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Announcing ASP’s first fully-illustrated skywatching manual!
We are pleased and proud to announce the release of The Total 
Skywatcher’s Manual, a fully illustrated, family-friendly guide for 
astronomy enthusiasts of all ages and backgrounds. 

Written by ASP staff (Linda Shore, David Prosper, and Vivian White), 
this quintessential guide will help you choose the best telescope, 
identify constellations and objects in the night sky, search for 
extraterrestrial phenomena, plan star parties, capture beautiful 
space imagery, and much more. 

For more information and to order, visit:  
astrosociety.org/skywatchers

63 64
In the Andes, the Inca saw shapes in both the stars and the 
darkness. They believed that the dark patches inside the Milky 
Way were various animals drinking water from what they called 
the “sky river.” In their mythology, a mother llama—named 
Urcuchillay—walks through the sky river with her baby. The 
farther the mother llama walks, the darker and more sacred  
her fur becomes. Her eyes are the bright stars Rigel Kentaurus 
and Hadar (Alpha and Beta Centauri). The Inca also saw a fox, 
partridge, toad, and serpent in the Milky Way’s darkness.

SPOT A LLAMA IN  
THE INCAN MILKY WAY 

The indigenous of Australia have 
observed the sky for 40,000 years, 
making extremely careful observations 
of the night sky and passing them 
down through generations. They are 
experts in the southern hemisphere 
skies, where the Milky Way is very 
easy to see and utterly spectacular. In 
fact, skies are so clear that you can 
easily see dark clouds of gas and dust 
that obscure distant stars. 

Some aboriginal groups imagine the 
Milky Way as a river containing fish 
(bright stars) and water lily bulbs (dim 
stars). A legend from the Yirrkala 
community says the two dark patches 
of the Milky Way near Sagittarius 
(often called the Coalsack today) 
represent the bodies of brothers who 
drowned while fishing. To several 
other clans, the Coalsack is part of a 
much larger dark feature of the Milky 
Way that represents a gigantic  
emu in the sky. 

LEARN HOW THE 
ABORIGINALS SEE 
THE MILKY WAY 

http://astrosociety.org/skywatchers
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on the cover
Front: The Twin Jet Nebula, or PN M2-9, is a 
striking example of a bipolar planetary nebula. 
Measurements suggest the stellar outburst 
that formed the lobes occurred only 1,200 
years ago. Courtesy ESA/NASA/HST.

Back: Just 15 minutes after its closest approach 
to Pluto, NASA’s New Horizons spacecraft 
looked back toward the Sun and captured this 
near-sunset view of the rugged, icy mountains 
and flat ice plains extending to Pluto’s horizon. 
The smooth expanse of the icy plain (center 
right) is flanked to the west (left) by rugged 
mountains up to 11,000 feet high. To the far 
right, rougher terrain is cut by apparent 
glaciers. The backlighting highlights more 
than a dozen layers of haze in Pluto’s tenuous 
atmosphere. More views are here. Courtesy 
NASA/JHUAPL/SwRI.

http://www.spacetelescope.org/news/heic1518/
http://tinyurl.com/nukyw9m
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Until I did a little reading, I didn’t know that 
the Chinese had nothing to do with the inven-
tion of the technique known as Chinese Water 
Torture. The first description of this particular 
form of torture was by Hippolytus de Marsiliis, 
a 15th-century Italian lawyer. (No lawyer jokes, 
please.) Supposedly, after observing how drops 
of water falling one by one on a stone slowly 
created a hollow, he thought to apply this to 
the human body. Apparently varying the time 
between drops works best: drip, short pause, 
drip, long pause, drip...well, you get the idea.

I thought of this (yes, editors have strange 
minds) in late September when an amazing 
image (right) from New Horizons “trickled” in. 
It’s a high-resolution, enhanced-color, global 
portrait of Pluto, made from three images cap-
tured through the infrared, red, and blue filters 
of the Multispectral Visible Imaging Camera. 
And do note that it is enhanced color.

It’s going to take about a year to down-
load all the hi-res images of Pluto and Charon 
acquired by New Horizons when it flew past 
Pluto this past July. And that’s what reminded 
me of Chinese Water Torture — except that 

instead of drip, 
drip, drip, it’s  
wait, wait, wait...
followed by 
delight rather 
than pain as a  
few more photos 
are released.

To see a larger 
version of this 
image, and to read a little more about it, head 
over to the blog post by the Planetary Society’s 
Emily Lakdawalla. There you’ll find something 
truly amazing: a link to a 69MB, 8000-pixel-
square version of the image! The detail is stun-
ning — it really has a “you are there” feel to it. 
And if there are more scenes like this sitting in 
New Horizon’s memory banks, well...the slow, 
painful wait will be worth it.

Paul Deans
Editor, Mercury

[NASA/JHUAPL/SwRI]

http://astrosociety.org
mailto:pnelson%40astrosociety.org
http://tinyurl.com/olju3bt
mailto:%20editor%40astrosociety.org
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A crystal clear, pitch-dark, starry night is astonishing. The sight 
of thousands of stars, and the panorama of our own Milky 
Way galaxy arching across the sky, inspires philosophers, 

poets, lovers, and scientists. The night sky is also profoundly demo-
cratic. It is a science laboratory equally accessible to everyone on 
Earth interested in observing, studying, and exploring. The mis-
sion of the Astronomical Society of the Pacific is to help astronomy 
enthusiasts of all kinds engage with, and appreciate, the extraordi-
nary laboratory unfolding above their heads.

I am extremely proud to announce the publication of the ASP’s 
very first stargazing book in its 126-year history — The Total 
Skywatcher’s Manual: 275+ Skills and Tricks for Exploring Stars, Planets, 
and Beyond (Weldon Owen Press). Written by ASP staff (David 
Prosper, Vivian White, and me) and released in September 2015, this 
significant milestone represents our continued commitment to sup-
porting stargazers around the world. 

This book will help readers explore the skies of both the northern 
and southern hemispheres, something that is extremely impor-
tant to us. Too many stargazing books ignore the magnificence of 
the skies above countries such as Australia, Chile, Brazil, and South 
Africa. While the ASP has its origins in San Francisco and continues 

to thrive there, our work has always been more far-reaching. The ASP 
is an organization with international reach and The Total Skywatcher’s 
Manual will help everyone around the world explore the night sky. 

Readers will embark on an incredible journey through the uni-
verse. Within the pages of the book, they will find everything they 
need to know to explore stars, planets, comets, asteroids, nebulae, 

The Total Skywatcher’s Manual: Welcome To The Cosmic Laboratory 
Here is the ASP’s very first stargazing book in its 126-year history.

by Linda Shore

first word
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and galaxies. Our book 
begins by showing readers 
how to discover the uni-
verse with unaided eyes. 
Next we introduce binocu-
lars and telescopes — tools 
giving readers access to 
what their eyes alone can’t 
reveal. Finally, we discuss 
some advanced observa-
tional techniques readers 
can try, and we show them 
the tools modern astrono-
mers use in their research.

Our new book also 
provides astronomy enthu-

siasts with ways to actively engage with the starry heavens. Readers 
with a casual interest in the night sky can use the book’s innovative 
star charts to identify constellations and stars. Those interested in 
going deeper can use the book’s checklists and guides to buy their 
first telescope. Others might want to try their hand at cell phone 
astrophotography. More experienced amateur astronomers can use 
the book to get ideas for exciting new projects. No matter what their 
prior experience with astronomy, hobbyists of every kind will find 
this book to be a wonderful resource.

We hope you will buy a copy of The Total Skywatcher’s Manual for 
yourselves and purchase copies for your friends and families. If you 
love astronomy (and we know you do!) and enjoy sharing your pas-
sion with others, we can think of no better holiday gift. Get a signed 
edition through the ASP’s AstroShop (or buy it through Amazon). 

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

In 1615, exactly 400 years ago, the Jesuit astronomer and math-
ematician Giuseppe Biancani (1566–1624) wrote A Treatise on the 
Nature of Mathematics. His writings are of special interest here 

because of his connection with Galileo.
Biancani was a disciple of Christopher Clavius (see my column 

in Mercury, Spring 2009), and he had a famous pupil of his own: 

Giovanni Battista Riccioli. Both Clavius and Riccioli were opposed to 
the Copernican view of the cosmos espoused by Galileo, whereas 
Biancani’s position was more nuanced. He taught mathematics at 
the Jesuit College in Parma for his entire career, and it was there he 
wrote two important books.

In those days, pure mathematics (broadly divided into geometry  

Biancani’s Book
Four hundred years ago, endorsing Galileo’s ideas could cause serious problems for authors.

by Clifford J. Cunningham

annals of astronomy

https://www.astrosociety.org/products-page/asp-special/the-total-skywatchers-manual-signed-by-authors/
https://www.astrosociety.org/products-page/asp-special/the-total-skywatchers-manual-signed-by-authors/
mailto:lshore%40astrosociety.org
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and arithmetic) was dwarfed by mixed mathematics, which 
embraced all of mechanics, optics, pneumatics, and astronomy. 
Mixed mathematics included not only applications (applied math), 
but also whole disciplines that would now be classified as integral 
parts of physics or astronomy, such as celestial mechanics.

In speaking of applied mathematics in his 1615 book, Biancani 
looks first at astronomy, which “presents us with perfect demonstra-
tions...that show us wonderful truths.” The first of five examples he 
gives is solar and lunar eclipses. He says astronomers derived the 
explanation of eclipses by the use of “geometrical media, namely, 
circle, diameter, and diametric opposition, and that therefore how 
certain they are is obvious from the infallible prediction of eclipses.”

Biancani speaks of this and other astronomical knowledge in 
terms of sheer delight: 

How wonderful and gratifying are those pursuits of which even the 
sacred scriptures speak with awe? To scrutinize the height of the sky 
and the depths of the abyss with extreme daring? To teach us clearly 
the magnitude and distances of the Earth, the Moon, and the Sun with 
plainly divine acumen. 

Biancani was at a loss for words in mere sentences. In rapture over 
the “sheer truth, which is the end of all sciences” that mathematics 
offered, he launched into a four-line verse extolling astronomy:

Happy are the souls who first strived to cognize these
And to ascend to the upper realm.
Who took the distant stars to our eyes
And replaced theirs by ethereal ingenuity.

This treatise on mathematics was included as an appendix to a 
book (Aristotelis loca mathematica) about the writings of Aristotle 
that were (or could be) treated mathematically. It was only in the 
1990s that a scholar unearthed the fact that the Roman Catholic 
Church censored Biancani’s book, because it agreed with the  

writings of Galileo about a problem 
in physics regarding how objects 
float in water. “It does not seem to be 
either proper or useful for the books of 
our members to contain the ideas of 
Galileo,” wrote the censor, “especially 
when they are contrary to Aristotle.”

This leads to Biancani’s important 
book on astronomy, Sphaera mundi. It 
was completed in 1615, the same year 
his Aristotle book was printed. Due to 
his problems with the censors of his 
own Jesuit order, he had to tread on 
eggshells when writing about the idea 
that Earth moved around the Sun. He wrote the “opinion is false 
and must be rejected (even if supported by better proofs and argu-
ments).” What he seems to be saying is that Copernicus (and Galileo) 
are right, as their proofs are superior to those who believed the Earth 
was immovable, but he had to surround it with denials to get even 
this much published. After further battles with the censors, Sphaera 
mundi was published in 1620. 

The affair over Biancani’s first book had the unintended conse-
quence of hardening the Jesuit position against Galileo. Biancani had 
presented Galileo as an accredited interpreter of Aristotle, but that 
was too much for the Jesuits — the entire chapter of the book was 
expunged before publication. It led to a tightening of censorship that 
was one of the many elements creating a climate of repression that 
eventually resulted in Galileo’s trial and house arrest by the Church. 

CLIFFORD J. CUNNINGHAM has a PhD in History of Astronomy. His latest paper, on his discovery of 
who created the word ‘asteroid,’ was published this summer in the journal Studia Etymologica Cracoviensia.
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Life in the High-Redshift Universe
Could life have survived gamma-ray bursts in earlier epochs of the universe?

It’s a dangerous cosmos. Impacts from meteors and asteroids 
can wipe out entire species, as is suspected in the case of one of 
Earth’s mass extinctions 65 million years ago at the end of the 

Cretaceous period. This impact wiped out three-quarters of all plant 
and animal life on Earth, including the dinosaurs. But threats to life 
on Earth come from outside the solar system as well. In 2003, Adrian 
Melott and colleagues posited that a nearby gamma-ray burst (GRB) 
resulted in a mass extinction 440 million years ago near the end of 
the Ordovician period. This was the second largest extinction event 
in our planet’s history: hundreds of marine species, including the 
trilobites, disappeared. 

The death of a massive star in a supernovae explosion gives rise 
to a long GRB (or LGRB). A short GRB (or SGRB) is likely due to the 
merger of two neutron stars or a neutron star and a black hole. 
Either way, GRBs result from the evolution of massive stars. In the 
early universe, star formation rates are higher and consequently, 
there were more GRBs. Therefore, it has been speculated that life 
might not have survived at redshifts above z=0.5, or when the 
universe was younger than 9 billion years or so due to exposure to 
lethal doses of gamma-ray radiation. 

Astronomers Ye Li and Bing Zhang investigated the impact 
of GRBs on the habitability of galaxies as a function of redshift. 
Previous studies established a flux of 108 erg cm-2 for a lethal GRB. 

(For comparison, 
the total solar flux 
at the top of Earth’s 
atmosphere is just 
above 106 erg cm-2.) 
Li and Zhang note 
that GRBs follow star 
formation rates and 
use disk galaxies as 
their test galaxies.

