in 2013 as a  
new way to engage the general  
public in the mission. Prompted  
by budget cuts and a pivot from  
Education and Public Outreach  
(E/PO) to Communication and  
Public Engagement (CPE), OSIRIS-REx 
needed to investigate how best to communicate with the general 
public, including the younger audiences that remain a primary  
target for engagement with the mission.

I was not aware of the extent or quality of science programming 
on YouTube until my 16-year-old daughter, a devoted watcher 
of YouTube videos, alerted me to their existence. Thanks to her, I 
watched several of her favorite YouTubers’ math and science videos, 
and I was hooked. I also thought that this might have potential to  
be a relatively inexpensive and very effective way to engage the 
public, especially the young public, in the OSIRIS-REx mission and 
other topics.

Graduate student Melissa Dykhuis was scheduled to work on cur-
riculum related to the mission’s objective of studying the Yarkovsky 
effect during the summer of 2013. But the mission’s change in focus 
from E/PO efforts to CPE activities required a change in methodology.  
This newly discovered (by us) science YouTube world offered an 

Lunar and Planetary Lab graduate student Melissa Dykhuis wrote, directed, and drew the prototype 
video What is the Yarkovsky Effect? in the summer of 2013.

http://www.asteroidmission.org
http://tinyurl.com/l5l88ng
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opportunity to revise — even update — our mode of communica-
tion. Melissa began researching to see if we could create an engag-
ing and informative video about the Yarkovsky effect and if so, how 
best to do it. She and I decided it was a feasible effort and selected 
the fast-draw format as a cost-effective and engaging method suit-
able for this prototype. 

Our primary audience is the general public. But before we were able 
to use this technique to reach them, we first had to satisfy our other 
audience — the scientists and engineers of the OSIRIS-REx mission.

The initial response of our scientists to our idea was skeptical. 
Explain a complicated and difficult concept like the Yarkovsky effect 
in less than five minutes? Doubtful. Nevertheless we set to work 
on a prototype video. With the scriptwriting and artistry of Melissa 
Dykhuis and James Keane, University of Arizona (UA) Lunar and 

Planetary Laboratory graduate students; the filming and editing of 
Symeon Platts, UA undergraduate in the School of Theater, Film & 
Television; and input and review by two high school students and 
our science team content experts, we produced the video. 

Viewing the first cut, some scientists wanted more information, 
more detail, and less lightheartedness. This wasn’t surprising: scien-
tists work in detail, so they see the ambiguities and the uncertainties 
of a topic. They want to demonstrate that they know all the detail, 
because they often think of the audience simply as their peers who 
will judge them on completeness, and the public who is awaiting 
their expertise. They are often not conversant in YouTube videos, 
in communicating with the public or youth, or in telling very short 
stories — particularly in funny, trendy ways. So before we were able 
to move forward and create for our primary audience, we needed to 
make our internal audience happy.

We decided to produce sub-videos to satisfy the requests for 
more detail and more topics. Rather than acceding to the request to 
include the topics of thermal inertia plus prograde and retrograde 
motion in the Yarkovsky video, we produced two additional short, 
very specific videos on these two topics. In this way we didn’t make 
an overly long video nor break the flow of the storyline, and yet 
we fulfilled the request from our internal critics. We linked to these 
sub-videos in the body of the main video, so that viewers can simply 
click to learn more if they want to when the topic is mentioned, and 
then return to the video. 

Our external focus groups and reviewers loved the video. It was 
smart, it was funny, it clearly explained the Yarkovsky Effect, and it 
runs just 3:47 minutes. Our focus groups included teens, twenty-
somethings, teachers, and other members of the general public. 

This prototype video with its sub-videos sold the concept to OSIRIS-
REx team members, and CPE created 321Science!, an umbrella idea 

Symeon Platts and Lunar and Planetary Lab graduate student Hannah Tanquary record narration for 
videos. 321Science! uses different narrators for variety, and the women featured narrate their own 
stories (when possible) for the Women’s Stories videos.

http://tinyurl.com/q269nem
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that can expand beyond the OSIRIS-REx mission. We began to pro- 
duce OSIRIS-REx Presents 321Science! videos in the autumn of 2013. As 
of January 2015, youtube.com/osirisrex hosts 17 321Science! videos. 
The production cadence is approximately one video per month.

What Makes Each Production Successful?
The success of 321Science! is founded on basic and simple con-
cepts. The videos are informal and fun but not amateurish. Three 
elements create the success of the production.
People: 

• We have a core group as a creative team — mission team mem-
bers, interested students, and volunteers.

• We have input from our audience on topic ideas and review of vid-
eos — teens, young adults, community members, and teachers.

• We work closely with science team members regarding content 
to ensure that the science we produce is correct.

• We promote a 321Science! personality — fun, aware of popular 
culture, serious about our science, engineering, and the mission, 
and mindful of how people learn. 

Creativity:
• We are always looking at other ways of communicating — add-

ing new features, considering different techniques, producing 
mini-series, communicating with other science YouTubers, and 
leveraging other events to broaden the appeal.

• We include a variety of viewpoints and inputs from our artists/
scientists, videographer, team members, and target audience 
members.

Standards:
• We demand the highest quality of production — our drawings 

are informal but well done and the videographer animates and 
edits to create a polished product. 

• We want a multipurpose product — individual viewing, use in 
presentations, assignment by teachers, and other uses.

• We look at other “standards” — production values of successful 
YouTube videos, content standards to see what a major target 
segment knows (Next Generation Science Standards, Common 
Core), and misconceptions to see what the audience might  
not know.

