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I remember the agonizing wait for news from 
Mars on Christmas Day in 2003 when the 
British lander, Beagle 2, was scheduled to 

begin its descent after separating from ESA 
Mars Express orbiter days earlier. That wait 
was, ultimately, fruitless. Minutes turned into 
hours; hours into days ... then weeks, months 
and, eventually, the mission was declared lost. 
The story of Beagle 2—named after Charles 
Darwin’s famous ship, the HMS Beagle—ended 
after being spied from orbit in 2015, showing 
that it had landed, but failed to properly deploy 
its solar arrays for reasons unknown. 

As a Brit, I felt a special connection to that 
mission, especially as the principal investigator 
was the charismatic West Country-accented Dr. 
Colin Pillinger, who was born near my home-
town of Bristol, England. Sadly, Pillinger died in 
2014 before getting closure on the fate of his 
little robot that was designed to seek out direct 
evidence for past Martian life.

Since Beagle 2, other Mars robots have 
landed on the surface—Spirit and Opportunity, 
Phoenix, Curiosity (with InSight en route)—
revolutionizing our understanding of Mars, 

fortunately with more luck. But another, long 
silence happened in 2009 when NASA’s Mars 
Exploration Rover Spirit got stuck in a sand 
trap, ultimately dying from drained batteries. 
Spirit, however, had explored Mars for over six 
years (well beyond its designed 90 day mis-
sion). Now, we must endure the painful silence 
of 14-year-old Opportunity, Spirit’s twin, that 
has stopped communicating since a global 
dust storm blotted out the Sun in June. NASA 
scientists are upbeat, however, that once the 
storm abates, Opportunity will awake from its 
slumber (read Tracy Staedter’s article about 
Opportunity’s situation on page 31).

It’s moments like these that I realize that we 
often take our space robots for granted—we 
should never forget humankind’s synthetic 
emissaries to alien worlds. 

Ian O’Neill
Editor, Mercury

editor@astrosociety.org | @AstroSocietyPac

http://astrosociety.org
https://www.nasa.gov/jpl/lost-2003-mars-lander-found-by-mars-reconnaissance-orbiter/
mailto:editor%40astrosociety.org?subject=
https://www.twitter.com/astrosocietypac
https://www.twitter.com/AstroSocietyPac
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An Astronomer in Paris
During a recent trip to Paris, I was able to forge ties with the French Astronomical Society and learn about their founder, Camille Flammarion.

by Linda Shore

first word

During my recent vacation in Paris, my first stop wasn’t the 
Eifel Tower.  Instead it was my eagerly anticipated visit 
to the Société Astronomique de France (SAF), or French 

Astronomical Society.  My husband and I spent a lovely evening 
with the gracious and dedicated people who run the organization.  
About a dozen SAF staff, board members and volunteers gave us 
a slide show summarizing their history and mission, lead a tour of 
their offices, and celebrated our visit with sparkling wine and French 
cheeses.  I had met this wonderful group in San Francisco a year ear-
lier after they had experienced the Total Solar Eclipse of 2017.  While 
some international tourists might have chosen the Golden Gate 
Bridge or Fisherman’s Wharf, these discriminating travelers wanted 
to see the Astronomical Society of the Pacific—just as I could have 
visited the Arch d’Triumph.  

The SAF was founded in 1887, just two years before the ASP, 
by the French astronomer Camille Flammarion and 11 astronomy 
enthusiasts that had gathered in his Parisian apartment.  During my 
time with the SAF, it was very clear the group has enormous affec-
tion for their founder, whose charismatic photograph is proudly 
and very prominently displayed at the SAF offices.  Who was 
Flammarion?  I thought I would do a little investigating about him.  

You might not have heard of Flammarion, but I bet you have seen 
the “Flammarion Engraving,” named for him (pictured here).  The 

illustration depicts a man traveling on a flat earth, poking his head 
through the hemispherical sky, and marveling at the hidden celes-
tial mechanisms of the cosmos. Many astronomy lecturers, myself 

The Flammarion engraving is a wood engraving with art that first appeared in Camille Flammarion’s 
“L’atmosphère: météorologie populaire” (1888). [Public Domain]
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included, have mistakenly identified it a medieval woodcut carved 
by someone with a very naïve view of the universe.  But it was first 
seen in one of Flammarion’s 1888 publications, “L’atmosphère: 
Meteorology Populaire,” where he used it to represent the cosmo-
logical beliefs of the Middle Ages.  The artist was likely Flammarion 
himself since he was also a very talented illustrator.  

As an astronomer, Camille Flammarion investigated double and 
multiple stars, the Moon, and Mars. He believed in the existence of 
extraterrestrial life, was a strong advocate of evolution, and sup-
ported Giovanni Schiaparelli’s hypothesis that an advanced civili-
zation constructed the vast network of “canals” apparently visible 
on Mars. But Flammarion was also a mystic, science fiction author, 

Linda Shore (second from right) and husband David Barker (second from left) with members of 
Société Astronomique de France—plus framed picture of Flammarion—during a recent visit. [SAF]

and investigator of the paranormal.  He famously combined scien-
tific theories of the time with his own more eccentric beliefs.  For 
example, he believed that life on all planets must evolve—and 
conjectured (for reasons I’m not entirely clear on) that larger planets 
held more evolved examples of life than the smaller ones.  He also 
believed in reincarnation and hypothesized that when we died our 
souls passed from planet to planet, sequentially inhabiting the bod-
ies of alien species. This notion formed the basis of one of his science 
fiction stories, “Lumen” (1847).  In this story, a human being meets 
an alien soul that has been reincarnated on many different planets, 
each with its own unique evolutionary environment.   

Flammarion was also one of the first scientists to popularize 
astronomy and some scholars believe he may have been the origina-
tor of modern science writing.  It is no wonder that in creating the 
SAF, his vision was that the society—like the ASP—be a place for 
astronomy enthusiasts of all kinds, and not just the professional or 
highly skilled amateur.  

I leave you with a quote I found by Camille Flammarion that con-
tinues to have meaning today and will resonate with anyone who 
loves the night sky:

“… if humankind — from humble farmers in the fields and toil-
ing workers in the cities to teachers, people of independent means, 
those who have reached the pinnacle of fame or fortune—if they 
knew what profound inner pleasure await those who gaze at the 
heavens, then France, nay, the whole of Europe, would be covered 
with telescopes instead of bayonets, thereby promoting universal 
happiness and peace.”  

LINDA SHORE is the Chief Executive Officer of the Astronomical Society of the Pacific.

mailto:lshore%40astrosociety.org
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asp news

Astronomy Badges Released by the Girl Scouts

For the last two and a half years, the Astronomical Society of the 
Pacific has been working with the SETI Institute to launch special 
New Space Science Girl Scout badges as part of a new release of 
badges focusing on some of society’s most pressing needs, with 
STEM at their core. The 30 new badges include topics such as cyber-
security, environmental advocacy, mechanical engineering, robotics, 
computer science, and space exploration. Available to girls between 

the ages of 5-18, these badges will enhance problem-solving skills in 
a safe and fun Girl Scout environment.

We are thrilled that the ASP could play a part in planning activities 
for the new space-related badges and contribute to their themes. 
The ASP believes in advancing science literacy through astronomy, 
so this is a huge step in getting girls excited about the universe in 
which we live, and engaged with societal and environmental issues. 
We look forward to being taught the night sky by future Girl Scout 
astronomy badge recipients! 

Early adoption of the sciences can help girls develop important life skills such as problem solving, 
confidence and perseverance. [Girl Scouts of Northern California]

This is a selection of the new badges, including topics such as robotics, the environment, chemistry 
and space exploration. [Girl Scouts of the USA]

https://www.girlscouts.org/en/press-room/press-room/news-releases/2018/thirty-new-girl-scout-badges.html
https://www.girlscouts.org/en/press-room/press-room/news-releases/2018/thirty-new-girl-scout-badges.html
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A Black Hole Tribute for Stephen Hawking

On June 15, Professor Stephen Hawking’s ashes were interred at 
Westminster Abbey, London, at a service that featured moving 
tributes by family, friends and colleagues, including physics heavy-
weight Prof. Kip Thorne and actor Benedict Cumberbatch, who 
played Hawking in the 2004 BBC film about the physicist’s early 
years as a PhD student at Cambridge University. 

A specially-designed memorial stone, featuring Hawking’s 
famous equation that describes black hole radiation, now lies at 
the Abbey’s nave, near the graves of Sir Isaac Newton and Charles 
Darwin.

Hawking died peacefully on March 14 at his Cambridge home at 
the age of 76. He was diagnosed with a rare motor neuron disease 
at 22 and was only given a few years to live. Despite all the odds, 
he went on to become one of the greatest physicists of our time, 
revolutionizing cosmological theories while becoming a best-sell-
ing author and gifted science communicator, describing the most 
complex theories with his trademark style and wit.

To commemorate his life and impact on society, the European 
Space Agency used its 35-meter antenna at the Cebreros station 
near Madrid to beam a song to the closest-known stellar-mass black 
hole in the binary star system of 1A 0620-00, located approximately 
3,500 light-years away constellation of Monoceros. The six-minute 
song was composed by Greek composer Vangelis (who wrote the 
scores for Blade Runner and Chariots of Fire) and included a record-

ing of Hawking’s voice delivering a message of hope and peace.
“Around the time that our father was laid to rest, the Vangelis 

composition with our father’s voice was broadcast into space,” said 
Hawking’s daughter, Lucy. “This is a beautiful and symbolic gesture 
that creates a link between our father’s presence on this planet, his 
wish to go into space, and his explorations of the universe in his 
mind.”

Prof Günther Hasinger, ESA’s Director of Science, added: “It is 
fascinating and at the same time moving to imagine that Stephen 
Hawking’s voice together with the music by Vangelis will reach the 
black hole in about 3,500 years, where it will be frozen in by the 
event horizon.”

[Vangelis/Hawking Foundation] 

A rundown of some of the most exciting developments in space and time 

https://www.bbc.com/news/uk-43396008
https://www.esa.int/About_Us/Art_Culture_in_Space/ESA_honoured_to_take_part_in_Hawking_tribute
https://www.esa.int/About_Us/Art_Culture_in_Space/ESA_honoured_to_take_part_in_Hawking_tribute
https://www.stephenhawkinginterment.com/thecd/
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It’s a Baby Exoplanet!

Astronomers have captured the first confirmed baby photo of an 
exoplanet forming in the dusty protoplanetary disk surrounding a 
young star called PDS 70. This is the first unambiguous, direct obser-
vation of exoplanetary formation.

“These discs around young stars are the birthplaces of planets, but 
so far only a handful of observations have detected hints of baby 
planets in them,” said Miriam Keppler, of the Max Planck Institute 
for Astronomy in Heidelberg, Germany, who led one of two studies 
published in the journal Astronomy & Astrophysics. “The problem is 
that until now, most of these planet candidates could just have been 
features in the disc.”

Through careful analysis of data collected by the incredibly pow-
erful SPHERE instrument that is attached to the ESO’s Very Large 
Telescope (VLT) in Chile, astronomers have even glimpsed the baby 
exoplanet’s cloudy atmosphere and measured the temperature of 
its surface—a toasty 1,000 degrees Celsius (1,800 Fahrenheit). The 
world, called PDS 70b, is several times the mass of Jupiter and orbits 
its star at roughly three billion kilometers (20 AU), or approximately 
the same distance Uranus orbits the Sun.

Using a coronagraph, which blocks the glare of the star, SPHERE 
could study the faint light being emitted by the star’s disk, revealing 
a hole in the protoplanetary disk. This hole has been sculpted by 
PDS 70b’s gravity, pulling any nearby material into the baby planet, 
adding to its bulk. These holes in protoplanetary disks have been 

observed many times before and astronomers have assumed they 
were caused by the presence of exoplanets forming. But this is the 
first time a feature like this has been observed with a confirmed 
exoplanet lurking in its center. And this discovery has presented a 
golden opportunity for astronomers.

“Keppler’s results give us a new window onto the complex and 
poorly-understood early stages of planetary evolution,” said André 
Müller, also from the Max Planck Institute and leader of the second 
study. “We needed to observe a planet in a young star’s disc to 
really understand the processes behind planet formation.”