In a given galaxy, 
the “danger zone” is 
proportional to the 
product of the peak 
intrinsic luminosity 
and the GRB duration 
divided by the lethal 
dose. The number of 
lethal events a planet 
is subject to depends on the size of the danger zone, the mass (i.e. 
number of stars) in the danger zone, the star formation rate and 
metallicity (which both depend on redshift), and the time interval. 

Applying this to the Milky Way, they find the number of lethal 

by Jennifer Birriel

astronomer’s notebook

These four galaxies, imaged by the HST, are normal spirals some 5 
to 7 billion light-years away. It is thought that they existed when 
the universe was about 6.5 billion years old and may well contain 
intelligent life. [Richard Griffiths (JHU)]

http://tinyurl.com/yalk5pl
http://arxiv.org/abs/astro-ph/0309415
http://arxiv.org/abs/astro-ph/0309415
http://tinyurl.com/nc9m5qg
http://apod.nasa.gov/apod/ap130408.html
http://arxiv.org/abs/1507.05966
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LGRBs are much more common than SGRBs. At Earth’s location, the 
number of lethal LGRB events is 0.93 every 500 Myr, consistent with 
the Ordovician mass extinction. Li and Zhang also find that as the 
distance from galactic center decreases, the number of lethel events 
is larger than one and increases to nearly three for regions close to 
galactic center. They conclude that regions near the galactic center 
are far less habitable. 

Using a combination of Sloan Digital Sky Survey data and Monte 
Carlo modeling, Li and Zhang were able to calculate lethal GRB rate 
for various galaxies at different redshifts. In general, the number of 
lethal GRB events for a planet increases with redshift. Li and Zhang 
define a benign galactic environment as one in which a single lethal 
GRB event occurs per 500 Myr; this is a conservative criterion for the 
existence of complex life in a galaxy. 

Li and Zhang find that 99% of galaxies in the local universe are 
habitable. Beyond a redshift of z=0.5, this number does drop. At  
z= 1.5, when the universe was younger than roughly 4.5 billion 
years, roughly 50% of galaxies are habitable. By z=3, when the uni-
verse was a mere 2 billion years old, roughly 10% of galaxies are still 
benign enough for life. If the GRB damage is less severe, as recent 
studies suggest, the fraction of benign or habitable galaxies is even 
higher at each epoch. So, advanced civilizations might have existed 
at the time of our solar system’s formation! 

JENNIFER BIRRIEL is Professor of Physics in the Department of Mathematics and Physics at 
Morehead State University in KY.

Crossing the Horizon 
New Horizons gave us a completely unexpected view of Pluto.

The day that New Horizons flew by Pluto, I was in a lecture 
hall full of scientists, staff, and members of the public, wait-
ing with bated breath for the telemetry lock. We all cheered 

(along with others around the globe) as the lock was achieved, and 
we received word that the spacecraft was fully functioning and had 
reported no issues during the flyby. Then the spacecraft went silent 
again — it couldn’t look at Pluto and point its transmitter to Earth 
at the same time. Its transmission was as brief as possible so it could 

get back to work, and we just had to be patient. 
New Horizons is the fastest spacecraft we’ve ever launched, zoom-

ing through space at 14,000 km/hr. This speed allowed it to reach 
Pluto, 7.5 billion kilometers away, in only nine years. But this also 
meant it was moving far too fast for the tiny world to capture the 
probe with its gravity. By the time we got that trajectory lock (13 
hours after closest approach), New Horizons was already 182,000 km 
away from Pluto.

by Emily Joseph

planetary perspectives

http://pluto.jhuapl.edu/
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Sending back the quantity of data taken by New Horizons in the 
few hours it was closest to the Pluto system will take the better part 
of a year — the data trickles in from the probe at only a few Mb/sec 
when it’s New Horizon’s turn on the Deep Space Network. 

The pictures we saw the next morning were nothing short of 
incredible, and they were just the beginning. Pluto’s terrain looks 
amazingly young — in some parts there are very few impact craters, 
meaning the surface has been in its current state for a (geologically) 
short period of time. Mountains of water ice tower over the plains. 

Charon, Pluto’s largest moon (or the other half of a double planet, 
depending on who you ask), was just as much of a surprise. When 
the first global picture of the satellite was posted, I honestly thought 
the slideshow was messed up — it looked like Mars! A canyon to 
rival Valles Marineris is carved through the center of its disk, and 
it even has a polar cap, albeit dark, rather than the bright white of 
Martian ice.

This was science at it’s most basic — everything was a discov-
ery. Mission team members speculated on the meaning of images 
they’d had for, at most, a few hours. Image “analysis” consisted 
mainly of sleep-deprived people crowding around a laptop saying, 
“What is THAT? Do you SEE that?” This excitement is what planetary 
scientists wait decades for — the first look at something no human 
has ever seen.

In the weeks after the flyby, the press corps dispersed and the 
scientists have (hopefully) caught up on some sleep. The data con-
tinues its slow drip down the Deep Space Network, and more delib-
erate analysis is underway. We can look forward to the first official 
publications from the science team in the coming months. 

New Horizons is not done, though. It reached the horizon we  
sent it to, but, as always, once you reach a horizon in space, there  
is another one in the distance. For this spacecraft, that is now  

2014 MU69, a tiny object a billion miles from Pluto (see page 42). In 
October, the spacecraft fired its rockets to alter its flight path, reori-
enting its trajectory to reach 2014 MU69 in January 2019. 

During the next year, we’ll learn more and more of what New 
Horizons observed in its brief encounter with the most distant world 
we have ever visited. And all the while, the little probe will continue 
to break its own records, speeding towards its next new horizon. 

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

This synthetic perspective view of Pluto, based on the latest high-resolution images downlinked from 
New Horizons, shows what you would see if you were approximately 1,100 miles (1,800 kilometers) 
above Pluto’s equatorial area, looking northeast toward the bright, icy plains informally called Sputnik 
Planum (the “heart” of Pluto). [NASA/JHUAPL/SwRI]
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Using NASA’s Kepler satellite, astronomers have found about 
1,000 planets around stars in the Milky Way, and they have 
also located about 3,000 other potential planets. Many of the 

stars have planetary systems with two to six planets, but the stars 
could very well have more planets than those observable with the 
Kepler satellite, which is best suited for finding large planets that 
orbit relatively close to their stars.

Planets that orbit close to their stars would be too scorching hot 
to have life, so to find out if such planetary systems might also have 
planets in the habitable zone with the potential for liquid water and 
life, a group of researchers from the Australian National University 
and the Niels Bohr Institute at the University of Copenhagen made 
calculations based on a new version of a 250-year-old method called 
the Titius-Bode law. 

The Titius-Bode law was formulated around 1770 and correctly 
calculated the position of Uranus before it was even discovered. The 
law states that there is a certain ratio between the orbital periods 
of planets in a solar system. So the ratio between the orbital period 
of the first and second planet is the same as the ratio between the 
second and the third planet and so on. Therefore, if you know how 
long it takes for some of the planets to orbit around the Sun/star, 
you can calculate how long it takes for the other planets to orbit and 
can thus calculate their position in the planetary system. You can 

also calculate if a planet is ‘missing’ in the sequence.
“We decided to use this method to calculate the potential plan-

etary positions in 151 planetary systems, where the Kepler satellite 
had found between 3 and 6 planets. In 124 of the planetary systems, 
the Titius-Bode law fit with the position of the planets as good as or 
better than our own solar system. Using T-B’s law we tried to pre-
dict where there could be more planets further out in the planetary 

Looking for Planets Using an Old Solar System “Law”
Can we find exoplanets in the habitable zone using the Titius-Bode law?

The illustration shows the habitable zone (HZ) for different types of stars. The distance to the habit-
able zone is dependent on how big and bright the star is. The green area is the HZ, where liquid water 
can exist on a planet’s surface. The red area is too hot for liquid water on the planetary surface; the 
blue area is too cold. [NASA/Kepler]

by Australian National 
University and Niels Bohr 

Institute in Copenhagen

strange new worlds
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systems. But we only made calculations for planets where there 
is a good chance that you can see them with the Kepler satellite,” 
explains Steffen Kjær Jacobsen, a PhD student in the Astrophysics 
and Planetary Science research group at the Niels Bohr Institute at 
the University of Copenhagen.

At first glance, in 27 of the 151 planetary systems, the planets 
that had been observed did not fit the T-B law. They then tried to 
place planets into the ‘pattern’ for where planets should be located. 
Then they added the planets that seemed to be missing between 
the already known planets and also added one extra planet in the 
system beyond the outermost known planet. In this way, they pre-
dicted a total of 228 planets in the 151 planetary systems.

“We then made a priority list with 77 planets in 40 planetary sys-
tems to focus on because they have a high probability of making a 

transit, so you can see them with Kepler. We have encouraged other 
researchers to look for these. If they are found, it is an indication that 
the theory stands up,” explains Jacobsen.

Out of the 151 planetary systems, they now made an additional 
check on 31 planetary systems where they had already found plan-
ets in the habitable zone or where only a single extra planet was 
needed to meet the requirements.

“In these 31 planetary systems that were close to the habitable 
zone, our calculations showed that there was an average of two 
planets in the habitable zone. According to the statistics and the 
indications we have, a good share of the planets in the habitable 
zone will be solid planets where there might be liquid water and 
where life could exist,” explains Jacobsen. 

Closest Quasar Powered By Two Black Holes, Not One
What other secrets lie hidden in Markarian 231?

What’s more awesome than a supermassive black hole with 
the mass of 150 million suns driving a gravity-powered 
engine that causes a mere pinpoint in a galactic core to 

outshine the glow of the galaxy’s entire population of billions of 
stars? How about two black holes? 

That’s what scientists using the Hubble Space Telescope have 
found in the closest known quasar to Earth, Markarian 231. The sur-
prise finding implies that quasars, long assumed to be generated by 

single supermassive black holes, more often than not may contain 
black-hole binaries. If the finding is confirmed, Mrk 231 may provide 
a unique laboratory to study the physics of supermassive black-
hole binaries. Mrk 231 also could be a target to detect gravitational 
radiation, ripples in the fabric of space-time, which would surely be 
churning as the two black holes slowly merge.

Being so close, relatively speaking (581 million light-years away), 
Mrk 231 has been studied countless times since it’s discovery in 

by Christopher Wanjek

armchair astrophysics
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1969. So, how have astronomers missed its binary nature? They 
weren’t on the right wavelength, so to speak.

“Mrk 231 is also an infrared quasar with star bursts in its central 
region,” said Youjun Lu of the National Astronomical Observatories 
of China, one of the co-authors of the article about the finding that 
appeared in August in The Astrophysical Journal. “This might be 
part of the reason that mislead people into not studying the black-
hole engine.”

Lu and colleague Xinyu Dai of the University of Oklahoma had a 
theory. They assumed that if most galaxies have a central supermas-
sive black hole (now an accepted fact), then a large percentage of 
quasars may very well have black-hole binaries as a result of gal-
axy mergers long ago. The signal of orbiting binaries, they figured, 
would be detectable in the ultraviolet wavelength.

This is because two black holes would have two accretion disks, 
a swirl of dust and gas funneling towards each black hole, attracted 
by crushing gravity. The in-falling matter heats to high temperatures, 
emitting UV light. That light, from our perspective, would appear 
brighter and dimmer in cycles as the black holes rotate around a 
central point in the galaxy.

Sure enough, that’s what Lu and Dai found. Their predicted spec-
trum perfectly matched a two-black-hole scenario in Mrk 231, as 
measured by Hubble’s Cosmic Origins Spectrograph. X-ray data from 
Mrk 231 supports this as well, Lu said.

“[I]t not only shows the existence of a close binary black hole in 
Mrk 231, but also paves a new way to systematically search binary 
black holes via the nature of their ultraviolet light emission,” Lu said.

The scientists estimate that the black holes are about 150 million 
and 4 million solar masses, respectively. They will merge in about 
100 million years. And while that sounds far off, they are already 
producing gravitational waves as their orbits shrink and their orbital 

periods shorten by about 40 seconds every orbit. Predicted by 
Einstein, gravitational waves have never been detected directly.

The gravitation waves in Mrk 231 would be in the nanohertz 
range, said Robbin “Tuck” Stebbin, chief of Gravitational Astrophysics 
Laboratory at NASA’s Goddard Space Flight Center. “Ground-based 
radio telescopes, such as the Parkes Pulsar Timing Array in Australia, 
could tune to this frequency, but the sensitivity at this point is still 
about 1,000 times too weak,” Stebbin said.

“This is a nearby merging supermassive black hole in the radia-
tive phase, one of a very few known to electromagnetic astronomy,” 
Stebbin added. “However, the parameters of this system and the 
sensitivity to the relevant detectors don’t work out.”

At least not for now. Stebbin said the detectors are rapidly improv-
ing, and Lu and Dai say they are determined to find more merging 
supermassive black holes. Here’s hoping. 

CHRISTOPHER WANJEK is a communications director at the National Institutes of Health. 

This illustration shows the binary black hole found in the center of Markarian 231. The black-hole duo 
generates tremendous amounts of energy that makes the core of the host galaxy outshine the glow of 
the galaxy’s population of billions of stars. [NASA/ESA/G. Bacon (STScI)]
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This August I had the opportunity to attend, and speak at, the 
Oregon Star Party, a gathering of amateur astronomers in the 
Ochoco Mountains approximately 45 miles east of Prineville, 

Oregon. The Oregon Star Party boasts some of the darkest skies in 
the country. This year did not disappoint, even with the smoke from 
distant fires. The Perseid meteor shower, and a rare mid-latitude dis-
play of the aurora borealis were the highlights of the five-day event.

