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“When I went back to viewing, I wanted the best...

24” f/3.85 Slipstream telescope 

and Tele Vue eyepieces.”
 

Tony Hallas, 
Renowned Astrophotographer,
Returns to the Eyepiece
(from an unsolicited e-mail to David Nagler)

Hi David and Al,

Although I am still active in imaging, I have decided to go back to viewing and have taken 

possession of a new 24” f/3.85 Slipstream telescope from Tom Osypowski. You will be happy to 

know that I have acquired a treasure trove of TeleVue eyepieces to complement this telescope, 

specifically: 26 and 20mm Nagler Type 5, 17.3, 14, 10, 6, 4.5mm Delos, Paracorr Type 2, 

and 24mm Panoptics for binocular viewing. After using a Delos, “that was all she wrote;” 

you have created the perfect eyepiece. The Delos eyepieces are a joy to use and sharp, sharp, 

sharp! I wanted to thank you for continuing your quest to make the best eyepieces for the 

amateur community. I am very glad that you don’t compromise ... in this world there are 

many who appreciate this and appreciate what you and Al have done for our avocation. Hard 

to imagine what viewing would be like without your creations.

Best,
      Tony Hallas

—Tony Hallas

M24 region imaged by Tony Hallas using a 
Tele Vue-NP101is refractor.

Tony with his Tele Vue eyepiece collection awaits 
a night of great observing at his dark-sky site.
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Join acclaimed astrophysicist Neil deGrasse Tyson 
for an edge-of-your-seat journey to the frontiers 
of the known (and unknown) universe.

In 6 fascinating episodes, Dr. Tyson reveals how 
cutting-edge technology and ever-improving 
theories enable modern scientists to explore the 
wonders of the universe as never before.

If You Liked Cosmos, You’ll Love this Mind-Bending Series

1.  History’s Mysteries
 Take a closer look at mysteries of physics that 
were once unexplainable but, thanks to 
quantum physics, are now better understood.

2. The Spooky Universe
Delve into mind-warping physics 
concepts such as time dilation and 
quantum tunneling.

3. Inexplicable Life
 Investigate the mystery of life, including the 
very real possibility that life fi rst came to Earth 
from elsewhere in the universe.

4. Inexplicable Physics
  Examine undiscovered elements, 

subatomic particles, string theory, 
and black holes.

5. Inexplicable Space
  Uncover two of the greatest mysteries 

in astrophysics—dark matter and dark 
energy—and map the shape of spacetime.

6. Inexplicable Cosmology
  Explore truly exotic concepts like quantum 

foam, the multiverse, multiple dimensions, and 
the likely fate of the universe.

The Inexplicable Universe: Unsolved Mysteries  (Course no. 1816  |  6 half-hour episodes)

To get Inexplicable Universe and hundreds of other courses, go to: 

www.TheGreatCoursesPlus.com/ASTR8

Neil deGrasse Tyson

© Shutterstock; Courtesy of NASA/JPL-Caltech; Courtesy of NASA:  X-ray, NASA/CXC/CfA/M.Markevitch et al.; Optical, NASA/STScI; Magellan/U.Arizona/D.Clowe et al.; Lensing Map, NASA/STScI; ESO WFI; 
Magellan/U.Arizona/D.Clowe et al; © Mike Olliver.
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A simulation shows gravitational 
waves coming from two black 
holes as they spiral in together.
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IN 1992, Caltech astro-
physicist Kip Thorne 
and his associates 
put their dream into 

action. Along with Caltech’s 
Ronald Drever, Rainer Weiss 
of MIT, and a scientific cast 
of hundreds, they com-
menced the LIGO project. 
LIGO stands for Laser 
Interferometer Gravitational-
Wave Observatory, and it 
became the largest project 
ever funded by the National 
Science Foundation. 

LIGO consists of enor-
mous facilities in Hanford, 
Washington, and Livingston, 
Louisiana, that allow scien-
tists to listen for gravitational 
waves, or ripples in the cur-
vature of space-time. Such 
ripples should be produced, 
for example, when two 
supermassive black holes 
collide and merge. 

Despite the theoretical 
confidence in the existence 
of gravitational waves, from 
Einstein’s era through the 
first weeks of 2016, none had 
yet been detected. In January 
2016, scientists queued up for 
an announcement of a detec-
tion from LIGO, but it 
turned out to be a false 
alarm. The flap was just one 
of the many false signals 
LIGO scientists created to 
test the system. 

But in February 2016, the 
situation changed. On the 
11th of that month, the LIGO 
team held a press conference 
under the auspices of the 
National Science Foundation, 
announcing the detection of 
gravitational waves. It landed 
a big moment for science 
— for Einstein’s predictions 
again ringing true, and for 
the magnitude of big science 
projects. 

Weiss and Thorne were 
among the speakers and 
reflected on the legacy of 
such a long effort. Thorne 
described eloquently how we 
have seen the universe only 
as a smooth, mirrorlike sea, 
in electromagnetic radiation 
only, until this time. Now a 
new era of astrophysics has 
opened, in which we can 
detect the raging storms that 
slosh water to and fro on the 
cosmic ocean. 

The detection itself 
occurred in September 2015, 
first at the LIGO observatory 
in Livingston, and then in 
data at Hanford. The chirp of 
the gravitational wave pass-
ing through Earth lasted 
only 0.2 second. It signaled 
the collision and merger of 
two stellar-mass black holes 
of perhaps 29 and 36 solar 
masses, lying some 1.3 bil-
lion light-years away, in the 

general direction of the 
Magellanic Clouds in our 
southern sky. 

This event happened when 
life on Earth consisted of 
merely bacteria and primitive 
eukaryotes, single-celled 
creatures. Only now did we 
receive the signal. As Thorne 
likes to say, black holes are 
“the brightest objects in the 
universe — but no light!” 

Now, finally, we have 
direct evidence of two black 
holes crashing together, 
warping the fabric of space-
time and sending this ripple 
outward in all directions. 
Astronomers will listen for 
more of these, with LIGO 
and future detectors. 

The LIGO team expects 
more such detections. Given 
the number of black holes 
that must exist in the uni-
verse, it’s not surprising that 
we should find evidence of 
more mergers now that we 
have this capability. 

Ain’t it lovely when the 
universe works the way we 
all thought it did, starting so 
many years ago? Kip Thorne 
is not the only one who is 
smiling. He is joined, some-
where, by Albert Einstein. 

 
Yours truly,

David J. Eicher
Editor

The screams 
of black 
holes

Follow the Dave’s Universe blog: 
www.Astronomy.com/davesuniverse

Follow Dave Eicher on Twitter: @deicherstar
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SNAPSHOT 

How comets 
surprise us
Sometimes they fade, 
but they can delight, too. 

Comets come and comets go, and these little icy 
wanderers from the outer solar system often sur-
prise us. Two years ago we had high hopes for 
Comet ISON (C/2012 S1), but it became a dud 
when it approached the Sun and disintegrated. 
Now Comet Catalina (C/2013 US10) has put on a 
show as a naked-eye object, at about 6th magni-
tude, during the first days of 2016. 

This spectacular image by Spanish photogra-
pher José J. Chambó reveals a complex comet. It 
shows a brilliant nucleus and a long gas tail f low-
ing to the right, away from the Sun. The gas tail 

contains rays, knots, and a large disconnection 
event (near the upper right of the picture) caused 
by a solar magnetic blast. 

Jutting off to the lower left of the nucleus is a 
yellowish dust tail, appearing to move in a very 
different direction from the gas, due in part to 
perspective. The field also contains some 
unusual galaxies in Virgo, with NGC 5566, a 
barred spiral, being the largest and brightest (left 
of the comet). 

Stay tuned. You never know what a comet will 
do to surprise you next. — David J. Eicher

HOT BYTES >>
TRENDING  

TO THE TOP 

GALAXY RIPPLES 
Astronomers think a 
dwarf galaxy skimming 
by a few hundred million 
years ago caused ripples 
observed at the Milky 
Way’s edge. 

TAKING IN STRAYS 
Globular clusters birth 
multiple litters of stars 
by stealing gas from their 
surroundings instead 
of shedding it over time, 
as astronomers thought. 

ETA TWINS 
“Twins” of the violent 
and famous Eta Carinae 
star system exist in 
nearby galaxies, indicated 
by the systems’ similar 
spectral fingerprints. 

Comet Catalina (C/2013 US10) reveals a long gas tail streaming to the upper right from the nucleus along with a fan-shaped dust tail jutting to the lower left. The field contains bright 
galaxies, including NGC 5566 (to the left the comet). JOSÉ J. CHAMBÓ; CHAKRABARTI ET AL., 2016 (GALAXY RIPPLES); ESA/NASA/HUBBLE (TAKING IN STRAYS); ESA/NASA (ETA TWINS)
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Quick:   How many 
 constellations 

does the Milky Way traverse? 
Don’t know, do you? Neither 
did I until I looked it up. It’s 
27. Not one is high and promi-
nent this month for Northern 
Hemisphere observers. 

But if someone asked where 
our galaxy looks brightest, 
you’d correctly say Sagittarius. 
In pristine dark places where 
the Teapot asterism is overhead 
— the Southern Hemisphere 
— the Milky Way is so bright 
that it casts shadows. Its exact 
center is marked by the radio 
source Sagittarius A* (pro-
nounced, “A-star”), which 
corresponds to the 4.3 million-
solar-mass black hole around 
which our entire galaxy pivots. 
That visually rich region is a 
good reason to make a pilgrim-
age far south of your ZIP code. 
Down there, the Milky Way 
also runs through the Southern 
Cross, Crux, currently over-
head in Chile and Australia. 

But right now, you and I 
have no Milky Way. In April 
and May, the galaxy lies coin-
cident with our horizon. So if 
you stargaze around 10 p.m., 
you look into the year’s dark-
est sky. Picture standing on a 
giant glowing pancake. That’s 
our current situation. When we 
look overhead this month, we 
stare directly out of our galaxy. 
Its glow is buried along the 
horizon, unseen.

The north galactic pole is 
now high up. That’s the spot 
90 degrees from the galactic 
plane. It’s in Coma Berenices, 
which is a finalist in the Least 
Realistic Constellation Contest. 
It’s supposed to be the hairdo of 

STRANGEUNIVERSE
 B Y  B O B  B E R M A N

Where are the 
stars?

FROM OUR INBOX

a queen, but actually looks like 
20-gauge buckshot. When we 
look that way, to the upper left 
of Leo, we’re gazing through 
our galaxy’s thinnest section 
into the yawning emptiness of 
intergalactic space. Happily, 
lots of distant galaxies lie in 
that direction, like the edgewise 
beauty NGC 4565 and the scar-
ily massive ball-shaped M87. 
No foreground dust diminishes 
their splendor.

The paltry few hundred 
light-years standing between 
us and intergalactic emptiness 
when we gaze up high this 
month also means we see few 
stars overhead. It’s the year’s 
darkest sky. 

Theoretically, this should 
make us happy. We astronomers 
are always fighting for “dark 
skies.” So this month, when we 
have it, why aren’t we ecstatic? 

Because we don’t really crave 
blackness. No, we crave a black 
background. In the foreground, 
we want lots of stars, and spring 
doesn’t accommodate us.

You see, the Milky Way is not 
merely a glow. It’s also the zone 
where a rich sprawl of bright, 
medium, and faint stars pep-
pers the sky. Oddly, this aspect 
is often overlooked. Even if you 
live in the ’burbs where the win-
ter Milky Way is AWOL, just 
trace out where the vast major-
ity of stars lurk. Sure enough, 
they form a wide, low band run-
ning from near Sirius through 
Orion and into Auriga, which 

marks the direction opposite the 
galaxy’s center but still within 
its plane. This is the Milky Way, 
even if its glow is invisible. 

The Southern Hemisphere 
shows the same effect. Seemingly 
a zillion stars hover between 
Sagittarius and the Southern 
Cross and then onward through 
Puppis to the Dog Star. Yet else-
where, where the South Celestial 
Pole lies near the Magellanic 
Clouds, vast celestial acreage is 
eerily forlorn.

So the night is dramatically 
non-uniform. Huge, barren 
tracts fill our pre-midnight 
spring sky. If you have one of 
those nifty devices for measur-
ing sky quality, you get your 
darkest readings now. And 
because nebulae and open star 
clusters follow the Milky Way, 
those are absent, too.

Stepping outdoors atop the 
Big Pancake may seem to offer 
slim pickings. In spring, if you 
don’t own a big enough scope to 
get good views of other galaxies, 
you may be tempted to abandon 
astronomy and take up, say, 
taxidermy. Does the overhead 

galactic pole signal depression? 
Do we require therapy? Lie on 
the couch. Let’s see if we can 
find murk’s bright side. 

To heck with brilliance. 
Forget the stars. We still have 
globular clusters, which don’t 
inhabit the galactic plane. 
May also delivers 2016’s best 
planetary views, including 
Mars reaching its closest and 
biggest appearance in over a 
decade. If the nearest large 
city is a few time zones away, 
you might also catch the dim, 
dreamy zodiacal light tapering 
upward from spring’s western 
horizon. And speaking of faint 
esoterica, the easiest quasar — 
the ravenous black hole center 
of a faraway active galaxy —  
is also up these nights. That’s 
3C 273, in Virgo. 

We have the Big Dipper 
at its very highest. Its handle 
curves toward brilliant 
Arcturus, the only spring star 
nobody mispronounces. And 
we have our own geeky fel-
lowship of observers, whose 
friendly faces are never more 
welcome than when illumi-
nated by starlight. 

At least, what there is of it. 

The Milky Way’s beacons are in 
short supply, but astronomers 
should never fear the dark. 

BROWSE THE “STRANGE UNIVERSE” ARCHIVE AT www.Astronomy.com/Berman.

Contact me about  
my strange universe by visiting  

http://skymanbob.com.

WE ASTRONOMERS ARE ALWAYS FIGHTING 
FOR “DARK SKIES.” SO THIS MONTH, WHEN 

WE HAVE IT, WHY AREN’T WE ECSTATIC?

Another Earth?
Nola Taylor Redd is to be congratulated — “Why we haven’t  
found another Earth,” p. 24, February 2016 — for advising an  
overenthused public to cool it. Editor David J. Eicher indicts  
“crackpot” media writers for using expressions like “other  
Earths.” I would extend this objection to those who overlook  
the factors of chance and uniqueness operating in the natural  
world. This was singled out in Nobel laureate biologist Jacques  
Monod’s memorable book, Chance and Necessity. Science  
loves gestalten (patterns). It tends to ignore the factors of  
contingency and accident, which nevertheless produce unique  
outcomes. The 4.5 billion-year history of our planet is replete  
with momentous, chancy events. Could not one of these be  
the rare, perhaps unique creation of Earth’s biosphere? More  
than one well-known scientist has thought so. The late  
Dr. Iosif Shklovsky, renowned Russian astrophysicist, developed 
a unique Earth hypothesis. He by no means believed that extra-
terrestrial life is, to use the popular shibboleth, “inevitable.”  
— Albert L. Weeks, Sarasota, Florida 
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QUICK TAKES
TESTING EINSTEIN 

Physicist Peter Mészáros sug-
gests that studies of Fast Radio 

Bursts — short but powerful 
blasts of energy — could pro-
vide a better test of Einstein’s 

theory of general relativity 
than gamma-ray bursts, a  

previously accepted method. 

•
CONSIDERING  
MAGNETISM 

A research team using Kepler 
Space Telescope data discov-

ered that strong magnetic 
fields are present in as many 

as 60 percent of stars, instead 
of the 5 to 10 percent astrono-

mers previously estimated. 

•
HOSPITABLE CLUSTERS 

Astronomers argue that 
contrary to past expectations, 

globular clusters might be 
excellent abodes for life in 
the universe, thanks to the 

abundance of long-lived dwarf 
stars. Finding signs of planets 
in the crowd of stars would be 

a new challenge, though. 

•
GHOST CLOUDS 

Vast clouds of cold gas float 
invisibly through the universe, 

observed only when they block 
light from background objects, 

like brilliant but rare quasars. 
Now, astronomers are using 
normal galaxies to probe the 

clouds more extensively. 

•
CLEAN CLOUD 

Astronomers observed an 
ancient gas cloud with few 

metals (elements heavier than 
helium). The cloud may be a 

relic from the first generation 
of stars, which contained no 
heavy elements and instead 
created them in supernova 

explosions. 

•
VARIABLE STARS

Variable star V404 Cygni has 
been quiet since 1989, but 
in 2015 it flared up again. 
Members of the American 
Association of Variable Star 

Observers worked in concert 
with X-ray telescope teams to 
track it ceaselessly during its 

ongoing active period. 

•
POOR STAR 

Metals — elements heavier 
than helium — are suspi-

ciously lacking in a star called 
2MASS J18082002–5104378. 
Astronomers think this star is 

representative of the first gen-
eration of stars, which formed 

from pristine gas soon after 
the Big Bang. — K. H.

“NOODLE” GAS. An Australian radio telescope revealed that lumps of gas, possibly shaped like noodles, float within the 
Milky Way. The structures are invisible in optical observations, but they affect how our galaxy cycles its gaseous material.

H
ow many planets call our 
solar system home? 
Generations of schoolkids 
learned there were nine, but 

that figure dropped to eight in 
2006 when the International 
Astronomical Union (IAU) infa-
mously relegated Pluto to a new 
class called dwarf planet. If 
astronomers Konstantin Batygin 
and Mike Brown of the California 
Institute of Technology are right, 
however, nine may be the right 
number after all.

On January 20, Batygin and 
Brown announced evidence for a 
new planet lurking in the solar 
system’s frigid depths. They esti-
mate the object has about 10 times 
Earth’s mass and orbits the Sun at 
an average distance roughly 700 
times greater than Earth does 
while taking 10,000 to 20,000 
years to complete a circuit.

The researchers discovered the 
putative planet through math-
ematical modeling and computer 
simulations, but have not yet seen 

the object directly. Still, they are 
convinced it is real.

“This would be a real ninth 
planet,” says Brown, who notes 
that it appears to have some 5,000 
times Pluto’s mass and easily 
would dominate its neighborhood 
— a key part of the IAU’s 2006 
planet definition.

The road to discovery began 
in 2014 when astronomers 
Chad Trujillo of the Gemini 
Observatory and Scott Sheppard 
of the Carnegie Institution for 
Science noticed that 13 distant 
Kuiper Belt objects all had argu-
ments of perihelion around 
0°, meaning that their closest 
approaches to the Sun all occur 
near the ecliptic, the plane of 
Earth’s orbit that the other planets 
follow closely.

Batygin and Brown found that 
the six most distant objects from 
this survey clustered not only in 
their arguments of perihelion but 
also in physical space, with each 
of the orbits tilted about 30° to the 

ecliptic. The probability that this 
could happen by chance is just 
0.007 percent.

“It shouldn’t happen randomly,” 
says Brown. “So we thought some-
thing else must be shaping these 
orbits.” The two ran numerous 
computer simulations before hit-
ting on one that reproduced the 
orbits. The key was to have a mas-
sive new planet orbiting 180° out 
of phase with the other objects, so 
its closest approach to the Sun 
occurred on the opposite side of 
the solar system.

Brown and other colleagues 
have started to scour the skies for 
the new planet. Unfortunately, 
they know only the object’s rough 
orbit and not its position along 
this highly eccentric path. If 
“Planet Nine” is relatively near the 
Sun, previous surveys likely 
already have captured it. If it is at 
its most distant, however, it will 
take the largest Earth-based tele-
scopes to see its feeble glow.  
— Richard Talcott

‘PLANET NINE’ FROM OUTER SPACE

A DARK WORLD. 
Astronomers have 
discovered a putative 
planet in the outer 
solar system. This 
artist’s rendering 
shows spotty light-
ning in the massive 
world’s thick atmo-
sphere. The distant 
Sun appears to the 
planet’s lower right. 
CALTECH/R. HURT (IPAC)

100,000 “Weight” of the second-largest 
black hole in the Milky Way 

solar 
masses
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BRIEFCASE

NO LIFE IN MARS-LIKE ANTARCTICA
Astrobiologists find life in Earth’s most extreme environ-
ments, so scientists from Canada’s McGill University had 
a hard time accepting that they came up empty-handed 

in a search of Antarctica’s University Valley. Microbes 
thrive at lower elevations nearby, but this site is among 
the coldest, oldest, and driest places on Earth. It’s also 

strikingly similar to Mars’ permafrost regions where the 
Phoenix lander touched down in 2008. This means Mars’ 

poles might not be a good place to look for life. 
However, any earthly microbes carried there by space-
craft likely can’t survive to contaminate the Red Planet. •
MOON FORMED IN HEAD-ON COLLISION

The Moon formed when a Mars-sized planetesimal 
called Theia smacked into Earth — that much nearly all 

scientists accept — but the details are up for debate. 
One point of contention is whether Earth suffered a 

direct hit or a glancing blow. A team led by the 
University of California, Los Angeles took a closer look at 
oxygen levels in Apollo-era Moon rocks and found them 
identical to Earth rocks. This implies a head-on collision 

that thoroughly mixed debris, the scientists say. •
MILKY WAY’S FIRST GROWTH CHART

A map released January 8 using the ages of 70,000 Milky 
Way stars confirms the oldest ones inhabit our galaxy’s 
center. These stars formed when the galaxy was young 

and small. Moving out in the Milky Way, the growth 
chart shows younger stars. The team, led by Germany’s 
Max Planck Institute for Astronomy, concludes that our 

galaxy “grew up by growing out.” — E. B.