• We provide regular (monthly) postings — enough time to pro-
duce quality, enough frequency to keep viewers returning.

• We created a long-term schedule (through 2016) — the videos 
we propose are tied to internal and external events to ensure 
that 321Science! provides information appropriate to the mis-
sion and that we leverage opportunities. 

• We are serious about our science but embrace the value of 
entertainment to engage people in the mission.

Symeon Platts handles all technical aspects of filming, editing, and audio of the videos. Zoe Bentley 
is a volunteer from the youth community.

http://youtube.com/osirisrex
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321Science! — Into Year Two 
OSIRIS-REx Presents 321Science! reached its first year anniversary in 
December 2014. Our 
inventory includes 
a variety of videos 
related to the mission: 
background science, 
science related to 
popular culture, and 
detailed specialized 
topics. As the team 
produces additional videos, audiences will learn more about aster-
oid science, mission milestones, instruments, engineering, and other 
matters. Graphic design students produce infographics and other  
artwork for use on OSIRIS-REx social media outlets to connect with 
the videos. The videos are in use on the YouTube channel, in scien-
tists’ public talks, in local science centers, and other venues. They  
are used as stand-alone explanations and as elements of larger  
discussions or lessons. 

As 321Science! moves into its second year of production, the 
team expects to enhance their effort in several ways. First, produc-
tion is becoming more efficient and polished. Second, artistry is 
expanding — for example as Symeon Platts experiments with new 
animation techniques. Third, contacts and promotion are ramping 
up to expand the audience. Fourth, the team has started to evaluate 
321Science! by reviewing analytics available on YouTube and will 
expand those efforts in 2015.

YouTube analytics provide data for a useful foundation for addi-
tional evaluation work: views over time, referrals and discovery 
details, audience demographics, drop-off metrics, sharing statis-
tics, subscriber activity, and ratings. They provide information that 

helps us improve the videos. Comments left on YouTube (through 
which we can also engage the public) can be coupled with more 
extensive feedback from viewers at local presentations. Drop-off 
metrics remind the team to keep our videos short and focused. 
Demographics currently indicate that 321Science! has a higher-
than-average age and predominantly male viewership. 

YouTube offers OSIRIS-REx a tremendous opportunity to engage 
people in the mission, solar system exploration, planetary science, 
astronomy, NASA, and STEM. It provides a direct connection to the 
target audience with immediate feedback on how many people 
engage with the video. Just like lesson plans, however, we have to 
ensure that these videos do not “sit on the shelf” but are used. The 
team encourages mission team members and all presenters and 
educators to use the videos while we also work to promote direct 
viewing on YouTube.

Women’s Stories: Girls in STEM
Efforts such as 321Science! and other YouTube science videos 
encourage all people to engage 
in STEM without targeting specific 
demographic groups. Without tar-
geted encouragement, viewers of 
science videos on YouTube seem to 
mirror the statistics of those pursu-
ing STEM education and careers: 
predominately white and male. In 
the first year of 321Science! for 
example, approximately 80% of 
viewers were male. Other science 
YouTubers with larger audiences 
see similar results.
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Women remain underrepresented in the STEM fields, but to fulfill 
the needs of the United States’ economy for STEM skills, data indi-
cate that women and minorities need to engage in STEM in greater 
numbers. Despite there being comparable numbers of elementary 
and middle school young girls interested in STEM, in high school 
the numbers begin to drop off, and as women move through under-
graduate, graduate, and early career pursuits, they drop out of STEM 
in even greater numbers. 

Women’s Stories arose from a desire to encourage girls’ interest 
in STEM and women’s persistence in STEM careers as well as to cel-
ebrate the lives of some amazing women. Role models and personal 
stories have been shown to be effective techniques to encourage 
participation. Just as 321Science! reaches out to engage people in 
STEM through topics in planetary science, Women’s Stories seeks to 
engage girls in STEM through short vignettes about women’s edu-
cation and careers. The focus on personal stories about female role 
models targets girls using content and methods that have proven 
effective in more traditional formats and media.

In March 2014, the Women’s Stories initiative capitalized on the 
publicity and events of Women’s History Month to launch its website 
and video production. The initiative (a group of volunteers) also uses 
fast-draw videos to 
engage girls, support 
young women, and 
celebrate all women 
in their careers. 

Women’s Stories 
presents inspirational 
and motivational 
stories in engaging 
videos, accessible to 

all via the Internet. The goal is to 
work with individuals and groups 
to produce numerous videos in 
various formats that tell about 
the lives of many diverse women: 
famous, successful women and  
women just starting on their 
paths in STEM fields (eventually  
with expansion to other pro-
fessional fields as well). This 
supports individuals by demon-
strating that challenges occur  
for everyone, and that such chal-
lenges exist to build strength and 
lead to achievement.

As of October 2014, Women’s Stories had four videos about 
amazing women: Maria Mitchell, Grace Hopper, Melissa Dykhuis, and 
Tiffany Hawley. Mitchell and Hopper had outstanding careers and 
are well known as role models. Dykhuis and Hawley are students 
beginning their careers. All demonstrate success in their pursuit 
of STEM careers and serve as role models for any girls and young 
women who view these short videos.

These videos can be used for personal viewing, as vignettes in 
classes, and as inspiration for creation of girl’s own stories. The next 
steps for Women’s Stories include producing additional videos, 
diversifying the women profiled, collaborating with other groups to 
produce videos, and enhancing the YouTube channel connection 
with a vibrant website and social media sites. Active platforms such 
as a Facebook page and Twitter feed will help grow a community 
interested in telling women’s stories and engaging girls and women 
in STEM and other professional pursuits. 