Amateur astronomers are one of the most important resources 
for promoting science literacy by bringing astronomy to classrooms 
and public outreach events throughout the country. My talk focused 
on the importance of this outreach in dispelling misconceptions. 
During the talk I also referenced the shifts taking place in science 
education as a result of the Next Generation Science Standards. 
These shifts should influence how amateur astronomers approach 
their outreach to classrooms throughout the nation. 

The primary shift, as mentioned in previous Education Matters 
columns, involves moving away from learners studying a set of 
topics towards engaging in investigations to acquire evidence the 
learners use to reason about and explain phenomena. Classroom 
presentations by astronomers have typically involved conveying 
information with accompanying images of astronomical objects to 
illustrate the facts and figures presented. Astronomers who have 
participated in the ASP’s Project ASTRO program will usually include 

some sort of demonstration or activity in their lesson. In light of the 
instructional shifts, astronomers presenting in classrooms will have 
to make adjustments to their presentations.

Including images of solar system objects returned from dis-
tant robotic missions, or deep-sky objects from the Hubble Space 
Telescope, provide a bit of a conundrum for astronomers and learn-
ers alike. On one hand, the images can serve to inspire learners with 
their beauty. On the other hand, the question arises about what 
exactly are students learning from looking at the images? Educators 
need to ask the additional question, “In what instructional context 
are the images best used?” 

Astronomers also frequently set up their telescopes at family sci-
ence events where learners and their families have the opportunity 
to observe a variety of objects first hand. Again, we can ask the ques-
tion of what exactly students are learning from looking at objects 
through a telescope? How does a first-hand observation help sup-
port learners’ investigations of phenomena? 

If these types of events take place following classroom instruction 
where highly detailed images were presented, the learners may have 
unreasonable expectations of what they will see when they look into 
the eyepiece. Seeing only a fuzzy, gray smudge has the potential 
to leave first-time viewers wondering what all the fuss is about and 
never come back for a second look. 

Advancing Science Literacy at the Eyepiece
Astronomers presenting in classrooms will have to adjust their presentations due to the Next Generation Science Standards.

by Brian Kruse

education matters
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The astute astronomer is aware of the challenge many novices 
face peering through a piece of glass and into a tube, only to see 
a sprinkling of stars with perhaps a slight lightening of the back-
ground where a planetary nebula is located. These astronomers 
are able to lower the expectations of the visitors to their telescope, 
while explaining that what they are glimpsing is one part of the 
puzzle of understanding the universe. 

For many young learners (and adults), seeing a planet, galaxy, or 
nebula first-hand through a telescope is a transformative experience, 
inspiring them to seek out additional knowledge or perhaps take up 
astronomy as an avocation if not a vocation. However, is this enough 
to justify the time and effort of bringing telescopes to schools? The 
short answer is, “Yes!” However, a more thorough answer requires 
delving into the questions posed above, and finding a balance 

between the affective transforming experience and a more substan-
tive shift in understanding and cognition related to the experience.

The affective experience is a much-needed entry into the realm 
of science. However educators of every stripe, whether they are 
classroom teachers or knowledgeable amateur astronomers, need 
to prepare themselves to take the next step in facilitating the expe-
rience for learners of all ages to discover just a bit more about the 
incredible way science works.

The ASP, through its Project ASTRO program is continuing to explore 
the interaction between astronomers and learners in a variety of ven-
ues to support the advancement of science literacy. Future resources 
will help facilitate the shifts taking place in science education. 

BRIAN KRUSE manages the formal education programs at the ASP.

Making the Universe More Relevant to a College Student
My goal is to have students develop at least a moderate life-long interest in astronomy.

One of the continuing struggles in introductory astronomy 
classes is how to demonstrate to students the relevance of 
the science of astronomy in their day-to-day lives. The major-

ity of introductory astronomy students at the George Washington 
University eschew majors with significant math or science content, 
and certainly have no intention of pursing a career in any way con-
nected to astronomy. This is doubtless the case at other colleges/
universities as well. We hope that many of our students are intrinsi-

cally interested in astronomy, but we must also acknowledge that a 
significant portion of our audience has chosen the course primarily 
because it fulfills a general education requirement for graduation.

That said, one of my aspirational goals is for introductory astron-
omy students to come out of the course understanding and appreci-
ating the universe — and it is much easier to appreciate things that 
have personal relevance! 

So how can we make the universe more relevant to a college  

by Bethany Cobb

reaching out



VOL. 44 NO. 4
AUTUMN 2015 16

TABLE OF CONTENTS

student? Many college students nowadays are quite focused on their 
future careers. Therefore, at GW we’ve tried to incorporate some 
focus as to how astronomy and those future plans might be related.

When I’m introducing my students to the active-learning class-
room — where they will be required to work in groups and engage 
with the material during class time — I obviously discuss how the 
educational research supports this type of novel set-up from the 
point of view of increased learning for the students. However, I also 
point out that what we will be doing during class is developing the 
exact skills that employers are looking for. In surveys conducted by 
the Association Of American Colleges And Universities, for example, 
employers prioritized skills such as the ability to work in teams, to 
write and speak well, and to think clearly about complex problems. 

I also use an activity that we call our “Astronomy Article Discussion.” 
Dr. Carol O’Donnell, currently the director of the Smithsonian Science 
Education Center and who has been a long-serving adjunct profes-
sor at GW, originally developed this activity. Each week, students 
are given the opportunity to lead a short discussion with the other 
students at their table about any recent article related to astronomy 
— in exchange for some extra credit. Prior to class, the discussion 
leader has to prepare by finding the article, printing copies, writing a 
short summary, and developing a few discussion questions. During 
class, students read the piece and then have a brief conversation 
about the article. 

As part of this discussion, each table is challenged to describe the 
“career relevance” of the article. Specifically, they must determine 
how the article’s contents relate to the future careers of any (or all) of 
the table members. While sometimes it’s just not possible to figure 
out such a link, the students almost always can make some sort of 
creative connection. For example, imaging technology might relate 
to someone’s plans to work in the intelligence field, or students going 

into international relations might 
encounter issues with space policy.

I also try to increase relevance by 
including discussions of astronomy 
as depicted in any current popular 
fiction. Students encounter astron-
omy (and science) in TV shows, 
books, and movies in their day-to-
day lives, and I’d like to give them 
the tools to understand (and be 
able to critique) the science being 
portrayed (see page 32). There 
always seems to be at least one big 
science-fiction movie coincidence 
with my class: recently it was Gravity 
and Interstellar; this semester it’s The 
 Martian. Clips from older TV shows 
and movies are also useful, but students always seem particularly 
eager to examine the accuracies (and many, many inaccuracies) of 
the most current material, likely because their friends — who are 
probably not taking astronomy — are also interested in these films.  

While I might not be able to convince every student that astron-
omy can be relevant to their lives, I hope these types of approaches 
can help them connect more deeply with the material. In the end, 
I hope that most students walk away with at least a moderate life-
long interest in our science, so that they take the time to be aware of 
(and can understand) the big, new, exciting astronomical events and 
discoveries of the future. 

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.

[20th Century Fox] 
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Robert J. Lurtsema (1931-2000) was, for 30 years, a fixture on 
Boston public radio. I was excited to discover that he was on my 
first eclipse tour, to Baja, Mexico, in 1991. I had listened to his 

classical-music show for a long time, but I had never heard him say 
anything about astronomy. So I said, “Robert, I didn’t know you were 
interested in astronomy.” He replied, “I’m not.” So I asked, “Oh, then 
why’d you come on this trip?” And he said, “I’m interested in beauty.”

And that’s how, on my very first eclipse tour — even before the 
eclipse — I came to understand something fundamental. It was going 
to be very different from what I expected as an astronomer leading a 
tour group of what I thought were all astronomy enthusiasts.

What an Eclipse Is Really All About
For the public, the solar eclipse that crosses the US from coast to 
coast on August 21, 2017, is not about astronomy. That doesn’t 
mean we shouldn’t talk about astronomy, or that astronomers 
shouldn’t have anything to do with it. I’m just saying that for the 
public it’s not an astronomical event. It’s something bigger, some-
thing broader. It’s about nature. It’s about beauty. It’s about emotion.

That’s what it’s really about, and we have to not lose sight of that, 
or we will not communicate effectively with the public. We’ll talk 

about astronomy, science, 
math, and STEM education. 
All of that has its place, but 
that’s not the language we 
should use with the public. 
We need to hit people in the 
gut, so that they’ll appreci-
ate what they’re in for.

When I lead an eclipse 
tour, which I’ve done 11 
times so far, I usually find 
that half the participants 
have been to previous eclipses, but the other half have not yet expe-
rienced totality. The question they ask is, “What’s a total solar eclipse 
like?” And that’s a difficult question to answer. Here’s how I describe it:

• When you know you’re going to experience one, you feel alive 
with anticipation.

• Then there’s a slow build-up.
• Then it gets really exciting for a few minutes and gives an 

intense thrill to your entire being.
• Then, as soon as it’s over, you can’t wait to experience it again.

Words Matter:  
Talking with the Public About the 2017 Eclipse
For nonastronomers, the August 21st solar eclipse is not about astronomy.

The November 2013 eclipse sequence, from start (upper 
right) to finish (lower left). [Richard Tresch Fienberg] 

by Richard Tresch Fienberg

societal impact
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• And the only people who understand what you’ve experienced 
are those who’ve experienced it themselves.

I’ve found that when I use this description, people at least have a 
sense of why I’m so passionate about eclipses. They realize that it’s 
not strictly scientific — it’s much bigger, much more intense.

I also feel strongly that we’ve got to tell people to try to get them-
selves into the path of totality. Sure, the whole US will be touched by 
a partial eclipse, but we need to tell people to get to totality to avoid 
missing the main event.

Another thing. We’re looking ahead a couple of years. We know 
what we’re in for, and we know it’s a big deal. But for most people, 
their interest in anything new comes on suddenly and is very fleeting.

This graph (right) is from Google Trends. I entered ”solar eclipse,” 
and the resulting graph shows searches for solar eclipses over time. It 
reveals that while we need to be preparing for the eclipse — because 
you can’t make big outreach plans involving football stadiums and 
city parks at the last minute — I don’t think we need to worry about 
the public not paying attention yet. Most people are simply not 
going to pay attention to the eclipse until about August 10th, and 
then suddenly they’ll get really excited. We have to be patient.

Pet Peeves
As somebody who edited a magazine for 22 years, I have a lot of 
pet peeves about the way people use language. One of my eclipse-
related peeves is the misuse of the phrase “rare event.” Solar eclipses 
happen all the time. There are two to five of them every year. They’re 
only rare in a particular place, and even then you have to be careful. 

We have to stop using the phrase “once in a lifetime” in connec-
tion with solar eclipses. How can you say it’s a once-in-a-lifetime 
experience and then tally all the times you’ve been to totality? How 
can you say it’s a once-in-a-lifetime event when another total solar 

eclipse is going to cross the US in seven years?
Finally, and this is one of my most serious peeves, we need to stop 

saying that there’s going to be a total eclipse for some people and a 
partial eclipse for everybody else. There’s going to be a partial eclipse 
for everybody. That’s where the solar-filter safety message comes in. 
And that message gets confused if you say, “These people will have 
a total eclipse, and those people will have a partial.” The people who 
are going to see totality are going to wonder, “Why are you telling 
me about eye safety if you’ve just told me it’s okay to look directly at 
the total eclipse?”

I’m a professional astronomer turned professional communicator. 
To me, words and phrases matter. Precise use of language, especially 
when you’re communicating with people who don’t have the back-
ground and can’t fill in the blanks, is really important. 

But the main thing I think we need to get across to people about 
the 2017 eclipse is a phrase adapted from a famous tag line by a 
tennis-shoe company: “Just View It.” 

RICHARD TRESCH FIENBERG is the American Astronomical Society’s Press Officer and Director of 
Communications and is the former editor in chief of Sky & Telescope magazine. This column is adapted 
from his presentation at the TSE 2017 Planning Workshop III in Portland, Oregon, in August 2015.

This Google Trends graph shows searches for solar eclipses; the spikes indicate peak interest. It reveals 
there is no long lead time for interest in eclipses; interest peaks sharply around the time of the eclipse. 
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Centerline or Edge: Where to View  
a Total Solar Eclipse

The centerline or the edge of the path of totality? Both offer 
the same sights during an eclipse but for different durations.

By Tom Van Flandern and Fred Espenak

As long as you’re somewhere inside the path of totality, you’ll see the diamond ring, 
chromosphere, and corona. How long each is visible depends on whether you’re 
viewing from the centerline or near the edge of the path. [Richard Tresch Fienberg]
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Editor’s Note: In the January/February 1997 issue of Mercury, a 
point/counterpoint pair of columns was published under the head-
ing: “Where Is the Best Place to View a Solar Eclipse?” The points 
made by both authors — Fred Espenak and the late Tom Van 
Flandern — are as valid today as they were nearly 20 years ago. With 
the great American solar eclipse only two years away, and many 
people already planning their trip to totality, I thought readers 
might be interested in these opposing viewpoints. 

Point: Going to the Edge
Tom Van Flandern

Traditionally, eclipse observers have flocked to the very 
center of the eclipse path, where the Moon obscures the Sun 
for the longest time. Yet eclipses are much more spectacular 
when viewed from near the edge of the path.