ASTRONEWS BOOMERANG GAS. The Smith Cloud is a pile of gas on a collision course with the Milky Way. Its metallicity suggests that 
this won’t be its first encounter; it is made of material similar to our galaxy’s outer disk, which indicates past interactions. 

Inside the violent swirl of 
superheated material around a 
black hole lies an inner region 
known as the event horizon, 
where material passes the 
“point of no return” on its way 
toward being consumed. Even 
for the nearest black hole — 
Sagittarius A*, the Milky Way’s 
central black hole — trying 
to image this tiny area from 
27,000 light-years away is like 
trying to pick out a DVD on 
the surface of the Moon. To do 
so would require building a 
telescope the size of Earth.

Fortunately, Feryal Ozel 
of the University of Arizona 
and her team can do just 
that. Ozel presented the 
telescope’s capabilities in 
January at the 227th meeting 
of the American Astronomical 
Society in Kissimmee, Florida.

The team uses a process 

called interferometry to link 
together telescopes from 
around the world to form 
one enormous virtual dish. 
And by looking at millimeter 
wavelengths, it can peer 
through the flow of material 
swirling around the black 
hole to see into its center.

Such resolution will be 
possible only for the nearest 
black holes, like Sagittarius 
A*. But the rich collection of 
information the telescope will 
return will shed light on other 
black holes as well, even if 
they won’t return quite such 
spectacular imagery. The data 
will enable researchers to 
understand the flow of mate-
rial around black holes and 
even test general relativity.

The singularity, the inner-
most part of the black hole, will 
remain forever out of sight.  

But seeing the scientifically 
precious event horizon of a 
black hole will yield valuable 
science. The observatory will 
come online in early 2017.  
— Korey Haynes

Event horizon telescope 

ECCENTRIC EXPLANATION.  
Something strange is happening to the 
most distant known objects in our 
solar system. Far past Neptune, 
these small worlds all line up in 
the same direction. And they 
all tilt away from the solar 
system plane in nearly the 
same way. Extrapolating 
from the orbital eccen-
tricities of other far-out 
worlds, the scientists 
calculated potential 
orbits for what they call 
Planet Nine. The object 
would be some 10 times more massive than Earth and take 
as long as 20,000 years to orbit the Sun.  
ASTRONOMY: ROEN KELLY AND ERIC BETZ; CALTECH/R. HURT (IPAC)

TRACKING THE PULL OF  
AN UNSEEN ‘PLANET NINE’

BLACK HEART. Scientists have 
simulations of what the event hori-
zon of a black hole might look like, 
but no telescopic images — yet. 
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NATURE’S TELESCOPE. Einstein’s Cross looks 
like four quasars — bright ejections from a galaxy’s 
central supermassive black hole — but it’s really just 
one projected four times thanks to the gravitational 
lensing effect of a large galaxy some 400 million 
light-years away. A group of Spanish scientists says 
they recently used this galactic magnifying glass to 
refine the innermost stable orbit for the disk that 
surrounds the quasar, which sits some 8 billion light-
years away from Earth. It constitutes the most precise 
measurements ever made of such a small and distant 
object. — Eric Betz

Famous quasar under the 
gravitational microlens

The Kepler space-
craft has shown that 
worlds weighing 10 
Earth masses, like 

Planet Nine, are the 
most common known 

in our galaxy. 
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stronomy is a peculiar 
name for a science. 
In words like biol-
ogy, geology, and 
cosmology, the sec-

ond half comes from the Greek 
-λογία or -logia, which refers to 
study and divine communica-
tion. Hence the study of life, the 
study of Earth, the study of the 
cosmos — you know, science!

Astronomy is different. 
Instead of “study,” astronomy 
derives its name from the Greek 
νόμος (nómos), for “arrang-
ing.” While words like biology 
and geology date back only a 
few hundred years, the Greeks 
combined the root words to 
describe an already ancient 
endeavor. The oldest of sciences 
is ἀστρονομία (astronomía), the 
arranging of stars.

And so it was going 
back thousands of years to 
the Egyptians, Sumerians, 
Babylonians, and Chinese. Tycho 
Brahe’s thousand-star catalog at 
the end of the 16th century built 
on the work of Hipparchus and 
Ptolemy. Today, the U.S. Naval 
Observatory’s NOMAD database 
contains more than a billion 
stars and is only one of hundreds 
of astronomical catalogs.

The next level of sophistica-
tion beyond catalogs — the next 
tier of scientific thought, if you 
will — involves description and 
prediction. Ptolemy described 
planets and the Sun moving in a 
complex arrangement of circles 
within circles within circles, but 
he offered no explanation for 
why they moved that way. In 
one sense, Copernicus’ model of 
planets, which included Earth 
moving around a motionless Sun, 
was a major departure from past 
thought. But in another sense, 
Copernicus’ work was kind of 

FORYOURCONSIDERATION
 B Y  J E F F  H E S T E R

Layer upon layer
Building the edifice of science.

like Ptolemy’s. It was a descrip-
tion that traded slightly worse 
predictions of planetary motions 
for far greater simplicity.

Galileo Galilei’s name is 
synonymous with the next tier 
of scientific thought. In addi-
tion to turning a telescope 
on the heavens, the father of 
modern science got the ball 
rolling (literally) with his work 
on inertia, relative motion, 
gravitation, and the dynamics 
of projectiles. Galileo’s truly 
radical proposal was that uni-
versal laws govern the motion 
of all objects at all times, and 
that those laws can be known 
by humans and expressed using 
the language of mathematics. 
That shift in thinking found 
its most profound expression 
in the 1687 publication of Isaac 
Newton’s Philosophiæ Naturalis 
Principia Mathematica, Latin 
for “Mathematical Principles of 
Natural Philosophy.”

Each new tier of scientific 
thought created a stir that 
went beyond science, per se. 
Ptolemy’s model of the heavens 
was a Rube Goldberg device, 
but it put Earth where it obvi-
ously belonged, at the center of 
all things. Copernicus knew he 
would upset that apple cart and 
did not relish the controversy 
and condemnation he correctly 
imagined his work would bring. 
So he put off publication of his 
masterwork until late in life. De 
revolutionibus orbium coeles-
tium was not published until 
1543, the year of his death.

Galileo was among those 
who really caught the brunt of 
the reaction to Copernicanism. 
Granted, he probably should 
have known better than to put 
the ideas of the pope into the 
mouth of a buffoon named 

AA

Simplicio in his popular 
Dialogue Concerning the Two 
Chief World Systems. Regardless, 
he stood before the Inquisition, 
was forced to recant his heretical 
notions, and spent the last years 
of his life under house arrest.

We don’t need to look to 
records of a trial to see the pro-
found impact of the next tier of 
scientific thought. The advent 
of knowable, mathematical 
natural laws is the grand idea 
behind what we think of as the 
Scientific Revolution. Here is 
what made modern technologi-
cal civilization possible. It also 
led to shifts in political and 
philosophical thought reflected 
in a host of documents, notably 
the Constitution of the United 
States. Judged by its practical 
impact, Newton’s Principia is 
the most important book ever 
written, bar none.

And so science progresses 
in tiers of scientific thought 
from observation, to catalogs, to 
description and prediction, to 
natural law. That description is 
obviously an oversimplification. 
Those tiers are not so orderly or 
well defined. Even so, it reason-
ably captures the flavor of how 
science has evolved over the 

years. So here we are today, at 
the summit of that evolution.

But here’s a question. Did 
Hipparchus know that his cata-
log would help shape the way 
humans systematize observa-
tions of nature? Did Ptolemy 
understand that by making 
testable predictions, he was 
laying the foundation for a new 
definition of knowledge? When 
Galileo first noticed the swing-
ing of a chandelier, did he 
appreciate that he was on the 
verge of changing the world?

I think not. Shifts in 
thought obvious in hindsight 
happen slowly and are far 
harder to appreciate in the 
moment. A century and a half 
passed between the publica-
tion of Copernicus’ work and 
Newton’s Principia. What 
would it be like to live through 
such a shift, and how would 
you know if you were?

That question is not rhetori-
cal, because I think that we are 
in the midst of one now.

Watch this space.  

BROWSE THE “FOR YOUR CONSIDERATION” ARCHIVE AT www.Astronomy.com/Hester.

While Ptolemy’s geocentric model of the solar system lacked any explanation 
for why the planets should move so (and painted a completely incorrect picture 
of their arrangement), it was nonetheless a breakthrough in describing and predicting 
their motions. J. VAN LOON, ANDREAS CELLARIUS HARMONIA MACROCOSMICA/NATIONAL LIBRARY OF AUSTRALIA

Jeff Hester is a keynote speaker, 
coach, and astrophysicist. 

Follow his thoughts at  
jeff-hester.com.



ASTRONEWS

Mars’ orbit

Earth’s orbit

July 
2018

Sun

August 
2003

November 
2005

December 
2007

January 
2010

March
2012

April
2014

May
2016FAST 

FACT

At opposition 
in August 

2003, Mars 
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to Earth than 
at any time 
in the past 

60,000 years.
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On June 14, 2015, members 
of the All Sky Automated 
Survey for SuperNovae team 
(ASASSN) discovered the most 
luminous supernova ever seen. 
Supernovae occur when mas-
sive stars reach the end of their 
energy-generating phase and 
explode, scattering their ele-
ments through space. Most 
shine as brightly as their host 
galaxy. But since the late 1990s, 
astronomers have classified  
a new variety they call super-
luminous supernovae. These 
stellar behemoths emit 
between 100 and 1,000 times 
as much energy as standard 
supernovae.

The ASASSN network, which 
employs eight 5.6-inch tele-
scopes to survey the entire sky 
down to magnitude 17, has its 
headquarters at Ohio State 
University. The brightness limit 
means the telescopes can dis-
cover normal supernovae 
closer than about 350 million 
light-years away.

But the new supernova, 
dubbed ASASSN-15lh (also 
known as SN 2015L), was bright 
enough to be visible to the  
survey from the incredible  

distance of 3.8 billion light-years. 
At peak brightness, the new 
object shone twice as brightly as 
the previous known record 
holder and 200 times brighter 
than a normal supernova, and 
was almost 50 times as bright as 
the entire Milky Way Galaxy.

Few super-luminous super-
novae have been discovered 
because they’re rare and tend to 
form in faint galaxies undergo-
ing lots of star formation. Most 
surveys target bright galaxies 
that host far fewer star-forming 
regions. — Michael E. Bakich

Astronomers spot brightest supernova ever

MORE THAN MASS. Galaxy clusters’ relationship with dark matter 
depends on their evolution as well as their mass, a new study shows.

RED PLANET RENDEZVOUS

MARS GETS BIG. More than any other planet, 
Mars undergoes significant changes from one 
observing season to the next. That’s because 
its distance from Earth at opposition — when 
the two planets align and come closest to each 
other — varies widely. Although Earth follows a 
nearly circular orbit around the Sun, Mars swings 
from 128.4 million miles out to 154.9 million miles 
(206.6 million to 249.2 million kilometers) from 
our star. At its best this year, the Red Planet will 
be only 46.8 million miles (75.3 million km) from 
us — its closest approach since 2005. 

X-RAY VISION. Using 
NASA’s Nuclear Spectroscopic 
Telescope Array (NuSTAR), 
astronomers have mapped 
our nearest neighbor galaxy, 
Andromeda, in high-energy 
X-rays. These hot signals ema-
nate mostly from X-ray binaries, 
systems where a neutron star 
or black hole feeds on mate-
rial it steals from a close stellar 
companion. — K. H

Andromeda  
in X-rays

EXTRAORDINARY EXPLOSION. This artist’s conception shows a 
supernova, any of which creates one of the universe’s most powerful 
explosions. The newly discovered ASASSN-15lh, however, is twice as 
powerful as any other supernova seen. ASTRONOMY: ROEN KELLY
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KELT is the Kilodegree Extremely Little 
Telescope, and we look for transiting exo-
planets orbiting bright stars. The first 
telescope was KELT-North built in Sonita, 
Arizona, but I’ve spent most of my time 
working with KELT-South in Sutherland, 
South Africa.

While there are many telescopes in the 
Northern Hemisphere, the southern skies are 
relatively untapped. But the big difference 
between us and other surveys is we’re very 
cheap, at only $60,000 per telescope. And we’re 
looking at stars other groups passed over for 
different reasons. Specifically, we target stars 
between 8th and 10th magnitudes that were 
generally not probed for transits. Those are 
great targets! And they’re bright enough that 
for any planets we find around them, we can 
do atmospheric characterization with 4-meter 
ground-based telescopes, which are more 

readily available than the 
big 8-meter telescopes or 
space-based observatories. 

The bright targets enable amateurs to take 
part in the exoplanet confirmation process. 
They’re getting professional-level photometry 
with 9-inch to 16-inch telescopes. They have 
taught me so much about optics and observing 
strategies. Most of the amateurs we work with 
have a day job — this is just their hobby! We 
also have students at small colleges getting on 
papers, doing cutting-edge research — and 
really getting to use telescopes the old-fash-
ioned way. I know people who have used Keck 
but never looked through an eyepiece.

KELT works a lot like Kepler: The telescope 
stares at a field of stars and waits for them to 
dim when a planet crosses in front. Because of 
the telescope setup and observing strategy, 
we’re best at finding large planets on close 
orbits: hot Jupiters. As a result of the survey 
structure, the KELT survey covers a large por-
tion of the entire sky with a 15- to 20-minute 
cadence and up to 10 years of continuous 
observations. This gives us the chance to study 
a variety of topics in stellar astrophysics. To 
date, we’ve found 17 planets. We published six 
in the past year, and we’re on track to publish 
six more this year. So we’ve hit our sweet spot. 
We’re getting planets out, and we ironed out 
the kinks with KELT-North and KELT-South. 
One of these planets was an independent dis-
covery of a planet found by the SuperWASP 
survey, but the rest were previously unknown.

Using the data from the KELT survey 
combined with observations by the 
American Association of Variable Star 
Observers (AAVSO) and the Digital Access 
to a Sky Century @ Harvard (DASCH), we 
have discovered the longest period eclipsing 
binary, TYC 2505–672–1. This system com-
prises an M-giant eclipsed every 69.1 years 
by a small, hot star embedded in a large, 
opaque disk. The eclipse lasts about 3.5 
years, with the first observed eclipse occur-
ring during World War II and the most 
recent eclipse in 2011–2014. Both the eclipse 
duration and period are new records for 
eclipsing binary stars. The next eclipse will 
occur around 2080, allowing us plenty of 
time to prepare.

ASTRONEWSASTROCONFIDENTIAL
How do little telescopes find big exoplanets?

Astrobabble 
From asterisms to Thorne-Żytkow objects, 

we turn gibberish into English. 

Chirp 
Astronomers’ term for the distinct 
noise made when the gravitational 
waves from colliding black holes 
are translated from frequency into 
audible sound. 

  Bath·y·met·ry from the 
Greek “bathus,” meaning “deep” 
The study of ocean depth, whether 
on Earth or extraterrestrial, as in 
the case of recent radar maps of 
Saturn’s moon Titan, where tidal 
mixing between two seas creates  
a whirlpool in the Throat of 
Kraken strait, like a drain pulled 
from the tub. 

Fluff·y ag·gre·gates 
Giant, dandelion-like dust parti-
cles, full of empty space, that make 
up most of Comet 67P and show 
the dirty snowball’s low density 
is not caused by large caves.

Pho·to·chem·i·cal smog 
When sunlight smacks methane in 
Pluto’s atmosphere, it forms a 
smoggy hydrocarbon mixture that 
grows into small particles and 
scatters light, creating a hazy blue 
sky that settles into striking layers. 
— Eric Betz, jargon@astronomy.com

Joey Rodriguez 
graduate student, Vanderbilt University

The first KELT planet, KELT-1b, is a 
whopping 27 Jupiter masses and goes 
around its star once every 1.22 days.

DEAD ALIENS. Researchers propose that one reason why humans have found no sign of extraterrestrial life 
is that most planetary environments are unstable, and life-forms find it difficult to adapt to rapid changes. 
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The Throat of Kraken

Kraken-1

Kraken-2

SMALL BUT MIGHTY. The KELT survey finds exoplan-
ets using tiny telescopes. KELT COLLABORATION



COMING IN OUR 

NEXT ISSUE

W W W.ASTRONOMY.COM 15

CA
LT

EC
H

/R
. H

U
RT

 (I
PA

C)
 (P

LA
N

ET
 N

IN
E)

; N
O

AO
/A

U
RA

/N
SF

 (V
ER

A 
RU

BI
N

); 
N

A
SA

/J
PL

/S
PA

CE
 S

CI
EN

CE
 IN

ST
IT

U
TE

 (S
AT

U
RN

)

How 
astronomers 

discovered
PLANET 

NINE

This famous  
astronomer  
carved herself  
a well-deserved  
place in 
history

 PLUS
   Asteroid Day to highlight  
 space rock dangers

   Camille Flammarion’s 
 amazing universe

   Confessions of an  
 eagle-eyed observer

   Target deep-sky  
 jewels in Scorpius

   Protecting America’s 
 last dark skies

   We test Vixen’s new  
 eyepiece line

In 2016 astronomers 
discovered a very distant 

planet in the solar system. 
Here is its story, direct 
from the team leader.

How 
Vera Rubin  
discovered  
dark matter

You’re invited to participate in OPT’s 2016 
PICNIC. The images from last year’s entrants 
were so amazing, we had to do it again. 
After all, the OPT team doesn’t just sell your 
favorite astronomy and astrophotography 
gear, we use it too, and just love looking at 
your results!

  IT’S TIME FOR ANOTHER 
PICNIC 

*

   Real Telescopes  
+ Real People  
+ Real Experience  

= Really Good Advice

World Famous OPT * 
Astroimaging Contest 
* Photo Imaging Contest with Nice Images of the Cosmos! 

• Enter to Win over $2000 in Prizes

• For Rules, to Upload & Enter Images 3/1 – 6/1 
  go to www.optas.net/photo-contest

 Entries judged by a panel based on artistic merit/visual  
 impact, technical difficulty and execution.

OPTtelescopes.com | 800.483.6287

The Horsehead Nebula (Barnard 33)  
and NGC 2023, Rolf Olsen

Best  
In Show

2015

Crescent Nebula
Chris Hendren

California Nebula
Dustin Gibson

Heart Nebula
Eric Blackhurst

Jelly Fish Nebula
Ginny Gibson

Cocoon Nebula
John Downs

Great Orion Nebula
Jonathan Cheek

Lagoon & Trifid Nebulae
Rod Gallardy

The Dance of the Moon

http://parispolter.com/the-dance-

of-the-moon/

Available at Amazon.com,

Baker and Taylor, IngramSpark

See review by Dr. Thomas E.

Phipps, Jr. in PHYSICS ESSAYS,

Volume 28 Number 2 June 2015

page 290.
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SPIN DOWN. One way astronomers measure a star’s age is by how quickly it spins, but new research indicates that models 
overestimate how a star’s spin slows with age, meaning astronomers might have to recalculate for stars older than the Sun. 

THE ROSSITER-MCLAUGHLIN EFFECT
WRONG WAY? As stars rotate, one side spins toward astronomers, and the added velocity makes its spectral 
lines — the fingerprints that define a star’s chemical makeup — shift to bluer colors. The side that turns away 
from the observer shifts to red. Normally, these effects more or less cancel out. But if an orbiting planet happens 
to cross the star’s face, it will block light from only part of the star at any given time. This causes astronomers to 
see an artificial color shift, as the planet first blocks blueshifted light, then redshifted, on its journey. And if the 
planet orbits backward, or retrograde, to its star’s rotation, then astronomers see the redshifted light blocked 
first, informing them of this important orbital detail. ASTRONOMY: KOREY HAYNES AND ROEN KELLY

Like many ancient people, the 
Babylonians tracked the planets 
and the stars with great care. But 
until recently, historians thought 
they used simple arithmetic for 
their calculations. A newly trans-
lated text from 350–50 B.C. shows 
that they had discovered the 
technique of plotting the speed 
of an object — Jupiter, in this case 
— against time and using the area 
to measure the distance traveled. 
In other words, they were doing 
abstract geometry more than 1,400 
years before historians thought the 
procedure was invented in Europe. 
The research is published in the 
January edition of Science. — K. H.

Ancient civilization tracked Jupiter

Astronomers at the ALMA radio observatory in 
Chile mapped the flow of dust and gas within 
W2246–0526, the most luminous galaxy known, 
and discovered so much turbulence that they 
say the galaxy is in danger of expelling all its 
interstellar material. They reported their find-
ings in the January 1 issue of The Astrophysical 
Journal Letters. 