For more information about this discovery, read the ESO’s July 2 
news release.

A baby exoplanet forms (the bright feature to the center-right of the image) around the star PDS 70, 
as seen by the ESO’s VLT [ESO/A. Müller et al.] 

https://www.eso.org/public/news/eso1821/
https://www.eso.org/public/news/eso1821/
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Neutrino Joins Multi-Messenger Club

For the first time, a neutrino from a distant galaxy has been posi-
tively identified, adding a third exciting dimension to the new age of 
multi-messenger astronomy.

Neutrinos are the most common quantum particle in the uni-
verse, and yet they are so weakly interacting that they can travel 
unimpeded, passing through entire planets without hitting an 
atom. In fact, these ghostly particles interact so weakly that trillions 
of neutrinos pass through our bodies every second! The only reason 
we know they are there is that very occasionally, one of these parti-
cles will make a direct hit with the nucleus of an atom and, should a 
detector be large enough, scientists can look out for the tiny sparks 
of light (or scintillations) to measure neutrinos’ properties.

One of these neutrino observatories is located at the South 
Pole—aptly named IceCube—that consists of a series of scintilla-
tion detectors encased under a square kilometer of ice. When an 
unlucky neutrino hits any atom in the ice, a detection is made, and, 
on Sept. 22, 2017, a very unlucky neutrino had its four-billion-light-
year journey rudely interrupted when IceCube detected a hit.

Scientists were able to deduce that it was a particularly high-
energy neutrino originating from the extreme environment sur-
rounding a supermassive black hole. Follow-up observations by the 
Very Large Array in New Mexico and others revealed the neutrino 
likely came from a blazar called TXS 0506+056, located four billion 
light-years away. Blazars are galaxies with an active supermassive 

black hole in their cores, blasting jets of relativistic particles from 
their poles. These jets are also sources of cosmic rays and astro-
physicists think that interactions with these cosmic rays near the 
black hole’s jet produced this particular neutrino. And the fact that 
astronomers also detected extreme fluctuations in radio emissions 
at the same time as the neutrino detection suggests both signals 
were created by the same event, making this the first time a neu-
trino signal and electromagnetic signal were detected in concert.

“The era of multi-messenger astrophysics is here,” said France 
Córdova, Director of the National Science Foundation (NSF), in a 
statement. “Each messenger—from electromagnetic radiation, 
gravitational waves and now neutrinos—gives us a more complete 
understanding of the Universe, and important new insights into the 
most powerful objects and events in the sky. Such breakthroughs 
are only possible through a long-term commitment to fundamental 
research and investment in superb research facilities.”

A supermassive black 
hole at core of galaxy 
accelerates particles in 
jets moving outward 
at nearly the speed of 
light. In a Blazar, one 
of these jets is pointed 
nearly straight at Earth.
[Sophia Dagnello, 
NRAO/AUI/NSF] 

https://public.nrao.edu/news/vla-cosmic-neutrino/
https://public.nrao.edu/news/vla-cosmic-neutrino/
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Red Nuggets and Galactic Atrophy

NASA’s Chandra X-ray Observatory has taken a closer look at two 
“red nuggets” in the local universe to confirm that supermassive 
black holes can take a terrible toll on their host galaxy’s star forma-
tion. 

First seen by the Hubble Space Telescope a decade ago, red nug-
gets are massive galaxies that have something obviously wrong 
with them. Populated with ancient stars and lacking any obvious 
signs of young stars being born, these galaxies have atrophied for 
billions of years after the supermassive black hole in their cores 
made the interstellar environment inhospitable for stellar nurseries 
to form. 

According to a new Chandra study, the red nuggets’ growth is 
being stifled by their hyperactive central black holes preventing 
molecular clouds from cooling and collapsing to form stars. Instead, 
the excess gas was consumed by the black holes, adding to their 
supermassive girth. It’s thought that these galaxies are related to 
the massive elliptical galaxies that we see in the universe today, 
only that they were stopped from reaching their full potential.

According to the researchers, these black holes act like a bully. 
“Not only do they prevent new stars from forming,” said study 
co-author Massimo Gaspari, an Einstein fellow from Princeton 
University, “they may also take some of that galactic material and 
use it to feed themselves.”

Published in the Monthly Notices of the Royal Astronomical 

Society, Chandra studied the X-ray emissions from two isolated red 
nuggets called MRK 1216 and PGC 032673, located 295 million and 
344 million light years from Earth, respectively. These two examples 
are comparatively close, considering Hubble’s first red nugget 
discoveries were billions of light-years away, and provide a good 
opportunity to see what happens in a massive galaxy over billions 
of years of evolution when supermassive black hole growth goes 
unchecked.

For more about red nuggets, read the NASA news release.

Artist’s illustration and X-ray image of “red nugget” galaxy Mrk 1216, and the X-ray red “blob” as 
observed by NASA’s Chandra X-ray Observatory [X-ray: NASA/CXC/MTA-Eötvös University/N. Werner et 
al., Illustration: NASA/CXC/M. Weiss] 

https://www.nasa.gov/mission_pages/chandra/news/red-nuggets-are-galactic-gold-for-astronomers.html 
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`Oumuamua Is a Comet (Again)

Is it an asteroid? A comet? An alien spacecraft? The questions sur-
rounding the interstellar vagabond `Oumuamua have been many, 
but astronomers are gradually getting a better grasp of the mysteri-
ous object’s characteristics. Now it’s confirmed: `Oumuamua isn’t an 
alien spacecraft, and it’s not an asteroid; it’s a comet from another 
star system. This latest twist in the interstellar saga focuses on pre-
cision measurements of the object’s passage through the Solar 
System after it was discovered in October last year. 

To recap: astronomers of the Panoramic Survey Telescope and 
Rapid Response System (Pan-STARRS) detected the speedy object 
careening out of our star system on a hyperbolic path. Its high 
speed was a hint that `Oumuamua—which means “messenger” in 
Hawaiian—wasn’t from around these parts; it had encountered our 
Sun’s gravity on its interstellar odyssey after being booted out of its 
home star system untold millions or billions of years ago. Initially, 
it was designated a comet, but observations of the object drew a 
blank for any comet-like features, such as a dusty tail or coma. With 
its cigar-like elongated shape, astronomers realized they were prob-
ably instead looking at an ancient (and inert) asteroid. Now, accord-
ing to a study published in Nature, astronomers have gone full circle 
to suggest that `Oumuamua is actually “a tiny, weird comet.” 

“We can see in the data that its boost is getting smaller the farther 
away it travels from the Sun, which is typical for comets,” said the 
lead author Marco Micheli, of the European Space Agency, in a state-

ment. When a comet approaches the Sun, it heats up, venting vola-
tile gases and dust into space. This venting can have a thruster-like 
effect, speeding it up or slowing it down. Although a tiny boost, the 
researchers found a mysterious increase in the object’s speed. Once 
they ruled out all other effects, only one explanation remained: it did 
vent some gas and dust. So `Oumuamua is a comet, but the amount 
of outgassing was so small that it couldn’t be detected by our tele-
scopes.

This explanation seems to make sense. Comets are easily booted 
from star systems as they occupy the cold, outer regions experienc-
ing very weak gravity; even the tiniest gravitational perturbation can 
knock them into the vast unknown. Asteroids, however, orbit deep 
inside their star’s gravitational well, so it takes more energy to kick 
them out.   

[ESA/Hubble, NASA, ESO, M. Kornmesser] 

https://www.nasa.gov/feature/jpl/chasing-oumuamua 
http://www.eso.org/public/news/eso1820/
http://www.eso.org/public/news/eso1820/
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A measure of Stephen Hawking’s importance is the fact his 
ashes were buried very close to the tomb of Sir Isaac Newton 
in Westminster Abbey. While the world knows him entirely 

through his computer-generated voice, I had the good fortune to 
be present at a speech by Hawking when he was actually still able to 
use his own voice. It was at an International Conference on General 
Relativity & Gravitation when he had achieved fame, but had not 
yet risen to the superstardom that no scientist since Einstein had 
reached.

His work on black holes and the origin of the universe are what 
he is most known for. To explore this in the context of a history of 
astronomy column, we must journey to both the early 17th and 
early 20th centuries. The English cosmologist Robert Fludd (1574-
1637) pondered the origin of the universe in a Latin book that 
was published 401 years ago. He offered the reader a sequence of 
images portraying creation, but how to envisage the very first such 
image?

Fludd made a bold decision: a square surrounded on all four 
sides by the words “and so on to infinity.”  But it is what he filled 
that square with that is still relevant in the 21st century. The square 
is black, and by the words just quoted, it is also unbounded. In an 
interview given shortly before his death, Hawking said “The bound-
ary condition of the universe is that it has no boundary.”

A Brief History of Pondering Cosmic Origins
Stephen Hawking’s theories are the latest in a rich history of musings about how the universe came to be. 

Fludd’s black square, from his “Utriusque Cosmi” (1617) [Wellcome Library (Public Domain]

by Clifford J. Cunningham

annals of astronomy
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transform itself into so much mist in the turning of the great cosmic 
vortex—well, that would be a point in its favour.” The black square 
was the ultimate expression of the art movement Malevich founded: 
Suprematism.

The famed professor of modern art T. J. Clark wrote about 
Malevich’s black square last year, in terms that will be familiar to 
astronomers as a description of a black hole. It was just two years 
after the Black Square painting that the anti-materialist Bolshevik 
Revolution overthrew the government of Russia. Clark writes that 
for Malevich and his followers, “the black square signified a shape—
an abyss, a reality—that prophesied 1917. The black square was 
Bolshevism; but Bolshevism, they thought, if it was to become fully 
itself, had to agree to disappear into Suprematism’s gravitational 
collapse.” Aside from the evils of Bolshevism, the image Malevich 
painted still resonates in its evocation of the limits of physics.

Looking back again to the 17th century, the English poet William 
Habington (1605-1654) was a contemporary of Fludd. In his poem 
‘When I Survey the Bright Celestial Sphere’, was Habington giving us 
a description of a black hole?

No unregarded star
Contracts its light
Into so small a character,
Removed far from our human sight.

I would like to think Hawking knew of this poem. 

CLIFFORD CUNNINGHAM met Stephen Hawking at the 8th International Conference on General 
Relativity and Gravitation in 1977. Asteroid 4276 was named Clifford; asteroid 7672 was named 
Hawking.

For Fludd, creation started with nothing, as depicted by a black 
square. But Hawking has shown us something more. “There was 
never a Big Bang that produced something from nothing. It just 
seemed that way from mankind’s perspective,” Hawking said in 2018.

Almost exactly 300 years after Fludd published his black image, 
it once more became an iconic image in the hands of Russian art-
ist Kazimir Malevich (1879-1935). His first version, dating from 1915 
in the midst of World War I, is a simple black square. Malevich, in 
describing it, wrote: “I transformed myself in the zero of form and 
emerged from nothing to creation.” 

But it was much more than just this, as his astronomically-inspired 
reflection on the nature of materialism shows. “If materialism were 
content to build scaffolding on which to ascend to the nebula and 

Prof. Stephen Hawking’s work forever changed how we view the cosmos. [Cambridge University]
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research focus

by M. Katy Rodriguez WimberlyHow Gaia Reaches Beyond Our Galaxy
Tasked with mapping the motions of stars in our galaxy, the European mission is doing so much more.

In some ways, astronomers are in the business of cosmic sleuth-
ing—we only see frozen images of what the universe looks like 
now and it takes some clever detective work to figure out how the 

universe evolved into its current state. 
Using various techniques, we can accurately figure out how far 

away celestial objects are and how fast they are traveling towards 
or away from us. But what about their side-to-side motions? What 
about their total 3-dimensional position and velocity? What’s the big 
picture of where celestial objects are going and where they came 
from? This is where the European Space Agency’s Gaia Telescope 
comes in to help us solve these puzzles. 