A Little History
On January 24, 1925, the shadow of a total solar eclipse 
passed over New York City. Ernest Brown, an expert on lunar 
motion, planned on observing the eclipse from near the cen-
terline with the many other astronomers who did not wish to 
miss a single second of totality. Brown also put out an appeal 
to the residents of New York to climb to the roofs of their 
apartment buildings and report on whether the eclipse was 
total or not, so that he could determine the exact location 
of the path edge. Many who saw the eclipse from near the 
path edges, even those slightly outside the shadow of total-
ity, were thrilled by the experience. But another half-century 
would pass before astronomers realized that Brown had 

sacrificed the best view of the eclipse to those citizen volunteers.
For two centuries, astronomers have been able to predict the 

location of the narrow track across the surface of the Earth made 
roughly once a year by the Moon’s shadow. They have then trav-
eled into the path of the shadow, where they could observe a total 
eclipse. But until fairly recently, astronomers simply assumed that 
the best place to be was in the middle of the path. The eclipse is 
longest on the centerline of the path. The rare view of the Sun’s 
beautiful white outer atmosphere, the corona, which can be seen 
only during totality, is also longest there. So without much further 
thought, astronomers concluded that all interesting phenomena 
were best seen from the centerline.

In 2008 Terry Cuttle was looking for a site where he could image the eclipse over part of the Great Wall. It took plan-
ning to frame the eclipse to include the Wall, totality, the planets, and the sunlit mountains 25 miles away — well 
outside the path of totality. He was seven miles from the edge (a little less than 5% inside the path), but he still had 
50 seconds of totality — about 45% of the maximum on the centerline. [Terry Cuttle]

http://www.greatamericaneclipse.com/
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That remained the situation until the 1960s, when astrono-
mer David Dunham popularized observations of grazing occul-
tations of stars by the Moon — in effect, short eclipses of stars 
by the edge of the Moon. Grazes in general, and edge proxim-
ity in particular, proved to have advantages for observation and 
data collection. In March 1970, Dunham, Joan Bixby-Dunham, 
and I tested this idea on a solar eclipse for the first time.

What Will You See at the Edge?
For just a single example of how wrong the old notion was, 
consider the most colorful part of the Sun’s atmosphere — 
the chromosphere, the innermost part above the Sun’s visible 
disk. On the eclipse centerline, the chromosphere is visible 
for only a few seconds between the disappearance of the 
Sun’s visible disk and the moment when the chromosphere itself 
disappears behind the Moon. During those precious few seconds, 
astronomers have tried to take spectra of the chromosphere in order 
to learn its composition. So brief is the appearance that successful 
results are referred to as the flash spectrum.

How foolish those astronomers might have felt if they had realized 
they could have been watching from near either edge of the path. 
There, the disk of the Moon slides by the disk of the Sun for a pro-
longed period, and the chromosphere remains visible for 90 seconds 
or more (depending on the length of totality). Because of the chro-
mosphere’s rich redness, eclipse photos taken from near the path 
edges have more color in them than do photos from the centerline.

It is not just the view of the chromosphere that is prolonged near 
the path edges. The mysterious “shadow bands” are far more likely to 
be seen from sites near the edges, and they usually last two to five 
times longer than on the centerline. The diamond ring and Baily’s 
beads will usually last up to 10 times longer. Moreover, while just a 

few beads may form and stay in place for centerline viewers, edge 
viewers can see numerous beads form and dissolve constantly; 
they seem to travel along the limb as the two disks glide past one 
another. Finally, prominences — giant eruptions of gas from the 
Sun’s surface — can be seen for longer.

Closing Arguments
Here are a few final points to ponder. As one moves off the centerline 
by as much as 20% of the distance to the edge, the average duration 
of totality drops a mere 2%. The true duration of totality is governed 
by irregularities (mountains, craters, valleys) at the Moon’s limb, so 
the longest eclipse may occur almost anywhere within this central 
20% zone. Precise positioning on the centerline has no real value.

Usually, people who still view from the centerline do so for histori-
cal reasons, or because the relative merits of the choice have never 
been presented to them. They may not realize they may have missed 
the most spectacular view. Astronomers who in recent years have 

About 95% of the way from the centerline to the edge of the path of totality, a curve of chromosphere (the thin, 
red-colored layer of solar atmosphere located just above the Sun’s surface) and any accompanying prominences 
(red-colored arcs of hot gas hovering above the surface) will remain visible for much of totality. [Terry Cuttle]



VOL. 44 NO. 4
AUTUMN 2015 22

TABLE OF CONTENTS

gone both to the centerline and to the path edges seldom go back 
to the centerline. 

The best overall views of the eclipse and related phenomena are 
generally seen at 95% of the way to the edge of the path, where the 
duration of totality is one-third of the centerline duration.

Perhaps Guy Ottewell, veteran eclipse viewer and author of the 
annual Astronomical Calendar, captured it best: “In 1991 I found 
[viewing from the edge] to work dramatically well. I watched 

shadow bands unmistakably for the first time; the diamond ring was 
overpowering; and the red chromosphere, which I had never before 
glimpsed, lingered throughout totality.”

Counterpoint: Maxing Out the Experience 
Fred Espenak

Most eclipse viewers crave every second of totality they can get. For 
them, there is only one place to view an eclipse: at the centerline.

My First Totality
In 1970, while still in high school, I begged my parents for permis-
sion to drive the family car 600 miles into the path of totality. It was 
the first total eclipse of the Sun visible from the United States since 
1963, and I was convinced it was my chance of a lifetime to witness 
this rare astronomical event. I’d been an avid amateur astronomer 
for several years, so I was well versed on what to expect. But no  
photographs, and no amount of reading, could have prepared me 
for the first-person experience of witnessing totality.

The early stages of the partial phases proceeded at quite a lei-
surely pace. But as more and more of the Sun’s disk was hidden 
behind the Moon, I noticed that time and events seemed to acceler-
ate rapidly. Although the sky was crystal clear on that cold March 
day, the Sun’s diminishing brilliance bathed the landscape in a pale 
and most unnatural light. Suddenly the ground was alive in rippling 
bands of shadow and light. Above, the Sun’s image was a blazing, 
silver-white crescent that quickly zippered inward and broke into 
several dazzling beads while the corona flashed into view. 

As the last bead vanished, the world was plunged into eerie twi-
light darkness. Venus shone brightly and sunset colors surrounded 
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Away from the centerline, totality lasts for a declining length of time (smooth yellow line), but edge 
effects such as Baily’s beads and the chromosphere persist for longer (spiked blue line). The duration 
of edge effects is longest when viewers are about 95% of the way from the centerline to the edge 
of totality’s path. From that vantage point, the total eclipse lasts about 30% as long as it does at the 
centerline. [Tom Van Flandern]
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the entire horizon. High above me, the Moon’s disk looked like a black 
hole ripped from the firmament, as the full glory of the solar corona 
radiated beyond it. Delicate rays crowned the Sun’s poles while gos-
samer streamers stretched millions of miles and gradually faded into 
a cobalt blue sky. The corona was the most exquisite, most beautiful 
thing I had ever seen. I was completely overcome with a sense of  
awe at being a witness to this majestic clockwork of the universe.

It seemed like totality had only begun when a brilliant bead 
appeared along the opposite edge of the Moon and the corona 
quickly faded from view. Had three minutes passed already? How 
was this possible? But there was no mistake. Totality had begun and 

ended just as predicted. Only in my subjective recollections did the 
event last a mere 10 seconds. As the Moon’s shadow swept towards 
the horizon, my heart raced along with it; the hair on my neck stood 
on end. To say that the experience was staggering, awesome, elec-
trifying would be to risk gross understatement. Upon regaining my 
composure, I was of one mind: I must see another total solar eclipse!

To the Centerline
After more than a quarter of a century and 15 trips into the Moon’s 
shadow [as of 1997], I can honestly attest that each eclipse is as 
inspiring, and as brief, as the first. Of course, I’ve learned to see far 
more during those fleeting seconds of totality, even while operating 
a half-dozen cameras.

Although a camera 
can record a perma-
nent image of the 
corona, the dynamic 
range of the human 
eye is far greater than 
that of photographic 
emulsion. The eye can 
simultaneously see 
the brilliant, crimson 
prominences as well 
as the subtle, low-
contrast details in the 
faint outer corona. No 
single photograph 
can capture both. 
There is no substi-
tute for witnessing it 

The detail in the corona is stunning, especially when viewed with binoculars or a small telescope. But 
even on the centerline, the time available to view the ghostly gossamer strands of the solar atmo-
sphere is far too short. [Judy Anderson]

On the centerline, you see the same wonders of totality that you 
do at the edge (beads, diamond ring, corona, chromosphere, 
prominences), but the duration of visibility for those wonders is 
the difference. At the center of the path the corona is observable 
longer, but everything else is fleeting. [Paul Deans]
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firsthand. And that explains the single-mindedness of eclipse chas-
ers, who insist on traveling to the centerline of each eclipse because 
totality, and the views of the corona it affords, lasts longest from the 
center of the path.

Extended views of Baily’s beads, the chromosphere, and solar 
prominences can all be had near the edges of the eclipse path, 
but only at the expense of views of the corona, as the duration of 
totality drops precipitously near the shadow’s limits. Of course, not 
all eclipse experiments focus on the corona. Measurements made 
near the path limits permit the determination, for example, of the 
Sun’s diameter to high precision. This is important in investigations 
into the variability of the Sun’s energy output, which, in turn, could 

have significant 
consequences for 
our understanding of 
solar physics.

Nevertheless, most 
observers, both ama-
teur and professional, 
cluster near the cen-
terline. Fortunately, 
the duration of the 
eclipse varies little 
near the middle of the 
path, making it aca-
demic whether one 
is dead center or not. 
For example, halfway 
out from the center 
to the edge, one can 
still enjoy 87% of the 

maximum central duration. 
In contrast, to see the 

prolonged beading effects 
requires traveling to within 
several miles of the path edge, 
where the duration of total-
ity is one-quarter its central 
duration and dropping rapidly 
with distance. Small errors in 
geographic coordinates and 
uncertainties in the Moon’s 
position and profile could 
shorten totality even more. 
Unless you have good maps 
and a GPS receiver for accu-
rate positioning, you could 
even find yourself outside the 
path altogether.

For first-time eclipse 
observers — the so-called 
eclipse virgins — the choice is clear. Take no chances, head for the 
centerline, and prepare to witness one of nature’s most spectacular 
phenomena for as long as it is possible. Just don’t be surprised if 
totality seems to last only 10 seconds! 

TOM VAN FLANDERN was an astronomer at Meta Research in Washington, D.C. He worked at the US 
Naval Observatory for 21 years and became Chief of the Celestial Mechanics Branch of the Nautical 
Almanac Office (1978-83). He passed away in 2009.
In 1997, FRED ESPENAK was a NASA astronomer who published detailed predictions for each solar 
eclipse. He is now retired, but still chases totality (as of 2015 he has been to 26 solar eclipses). He can 
be found at MrEclipse.com; his solar and lunar eclipse predictions can be found at EclipseWise.com.

At the centerline, there is more time to appreciate the many 
aspects of a total eclipse, including the 360° sunset glow, the 
appearance of planets and bright stars, and the overall ambience 
of totality. [Nicholas Branson]

[Paul Deans]

http://www.mreclipse.com
http://EclipseWise.com
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Aiming High: Astronomy Undergraduate 
Education at 6,800 Feet

An immersion course on Kitt Peak for astronomy 
majors teaches more than just astronomy.

By Andreia Carrillo

Beneath the Milky Way, Kitt Peak’s unusually shaped McMath-Pierce 
solar telescope (to the right of the tower) is silhouetted by the glow of 
Tucson, Arizona. [Meghin E. Spencer] 
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How often can you attend a class at 6,800 feet, surrounded by 
26 telescopes? When I heard that “Astronomy 461: Ground-
Based Observatories” would be offered by the University of 

Michigan this year, I was so excited that I started recruiting some of 
my peers. Astro 461, taught by Professor Sally Oey, is a unique immer-
sion class held at Kitt Peak National Observatory (KPNO) in Arizona. 
It is designed to educate students about the scientific, technical, and 
political aspects of doing research with ground-based observatories. 

In this four-week class, students visit telescopes and regional 
observatories to learn about the instruments and their technical 
properties, supported by lectures from the professor, our Graduate 
Student Instructor Meghin Spencer, observatory staff, and guest 
speakers. Also studied is the sociopolitical significance of these 
scientific facilities, with field trips to other observatories, regional 
institutions, and museums to help us understand the local environ-
ment. Students also conduct research projects based on their own 
observations, data reduction, and interpretation. 

I really wanted to experience these activities for myself. There 
were nine others, mostly majors in Astronomy and Astrophysics, 
accepted into the Spring 2015 program. After meeting everyone, 
I couldn’t wait to spend a month working alongside this group of 
amazing and driven minds! 

Starting Out
Stepping out of the Tucson airport, we were greeted by cacti as far 
as the eye could see and by the intense sun overhead — so differ-
ent from Michigan. It seemed like a long drive from the airport to 
Kitt Peak, but eventually we glimpsed the Mayall 4-meter telescope 
dome. It looked like a little white speck on top of the mountain, 
but it turned out to be anything but little. It’s a colossal structure, 
18-stories high! After dropping off our baggage in the astronomers’ 

dormitory, we visited 
the 1.3-meter McGraw-
Hill and 2.4-meter 
Hiltner telescopes of the 
Michigan-Dartmouth-
MIT (MDM) Observatory, 
which we’d use for 
our projects. Back in 
Michigan, we have an 
excellent 0.4-meter tele-
scope, and I knew that 
we have bigger tele-
scopes at Kitt Peak and 
the Magellan Telescopes 
in Chile. But seeing the 
MDM telescopes myself 
for the first time was 
exceptional.