W2246–0526 is an obscured quasar, meaning 
its brilliant light — shining with the power of 
350 trillion Suns — is powered by an actively 
feeding supermassive black hole at the galaxy’s 
heart, enshrouded by a dusty cloud. The mate-
rial spiraling into the black hole becomes super-
heated and, in turn, lights up the dust around it. 

Astronomers then see the galaxy glowing 
brightly in the infrared. When researchers 
tracked the motion of gas across the galaxy, 
they saw it being buffeted by the black hole’s 
energies to speeds of 300 to 400 miles per sec-
ond (500 to 600 kilometers per second).

Astronomers identified W2246–0526 as the 
reigning most luminous galaxy in 2015 using data 
from the Wide-field Infrared Survey Explorer 
(WISE), but its dramatic instability was only 
revealed by ALMA. Peter Eisenhardt, a member of 
the research team from NASA’s Jet Propulsion 
Laboratory in Pasadena, California, says, “Now 
ALMA has shown us that the raging furnace in 
this galaxy is making the pot boil over.” — K. H.

Brilliant galaxy is ripping itself apart

Speedy stars  
create bow shocks

ANCIENT LAB NOTEBOOK. Jupiter’s motion across the sky 
each night is recorded on this tablet. It took another more recently 
discovered tablet to understand what the numbers and dates were 
referencing. ASTRONOMY: ROEN KELLY, AFTER MATHIEU OSSENDRIJVER (HU)

MAKING WAVES. Massive stars moving quickly 
through the galaxy can pile interstellar dust and gas 
in front of them, like water curving away from the 
prow of a ship. This material then glows in infrared 
light, allowing astronomers to see it with observato-
ries like the Spitzer Space Telescope and Wide-field 
Infrared Survey Explorer. The unusually quick stars 
likely were boosted to their speeds after a compan-
ion exploded in a supernova or a star cluster kicked 
them out. These kinds of energetic events can teach 
researchers about how stars evolve in different 
dynamic environments. — K. H.

BOILING OVER. This artist’s impression of galaxy 
W2246–0526 shows the violent turbulence of gas and 
dust powered by an obscured central supermassive 
black hole. NRAO/AUI/NSF/DANA BERRY/SKYWORKS/ALMA/ESO/NAOJ
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The RM effect shows that up to a third of hot Jupiter exoplanets are misaligned 
with their star’s rotation, hinting at massive orbital disruption in the past. 
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LOW KEY. The Low Frequency Array of telescopes (LOFAR), which combines clusters of radio antennas across Europe 
to gain resolving power, will expand to Ireland, broadening LOFAR’s span to 1,200 miles (2,000 kilometers). 

Black holes and white dwarfs are usually easy 
to tell apart. But in the case of galaxies called 
LINERs — low-ionization nuclear emission-
line regions — astronomers have been 
deceived. LINERs have mysterious signatures 
in their spectra, the fingerprint of light they 
emit. The signatures are caused by light too 
energetic to come from stars but not strong 
enough for active black holes. Nonetheless, 
astronomers have ascribed the signals to 
weak black holes in galactic centers — the 
“nuclear” in their names. 

But a new instrument that lets astrono-
mers take spectra at many places across a gal-
axy shows that the strange signals are not 
confined to the galactic centers, thus making 
them “LIERs.” Astronomers at the 227th meet-
ing of the American Astronomical Society in 
Kissimmee, Florida, in January announced 
that white dwarfs, the hot remnant cores of 
Sun-like stars, are responsible for at least 
some of the galaxies’ strange light. — K. H.

White dwarfs, not black holes, 
cause strange signals

For the first time, astronomers have seen a 
quasar apparently “turn off” — transform-
ing from an energetic outflow of radiation to 
silence — quickly. The object, designated SDSS 
J1011+5442, is a distant galaxy whose center 
is powered by a supermassive black hole. As 
material falls into the black hole, it accelerates 
to incredible speeds, and some of the gas and 
dust shoot outward, making it visible in radio, 
X-rays, and gamma rays. Quasars are the highly 
energetic centers of young galaxies. 

“This is the first time we’ve seen a quasar 
shut off this dramatically, this quickly,” says 
Jessie Runnoe of Pennsylvania State University, 
who presented the finding in January at the 
American Astronomical Society meeting in 
Kissimmee, Florida. Armed with data from the 
Sloan Digital Sky Survey, Runnoe, John Ruan of 
the University of Washington, and others stud-
ied the object, comparing its emission between 
2003 and 2015. 

“The difference was stunning and unprec-
edented,” says Ruan. Speaking of some of the 
telltale radiation, he continues, “The hydrogen-
alpha emission dropped by a factor of 50 in less 
than 12 years, and the quasar now looks like a 
normal galaxy.” The change was so dramatic that 
the object is now known in the community as 
the “changing look quasar.” 

The mass of this galaxy’s black hole is about 
50 million times that of the Sun. Now the astron-
omers will begin to decipher why the quasar 
mechanism shut off so abruptly. — David J. Eicher

A quasar disappears

10  million years old 
The surprising maximum age of Pluto’s 
icy heart, according to an analysis  
published January 20 in PLOS ONE

LIER, LIER. New observations reveal 
the mysterious signals to emanate from 
throughout the galaxy (the orange map-
ping), ruling out central black holes as 
candidates and pointing instead toward 
white dwarfs. JENNIFER JOHNSON (OSU)/SDSS 

COLLABORATION; BLACK HOLE: NASA/DANA BERRY/SKYWORKS 

ANIMATION; WHITE DWARF: NASA/JPL/RAGHVENDRA SAHAI

SILENCE OF THE QUASAR. In early 2015, SDSS 
J1011+5442 was shining brightly while the supermas-
sive black hole at center swallowed vast tracts of gas 
and flung away high-energy emission, as in this artist’s 
rendition. But the quasar has since “turned off” and 
gone silent, an odd occurrence. ESO/M. KORNMESSER

The early  
evening sky in 
May boasts the 

three largest 
constellations: 
Hydra, Virgo, 

and Ursa Major.
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For hundreds of thousands of 
years after the Big Bang, mat-
ter was ionized, as the cosmos 
remained too hot and dense for 
neutral hydrogen to form. Within 
380,000 years, the universe had 
expanded enough to begin its 
path toward stars and galaxies. 
But astronomers are still debat-
ing another important event that 
soon followed. Hydrogen — the 
most abundant element of our 
cosmos — was reionized about 
1 billion years after the Big Bang. 
For decades, cosmologists have 
suspected that early galaxies 
caused this reheating by emitting 
huge numbers of photons, but no 
one has ever found such a galaxy. 

A new study published in 
Nature January 13 used Hubble 
Space Telescope observations and 
the enormous Sloan Digital Sky 
Survey galaxy catalog to show 
that smaller dwarf galaxies likely 
started this transformation. Their 

study uncovered that an 
extremely distant and peculiar 
dwarf galaxy called J0925+1403 is 
throwing ionizing photons out 
into the surrounding intergalactic 
medium at a rate never before 
seen. The small galaxy belongs to 
a suspected class of “green pea 
galaxies” now thought to have 
played a crucial role in creating 
the universe we inhabit today.  
— E. B.

Green pea galaxy 
hints at cosmic 
evolution

SIBLING STARS. The Very Large Array showed researchers that widely separated multiple-star systems form when a 
stellar nebula fractures early on, while closer pairs form when a protostar’s already-formed disk breaks apart. 

Life would be a dim 
existence for any exotic 
species surviving around 
the giant, gaseous 
planet known as 2MASS 
J2126–8140. Astronomers 
originally thought the 
strange world was rogue 
— drifting across space 
without a host star. But 
new research to be pub-
lished in Monthly Notices 
of the Royal Astronomical 
Society shows that the 
roughly 15-Jupiter-mass 
planet is actually orbiting 
about a trillion miles from its young host star. That distance is roughly 
7,000 times greater than Earth’s orbit around the Sun. Both the planet 
and star were known for eight years before the international team of 
astronomers made the connection. 

“The planet is not quite as lonely as we first thought, but it’s certainly 
in a very long distance relationship,” says lead author Niall Deacon of the 
University of Hertfordshire. The giant planet isn’t the only wide-orbiting 
oddball, but it is the most extreme case known. And its orbit is also nota-
ble in light of recent speculation about a large planet orbiting far out in 
our own solar system. — E. B. 

Loneliest planet has a star 
after all

BRIGHT DWARF. This small galaxy 
3 billion light-years from Earth emits 
photons into intergalactic space at a 
rate never before seen. NASAVAGABOND WORLD. Planet 2MASS J2126–

8140, once thought to be drifting alone, actually 
orbits the young star TYC 9486-927-1. 
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ALAN STERN  PRINCIPAL INVESTIGATOR, NEW HORIZONS MISSION TO PLUTO
FRED ESPENAK  NASA ECLIPSE SPECIALIST
ALDEN & ANNETTE TOMBAUGH  REMEMBERING CLYDE
ALICE BOWMAN  MISSION OPERATIONS MANAGER, NEW HORIZONS
GEORGE SOWERS  VP ROCKET DEV., LOCKHEED MARTIN/BOEING   
HANS KOENIGSMANN  SPACEX, VP, MISSION ASSURANCE + MANY OTHERS!

SHOW HOURS: SAT 8:30-6 PM, SUN 10-5 PM
SUNY ROCKLAND COMMUNITY COLLEGE
SUFFERN, NY (ONLY 30 MINUTES FROM NEW YORK CITY)
BUY TICKETS, GET INFO, HOTEL ACCOMMODATIONS AT:
ROCKLANDASTRONOMY.COM/NEAF

   25TH ANNIVERSARY 
   NORTHEAST ASTRONOMY  
   FORUM & SPACE EXPO
   APRIL 9-10, 2016

WORLD’S LARGEST ASTRONOMY, TELESCOPE & SPACE EXPO!
MORE THAN 120 VENDORS, PRO/AM AND ASTRONOMY WORKSHOPS, 
SOLAR OBSERVING, AND WORLD-CLASS SPEAKERS FEATURING: 

DON’T MISS THE NORTHEAST 
ASTRO IMAGING CONFERENCE
APRIL 7-8, 2016 AT NEAF

Sponsored by

Presented by

Gordon Haynes    
Thierry Legault    
Jerry Lodriguss 
      

Yuri Beletsky  
Dennis Conti 
Gaston Baudat
  

Dan Liewellyn  Bryan Cogdell  
Jim Roselli  Steve Walters 
Terry Hancock  and many more!
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In 2015’s January and 
July columns (“Time 
travel” and “Stellar time 
machines”), I presented the 
distances to notable win-

ter and summer stars, both in 
light-years and in terms of the 
earthly events occurring when 
their light left for a 2015 land-
fall. This month, we travel back 
to notable spring stars.

Denebola
(36 light-years) 
Denebola (Beta [β] Leonis) is 
one of a quartet of stars that 
make up the Virgo Diamond 
featured in last month’s col-
umn. The photons striking your 
retinas as you gaze at this star 
left in 1980, the same year the 
video game Pac-Man debuted 
in arcades in Japan and The 
Empire Strikes Back opened 
in American movie theaters. 
Mount St. Helens in Washington 
erupted, killing more than 50 
people and devastating hun-
dreds of square miles of forest.

Regulus
(80 light-years)
The winds of war were begin-
ning to sweep across the world 
when the light you see tonight 
from Regulus (Alpha [α] 
Leonis) started its journey in 
1936. Hitler’s Germany vio-
lated the Treaty of Versailles 
by reoccupying the Rhineland. 
Italy, under Benito Mussolini, 
conquered Ethiopia, and war 
between imperial Japan and 
China was imminent.

Cor Caroli
(110 light-years)
Another Great Diamond star 
(I covered the remaining two, 

OBSERVINGBASICS
 B Y  G L E N N  C H A P L E

Are we there 
yet? Springtime stars are signposts 

for a journey through history.

In my May 2015 column 
(“Runaway star”), I featured 
Barnard’s Star, noted for its 
rapid proper motion. In 
response, Robert Vanderbei of 
Princeton University emailed: 
“I’ve been taking images of 
Barnard’s Star a few times per 
year for the past three years. 
The proper motion is apparent 
(and easy to measure). By tak-
ing spring and fall images, I 
also can measure its parallax.” 
You can see his images at http://
tinyurl.com/BarnardStar.

Since we’re on the topic of 
cosmic distance and I’ve placed 
the spotlight on Vanderbei, I 
urge you to look into his book 
Sizing Up the Universe: The 
Cosmos in Perspective (National 
Geographic, Washington D.C., 
2010), co-written with fellow 
Princeton professor Richard 
Gott. In this lavishly illustrated 
work, the authors discuss 
apparent and then actual sizes 
of celestial objects, from Buzz 
Aldrin’s footprint on the Moon 

to the entire visible universe.
In my June 2010 column 

(“Our galaxy in a nutshell”), I 
“sized down” the Milky Way by 
reducing it to the dimensions 
of the United States. The idea 
for that column came from 
astronomer Joseph Caruso. He 
has since published Traveling 
the Sea of Night: Understanding 
Time and Distance in the 
Universe (Bear Publishing, 
Yreka, California, 2015), in 
which he helps the reader 
understand the concepts of 
cosmic distance, size, and time 
through instructions on how to 
make simple scale models and 
timelines using items found 
around the house. Whether 
you’re an armchair astronomer, 
avid observer, or science educa-
tor, these two books belong in 
your collection.

Questions, comments, or 
suggestions? Email me at 
gchaple@hotmail.com. Next 
month: a successful library tele-
scope program. Clear skies! 

Arcturus [37 light-years] and 
Spica [250 light-years], in my 
July column) is Cor Caroli 
(Alpha Canum Venaticorum). 
When you peer through your 
telescope at this delightful 
double star, you’re looking at 
light that left around 1906, the 
year of the great San Francisco 
earthquake. Since Cor Caroli’s 
actual distance has a leeway of 
plus or minus four years, we 
also can include the first flight 
of an airplane by the Wright 
Brothers at Kitty Hawk, North 
Carolina, in 1903 and Einstein’s 
announcement of his special 
theory of relativity (think 
E=mc2) in 1905.

Alphard
(180 light-years)
Low in the southwest sky 
after sunset during May is the 
star Alphard (Alpha Hydrae). 
Because it’s in a rather star-poor 
area, it seems brighter than its 
listed magnitude of 2.0. A lot of 
history and technological inno-
vation was happening when 
Alphard’s light left sometime 
during the latter part of the 
1830s. In 1836, the Mexican 
army, led by Gen. Antonio 
LÓpez de Santa Anna, defeated 
a small band of Texas volun-
teers at the Alamo. The follow-
ing year, 18-year-old Victoria 
became queen of Great Britain. 
Naturalist Charles Darwin had 
started working on his theory 
of natural selection, and Samuel 
Morse publicly demonstrated 
the electric telegraph in 1838. 
And in 1839, French inven-
tor Louis Daguerre publicly 
revealed the first practical pho-
tographic process, called the 
Daguerrotype.

FROM OUR INBOX
Marvelous
Thank you to all at Astronomy for the marvelous December 
2015 issue “The Immensity of the Cosmos.” Those five articles 
took me step by enormous step to the outer limits of our uni-
verse. Wonderful fun! — George Kaczmarek, Cotati, California

Correction
In the January issue’s “Exoplanet air conditioning,” p. 19, we 
stated that KU Leuven is in The Netherlands. In fact, it is in 
Belgium. — Astronomy Editors

BROWSE THE “OBSERVING BASICS” ARCHIVE AT www.Astronomy.com/Chaple.

The constellation Leo the Lion hosts two of the author’s featured stars, Regulus and 
Denebola. BILL AND SALLY FLETCHER

Denebola

Regulus



20 ASTRONOMY  •  MAY 2016

stronomy is a visual 
experience, largely 
devoid of sound. 
Aside from the 
rare boom of a 

bolide, the controversial crack-
ling of an aurora, or the whis-
tling of meteors on a radio, we 
do not hear the heavens. But 
you can break this non-sound 
barrier this month if you open 
not only your eyes, but also 
your imagination.

Henry Wadsworth Long-
fellow, one of my favorite poets, 
inspired me to hear the “voice” 
of the night. For instance, in 
his 1839 poem “Hymn to the 
Night,” he writes: “I heard the 
trailing garments of the Night / 

Sweep through her marble 
halls!” With these words, 
Longfellow transforms a mute 
vision into a sweeping gesture 
of elegant sound.

But did you know that early 
stargazers once imagined some 
stars to be vociferous?

A radiant voice
If you look east around 9 p.m. 
this month, you’ll see golden 
Arcturus (Alpha [α] Boötis) 
shining midway up the eastern 
sky in the constellation of the 
Herdsman, which people also 
have imagined as a ploughman, 
an ox driver, a shepherd, and 
more. For instance, an early 
Arab translation of Ptolemy’s 

SECRETSKY

Listen to the 
stars The cosmic voice may be louder 

than you think.

Boötes defines it as Auwd, 
meaning the “vociferator.”

In his spectacular 1899 
work, Star Names: Their Lore 
and Meaning, Richard 
Hinckley Allen tells us that 
Boötes may also come from the 
Greek word Boetes, which 
means “clamorous,” and 
describes the shouts made by 
the celestial Herdsman. Armed 
with this knowledge, see if you 
can look up this constellation 
and hear the Herdsman as he 
calls out to his two hounds 
(Canes Venatici) as they drive 
the bears (Ursa Major and Ursa 
Minor) around the North 
Celestial Pole.

A visual cue
If you have trouble hearing 
the shouts, just turn your 
attention to the star pattern’s 
beacon, Arcturus. The ancient 
Chaldeans identified Arcturus 
with Papsukkal, the guardian 
messenger — messenger being 
the operative word because 
Arcturus has long been seen 
as the announcer of spring. As 
Martha Evans Martin reminds 
us in her 1907 book, The 
Friendly Stars: “When spring 
evenings fall, the splendor of 
Arcturus burns forth in the 
eastern sky ‘announcing the 
end of the purple twilight.’ ”

Arcturus is the brightest star 
north of the celestial equator, 
just outshining Capella, the 
Alpha star in Auriga the 
Charioteer. A classic orange 
giant star 37 light-years distant, 
Arcturus appears splendidly 
“chatty” to the eye, randomly 
spitting out colors as it twin-
kles, like words on fire. This 
bold chatter may be why in 
Ptolemy’s Almagest, Arcturus 
is et nominatur Audiens, which 
means the star “calls upon 
hearing.” This may refer to the 
fact that Nekkar (Beta [β] 
Boötis), whose name means “to 
beckon,” appears to be calling 
out to Arcturus as it closes in 
on the Great Bear in the drive.

Then again, in the eyes of 
early Arabian skywatchers, 
Nekkar — together with 
Gamma (γ), Delta (δ), and Mu 
(μ) Boötis — belonged to a 
pack of hyenas lying in wait of 
the Herdsman’s flock. So 
Nekkar’s cry may just be a 
celestial call of the wild.

In case you can’t hear 
Nekkar or its kin, early Arab 
astronomers spelled it out for 
you: Theta (θ), Iotα (ι), and 
Kappa (κ) Boötis, three stars 
that collectively represent the 
“Whelps of the Hyenas.”

As always, give me a shout at 
sjomeara31@gmail.com. 

 B Y  S T E P H E N  J A M E S  O ’ M E A R A

A

BROWSE THE “SECRET SKY” ARCHIVE AT www.Astronomy.com/OMeara.

Comet Catalina (C/2013 US10) passed by golden Arcturus in January. If you listen as well 
as look, can you hear the stars whispering with an ancient voice? CHRIS LEVITAN

FROM OUR INBOX
Intelligence
Great article by Jeff Hester about intelligence in octopuses —  
p. 14, February issue — and the chance for this kind of evolu-
tion on other planets.

I think the argument works better if you set aside the word 
intelligence, with its loaded history, and instead base the argu-
ment on choice making. Over the past billion years, animals, 
and for that matter plants, have evolved increasingly complex 
choice-making abilities, from early choices about what to eat 
and how to move, to the more complex choices of “search and 
find” food acquisition strategies, and later the “pursue and  
capture” strategies of what we call predators. Complex choice-
making ability also figures in what British evolutionary biolo-
gist Richard Dawkins calls the “arms race” with predators.

The natural selection of choice-making ability allows us to 
see the evolution of intelligence, by whatever definition, as a 
continuum, not something endowed, or not, in certain species. 
And it suggests that the emergence of such complexity may be 
as certain as the eye. — Mark Friedman, Santa Fe, New Mexico

We welcome your comments at Astronomy Letters, P. O. Box 1612, 
Waukesha, WI 53187; or email to letters@astronomy.com. Please 
include your name, city, state, and country. Letters may be edited 
for space and clarity. 
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Gravitational waves

A wrinkle in space-
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“Ladies and gentlemen, we 
have detected gravitational 
waves. We did it!” The words from 

LIGO spokesman David Reitze prompted cheers at the 
press conference on February 11, and with good rea-
son. The tangibility of gravitational waves has taunted 

scientists since Albert Einstein first predicted them 
100 years ago. In the intervening century, scientists 
have proved relativity a hundred times over. But no 

one had ever measured the delicate vibrations of the 
waves themselves. 