Gaia has a truly monumental mission—to make a 3-dimensional 
map of one billion stars in our galaxy. This will be the most precise 
3-D map of the Milky Way ever assembled, containing an unprec-
edented one percent of the galaxy’s 100 billion stars. Gaia doesn’t 
just focus on stars, however. This amazing mission has observed tens 
of thousands of asteroids in our Solar System, the motions of stars in 
other galaxies and up to half a million distant quasars.

This past April, Gaia released its second dataset from 22 months 
of observations. This remarkable set includes the proper motions 
of 1.3 billion stars in and out of our galaxy. Proper motions are the 
tiny movements of stars against the ‘fixed’ background of stars, usu-
ally measured in milliarcseconds per year and not to be confused 

Gaia’s all-sky view of the Milky Way and neighboring galaxies. The maps show the total brightness 
and color of stars (top) and the interstellar dust that fills the Galaxy (bottom). [ESA/Gaia/DPAC]
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with parallax. Parallax is 
the apparent motion of an 
object against a fixed back-
ground when it’s viewed 
from two different loca-
tions, while proper motions 
are the actual side-to-side 
movements of an object 
against that fixed back-
ground. 

Since proper motions are 
side-to-side movements, 
astronomers can calculate 
a star’s total 3-dimensional 
position and velocity. This 
6-dimensional phase space 
information (3 positional 
dimensions and 3 velocity 
dimensions) makes it pos-
sible for astronomers to 
trace the orbits of these stars, 
helping us work out where they came from and where they’re going!

Putting all these clues together, astronomers can now look at 
where entire galaxies have come from since having proper motions 
for a set of stars from the same galaxy allows us to derive the 
motion of that galaxy! In the curious case of the ultra-tiny, ultra-faint 
dwarf galaxies, which we only see in our Local Group, these proper 
motions dramatically increase our knowledge of these mysterious 
neighbors. 

Recent works by Josh Simon, Tobias K. Fritz et al., and others sheds 
the first light onto the mystery of the orbital pasts and futures of 

some of these tiny neighboring galaxies. A few exciting results are 
that contrary to previous belief, most of the ultra-faint dwarfs have 
not lost many of their stars to tidal (gravitational) forces of the Milky 
Way and that a group of the ultra-faint dwarf galaxies all came into 
the Milky Way’s gravitational domain together. 

KATY RODRIGUEZ WIMBERLY is an NSF Graduate Research Fellow in the Astronomy & Physics 
Department at University of California, Irvine, and the ASP’s Jr. Board Fellow. She studies galaxy evo-
lution using both optical telescopes and dark matter-only cosmological simulations.

These are the various cosmic scales covered by Gaia—from objects in the Solar System to distant quasars. [ESA/Gaia/DPAC]
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research focus

by Arianna BrownThe Curious Case of Dusty Star-Forming Galaxies
Some galaxies are extremely massive, compact and filled with dust—how they became so extreme remains a mystery.

“We’re made of star-stuff.”

In 1980, Carl Sagan made this statement on public television in 
his show “Cosmos.” This quote has rippled through generations, 
inspiring future scientists and backyard observers for years to 

come. 
In fact, upon meeting new people, many recite the Sagan quote 

to me, and occasionally some folks begin rolling up their sleeves to 
show me a corresponding tattoo. But the particular star-stuff Sagan 
referred to is actually less than one measly percent of a galaxy’s com-
position. So, what is this super important star-stuff and why does it 
matter if there is so little of it in the universe?

Sagan is actually referring to dust. No, not the dust that you so 
desperately need to wipe away from behind your computer screen 
(although that comes from human skin, and we humans are made 
of star-stuff ... but that’s beside the point). I’m talking about cosmic 
dust; the dust that lives in space, existing in every nook, creating 
stars, planets, moons, and raining down on our planet every single 
second of the day. This dust is actually a lot more like soot, in both 
size and molecular makeup; it is structurally complex and has an 
organic (carbon-based) chemical composition. And, like the dust in 
the corners of your home, it used to be viewed as a major nuisance.

Dust grains are the perfect size to block incoming starlight. For 

centuries, astronomers would observe stars and galaxies using tele-
scopes built to view the optical universe. At the optical wavelengths, 
which are wavelengths similar to what our human eyes can see, you 
will mostly see adult stars. If there is any dust in the way, even just 
a very small amount, that dust will absorb the visible light coming 
from the stars and leave you essentially blind to stars behind it. Even 
worse: new stars form in extremely dense, cold clouds of molecu-
lar gas where the gas can freeze onto dust particles throughout 
the cloud. So, if you wanted to study how stars form inside a stellar 

Two Hubble Space Telescope images of the Eagle Nebula’s “Pillars of Creation,” depicting the effect 
dust has on different wavelengths of light. When seen in infrared (right), the newborn stars inside 
their dusty cocoon are visible. [NASA, ESA/Hubble and the Hubble Heritage Team]
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nursery using an optical telescope, you would essentially be observ-
ing the outsides of a big, dark, and opaque cloud floating in space. It 
wasn’t until the late 1960s that astronomers began pondering ways 
to see through that dust, exploring the idea that dust heated by vis-
ible starlight might convert that light into lower energy to infrared 
light.

In the 1990s, the Cosmic Background Explorer (COBE) was 
launched to explore the extragalactic background light at infrared 
and submillimeter wavelengths. Extragalactic background light is 
the accumulation of all of the radiation from stars and galaxies since 
the birth of the universe. The best metaphor for this phenomenon 
is to imagine an orchestra: in an orchestra, there are many differ-
ent instruments being played and they are made out of a variety of 
materials, materials which influence the sound of each instrument. 
Over the course of a symphony, different instruments are played at 
different times, sometimes even at the same time, and they are also 
playing different—or the same—notes. This is similar to galaxy evo-
lution: stars are forming at different times, sometimes during ‘bursts’ 
where many stars form all at once; groups of stars may die at roughly 
the same time through violent supernovae; galaxies dance and 

merge, creating a mess of stars during the process and maybe even 
igniting an active galactic nucleus. All of these processes (and more) 
emit radiation at a variety of wavelengths—i.e. notes or frequencies 
in a symphony—and these processes happen at different times for 
different galaxies. 

Now pretend you know nothing about instruments, but you have 
an idea what an instrument made of brass versus one with strings 
might sound like. You’re given a recording of a symphony and asked 
to determine roughly how many instruments are playing in each 
instrument class (e.g. strings, percussion, etc.) throughout the piece. 
This might be achievable to a sufficient level of accuracy for one 
musical piece, but what happens when you’re given a recording of 
two orchestras that were recorded at the same time playing two 
different symphonies? What about a hundred? What if the musi-
cal pieces all started and stopped at completely different times? At 
best, with some mathematical tools, you might be able to identify 
which notes are played the most and then try to find a combination 
of instruments playing certain classical pieces that might create this 
distribution of sound (if you’re interested in knowing what those 
mathematical tools are, look up Fourier transforms). This would take 

As seen at a wavelength of 24-microns by NASA’s Spitzer space telescope, the dust in the neighboring Andromeda galaxy glows bright in infrared, highlighting regions of star formation. [NASA/JPL-Caltech]

https://betterexplained.com/articles/an-interactive-guide-to-the-fourier-transform/
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a lot of time, computation, and would never be completely accurate. 
Observing extragalactic background light is akin to listening to that 
one recording, and astronomers make intense efforts to understand 
what processes transpired during which times and locations in the 
universe to create this background light at various wavelengths.

COBE’s measurement was ground-breaking. It revealed that infra-
red extragalactic background light is nearly as strong as the visible 
background light. Naturally, astronomers wanted to link this infrared 
background light to galaxies. However, upon doing so, astronomers 
discovered that only half of the infrared background light could be 
explained by all of the galaxies in the known universe at that time 
(remember: the majority of those galaxies were discovered only by 
means of visible telescopes). Combined with similar observations 
made previously by the IRAS telescope in the 1980s, astronomers 
took these results as proof that there has to exist a significant num-
ber of galaxies that are too dusty to be detected at optical wave-
lengths. Several years later, infrared telescope technology advanced 
enough to birth the Submillimeter Common-User Bolometer Array, 
the Spitzer Space Telescope, and the Herschel Space Observatory, 
among many other instruments, and the dusty veil hiding the exis-
tence of millions of galaxies in our universe was finally lifted.

These infrared-bright galaxies have many names in astronomy. 
Depending on how they are detected, how near or far they are, and 
many other characteristics, you may hear them referred to as submil-
limeter galaxies (SMGs), (ultra)luminous infrared galaxies (LIRGs or 
ULIRGs), or dusty, star-forming galaxies (DSFGs). Here, we will refer 
to them as DSFGs as I believe this class of galaxy has really earned 
this name. 

By tracing warm dust content through infrared light, we can also 
trace star formation activity. As new stars form deeply embedded 
within cold clouds of dust and gas, their bright UV and optical light 

warms the surrounding dusty envelope, which in turn reradiates 
at infrared wavelengths. The Milky Way is forming stars at a rate of 
about three times the mass of the Sun per year. DSFGs, however, are 
forming stars at a rate of 100-1000 times the mass of the Sun per 
year, sometimes even more—hence the ‘SF’ part of the acronym. On 
average, DSFGs are 10-100 times more massive than the Milky Way 
but can occupy a physical volume up to 99 percent smaller than that 
of our galaxy. So, DSFGs are extremely compact, extremely massive, 
and extremely dusty. Why are they so extreme?

The extreme existence of DSFGs is still exotic to many astrono-
mers. Most cosmological simulations that seek to model the forma-
tion of our Universe cannot reconcile the sheer number of DSFGs 

This observation of Westerlund 2, as seen in near-infrared wavelengths by the Hubble Space 
Telescope, reveals stars being born (the red dots) in the dusty star-forming region. [NASA, ESA, the 
Hubble Heritage Team (STScI/AURA), A. Nota (ESA/STScI)]
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we observe today, let alone explain how they form in the first place. 
What we do know thus far is that DSFGs are most populous in the 
early and intermediate Universe, and that they tend to contain large 
amounts of cold gas. This is important because the early universe 
was primarily neutral (i.e. cold) hydrogen and helium, which meant 
that the first galaxies to form were likely giant, gravitationally bound 
spheres rich with gas ready to form new stars at a rapid pace. Where 
you find massive, gas rich stars forming at a rapid pace, you will also 
find powerful (and frequent) supernovae which enrich their sur-
roundings with heavier elements and, you guessed it, dust! 

However, this fast-paced lifestyle comes at a price. Researchers 
calculate that these rates of star formation are unsustainable in the 
long term. DSFGs are projected to deplete their cold gas reservoirs 
so rapidly that some might not ever reach the ‘spiral disk’ phase 
of galaxy evolution, and instead turn into what we astronomers 
affectionately refer to as massive ‘red-and-dead’ elliptical galaxies, 
galaxies that have little to no gas and are no longer forming any 

new stars. Some astronomers believe DSFGs undergo several major 
mergers with each other early on, and that’s how some DSFGs seem 
to have such massive amounts of gas and dust and non-disk-like 
shapes. However, the evolution of DSFG morphology is still a topic of 
heated debate, likely containing some complex combination of sev-
eral theories, so I leave this part to the whims of your imagination. 

My current work seeks to better understand dust and gas distri-
butions within distant DSFGs, and what those distributions can say 
about the evolutionary state of the Universe at that time. While we 
have observed many DSFGs at far-infrared and cooler wavelengths, 
we still need observations in other parts of the spectrum to fully 
understand their properties. Additionally, there are many observa-
tional hurdles to overcome. For example, many DSFGs are seen as 
they were in the earlier universe, when galaxies were more populous 
and galaxy mergers more frequent. Depending on the sensitivity of 
a given telescope, two galaxies merging while flinging around cold 
gas and dust may look like one big blob-like galaxy, two distinct 
galaxies, or maybe even just one of the galaxies is bright at that 
given wavelength but the other one isn’t due to different evolution-
ary stages or chemical compositions. These observational effects can 
greatly limit our understanding of DSFG populations. Thus, many 
astronomers, including myself, are exploring ways to use multi-
wavelength observations to overcome these hurdles so we can bet-
ter understand the strange existence and evolution of DSFGs. 