Who is Grace Hopper?

Who is Melissa Dykhuis?

http://womens-stories.org
http://tinyurl.com/qehda9d
http://tinyurl.com/plruy2s
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New Ways to Engage
Education today is going through a major transformation. YouTube 
provides a vast resource of materials to engage and educate the 
general public and youth in STEM. The materials on YouTube (and 
the Internet in general) offer information and methods that comple-
ment traditional educational methods. Educators should embrace 
these new media — they can complement and supplement more 
traditional educational activities by engaging youth as they want to 
be engaged. 

These new platforms can, therefore, be potentially very effective 
in sparking interest that will sustain teens, students, and adults in 
their school and career activities. Quality videos already reach large 
audiences — to inspire millions. Scientists and educators can build 
on this foundation to engage audiences in their work. YouTube has 
the potential to effectively target under-represented groups in sci-
ence, such as girls and women, through the use of engaging videos 
as a foundation to build community and sustain girls and women 
through the challenges of their education and careers.
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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
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http://astrosociety.org/astroshop
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Jupiter’s Red Spot is Likely a Sunburn, Not a Blush
Jet Propulsion Laboratory

The ruddy color of Jupiter’s Great Red Spot is likely a product of 
simple chemicals being broken apart by sunlight in the planet’s 
upper atmosphere, according to a new analysis of data from NASA’s 
Cassini mission. The results contradict the other leading theory for 
the origin of the spot’s striking color — that the reddish chemicals 
come from beneath Jupiter’s clouds.

Kevin Baines, a Cassini team scientist based at NASA’s Jet Propulsion 
Laboratory Baines, and JPL colleagues Bob Carlson and Tom Momary, 
arrived at their conclusions using a combination of data from Cassini’s 
December 2000 Jupiter flyby and laboratory experiments.

In the lab, the researchers blasted ammonia and acetylene gases — 
chemicals known to exist on Jupiter — with ultraviolet light, to simu-
late the Sun’s effects on these materials at the extreme heights of 
clouds in the Great Red Spot. This produced a reddish material, which 
the team compared to the Great Red Spot as observed by Cassini’s 
Visible and Infrared Mapping Spectrometer (VIMS). They found that 
the light-scattering properties of their red concoction nicely matched 
a model of the Great Red Spot in which the red-colored material is 
confined to the uppermost reaches of the giant cyclone-like feature.

“Our models suggest most of the Great Red Spot is actually pretty 
bland in color, beneath the upper cloud layer of reddish material,” 

said Baines. “Under the reddish ‘sunburn’ the clouds are probably 
whitish or grayish.” A coloring agent confined to the top of the 
clouds would be inconsistent with the competing theory, which 
posits that the spot’s red color is due to upwelling chemicals formed 
deep beneath the visible cloud layers, he said.

MORE INFORMATION

Research suggests effects of sunlight produce the color of Jupiter’s Great Red Spot. The feature’s clouds 
are much higher than those elsewhere on the planet, and its vortex nature confines the reddish 
particles once they form. [NASA/JPL-Caltech/ Space Science Institute]

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

astronomy in the news

http://tinyurl.com/oe9273b
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Wobbling of a Saturn Moon Hints at What Lies Beneath 
Cornell University

Using instruments aboard the Cassini spacecraft to measure the 
wobbles of Mimas, the closest of Saturn’s regular moons, a Cornell 
University astronomer has inferred that this small moon’s icy surface 
cloaks either a rugby ball-shaped rocky core or a sloshing sub-sur-
face ocean.

“After carefully examining Mimas, we found it librates — that is, 
it subtly wobbles — around the moon’s polar axis,” said Radwan 
Tajeddine, Cornell research associate in astronomy. “In physical 
terms, the back-and-forth wobble should produce about 3 kilometers 
of surface displacement. Instead we observed an unexpected 6 kilo-
meters of surface displacement,” he said.

“We’re very excited about this measurement because it may indi-
cate much about the satellite’s insides. Nature is essentially allowing 
us to do the same thing that a child does when she shakes a wrapped 
gift in hopes of figuring out what’s hidden inside,” Tajeddine said.

The astronomy team used a technique called stereo photogram-
metry to interpret images taken by Cassini to measure the libra-
tion. In this technique, astronomers employ Cassini photographs of 
Mimas taken at different times and from various vantage points to 
build precise 3-D computer models of the locations of hundreds of 
surface reference points. From these, the researchers determined the 
moon’s shape and were able to notice that the satellite didn’t rotate 
smoothly but rocked back and forth a bit as well.

The amount of the 
to-and-fro motion 
indicates that Mimas’ 
interior is not uniform. 
These wobbles can be 
produced if the moon 
contains a weirdly 
shaped, rocky core or 
if a sub-surface ocean 
exists beneath its icy 
shell.

Mimas is about 400 
kilometers in diam-
eter, and its possible 
internal global ocean 
is located under an icy 
crust ranging in thick-
ness between 25 and 
30 kilometers. The moon itself is thought to have been formed either 
by the slow agglomeration of ring particles (a gradual buildup of 
matter) or direct growth within the primordial planetary gas nebula.

The odd-shaped core would favor gravitational flattening by 
nearby Saturn, Tajeddine said.