These ripples in space-time are currently detect-
able only when the universe’s densest objects — black 

holes or neutron stars — smash together. And on 
September 14, 2015, the ripples arrived from two black 
holes that merged some 1.3 billion light-years away. 

Despite the cosmos-shaking collision that produced 
the first recorded signal, LIGO (the Laser Interferometer 
Gravitational-wave Observatory) had to strain to hear 
it past the literal earthquakes and even nearby motor 

traffic that also jounces its detectors. 

Merging black holes warp space around them in this artist’s 
illustration, gravitationally lensing background stars and causing 

the swirls visible around them. SXS

time confirms 
Einstein’s gravitation

Astronomers have finally found 
gravitational waves. Now things can  

get interesting. by Korey Haynes and Eric Betz
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“Imagine the instrument as a giant ruler,” says Marco Cavaglià, 
a University of Mississippi astronomer and assistant LIGO spokes-
man. “We measure distance along two perpendicular arms, and if 
these distances change, then we can see it with the laser light.” 
Although the gravitational waves are incredibly weak — only 
enough to warp the distance between Earth and the Sun by the 
width of a hydrogen atom — LIGO’s instruments are 
extremely sensitive.

The detection of these ripples has opened up a new 
way to observe the universe, allowing astronomers to 
“hear” in the darkest regions of space where telescopes 
yield no information. Black holes, for instance, are 
impossible to observe directly; they emit no light. But 
with gravitational waves, astronomers can probe the 
very hearts of singularities. They stand to discover 
black holes completely invisible to traditional observa-
tories — and surely other surprises as well.

“It is, of course, the great hope of all the astrophysi-
cists involved here that this new window will allow us to 
see things that one has not even thought of before,” says 
Albert Einstein Institute senior scientist Albrecht Rüdiger, who 
spent his entire career developing gravitational wave detectors. 

In 1865, James Clerk Maxwell predicted that light travels in 
waves, but humanity needed Heinrich Hertz’s first radio transmit-
ter to unleash modern technology and unveil new types of cosmic 
phenomena. And radio was simply a different breed of the same 
species of electromagnetic radiation our eyes see naturally. 
Measuring cosmic tremors from gravitational waves gives scientists 
a wholly new sense with which to observe the universe. 

And that universe turns out to be a violent place. LIGO wit-
nessed the cosmic collision between black holes 36 and 29 times the 
Sun’s mass. Afterward, the new combined black hole was left with 
only 62 solar masses. Most of the colossal difference — some 5,000 
supernovae worth of energy — radiated away as gravitational waves. 
Yet it took the most sensitive machine in human history to notice 
this tsunami in space-time. 

A most violent affair 
Einstein’s theory of general relativity tells us that gravity is simply 
the warping of the fabric of space-time by massive objects. He fig-
ured out that massive moving objects would create ripples in this 
fabric, like a child’s bounce on a trampoline. What’s more, these 
gravitational waves would spread throughout the universe at the 
speed of light. The trick is in detecting them. 

At the center of LIGO’s L-shaped arms sits a laser and beam-
splitter that sends light racing toward mirrors at the end of each 
arm. Normally, light waves take the same amount of time to travel 
back and forth along both arms. The peaks and troughs should 
line up when the two beams meet again at the center, perfectly 
canceling out. 

But when a gravitational wave passes, the bunching and 
squeezing of space-time stretches one arm while compressing the 
other, changing the distance the light has to travel. Now, when the 
laser beams rejoin, scientists see interference in the light’s pattern, 
a jarring mismatch of peaks and valleys that spills the secrets of 
gravitational waves — if scientists can read through the static of 
local noise that can also jiggle the mirrors and mar the signal.

And just as stars, supernova explosions, and the Big Bang’s fad-
ing glow all give off different frequencies of light, they also send 
out different frequencies of gravitational waves. The most extreme 
events in the universe — colliding supermassive black holes — 
emit a hum 10,000 times lower than a whale song, too deep for 
LIGO to hear. Neutron stars are dense stellar corpses with masses 
a little larger than the Sun crammed into a city-size sphere. Their 

crashes chirp at frequencies more or 
less within the range of a piano, 

This signal from a gravitational wave passed through both LIGO 
detectors in Hanford, Washington, and Livingston, Louisiana, 
matching model predictions closely. The wave struck the Livingston 
site first, and the Hanford site seven-thousandths of a second later, 
traveling at the speed of light. Space-time between LIGO’s beams 
was stretched by an amount equivalent to the width of a human hair 
between the Sun and Alpha Centauri. LIGO

The first detection

Researchers estimated the 
gravitational waves’ source 

direction based on the 
time delay between 
the two detectors. But 
this still leaves a wide 
swath of sky. The 
measurements indicate 
90 percent probability 
that the source lies 
somewhere within the 

purple contours, but 
the more specific yellow 

contour holds only  
10 percent confidence. As 

more detectors come online 
in the coming years, scientists 

will be able to better pinpoint 
gravitational wave sources. LIGO
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and the stellar mass black hole collision LIGO heard last year falls 
into a similar range.

LIGO was built to hunt compact binary objects. These include 
pairs of neutron stars, pairs of stellar mass black holes or crashes 
involving one of each. All the events involve dense objects locked 
in a death spiral toward one another. Astronomers can watch neu-
tron stars orbit each other for many years using more traditional 
observatories, and all the while, energy leaks away from the system 
in the form of invisible gravitational waves. Joseph Taylor and 
Russell Hulse won the 1993 Nobel Prize in physics for showing 
such binary neutron stars radiate gravitational energy.

“What turned out to be the most important prediction is that a 
system like this should lose energy gradually in the form of gravi-
tational waves,” says Taylor. “Those waves should be carrying away 
orbital energy and orbital momentum, and the orbit should gradu-
ally evolve.”

But the constant radiation of these gravitational waves is too 
weak for current detectors. And the Hulse-Taylor pulsar pair, des-
ignated PSR B1913+16, won’t actually collide for hundreds of mil-
lions of years. To directly observe gravitational waves, multiple 
science teams worked for decades to build instruments sensitive 
enough to detect the ripples emanating from collisions far beyond 
the Milky Way. LIGO got there first. 

“LIGO senses those last few minutes or seconds of the waves gen-
erated just before the objects crash into one another,” explains 
Patrick Brady, a professor at the University of Wisconsin-Milwaukee 
and a member of the LIGO collaboration. LIGO begins to hear the 

impending collision once the orbits tighten to about five times per 
second. At that point, the gravitational waves reach a frequency of  
10 hertz, or cycles per second, the low end of its range. In the few 
moments left in their lives (0.2 second for LIGO’s black hole pair), 
the tightening spiral causes the gravitational waves to increase in 
both frequency and strength. “That means they sweep right through 
the most sensitive band of the LIGO instruments,” Brady says.

Even Einstein had his doubts
LIGO’s detection presages the future, but it also caps off a century 
of speculation and hard work. Even Einstein himself was a promi-
nent doubter. In 1936, 20 years after he introduced the concept, 
the great physicist took another look at his math and reached a 
surprising conclusion.

“Together with a young collaborator, I arrived at the interesting 
result that gravitational waves do not exist, though they had been 
assumed a certainty to the first approximation,” he wrote in a let-
ter to friend Max Born.

Einstein submitted his change of heart in a paper to the 
Physical Review titled “Do gravitational waves exist?” The reviewer 
soon poked holes in the math, showing how Einstein’s coordinate 
system lacked imagination when dealing with pesky singularities. 
Upset, Einstein took his paper to a lesser-known journal, though 
he was persuaded to change his calculations and his mind just 
before publication. Although Einstein came back around to accept 
the existence of gravitational waves, he still didn’t expect they’d be 
strong enough to detect. Many physicists shared that view.

In 1959, Joseph Weber, who was also an early pioneer of the 
laser, became the first person to actually look for gravitational 
waves. The experimental physicist used an aluminum bar like a 
tuning fork and then waited for it to move, staring at the noise for 
much of a decade. By 1969, he was convinced he’d found gravita-
tional waves, and international headlines followed. But the scien-
tific community was skeptical.

Walter Winkler was just starting his career at the time. 
Together with his mentor, legendary computer scientist Heinz 
Billing, they flew from Germany to Pennsylvania to visit Weber. 
The physicist openly shared his instrument design drawings.

From 1972 to 1975, Winkler’s team performed a gravitational 
wave search that improved on Weber’s methods. Their work 
proved beyond any doubt that Weber was watching extraneous 
noise and reading patterns into it.

The LIGO site in Livingston, Louisiana, resides near a large lumber 
operation. When timber was still being cleared, researchers could pick  
up the crash of falling trees with their sensitive detectors. CALTECH/MIT/LIGO LAB

How LIGO works

Each of the LIGO detectors sends laser pulses down 
two 2.5-mile (4-kilometer) arms and combines their 
light. By making laser light travel up and down the 
arms and interfere with itself, scientists are able to 
deduce very small changes in the light’s path from a 
gravitational wave encounter. ASTRONOMY: ROEN KELLY

Korey Haynes and Eric Betz are Astronomy magazine associate editors. 
Carl Engelking and Bill Andrews of Discover magazine contributed 
reporting to this story.
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“At that time, computers were not so common to everyone,” 
says Winkler. “He worked with a recorder, so he had the output of 
his detectors written down on long strips of paper, and he sat 
down watching the detectors. And if you stare into the noise, you 
can be sure you’ll see something. He was a man, not a machine.”

Despite the failure to find the waves, Winkler’s group contin-
ued to seek ever more sensitive detection methods. Across the 
Atlantic Ocean, another revolutionary experimental physicist had 
detailed a promising new approach to finding gravitational waves. 
The Germans took note of an interferometer design published by 
MIT’s Rainer Weiss and built their own. Their first attempt had 
arms just a foot long. The next spanned a few yards.

As the team built larger interferometers, it became apparent 
that they’d need an instrument several miles long to actually 
detect the weak gravitational waves. The German government 
rejected such a project for its cost.

But in the United States, Weiss had continued his work toward 
larger interferometers. And in 1992, he co-founded LIGO with Kip 
Thorne and Ronald Drever of Caltech, thanks to funding from the 
National Science Foundation. It was NSF’s most ambitious and 
expensive scientific project to date.

The chirp heard ’round the world
The biggest challenge for this sensitive new instrument was learn-
ing to see beyond the local chatter. Nearby highway traffic, waves 
lapping at the shore of the Gulf of Mexico, or a tree falling in 
the forest near the Louisiana site can all swamp the gravitational 
waves. Major earthquakes anywhere in the world can knock 
LIGO offline.

“If a car or a truck drives about 10 miles per hour [16 km/h] near 
the interferometer site, we can see that,” Cavaglià says. “We see the 
noise of airplanes passing nearby.”

Cavaglià likens the task to hunting through static with a car’s 
radio dial for a clear station. “At a certain point, you find a station 
because you know you hear a voice. Your brain has the template of 
the voice, and you are able to recognize that there is a signal 
there,” he says.

Researchers have expanded their theories from Einstein’s basic 
framework to detailed models of what the pattern of a gravitational 
wave should look like. By comparing the data streaming in to mod-
els of different potential sources, researchers can pick out the voice 
of cosmic gravity from the static of earthly mumblings. Astronomers 
call this signal a “chirp.” And the signal LIGO recorded was both 
clear and complete, encompassing not just the inspiral and collision, 
but what’s called the “ringdown,” the aftershock as the black hole 
settles into its new shape.

No one has ever detected a black hole merger before. So while 
theory didn’t predict any light from the event, observatories across 
the world immediately checked to see if they might have picked up 
any simultaneous signals — the scientific method in action. One of 
them, the Fermi Gamma-ray Space Telescope, did indeed pick up an 
intriguing gamma-ray burst at just the right time, but a second 
gamma-ray satellite couldn’t confirm the signal. 

With only two detectors currently online, pinpointing where this 
object or future findings are located on the sky is a rough measure at 
best. Astronomers can triangulate where the signal came from by 
noting which detector saw the wave first — a difference of mere mil-
liseconds. LIGO allows them to narrow the signal to within a couple 
hundred degrees on the sky. But backup is on the way.

A new kind of telescope
A handful of additional gravitational wave detectors should turn on 
in the coming decade. These instruments will allow astrophysicists 
to triangulate the incoming waves and home in on their sources.

Gravitational spectrum
Different events produce gravitational waves of different 
frequencies. This plot compares those sources against operating  
and future detectors. ASTRONOMY: ROEN KELLY, AFTER C. MOORE, R. COLE, AND C. BERRY  

(INSTITUTE OF ASTRONOMY, UNIV. OF CAMBRIDGE)
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An upgraded version of Virgo, the European Gravitational 
Observatory’s primary instrument in Italy, will begin observations 
in the fall of 2016 in conjunction with LIGO. Advanced Virgo’s 
improvements will increase its sensitivity tenfold, and allow 
researchers to probe a volume of space 1,000 times larger than 
before. Virgo could pick up a gravitational wave signal once per 
month, or even per week, with its enhancements.

And, in the immediate wake of LIGO’s detection, the Indian 
government approved funding for LIGO India, which will serve as 
the third in the LIGO family and could be operational by 2022. 
When it comes online, the LIGO group expects they’ll be able to 
place many gravitational wave signals within a few square degrees 
of sky — an area roughly 10 times the size of the Full Moon. 

Meanwhile, in Japan, crews have blasted and excavated tunnels 
in the abandoned Kamioka mine to make way for the Kamioka 
Gravitational Wave Detector (KAGRA). The instrument will fea-
ture two sets of 1.9-mile (3km) laser interferometric wave detectors. 
KAGRA is expected to detect signals from neutron star mergers 
every one or two months once it is fully operational in the 2020s. 

The Einstein Telescope represents a third-generation detector 
that’s still in the design phase. It would be 100 times more sensitive 
than current instruments. Based on the design concept, the 
Einstein Telescope would be buried underground to reduce noise. 
The telescope would have three detectors: two for low-frequency 
signals and one to detect high frequencies.

Above the chatter 
These ground-based detectors will observe high frequencies, but to 
detect lower frequencies, we’ll need an extremely quiet place that’s 
sheltered from any disturbances — even gravitational forces as 
minuscule as those generated by a mosquito. 

In December, the European Space Agency launched the Laser 
Interferometer Space Antenna (LISA) Pathfinder into space 
932,000 miles (1.5 million km) from Earth. LISA Pathfinder won’t 
look for gravitational waves, but it will prove that a hypersensitive, 
space-based wave detector is possible in the decades to come.

“We want to make this the quietest place in the solar system,” 
says Martin Hewitson, LISA Pathfinder scientist. “If we are able to 
do that, we can build a gravitational wave detector in the future.” 

The 90-day experiment began March 1, and if it goes well,  
the findings will pave the way for eLISA, which will consist 
of a “mother” and two “daughter” spacecraft in an equilateral 
triangle connected by laser arms. The detector will pick up 
gravitational waves generated by binary supermassive black 
holes, ultra-compact binaries, and small black holes falling into 
supermassive black holes. That will allow astronomers to study 
currently mysterious aspects of everything from galaxy forma-
tion to how supernovae explode. And eLISA is also likely to find 
entirely new cosmic phenomena. 

“Usually when a new branch of astronomy was born, new 
sources were discovered,” says Benjamin Knispel, a physicist and 

spokesman for the Albert Einstein Institute in 
Hanover, Germany. “It is likely that the same 
thing happens when we detect gravitational 
waves on a regular basis.” 

With the fleet of current detectors, and detec-
tors that are still to come, a new era in astronomy 
has begun. Equipped with an entirely new sense, 
we may solve age-old mysteries of the cosmos, 
and even cast light into its unknown unknowns. 
And LIGO itself has only just begun. The signal 
announced in February was detected September 
14, four days before the official start of the first 
science run. One can only imagine what they 
have yet to deliver. 

“This is the birth of gravitational wave astron-
omy. We can now focus on routine observations 
in space,” says Hewitson. “We’ve only been look-
ing at the universe with our eyes, but we’ve never 
heard the universe before. It looks impressive, but 
imagine when you start listening.” 

A simulation shows gravitational waves coming from two black holes as 
they spiral in together. S. OSSOKINE, A. BUONANNO (MAX PLANCK INSTITUTE FOR GRAVITATIONAL PHYSICS), 

D. STEINHAUSER (AIRBORNE HYDRO MAPPING GMBH)

The telescopes of the future

In addition to the two current LIGO sites in the United States, GEO600 is also in 
operation in Germany, though it is not sensitive to the event observed by LIGO last 
September. Advanced Virgo in Italy and KAGRA in Japan will soon join the team, and 
a third LIGO site in India is already in the works. More detectors will help astronomers 
pinpoint sources’ locations and pick out more signals from the noise. LIGO

FOR A FREE EBOOK CELEBRATING A CENTURY OF GRAVITATIONAL WAVES, VISIT www.Astronomy.com/toc.
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Worlds of wonder

ast summer, NASA’s New 
Horizons mission suc-

cessfully and spectac-
ularly completed the 
first exploration of the 
Pluto system. In just a 
matter of weeks, Pluto 

went from a point of 
light that could be studied 

only from afar to a planet in all 
its glory. And with this historic flyby, NASA 
and the United States concluded the recon-
naissance of all the planets known at the 
time the Space Age began.

New Horizons collected a rich harvest  
of color and panchromatic images, spectra 

New Horizons reveals Pluto as a world of 
stark beauty and complex geology that has 
been active for billions of years. by S. Alan Stern

L that mapped the surfaces at both ultraviolet 
and infrared wavelengths, and data on par-
ticles and plasma that has transformed our 
knowledge about Pluto and its five satellites. 
Chief among the findings so far: Pluto has 
been active over its entire 4.5 billion-year 
life; small planets can be just as complex as 
larger worlds like Mars; Pluto’s big satellite, 
Charon, is much more complex than anyone 
had anticipated; and Pluto’s four small 
moons display behaviors and attributes 
unlike any other small satellite system pre-
viously visited.

Now let’s take a detailed look at many of 
the key discoveries that New Horizons made 
about Pluto and its family of moons.

HOT 
RESULTS

COOL 
PLANET



Pluto’s geologic diversity 
stands out in this enhanced 
color mosaic taken when 
New Horizons was near 
closest approach. Scientists 
often exaggerate an image’s 
color to highlight differences 
in composition and texture. 
ALL IMAGES: NASA/JHUAPL/SWRI
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Pluto undoubtedly was the star of the show. 
It surprised us in more ways than I can 
count, from its sheer physical beauty to its 
complex geology, atmosphere, and remark-
ably varied surface composition. Let me 
summarize some of my personal favorites 
for the most important and surprising 
things the team has discovered so far. And 
just as a note, all the feature names I men-
tion in this article are still informal ones 
given by the New Horizons team.

Sputnik Planum — a geologically 
active impact basin. We first spotted 
Sputnik Planum (SP), which forms the 
western half of Pluto’s heart-shaped Tom-
baugh Regio, from more than 100 million 

miles (160 million kilometers) away, shin-
ing like a bright, highly reflective beacon 
on Pluto’s surface. Close-up images later 
revealed that SP is a gigantic icy plain with 
a surface area of more than 350,000 square 
miles (900,000 square kilometers). Those 
images also revealed SP to be almost per-
fectly flat and ringed on all sides by moun-
tains jutting 2 to 3 miles (3 to 4km) above 
its floor. This indicates that the Texas-sized 
feature may well be a gigantic impact basin 
formed by an ancient collision between 
Pluto and a large Kuiper Belt object perhaps 
60 to 125 miles (100 to 200km) across.

But there’s more to SP than its impact 
origin. The central and northern regions  
of this expanse display a cellular pattern  
in the ices, with characteristic cell sizes of 
30 to 60 miles (50 to 100km). The cells are 
bounded by shallow troughs up to 330 feet 
(100 meters) deep. The southern region  
and eastern margin of SP do not display 
this cellular morphology. Instead, these 
areas appear to be featureless plains with 
myriad pits up to a few miles long that we 
interpret to be the result of sublimation, ice 
turning directly into a gas.

We have not found a single crater 
 anywhere on SP down to the limit of our 
highest-resolution images, at 230 feet (70m) 
per pixel. Calculations show that this means 
the surface is less than 10 million years old. 
We interpret this young age and the cellu-
lar nature of northern and central SP as 
evidence for thermal convection in its deep 
ices, but where the energy that drives this 
heat flow arises remains unclear.

A cold and hazy atmosphere. One 
of New Horizons’ major objectives was  

to study Pluto’s blanket of air. Although 
scientists had discovered this feature from 
Earth in the late 1980s, New Horizons 
upended many of our ideas. For example,  
it found the upper atmosphere to be tens  
of degrees colder than expected; prior to 
the flyby, we thought it was warm enough 
to drive a prodigious atmospheric escape 
rate that rivaled those of comets. Instead, 
we uncovered a very Earth-like escape  
rate, about 100 to 1,000 times slower  
than predicted.