ARIANNA BROWN is a graduate student in Physics at UC Irvine. Born and raised in Maryland, she 
got her B.S. in Mathematics at Towson University, MD and her M.S. in Physics at CSU Los Angeles. She 
loves all things astronomy and space culture, and enjoys sharing her passion for science with under-
represented communities. In her spare time, she reads fantasy/science fiction, makes her own pick-
les, and watches her dog Charlie dig giant holes in the sand at the beach. You can follow Arianna on 
Twitter and Instagram (@astroarianna).This Hubble observation shows the unusual dust ring inside the galaxy NGC 7049 [NASA/ESA]

https://twitter.com/astroarianna/
https://www.instagram.com/astroarianna/
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astronomer’s notebook

by Jennifer BirrielWhen Pulsars Skip a Beat
A pulsar is a rapid, regularly occurring radio pulse, right? Well, not quite...

Pulsars are portrayed in textbooks and popular literature as 
“nature’s clocks,” emitting rapid and regular radio pulses. The 
average of several thousand or so individual pulses does 

indeed exhibit a constant form characteristic of the individual pulsar. 
Although this average profile is useful for characterizing the over-
all properties of a pulsar, in reality, pulsar radiation is rather more 
erratic when single pulses are examined.  

Single pulses for a given pulsar vary in shape and amplitude from 
one pulse to the next, a phenomenon called “mode” changing.  A 
single pulse has one or more components, or subpulses: certain pul-
sars exhibit “subpulse drifting” in which subpulses exhibit periodic 
variability in location and/or amplitude. Some pulsars even have 
missing pulses—a phenomenon known as “nulling.” 

 Nulling was discovered in 1970 by Don Backer, only three years 
after Jocelyn Bell and Tony Hewish discovered the first pulsar. Of the 
nearly 3,000 known pulsars, about a hundred or so exhibit null-
ing. Nulls are essentially zero (or near-zero) energy pulses and have 
been observed to occur for one or more rotations in pulsars with 
otherwise regular pulsation periods. Intermittent pulsars can exhibit 
nulling for days. The nulling fraction is the time fraction in which the 
pulsar is the null state. Among known pulsars the nulling fraction 
varies between zero and seventy percent, and it is stochastic—in 
other words, there’s no way to predict when a nulling pulsar will 

enter a null period. The origin of nulling remains largely unknown, 
although there is some evidence that suggests nulling might be 
associated with a pulsar’s age. 

Pulsars are born from core collapse supernovae: angular momen-

An artist’s impression of the magnetic configuration of a pulsar, including intense beams of radio 
emissions being emitted from its poles. [ESA/ATG medialab]

http://www.gmrt.ncra.tifr.res.in/gmrt_hpage/Users/doc/WEBLF/LFRA/node156.html
http://www.gmrt.ncra.tifr.res.in/gmrt_hpage/Users/doc/WEBLF/LFRA/node156.html
https://www.nrao.edu/archives/Backer/backer_top.shtml
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tum conservation results in a newborn pulsar with rotation fre-
quency greater than 60 cycles per second. As the pulsar ages, 
however, it loses energy through dipole radiation and slows down. 
Within a few million years, the pulsar ceases to emit radio pulses and 
“dies.” Some studies suggest that nulling is a manifestation of pulsar 
aging, as a pulsar grows older, the time interval between regular 
pulses increases. “Death” occurs when the interval between pulse 
bursts is much longer than the bursts themselves. 

 The classification scheme for “nulling” versus “non-nulling” pulsars 
is determined by visual inspection of neutron star observations. The 
algorithm for determining the nulling fraction involves constructing 
two histograms for integrated intensities: one in the “on-pulse” state 

and one in the “off-pulse”—or null state. Next, a “difference” histo-
gram is constructed: the “difference” is the “on” histogram, minus 
nulling fraction, times the “off” histogram. The nulling fraction is 
determined by trial and error, inserting values for the NF until a cho-
sen value minimizes the difference. There are two problems with this 
method. First, the bin size for the histograms is arbitrary. Second, it 
assumes that negative on-pulse intensities result from nulling, but it 
is possible for a weak pulsar signal to have a negative intensity when 
overwhelmed by instrumental noise. Thus, the reliability of com-
puted nulling fractions is limited and there are probably biases.

To remedy the situation, a group of American astrophysicists 
recently proposed a new method to determine nulling fractions for 
pulsars.  The method still requires a visual identification of the “on” 
and “off” pulse phases.  In the “off” phase, the observed intensities 
are attributed to noise and this provides the threshold intensity for 
determining if the pulsar is in the “on” or “off” phase. 

The next step is to run data through a Gaussian mixture model: 
loosely speaking, this method models data using a weighted set of 
Gaussian distributions with different means and standard deviations 
and then maximizes the function to determine which weight, i.e. 
nulling fraction, is most probable.  

The group tested their model on several newly discovered pulsars 
from the Green Bank North Celestial Cap (GBNCC) pulsar survey and 
found that their method yields better precision and no bias when 
compared to pre-existing methods.  Their simulations also indicate 
that this new technique should be able to derive nulling prob-
abilities for pulsars that show no obvious nulling and help identify 
temporal patterns in nulling! 

JENNIFER BIRRIEL is Professor of Physics in the Department of Mathematics & Physics at Morehead 
State University in Kentucky.The Crab Nebula is the site of a supernova explosion that contains a pulsar in its core. [NASA/ESA]

http://iopscience.iop.org/article/10.3847/1538-4357/aaab62 
https://en.wikipedia.org/wiki/Mixture_model
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armchair astrophysics

by Christopher WanjekX-ray Factor: Is Alpha Centauri a Winner for Life?
A search in X-rays suggests life might be possible around two of our three neighboring stars.

The search for habitable planets beyond our Solar System is 
among the hottest topics in astronomy today.  And in their 
search for new Earths, astronomers consistently turn to the 

most powerful optical and infrared telescopes: the twin telescopes 
at the W. M. Keck Observatory Keck and Hubble Space Telescope 
come to mind, along with the orbiting Kepler space telescope that 
was a dedicated planet-finder.

Tom Ayres of the Center for Astrophysics and Space Astronomy at 
the University of Colorado Boulder has taken a different approach in 
determining the habitability of planets at Alpha Centauri.  Instead of 
looking for signs of the comforts of life—water, suitable temperature 
range, etc.—he looked for the telltale signals of death: X-rays.

Ayres combed through more than 10 years of X-ray data from 
the three-star Alpha Centauri system compiled by NASA’s Chandra 
X-ray Observatory.  With three stars, you’d think the place would be 
bathed in sterilizing X-rays. But that’s not necessarily the case.

Ayres determined that the two larger stars, Alpha Centauri A and 
B, emit more or less the same amount of X-rays as our Sun.  So the 
X-ray flux there doesn’t rule out life.  But the smallest star in the sys-
tem, Proxima Centauri, a red dwarf, is rather active with X-ray flaring.  
So, it seems, the chances of life developing in the newly discovered 
Earth-sized rocky planet there is nil. Ayres presented these results 
at the summer meeting of the American Astronomical Society in 

Denver on June 6, 2018.
Alpha Centauri is, by far, the closest star system to Earth, a mere 

4.3 light-years away.  The closest star among the trio is Proxima 
Centauri, a red dwarf only about 0.1 times the mass of our Sun.  
When astronomers confirmed the existence of a rocky planet in 
the so-called habitable zone of Proxima Centauri—a planet named 
Proxima b, with about 1.3 times the mass of Earth—folks were ready 
to hop in a spaceship to visit. You should resist that temptation, 
however.  Proxima b is bombarded with a dose of solar X-rays 500 to 

This artist’s impression shows the planet orbiting the star Alpha Centauri B, a member of the triple 
star system that is the closest to Earth. [ESO/L. Calçada/Nick Risinger]
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50,000 times greater than what we receive on Earth.  And that’s the 
problem with red dwarfs.

“For habitability, it’s not so much that Proxima is an active star; in 
fact, it’s less so than many other red dwarfs,” Ayres tells Mercury.  “It’s 
rather that the habitable zone around the star is so close to the star 
because it is dim and cool.  That proximity, so to speak, amplifies the 
effect of the radiation environment.”

Around Proxima Centauri, the habitable zone would be only a 
tenth the Earth-Sun distance; and the radiation levels would be 
100 times higher than if the planet were at the Earth-Sun distance 
because the radiation intensity scales as the inverse of the distance 
squared.

Alpha Centauri A and B are like our Sun’s sisters.  Indeed, our Sun 
and Alpha Centauri A are about the same size and age.  The latter is 
about 1.1 times the mass and 1.5 times the luminosity of the Sun.  
Alpha Centauri B is about 0.9 solar masses and half the luminosity.

Ayres found that Alpha Centauri A emits fewer X-rays than our 

Sun, and life there in the habitable zone would be safer than life 
here, in that regard.  Alpha Centauri B has about 5 times the X-rays, 
worrisome but manageable.  Ayres said that any planet there would 
need an atmosphere and ozone layer thicker than Earth’s to block 
the accompanying UV radiation.  A magnetosphere to deflect harm-
ful, charged solar particles would be crucial, too.

“For a life-hosting planet around Alpha Centauri B, I would pick 
a water world, somewhat heavier than Earth so it’s higher gravity 
would hold onto the atmosphere more tightly,” Ayers says.  “The 
planet would probably have to be at the outer edge of the habitable 
zone, so its thick atmosphere would not suffer a run-away green-
house effect [as on Venus], a tricky balancing act, indeed, but cer-
tainly within the realm of reason.”

But here’s the rub.  While Alpha Centauri A and B are safe, we 
haven’t found any habitable planets near these stars, yet.  We’re 
looking, that’s for sure.

Now, you may find it odd that a little red dwarf could emit more 
life-thwarting X-rays than bigger, brighter main sequence stars do 
not.  This is for reasons not completely understood, explains Kenji 
Hamaguchi, an X-ray astronomer based at NASA Goddard Space 
Flight Center.  Red dwarfs tend to be more magnetically active than 
their larger cousins.  Their relative coolness affects the thickness of 
the subsurface convective layer in which magnetic fields are gener-
ated, resulting in more X-ray flashes. Worse, unlike larger stars, red 
dwarfs can maintain their magnetic activity for billions of years, pre-
venting protective planetary atmospheres to form, Hamaguchi adds.

Oh well.  But two out of three stars ain’t bad. 

CHRISTOPHER WANJEK is a Baltimore-based writer in dangerous proximity to the radiation from 
the nation’s capital. He’s writing a book about the challenges of living on the Moon, Mars and 
beyond.

Red dwarf stars like Proxima Centauri are known to flare often, bathing any nearby planets in X-ray 
radiation. [NASA]
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education matters

by Brian KruseThe Mars Hoax: A Teaching Opportunity
Astronomy educators often find themselves at the front line when it comes to explaining the real science behind Mars opposition.

This is a testament to how people tend to hear what they want 
to hear.  

In August 2003, as people were preparing to observe the 
closest Mars opposition in 60,000 years, a fairly innocuous statement 
said: If viewed through a telescope, Mars will look as large as the full 
Moon with the unaided eye. This turned into the widespread antici-
pation that, if you looked up, you would see Mars glowing red and 
as large as the full Moon in the sky. Now, as regular as clockwork, the 
so-called “Mars Hoax” resurfaces every time Mars is at opposition—
such as now, when Mars reaches opposition on July 31—amplified 
by breathless social media posts and click bait headlines.

Oppositions of Mars take place approximately every two years, 
due to it having an orbital period around the Sun of about two 
Earth years. During most opposition years, Mars presents a brighter, 
and larger aspect for viewers. Less often, opposition coincides with 
Martian perihelion, bringing the planet much closer, owing to the 
greater eccentricity of its elliptical orbit about the Sun. During these 
oppositions, such as in 2003, Mars truly does provide for a magnifi-
cent sight—but certainly not as magnificent as a Moon-sized Mars 
looming in the sky.

Angular separation and angular diameter are important measure-
ments in astronomy when defining the position and apparent size of 
celestial objects. Backyard astronomers, and learners without sophis-

According to various websites, social media posts and chain emails, Mars appears as big as the Moon 
when it’s at opposition—a misunderstanding known as the “Mars hoax.” [NASA/ESA]
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ticated equipment, can make approximate measures of either using 
their hands as measuring tools. An open hand with outstretched 
pinkie finger and thumb describes about a 20° arc; a closed fist 10°; 
and an extended pinkie about 1°.  When applied to the full Moon, 
we find it has an approximate angular diameter of half a pinkie, or 
half a degree.  