Our typical day 
started in the morning 
with a lecture, then a 
break for lunch prepared 
by classmates on an 
assigned rotation. It was 
a good bonding experi-
ence, and I also picked 
up a few easy recipes! 
In the afternoon session 
we toured the telescope 
facilities that were per-
tinent to the morning’s 

The Mayall telescope building; the 4-meter scope is housed 
in the dome atop the support structure. For scale, note the 
people and cars at the base of the building. [Paul Deans]
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discussions. I found this class structure extremely helpful, because 
we saw the direct application of what we had just learned. The ideas 
were still fresh in our minds, and we could ask relevant questions to 
the observatory staff showing us around. We even shadowed astron-
omers observing at the 4-meter telescope, and they graciously gave 
us tips on how to stay awake during observing: if you can, catch up 
on sleep while on the plane. And of course, we had the usual assign-
ments and quizzes — it was still a class, after all.

A Research Project of Our Own
Astro 461 truly lived up to its reputation as an immersion course by 
having the students carry out research projects from start to finish. 
Working in pairs, we created our own research topic and wrote a 
proposal based on its scientific significance and technical feasibility. 
We took our own data with the MDM telescopes and reduced them 
ourselves, after which we presented our findings in talks and posters 
on our last day of class. 

Katie Murray (my research partner) and I made a bubbly duo, but 
we knew when to get serious, especially before deadlines! Since 
there are so many topics to explore in astronomy, it was hard for 
us to choose. There’s also a lot to consider when writing a success-
ful observing proposal for your given instrumentation. After many 
hurdles during the brainstorming process, we finally settled on our 
research project: supernova remnants (SNRs), the remains of stellar 
explosions that occur when massive stars die. This process — stars 
exploding and expelling material into their surroundings — is the 
source of elements heavier than hydrogen and helium. These blasts 
can even compress interstellar gas to trigger star formation. Studying 
SNRs ultimately gets us closer to understanding the life cycle of stars. 

So for our project, we decided to observe the spectra of three 
SNRs to estimate the abundance of expelled elements and confirm 

their shockwaves. We also wanted to measure their expansion veloc-
ities, based on the differences between actual and observed wave-
lengths of emission features. Lastly, we wanted to image the SNRs 
to give us insight into the morphology and distribution of materials. 
Combined with other existing images in different wavelengths such 
as radio or x-ray, we would get a complete picture of how they have 
been expanding and affecting their surroundings. 

As a Time Allocation Committee, we reviewed all the proposals. We 
all critiqued and ranked them based on their importance, creativity, 

Standing in front of the WIYN’s 3.5-meter-diameter mirror, engineer Charles Corson explains the 
operation of the telescope. [Sally Oey/U. Michigan]
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and feasibility. It was one of my favorite activities, because not only 
was I able to read about the other groups’ ideas, but it also stimu-
lated me to think critically about them — even if they weren’t in my 
field of expertise. Professor Oey provided guidance on what to con-
sider when evaluating the proposals, and I’m happy with the feed-
back and suggestions we received for making our proposal more 
robust (e.g., aside from pretty pictures of SNRs, why else do we need 
six hours on the imager?). Our taste of the real world of astronomy 
research was just getting started, and I was already totally hooked.

Joy and Tears
In the days leading up to our observing run, we tried to prepare our 
biological clocks by staying up later every night. My preparation also 
involved a lot of coffee. Finally, the day (or I should say night) came 
to get our feet wet. It was my first time on an observing run, so I felt 
a lot of pressure! Katie and I took images of Kepler’s SNR in R-band 
(a red-light band). It was a bit underwhelming, because this filter 
passes a broad range of wavelengths. Thus, light from stars in the 
same field overwhelms the light from the SNR, which produces line 
emission only at specific wavelengths, particularly the Hα emission 
line (emitted as the expanding shell of material cools). 

The following night, I obtained images using an Hα narrow-band 
filter. Seeing them for the first time was like seeing my newborn child. 
There it was, that wispy concentration of an optically visible shell! 
Meanwhile, Katie, in the other dome, was finally able to get a spec-
trum of it, which was so dramatic that it brought her close to tears.

We used IRAF and DS9 software to reduce the data, and some 
teams even used additional software such as MATLAB and Python. 
To be honest, it was exhausting at times, especially after doing lot 
of work only to realize that I was going about it incorrectly. There 
were so many instances when I wanted to give up, because the 

best approach is not always clear. So I constantly needed to think of 
different ways to accomplish my goal. This is something I will never 
forget, and it will ultimately help me in my career as I go to graduate 
school and beyond.

By the end of class, we were ready with our research presenta-
tions. It was amazing how different our projects were, especially 
given that we thought of them ourselves. It was so unlike a typi-
cal “search on Google and summarize” paper. One team worked 
on Jupiter’s Galilean moons and measured their masses. Another 
imaged Saturn and looked at its chemical abundances. A third 
studied newly formed stars with circumstellar disks and compared 
them to their coun-
terparts on the main 
sequence. The last 
team observed merg-
ing and non-merging 
galaxies and studied 
their star formation. 
Everyone gave superb 
presentations, and we 
also displayed posters 
of our research to the 
KPNO staff. 

As scientists, it’s 
our duty to make sci-
ence accessible to the 
public. Nothing beats 
the simple sense of 
wonder conveyed in 
explanations such as, 
“This supernova  

Katie (right) and I present our findings in a poster session for the 
KPNO staff. [Andreia Carrillo]

http://hubblesite.org/newscenter/archive/releases/2004/29/image/n/
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remnant is expanding at 2,000 kilometers per second. That’s four 
and a half million miles per hour!” These incredible facts are what got 
me into astronomy in the first place, and it’s very fulfilling sharing 
the same experience with others.

Behind the Scenes
In addition to our research projects, Astro 461 revealed everything 
involved in ground-based astronomy, from doing science to main-
taining the facilities. Of course, we didn’t miss the opportunity to 
visit the telescopes on the mountain. We toured the 4-meter Mayall 
telescope, the 3.5-meter WIYN telescope, and numerous other 

facilities to see how their instruments, mounts, domes, and techni-
cal specifications differ — and how they ultimately achieve their 
science goals, based on the technology available when they were 
constructed. 

The older telescopes are upgraded as technology evolves. For 
example, some received dome vents to improve airflow, and some 
instruments that originally recorded data with photographic plates 
transitioned to using CCDs. We also had a special chance to visit the 
aluminization chamber during the realuminization of the MDM 2.4-
meter mirror. Tungsten filaments coated with aluminum are heated 
in a vacuum chamber, and in a flash, the aluminum evaporates and 
coats the mirror with a reflective surface! The coating is roughly one-

Engineer Patrick Dunlop (left) takes students into the Cassegrain cage at the 4-meter Mayall  
telescope. The black box mounted at the focus houses the KOSMOS multi-object spectrograph. [Sally 
Oey/U. Michigan]

The freshly recoated 2.4-meter Hiltner mirror of the Michigan-Dartmouth-MIT Observatory sits, ready 
to go, at Kitt Peak’s realuminization facility. [Sally Oey/U. Michigan]
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thousandth the thickness of a human hair and totals only one gram.
There are many important aspects to making everything run 

smoothly during an observatory’s daily operations. For example, we 
visited the water treatment facility on the mountain. Being in Arizona 
on a relatively inaccessible mountaintop, the KPNO staff have to be 
clever to maintain their water supply. The paved surfaces at the sum-
mit channel rain water to a large catchment basin, where the water 
is treated so it’s drinkable. Water conservation is taken very seriously 
here, because in years of drought, they have to transport water from 
somewhere else, making operations much more expensive.

At times we also visited Tucson, where the Steward Observatory 
Mirror Lab makes mirrors for next-generation telescopes. This 
advanced facility uses a rotating oven to naturally shape the melted 
borosilicate glass into a paraboloid. This allows them to make big 
mirrors with short focal ratios. Before this technology, people had 
to precisely grind and polish a huge chunk of solid glass, which isn’t 
practical for a 10-meter telescope! Another cool thing they do is 
make the mirrors lighter by molding them into a honeycomb struc-
ture. This reduces their weight by more than 50% while still giving 
them stability.

Meeting the people who make it all happen was one of the high-
lights of the class for me. We met so many engineers, scientists, and 
facility staff who showed us around and shared their expertise. We 
talked to people from the International Dark Sky Association and 
a County Supervisor to learn more about ordinances and efforts 
to keep Kitt Peak’s skies dark, even though it’s near Tucson and 
Phoenix. We met many others, including docents who give tours and 
keep the public up to date and interested in astronomy. 

But the event that stuck with me the most was our lunch with two 
Tohono O’odham Native Americans, Amy Juan and Capri Childs, who 
work in the Visitor Center at KPNO. It made me wish that every astron-

omer could talk with tribe members to hear their perspectives and 
vision for shared goals of the astronomy and Native communities. 

Kitt Peak is the Garden of I’itoi. It’s the second-most sacred moun-
tain on the Tohono O’odham Nation, after Baboquivari Peak (located 
south of Kitt Peak). So it’s understandable that Kitt Peak National 
Observatory was, and still is, a sensitive topic for some, and it is not 
without its share of controversy. That’s why dialog is important, and 
as clichéd as it sounds, more progress can be made when we work 
hand in hand. Dr. Katy Garmany, a KPNO astronomer, is working 
to bridge the gap — to offer more opportunities to the younger 

Our group in front of the concrete “donut” that is a double of the 4-meter Mayall mirror. We’re flanked 
by Professor Sally Oey (left) and Meghin Spencer (right). During telescope assembly, the donut acted 
as a surrogate for the real mirror as it has the same dimensions and weight. [Sally Oey and Meghin E. 
Spencer/U. Michigan]



VOL. 44 NO. 4
AUTUMN 2015 31

TABLE OF CONTENTS

O’odham generation to learn about astronomy and the role of Kitt 
Peak. Amy and Capri sang a beautiful song in their native language 
about the Garden of I’itoi, filling me with such an overwhelming 
combination of emotions that I could only let out tears. 

The Last Sunset
It felt like time passed so slowly, and then in a snap, it was over. This 
class went above and beyond my expectations. I came in thinking 
I’d have mainly a research experience and learn about taking my 
own data, but I came out with so much more. I think I changed as a 
person in less than a month. This class made me deeply appreciate 
everyone’s contributions and roles in the field. And my classmates 
also taught me the value of collaboration and the importance of  
taking constructive criticism. 

But what really stands out for me is how passionate and dedicated 
everyone was. We were a small group of 10, and it was really up to 
us to set the tone of the class. Having everyone live together on the 
mountain was a major factor in this learning process, as we saw each 
other studying, working on our projects, or reflecting on what we 
learned by writing blog posts. These reinforced the goals of the class 
even during our spare time and made us strive for the best — day 
after day (and night). 

It was, for me, starkly different from the other classes I’ve taken 
at university — not that I didn’t like them, but there was definitely 
some indifference on my part. I reached a point where I studied 
and submitted assignments just to pass and get good grades. But 
my month at Kitt Peak reminded me that I should, and could, study 
to appreciate and learn. I wanted to have a great research project, 
because I wanted to know what I am capable of, and actually accom-
plish it. There’s nothing more fulfilling than discovering something 
on your own. Everyone’s engagement in class showed how much 

they loved studying the material for its own sake — to explore 
what’s beyond our little world, Earth.

After our last, busy day, we walked around the mountain for the 
final time. That ultimate sunset was very nostalgic. To our right was 
the 4-meter telescope, the dome rotating as the observer obtained 
sky flats or perhaps focused on a guide star. Behind us was the WIYN 
telescope, whose unique silhouette I’ll always remember. Below was 
that snaking road we ascended, full of excitement and wonder and 
knowledge and passion, the day we arrived. Tomorrow we would 
descend the same road, armed with so much more than we arrived 
with. Beside me were the incredible people who inspired me to not 
give up when I wanted to. 

It was definitely one of the most beautiful sunsets I have ever seen. 

ANDREIA CARRILLO is a senior at University of Michigan majoring in Astronomy and Astrophysics 
and Interdisciplinary Physics. Along with her classes, research, and graduate school applications, she’s 
also busy with the school’s Student Astronomical Society, which educates the public about astronomy 
with outreach events, public telescope viewing, and planetarium shows.

Watching our last sunset near the Mayall telescope. [Meghin E. Spencer]
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Martian Dust Storms: Fact and Fiction
Mars is infamous for its dust storms, though it’s unlikely one could 
have stranded Mark Watney, The Martian’s fictional astronaut. 

By Kathryn Mersmann

The wide-angle cameras onboard Mars Global Surveyor captured these two views of Mars on June 10, 2001 (left) and July 31, 2001 (right). During the seven weeks between images, the entire planet (except the 
south polar cap) became shrouded in dust. Features visible in June include the Tharsis volcanic region (left), Valles Marineris chasms (right) and the late winter south polar cap (bottom), but most are hidden by 
dust and haze in the July image. [NASA/JPL/Malin Space Science Systems]
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For years, science fiction writers from Edgar Rice Burroughs to 
C. S. Lewis have imagined what it would be like for humans 
to walk on Mars. As mankind comes closer to taking its first 

steps on the Red Planet, authors’ depictions of the experience have 
become more realistic.

Andy Weir’s The Martian begins with a massive dust storm that 
strands fictional astronaut Mark Watney on Mars. In the scene, 
powerful wind rips an antenna out of a piece of equipment and 
destroys parts of the astronauts’ camp.