MORE INFORMATION

Relatively dark regions below bright crater walls and streaks on 
some of the walls are seen in this mosaic of Saturn’s moon Mimas, 
created from images taken by NASA’s Cassini spacecraft during its 
2010 close flyby of the moon. [NASA/JPL/Space Science Institute]

astronomy in the news

http://tinyurl.com/loecwdz
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Kepler Marks 1,000th Exoplanet Discovery, Uncovers 
More Small Worlds in Habitable Zones
NASA / Ames Research Center

How many stars like our Sun host planets like our Earth? NASA’s 
Kepler Space Telescope continuously monitored more than 150,000 
stars beyond our solar system, and to date has offered scientists an 
assortment of more than 4,000 candidate planets for further study 
— the 1,000th of which was recently verified.

Using Kepler data, scientists reached this millenary milestone after 
validating that eight more candidates spotted by the planet-hunting 
telescope are, in fact, planets. The Kepler team also has added another 
554 candidates to the roll of potential planets, six of which are near-
Earth-size and orbit in the habitable zone of stars similar to our Sun.

Three of the newly validated planets are located in their distant 
suns’ habitable zone, the range of distances from the host star where 
liquid water might exist on the surface of an orbiting planet. Of the 
three, two are likely made of rock, like Earth.

Two of the newly validated planets, Kepler-438b and Kepler-442b, 
are less than 1.5 times the diameter of Earth. Kepler-438b, 475 light-
years away, is 12 percent bigger than Earth and orbits its star once 
every 35.2 days. Kepler-442b, 1,100 light-years away, is 33 percent 
bigger than Earth and orbits its star once every 112 days. Both 
Kepler-438b and Kepler-442b orbit stars smaller and cooler than our 
Sun, making the habitable zone closer to their parent star.

With the detection of 554 more planet candidates from Kepler 

observations conducted May 2009 to April 2013, the Kepler team 
has raised the candidate count to 4,175. Eight of these new candi-
dates are between one to two times the size of Earth, and orbit in 
their sun’s habitable zone. Of these eight, six orbit stars that are simi-
lar to our Sun in size and temperature. All candidates require follow-
up observations and analysis to verify they are actual planets.

MORE INFORMATION

Of the more than 1,000 verified planets found by NASA’s Kepler Space Telescope, eight are less than 
twice Earth-size and in their stars’ habitable zone. All eight orbit stars cooler and smaller than our 
Sun. The search continues for Earth-size habitable zone worlds around sun-like stars. [NASA/Ames]

http://tinyurl.com/nkzoe5u
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Super-Earths Have Long-Lasting Oceans
Harvard-Smithsonian Center for Astrophysics

For life as we know it to develop on other planets, those planets 
would need liquid water, or oceans. Geologic evidence suggests that 
Earth’s oceans have existed for nearly the entire history of our world. 
But would that be true of other planets, particularly super-Earths? 
New research suggests the answer is yes and that oceans on super-
Earths, once established, can last for billions of years.

“When people consider whether a planet is in the habitable 
zone, they think about its distance from the star and its tempera-
ture. However, they should also think about oceans, and look at 
super-Earths to find a good sailing or surfing destination,” says 
lead author Laura Schaefer of the Harvard-Smithsonian Center for 
Astrophysics (CfA).

Even though water covers 70 percent of Earth’s surface, it makes 
up a very small fraction of the planet’s overall bulk. Earth is mostly 
rock and iron; only about a tenth of a percent is water. “Earth’s 
oceans are a very thin film, like fog on a bathroom mirror,” explains 
study co-author Dimitar Sasselov (CfA).

However, Earth’s water isn’t just on the surface. Studies have 
shown that Earth’s mantle holds several oceans’ worth of water 
that was dragged underground by plate tectonics and subduction 
of the ocean seafloor. Earth’s oceans would disappear due to this 
process, if it weren’t for water returning to the surface via volcanism 
(mainly at mid-ocean ridges). Earth maintains its oceans through 

this planet-wide recycling.
Schaefer used computer simulations to see if this recycling pro-

cess would take place on super-Earths, which are planets up to five 
times the mass, or 1.5 times the size, of Earth. She found that planets 
two to four times the mass of Earth are even better at establishing 
and maintaining oceans than our Earth. The oceans of super-Earths 
would persist for at least 10 billion years (unless boiled away by an 
evolving red giant star). 

MORE INFORMATION

This artist’s depiction shows a gas giant planet rising over the horizon of an alien water world. New 
research shows that oceans on super-Earths, once established, can last for billions of years. [David A. 
Aguilar (CfA)]

http://www.cfa.harvard.edu/news/2015-02
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Stars’ Spins Reveal Their Ages
Harvard-Smithsonian Center for Astrophysics

When you’re a kid every birthday is cause for celebration, but as you 
get older they become a little less exciting. You might not want to 
admit just how old you are. And you might notice yourself slowing 
down over the years. You’re not alone — the same is true of stars. 
They slow down as they age, and their ages are well-kept secrets. 
Astronomers are taking advantage of the first fact to tackle the sec-
ond and tease out stellar ages.

“Our goal is to construct a clock that can measure accurate and 
precise ages of stars from their spins. We’ve taken another signifi-
cant step forward in building that clock,” says Soren Meibom of the 
Harvard-Smithsonian Center for Astrophysics (CfA). The results mark 
the first extension of such observations to stars with ages beyond  
1 billion years, and toward the 4.6-billion-year age of the Sun.

Being able to tell the ages of stars is the basis for understanding 
how astronomical phenomena involving stars and their companions 
unfold over time.

Knowing a star’s age is particularly relevant to the search for signs 
of alien life outside our solar system. It has taken a long time for life 
on Earth to attain the complexity we find today. With an accurate 
stellar clock, astronomers can identify stars with planets that are as 
old as our Sun or older.