Solar System scaling activities are a staple of astronomy profes-
sional development for educators. While there are many variations, 
the most basic has to do with the Earth-Moon system.  With a diam-
eter ratio between the two bodies of approximately 4:1, it is easy to 
model the system with four-inch, and one-inch polystyrene balls.  

This photograph shows educators modeling distances between the planets during a Bay Area Project 
ASTRO workshop [Brian Kruse/ASP]

Approximating the Earth-Moon distance as 240,000 miles, and an 
Earth circumference of 24,000 miles, it is easy to wrap some twine 
around the Earth ball ten times to find the distance to the model 
Moon. Due to the principal of similar triangles, the model Moon, 
when viewed from the position of the model Earth, will present an 
angular diameter of half-a-degree, or half a pinkie!  This is a good 
test of the relative accuracy of a learner’s model of the system.

Once a learner creates their scale model of the Earth-Moon sys-
tem, it is an easy extension to include Mars and investigate where 
to place the model planet so it presents the same angular diameter 
as the Moon. With a diameter approximately half that of Earth, a 
two-inch polystyrene ball can represent the Red Planet. Learners can 
then place the model Mars in a position where it visually appears to 
have the same diameter as the model Moon, discovering it is twice 
as far away from Earth as the Moon, or about 500,000 miles! This is 
wildly closer than the closest approach on July 31, 2018, when Mars 
will come within 35.8 million miles from Earth. Asking the learner 
to find the actual position of their model Mars relative to the Earth, 
they discover they need to place it between a quarter and a third of 
a mile away! They can then attempt to measure their model Mars’ 
angular diameter, a good task for a Galileoscope, based on knowing 
the angular field of view of its eyepiece. Viewing the phenomenon 
of a close Mars opposition can provide a magnificent opportunity 
for learners new to astronomy to participate in science practices, 
engaging in evidence-based reasoning and modeling. 

When applied in a manner where learners discover for themselves 
the size-distance relationships, the experience may provide a power-
ful deterrent for the next iteration of the Mars hoax. 

BRIAN KRUSE manages the formal education programs at the ASP and is the Director for Region F 
of the National Science Education Leadership Association.
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a little learning

by C. Renee JamesLive and Learn
Sometimes you have to travel to the other side of the planet to put the cosmos into perspective.

“When you see the Southern Cross for the first time,” goes the 
Crosby, Stills, and Nash song. “You understand now why you came 
this way.”

I have to say, though, that when I saw the Southern Cross for 
the first time, the whole experience was rather anticlimactic. It was 
pointed out to me by Adena, an impossibly energetic Astro101 
student, as she and nine other introductory astronomy students 
trudged along the streets of Sydney, Australia, with me and Scott 
Miller, the only colleague who was crazy enough to attempt teach-
ing a four-week traveling class during the summer of 2012.

I mean the winter of 2012. 
I mean... June. 
The city lights drowned out nearly all the stars, but the Southern 

Cross is a sufficiently bright constellation to be recognizable even 
from whatever random street between Circular Quay and Prince 
Alfred Park we happened to be trudging along. Most likely we were 
looking, unsuccessfully, for a restaurant that we could all agree on. 
I honestly don’t remember. We’d been in Sydney for all of ten hours, 
having landed early that morning after a three-hour drive from 
Socorro, New Mexico, where we saw the iconic Very Large Array, to 
Albuquerque, followed by a 2-hour flight to Los Angeles, followed by 
a 5-hour layover, and topped off with a 14-hour flight to Sydney. 

Our hemisphere had changed; our day had changed, and our sea-

son had changed, just like that.
It was nothing short of a miracle that we were all still speaking to 

each other. 
And then we saw the Southern Cross. 
Disappointingly it looked almost identical to Corvus, one of the 

many constellations that we had spent the previous ten days teach-
ing our intrepid class to recognize while we stayed in cabins near 
Flagstaff, Arizona. But, hey, we knew it was Crux, and somehow that 
was supposed to make it more magical. And so Scott and I started 
singing the Crosby, Stills, and Nash song, as the train of previously 

The Southern Cross can be seen in southern skies (center), often accompanied by bright Alpha 
Centauri (lower right). [Y. Beletsky (LCO)/ESO]

https://www.youtube.com/watch?v=Bw9gLjEGJrw
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spritely undergraduates began mysteriously losing their ability to 
keep pace with us. 

The fact that we were walking toward the Southern Cross signaled 
to my sleep-deprived brain that we were heading south. It made no 
sense, though. Everything was wrong about the motion of the sky 
for us to be headed south. Earlier in the day, we had hiked into the 
city, always walking toward the shallow arc that the Sun was cutting 
across the sky. Everything in my being knew we had to be migrating 
southward then. But here we were, heading the opposite direction 
(in the dark now, and on the same aimless journey that had started 
at the hostel), and the stars were telling me the same story the Sun 
had: I was going south. 

Come to think of it, the Sun had apparently set in the east, its shal-
low arc ending on the left side of the sky. And where the hell was 
Elizabeth Street, anyway? A random passerby had recommended a 
restaurant on Elizabeth Street (we soon found out that Australians 
are, as a population, immensely helpful.) We needed to head east, 
the map claimed. But surely that was to the right. 

Except...
We were going south.
Right?
Crux loomed ahead, slowly working its way clockwise around the 

aggravatingly blank patch of sky that should have had the decency 
to harbor a South Star or Anti-Polaris or something useful, but didn’t. 

Somewhere other than Elizabeth Street, we were met with the 
familiar, safe sight of a Subway restaurant. So much for valiantly 
leading an expedition to exotic southern hemisphere fare. The stu-
dents would forgive us. Or not. I honestly didn’t care anymore. We 
ate some boring 6-inch subs and called it a night, our first southern 
astronomical quarry bagged.

The disorientation, though, continued to nag at me. If you haven’t 
been on this sort of sky-turning-upside-down journey, with or with-
out a class of students who think you have a clue, just remember the 
last time the power went out at your house. Your brain simply knows 
What Must Be Right, and if you’re anything like me, it always comes 
as a bit of a shock that this light switch isn’t working, either. And 
neither is the coffee maker. 

Internet’s down, too.
Sigh.
Your brain is unobtrusively making notes all the time, finding pat-

terns, creating realities. When the light switch doesn’t work, even for 
the tenth time in so many minutes, it’s perplexing. Your reality has 
been shaken up.

When the Sun cuts a low arc across the sky, even if you’ve never 
given it a minute of conscious consideration, you just know it’s 
going from east to west via the southern sky.

Except that you’ve probably got an awfully northern-hemisphere-
centric view of everything, and nothing quite drives that prejudice 
home like being in the southern hemisphere.

Trivia for a pub quiz question: The Australian flag includes a depiction of the Southern Cross, or Crux, 
as do the flags of New Zealand, Brazil and others. [Wikimedia/Public Domain]
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No, the toilets don’t flush the opposite way, and yes, that’s what 
probably every single one of our students tried as soon as we 
checked into the hostel. But your senses tell you that something’s 
definitely... off.

And what’s up with those autumn leaves in June?
So much requires a deliberate, conscious effort. Crossing the 

street? Look right. Then left. Then right again. Then right again... just 
in case, because as it turns out, if you’re standing on the curb, the 
cars in the nearest lane are coming from your right. Often, even after 
making half a dozen head turns, your brain still doesn’t grasp the 
fact that there’s a car approaching from the right. Those are the sorts 
of issues that aren’t simply disorienting. They can be—and tragically 
sometimes are—fatal. 

Massive jet lag doesn’t help the issue one bit. 
Less fatal issues are those subtle things. The Moon is upside down. 

No, really. You might not be able to sketch a map of the Moon from 
memory, but you sure as heck know when it doesn’t look right. One 
student even lay down on the lawn and craned his neck so that the 
Moon would behave.

 On our second night in Sydney, we took the students to the 
Sydney Observatory, where we saw many of the same things we’d 
seen up north. 

And yet they weren’t the same. 
Our students had seen Saturn through a telescope perhaps 

four times while we were in Flagstaff. That’s not nearly enough to 
become good friends with it, and yet when we saw the exact same 
planet through a telescope in Sydney, they knew instantly that it, 
too, was upside down. 

Leo? Upside down. The Big Dipper? Not even in the sky! How is it 
possible for such a prominent pattern of stars to just disappear like 
that? Although Crux was easily recognizable, these other stars were 

all wrong. All wrong, indeed. 
A trip to the Macquarie University Observatory a few days later 

revealed so much. The “new” constellations were pointed out to us. 
Things like Centaurus, which contained the “pointer stars” of Alpha 
and Beta Centauri and helped us find the real Southern Cross, and 
not the “False Cross.” We learned about Dorado, Carina and Vela. 
We saw the Jewel Box of Crux, a beautiful assortment of different-
colored stars. We saw Jupiter’s ghost, a bluish gossamer remnant of 
a Sun-like star, and heard of its life and death. We observed Omega 
Centauri, a dense fuzzy blob with ten million stars crammed into 
a ball only about 85 light years in radius. Given that there are only 
about 10,000 stars in an equal-sized ball centered on the Sun, 
Omega Centauri is a phenomenally dense cluster, probably the 
leftover core of a galaxy that became a snack for the Milky Way long 
ago. 

The students (and, to be fair, the instructors) marveled at these 
new sights. One student wondered aloud what the night sky would 
look like if we lived inside Omega Centauri instead of out here in the 
Galactic ‘burbs. It was a deeply insightful question, the type that I 
rarely hear from the hundreds of students who experience astron-
omy indoors during a standard semester.

On the other hand, when you find yourself in the southern hemi-
sphere, seeing the Southern Cross for the first time and feeling the 
chill of winter just a day after baking in the New Mexico Sun, imagin-
ing a different night sky seems like the most natural thing to do. 

DR. C. RENEE JAMES is a science writer and professor of physics at Sam Houston State University, 
where she has taught introductory astronomy since 1999. She is the author of two books, “Seven 
Wonders of the Universe That You Probably Took for Granted” (2010) and “Science Unshackled” 
(2014), plus dozens of popular astronomy articles.

https://www.amazon.com/Seven-Wonders-Universe-Probably-Granted/dp/080189798X
https://www.amazon.com/Seven-Wonders-Universe-Probably-Granted/dp/080189798X
https://www.amazon.com/dp/B00MABNA1S/ref=dp-kindle-redirect?_encoding=UTF8&btkr=1
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A Brief Burst of Solar Activity

Our home star may be currently within an extremely serene solar minimum but that didn’t stop one photographer from capturing a beautiful—albeit brief—burst of action along the Sun’s limb on camera.
This image was captured on May 29, 2018 by Alan Friedman from his backyard in Buffalo, New York. Alan uses a special 90 mm solar telescope that is sensitive to light in the hydrogen alpha (Ha) 

range—a wavelength emitted by ions in the Sun’s lower atmosphere. Hydrogen alpha imaging provides a look at the intricate features of the Sun’s chromosphere, the layer just below the superheated co-
rona and filled with fast-moving, hair-like filaments of plasma called spicules. When magnetic activity from within the Sun rises up in an area along the Sun’s limb, it can carry with it glowing plasma high above 
the chromosphere in flame-like strands called prominences. The one seen here is easily several tens of thousands of miles high, and the Earth could fit inside it many times over. Some prominences can last for 
days but if they rotate around into the face of the Sun they look darker than the background surface and are then called filaments. Smaller ones like this often settle down much quicker.