Mars is infamous for intense dust storms, which sometimes kick 
up enough dust to be seen by telescopes on Earth. “Every year 
there are some moderately big dust storms that pop up on Mars 
and they cover continent-sized areas and last for weeks at a time,” 
said Michael Smith, a planetary scientist at NASA’s Goddard Space 
Flight Center in Greenbelt, Maryland.

Beyond Mars’ large annual storms are massive storms that occur 
more rarely but are much larger and more intense. “Once every 
three Mars years (about 5½ Earth years), on average, normal storms 
grow into planet-encircling dust storms, and we usually call those 
‘global dust storms’ to distinguish them,” Smith said.

It is unlikely that even these dust storms could strand an astro-
naut on Mars, however. Even the wind in the largest dust storms 
likely could not tip or rip apart major mechanical equipment. The 
winds in the strongest Martian storms top out at about 60 miles 
per hour, less than half the speed of some hurricane-force winds 
on Earth.

Focusing on wind speed may be a little misleading, as well. 
The atmosphere on Mars is about one percent as dense as Earth’s 
atmosphere. That means to fly a kite on Mars, the wind would  
need to blow much faster than on Earth to get the kite in the air.

“The key difference between Earth and Mars is that Mars’ atmo-

spheric pressure is a lot less,” said William Farrell, a plasma physi-
cist who studies atmospheric breakdown in Mars dust storms at 
Goddard. “So things get blown, but it’s not with the same intensity.”

Challenges of Solar Power
Mars’ dust storms aren’t totally innocuous, however. Individual dust 
particles on Mars are very small and slightly electrostatic, so they 
stick to the surfaces they contact like Styrofoam packing peanuts.
“If you’ve seen pictures of Curiosity after driving, it’s just filthy,” Smith 
said. “The dust coats everything and it’s gritty; it gets into mechani-
cal things that move, like gears.”

The possibility of dust settling on and in machinery is a chal-
lenge for engineers designing equipment for Mars. This dust is an 
especially big problem for solar panels. Even dust devils of only a 

This artist’s concept illustrates a Martian dust storm, which might also crackle with electricity. [NASA]



VOL. 44 NO. 4
AUTUMN 2015 34

TABLE OF CONTENTS

few feet across — which are much smaller than traditional storms 
— can move enough dust to cover the equipment and decrease 
the amount of sunlight hitting the panels. Less sunlight means less 
energy created.

In The Martian, Watney spends part of every day sweeping dust 
off his solar panels to ensure maximum efficiency, which could 
represent a real challenge faced by future astronauts on Mars. Global 
storms can also present a secondary issue, throwing enough dust 
into the atmosphere to reduce sunlight reaching the surface of Mars.

When faced with a larger dust storm in the book, Watney’s first 
hint is the decreased efficiency of his solar panels, caused by a slight 
darkening of the atmosphere. That’s a pretty accurate depiction of 
what large dust storms can do, Smith said.

When global storms hit, surface equipment often has to wait  
until the dust settles, either to conserve battery or to protect more 
delicate hardware.

“We really worry about power with the rovers; it’s a big deal,” 
Smith said. “The Spirit and Opportunity rovers landed in 2004, so 
they’ve only had one global dust storm to go through (in 2007), and 
they basically shut down operations and went into survival mode for 
a few weeks.”

Stirring Up Dust
Large global dust storms put enough dust in the air to completely 
cover the planet and block out the Sun, but doing so ultimately 
dooms the storm itself. The radiative heat of sunlight reaching the 
surface of the planet is what drives these dust storms.

As sunlight hits the ground, it warms the air closest to the surface, 
leaving the upper air cooler. As in thunderstorms on Earth, the warm 

The deck of NASA’s Mars Exploration Rover Spirit is so dusty that the rover almost blends into the 
dusty background in this self-portrait taken in October 2007. Dust on the solar panels reduces the 
amount of electrical power the rover can generate from sunlight each sol. A self-portrait taken two 
years earlier offers a comparison view of cleaner solar panels. [NASA/JPL-Caltech/Cornell]

This image, taken in July 2005, shows several dust devils moving from right to left across a plain inside 
Mars’ Gusev Crater as seen by NASA’s rover Spirit. This is a frame grab from an animated GIF of the 
dust devils. While local in nature, dust devils occur frequently during certain times of the year in some 
regions of Mars. [NASA/JPL-Caltech/Texas A&M/Cornell]

http://photojournal.jpl.nasa.gov/catalog/PIA03272
http://photojournal.jpl.nasa.gov/catalog/PIA03272
http://photojournal.jpl.nasa.gov/catalog/PIA04157
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and cool air together become unstable, with warm air rising up and 
taking dust with it.

Rising plumes of warm air create everything from small dust devils, 
similar to those that form in deserts on Earth, to larger continent-
sized storms. These larger storms sometimes combine into the 
global storms, which cover the entire planet in atmospheric dust.

Larger storms typically only happen during summer in Mars’ 
southern hemisphere. Seasons on Mars are caused by the tilt of the 
planet, like on Earth. But Mars’ orbit is less circular than Earth’s; for 
part of a Martian year, the planet is closer to the Sun and therefore 
significantly hotter. This warmer time is during the southern hemi-
sphere’s summer, so radiative heat forces are strongest then. Once 
started, bigger storms can last weeks to months.

Scientists aren’t really sure why the years’ long gaps between 
storms exist. “It could be that it just takes a while for the sources to 
replenish themselves,” Smith said. “Maybe there’s some kind of cycle 
that the dust has to go through to get back into the right places to 
trigger a new one, or maybe it’s just kind of luck.”

Scientists have been tracking these global dust storms on Mars for 
more than a century, using both telescopes on Earth and spacecraft 
orbiting Mars. The storms have been observed a number of times 
since 1909, most recently in 2007. Now, more than eight years later, 
Smith is hopeful he’ll get the chance to study a major storm soon.

“We’re overdue for a global dust storm and it could be saving up a 
really big one this year, so that would kind of fun,” he said. “I like the 
dust storms.”  

KATHRYN (KATY) MERSMANN is a 2015 Summer Science Journalism and Multimedia Intern at 
NASA’s Goddard Spaceflight Center in Greenbelt, Maryland.

We previously released an image near the Ares 3 landing site from 
The Martian by Andy Weir. Andy then sent us the exact coordi-
nates, which we targeted, and this is it. A close up shows some 
wind-blown deposits inside eroded craters. We can’t see the Ares 
3 habitat because it arrives sometime in the future, so this is the 
“before” image. The dark areas appear bluish in HiRISE color but 
would appear grey to humans on the surface, or maybe a bit red-
dish when the air is dusty. 

Ares 3’s six-meter-diameter habitat would be just 20 pixels 
across at this scale, about 1/10th the diameter of the largest crater 
in the central cluster (right; 
click here for the original 
HiRISE image). If protago-
nist Mark Watney were 
laying flat on the surface, 
he would be six-pixels tall. 
[Written by Alfred McEwen 
and Andy Weir. Image credit 
(both): NASA/JPL-Caltech/
Univ. of Arizona.]

http://static.uahirise.org/images/2015/details/cut/ESP_040776_2115.jpg
http://photojournal.jpl.nasa.gov/figures/PIA19363_fig1.jpg
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How Rosetta’s Comet Got its Shape
European Space Agency

The origin of the comet’s double-lobed form has been a key ques-
tion since Rosetta first revealed its surprising shape in July 2014. Two 
leading ideas emerged: did two comets merge or did localized ero-
sion of a single object form the ‘neck’?

Now, scientists have an unambiguous answer to the conundrum. 
By using high-resolution images taken between August 6, 2014, 
and March 17, 2015, to study the layers of material seen all over the 
nucleus, they have shown that the shape arose from a low-speed 
collision between two fully fledged, separately formed comets.

“It is clear from the images that both lobes have an outer enve-
lope of material organized in distinct layers, and we think these 
extend for several hundred meters below the surface,” says Matteo 
Massironi, lead author from the University of Padova, Italy, and an 
associate scientist of the OSIRIS team. “You can imagine the layering 
a bit like an onion, except in this case we are considering two sepa-
rate onions of differing size that have grown independently before 
fusing together.”

To reach their conclusion, Matteo and his colleagues first used 
images to identify over 100 terraces seen on the surface of the 
comet, and parallel layers of material clearly seen in exposed cliff 
walls and pits. A 3-D shape model was then used to determine the 

directions in which they were sloping and to visualize how they 
extend into the subsurface. It soon became clear that the features 
were coherently oriented all around the comet’s lobes and in some 
places extended to a depth of about 650 meters. 

MORE INFORMATION

The twin lobes of comet 67P/Churyumov-Gerasimenko. [ESA/Rosetta/MPS for OSIRIS Team MPS/UPD/
LAM/IAA/SSO/INTA/UPM/DASP/IDA]

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

astronomy in the news
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At Saturn, One of These Rings is Not Like the Others 
NASA/Jet Propulsion Laboratory

When the Sun set on Saturn’s rings in August 2009, scientists on 
NASA’s Cassini mission were watching closely. It was the equinox 
— one of two times in the Saturnian year when the Sun illuminates 
the planet’s enormous ring system edge-on. The event provided 
an extraordinary opportunity for the orbiting Cassini spacecraft to 
observe short-lived changes in the rings that reveal details about 
their nature.

Like Earth, Saturn is tilted on its axis. During the course of its 
29-year-long orbit, the Sun’s rays move from north to south over 
the planet and its rings, and back again. The changing sunlight 
causes the temperature of the rings — which are made of trillions 
of icy particles — to vary from season to season. During equinox, 
which lasted only a few days, unusual shadows and wavy structures 
appeared and, as they sat in twilight for this brief period, the rings 
began to cool.

In a recent study published in the journal Icarus, a team of Cassini 
scientists reported that one section of the rings appears to have 
been running a slight fever during equinox. The higher-than-
expected temperature provided a unique window into the interior 
structure of ring particles not usually available to scientists.

“For the most part, we can’t learn much about what Saturn’s ring 
particles are like deeper than one millimeter below the surface. But 
the fact that one part of the rings didn’t cool as expected allowed 

us to model what they might be like on the inside,” said Ryuji 
Morishima of NASA’s Jet Propulsion Laboratory, Pasadena, California, 
who led the study.

For most of the giant expanse of Saturn’s rings, the models cor-
rectly predicted how the rings cooled as they fell into darkness. But 
one large section — the outermost of the large, main rings, called 
the A ring — was much warmer than the models predicted. 

MORE INFORMATION

The planet Saturn, viewed by NASA’s Cassini spacecraft during its 2009 equinox. To improve their 
visibility, the dark (right) half of the rings have been brightened relative to the brighter (left) half by 
a factor of three, and then the whole ring system has been brightened by a factor of 20 relative to the 
planet. Data on how the rings cooled during this time provide insights about the nature of the ring 
particles. [NASA/JPL/Space Science Institute]

astronomy in the news

http://tinyurl.com/p5svsnt
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Cassini Finds Global Ocean in Saturn’s Moon Enceladus 
NASA/JPL/ CICLOPS

A global ocean lies beneath the icy crust of Saturn’s geologically 
active moon Enceladus, according to new research using data from 
NASA’s Cassini mission. Researchers found the magnitude of the 
moon’s very slight wobble, as it orbits Saturn, can only be accounted 
for if its outer ice shell is not frozen solid to its interior, meaning a 
global ocean must be present. The finding implies the fine spray of 
water vapor, icy particles, and simple organic molecules Cassini has 
observed coming from fractures near the moon’s south pole is being 
fed by this vast liquid water reservoir.

Previous analysis of Cassini data suggested the presence of a 
lens-shaped body of water, or sea, underlying the moon’s south 
polar region. However, gravity data collected during the spacecraft’s 
several close passes over the south polar region lent support to the 
possibility the sea might be global. The new results — derived using 
an independent line of evidence based on Cassini’s images — con-
firm this to be the case.

Cassini scientists analyzed more than seven years’ worth of images 
of Enceladus taken by the spacecraft, which has been orbiting Saturn 
since mid-2004. They carefully mapped the positions of features on 
Enceladus — mostly craters — across hundreds of images, in order 
to measure changes in the moon’s rotation with extreme precision.

As a result, they found Enceladus has a tiny, but measurable wob-
ble as it orbits Saturn. Because the icy moon is not perfectly spheri-

cal — and because it goes slightly faster and slower during different 
portions of its orbit around Saturn — the giant planet subtly rocks 
Enceladus back and forth as it rotates.

The team plugged their measurement of the wobble, called a 
libration, into different models for how Enceladus might be arranged 
on the inside, including ones in which the moon was frozen from 
surface to core.

MORE INFORMATION

Illustration of the interior of Saturn’s moon Enceladus showing a global liquid water ocean between 
its rocky core and icy crust. Thickness of layers shown here is not to scale. [NASA/JPL-Caltech]

astronomy in the news

http://tinyurl.com/oac2lbp
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New Pluto Images from NASA’s New Horizons:  
It’s Complicated 
NASA/JHUAPL/SwRI

New close-up images of Pluto from NASA’s New Horizons spacecraft 
reveal a bewildering variety of surface features that have scientists 
reeling because of their range and complexity.

“Pluto is showing us a diversity of landforms and complexity of 
processes that rival anything we’ve seen in the solar system,” said 
New Horizons Principal Investigator Alan Stern, of the Southwest 
Research Institute (SwRI), Boulder, Colorado. “If an artist had painted 
this Pluto before our flyby, I probably would have called it over the 
top — but that’s what is actually there.”