And whereas Earth-based experiments 
stretching over almost two decades had 
failed to find evidence for hazes and dis-
crete cloud layers in Pluto’s atmosphere, 
New Horizons found both. The team has 
counted more than two dozen haze layers 
in New Horizons images that stretch up to 
altitudes higher than 125 miles (200km) 
above Pluto’s surface. These hazes likely 
form photochemically as ultraviolet light 
interacts with the nitrogen, methane, and 
carbon monoxide that dominate the atmo-
sphere’s composition. These haze particles 
grow to sizes of about 0.1 to 0.5 micron 
across and eventually silt out of the atmo-
sphere onto the surface. Seen in color at 
sunset, the haze scatters sunshine and cre-
ates a blue tint that produces hauntingly 
beautiful images of blue skies on a faraway 
planet. And in a bonus for mapping pur-
poses, we found the hazes cast sunlight 
hundreds of miles across onto Pluto’s 

Pluto’s atmosphere glows a deep blue, rivaling the beauty of our planet’s blanket of air. This nightside 
view reveals dozens of haze layers that extend up to altitudes of more than 125 miles (200 kilometers).

The 90-mile-wide (150 kilometers) Wright Mons 
appears to be a shield volcano, like Hawaii’s 
Mauna Loa or Mars’ Olympus Mons, down to the 
deep central pit at its summit. Instead of lava, 
however, Wright Mons would erupt molten ice. 
All feature names used in this story are informal.

Water ice forms the “bedrock” of Pluto, with 
more volatile ices made of nitrogen, methane, 
and carbon monoxide coating the surface. This 
map traces the presence of water ice on the 
 surface, with gray having none, blue a little,  
and green and yellow a lot.

S. Alan Stern of the Southwest Research 
Institute in Boulder, Colorado, is a planetary 
 scientist and the principal investigator on the 
New Horizons mission.



The southern part of Sputnik Planum resolves into myriad pits in this high-resolution image taken 
when New Horizons was just 13 minutes from closest approach. Scientists think the pits arise as  
ice turns directly into gas.

The ancient, heavily cratered Cthulhu Regio at the bottom of this image appears to be more than  
4 billion years old, yet it lies adjacent to the ice-rich plains of Sputnik Planum at top, which likely  
is less than 10 million years old.

This high-resolution strip 
runs from the al-Idrisi 
Montes at top to the cen-
ter of Sputnik Planum, 
showing the cellular 
structure in this part of 
the Texas-sized glacier.



nightside, allowing us to use “hazeshine” 
to map terrains we never thought we’d see 
at close-approach resolution.

Activity across billions of years. 
Although SP has an estimated age of just  
10 million years (much less than 1 percent 
the age of the solar system), other regions 
on Pluto have strikingly different ages. 
West of southern SP lies Cthulhu, a region 
that is large, dark, and volatile-poor (mean-
ing it lacks substances that vaporize at rela-
tively low temperatures). Cthulhu contains 
some of the most heavily cratered and 
ancient terrains on Pluto. We have dated 
these rugged areas at more than 4 billion 
years — the ancient opposite of SP!

Even more amazing are terrains on the 
eastern lobe of Pluto’s heart. This region, 
known as Eastern Tombaugh Regio, has  
an intermediate age of just 1 billion years. 
Together, SP, Cthulhu, and Eastern Tom-
baugh Regio paint the picture of a planet 
that has been geologically active through-
out its entire 4.5 billion-year history. We 

still don’t know how a small planet like 
Pluto powers such activity over such an 
expanse of time.

Tectonics, and volcanoes, too? 
The hemisphere New Horizons saw best at 
closest approach shows numerous exten-
sional tectonic features — those that form 
as the surface spreads apart — in varying 
stages of degradation. Most dramatic is the 
2- to 3-mile-deep (3 to 4km) V-shaped 
trough we call Virgil Fossa, which runs 
unbroken for more than 125 miles 
(200km). Numerous other tectonic features 
testify to past geologic activity on Pluto. 
But even more dramatic and surprising 
was the discovery of two 95-mile-wide 
(150km) mountains with deep central pits 
at their summits. These features, called 
Wright Mons and Piccard Mons, bear a 
strong structural resemblance to shield 
volcanoes such as Mauna Loa and Mauna 
Kea on Hawaii. The lack of craters on their 
flanks suggests they have been active in the 
past billion years. No such large volcano-
like features have been seen anywhere  
else in the solar system except among the 
inner planets!

Layering in Pluto’s surface. High-
resolution images of Pluto’s surface also 
reveal distinct layering in some places. We 
first detected this exciting and unexpected 
feature in the large mountain blocks of 
al-Idrisi Montes. But the science team later 
found more layering inside craters and can-
yons to the northwest of these mountains. 
Are we seeing variations in the composi-
tion of Pluto’s crust with depth? Or are we 
seeing the result of time variations in the 
sedimentation rate of atmospheric soot? 
We do not know.

As New Horizons swept by Pluto, it captured this view of the oddly textured mountains called Tartarus 
Dorsa along the day-night terminator. Scientists don’t know what causes the snakeskin-like terrain.

This 50-mile-wide (80 
kilometers) strip combines 
images that stretch from a 
“badlands” type of region 
at top across al-Idrisi 
Montes to the cellular 
 patterns seen in the ices 
of the northwestern part 
of Sputnik Planum.

Distinct layers show up in several of the craters 
in this image, most noticeably the one above 
center. Typically, such layers indicate either 
a change in composition or the rate at which 
 material was deposited, but scientists don’t 
know yet what caused these features on Pluto.
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Water, water everywhere. As soon 
as the science team saw steep mountains 
and canyons on Pluto in the earliest high-
resolution images, we knew this implied 
that the planet’s crust is made of water ice, 
as we had expected. We knew this because 
the volatile nitrogen, methane, and carbon 
monoxide ices across Pluto’s surface that 
scientists had detected from Earth are too 
weak to support such steep topography. So, 
knowing that water ice is common across 
the outer solar system, and having inferred 
its presence indirectly from measurements 
of Pluto’s interior density that indicated up 
to one-third of the planet’s mass was H2O, 
we felt pretty confident of the water-ice 
crust prediction.

High-resolution compositional spec-
troscopy later vindicated that expectation 
when it revealed many places on the sur-
face where water ice is directly exposed. 
Although it remains a mystery as to why 
Earth-based telescopes never spotted  
these signs, the signatures of water ice are 
unmistakable. Pluto’s water-ice crust peeks 
out at hundreds of locations across its disk.

 
New Horizons confirmed some of our 
expectations about Charon. These include 
the moon’s diameter — 754 miles (1,214km) 
— which is barely different from ground-
based measurements, the lack of exposed 
volatile ices on the surface, and no evidence 
of any atmosphere. But close-up data 

revealed many other details about Charon 
that have enriched its story and make it an 
amazing world in its own right.

Perhaps chief among these is the wide 
variety of geologic features on Charon’s 
surface. From heavily cratered terrains in 
the northern hemisphere to ice-flooded 
terrains indicating a complex early history 
in the south, Charon clearly was geologi-
cally alive at some point. The surface also 
displays strange pitted terrains, bright-  
and dark-rayed craters, and an equatorial 
extensional tectonic belt so large that it 
dwarfs the Grand Canyon and rivals any-
thing else in the solar system except Valles 
Marineris on Mars. The science team 
thinks that Charon once might have had  
a subsurface ocean of water; when it froze, 
the surface expanded and created the sys-
tem of faults.

Strangely, however, we have dated all of 
the terrains on the hemisphere we viewed 
at closest approach to about 4 billion years 
or older, meaning all these features were 
born more or less together in a brief flurry 
of internal activity shortly after Charon 
itself formed.

We also found deposits rich in ammonia 
peeking out of some craters and low-level 
concentrations of ammonia or ammonium 
hydrates scattered widely across Charon’s 
predominantly water-ice surface. No 
ammonia-rich terrains are seen on any 
other icy satellite in the solar system. Why 
Charon alone sports this unique composi-
tional telltale is a mystery.

Another enigma is wrapped up on 
Charon’s north pole, which sports a dark 
reddish cap a few hundred miles across. 
High-resolution images reveal that these 
dark red polar deposits are apparently a 
stain draped over the pole’s topography. A 
leading theory for this material’s formation 
is that it originated as volatile substances 
that were transferred from Pluto’s atmo-
sphere and condensed on Charon’s cold 
polar terrains. Radiation exposure then 
darkened and reddened it into non-volatile 
hydrocarbons and heavier molecules called 
tholins. If this idea is correct, then Charon’s 
south pole — hidden from us at flyby — 
should sport a similar stain. No doubt 
future space missions to Pluto will be eager 
to check this out, for that also could con-
firm a long-held speculation that Pluto’s 
atmosphere sometimes expands sufficiently 
to be shared by Charon.

Pluto’s smaller moons also provided real 
surprises. Between 2005 and 2012, New 
Horizons team members discovered four 
small satellites using the Hubble Space 
Telescope. We named them Styx, Nix, 
Kerberos, and Hydra in order of their dis-
tance from Pluto. New Horizons imaged all 
four during the flyby and found them to 
range in size from about 6 miles (10km) to 
about 30 miles (50km) across. We expected 
to find still more satellites when we got 
closer to Pluto, and we searched for them 

 The ammonia-rich ejecta (shown in green)  
that surrounds the impact crater Organa on 
Charon shows it to be a relatively young  
feature. Compare its ejecta with that surrounding 
Skywalker Crater below, which, like the rest of 
the moon, is rich in water ice.

 Pluto’s large moon, Charon, sports a dark 
reddish polar region as well as a network of 
 fractures and chasms that spans at least 650 
miles (1,050 kilometers) across the equatorial 
region of its Pluto-facing hemisphere.



Hydra
Diameter: 27x21 miles
Orbital radius: 40,226 miles
Orbital period: 38.20 days
Rotational period: 0.43 day

Kerberos
Diameter: 7x5 miles
Orbital radius: 35,905 miles
Orbital period: 32.17 days
Rotational period: 5.33 days

Styx
Diameter: 6x3.3 miles
Orbital radius: 26,505 miles
Orbital period: 20.16 days
Rotational period: 3.24 days

Charon
Diameter: 754 miles
Orbital radius: 12,161 miles
Orbital period: 6.39 days
Rotational period: 6.39 days

Nix
Diameter: 34x25x22 miles

Orbital radius: 30,257 miles
Orbital period: 24.85 days

Rotational period: 1.83 days

Pluto
Diameter: 1,475 miles
Rotational period: 6.39 days
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long and hard. But we didn’t find any down 
to sizes of just 1 or 2 miles (2 or 3km) 
across. This was a big surprise — but it 
wasn’t all.

We also found that while all four of the 
small moons are elongated, the quartet 
seems to break into an inner and outer 
pair, each containing one small and one 
larger satellite. At least two of them — Styx 

and Hydra — appear to be bilobate, as if 
they formed from mergers of still smaller 
moons that once orbited Pluto. Nothing 
like this has been found anywhere else 
among the planets.

Perhaps even more puzzlingly, though, 
images of the small satellites show that  
they all reflect much more light than we’d 
expected. Rather than showing a surface 

New Horizons is now several astronomical 
units (AU; one AU is the average Earth- 
Sun distance, about 93 million miles or  
150 million kilometers) past Pluto, plung-
ing ever deeper into the Kuiper Belt. The 
spacecraft is healthy and operating on its 
primary systems, with backup systems still 
held in reserve.

The New Horizons team designed the 
spacecraft to function out to at least 55 AU 
from the Sun, a distance it won’t reach until 
late 2022, and there is no reason that it can’t 
actually operate much farther out than that. 
In fact, if the vehicle remains healthy, our 
flight team believes we have the power and 
fuel to keep going into the mid-2030s, at 
which point New Horizons will be near the 
100 AU distance marker, about where 
Voyager began to cross the heliopause and 
escape the Sun’s magnetic influence.

In late October and early November 
2015, with NASA’s go-ahead, our mission 
team conducted a series of four engine 
burns to send New Horizons toward a new 
Kuiper Belt object (KBO). The flyby target, 
discovered by the Hubble Space Telescope 
in a search performed for New Horizons, is 
called 2014 MU69.

This object is about 25 miles (40km) 
across and circles the Sun on an orbit 44 AU 
away. It is a “cold classical” KBO, meaning it 
almost certainly formed near where it is 
now and contains valuable information 
about the chemical and physical environ-
ment of the ancient Kuiper Belt. In fact, 
2014 MU69, which the Sun has never 
warmed above temperatures of about 50 to 
60 kelvins, is the most primitive specimen 
of the early solar system ever targeted by 
any space mission.

On January 1, 2019, New Horizons will 
pass very close to MU69 — much closer than 
we flew by Pluto — where we can study its 
geology and composition, search for and 
study any small satellites it may have, and 
hunt for evidence of a comet-like coma.

We have proposed the flyby exploration 
of MU69 as the centerpiece of an extended 
mission for New Horizons lasting into 2021. 
That mission is called the New Horizons 
KBO Extended Mission, or KEM. In addition 
to the MU69 close flyby, KEM also proposes 
to gather other kinds of unique and valu-
able Kuiper Belt science that can’t be 
obtained from Earth or Earth orbit. These 
would include close-in satellite searches 
and photom etry for another 20 or so small 
KBOs, and studies of the plasma, neutral 
gas, and dust environment of the Kuiper 
Belt out to 50 AU. NASA expects to let us 
know if KEM is approved and funded by  
this summer. — S. A. S.

NEW HORIZONS:  
CURRENT AND FUTURE 

PLANS

Close-in Charon, which is tidally locked to Pluto, is by far the planet’s largest and best-studied satellite. 
In contrast, the four small outer moons all rotate faster than they revolve around the planet, making 
this satellite system unique in the solar system. These moons also are far more reflective than scientists 
expected, and two of them — Styx and Hydra — appear to have formed from the mergers of two even 
smaller moons. (To convert miles to kilometers, multiply by 1.61.) ASTRONOMY: ROEN KELLY
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reflectivity similar to Charon’s, about 35 to 
40 percent, they all have reflectivities closer 
to 70 to 80 percent. In fact, somehow all 
four are, on average, more reflective than 
Pluto! We suspect this happens because 
each moon has a bright, icy surface, and 
we’ll find out for sure later this year when 
we get compositional spectra of them to the 
ground. But whether they are icy or not, we 
do know that all four must be pelted by 
cometary debris from the Kuiper Belt. And 
that debris, if similar to comets, must be 
very dark. So why aren’t Pluto’s four small 
companions dark after this rain of impac-
tors? It’s a mystery.

We also don’t understand the rotation 
rates for these small worlds. It turns out 
that all four rotate much faster than their 
orbital periods. Conventional wisdom, 
backed up by dynamical calculations, 
 predicted that each one should be tidally 
locked to Pluto so that its rotation period 
matches its orbital period (which range 
from 20 to 38 days). Charon has done so, 
but its smaller siblings have not. Their rota-
tion periods range from 5.3 days down to 
just 0.4 day — that’s just 10 hours!

What keeps these rotation rates so high? 
Again, we don’t know. We also don’t know 
why all four have rotation poles that are 
oriented 80° or more from the poles of Pluto 
and Charon. Both their rapid rotation and 
this puzzling dynamical configuration have 
sent orbital dynamicists back to the draw-
ing board. As with just about everything 
else in the Pluto system, we are amazed, we 
are surprised, and we remain puzzled.

The long-anticipated exploration of Pluto 
and its system of moons is at long last com-
plete. And although data will continue to 
come to Earth for many more months, no 

doubt bringing new surprises, some things 
already are clear. Chief among them is the 
complexity of Pluto’s story — from the ori-
gin of its satellites to the perplexing degree 
of expression in the surface geology to the 
even more mystifying ongoing geologic 
activity we see on the planet’s surface.

But the mysteries don’t stop there. Both 
Pluto’s atmospheric structure and how it 
generates those haze layers are puzzling,  
as is the complex interaction among the 
glacier-like movement of snows on the 
planet’s surface, the atmospheric dynamics, 
and many of the landforms across the 
globe. Everywhere we look to solve mys-
teries in the data sets we have, we find we 
need more data.

We need to see beneath the surface. We 
need to see how the planet evolves from 

season to season. We need thermal maps, 
and we need still-higher-resolution imag-
ery. We also need direct measurements of 
Pluto’s winds and the composition of its 
atmosphere and haze. And we long for 
higher-resolution maps that reveal the 
hemispheres of Pluto and its satellites that 
New Horizons saw only from afar.

Put simply, the Pluto system has revealed 
itself to be too complex to unravel with a 
single flyby, even one with the sophisti-
cated instruments that New Horizons car-
ried. We need an orbiter. The buzz for this 
is already alive and growing in the scien-
tific community, and every time I give a 
public talk, I hear laypeople asking when 
we will go back. It won’t be long, I predict, 
before studies of just such a mission will be 
on drawing boards. 

This perspective view shows what you would see from 1,100 miles (1,800 kilometers) above Pluto’s 
equator. The view looks northeast over the dark, cratered Cthulhu Regio toward the smooth, bright, 
icy plains of Sputnik Planum.

The western 
margin of 
Sputnik Planum 
(at right) quickly 
morphs into 
more mountain-
ous and cratered 
terrains.
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  Visible to the naked eye 

 Visible with binoculars
  Visible with a telescope

MARTIN RATCLIFFE and ALISTER LING describe the  
solar system’s changing landscape as it appears in Earth’s sky.

May 2016: Red Planet delights

SKYTHIS
MONTH

I
f events that occur once a 
decade whet your observing 
appetite, then May is the 
month for you. First, Mars 
shines brighter and looms 

larger through a telescope than 
at any time since 2005. The 
Red Planet will dominate the 
sky from dusk to dawn. Not to 
be outdone, Mercury crosses 
the face of the Sun on May 9 
for the first time since 
November 2006.

But there is plenty more  
on tap during these pleasant 
spring nights. Jupiter will cap-
tivate anyone who looks up 
during the early evening hours, 
while beautiful Saturn entices 
viewers to stay up past mid-
night. It’s a month of super-
latives and contrasts sure to 
thrill any planetary observer.

dark belts that straddle a 
bright zone coinciding with 
the planet’s equator. Under 
steady seeing conditions, a 
series of alternating belts and 
zones extend to higher lati-
tudes. Don’t be afraid to 
observe the gas giant during 
twilight — this technique cuts 
down on glare and provides 
unexpectedly pleasing views.

Four bright moons accom-
pany Jupiter as it circles the 
Sun. Io, Europa, Ganymede, 
and Callisto change positions 
constantly relative to one 
another as they orbit the giant 
planet. Even a small scope lets 
you track their behavior. The 
most exciting views come 
when a moon passes directly 
in front of Jupiter (a transit) 
and shortly thereafter casts its 
shadow onto the jovian cloud 
tops (a shadow transit).

Although dozens of such 
events occur during May, only 
four involve outermost Callisto. 
And of those, only one occurs 
when Jupiter is visible across 
North America. On the night 

As twilight fades in early 
May, Jupiter rides about 60° 
above the southern horizon. It 
gleams at magnitude –2.3, far 
outshining the background 
stars of southern Leo the 
Lion. In fact, no other planet 
or star beats this giant world. 
Jupiter slowly pulls away from 
Earth during May, however, 
and by month’s end, it has 
dimmed by 0.2 magnitude.

The planet’s increasing 
distance will catch your eye  
if you view it through a tele-
scope. Jupiter’s apparent 
diameter shrinks nearly 10 
percent during May, dropping 
from 41" to 37". Fortunately, 
that’s still plenty big enough 
to reveal delicate shadings in 
Jupiter’s cloud tops. Pay par-
ticular attention to the two 

of May 6/7, the moon’s shadow 
looks like a black dot as it 
treks across the planet’s north 
polar region from 11:18 p.m. to 
1:42 a.m. EDT. Don’t confuse 
Callisto’s shadow with that of 
Io, which begins its own tran-
sit much closer to Jupiter’s 
equator at 12:39 a.m. EDT.

Giant Ganymede casts the 
largest and thus the most dis-
tinct shadow. Its best-timed 
shadow transit of the month 
occurs between 11:40 p.m. and 
2:51 a.m. EDT the night of 
May 12/13.

Mars reaches opposition 
and peak visibility during  
the latter half of May, but it 
remains an impressive sight 
all month. On the 1st, it rises 
around 10 p.m. local daylight 
time along with the back-
ground stars of northern 
Scorpius the Scorpion. Shin-
ing at magnitude –1.5, the 
Red Planet far surpasses every 
other celestial object in this 
part of the sky.

Two other prominent 
objects join Mars within the 

Mars shines brilliantly and looms large through a telescope this month 
as it puts on its best show in 11 years. ESA/MPS/OSIRIS TEAM

The Red Planet dazzles viewers all night in late May when it peaks near 
the border between Scorpius and Libra. ALL ILLUSTRATIONS: ASTRONOMY: ROEN KELLY

Martin Ratcliffe provides planetarium development for Sky-Skan, Inc., 
from his home in Wichita, Kansas. Meteorologist Alister Ling works for 
Environment Canada in Edmonton, Alberta.
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RISINGMOON

METEORWATCH

Where’s the best place on the 
Moon to build a solar-powered 
station? It’s on a hill on the lunar 
farside just “beyond” the south 
pole that suffers only a brief 
interruption from continuous 
sunlight. M5, unofficially known 
as Mount Clementine, under-
goes a short eclipse as the shift-
ing shadow of its neighbor M4 
swings across it once a month. 
Most lunar locales endure total 
darkness for nearly 15 days.