While you may think of astrophotography as the quest to capture points of light that are hundreds or thousands (or many more) light-years away, it’s images like these that remind us about the beauty of 
having a star right here in our own cosmic front yard! I’ve featured many of Alan’s gorgeous photos of the Sun over the past decade in online articles I’ve written for National Geographic News, Discovery News, 
and Universe Today to name a few, and now here in Mercury. Alan is president of an independent greeting card company in Buffalo and in his spare time enjoys collecting classy vintage hats, traveling with his 
family, and of course astrophotography. You can see more of Alan’s work on his website and if you’re in the Santa Fe area he currently has prints on display as part of a group show at the Photo-Eye Gallery.

cosmic views
By Jason Major

Image © Alan Friedman. All rights reserved. Used with permission.

http://www.avertedimagination.com
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The Illusion of Ina 

Do you see bright, textured plateaus rising up from a re-
gion of darker, smoother terrain dotted with craters in 
this NASA image? If so, you’re yet another victim of the 

illusion of Ina … but don’t feel too bad, you’re certainly not 
alone! 

Not really a crater, Ina is a depression about 3 kilometers 
(1.8 miles) across located within Lacus Felicitatis (Lake of 
Happiness) on the Moon’s near side. It was first observed in 
photographs captured in August 1971 by the crew of Apollo 
15 from lunar orbit. 

Here we’re looking at the interior of Ina in a 1.5-km-wide 
view captured with the LROC (Lunar Reconnaissance Orbiter 
Camera). It really does appear as if the dark regions are lower 
than the brighter-toned ones, but in reality it’s just the oppo-
site—the dark areas are mounds with hard, irregular edges 
that rise up about 60 meters (almost 200 feet) from the lighter 
floor of the depression.

Note that the sunlight in this view is coming from the right 
and that may help; also notice the lighting within the craters 
across the dark mounds. (Still can’t see it? Try rotating the im-
age and looking at it that way. I agree, it’s not easy!)

The origin of Ina has been a mystery ever since it was dis-
covered. It may be the result of relatively recent—but then 
again maybe ancient—volcanic activity which brought basal-
tic flows to the surface in a very localized event. Or it could 
be due to processes that lowered parts of the surface within 
Mare Fecunditatis, perhaps through the ejection or erosion of 
volatiles that left the more resistant basaltic hills to remain. 
Or maybe the lower regions are slowly sinking into subsurface 
caverns carved by ancient magma flows. 

JASON MAJOR is a graphic designer and space 

enthusiast living in Rhode Island. He has written 

online articles for Discovery, National Geographic, 

Universe Today, and has had processed images fea-

tured by The Atlantic, Astronomy Magazine, Science Channel, and 

NASA. You can find more of his work at  LightsInTheDark.com.
Credit: NASA/GSFC/Arizona State University

https://www.LightsInTheDark.com
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Opportunity Sleeps
As an unprecedented dust storm blankets the Martian 

atmosphere in darkness, the 14-year-old rover goes silent. 

By Tracy Staedter

This is the view from Opportunity’s front Hazard Avoidance Camera of the 
terrain at Perseverance Valley in January 2018 [NASA/JPL-Caltech]
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This is either an obituary or a story of survival. As of July 2018, 
NASA’s Mars rover Opportunity is parked halfway down the 
slope of the aptly-named Perseverance Valley, a channel that 

cuts into the equatorial crater, Endeavour. The rover sleeps, its instru-
ment-tipped robotic arm still deployed on the rock, La Joya, where 
it had been the last Wednesday of May. That’s when a small dust 
storm bloomed about 1,000 kilometers (620 miles) north of “Oppy.” 
The storm grew quickly and has since engulfed the entire planet in 
an opaque haze, blotting out the Sun—the rover’s primary source of 
power. There is only darkness now. And time. How long it will take 
the storm to subside and for the diminishing dust to reveal sunlight 
again is anyone’s guess. It could be weeks. It could be months.

Until then, Opportunity will stay in low-power mode, while a 
NASA-led team on Earth watches and hopes that the Martian tem-
peratures don’t dip too low and freeze the rover to death. If they do, 
Opportunity will leave behind a hero’s story of a stalwart robot that 
overcame several mechanical and environmental challenges to turn 
a 90-day job into a fourteen-and-a-half-year odyssey. 

A Troubling Tau
If Opportunity survives, it will add another Martian day (or “sol”) to 
its remarkable journey, deepen our understanding of the planet’s 
weather and geology, and help to inform a future day when humans 
will set foot on the Red Planet, following Opportunity’s lead. 

“Its longevity has taught us much about operating on the sur-
face of Mars. Regardless of how this turns out, this little rover has 
proven to be an invaluable investment that has greatly increased 
our ability to explore the Red Planet,” Jim Watzin, director of the Mars 
Exploration Program at NASA Headquarters in Washington, D.C., said 
in a press conference June 13. 

The trouble began on Wednesday, May 30, when instruments 

onboard the Mars Reconnaissance Orbiter (MRO) satellite detected 
the small dust storm north of Opportunity. Over the following 
weekend, NASA project team members monitored the rover’s power 
levels and whether the dust storm was beginning to increase local 
haze. Scientists describe atmospheric opacity in units known as tau 
(τ), with 0 being normal for a late spring day on Mars. 

By Saturday, June 2, the skies over Opportunity measured 0.6 τ 
and the rover’s power levels were strong, at 645 watt hours. So far, 
so good. But as the storm intensified, rising tens of kilometers into 
the atmosphere, the researchers saw the opacity increase and the 
rover’s energy levels drop. They switched Opportunity into a low-
power plan, which put the rover to sleep most of the day and all 
night. Each morning, it would wake, measure its power level as well 
as the surrounding opacity, upload the data to the MRO as it orbited 
overhead, and then go back to sleep. 

This series of images shows simulated views of a darkening Martian sky blotting out the Sun from 
NASA’s Opportunity rover’s point of view. [NASA/JPL-Caltech/TAMU]
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By Sunday, June 10, the atmospheric opacity was estimated 
at 10.8 τ—a record high for Mars, according to John Callas, 
Opportunity project manager at NASA’s Jet Propulsion Laboratory, 
Pasadena, Calif. The last global dust storm there occurred in 2007, 
and it took several weeks for the haze to build up to 5.5 τ. This most 
recent storm took less than two weeks to reach a tau of nearly 11, he 
said.

“It is unprecedented in the pace in which it has grown and spread 
across the globe,” Watzin tells Mercury. Opportunity’s energy produc-
tion suffered as a result, falling to just 22 watt hours, the minimum 
amount of energy the robot needed to maintain its master clock. 
Callas says he made the decision to turn everything off, except the 
master clock, and allow Opportunity to ride out the storm. “It was 
the last communication we had from the rover,” adds Callas. 

By June 19, the dust storm had encircled the entire planet and as 
of this writing, it has not abated. Because the particles are so fine 

and the atmosphere so thin, the scientists are not concerned that 
Opportunity will get blown over or that it will become buried under 
a sand dune or that dust will pile around its wheels, impeding its 
ability to maneuver when, and if, it ever comes back online. The 
main concern is the temperature. Without sunlight beating down on 
its solar arrays, the rover has no energy to move about or conduct 
experiments—motions that help keep it warm in the frigid Martian 
spring. Callas and his team have estimated that the temperatures 
could dip as low as -36 degrees Celsius (-33 Fahrenheit) under the 
sunless skies. 

“Finest Batteries in the Solar System”
Cold temperatures and a lack of sunlight likely killed Opportunity’s 
sister, Spirit in 2011. Two years prior, it had become stuck in a sand 
trap nicknamed “Troy” in Gusev crater and, for months, NASA mis-
sion managers tried to free it. By the winter of 2010, the dwindling 
sunlight merely glanced off Spirit’s solar arrays, which couldn’t be 
positioned in way to fully face the Sun. Slowly, the rover’s batteries 
drained, and it fell into hibernation, never to wake again. Scientists 
think that the winter cold destroyed Spirit’s internal electronics, ulti-
mately causing its demise. 

Although Opportunity faces a similar risk, it’s in a slightly better 
situation. It’s not trapped, it’s near the equator, and it’s coming into 
summer. It also has eight plutonium radioisotope heater units that 
each generate about one watt of thermal energy inside an insulated 
box to keep the rover’s core components warm. Even if the energy 
levels drop so low that the master clock shuts off, the rover still has 
the ability to autonomously wake up after the storm has passed and 
enough sunlight has bathed is arrays and recharged the batteries. 
At 15 years old, the batteries have 85 percent of their capacity, said 
Callas. 

This global map of Mars shows a growing dust storm as of June 6, 2018, as seen by NASA’s Mars 
Reconnaissance Orbiter spacecraft. [NASA/JPL-Caltech/MSSS]

https://www.jpl.nasa.gov/news/news.php?feature=7155
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“They are really the finest batteries in the Solar System,” says 
Callas.

An Elderly Robot
Callas says he and his team are optimistic, but also concerned. He 
likened Opportunity to a loved one who is in a coma. “The doctors 
are telling you, ‘Give it time.’ All of the vital signs are good, it’s just 
waiting it out. [But] if it’s your 97-year-old grandmother, you’re going 
to be very concerned.”

And elderly Opportunity is. Back in February, the rover exceeded 

5,000 sols on the surface of Mars. In that time, it has weathered 
other dust storms as well as mechanical problems. The vehicle drives 
mainly backward, is steered with two rear wheels instead of four (or 
sometimes via “tank turning,” which involves driving three wheels 
forward on one side and three wheels backward on the other side), 
and has a bad joint on its robotic arm, which cannot rotate side-to-
side. After experiencing some issues with its flash memory, the rover 
now uplinks science data immediately so that it won’t be lost over-
night when it switches to low-power mode. 

Of the instruments, two no longer function: the Miniature Thermal 
Emission Spectrometer, which was declared inoperative in 2011, and 
the Mössbauer spectrometer, which exhausted its radioactive source 
in 2012. Aside from those issues, the remaining sensors and cameras 
work. If storm dust happens to collect on the imagers and the solar 
arrays, the strong winds coming down Perseverance Valley will likely 
blow most of it off, Callas says. 

So, for now, the team sits and waits, keeping a watchful eye on the 
storm using MRO along with the Mars Odyssey and MAVEn space-
craft as well as the Curiosity rover, which doesn’t rely on solar power 
to operate. Ultimately, what scientists learn from this dust storm 
will contribute to their overall understanding of how these events 
develop and their ability to predict them.  

“As we work to pave the wave for when human explorers arrive, 
it will be essential that we learn to monitor and hopefully predict 
these storms in order to help ensure the safety of the crew,” adds 
Watzin. 

TRACY STAEDTER (tracystaedter.com) is a freelance science journalist, editor, and 
writing consultant. She mainly covers energy, the environment, sustainability, and 
urban resilience, but always has time for space exploration. You can follow her on 
Twitter (@tracy_staedter) and find her on LinkedIn.

The long shadow of NASA’s Mars rover Opportunity is cast over the slopes of Perseverance Valley dur-
ing sunnier days on sol 4941 of its mission. [NASA/JPL-Caltech]
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Billions of Black Holes
Many undiscovered black holes likely lurk throughout the 
Milky Way—this is how we might find some of them.

By Matthew R. Francis

This artist’s impression shows a black hole drifting through space, distorting the 
light of background stars—a gravitational effect called lensing. [ESO/L. Calçada]
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By their nature, black holes are difficult to detect. They don’t 
emit any light, and all light falling directly on them gets 
absorbed. They’re also very small in comparison to other 

objects with the same mass—even a black hole billions of times the 
mass of the Sun will only present a tiny profile for our telescopes to 
spot.

Because black holes are invisible, astronomers think the Milky Way 
is probably hiding many more than we have discovered to date. In 
fact, based on simulations of the galaxy, that number could be any-
where from ten million to a few billion hidden black holes.

“Maybe there are a bunch of black holes wandering around the 
galaxy, either close to the galactic center or farther out that we don’t 
know about,” says Jillian Bellovary, an astronomer at Queensborough 
Community College and the American Museum of Natural History in 
New York. 

That’s less dangerous to us than it sounds, since the galaxy is a 
huge place, consisting mostly of empty space. Apart from potential 
vagabonds drifting close to our Solar System—an extremely unlikely 
possibility—we’d also like to know how many black holes might be 
hiding out in the Milky Way. These might be relics of dead stars or 
leftovers from smaller galaxies cannibalized by our galaxy. “That’s 
pretty neat to think about just because it’s fun and spooky,” Bellovary 
tells Mercury.