“The surface of Pluto is every bit as complex as that of Mars,” said 
Jeff Moore, leader of the New Horizons Geology, Geophysics and 
Imaging (GGI) team at NASA’s Ames Research Center in Moffett Field, 
California. “The randomly jumbled mountains might be huge blocks 
of hard water ice floating within a vast, denser, softer deposit of fro-
zen nitrogen within the region informally named Sputnik Planum.” 

New images also show the most heavily cratered — and thus old-
est — terrain yet seen by New Horizons on Pluto next to the young-
est, most crater-free icy plains. There might even be a field of dark 
wind-blown dunes, among other possibilities.

MORE INFORMATION

In the center of this 300-mile- (470-kilometer-) wide image of Pluto from NASA’s New Horizons 
spacecraft is a large region of jumbled, broken terrain on the northwestern edge of the vast, icy plain 
informally called Sputnik Planum, to the right. The smallest visible features are 0.5 miles (0.8 km) in 
size. A wide-field image of Pluto that includes this area is on page 10. [NASA/Johns Hopkins University 
Applied Physics Laboratory/Southwest Research Institute]

http://tinyurl.com/p6oc77o
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New Horizons Team Selects Potential Kuiper Belt 
Flyby Target
Johns Hopkins University Applied Physics Laboratory

NASA has selected the potential next destination for the New 
Horizons mission to visit after its historic July 14 flyby of the Pluto 
system. The destination is a small Kuiper Belt Object (KBO) known as 
2014 MU69 that orbits nearly a billion miles beyond Pluto.

This remote KBO was one of two identified as potential destina-
tions and the one recommended to NASA by the New Horizons 
team. Although NASA has selected 2014 MU69 as the target, as 
part of its normal review process the agency will conduct a detailed 
assessment before officially approving the mission extension to con-
duct additional science.

Like all NASA missions that have finished their main objective but 
seek to do more exploration, the New Horizons team must write a 
proposal to the agency to fund a KBO mission. That proposal — due 
in 2016 — will be evaluated by an independent team of experts 
before NASA can decide about the go-ahead.

Early target selection was important; the team needs to direct 
New Horizons toward the object this year in order to perform any 
extended mission with healthy fuel margins. New Horizons will per-
form a series of four maneuvers in late October and early November 
to set its course toward 2014 MU69 — nicknamed “PT1” (for 
“Potential Target 1”) — which it expects to reach on January 1, 2019. 

“2014 MU69 is a great choice because it is just the kind of ancient 

KBO, formed where it orbits now, that the Decadal Survey desired us 
to fly by,” said New Horizons Principal Investigator Alan Stern, of the 
Southwest Research Institute (SwRI) in Boulder, Colorado. “Moreover, 
this KBO costs less fuel to reach [than other candidate targets], leav-
ing more fuel for the flyby, for ancillary science, and greater fuel 
reserves to protect against the unforeseen.”

Unlike asteroids, KBOs have been heated only slightly by the Sun, 
and are thought to represent a well-preserved, deep-freeze sample 
of what the outer solar system was like following its birth 4.6 billion 
years ago.

MORE INFORMATION

Path of NASA’s New Horizons spacecraft toward its next potential target, the Kuiper Belt object 2014 
MU69, nicknamed “PT1” by the New Horizons team. [NASA/JHUAPL/SwRI/Alex Parker]

http://tinyurl.com/oj6bdeq
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Gravitational Constant Appears Universally Constant
National Radio Astronomy Observatory

Gravity, one of the four fundamental forces of nature, appears  
reassuringly constant across the universe, according to a decades-
long study of a distant pulsar. This research helps to answer a long- 
standing question in cosmology: Is the force of gravity the same 
everywhere and at all times? The answer, so far, appears to be yes.

Astronomers using the National Science Foundation’s Green 
Bank Telescope (GBT) in West Virginia and its Arecibo Observatory 
in Puerto Rico conducted a 21-year study to precisely measure the 
steady “tick-tick-tick” of a pulsar known as PSR J1713+0747. This 
painstaking research produced the best constraint ever of the gravi-
tational constant measured outside of our solar system.

Pulsars are the rapidly spinning, superdense remains of massive 
stars that detonated as supernovas. Since they are phenomenally 
dense and massive, yet comparatively small — a mere 20–25 kilo-
meters across — some pulsars are able to maintain their rate of spin 
with a consistency that rivals the best atomic clocks on Earth. This 
makes pulsars exceptional cosmic laboratories to study the funda-
mental nature of space, time, and gravity.

This particular pulsar is approximately 3,750 light-years from 
Earth. It orbits a companion white dwarf star and is one of the 
brightest, most stable pulsars known. Previous studies show that it 
takes about 68 days for the pulsar to orbit its white dwarf compan-
ion, meaning they share an uncommonly wide orbit. This separation 

is essential for the study of gravity because the effect of gravitational 
radiation — the steady conversion of orbital velocity to gravitational 
waves as predicted by Einstein — is incredibly small and would have 
negligible impact on the orbit of the pulsar. 

The data taken throughout this experiment are consistent with an 
unchanging gravitational constant in a distant star system. Earlier 
related research in our own solar system, which was based on pre-
cise laser ranging studies of the Earth-Moon distance, found the 
same consistency over time.

MORE INFORMATION

A 21-year study of a pair of ancient stars, one a pulsar and the other a white dwarf, helps astronomers 
understand how gravity works across the cosmos. [B. Saxton (NRAO/AUI/NSF)]

http://tinyurl.com/q29dlll
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Counting Stars With Gaia
European Space Agency

As Gaia scans the sky to measure positions and velocities of a billion 
stars with unprecedented accuracy, for some stars it also determines 
their speed across the camera’s sensor. This information is used in 
real time by the attitude and orbit control system to ensure the sat-
ellite’s orientation is maintained with the desired precision.

These speed statistics are routinely sent to Earth, along with the 
science data, in the form of housekeeping data. They include the 
total number of stars, used in the attitude-control loop, that are 
detected every second in each of 
Gaia’s fields of view.

It is the latter — which is 
basically an indication of the 
density of stars across the sky — 
that was used to produce this 
uncommon visualization of the 
celestial sphere. Brighter regions 
indicate higher concentrations 
of stars, while darker regions 
correspond to patches of the sky 
where fewer stars are observed.

The plane of the Milky Way, 
where most of the galaxy’s stars 
reside, is the brightest portion of 

this image, running horizontally and especially bright at the center. 
Darker regions across this broad strip of stars, known as the galactic 
plane, correspond to dense, interstellar clouds of gas and dust that 
absorb starlight along the line of sight.

Interestingly, the majority of bright stars that are visible to the 
naked eye and that form the familiar constellations of the sky are not 
accounted for in this image because they are too bright to be used by 
Gaia’s control system. Similarly, the Andromeda galaxy — the largest 
galactic neighbor of the Milky Way — also does not stand out here.

MORE INFORMATION

This image, based on housekeeping data from ESA’s Gaia satellite, portrays the outline of our galaxy, the Milky Way, and of its neighboring Magellanic Clouds 
(visible to the lower right as two separate white patches). [ESA/Gaia-CC BY-SA 3.0 IGO]

http://sci.esa.int/gaia/56123-counting-stars-with-gaia/
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Astronomers Discover How Lowly Dwarf Galaxy 
Becomes Star-Forming Powerhouse
National Radio Astronomy Observatory

An international team of astronomers using the Atacama Large 
Millimeter/submillimeter Array (ALMA) has discovered an unex-
pected population of compact interstellar clouds hidden within 
the nearby dwarf irregular galaxy Wolf-Lundmark-Melotte, more 
commonly known as WLM. These clouds, which are nestled within 
a heavy blanket of interstellar material, help explain how dense star 
clusters are able to form in the tenuous environs of a galaxy thou-
sands of times smaller and far more diffuse than our own Milky Way.

“For many reasons, dwarf irregular galaxies like WLM are poorly 
equipped to form star clusters,” noted Monica Rubio, an astronomer 
with the University of Chile and lead author on a paper to appear in 
the scientific journal Nature. “These galaxies are fluffy with very low 
densities. They also lack the heavy elements that contribute to star 
formation. Such galaxies should only form dispersed stars rather 
than concentrated clusters, but that is clearly not the case.”

By studying this galaxy with ALMA, the astronomers were able to 
locate, for the first time, compact regions that appear able to emu-
late the nurturing environments found in larger galaxies.

These regions were discovered by pinpointing the almost imper-
ceptible and highly localized millimeter wavelength light emitted 
by carbon monoxide (CO) molecules, which are typically associated 
with star-forming interstellar clouds. 

“Molecules, and 
carbon monoxide 
in particular, play 
an important role in 
star formation,” said 
Rubio. “As gas clouds 
begin to collapse, 
temperatures and 
densities rise, push-
ing back against 
gravity. That’s where 
these molecules 
and dust particles 
come to the rescue 
by absorbing some 
of the heat through 
collisions and radiat-
ing it into space at 
infrared and submillimeter wavelengths.” This cooling effect enables 
gravity to continue the collapse until a star forms.

The reason the CO was initially so difficult to see, the researchers 
discovered, is that unlike in normal galaxies, the WLM clouds are 
very tiny compared to their overlying envelopes of molecular and 
atomic gas.

MORE INFORMATION

As seen in relation to an optical image of the galaxy taken with the 
Blanco 4-meter telescope, an overlaying blanket of hydrogen gas 
(red, in the box at upper left), imaged with NRAO’s VLA telescope, 
provides the pressure necessary to concentrate molecules of 
carbon monoxide (yellow) as seen with ALMA. [B. Saxton (NRAO/
AUI/NSF); M. Rubio et al., Universidad de Chile, ALMA (NRAO/ESO/
NAOJ); D. Hunter & A. Schruba, VLA (NRAO/AUI/NSF); P. Massey/
Lowell Observatory; K. Olsen (NOAO/AURA/NSF)]

https://public.nrao.edu/news/pressreleases/wlm-star-cluster
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Dark Energy Survey Finds More Celestial Neighbors
Fermilab

Scientists on the Dark Energy Survey (DES), using one of the 
world’s most powerful digital cameras, have discovered eight more 
faint celestial objects hovering near our Milky Way galaxy. Signs 
indicate that they, like the objects found by the same team earlier 
this year, are likely dwarf satellite galaxies, the smallest and closest 
known form of galaxies.

Satellite galaxies are small celestial objects that orbit larger galax-
ies, such as our own Milky Way. Dwarf galaxies can be found with 
fewer than 1,000 stars, in contrast to the Milky Way, an average-size 
galaxy containing billions of stars. Scientists have predicted that 
larger galaxies are built from smaller galaxies, which are thought to 
be especially rich in dark matter, the substance that makes up about 
25 percent of the total matter and energy in the universe. Dwarf sat-
ellite galaxies, therefore, are considered key to understanding dark 
matter and the process by which larger galaxies form.

The main goal of the DES, as its name suggests, is to better under-
stand the nature of dark energy, the mysterious stuff that makes 
up about 70% of the matter and energy in the universe. Scientists 
believe that dark energy is the key to understanding why the expan-
sion of the universe is speeding up. To carry out its dark energy mis-
sion, DES takes snapshots of hundreds of millions of distant galaxies. 
However, some of the DES images also contain stars in dwarf galax-
ies much closer to the Milky Way. The same data can therefore be 

used to probe 
both dark 
energy, which 
scientists 
think is driv-
ing galaxies 
apart, and dark 
matter, which 
is thought to 
hold galaxies 
together.

Scientists 
can only see 
the faintest 
dwarf galaxies 
when they are 
nearby, and 
had previously only found a few of them. If these new discoveries 
are representative of the entire sky, there could be many more galax-
ies hiding in our cosmic neighborhood.

“DES is finding galaxies so faint that they would have been very 
difficult to recognize in previous surveys,” said Keith Bechtol of the 
University of Wisconsin-Madison. “The discovery...could mean there 
are more to find around the Milky Way.”

MORE INFORMATION

The Dark Energy Survey has now mapped one-eighth of the full sky (red 
shaded region) using the Dark Energy Camera on the Blanco telescope at 
the Cerro Tololo Inter-American Observatory in Chile (foreground). This 
map has led to the discovery of 17 dwarf galaxy candidates in the past six 
months (red dots). [Dark Energy Survey Collaboration]

http://tinyurl.com/p8hhm6z
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Charting the Slow Death of the Universe
European Southern Observatory

An international team of astronomers studying more than 200,000 
galaxies has measured the energy generated within a large portion 
of space more precisely than ever before. This represents the most 
comprehensive assessment of the energy output of the nearby 
universe. They confirm that the energy produced in a section of the 
universe today is only about half what it was two billion years ago 
and find that this fading is occurring across all wavelengths from 
the ultraviolet to the far infrared. The universe is slowly dying. The 
research is part of the Galaxy And Mass Assembly (GAMA) project, 
the largest multi-wavelength survey ever put together.

“We used as many space and ground-based telescopes as we 
could get our hands on to measure the energy output of over 
200,000 galaxies across as broad a wavelength range as possible,” 
says Simon Driver (ICRAR, The University of Western Australia), who 
heads the large GAMA team.

The survey data includes measurements of the energy output of 
each galaxy at 21 wavelengths, from the ultraviolet to the far infra-
red. This data set will help scientists to better understand how differ-
ent types of galaxies form and evolve.

All the energy in the universe was created in the Big Bang, with 
some portion locked up as mass. Stars shine by converting mass 
back into energy, as described by Einstein’s famous equation E=mc2. 
The GAMA study sets out to map and model all of the energy gener-

ated within a 
large volume 
of space 
today and 
at different 
times in the 
past.