A star’s spin rate depends on its age because it slows down 
steadily with time, like a top spinning on a table. A star’s spin also 

depends on its mass; astronomers have found that larger, heavier 
stars tend to spin faster than smaller, lighter ones. This new work 
shows that there is a close mathematical relationship between mass, 
spin, and age so that by measuring the first two, scientists can calcu-
late the third.

“We have found that the relationship between mass, rotation rate 
and age is now defined well enough by observations that we can 
obtain the ages of individual stars to within 10 percent,” explains 
Sydney Barnes of the Leibniz Institute for Astrophysics in Germany.

MORE INFORMATION

It’s easier to tell the age of young stars because they rotate more quickly and have larger starspots. 
It’s harder to tell the age of older stars because they rotate more slowly and have smaller starspots. 
[David A. Aguilar (CfA) x2]

http://www.cfa.harvard.edu/news/2015-01
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Unprecedented Look into Superstar Eta Carinae
NASA / Goddard Space Flight Center

Eta Carinae, the most luminous and massive stellar system within 
10,000 light-years of Earth, is known for its surprising behavior, erupt-
ing twice in the 19th century for reasons scientists still don’t under-
stand. A long-term study led by astronomers at NASA’s Goddard Space 
Flight Center in Greenbelt, Maryland, used NASA satellites, ground-
based telescopes and theoretical modeling to produce the most com-
prehensive picture of Eta Carinae to date. New findings include HST 
images that show decade-old shells of ionized gas racing away from 
the largest star at a million miles an hour, and new 3-D models that 
reveal never-before-seen features of the stars’ interactions.

“We are coming to understand the present state and complex 
environment of this remarkable object, but we have a long way to 
go to explain Eta Carinae’s past eruptions or to predict its future 
behavior,” said Goddard astrophysicist Ted Gull, who coordinates a 
research group that has monitored the star for more than a decade.

Located about 7,500 light-years away in the southern constel-
lation of Carina, Eta Carinae comprises two massive stars whose 
eccentric orbits bring them unusually close every 5.5 years. Astron-
omers have established that the brighter, cooler primary star has 
about 90 times the mass of the Sun and outshines it by 5 million 
times. While the properties of its smaller, hotter companion are more 
contested, Gull and his colleagues think the star has about 30 solar 
masses and emits a million times the Sun’s light.

At closest approach, or periastron, the stars are 140 million 
miles (225 million kilometers) apart, or about the average distance 
between Mars and the Sun. Astronomers observe dramatic changes 
in the system during the months before and after periastron.

MORE INFORMATION

Eta Carinae’s great eruption in the 1840s created the billowing Homunculus Nebula, imaged here 
by the HST. Now about a light-year long, the expanding cloud contains enough material to make at 
least 10 copies of our Sun. Astronomers cannot yet explain what caused this eruption. [NASA, ESA, 
and the Hubble SM4 ERO Team]

http://tinyurl.com/np5ep9y
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HST’s High-Definition View of the Andromeda Galaxy
Space Telescope Science Institute

The largest NASA Hubble Space Telescope image ever assembled, 
this sweeping view of a portion of the Andromeda galaxy (M31) 
is the sharpest large composite image ever taken of our galactic 
neighbor. Though the galaxy is more than 2 million light-years away, 
the Hubble telescope is powerful enough to resolve individual stars 
in a 61,000-light-year-long section of the galaxy’s pancake-shaped 
disk. And, there are lots of stars in this sweeping view — more than 

100 million, with some of them in thousands of star clusters seen 
embedded in the disk. This ambitious photographic cartography of 
the Andromeda galaxy represents a new benchmark for precision 
studies of large spiral galaxies that dominate the universe’s popula-
tion of more than 100 billion galaxies. Never before have astrono-
mers been able to see individual stars over a major portion of an 
external spiral galaxy. 

MORE INFORMATION

The panorama is the product of the Panchromatic Hubble Andromeda Treasury (PHAT) program. This cropped view shows a 48,000-light-year-long stretch of the galaxy in its natural visible-light color. A zoom-
able version of this image is here. [NASA, ESA, J. Dalcanton, B.F. Williams, and L.C. Johnson (U of Washington), the PHAT team, and R. Gendler]

http://hubblesite.org/news/2015/02
http://hubblesite.org/newscenter/archive/releases/2015/02/image/a/format/zoom/
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Strange Galaxy Perplexes Astronomers 
National Radio Astronomy Observatory

With the help of citizen scientists, a team of astronomers has found an 
important new example of a very rare type of galaxy that may yield 
valuable insight on how galaxies developed in the early universe. The 
new discovery technique promises to give astronomers many more 
examples of this important and mysterious type of galaxy.

The galaxy they studied, named J1649+2635, nearly 800 million 
light-years from Earth, is a spiral galaxy, like our own Milky Way, but 
with prominent “jets” of subatomic particles propelled outward from 
its core at nearly the speed of light. The problem is that spiral galaxies 
are not supposed to have such large jets.

“The conventional wisdom is that such jets come only from ellip-
tical galaxies that formed through the merger of spirals. We don’t 
know how spirals can have these large jets,” said Minnie Mao, of the 
National Radio Astronomy Observatory (NRAO).

J1649+2635 is only the fourth jet-emitting spiral galaxy discovered 
so far. The first was found in 2003, when astronomers combined a 
radio-telescope image from the Karl G. Jansky Very Large Array (VLA) 
and a visible-light image of the same object from the Hubble Space 
Telescope. The second was revealed in 2011 by images from the Sloan 
Digital Sky Survey and the VLA, and the third, found earlier this year, 
was also discovered by combining radio and visible-light images.