But researchers, like Bellovary, have their eyes on the bigger story, 
too. We want to know because the story of our galaxy is reflected 
in the story of the black holes that live here. Knowing how many 
black holes, how big they are, and what parts of the Milky Way they 
inhabit is a way of tracing our galactic history.

“Our own existence is deeply tied up with the origin of our Milky 
Way, which in turn has been deeply affected by the existence of 
black holes,” says Andrew Pontzen, an astrophysicist at University 

College London. 
Using a combination of theoretical calculations and computer 

simulations, researchers have precise ideas about how many black 
holes are in the Milky Way and where they could be found. The big 
challenge is testing those predictions by finding the hidden black 
holes lurking in the galaxy. However, both current and future obser-
vatories could reveal a lot of them and tell us a great deal about the 
ones we still can’t see.

The Black Hole Garden
Astronomers separate black holes into major varieties based on their 
mass, which tells us something about their origins. 

Stellar-mass black holes are formed from the remnants of very 
massive stars, and the ones we’ve observed range from about five 
to forty times the mass of the Sun. These are probably the most 

Black hole mergers have been detected via the gravitational waves these events produce—all were 
generated by stellar mass black holes in other galaxies.  [NSF/LIGO/SXS]
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common type in the universe, simply because it’s easier to build 
something with a smaller mass. Collisions between these stellar-
mass black holes are also responsible for the first few gravitational 
wave signals detected by the Laser Interferometer Gravitational 
Observatory (LIGO).

Supermassive black holes (SMBHs) lie at the other end of the mass 
scale. They range from millions to billions of times the mass of the 
Sun and are by far the most massive single objects in the cosmos. 
Astronomers have detected these monsters at the centers of most 
galaxies. That includes the Milky Way, which hosts a black hole called 
Sagittarius A* (pronounced “A star”) approximately four million times 
more massive than the Sun. SMBHs are common in the universe, but 
we still don’t know some very basic things about them.

“We don’t really know how supermassive black holes grow at 
all,” says Bellovary. “We don’t know how they form and what mass 
they form at, and we don’t know much about how they gain more 
mass—if they gain mass through accretion of gas or if they gain 
mass through mergers with other black holes, or some combination 
of that.”

Billions of Black Holes
Between stellar and supermassive, we have the intermediate-mass 
black holes (IMBHs), which in theory range from hundreds to thou-
sands of times the mass of the Sun. We know the least about this 
type because we have very few observations, and some of those are 
contentious. However, there’s no obvious reason IMBHs shouldn’t 
exist, and various theories tell us they could play a similar role in 
small galaxies and star clusters that SMBHs play in the biggest galax-
ies.

The mystery of IMBHs highlights a general problem: we don’t see 
very many black holes in the Milky Way of any type just because 

they’re so hard to observe.
“It is impossible for any conventional telescopes to detect isolated 

black holes because they don’t emit electromagnetic waves,” says 
Kaya Mori, an astronomer at Columbia University, New York. In other 
words, a black hole of any mass doesn’t emit light of any kind. It only 
makes itself visible through interactions with other objects: stars, 
interstellar gas, or other black holes.

The way that visibility happens also depends on the mass of the 
black hole. Stellar-mass black holes become visible if they are paired 
with a star. In that case the black hole’s gravity pulls matter off the 
star, which heats up and emits X-rays. The first known stellar-mass 
black hole, Cygnus X-1, was discovered by its X-ray signature.

“About sixty black hole binaries have been detected in the entire 
Milky Way galaxy over the last five decades or so,” says Mori, who 

The Cygnus X-1 system consists of a stellar-mass black hole feeding off the gases from its blue giant 
binary partner, producing powerful jets and emitting X-rays. [NASA/CXC/M.Weiss]  



VOL. 47 NO. 3
SUMMER 2018 38

TABLE OF CONTENTS

uses the space-based Chandra X-ray observatory to locate black 
holes.

Significantly, many of those star-and-black hole binaries are in the 
central part of the galaxy, which, based on theoretical predictions, 
astronomers expected. But as Mori points out, sixty is only a tiny 
fraction of the total predicted number, which could be as high as 
20,000 stellar-mass black holes.

“There should be more fainter, undetected black hole binaries in 
the [galactic center], and there are a lot more isolated black holes 
unpaired with stars,” he says.

The Hidden Monsters
Populations of roaming stellar-mass black holes are fully expected 
simply from what we know about how they form. But what about 
supermassive black holes?

“We do reliably find [SMBHs] at the centers of galaxies, but could 

it be the case that actually there are other huge black holes lurking 
out there in deep space that would be much harder to find?” says 
Pontzen.

We know big galaxies like the Milky Way grew by swallowing up 
smaller galaxies. We see remnants of those other galaxies in popu-
lations of stars and other ways, but if those galaxies had SMBHs at 
their centers, those should still be around too.

“We have huge amounts of evidence that this is the way galaxies 
form and grow in our universe,” Pontzen says. “When these galaxy 
mergers happen, it must take the supermassive black holes with 
them.”

In a few other galaxies, we see more than one SMBH near the cen-
ter thanks to the way they feed on gas. However, a SMBH that lives 
far out from the galactic center might not have any nearby stars or 
gas to munch on, leaving them invisible to our telescopes. The com-
puter simulations Pontzen and his colleagues developed show that 
most relic SMBHs in the Milky Way are probably far from Sagittarius 
A*.

If that’s the case, how can we see them? “These stray supermassive 
black holes could have some kind of cluster of stars around them,” 
Pontzen says. That’s similar to what we see around Sagittarius A*: 
“What you’re really looking for is stars behaving in a strange way, 
whizzing around faster than you’d expect.”

Making (Gravitational) Waves
Bellovary is interested in another technique to find at least some 
of the predicted black holes: gravitational waves. When black holes 
have companions in orbit, their gravitational dance produces a 
variety of disturbances in the structure of spacetime. Most of these 
signals will be invisible to LIGO and other current gravitational wave 
observatories, but not to the proposed Laser Interferometer Space 

Understanding the population of black holes in our galaxy can reveal how the Milky Way evolved. 
[Josh Valenzuela, University of New Mexico]  
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Antenna (LISA).
Launching in 2034, LISA will consist of three small spacecraft fly-

ing in a triangle formation, separated by 2.5 million kilometers (1.6 
million miles). That gigantic design will allow it to detect binaries 
containing SMBHs and IMBHs, and pick up the distinct signal pro-
duced when a relatively small object is orbiting a big black hole.

Most of LISA’s black hole sources will be in other galaxies, but that 
will still tell us a lot about the Milky Way. If we see many gravitational 
wave sources across the universe, it helps build a complete picture 
of how many SMBHs and IMBHs are hiding away from the centers of 
galaxies.

“LISA will tell us how many [black hole] mergers are happening, 
and what the masses of the black holes in the mergers are, and 
when the mergers are happening,” says Bellovary. “This combination 
of quantities can tell us a lot about how massive black holes form in 

the early universe: how many mergers, what masses and times they 
happen at will tell us about when they formed and how often they 
merge, versus how often they grow through other ways.”

Besides finding hidden black holes, these future observations 
have huge implications for the big question: how did SMBHs like 
Sagittarius A* come to be in the first place? As Pontzen says, this has 
implications for our own cosmic history: “Even though black holes 
might seem like very esoteric theoretical objects, we know they have 
a profound impact on the way that galaxies develop and as a result, 
the ways stars and planets are formed within them.” 

MATTHEW R. FRANCIS is a physicist, science writer, public speaker, educator, and fre-
quent wearer of jaunty hats. His website is BowlerHatScience.org, and he tweets too 
much at @DrMRFrancis.

The LISA mission will consist of three spacecraft flying in a triangle formation, separated by 2.5 million km so the ultra-sensitive laser interferometer can detect some of the faintest gravitational waves. [NASA]  

http://www.bowlerhatscience.org
http://www.twitter.com/DrMRFrancis
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Chasing Shadows
Two teams of scientists studied the 2017 solar eclipse from high-flying aircraft. 

A year later, results are starting to come out.

By Steve Murray

This observation of a total solar eclipse shows the Sun’s magnetic corona, a feature that can only be seen when 
the glare of the Sun’s disk is blocked—in this case by the Moon. [NASA / SwRI / Dan Seaton / Amir Caspi]
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While millions of people observed the Great American 
Eclipse of 2017 from places all around the country, two 
science teams observed the event from high above it. 

Researchers flew instrument-packed aircraft above 90 percent of the 
Earth’s atmosphere in an effort to gain new insights into the mecha-
nisms that drive the temperature and structure of the Sun’s corona. 
One year later, scientists are showing what they’ve learned so far 
from their data, and discussing what they still expect to find.

Coronal Questions
The corona makes up the outermost layer of the Sun’s atmosphere. 
Its characteristic crown-like shapes result from the interaction of hot 
plasma with strong magnetic fields. Because the corona is 10 million 
times less dense than the chromosphere beneath it, however, it can 
only be seen with a coronagraph or during a total solar eclipse—it’s 
usually drowned out by the glare of the Sun’s disk.  

Astronomers are still trying to explain how temperatures increase 
so dramatically—from around 5,500 degrees Celsius at the chro-
mosphere to several million degrees Celsius in the corona, a puzzle 
known as the “coronal heating problem”—and how it manages to 
appear so ordered. “We know energy is getting into the corona to 
heat it, but we don’t know how that energy gets there,” says Amir 
Caspi, Senior Research Scientist at the Southwest Research Institute 
(SwRI) in Boulder, Colorado. “We also don’t understand why the 
corona is so well-structured. It should be a tangled mess, but the 
corona somehow keeps itself organized.” 

Some of the best opportunities for examining these properties are 
provided by total solar eclipses, hence the rush of scientific observ-
ing projects surrounding the 2017 event. “Coronagraphs aren’t as 
good as a direct eclipse,” says Phil Judge, Senior Scientist in the 
High Altitude Observatory at the National Center for Atmospheric 

Research (NCAR).  “It’s not just because of diffraction effects, it’s 
because of all the scattered light coming in to the coronagraph from 
the atmosphere above. Although space-based coronagraphs are 
largely free of the problem, they still have residual diffraction.” The 
Moon is a much better occulting disk because it’s so far away that 
there is virtually no diffraction around the edges.

Both science teams saw airborne astronomy as a promising path 
to clearer measurements. While the corona radiates energy across 
a wide spectrum, short wavelengths such as X-rays don’t penetrate 
the Earth’s atmosphere. Lower wavelengths, including visible light 
and infrared, could provide more accessible insight into coronal 
behavior. “While you could do visible light observing from the 
ground,” says Caspi, “you have to look through all that atmosphere, 

The atmosphere of the Sun consists of a lower photosphere and, just above it, the chromosphere. 
Above the chromosphere, solar plasma experiences a dramatic temperature increase in the corona. 
[Public Domain/Wikimedia Commons] 
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which is going to distort your image. Furthermore, emission and 
absorption of the atmosphere contaminates the three to five micron 
infrared band that both flight teams were trying to observe.”

“The Sun has never been properly surveyed in the infrared,” says 
Judge, “so the August eclipse offered us an opportunity to observe 
something entirely new. Infrared is one of the best places to go to 
measure the magnetic field of the Sun.”

Airborne observations were also seen as a way to extend the 
available opportunity for collecting data. The totality of an average 
eclipse lasts only two to three minutes, an extremely short interval 
for measuring coronal dynamics.  “Being on an airplane meant that 
we could put ourselves exactly where we needed to be,” says Caspi, 
“and chasing the eclipse meant that we could get extra time, espe-
cially by using two airplanes. Space-based platforms can’t position 

themselves in the exact path you might want, like an aircraft, and 
don’t have the telemetry performance; there’s a limit to how much 
data you can send down from a spacecraft.”

Assembling the Tools
Phil Judge and his colleagues used the NSF/NCAR Gulfstream-V 
High-performance Instrumented Airborne Platform for 
Environmental Research (GV HIAPER) aircraft for the flight portion 
of their project. “I made a general announcement to the astronomy 
community that we had this NCAR aircraft,” says Judge. “Ed DeLuca 
of the Harvard-Smithsonian Center for Astrophysics (CfA), jumped 
on the opportunity and came with an imaging spectrometer.” The 
Airborne Infrared Spectrometer (AIR-Spec) was carried aloft to mea-
sure 5 magnetically sensitive coronal emission lines, a first for high 
resolution coronal imaging spectroscopy from the upper atmo-
sphere. 