The fact 
that the 
universe is 
slowly fad-
ing has been 
known since 
the late 
1990s, but 
this work 
shows that it is happening across all wavelengths from the ultra-
violet to the infrared, representing the most comprehensive assess-
ment of the energy output of the nearby universe.

“The universe will decline from here on in, sliding gently into old 
age. The universe has basically sat down on the sofa, pulled up a 
blanket and is about to nod off for an eternal doze,” concludes Driver.

MORE INFORMATION

This composite picture shows how a typical galaxy appears at different 
wavelengths in the GAMA survey. The [survey] results confirm that the energy 
produced in a section of the universe today is only about half what it was two 
billion years ago and find that this fading is occurring across all wavelengths. 
[ICRAR/GAMA and ESO]

http://www.eso.org/public/news/eso1533/
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ASP Resources for the Higher Education Audience:  
Astro 101 Slide Sets
This series of slide sets — available as PDF pages or a PowerPoint 
presentation — is meant to bring recent NASA discoveries to the 
college-level, non-major introductory astronomy classroom. The 
Astro 101 Slide Sets compile short, topical presentations on new 
developments from NASA SMD Astrophysics missions relevant to 
Astronomy 101 topics. 

The Astro 101 Slide Sets are a collaborative effort between mem-
bers of the NASA Astrophysics education and public outreach com-
munity and the NASA Astrophysics Science Education and Public 
Outreach Forum. They are available on the ASP’s Higher Education 
Resources webpage.

Planning for America’s 2017 Solar Eclipse
August 21, 2017, might seem a long way off, but for the astro-
nomically astute the clock is ticking, and there’s no time to waste. 
Between now and then we need to figure out how to ensure a 
good experience for the estimated 500 million people across North 
America who will stand in the Moon’s shadow that day. Most will see 
only a partial solar eclipse, but tens of millions within a 65-mile-wide 
track from Oregon to South Carolina will — weather permitting — 
witness one of Nature’s grandest spectacles.

Advance planning for the 2017 solar eclipse was exactly what 

nearly 50 solar physicists, 
science educators, and 
eclipse aficionados spent a 
weekend in August doing 
at the Oregon Museum of 
Science and Industry in 
Portland. They huddled for a 
two-day workshop to share 
ideas about meeting the 
many challenges posed by 
this landmark event — the 
first total solar eclipse to 
touch the continental US 
since 1979 and the first to 
cross from coast to coast 
since 1918. How do we get 
the word out to everyone? 
How do we promote eye 
safety without scaring people? What opportunities exist to involve 
students in meaningful citizen-science efforts?

At Sky & Telescope’s invitation, Richard Tresch Fienberg wrote 
a blog post about the Portland workshop. It’s entitled “Planning 
Intensifies for America’s 2017 Solar Eclipse” and is online here. 
Fienberg also penned the Societal Impact column on page 17.

News and information for Society members.

asp tidings

The path of 2017’s total solar eclipse passes directly 
across the continental US and offers up to 2.7 min-
utes of totality. Blue lines parallel to the dark track 
indicate the degree of partial eclipse to be seen 
elsewhere in the Americas. Red lines show Univer-
sal Times. [S&T diagram/source: Fred Espenak]

http://tinyurl.com/ord4us3
http://tinyurl.com/ord4us3
http://tinyurl.com/pxw3ate
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IAU General Assembly Newspapers Now Online
One of the largest astronomy meetings ever held, the IAU XXIX 
General Assembly came to a close on August 14, 2015, after two 
intense weeks of conferencing and frontline astronomy in Honolulu, 
Hawai‘i. If you didn’t attend — or you did but could only participate 
in a handful of the six symposia, 22 multi-session focus meetings, 
nine IAU Division meetings, and dozens of IAU Commission meetings 
— then you can catch up on what you missed with the conference 
daily newspaper, 
which has now 
been uploaded 
online in a full 248 
page PDF file. If 
that’s too much, 
you can (at least for 
a while) download 
each issue from the 
General Assembly 
website.

The XXIX General 
Assembly news-
paper is titled Kai‘aleleiaka (“kah-EE ah lay-lay-ee AH-kah”), which 
means “the Milky Way” in Hawaiian. In addition to the 10 issues pub-
lished during the General Assembly, an 11th issue features articles 
and images from the closing ceremony. (BTW Leslie Proudfit, the ASP’s 
Senior Designer/Webmaster, was the Design Director for Kai‘aleleiaka.) 

asp tidings

NEW MEMBERS  —  The ASP thanks all those who recently renewed their membership, and 
welcomes new members who joined between July 1 and September 15, 2015.

Individual
Cyrille Betant, Hayward, CA
Robert Branch, Upland, CA
Alysia Caryl, Hillsborough, CA
Zac Fisher, San Francisco, CA
Eva Furmanska, San Francisco, CA
Steven Goldammer, San Jose, CA
Ronnie Gomez, Lafayette, CA
Winifred Harrison-Petersen, San Francisco, CA
Dr. Lu Yu, Huzhou, China, 
Gregory Ricketts, Concord, CA 
Alma Rico, Fremont, CA

Joe Salinas, Jr., Helotes, TX
Ethan Scardina, San Carlos, CA
Mikhail Zaritski, Valrico, FL

Technical
Dr. Donovan Domingue, Gray, CA
Prof. Emily Howard, Davie, FL
William Vinton, Waterford, VT
Dr. Ken Weakley, Bloomington, IN

Student
Paul Tumlin, Oviedo, FL

Order your calendar today!  
$13.95 – $29.95

Start Planning for Next Year!

2016 Astronomy Calendars

ASP Members:  

enjoy your  

10% members  

discount! AstroShop
www.astrosociety.org

http://tinyurl.com/nezbn9f
http://tinyurl.com/nezbn9f
http://astronomy2015.org/newspaper
http://astrosociety.org/astroshop
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by Paul Deans

sky sights

The Skies of November
All the planetary action is in the dawn sky this month. The only eve-
ning planet is Saturn, but as the month opens, it’s already very low 
in the southwest after sunset and rapidly disappears into the glow of 
dusk. You might have a slight chance of spotting this ringed world on 
the 13th, when it’s to the far lower right of the thin crescent Moon —  
but then it’s gone. It’ll reappear in the east at dawn in mid-December.

Dawn is where you’ll find Venus, Mars, and Jupiter this month. 
Venus is the most obvious, a brilliant beacon rising four hours before 
the Sun on the 1st, and three hours prior to sunrise by month’s end. 
Jupiter is not quite as bright and is pulling away from the Sun and 
Venus. It rises with Venus at the start of the month, but by month’s 
end, it’s rising around midnight. Mars is the dimmest of the three, 
and you may need help finding it — it’ll likely be hard to spot with-
out optical aid. From the 1st to the 4th, Mars is a mere 1° to the left 
of Venus. It should be easy to spot in binoculars, and both should be 
in the same field of view of a small telescope under low power. 

On the 6th, the waning crescent Moon is to the lower right of 
bright Jupiter. The next morning, a slightly thinner crescent is to the 
lower right of Venus, while Mars is less than 3° above Venus. 

During the month, watch Jupiter and Venus separate. On the 1st, 
they’re about 5° apart; by month’s end they’re separated by nearly 35°.

And what of tiny Mercury? It’s lost in the solar glare this month.
The Leonid meteor shower peaks during the evening of the 

17th/18th. This shower’s activity is usually weak; there’s often only a 
trickle of meteors radiating from a region near the Sickle of Leo, the 
Lion. While it’s always worthwhile stepping outside to scan for mete-
ors, and the peak (such as it is) occurs before dawn on the 18th for 
North American watchers, a better shower is next month’s Geminids. 

Finally, here’s a challenge. On the 26th at approximately 09:55 
Universal Time (1:55 am Pacific; 4:55 am Eastern), the nearly full 
Moon will occult (pass in front of ) the bright reddish star Aldebaran 
in Taurus, the Bull. While the occultation will be visible in Canada 
and north of an east-west line that cuts approximately through the 
middle of the US, it’ll be a challenge because the Moon will be 12 
hours past full. You’ll need binoculars to see the star blink off, and 
then sometime later, blink on as the Moon reveals it. Check the 
November issue of Sky & Telescope for specific times in your area. 

Daylight Saving Time ends for most of North America on the 1st.

The Skies of December
A lovely sight at dawn on the 7th is Venus beside the waning crescent 
Moon. In fact, the Moon will occult Venus for all of North and Central 
America that morning. The catch? It happens after sunrise every-
where except in the far northwest of the continent. The exact time 
of the Venus occultation varies by location. Your best bet is to rise 
before the Sun and find the Moon and Venus. (Both rise after 3:00 am; 
the Sun more than three hours later.) Then keep following the Moon 

http://tinyurl.com/pcu63fv
http://tinyurl.com/nbp7672
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and Venus into daylight until Venus vanishes behind the lunar limb. 
You’ll need binoculars to spot Venus in daylight. Of course if you have 
a go-to telescope, finding Venus after sunrise is a trivial proposition. 
The December issue of Sky & Telescope will likely have more details.

Since the Venus occultation will be challenging to observe, this 
month’s highlight is the Geminid meteor shower, which peaks on 
the night of the 13th/14th. With the 3-day-old crescent Moon setting 
shortly after sunset, there will be no moonlight to interfere with this 
shower. The shower’s radiant (the point in the sky from which the 
meteors seem to emanate) is in Gemini, near the bright star Castor. If 
the sky is clear and you can avoid light pollution, you should see an 
average of a meteor a minute (or more) during much of the evening.

The only planet in the west after sunset, though not until mid-
month and later, is Mercury. By the 20th it’s setting in the southwest 
more than an hour after the Sun, but even so, it will not be easy to 
spot. By early January it begins to sink back into the dusk.

Meanwhile, Jupiter is slowly slipping into the evening sky, rising 
just after midnight on the 1st and near 10:30 pm at month’s end. On 
the 30th the last-quarter Moon rises just above, and prior to, Jupiter, 
while on New Year’s Eve, Jupiter rises first.

Ruddy Mars rises around 1:00 am this month. But as both Jupiter 
and Venus move away from it, the red planet becomes harder to 
spot among the stars because it’s rather dim. It resides about half 
way along a line between the two brighter planets, and on the 5th 
and 6th, Mars sits below and above the Moon respectively. From the 
20th to the 27th, Mars passes 4° to the left of slightly brighter Spica. 
This blue-white star and the reddish planet make for an interesting 
color contrast against a dark sky.

Venus continues to blaze in the southeast at dawn, rising about 
three hours before the Sun all month. On the morning of the 7th, 
Venus and the crescent Moon will rise about 1° apart. 

Finally, Saturn begins to emerge from the dawn glow, but it may 
still be difficult to spot. By late December it’s rising almost two hours 
before the Sun and can be found well to the lower left of Venus. 
These two planets pass each other early next month.

The solstice occurs on December 21st at 11:48 pm Eastern time, 
8:48 pm Pacific. This marks the astronomical start of winter in the 
Northern Hemisphere and summer in the Southern.

sky sights

During the early evening, the Geminid radiant rises in the east. [Courtesy Sky & Telescope]

http://skyandtelescope.com
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The Skies of January
The New Year opens with a dearth of planets at sunset. Mercury 
is low in the southwest and sets some 90 minutes after the Sun on 
the 1st. If you have a clear and low southwestern horizon, try for 
Mercury during the first few days of 2016. It’ll be the only brightish 
object low on the horizon in that direction. Within 10 days it’s gone, 
only to reappear in the east at dawn at month’s end.

Jupiter rises in the early evening and is visible the rest of the night. 
On the 27th, the giant planet and the waning gibbous Moon rise 
together around 9:00 pm, with Jupiter perched above the lunar disk.

Brilliant Venus continues to dominate the dawn sky, but it’s start-
ing to sink back toward the Sun. As it sinks, Saturn rises. On the 
6th the crescent Moon is above Venus, and the next night it’s to the 
lower left of both Venus and Saturn. On the 8th and 9th the two 
planets meet, and on both mornings they’ll be less than 1° apart — 
a fabulous sight in binoculars or a small telescope.

And if you’re tracking Venus, look to the planet’s lower left toward 
month’s end. That little bright dot creeping ever closer to Venus is 
Mercury. If you’re planning ahead, this pair of inner planets will be 
within 4° of each other between February 10th and 16th, while the 
thin waning crescent joins them at dawn on February 6th.

The Quadrantid meteor shower is actually a nice one, with up 
to 40 meteors per hour radiating from a point in northern Boötes 
(which rises in the northeast about 1:00 am). The shower peaks 
during the early morning hours of January 4th. The Moon, two days 
after last quarter, offers little interference via moonlight. 

sky sights

Star Charts

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

— P.D.

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

A Galactic Maelstrom

This new HST image shows 
Messier 96, a spiral gal-
axy more than 35 million 

light-years away. It is about the 
same mass and size as the Milky 
Way. The galaxy resembles a 
giant maelstrom of glowing gas, 
rippled with dark dust that swirls 
inwards towards the nucleus. 
Messier 96 is a very asymmet-
ric galaxy. Its dust and gas is 
unevenly spread throughout its 
weak spiral arms, and its core 
is not exactly at the galactic 
centre. Its arms are also asym-
metrical, perhaps influenced by 
the gravitational pull of other 
galaxies within the same group 
as Messier 96. [ESA/Hubble 
& NASA and the LEGUS Team. 
Acknowledgement: R. Gendler.]
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