“This is the first time that a galaxy was first identified as a spiral, 
then subsequently found to have large radio jets,” said Ryan Duffin, 

a University of Virginia undergraduate working as an NRAO sum-
mer student. Jets such as those seen coming from J1649+2635 are 
propelled by the gravitational energy of a supermassive black hole 
at the core of the galaxy.

MORE INFORMATION

Radio-optical overlay image of galaxy J1649+2635. Yellow is visible-light image; blue is the radio 
image, indicating the presence of jets. [Mao et al., NRAO/AUI/NSF, Sloan D]

http://tinyurl.com/k4y2jm2
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Scientists Build First Map of Hidden 
Universe 
W. M. Keck Observatory

A team led by astronomers from the Max Planck 
Institute for Astronomy has created the first three-
dimensional map of the ‘adolescent’ universe, just 3 
billion years after the Big Bang. This map, built from 
data collected from the W. M. Keck Observatory, is 
millions of light-years across and provides a tantaliz-
ing glimpse of large structures in the ‘cosmic web,’ 
the backbone of cosmic structure.

On the largest scales, matter in the universe is 
arranged in a vast network of filamentary structures 
known as the ‘cosmic web’, its tangled strands span-
ning hundreds of millions of light-years. Dark mat-
ter, which emits no light, forms the backbone of this 
web, which is also suffused with primordial hydro-
gen gas left over from the Big Bang. Galaxies like our 
own Milky Way are embedded inside this web, but fill only  
a tiny fraction of its volume. 

Now a team of astronomers led by Khee-Gan Lee, a post-doc 
at the Max Planck Institute for Astronomy, has created a map of 
hydrogen absorption revealing a three-dimensional section of the 
universe 11 billion light-years away — the first time the cosmic web 
has been mapped at such a vast distance. Since observing to such 

immense distances is also looking back in time, the map reveals the 
early stages of cosmic structure formation when the universe was 
only a quarter of its current age, during an era when the galaxies 
were undergoing a major ‘growth spurt.’

MORE INFORMATION

A 3-D map of the cosmic web at a distance of 10.8 billion light-years from Earth. The map was generated from imprints of 
hydrogen gas observed in the spectrum of 24 background galaxies, which are located behind the volume being mapped. The 
coloring represents the density of hydrogen gas tracing the cosmic web, with brighter colors representing higher density. 
[Casey Stark (UC Berkeley) and Khee-Gan Lee (MPIA)]

http://tinyurl.com/ltd2jhy
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ASP and IOP Publishing Form Partnership to  
Publish Journal
The Astronomical Society of the Pacific (ASP) and IOP Publishing 
(IOP) have announced a new partnership to publish the journal 
Publications of the Astronomical Society of the Pacific (PASP)

Established in 1889, PASP has a long and illustrious history in the 
field of astronomy, disseminating refereed research, invited reviews, 
and dissertation summaries. PASP’s primary focus is to provide a 
medium through which astronomy research at all wavelengths and 
distance scales can be communicated to a global community at all 
levels. The journal also publishes timely and informative articles on 
the latest innovations in astronomical instrumentation and software.

The new collaboration between the ASP and IOP will build on 
the reputation of PASP. It will enable both organizations to further 
their outreach mission by communicating astronomy research to a 
broader spectrum of the scientific community.

“We look forward to our partnership with IOP,” said Dr. Linda 
Shore, Executive Director of the ASP. “Astronomy has become an 
international enterprise increasingly involving researchers in every 
corner of the globe and IOP will help PASP support astronomers 
throughout the world.” 

Jeff Mangum, Editor-in-Chief of PASP said: “IOP has distinguished 
itself as the premier publisher in the physical science community. 
With this new collaboration, PASP will be able to broaden its  

exposure within the international astrophysical community through 
IOP’s partnerships in rapidly developing physics communities, such 
as those in Asia and South America.” 

Steven Hall, Managing Director of IOP said: “We are delighted to 
partner with the ASP on its journal. We look forward to bringing the 
benefits of IOPscience to PASP and to expanding its global audience 
still further.” Jamie Hutchins, Head of Publishing of IOP said: “PASP 
has a long and dignified history and we are pleased to welcome the 
ASP as a publishing partner. Our new partnership will ensure that 
the journal and the individual articles within it are disseminated 
to the widest possible audience. We will be adding additional sup-
port to the editorial operation of the journal and look forward to a 
smooth transition over the course of 2015.”

IOP Publishing provides publications through which leading-edge 
scientific research is distributed worldwide. Beyond our traditional 
journals programme, we make high-value scientific information easily 
accessible through an ever-evolving portfolio of books, community 
websites, magazines, conference proceedings and a multitude of 
electronic services. IOP Publishing is central to the Institute of Physics, 
a not-for-profit society. Any financial surplus earned by IOP Publishing 
goes to support science through the activities of the Institute.

PASP will be available on IOPscience from January 2016, and it 
will continue to be available to ASP members as well as institutional 
subscribers. 

News and information for Society members.

asp tidings

http://iopscience.iop.org
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Results of the ASP Bylaw Amendment Vote
The vote on the ASP bylaw amendment was completed on 
November 1, 2014. The amendment was approved by a vote of  
267 yes and 55 no — an 84% approval rate.

The new process to identify and elect ASP Directors contains a 
critical new element — the nomination of candidates by ASP mem-
bers. We will formally request your nominations in the spring. Please 
be thinking about potential nominees. We are looking for people 
with a deep love of astronomy who want to share that love with  
others — whether it be professionals, amateurs, educators, students, 
or the general public.