Without a doubt, Mount 
Clementine is the easiest farside 
feature to see — if the timing is 
right. When the Moon climbs 
well north of Earth’s orbital 
plane (the ecliptic), we can peer 
a bit “under” its south pole. The 

timing this month coincides 
with Full Moon on May 21, deliv-
ering near-perfect views with an 
outstanding 3-D perspective. 
The extra viewing angle shows 
us the shadow cast by every hill.

Elsewhere on the Moon, a 
rising Sun casts a mountain’s 
shadow to the west. But near 
the south pole, shadows gradu-
ally swing around in a circle. The 
modestly tall bump in front of 
Clementine first casts its shadow 
to the base of M4. It marches 
eastward on following nights, 
crossing the base of Clementine. 
A few nights later, M4 itself puts 
Clementine in darkness.

Be patient and wait for good 
seeing. The glare of a Full Moon 

can be nearly unbearable at low 
power in larger instruments. If 
this happens to you, step up  

the magnification or use a dark 
blue or green filter to cut down 
the light.

Comet 1P/Halley passes through 
the inner solar system every 75 
years. And though it is not sched-
uled to come back until 2061, you 
can spy pieces of this famous visi-
tor in early May. That’s when Earth 
plows through debris Halley left 
behind on previous visits, giving us 
the Eta Aquariid meteor shower.

The shower peaks in North 
America the afternoon of May 5, 
so equally good views should 
come before dawn on the 5th and 
6th. This coincides with New Moon 
— the only major meteor shower 
that can make this boast in 2016. 
From a dark site, you should notice 
10 to 20 meteors per hour emanat-
ing from Aquarius. Observers in 
the Southern Hemisphere, where 
Aquarius passes nearly overhead, 
typically see the most meteors.

A glimpse beyond the south pole

Comet Halley returns 
to Earth’s sky

— Continued on page 42

Eta Aquariid meteors
Active dates: April 19–May 28
Peak: May 5
Moon at peak: New
Maximum rate at peak:  

40 meteors/hour

next hour. The planet’s 
ancient rival, 1st-magnitude 
Antares in Scorpius, and mag-
nitude 0.2 Saturn poke above 
the southeastern horizon 
nearly simultaneously a half-
hour after Mars. The Red 
Planet lies 5° north-northwest 
of Antares and 8° west of 
Saturn. The two planets dra-
matically alter the Scorpion’s 
appearance this month.

Mars treks westward rela-
tive to the starry backdrop in 
May. It slides 1.2° north of  
the 7th-magnitude globular 
star cluster M80 on the 6th 
and 1.0° north of the 2nd-
magnitude double star Delta 
(δ) Scorpii on the 19th.

On May 22, Mars lies 
opposite the Sun in our sky,  
so it rises near sunset and 
remains visible all night. The 
planet also appears most daz-
zling around opposition, peak-
ing at magnitude –2.1. That’s 
about 70 percent more lumi-
nous than it was just three 
weeks earlier and the brightest 
it has been since 2005.

Moon-free skies greet the annual return of this prolific shower, which 
springs from Earth’s passage through Comet 1P/Halley’s debris stream.

The 3-mile-high summit of Mount Clementine stands out on the Moon’s 
farside near the May 21 Full Moon. CONSOLIDATED LUNAR ATLAS/UA/LPL; INSET: NASA/GSFC/ASU

Mercury transits the Sun’s face May 9 for observers across most 
of the globe, the first time it has done so in a decade.
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STAR
MAGNITUDES

How to use this map: This map portrays the 
sky as seen near 35° north latitude. Located 
inside the border are the cardinal directions 
and their intermediate points. To find 
stars, hold the map overhead and 
orient it so one of the labels matches 
the direction you’re facing. The 
stars above the map’s horizon 
now match what’s in the sky.

The all-sky map shows
how the sky looks at:

midnight May 1
11 P.M. May 15
10 P.M. May 31

Planets are shown  
at midmonth

STAR COLORS
A star’s color depends 
on its surface temperature.

• The hottest stars shine blue

• Slightly cooler stars appear white

• Intermediate stars (like the Sun) glow yellow

• Lower-temperature stars appear orange

• The coolest stars glow red

• Fainter stars can’t excite our eyes’ color  
receptors, so they appear white unless you  
use optical aid to gather more light



1 2 3 4 5 6 7

8 9 10 11 12 13 14

15 16 17 18 19 20 21

22 23 24 25 26 27 28

29 30 31

SUN. MON. TUES. WED. THURS. FRI. SAT.

A N T L IA

R AT E R

SEX
TA

N
S

L
E

O

Y D R A
C

LYNX

L
E

O
 

M
IN

O
R

C
A

N
C

E
R

C
A

N
IS

 M
IN

O
R

AURIGA

G
EM

IN
I

U
M

AJ

Capella

M
6566

M
44

Po
llu

x
Ca

st
or

Re
gu

lu
s

Pr
oc

yo
n

Ju
pite

r

W W W.ASTRONOMY.COM 39

Open cluster

Globular cluster

Diffuse nebula

Planetary nebula

Galaxy

W

NW

SW

MAP SYMBOLS

Note: Moon phases in the calendar vary 
in size due to the distance from Earth  
and are shown at 0h Universal Time.MAY 2016

Calendar of events
 2 The Moon passes 1.7° north of 

Neptune, 7 A.M. EDT

 4 The Moon passes 2° south of 
Uranus, 11 P.M. EDT

SPECIAL OBSERVING DATE
5 The Eta Aquariid meteor  
  shower peaks under  
  Moon-free skies.

 

 6  The Moon is at perigee 
(222,344 miles from Earth), 
12:13 A.M. EDT

  New Moon occurs at 
3:30 P.M. EDT

 8 The Moon passes 0.5° north of 
Aldebaran, 5 A.M. EDT

 9 Mercury is in inferior 
 conjunction, 11 A.M. EDT;  
transits the Sun

  Jupiter is stationary, 7 P.M. EDT

 13 First Quarter Moon 
occurs at 1:02 P.M. EDT

 15 The Moon passes 2° south of 
Jupiter, 6 A.M. EDT

 18 The Moon is at apogee 
(252,235 miles from Earth),  
6:06 P.M. EDT

 21 The Moon passes 6° north of 
Mars, 4 P.M. EDT

  Full Moon occurs at 5:14 
P.M. EDT

  Mercury is stationary, 6 P.M. EDT

 22 Mars is at opposition, 7 A.M. EDT

  The Moon passes 3° north of 
Saturn, 6 P.M. EDT

 23 Asteroid Vesta is in conjunction 
with the Sun, 3 P.M. EDT

 29 Last Quarter Moon 
occurs at 8:12 A.M. EDT

  Asteroid Iris is at opposition,  
2 P.M. EDT

  The Moon passes 1.4° north of 
Neptune, 3 P.M. EDT

 30 Mars comes closest to Earth 
(46.8 million miles away),  
6 P.M. EDT
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BEGINNERS: WATCH A VIDEO ABOUT HOW TO READ A STAR CHART AT www.Astronomy.com/starchart.



PATHOF THE
PLANETS

The planets  
in the sky

These illustrations show the size, phase, and orientation of each planet and the two brightest dwarf planets  
for the dates in the data table at bottom. South is at the top to match the view through a telescope.

The planets in May 2016
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Planets MERCURY VENUS MARS CERES JUPITER SATURN URANUS NEPTUNE PLUTO

Date May 31 May 15 May 15 May 15 May 15 May 15 May 15 May 15 May 15

Magnitude 0.9 –3.9 –1.9 9.3 –2.2 0.1 5.9 7.9 14.2

Angular size 9.2" 9.7" 17.8" 0.4" 39.2" 18.3" 3.4" 2.3" 0.1"

Illumination 27% 99% 100% 99% 99% 100% 100% 100% 100%

Distance (AU) from Earth 0.729 1.720 0.526 3.598 5.029 9.071 20.811 30.240 32.476

Distance (AU) from Sun 0.449 0.723 1.531 2.957 5.438 10.027 19.963 29.957 33.098

Right ascension (2000.0) 3h01.6m 3h04.0m 16h07.6m 0h53.9m 10h59.7m 16h52.6m 1h22.8m 22h53.3m 19h13.3m

Declination (2000.0) 13°13' 16°26' –21°43' –3°36' 7°54' –20°43' 8°05' –7°59' –20°55'



This map unfolds the entire night sky from sunset (at right) until sunrise (at left). 
Arrows and colored dots show motions and locations of solar system objects during the month.
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Dots display positions 
of Galilean satellites at 
11 P.M. EDT on the date 
shown. South is at the 
top to match  
the view  
through a  
telescope.

To locate the Moon in the sky, draw a line from the phase shown for the day straight up to the curved blue line.
Note: Moons vary in size due to the distance from Earth and are shown at 0h Universal Time.

The planets 
in their orbits
Arrows show the inner planets’ 
monthly  motions and dots 
depict the outer planets’  
positions at midmonth from 
high above their orbits.
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COMETSEARCH

Observers across the contigu-
ous United States and points 
south should have a nice 7th-
magnitude comet to view 
through their telescopes on May 
mornings. The catch: Comet 
PANSTARRS (C/2013 X1) strug-
gles to climb above the horizon 
haze before dawn breaks. You’ll 
need a clear, flat eastern horizon 
to spot PANSTARRS as it slides 
south through Aquarius.

A plethora of comet possibil-
ities lurk in the evening sky, but 
barring a surprise newcomer, 
none glows brighter than 11th 
magnitude. The best of the lot is 
Comet 9P/Tempel, which lies in 
Leo the Lion’s hindquarters, not 
far from 2nd-magnitude Dene-
bola. You should be able to view 
this periodic visitor through a 

6-inch scope under a dark sky. 
Use the finder chart for asteroid 
Hebe on the opposite page to 
zero in on 9P/Tempel.

The comet should appear  
as a small, slightly flattened V 
shape with a condensed center. 
On the evening of May 6, com-
pare it with the 12th-magnitude 
spiral galaxy NGC 3801. The two 
objects appear just 10' apart.

Comet 9P/Tempel’s name 
might ring a bell. Eleven years 
(two revolutions) ago, NASA’s 
Deep Impact mission blasted 
the comet with a large cube  
of copper and measured the 
effects. The comet will approach 
Jupiter in 2024 and get nudged 
into a slightly larger orbit, mak-
ing it a fainter object at subse-
quent returns.

Another star from Pan-STARRS

 EVENING SKY  MIDNIGHT MORNING SKY
 Mars (southeast) Mars (southeast) Mercury (east)
 Jupiter (south) Jupiter (west) Mars (southwest)
  Saturn (southeast) Saturn (southwest)
   Uranus (east)
   Neptune (southeast)

WHEN TO VIEW THE PLANETS

— Continued from page 37

But in at least one aspect, 
the best is yet to come. On 
May 30, just two days after 
Mars’ westward motion has 
carried it across the border 
into Libra the Scales, the Red 
Planet comes closest to Earth. 
The centers of our two planets 
then lie just 46.8 million miles 
apart. The minimal separation 
means Mars looms large 
through a telescope, peaking at 
a diameter of 18.6".

The only downside to the 
planet’s appearance is its low 
altitude. Mars lies well south  
of the celestial equator this 
month, so it never climbs high 
for observers in the Northern 
Hemisphere. The crispest tele-
scopic views will come after 

nicely with the ruddy hues  
of its neighbors, Mars and 
Antares. The ringed planet 
spends the entire month edg-
ing westward across the feet of 
Ophiuchus the Serpent-bearer.

Saturn’s disk measures 18.3" 
across the equator in mid-May, 
just 0.1" short of its opposition 
diameter. Look carefully 

midnight local daylight time 
when the planet peaks in the 
south. Its light then passes 
through less of Earth’s turbu-
lent, image-distorting atmo-
sphere. For details on viewing 
the Red Planet, see “Observe 
Mars at its best” on p. 58.

Although Mars will garner 
the lion’s share of attention 
from observers this month, 
don’t shortchange Saturn. 
The ringed planet will reach 
opposition in the first few 
days of June, and the view 
during May is hardly less 
impressive. Saturn brightens 
from magnitude 0.2 to 0.0 this 
month, making it second only 
to Mars in this part of the sky. 
And its yellow glow contrasts 

through a telescope and you 
may see at least one slightly 
darker belt in the planet’s 
atmosphere. Also notice that 
the area surrounding the 
north pole appears darker 
than the equatorial region.

Of course, the rings are 
what give Saturn its majesty. 
They span 41.6" at midmonth 

Aquarius plays host to this month’s brightest comet, a first-time visitor 
to the inner solar system that should glow around 7th magnitude.

Saturn seems to gain two new moons on the night of May 29/30 when the 
planet passes near two 10th-magnitude field stars.
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The eccentric orbits of the 
minor planets provide Earth-
bound observers with an 
unending parade. As luck would 
have it, the year’s biggest floats 
won’t arrive until fall, leaving 
the smaller and fainter ones for 
this spring. Yet asteroid 6 Hebe 
is not hard to find. A 3-inch tele-
scope under country skies or a 
5-inch instrument from the sub-
urbs will let you track its motion 
near 2nd-magnitude Denebola 
in Leo the Lion’s tail.

At the start of the month, a 
fuzzy 11th-magnitude comet 
shares the same field of view. 
Hebe lies more than twice as  
far away as Comet 9P/Tempel, 

however, so it moves little from 
one night to the next. That’s 
good news for those who like 
to sketch an asteroid’s motion 
relative to the background stars 
— Hebe takes more than a 
week to cross one field of view.

German amateur astrono-
mer Karl Hencke discovered this 
main belt object in July 1847. 
He found it by systematically 
comparing the views through 
his telescope with those on the 
best star charts of the time, 
looking for any object that 
didn’t belong. German mathe-
matician Karl Friedrich Gauss 
proposed naming it Hebe after 
the Greek goddess of youth.

LOCATINGASTEROIDS
Leo the Lion’s carnival of visitors

and tip 26° to our line of sight. 
The large tilt affords observers 
exquisite views of the ring sys-
tem through even the smallest 
scopes. Note in particular the 
dark Cassini Division that sep-
arates the outer A ring from 
the brighter B ring.

Small scopes also reveal 
Saturn’s largest moon, 8th-
magnitude Titan. It passes due 
north of Saturn the mornings 
of May 5 and 21 and due south 
May 13 and 29. Between these 
dates, it can reach up to 3' east 
or west of the planet.

Not surprisingly, Saturn’s 
smaller moons glow more 
dimly. Tethys, Dione, and 
Rhea all shine at 10th magni-
tude and will show up through 
4-inch instruments. They orbit 
closer to the planet than Titan 
and appear no more than 1' 
from the edge of the rings. 
Don’t mistake these moons  
for two 10th-magnitude field 
stars that appear in the same 
general area the night of  
May 29/30.

A slightly more difficult 
target, distant Iapetus, can be 
picked up through a 6-inch 
scope. Look for it some 2' due 
south of the planet the night  
of May 31/June 1.

Mercury passes directly 
between the Sun and Earth  
on May 9 for the first time 
since November 8, 2006. 
Observers across most of the 
globe (excluding Australia, 
New Zealand, eastern Asia, 
and the surrounding oceans) 

can witness some or all of this 
7.5-hour transit. You’ll need a 
telescope equipped with a safe, 
full-aperture solar filter to see 
the planet’s 12"-diameter black 
disk against the Sun’s surface. 
For specifics on observing this 
exceptional event, see “How  
to view Mercury’s rare tran-
sit” on p. 62.

Following the transit, 
Mercury moves into the 
morning sky. By late May,  
the innermost planet has 
climbed into view low in the 
east before dawn. On the 31st, 
it lies 23° west of the Sun but 
stands just 4° high a half-hour 
before sunrise. Shining at 
magnitude 0.9, Mercury will 
be hard to see so low in the 
twilight glow. Better views 
await observers in early June 
when the planet brightens and 
climbs higher.

Joining Mercury before 
dawn is the outermost major 
planet, Neptune. You’ll need 
binoculars or a telescope to 
spot this 8th-magnitude world 
against the backdrop of 
Aquarius the Water-bearer.  
It remains within 0.5° — the 
diameter of a Full Moon —  
of 4th-magnitude Lambda (λ) 
Aquarii all month, appearing 
due south of the star during 
May’s first week. On the 2nd, 
a waning crescent Moon 
passes less than 1° north of 
Neptune with Lambda resid-
ing between the two.

Uranus remains too close 
to the Sun this month to see 
easily from mid-northern lati-
tudes. Twilight interferes until 
May’s final week, and even 
then, the 6th-magnitude planet 
appears only a few degrees 
above the eastern horizon.  

It and its host constellation, 
Pisces the Fish, will come into 
better view next month.

Venus now lies on the far 
side of the Sun from Earth 
and is hopelessly lost in our 
star’s glare. It will return to 
view after sunset in July. 

The tiny black dot of Mercury crosses the Sun’s face May 9, the first time 
the innermost planet has transited the Sun since 2006. LESLIE MARCZI

Asteroid Hebe glows around magnitude 10.5 in early May when it lies 
in the same field of view as 11th-magnitude Comet 9P/Tempel.



Galactic enigma 

Strange hourglass lobes extend for 
25,000 light-years on either side of 
our galaxy’s center. by Liz Kruesi

What’s blowing

D
ouglas Finkbeiner was an 
outsider to the world of 
high-energy astrophysics. 
His expertise was dust — the 
galactic kind — and studying 

its microwave emission. But that dif-
ferent perspective allowed Finkbeiner 
and his colleagues to reveal one of our 
galaxy’s largest structures, known as 
Fermi Bubbles.

These enormous balloon-shaped 
features — each reaching out 25,000 
light-years from the galaxy’s center — 
were discovered more than six years 
ago, yet they remain mysterious.

Astrophysicists cannot say what 
created them. They have narrowed 
down how long ago these bubbles 
formed, and they are beginning to sort 
through their composition. And soon, 
researchers will have another observa-
tory that should reveal even more.

It’s clear so far, though, that Fermi 
Bubbles are evidence of some past vio-
lent activity near our galaxy’s center. 

The movements of energetic particles 
have painted these structures in 
gamma rays and microwaves. 

A microwave haze
In 2003, Finkbeiner first saw 
an extra signal in data from the 
Wilkinson Microwave Anisotropy 
Probe (WMAP) when the spacecraft 
scanned the sky for the Big Bang’s 
residual radiation. He was a postdoc 
at Princeton University at the time. 
After subtracting the many different 
sources of microwave radiation in the 
inner part of the Milky Way — for 
example, electrons spinning around 
magnetic field lines and spewing 
microwave photons, particle colli-
sions, dimly glowing dust, and dust 
spinning billions of times each second 
— he still had a signal left over.

“It’s really hard to think of a word 
that hasn’t been used yet,” Finkbeiner 
says. “And so I called it the micro-
wave haze.”



The Milky Way’s 
gamma-ray bubbles 
stretch some 50,000 
light-years. ASTRONOMY: 

ROEN KELLY
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He dove headfirst into the WMAP 
data, looking for what was causing 
these unexpected microwave signals 
in the inner galaxy. The idea that rose 
to the top was that the extra micro-
waves were created by the so-called 
synchrotron method.

Magnetic fields thread the galaxy, 
and any electron moving through 
them would spiral around their lines. 
If the electrons are moving fast 
enough and the magnetic field is 
strong enough, the electrons will slow 
while spiraling and emit microwave 
radiation.

Those same high-energy electrons 
also can encourage gamma-ray radia-
tion through a process called the 
Inverse Compton Effect. When ambi-
ent photons, like those produced by 

stars, encounter those electrons, the 
electrons can donate some of their 
energy to the photons. That boosts 
the photons’ energies to the gamma-
ray level. “It all sounds very crystal 
clear now in hindsight, but at the 
time there were questions about 
whether the WMAP haze, as we were 
calling it, was even real,” says 
Gregory Dobler, a postdoctoral fellow 
working with Finkbeiner, who has 
since moved to Harvard.

The researchers modeled 
what they thought they 
would see from the 
upcoming Fermi 
Gamma-ray  
Space Telescope, 
launched in June 
2008. The Fermi 
team was set to 
release its first 
year of data to 
the public in fall 

2009, so Finkbeiner, Dobler, and 
then-graduate student Tracy Slatyer 
obsessively checked for updates. As 
soon as the data came out, they got to 
work analyzing it. 

The timing couldn’t have been 
worse, though. Dobler’s postdoc 
position was winding down, and 
he was set to move to a similar 
position at the Kavli Institute for 
Theoretical Physics at the University 

of California, Santa 
Barbara. “The 

data were 

Contributing Editor Liz Kruesi writes 
about pieces of the cosmic puzzle from her 
home in Austin, Texas.