The team augmented its airborne data measurements with a 
set of ground-based instruments that included a forward-looking 
infrared (FLIR) camera, an imaging polarimeter (POLCAM), and an 
infrared Fourier Transform Spectrometer (IRFTS). “I actually tried very 
hard to get the IRFTS onto the aircraft,” says Judge, “but we didn’t get 
the funding we needed.” 

The eclipse marked the astronomy debut of two NASA WB-57 air-
craft in support of the SwRI project. They are the oldest aircraft in the 
NASA fleet and the only three flyable models in the world. “We’ve 
been looking at flying the WB-57s for astronomy for a number of 
years, says Caspi, Principal Investigator of the NASA WB-57 mission. 
“The eclipse is what finally got it to click.”

The SwRI project was an exercise in repurposed technology. Each 
WB-57 was equipped with an AIRS/DyNAMITE (Airborne Imaging 
and Reconnaissance System/Day-Night Airborne Motion Imagery for 

One  of  the  WB-57F  jets  is  readied  for  a  test  run  at  Ellington  Field  in  Houston.  The  instruments  
are  mounted  under  the  silver  casing  on  the  nose  of  the  plane  and  removed  before  flight. 
[NASA’s  Johnson  Space  Center/Norah  Moran] 
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Terrestrial Environments) system in its nose. Designed and built by 
Southern Research, each system combined a gyro-stabilized high-
definition television camera and FLIR camera. The packages were 
originally designed for tracking Space Shuttle launches, however, 
and not for astronomy research, so Southern Research incorporated 
several upgrades to make the systems suitable for recording the 
eclipse. “We didn’t have a lot of time or money to develop our own 
instrumentation,” says Caspi, “so we adapted existing instruments. 
AIRS/DyNAMITE already had visible light and infrared capability so it 
was perfect for our needs. Southern Research contributed time and 
resources far beyond our expectations. They became major partners 
and were critical to our success.”

The Gulfstream V chased the eclipse across Missouri, Illinois, 
Kentucky, and Tennessee at an altitude of over 14 kilometers (47,000 
feet), and obtained measurements during about four minutes of 

totality. Jenna Samra, a Harvard PhD student who designed the 
inertial stabilization platform that guided the AIR-Spec system, also 
flew aboard the aircraft to supervise data collection and equipment 
operation during the eclipse. The skies were crowded for the event. 
“Controllers told us to land immediately after our mission,” says 
Judge, “because of all the other eclipse chasing aircraft in the sky 
that day.”

Both WB-57s flew at about 15 kilometers (50,000 feet) along the 
path of totality. The planes were staged about 100 kilometers (62 
miles) apart while following the eclipse track, which meant that both 
aircraft were simultaneously in the Moon’s shadow for about 10 to 
15 seconds. And, while each WB-57 experienced about four minutes 
of totality, the science team expects to obtain over seven and a half 
minutes of continuous totality once the data are combined. 

Each NASA aircraft carried a pilot and a sensor equipment opera-

Three WB-57F jets fly in formation over Houston, Texas. [NASA/Southern Research]
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tor (SEO) responsible for managing the AIRS/DyNAMITE system. One 
of the systems added some excitement to the mission. “My hair was 
absolutely on fire from the first part of the mission,” says Don Darrow, 
an SEO with Southern Research. “My system didn’t work properly 
and one of my displays wasn’t available, so I had to collect data and 
troubleshoot at the same time. Fortunately, everything got resolved 
just before the eclipse and the AIRS system operated by Cary Klemm, 
the other SEO, was just fine.”

All of the data was recorded onto hard drives in each airplane and 
downloaded after they landed.

Looking at the Data
Although all system calibration and data validation tasks aren’t yet 
completed, both teams have reported their initial results. 

The AIR-Spec instrument used aboard the Gulfstream V was a slit 
spectrometer, which measured discrete locations around the Sun. 
“We achieved four positions during the flight,” says Judge, “and the 
spectrum is somewhat different at each one. This is very important 
to know, of course, as the signature of the Sun is determined by the 
structure underlying it. We see different things because that struc-
ture is different.

“I’m very much interested in solar magnetism because that’s 
where all the energy is,” he adds. “What we see in the corona is the 
result of the dissipation of that energy, not the cause of it. The ther-
mal structure is also very well organized, but a lot of research only 
looks at thermal organization and not the magnetic field; and they 
don’t really ask questions about it.” Judge had predicted in 1998 that 
the five wavelengths successfully measured by AIR-Spec should be 
visible in the corona. One of the lines, for magnesium, had never 
been seen before.

“This is the first time we’ve obtained results like these for high 

resolution coronal imaging spectroscopy,” he says, “and it opens a 
new infrared window on the solar corona. It could be a pathfinder 
method for future observations of coronal magnetic fields.”

The SwRI team focused on the “green line” with its visible light 
measurements. “The green emission from Iron 14 (Fe XIV) helps us 
isolate the magnetic structures in the corona filled with hot plasma,” 
says Caspi, “from the background of photospheric light scattered by 
the corona. This helps us to better see the coronal structures and to 
try and understand how they stay so well organized. The big loops 
you see in the corona are rooted in the photosphere below. The 
photosphere looks kind of like a pot of boiling water, with convec-
tive cells bubbling up and also causing twisting and turning at the 
surface. This surface convection should twist and tangle the loops, 
but it doesn’t—that’s what we’re trying to figure out.”

The team had to process the data to remove jitter from aircraft 
motion, and to co-align the images by stacking them on top of each 
other. “You can immediately see more structure and striations in the 

This photograph shows Southern  Research  Sensor  Equipment  Operator  Donald  Darrow  in a  WB-57  
during an eclipse  flight. [Donald  Darrow] 
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calibrated images” says Caspi. “What 
we’re looking for are ripples and 
waves.” 

Alfvén waves are magnetic ripples 
that flow through the corona. “The 
magnetic structures that we see in the 
corona are rooted in this roiling mass, 
says Caspi, “and you’d think it would 
tangle them up, but it turns out that 
they don’t; they stay very well struc-
tured even though they’re constantly 
twisting and turning. That means that 
the magnetic field is reconfiguring 
itself to constantly release little bits 
of twists and tangles to stay combed. 
Although we don’t really know, we 
conjecture that it’s a magnetic recon-
nection phenomenon—when closely 
spaced but oppositely oriented mag-
netic field lines ‘annihilate’ and cause 
the field to reconfigure.”

These same waves, or waves related 
to them, may also be getting dissipated 
in the corona and releasing energy as 
heat, so the process they’re looking for to explain the stability of the 
corona’s structure could also be responsible for its heat. Although 
possible wave motion could have been captured in the SwRI data, 
the team can’t yet rule out that the data processing required to 
remove image jitter might, itself, be a cause of that motion.

The infrared data collected by the SwRI team may turn out to 
be the most surprising. “The infrared was kind of a bonus for us,” 

says Caspi, “because the camera was 
already on the airplane. We captured 
one of the very first images of the 
corona at infrared wavelengths. It’s 
intriguing because it’s in the three to 
five micron range which is basically 
inaccessible from the ground. The 
atmosphere absorbs and emits really 
strongly in that band.

“The infrared data is quite tantaliz-
ing,” says Caspi, “so the ‘bonus’ science 
that we set out to do—that wasn’t 
really driving our project—might turn 
out to be very interesting. We’re still 
working on the analysis, but these 
brand new observations could yield 
some really exciting results.”

Summaries of these results have 
been presented in public forums and 
at least one paper has been released. 
The two teams are now discussing a 
collaboration for the next phase of 
their analysis. “I think the possibility 
of there being an interesting overlap 

between us is still there,” says Judge. “And it’s research—you don’t 
know what you’re going to get. If you did, it wouldn’t be research.”

“The experiment that Jenna and Phil were working on included an 
airborne spectrometer,” says Caspi, “and they were looking in similar 
wavelengths to ours. Their instrument was a slit spectrometer and 
looked along a narrow slice of the Sun whereas we were observing 
the full Sun in infrared. We have a lot of good spatial information 

Both  stabilized  telescopes  aboard  the  WB-57F  aircraft  successfully  acquired  science  
data  and  images  during  the  August  21  eclipse,  including  observations  of  the  solar  
corona  during  eclipse  totality  and  of  Mercury  during  the  eclipse  partial  phase. [NASA] 
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while they have a lot of good spectral information. So by combining 
our data we can hopefully learn even more about what the Sun is 
doing in these near-infrared wavelengths.”

What’s Next?
While there is more information to mine from these mission results, 
the issues will likely not be resolved from these flights alone. “I 
think there are much more fundamental questions that we need to 
answer to understand the relationship between energy going up 
and then dissipating in the corona and why it has to organize itself 
in the way that it does,” says Judge. Nevertheless, several important 
advances have already emerged from this work that will advance 
both solar physics and airborne astronomy in general. “Some of the 
technical issues we’ve sorted out in our ground-based and flight 
instruments will be particularly relevant to the Daniel K. Inoue Solar 
Telescope (DKIST),” says Judge. “The 4-meter instrument is being 

built on Haleakala, Maui and, with an infrared coronagraph, it will 
be able to observe the Sun in exquisite detail. The work we’ve done 
leads toward a better understanding of the challenges, so we can hit 
the ground running when DKIST begins operating in 2020.”

“One of the SwRI engineering goals was to see whether the WB-57 
would make a viable platform for airborne astronomy. “And it really 
does,” says Caspi. “I think one of its greatest strengths would be 
accessibility for daytime targets. There ARE celestial targets that are 
up during the day and those generally aren’t accessible to nighttime 
observatories. We’re hoping it’s the first of many times the WB-57s 
will be used for astronomy.” 

The Gulfstream V has already been requested to support the 2019 
eclipse in South America, although the project will have to compete 
with other demands for its time. “There’s still a need to get the IRFTS 
aboard an aircraft, too,” says Judge. “Maybe that will happen during 
the next eclipse cycles.”

The SwRI team is also looking to get the WB-57s to South 
America in 2019 and 2020, ideally with some equipment upgrades. 
Additional flights would allow the astronomers to compare obser-
vations across an interesting shift in solar activity. The 2017 eclipse 
occurred a few years after solar maximum but a few years before 
the solar minimum of 2019 and 2020, when the corona should 
appear more symmetric. “Because the Moon will be closer in 2019,” 
says Caspi, “we might actually get up to 12 or 13 minutes of total-
ity, between the two aircraft. I’m hoping it’s the beginning of many 
more interesting missions!”  

STEVE MURRAY is a freelance science writer and NASA Solar System Ambassador. A 
former research engineer, he follows developments in astronomy, space science, and 
aviation.This artist’s rendering shows two WB-57 during an eclipse  flight. [NASA/Faroe  Islands/SwRI ] 

http://stevemurrayink.com


VOL. 47 NO. 3
SUMMER 2018 47

TABLE OF CONTENTS

reflec tions
By Ian O’Neill

MUSE-ing Over Neptune

The atmosphere is no friend to astronomers. Moisture, dust, the weather and turbulence all collaborate to obscure astronomical images. To beat this, we often turn to space-based (or, indeed, 
telescopes carried by aircraft or balloon) to get above the atmosphere. But one of the most powerful telescopes on the planet, the ESO’s Very Large Telescope in Chile, uses the power of 
adaptive optics to see through the haze. And the results are spectacular. Seen here is two views of Neptune. On the right is an observation by the Hubble Space Telescope and, to the left, 

an observation by the VLT’s MUSE instrument in Narrow-Field Mode, working with the GALACSI adaptive optics module, which can correct for turbulence at all altitudes. The result? It’s as if the 
atmosphere isn’t even there. For more information about this incredible advance, read the ESO’s news release.

Credit: ESO/P. Weilbacher (AIP)/NASA, ESA, and M.H. Wong and J. Tollefson (UC Berkeley)

http://www.eso.org/public/news/eso1824/
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