Nominees need to strongly support our mission of advancing 
both the science of astronomy and science literacy using astronomy. 
They also need to be willing to commit their personal time and 
efforts by becoming active Board members. 

We are looking for astronomy advocates from various back-
grounds including professional astronomers, college and secondary 
school teaching educational program development, public out-
reach, and science education, as well as those who have expertise in 
finance, business management, fundraising, social media, marketing 
communications, and applicable technologies.

This is an exciting time of growth with our new Executive Director, 
Linda Shore, leading the organization. Thanks for your continuing 
support of ASP!

Gordon Myers, ASP Board President 

asp tidings

NEW MEMBERS  —  The ASP welcomes new members who joined between  
          September 28 and December 31, 2014.

Individual
Suguru Araki, Richmond, CA
Ray Brown , Hayward, CA
G B Cornucopia, Nageezi, NM
Frank N. Bash , Austin, TX
Carolyn Brinkworth, Boulder, CO
Daniel Chafey, Sunnyvale, CA
John G. Erickson, Richmond, CA
Steven R. Federman, Ottawa Hills, OH
Joe Gianninoto, Tucson, AZ
Janet S. Howard, Germantown, TN
Deidre A. Hunter, Flagstaff, AZ
Chris D. Impey, Univ of Arizona, Tucson, AZ
Willie A. Lewis, Los Angeles, CA 
Alex Luddy, Hollister, CA
Chris McCluney, Larkspur, CA
Ron E. Parkison , San Jose, CA 
Angela Richman , Sitka, AK
Sharon L. Shepherd, Carpinteria, CA
Wil E. van der Veen , Edison, NJ 
Rick & Caron Whitacre, Saratoga, CA
Barbara A. Whitney, Madison, WI
John Wilson, Lilburn, GA
Gur Windmiller , La Mesa, CA
Rita Wustner, Walnut Creek, CA

Student
Ashley Vail, San Francisco, CA

Family
Mary C. Hughes , East Amherst, NY

Supporter’s Circle
Bruce MacEvoy, Sebastopol, CA

Technical
John M. Hill, Univ of Arizona Steward 
Observatory, Tucson, AZ
Marc Kamionkowski, Johns Hopkins 
University, Baltimore, MD
Gilbert C. Lubcke, Middleton, WI
John A. Malley, Bellevue, WA
Gregory A. Shields, Austin, TX

Institution
ACQ Dept
LMU Muenchen
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by Paul Deans

sky sights

The Skies of February
Since casual skywatchers are usually more interested in checking  
out the heavens at dusk rather than dawn, it’s always nice to 
have interesting planetary events visible after sunset. And for the 
next few months, the lead actor in the dusk sky is Venus. During 
February, this brilliant planet sets more than two hours after the 
Sun — it’s a bright point of light, low and slightly south of west,  
that becomes visible as darkness falls.

On the 20th, Venus is less than 2° to the left of the two-day-old 
Moon. If you look carefully just above Venus and slightly left of the 
Moon, you’ll spot a dim reddish star (binoculars will help). That’s 
Mars. From the 17th to the 25th, these two planets are less than 2° 
apart; closest approach is on the 21st when they’re separated by  
less than ½°.

In the evening, look for Jupiter rising in the east. It’s visited by the 
full Moon on the 3rd and is at opposition on the 6th (so it rises as the 
Sun sets and is visible all night). Saturn rises after midnight and is 
high in the south as dawn breaks. Look for the ringed planet to the 
lower left of the last quarter Moon at dawn on the 12th, and to the 
Moon’s right on the 13th. 

Finally, watch for Mercury popping up in the east-southeast 
before the Sun. On the morning of the 17th, this dim little world sits 
to the right of the thin waning crescent Moon.

The Skies of March
Have you ever seen Uranus? The best way to find it (in fact, the  
only way to find it if you observe from a city) is when it’s right  
next to something else that’s easy to see. (Those of you with go-to 
telescopes are excluded from this challenge, but a small telescope  
or decent pair of binoculars is required.) 

So on March 4th, about an hour after sunset (no earlier; you want 
darkness), head outside with your gear and find Venus. You can’t 
miss it, blazing away in the west. Uranus will be sitting less than 
½° below Venus (you may need to use averted vision to see it, par-
ticularly if you’re using binoculars rather than a telescope). If the 
weather prospects on the 4th are poor, try the 3rd (Uranus will be 
less than 1° above Venus) or even the 5th, when Uranus will sit 1½° 
below Venus. The three-day-old Moon is just to the left of Venus on 
the 22nd; the pair make a very scenic photo opportunity.

Meanwhile, Mars continues to hang above the Sun after sunset. 
If you can find them, Mars and Uranus are separated by less than ½° 
on the 11th and 12th. Mars hangs just to the right of the two-day-
old Moon on the 21st, but by then Uranus is long gone. Speaking 
of the Moon, the five-day-old crescent Moon sits within the Hyades 
star cluster on the 24th. 

Jupiter is now high in the east at sunset, and is nicely placed for 
viewing most of the night. This giant planet is to the left of the Moon 
on the 2nd and again on the 29th.
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Finally, Saturn rises after midnight and is less than 2° from the 
Moon during the morning of the 12th. Mercury is so low in the east 
just before sunrise that it’s impossible to see.