Glowing 
hydrogen 
erupts from 
the center 
of the star-
burst galaxy 
Messier 82. 
Astronomers 
think the Milky 
Way’s Fermi 
Bubbles could 
be something 
similar. 
NASA/ESA/THE HUBBLE 

HERITAGE TEAM (STSCI/

AURA)

”It wasn’t just this  
diffuse, fuzzy blob ...,”  
says Gregory Dobler.  
“It had this SHARP 
EDGE, and it had 

this HOURGLASS 
SHAPE.”
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available for download two days 
before I was going to drive across the 
country,” he says. “As I was packing 
up, we were feverishly writing code 
to make maps out of this gamma-ray 
data that was coming in.”

It paid off — they uncovered a 
haze of gamma rays. 

The scientists published their dis-
covery of the Fermi Haze, as they 
called it, in the June 2010 issue of The 
Astrophysical Journal. But even while 
they were working on this paper, they 
saw a ghost of a signal. “It wasn’t just 
this diffuse, fuzzy blob that faded off 
into nothing as you went off the 
galactic plane,” says Dobler. “It had 
this sharp edge, and it had this hour-
glass shape.”

If the emission really had defined 
structure, it was a much bigger dis-
covery. But many scientists, including 
members of the Fermi science team, 
doubted that the haze existed. 

Critics speculated that the 
researchers missed other sources of 
gamma-ray emission in the sky. So 
Finkbeiner and his team labored 
to improve their background mod-
els. And they turned doubters into 
believers when they found the dis-
tinct bubble structure. 

On either side of our galaxy’s 
plane lies a 25,000-light-year-tall  
balloon of gamma-ray radiation. 
Because these huge structures were 
finally discovered in Fermi data, sci-
entists named them Fermi Bubbles. 

It looks like something at the 
Milky Way’s center inflated the enor-
mous bubbles — but what, and when? 
In 2014, their find netted Finkbeiner, 
Slatyer, and another collaborator, 
Meng Su, the Bruno Rossi Prize, the 
top award in high-energy astrophysics.

Jets vs. stars
Those distinct edges aren’t just for 
looks, though. This characteristic 
gives clues to what’s causing the 
bubbles. “When you leave particles 
to themselves, then generally they 
sort of smoothly diffuse outward,” 
says Slatyer, who’s now an assistant 

professor at MIT. “If there’s a sharp 
edge, then that suggests that whatever 
is making the gamma rays cuts off 
pretty abruptly at that edge.” 

Some scientists suspect the bub-
bles’ edges are caused by shock 
fronts, like the bow-shaped feature  
of air created by a supersonic jet. 
Others theorize magnetic fields trap 
charged particles. 

The most convincing source of 
these shock fronts or magnetic fields 
are outflows from the galactic center. 
These outflows could be enormous 
jets from the supermassive black hole 
after it eats nearby material, like 
those seen at the centers of large gal-
axies across the universe. 

Astronomers have found that the 
material in jets rushing away from 
other black holes travels at millions of 
miles per hour. As the jets slam into 
nearby gas, the interaction has many 
consequences, including depositing 
energy, causing the gas to light up, 
and compressing it into shock fronts.

Or the bubbles could come from a 
burst of massive-star formation near 
the Milky Way’s core. That would 
give a double dose of energy to inflate 

(Above) 
Synchrotron 
radiation 
happens when 
electrons 
traveling along 
the Milky Way’s 
magnetic field 
lines change 
directions. 
When a 
high-energy 
electron 
smacks a 
photon, it 
creates a 
gamma ray 
through 
inverse 
Compton 
radiation. 
ASTRONOMY: ROEN KELLY

(Left) ESA’s 

Planck space-
craft gathered 
this all-sky map 
of the galactic 
haze in micro-
waves, which 
was placed over 
Fermi Gamma-
ray Space  
Telescope data 
(blue). Fermi’s 
observations 
clearly show 
two hourglass 
lobes. ESA/PLANCK 

COLLABORATION (MICRO-

WAVE); NASA/DOE/FERMI 

LAT/DOBLER ET AL./SU ET 

AL. (GAMMA RAYS)
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the bubbles: first, during those stars’ 
lives as they emit stellar winds, and 
second, when they explode as super-
novae at their deaths. 

Astronomers in the field are split, 
though, about which explanation 
they prefer. As for Finkbeiner, he has 
preferred the jet scenario ever since 
finding the bubble structures. But, he 
adds, “As the years go by, all of us are 
kind of sticking with our original 
idea, and that tells us we don’t have 
enough data to convince anyone 
either way.”

Into the ultraviolet
To break the stalemate, astronomers 
have turned to ultraviolet light. The 
Space Telescope Science Institute’s 
Andrew Fox and colleagues are using 
the brilliant centers of active galaxies, 
called active galactic nuclei (AGNs), 
as spotlights behind the Fermi 
Bubbles to sample small sections. 
When light passes through the gassy 
bubbles on the way to the Hubble 
Space Telescope, the gas can imprint 
the light with its calling card. 

The astronomers split up each 
AGN into its range of colors, or 
wavelengths. Different elements 
absorb light at different, spe-
cific wavelengths, and so 
the scientists can see 
what’s in the bubbles’ gas. 
They have identified silicon 
and carbon 

atoms — elements created in the 
cores of massive stars. That means 
the material inside the bubbles must 
have been processed through stars, 
Fox says. 

But those wavelengths can reveal 
something else, too. “The features 
that we look for tell us whether the 
gas is moving toward us or away 
from us,” says Fox. “We are able to 
use this technique to measure exactly 
how fast gas is moving at different 
positions in the Fermi Bubbles.” 

Using these newfound velocities, a 
bright signpost’s location on the bub-
ble, and some basic geometry, Fox’s 
team calculated that the material in 
the structures is between about  
2 million and 4 million years old. So 
whatever blew these bubbles did so 
relatively recently.

So far, the astronomers have 
looked at 10 AGNs in the northern 
galactic hemisphere: Four follow a 
rough line upward from the galactic 
center and lie behind the northern 
bubble, and six lie outside of it. This 
means they could sample the move-
ment of the material at four different 

locations. “We can see 
the gas decelerate and 
slow down as we go 

up into the Fermi Bubble,” says Fox. 
What exactly is slowing the gas, how-
ever, is a mystery. 

They also found that, just as the 
gamma-ray and microwave emissions 
abruptly stop about 25,000 light-years 
out, so does this flowing material.

The next step in their research is 
to study the southern bubble, which 
is much more difficult. That’s 
because more matter — for example, 
the Magellanic Stream of material 
being pulled from the Magellanic 
Clouds into the Milky Way — lies in 
the way and contaminates the data. 
Separating the two bubbles’ signals 
from the intervening material will 
take extra time and attention, but it 
must be done.

The X-ray factor
Not everyone is convinced the micro-
wave haze seen in 2003 was the first 
hint of Fermi Bubbles. Instead, they 
point to an earlier paper by Joss 
Bland-Hawthorn and Martin Cohen 
that focused on X-ray data from the 
ROentgen SATellite (ROSAT), which 
launched in 1990. The researchers 
saw a figure-eight-shaped outline 
centered on the galaxy’s core, but 
they interpreted the signal as coming 
from the dissipated shell of a star sit-
ting in the foreground.

The more recent X-ray observa-
tory XMM-Newton has produced “a 
tantalizing detection of the edges,” 
Slatyer says, but astronomers don’t 
yet have enough X-ray data about 
the bubbles to help further narrow 
the structures’ source.

These balloon structures also 
show up in radio waves, although  
the shapes are slightly askew. Ettore 
Carretti, then at CSIRO in Australia, 
used observations from the Parkes 
Radio Telescope to hunt for Fermi 
Bubbles. His team measured these 
structures’ magnetic field strengths 
and the energy  
 

(Right) The 
Hubble Space 
Telescope 
watched a 
distant quasar 
— the active 
core of a galaxy 
— as its light 
passed through 
the Milky Way’s 
northern Fermi 
Bubble. It 
used this light 
to analyze 
the speed, 
composition, 
and mass of 
the outflow. 
Scientists are 
unsure how 
the bubbles 
formed, but 
evidence points 
to a violent 
event at our 
galaxy’s center 
several million 
years ago. NASA/

ESA/A. FEILD (STSCI)

(Below) Fermi 
has two main 
instruments. 
Its Large Area 
Telescope can 
identify and 
precisely place 
gamma-ray 
sources across 
a wide section 
of sky. The 
Burst Monitor 
keeps an eye 
out for gamma- 
ray bursts from 
all directions. 
NASA/SONOMA STATE 

UNIVERSITY/AURORE 

SIMONNET

Quasar clues



contained within them. In their 
January 2013 Nature article, the team 
members calculated that multiple 
generations of exploding massive 
stars over about 10 million years 
would best fit the radio observations. 

The idea is that as massive stars 
explode as supernovae, the outgoing 
material — traveling at supersonic 
speeds — creates shock waves laced 
with magnetic field lines. The waves 
sweep up electrons and accelerate 
them to higher energies. 

Virtual bubbles
Astronomers can’t go back in time 
a few million years to watch what 
actually produced the Fermi Bubbles, 
so theorists are building computer 
simulations that model the differ-
ent possible processes in hopes of 
reproducing today’s gamma-ray and 
microwave structures. These models 
are giving scientists insight that they 
wouldn’t get from observations alone. 

The models must match the bub-
bles’ edges, shape, and size — in 
gamma rays, microwaves, radio 
waves, and X-rays. They also need to 
match an oddly flat gamma-ray 
energy spectrum (meaning the inten-
sity of light is basically the same at 
energies 1 billion times that of visible 
light and at energies 100 billion times 
as intense). Then there’s the unex-
pected brightness profile: The 
amount of gamma radiation through-
out the structures is nearly identical 
no matter if astronomers look 2,000 
light-years from the galactic center or 
20,000 light-years into the bubble. 
How could an electron created at the 
center of the galaxy keep its energy as 
it moves so far out? 

H.-Y. Karen Yang, a postdoctoral 
fellow at the University of Maryland, 
spent the last few years making  

complex 3-D computer 
simulations of the Fermi 
Bubble formation. She 
and her colleagues 
looked at jets emanat-
ing from our central 
supermassive black hole 

about 1 million years 
ago. These carried high-

energy electrons from the 
galactic center to between 

15,000 and 30,000 light-years 
above or below it. Their model 

created the same size and shape of 
the Fermi Bubbles, along with the 
sharp gamma-ray edges. 

“Our simulations also reproduced 
the smooth bubble surface, uniform 
surface brightness of the observed 
bubbles, and the ROSAT X-ray arcs 
surrounding the bubbles,” Yang says. 
Their models also match with the 
microwave emission and radio  
measurements. 

However, she adds that no simula-
tion — from her group or other teams 
— has matched all observations. The 
flat gamma-ray spectrum, for exam-
ple, is a characteristic that no one can 
yet create in a computer. It seems that 
more observations are necessary. And 
soon, astronomers will have another 
X-ray telescope to make them. 

Waiting for data
In February 2017, Russia and 
Germany will launch their part-
nership mission, the Spectrum-

Roentgen-Gamma observatory. 
Its eROSITA telescope (short for 
“extended ROentgen Survey with 
an Imaging Telescope Array”) is the 
primary instrument on board, and 
it will map the full sky in a similar 
energy range of what ROSAT did, but 
with 20 times the sensitivity. The all-
sky survey also will capture X-rays at 
slightly higher energies than ROSAT. 
The full eROSITA survey will take 
nearly four years.

What Finkbeiner is most looking 
forward to is the spectral information 
that eROSITA will provide to teach 
astronomers about the temperature 
of the material along the shock front 
at the bubbles’ edges. They hope to 
learn about the densities of the bub-
bles and the material it’s ramming 
into, plus information about its 
speed, which should corroborate 
what Fox’s team has revealed in its 
ultraviolet observations. All of this 
information will help astronomers 
understand what the source or 
sources are.

“Now, you may be concerned that 
even after all that, we won’t really 
know whether it’s an AGN or a  
starburst, and that may be true,” 
Finkbeiner says. No matter what the 
data reveal, astronomers will have 
more crucial information to solve the 
puzzle. “We’re just hoping it’s a much 
better image of what’s going on.” 

And of course, a bit of luck 
wouldn’t hurt, either. 

Whatever blew 
these bubbles did so  

RELATIVELY 
RECENTLY.

Without NASA’s 
Fermi Gamma-
ray Space 
Telescope, 
which launched 
in 2008, astro-
nomers were 
blind to the 
Milky Way’s 
giant bubbles. 
They couldn’t 
see the high-
energy radia-
tion.  
NASA/KIM SHIFLETT
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A: We now know for sure that 
Pluto’s atmosphere does change 
greatly over time, since we’ve 
seen it more than double since 
1988. This is almost certainly 
because the atmosphere — 
which is nitrogen, like Earth’s 
atmosphere — is also frozen as 
ice on the surface. If the nitro-
gen ice warms by just a degree, 
then the atmospheric pressure 
increases 80 percent. 

You might wonder why the 
atmosphere is getting thicker 
now, as Pluto moves away from 
the Sun. It’s telling us that 

Astronomy’s experts from around the globe answer your cosmic questions.

PLUTO’S 
FALLING SKY

collapses down to something 
more like Io’s thin atmosphere, 
or if it “only” collapses down by 
a factor of 10 or so.

However, even if the entire 
atmosphere were to suddenly 
collapse during the time it takes 
to read this answer, it would 
only leave a dusting of nitrogen 
ice a little more than a millime-
ter thick. The atmosphere’s 
effect on Pluto’s surface is more 
as a conduit, allowing nitrogen 
ice to move from sunlit to less 
illuminated areas. This might 
well have something to do with 
some surface features, such as 
the bright, volatile-rich mid and 
northern latitudes, and the 
dark, volatile-poor equator.

Leslie Young
New Horizons Co-Investigator

Southwest Research Institute
Boulder, Colorado

Q: THE SUN SHINES 
THROUGH PORTALS AT 
ANCIENT MONUMENTS ON 
CERTAIN DAYS OF THE YEAR. 
GIVEN THAT EARTH PRE-
CESSES ON ITS AXIS EVERY 
26,000 YEARS, WOULDN’T 
THAT CAUSE ALL THOSE 
ALIGNMENTS TO BE OFF? 

Michael West
Ponte Vedra, Florida 

A: The short answer is “yes.” 
But the answer is more compli-
cated than that because two 
kinds of precession play a role. 

The first type of precession to 
consider is that of the equinox. 

ASKASTR0

Q: ASTRONOMERS ONCE THOUGHT  
PLUTO’S ATMOSPHERE WOULD CONDENSE 
DOWN TO THE SURFACE AS IT MOVED 
AWAY FROM THE SUN. CAN THAT STILL BE 
TRUE, AND IF SO, IS THAT CAUSING THE 
SURFACE FEATURES WE NOW SEE?

David McKay
Sea Isle City, New Jersey 

things are more complicated 
than just the heliocentric dis-
tance. Other factors come into 
play, like the exposure of the 
summer pole during Pluto’s 
extreme solstice, or maybe 
changes in albedo — the sun-
light reflected off its surface. 

So, yes, Pluto’s atmosphere 
changes a lot over its year, 
which lasts 248 Earth years. To 
understand how it changes, we 
hope to piece together thermal 
emission, albedo, radio occulta-
tions, and surface composition. 
Right now, we don’t know if it 

If you traveled to Chichen Itza 
on Mexico’s Yucatan Peninsula 
during the vernal or autumnal 
equinox, you could still watch 
the shadow of the 1,100-year-
old great snake god Kukulkan 
slither down the pyramid steps. 
But that’s not to say it’s exactly 
the same. In the years since the 
Maya’s peak, the date of each 
equinox has actually moved by 
just more than two weeks. 

That’s because Earth’s orbital 
position around the Sun 
changes, shifting the solstice by 
about 20 minutes each year. It 
takes more than 70 years for the 
equinox to shift by a complete 
day. After 25,772 years, the sea-
sons will have completed a full 
circuit and arrived back at the 
start. And if you visited 
Chichen Itza halfway through 
that cycle, the seasons would 
have swapped. Spring would 
start at the former fall equinox. 

Now let’s move to the type of 
precession you reference — the 
kind that makes Earth spin on 
its axis like a top. Some astron-
omers say that Chichen Itza’s 
tower of El Caracol had a win-
dow that perfectly aligned with 
the Pleiades in April of the year 
1,000, which would have shown 
the Sun’s arrival at zenith. 

And there are other likely 
alignments as well. It’s clear 
they understood the cycles of 
Venus using the ancient obser-
vatory. However, it’s hard to 
know exactly why sites like 
Chichen Itza — or even the 
Great Pyramid of Giza — point 

As the Sun shines on Pluto’s dayside, it turns ice to vapor. Winds circulate 
the ice. Some gas escapes Pluto forever, but some also condenses back to 
the surface, creating exotic landforms. ASTRONOMY: KELLIE JAEGER; AFTER NASA/JHUAPL/SWRI

The Mayan 
snake god 
Kukulkan’s 
shadow appears 
to slither down 
the stairs at 
Chichen Itza 
during the 
equinox.  
WIKIMEDIA COMMONS

Pluto’s shifting ice
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to a certain place in the sky. So 
the astronomical interpreta-
tions for many pyramids, stone 
circles, pueblos, and temples, 
have shifted over the years. 

Stonehenge provides a great 
example. Tens of thousands of 
people show up for the summer 
solstice each year, as wannabe 
druids mark the longest day. 
But archaeologists have 
recently shown the massive 
stone circle was likely used 
exclusively in winter, when far 
fewer modern pagans are will-
ing to make the trek.

Eric Betz
Associate Editor 

Q: WE ARE MADE UP OF  
ELEMENTS FORGED IN 
STARS. BUT WITH THE VAST 
DISTANCES BETWEEN STARS, 
ARE WE THE PRODUCT OF 
ONLY ONE STAR OR MANY?

Ken Stodola
Marion, Iowa

A: Not only are you made of 
many stars; you’re made of 
many generations of stars. 

There is strong observa-
tional evidence (and sup-
porting physical modeling) 
showing that stars and their 
planetary systems form from 
the collapse of immense inter-
stellar gas and dust clouds, 
similar to the Horsehead  
Nebula and Pipe Nebula.  

Our solar system formed from 
the collapse of such a cloud, 
and radiometric dating of the 
oldest meteorites puts the date 
of formation at about 4,568 
million years ago (give or take 
a million years or so!).

The solar system’s birth 
cloud contained about 72 per-
cent hydrogen, 27 percent 
helium, and only about 1 per-
cent of all the heavier elements 
(colloquially called “metals” by 
astronomers). That hydrogen, 
and most of the helium and 
lithium, was produced in the 
Big Bang about 13.8 billion 
years ago, but had been incor-
porated into our Milky Way 
Galaxy. While the Big Bang was 
hot enough and dense enough 
in the first half hour for nuclear 
reactions to form hydrogen and 
helium, the density of the 
expanding universe was actu-
ally too low to fuse the heavier 
elements. The formation of the 
“metals” would have to await  
an even denser furnace — the 
cores of dying stars. 

Stars fuse lighter elements 
into heavier elements, releasing 
energy. At the end of their lives, 
stars return some of their 
nuclear waste (helium and 
heavier elements) back into our 
galaxy’s interstellar gas, either 
via planetary nebulae (for 
lower-mass stars) or through 
stellar winds and supernovae 
(for higher-mass stars and some 

binary stars). So the “metals” 
and some of the helium were 
mostly produced by many gen-
erations of stars that lived and 
died between the formation of 
the first stars in the Milky Way, 
more than 13 billion years ago, 
right up until the time of the 
solar system’s formation. Indeed 
there is evidence from meteor-
ites that nearby stars exploded 
as supernovae and injected their 
own radioactive elements into 
the Sun’s proto-cloud.

Eric E. Mamajek
University of Rochester 

New York

Q: WHEN AMATEUR ASTRO-
NOMERS GROW OLD AND 
WISH TO DONATE THEIR 
TELESCOPE AND OBSERVA-
TORY TO THEIR LOCAL CLUB, 
WHO ASSESSES THE VALUE? 

Steve Rismiller
Mims, Florida

A: The issue of appraising tele-
scopes and related equipment 
comes up often among mem-
bers of the Antique Telescope 
Society, many of whom are col-
lectors. Some years back, we 
had a professional appraiser 
speak at one of our annual 
meetings. Surprising many of 
us, she warned us regarding the 
legal danger of offering apprais-
als without being credentialed 
as a professional appraiser. 

However, professionals can 
be found online. For historical 
instruments, one well-known 
specialist business is Tesseract, 
www.etesseract.com, run by 
David and Yola Coffeen since 
1982. They deal in early scien-
tific and medical instruments. 
For years, they have published 
Rittenhouse, the journal of the 
historical American scientific 
instrument enterprise. 

But when I myself am won-
dering about the current market 
value of astronomical equip-
ment, I turn to the Astromart 
website. I can search its vast 
archive of sales by equipment 
model name or by any other 
keyword. In that way, I’m able 
to document recent prices paid 
for almost any imaginable 
astronomical hardware. 

John W. Briggs
Antique Telescope Society

Magdalena, New Mexico

Send us your 
questions 
Send your astronomy  
questions via email to 
askastro@astronomy.com, 
or write to Ask Astro,  
P. O. Box 1612, Waukesha, 
WI 53187. Be sure to tell us 
your full name and where 
you live. Unfortunately, we 
cannot answer all questions 
submitted.