On the 20th there is a total eclipse of the Sun. Unfortunately, 
it’s over the North Atlantic; totality strikes land only on the Faroe 
Islands and Svalbard. A partial eclipse is visible from Europe, west-
ern Asia, northern Africa, and Newfoundland (the only place in 
North America 
that sees any of 
this eclipse).

Daylight 
Saving Time 
begins for most of 
North America on 
the 8th, and the 
Vernal Equinox 
occurs at 6:45 pm  
Eastern Time 
(3:45 pm Pacific 
Time) on Friday 
March 20th.

The Skies of April
It’s said that lunar eclipses are long, leisurely affairs. And that’s true, 
though on the morning of the 4th, if you go inside for a snack at the 
wrong time, you’ll miss totality because it lasts less than five minutes.

A total eclipse of the Moon is this month’s celestial highlight — 
but only if you live in western North and South America, Australia, 
and eastern Asia (including China and India).

Mid-eclipse occurs on April 4 at 12:00:14 Universal Time, which 
translates into 06:00 am Mountain, 05:00 Pacific, and 02:00 in Hawaii. 
Note that totality in Australia and eastern Asia occurs during the 
evening of the 4th.

Since our table of times is rounded, and because totality is so 
short, here are the actual totality times: hr:57:54 start, and hr:02:37 
end (where hr is the hour based on your time zone). Also be aware 
that for observers in the Central and Mountain Time zones, the 
Moon sets before the eclipse concludes. Here is a link to a one-page 
NASA PDF that provides a few more details, including a map show-
ing where the eclipse can be seen. 

It will be challenging to actually detect totality. The Earth’s dark 
umbra barely covers the northern limb of the Moon and encroaching 
twilight (for viewers in the Americas) will cause the sky to brighten 

sky sights

April 4, 2015 UT CDT MDT PDT HST
Penumbral eclipse starts 09:01 04:01 03:01 02:01 23:01

Partial eclipse starts 10:16 05:16 04:16 03:16 00:16

Total eclipse starts 11:58 06:58 05:58 04:58 01:58

Total eclipse ends 12:03 07:03 06:03 05:03 02:03

Partial eclipse ends 13:45 08:45 07:45 06:45 03:45

Penumbral eclipse ends 14:59 09:59 08:59 07:59 04:49

The Sun rises due east and sets due west on the equinoxes in 
March and September. At other times of year it comes up and goes 
down farther north or south. This illustration is drawn for mid-
Northern latitudes. [Sky & Telescope]

http://eclipse.gsfc.nasa.gov/SEplot/SEplot2001/SE2015Mar20T.GIF
http://eclipse.gsfc.nasa.gov/SEhelp/TimeZone.html
http://tinyurl.com/l6fnpt5
http://skyandtelescope.com
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even as the Moon is dimming. An observing site with a clear and low 
western horizon, away from city lights, is highly recommended.

Venus glows like a brilliant beacon in the west after sunset, set-
ting more than three hours later. On the 11th and 12th, look for 
Venus some 3° to the left of the Pleiades; it’s a fine binocular sight. 
(On the 11th, the Moon sits between the Pleiades and Hyades.) On 
the 21st, the crescent Moon and Venus make a lovely pair as they 
sink toward the horizon. 

Faint Mars continues to “hang on” just above the horizon after 
sunset. Toward the end of the month it’s joined by much brighter 
Mercury as it pulls away from the Sun. See if you can spot the pair 
on the 21st and 22nd very low in the west-northwest about 30 min-
utes after sunset. Binoculars are recommended.

 Jupiter shines high in the south after sunset and sets well after 
midnight. With the warmer April weather, it’s a perfect time to use 
your telescope to explore this giant planet. On the 25th and 26th the 
Moon passes below Jupiter.

Rising in the southeast in the late evening is Saturn. The Moon 
hangs above the ringed world as they rise after 11:00 pm on the 7th.

Spring Astronomy Day takes place on Saturday the 25th. Contact 
your local astronomy club or science center for more details. And 
don’t forget to celebrate International Dark Sky Week, April 13–18.

During the next couple of months, keep an eye on Jupiter and 
Venus. These two bright planets are drawing ever closer to each 
other in the sunset sky, culminating on June 30th when a mere ¼° 
will separate them. 

sky sights

Star Charts

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

— P.D.

http://darksky.org/int-l-dark-sky-week-main
http://www.astrosociety.org/products-page/special-order/the-miller-planisphere-most-of-the-continental-u-s-special-order-item/
http://astronomy-software-review.toptenreviews.com
http://www.skymaps.com/downloads.html
http://tinyurl.com/bqxn363
http://tinyurl.com/bqxn363
http://cstmuseum.techno-science.ca/en/education/3868.php
http://www.skyviewcafe.com/skyview.php
http://astroclub.tau.ac.il/skymaps/monthly
http://www.southernstars.com/products/skysafari
http://www.bisque.com/sc/
http://tinyurl.com/nfqol4l
http://tinyurl.com/pxtx7sd
mailto:editor%40astrosociety.org
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reflections
Jet Propulsion Laboratory

A New View of Europa

The puzzling, fascinating surface of Jupiter’s icy moon Europa looms large in this newly reprocessed color view, made from images 
taken by NASA’s Galileo spacecraft in the late 1990s. This is the color view of Europa from Galileo that shows the largest portion of the 
moon’s surface at the highest resolution. The view was previously released as a mosaic with lower resolution and strongly enhanced 

color. To create this new version, the images were assembled into a realistic color view of the surface that approximates how Europa would 
appear to the human eye. More information is available here. [NASA/JPL-Caltech/SETI Institute]

http://photojournal.jpl.nasa.gov/catalog/PIA19048
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