The heavy elements that make up Earth and all its inhabitants were 
made by the many generations of stars that lived and died between 
the Milky Way’s formation and the birth of our solar system. AS
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Hubble’s true successor

Meet the
  
 space 
telescope

 next 
generation

Meet the 
   
 space  
telescope

Using the High Definition  
Space Telescope, astronomers 

hope to discover life in the 
universe. by Korey Haynes

Astronomers have big dreams for the 
upcoming telescope and its potential 
starshade, which would enable it to 
block a star’s glare and hunt for hab-
itable worlds. DON DIXON FOR ASTRONOMY
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But even as the first waves of data beam down to Earth, another 
team of scientists will be hard at work designing its replacement. In 
fact, they have already begun.

Conceiving of, researching, and building science’s biggest, most 
valuable tools of inquiry — the Large Hadron Collider, or the 
Hubble and James Webb space telescopes — requires dozens of 
years, hundreds of expert panels and team meetings, and billions of 
dollars, and the gears that march these projects through the bureau-
cratic assembly line turn slowly. So it should come as no surprise 
that, while it won’t fly until at least the mid-2030s, astronomers are 
already planning the next next large space observatory, currently 
known as the High Definition Space Telescope (HDST). 

Since the moment Hubble left the launchpad, different groups 
have discussed what this future project might look like, but they all 
agree on the basic requirements and objectives. “There’s not a mil-
lion ways to do it,” says Sara Seager, astronomer at the Massachusetts 
Institute of Technology. She was also a co-chair for the committee 
tasked by the Association of Universities for Research in Astronomy 
(AURA) to define a vision for HDST. “You have your science driv-
ers and your engineering constraints, and you try to find a happy 
medium among all of those.” 

So, balanced between technologies within reach and the most 
pressing astrophysics questions of the day, the basics are already 
apparent to Seager and her fellow visionaries. While JWST will focus 
specifically on the infrared portion of the spectrum, HDST will be a 
true Hubble successor, with capabilities in the infrared, optical, and 
ultraviolet. JWST’s 6.5-meter mirror already dwarfs Hubble’s com-
paratively modest 2.4 meters, but HDST will span about 12 meters, 
matching the largest telescopes currently on Earth. And while earth-
bound telescopes will have advanced to 30 meters by HDST’s era, the 
space telescope will, like JWST before it, fly not just in space, but at 
the distant L2 Lagrange point, well beyond the Moon’s orbit. It will 
command an uninterrupted and unclouded view of the heavens, far 
from Earth’s atmosphere or its photobombing bulk. From this pris-
tine vantage point, it will peer into the farthest reaches of the cosmos 
and hunt the holy grail of astronomy: another living Earth. 

The search for life
In 1995, exoplanets catapulted from science fiction to cutting-edge 
science when Michel Mayor and Didier Queloz discovered the first 
one orbiting a solar type star. Over the next decade, searches from 
both the ground and space revealed a handful more, then dozens. 
In 2009, the Kepler spacecraft opened the floodgates, and hundreds 
and then thousands of exoplanets poured onto the scene. 

But astronomers know only the slimmest of details for most of 

these planets. They know a planet’s mass or its size — they know 
both only in serendipitous cases — and the distance between it 
and the star it orbits. Determining a planet’s composition from this 
information is an exercise in intelligent guesswork, modeling, and 
puzzle solving. Even now, scientists have directly observed a handful 
of specific molecules that comprise a planet’s atmosphere in only a 
few dozen systems, and those are the brightest, hottest giant planets 
that hold no hope of life. 

Far from being clinically detached, many astronomers dream 
of finding another Earth. They want to find life. It should be no 
surprise that some of the leading exoplanet researchers — among 
them Seager and Bill Borucki, who designed and headed Kepler — 
describe their motivations along these lines. “I think all of human-
kind is interested in our place in the galaxy, in life, in the universe,” 
Borucki says. “And the answer to that lies along finding intelligence, 
finding life, and finding planets on which this life could exist.”

These are very distinct tasks. Astronomers know of a handful 
of planets already where life could be present. These planets are the 
right size to have rocky surfaces, and they orbit in the habitable zone 

In 2018, when the James Webb 
Space Telescope (JWST) opens 
its enormous eye on the universe 
and begins collecting data, the 
astronomers who envisioned it and 
the engineers who designed and 
built it will celebrate and cheer. 

Measuring up

Korey Haynes is an Astronomy associate editor who earned her Ph.D.  
studying exoplanets. She’s on Twitter: @weird_worlds. 

The High Definition Space Telescope will be nearly twice the diam-
eter of the upcoming James Webb Space Telescope. It already dwarfs 
Hubble, which remains for now the premier in optical observing. AURA

The James Webb Space Telescope team stands in front of a full-size model at 
NASA’s Goddard Space Flight Center, where it is being assembled. The Webb 
is roughly the size of a tennis court when its sunshield is fully extended, and 
the High Definition Space Telescope will be almost twice as large. NASA
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of their star where liquid water could potentially exist. Yet astrono-
mers cannot ascertain whether water is actually present. And even if 
water is present — is life? 

Answering this question means moving beyond a planet’s size 
and peering deep into its gas shroud to find the telltale signs of a 
living atmosphere: water, oxygen, carbon dioxide, methane, ozone. 
Only the interplay of such substances can reliably inform astrono-
mers about the actual presence of life, instead of its mere potential.

Transit studies are the current best method for learning the 
components of an exoplanet’s atmosphere. Astronomers watch a 
host star as its planet crosses in front and measure how the observed 
starlight changes as the planet’s atmosphere blocks and filters it. This 
method yields rich information when the planet is large, puffy, and 
hot, like a Jupiter or Neptune on a tight orbit. But for a planet with 
Earth’s comparatively small size, compressed atmosphere, and more 
distant orbit, the change in light is simply too small to measure, even 
for future giant telescopes. 

JWST will perform spectacular transit observations with so-
called super-Earths, planets one and a half to twice Earth’s radius. 
But these planets are not especially Earth-like. So unless astrono-
mers are lucky enough to find an extremely nearby Earth-sized 
planet with a cool M-dwarf host star, neither JWST nor any of the 
accompanying and upcoming fleet of exoplanet missions will have 
the ability to characterize a true Earth twin in the habitable zone.

“Even around an M-dwarf star, the time required to perform a 
full spectroscopic measurement of a transiting Earth-sized exoplanet 
with JWST would be similar to that used for the Hubble Deep Field,” 
observes Marc Postman from the Space Telescope Science Institute, 
another member of the AURA team. And while E.T. might be worth 
100-plus hours of telescope time, astronomers face reasonable odds 
that after such an investment, the planet might turn out to be a bar-
ren and arid exo-Mars instead of an exo-Earth. It is not a feasible 
way to conduct a large-scale study. Astronomers need a different tool 
— and so HDST was born.

Instead of using transits, Earth-twin investigators will look for 
the planets directly, a feat that carries its own stiff engineering 
requirements. They’re within reach, but they represent the most 
pressing challenges for HDST. 

Strong science requires repeatability; Earth-twin hunters need a 
whole sample of potential Earths to study. Seager poses the question: 

“How many Earth-like exoplanet atmospheres do you think you 
need to get a handle on what’s really going on, including the search 
for life? Do you think it’s one? 10? 100? 1,000?” 

She settles on “dozens.” It isn’t an abstract thought experiment. 
HDST will be exactly as powerful as is needed to answer the ques-
tions astronomers pose. Exceeding these specifications wastes 
precious budget dollars and can lead to impossible engineering 
demands. Underperformance would leave astronomers’ questions 
unanswered. And Seager has not just a question, but a mission: find 
the next Earth. 

Stellar archaeology
But HDST will be a telescope for the whole astrophysics community. 
Postman studies the formation and evolution of galaxies and large-
scale structure in the universe, and he looks forward to HDST’s 
capabilities on these much grander scales. 

“Where do galaxies get the gas to make their stars?” he asks. “We 
only understand that at a rudimentary level.” To make stars, galax-
ies must capture gas from the intergalactic medium. And energetic 
activities like bursts of star formation that form young and violent 
stars, as well as black hole evolution, can in turn spew gas back out of 
galaxies. Astronomers have many models of this cycle, but Postman 
says none of them has been verified at the detailed level they desire. 

Currently, Hubble tracks the position and motion of gas around 
galaxies by studying how their gas absorbs light from faraway qua-
sars — bright pinpricks of light caused by active, much more distant 
galaxies far in the background. But Hubble usually can observe only 
one quasar per intervening galaxy, and that only in a small number 
of targets. “But if you had a telescope in the 10-meter class,” Postman 
says, “there would be 10 to 20 quasars behind every galaxy out to 10 
megaparsecs [32.6 million light-years] that would be bright enough 
to pursue for these studies.” This would allow astronomers to draw 
spatially resolved maps of the gas around these galaxies. “That’s a 
game changer,” Postman declares. 

Astronomers model how the solar system would appear to an observatory 
the expected size of the High Definition Space Telescope with an internal 
coronagraph to block out a central star’s light. An Earth twin and its blue 
color could be detected with 40 hours of observing time. L. PUEYO, M. N’DIAYE

Modelers compare the resolution 
of a distant galaxy achieved by the 
High Definition Space Telescope 
(HDST), James Webb Space 
Telescope (JWST), and Hubble. 
Only HDST is able to clearly pick 
out bright star-forming regions 
from older red stellar populations. 
D. CEVERINO, C. MOODY, AND G. SNYDER



Planet

Inner working angle

Starshade diameter: 
80–100 meters 

Separation: 160,000–200,000 kilometers

Telescope aperture 
diameter: 12 meters

HDST

Visible

Infrared

HDSTHubble

56 ASTRONOMY  •  MAY 2016

Astronomers also are interested in so-called stellar archaeology, 
the history of star formation in galaxies. How many stars of every 
size did galaxies form, and how long ago? Again, Hubble attempts 
these measurements now, but has the angular resolution to study 
only the Milky Way and our closest neighbors in the Local Group of 
galaxies. HDST could map star formation out to the same 10-Mpc-
range. And if researchers can understand the flow of gas that feeds 
star formation, these maps would be even more informative, paint-
ing a fuller picture of the history of the local universe and beyond. 

The upcoming generation of 30-meter-class ground-based tele-
scopes will join in this search, but their best angular resolution 
comes in the near infrared, where the color differences between old 
and young stellar populations are far less dramatic than in the ultra-
violet range HDST will access. 

This difference highlights the complementary nature of the 
upcoming generation of telescopes. HDST will achieve its highest 
resolution in the ultraviolet, with the 30-meter telescopes matching 
it in the infrared. With its enormous team of networked dishes, the 
ALMA radio observatory can supply the same level of detail in its 
target range. Together, they will offer the most comprehensive maps 
of the nearby universe ever seen, delivering unprecedented resolu-
tion at the same spatial scale from radio to ultraviolet wavelengths. 
“It will be revolutionary,” Postman predicts. 

The build
Fortunately, astronomers are in agreement about what it will take 
for HDST to meet these various science goals, which informed 
their decision to build a 10-meter-class mirror (the exact size has 
yet to be determined) and fly it at L2. While engineers are already 
breaking ground to build telescopes three times that size on 
Earth, a very simple problem caps the size of any space telescope: 
There must be a way to get it into space to begin with. The largest 
vehicle planned for the foreseeable future is NASA’s Space Launch 
System (SLS) Block 2, and even this leviathan rocket — nearly 400 
feet (120m) tall and with a payload capacity of 150 tons — is only 
8 meters across on the inside. This means that HDST, like JWST 
before it, must accommodate a foldable, segmented mirror design, 

with as many as 54 hexagonal pieces. It will blast off Earth folded 
onto itself in the belly of the largest rocket ever built, and unfold 
only when it reaches deep space. 

Getting it to space is only one of the engineering demands. To 
find those elusive habitable exoplanets, scientists must reach beyond 
transits to direct imaging. But Earth, for example, is 10 billion times 
fainter than the Sun, and from a distance of tens of trillions of miles 
away or farther, it would be lost in our Sun’s glare. Astronomers 
need to kill the starlight. 

Observers know of two ways to block out a central star’s light. 
The first uses a device known as a coronagraph, which sits inside 
the telescope and carefully obscures light from the star while let-
ting through light immediately around it. This delicate operation 
requires an exceedingly well-engineered and very stable telescope 
where the path of light traveling through the spacecraft is perfectly 
understood and meticulously mapped, with components correcting 
the mirror’s shape to keep images stabilized against even the tiniest 
aberrations. It substantially complicates the overall telescope design, 
but the depth and clarity of the resulting images would yield thou-
sands of planets and dozens of exo-Earths. 

But there’s another way. For years, astronomers have dreamed of 
a starshade, an external version of the coronagraph with a delicate 
and complicated petal structure designed to perfectly eliminate the 
multispiked “diffraction” pattern of light cast by a faraway star.  

Hubble’s current view of 
outer solar system worlds, 
such as Jupiter’s moon 
Europa, provides the impe-
tus for sending probes 
flying to the gas giants. But 
the High Definition Space 
Telescope could yield rich 
detail from its orbit near 
Earth. AURA

A starshade is a separate unit from the telescope that flies in formation far 
from its partner observatory. It blocks out light directly surrounding the 
star, creating a totally dark “inner working angle,” but allows the telescope 
to see much closer in than without the shade, when starlight glares too 
brightly to see planets orbiting nearby. ASTRONOMY: DON DIXON AND ROEN KELLY

Blocking out the stars
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LH 95 in the Large Magellanic Cloud
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For a telescope the size of HDST, a starshade would be over 300 feet 
(100m) across and require that each petal’s construction be accurate 
to a millimeter. HDST and its starshade would fly nearly 125,000 
miles (200,000 kilometers) apart and maintain their flight formation 
at a precision of a few feet (1m). Such formation flying is difficult, 
and slewing from one target to another would take days or even 
weeks as astronomers wait for the starshade to fly the thousands of 
miles necessary to assume a new position. 

It also is an unproven technology: No starshade mission has 
yet flown. But such a design could see smaller, closer-in planets to 
greater sensitivity than an internal coronagraph and ease engineer-
ing requirements on the telescope itself. A starshade mission might 
fly with another Hubble-sized space telescope called WFIRST-
AFTA, set to launch a decade before HDST. If so, it could be a field 
test for this new technology. 

For now, the AURA team is setting its sights on an internal coro-
nagraph as the higher priority. But, Seager says, “there’s no reason 
you can’t have both.” The final decision will rest heavily on research 
conducted even now, as engineers explore how and if promising 
technology can be delivered in time to fly by the mid-2030s. 

The telescope itself, and its instruments, will not come easily. 
HDST will build as much as possible on current technologies either 
already proven on missions like JWST and Gaia, which is currently 
mapping a billion stars. It will call on other technologies tested and 
developed for missions that never flew, like the Terrestrial Planet 
Finder and the Space Interferometry Mission. 

Engineers will catch some good breaks as well. Unlike JWST, 
whose infrared specialties dictated a cryogenic mission, requiring 
cooling at every stage of testing and assembly, HDST can be oper-
ated at room temperature. This is not an insubstantial simplifica-
tion, and those infrared complications were a major contributor to 
JWST’s infamous cost and scheduling overruns. 

Operating at lonely L2, HDST shouldn’t expect to see any servic-
ing missions, but scientists don’t discount the possibility. Hubble’s 
many servicing missions taught engineers the value in modular 
parts: instruments and panels that can be removed, replaced, and 
upgraded easily. Perhaps more likely than human mechanics are 

robot technicians, an area NASA has been researching for a decade. 
A robotic servicing mission could be flown for lower cost and safety 
factors than a human expedition. So engineers will build HDST not 
expecting any such missions, but prepared if the possibility arises.

The path forward
No formal proposal is yet on anyone’s desk. No comprehensive cost 
analysis or timeline exists. But unless NASA chooses to forgo the 
space telescope business entirely, HDST will move forward. 

Twenty years is a long time to wait for your next science project. 
Put another way, the potential to find out if alien worlds are not just 
habitable, but inhabited — to answer the fundamental question of 
whether we are alone in the universe — could be answered within 
most of our lifetimes. Stacked against millennia of human question-
ing, the project seems just around the corner. 

HDST is only one placeholder name for this project. A previous 
NASA study used the wistful backronym ATLAST, which has come 
to stand for Advanced Technology Large-Aperture Space Telescope. 
And once upon a time, the same basic concept was called simply 
the Very Large Space Telescope. In the same way, the James Webb 
was for many years called the Next Generation Space Telescope, and 
even Hubble was simply the Large Space Telescope during decades 
of planning. 

Eventually, one assumes that the flagship of the 2030s will garner 
a more auspicious name, likely that of a memorable scientist or pub-
lic figure. While a commissioning date is still years away and per-
haps difficult to visualize past the haze of advisory panels, funding 
battles, and engineering victories yet to be wrought, Postman offers 
his choice, based on the telescope’s most fantastic goal of looking for 
a world that mirrors our own, and a man who made sharing that 
goal his life’s mission. 

“You’d want it to be someone who was a true visionary in the 
field because it takes true vision to accomplish a project like this. I 
think ‘Carl Sagan’ would be a very nice tribute.” 

Here’s a toast to Carl, then, and to everyone looking to further 
our understanding of the universe. The 2030s will be here sooner 
than you think. 

The High Definition Space Telescope represents science’s best bet to take 
 a “pale blue dot” image of a system beyond our own. NASA/JPL

Counting individual stars outside the Milky Way is difficult but extremely 
valuable to astronomers seeking to understand how stellar populations 
are born and evolve across the universe. Currently, even stars in the nearby 
Large Magellanic Cloud blur together in Hubble’s eyes, while the High 
Definition Space Telescope will count each separate sun. AURA
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IN THE 1980s, A FRIEND 
described observing Mars to me as “two 
long years of waiting for four to six 
weeks of panicked activity,” referring to 
Mars’ closest approach to Earth every 26 
months. How true that statement was. 
But equipment is better now, so you don’t 
have to wait for the Red Planet to reach its 
largest size. If you have a 4-inch or larger 
scope and steady air above your observing 
site, you will see details on the martian 
disk. Start looking on the next clear night, 
and then every clear night after that. 
Because before you know it, this appari-
tion of Mars will be history.

The numbers game
Amateur astronomers concentrate on 
observing Mars near its opposition. At this 
point in its orbit, Mars rises in the east as 
the Sun sets, making it visible in our sky 
all night. Some oppositions are more favor-
able than others because Mars lies closer to 
the Sun (and therefore to Earth). The 2016 
martian opposition occurs at 11h17m UT 
(7:17 a.m. EDT) May 22.

The point of closest approach between 
Mars and Earth occurs eight days after 
opposition. At 21h34m UT (5:34 p.m. EDT) 

May 30, Mars lies 0.5 astronomical unit, or 
46,777,000 miles (75,280,000km), from 
Earth. Closest approach marks the date 
when Mars’ diameter is greatest — 18.6". 
This size is nearly 7" smaller than when the 
Red Planet was at its closest point in recent 
history in August 2003, but it’s larger than 
it has been at any opposition since 2005.

The date of opposition also is when 
Mars appears brightest. This year, the 

planet shines at magnitude –2.1. In lay 
terms, Mars will dazzle us at some 20 times 
brighter than the nearby 1st-magnitude red 
supergiant Antares (Alpha [α] Scorpii). 
Curiously, the word Antares means “rival 
of Mars.” This refers to the similar color of 
the two objects, but only at certain times. 
When the planet is as brilliant as it will be 
this month, its hue is closer to orange-
white than red.

PLANET WATCHING

Observe 

at its best
MARSMARS
The brightness of our celestial neighbor will have you seeing red 
through your scope this spring. by Michael E. Bakich

A martian day is 37.4 minutes longer than ours, meaning it rotates slightly slower. So if you observe 
Mars at the same time each night, its markings will shift westward 9.1° per night. Therefore, in a little 
more than five weeks, Mars slowly rotates backward one full turn. ASTRONOMY: ROEN KELLY

This Hubble Space Telescope image of Mars, 
taken June 26, 2001, remains one of the best 
ever. At the time, the Red Planet was 43 million 
miles (68 million kilometers) from Earth. 
NASA/THE HUBBLE HERITAGE TEAM (STSCI/AURA)
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Now for the bad news: Mars lies in the 
constellation Scorpius for its opposition 
and Libra for its closest approach. The 
planet crosses into the Scales on May 28 
and stays there until it once again enters 
Scorpius on August 2.

The southerly locations of these two star 
patterns mean Mars won’t appear high in 
the sky for Northern Hemisphere observ-
ers. In fact, the planet’s declination at 
opposition will be –21°39'. For an observer 
at 40° north latitude, Mars will climb a 
scant 28° above the southern horizon. 
(Because celestial objects rise in the east 
and set in the west, they reach their highest 
point when they’re directly south.)

This low altitude is significant because 
the thickest, most distorting part of Earth’s 
atmosphere lies near the horizon. As you 
look at objects higher in the sky, less atmo-
sphere lies between your eyes and the 
object. So, having two-thirds of the sky 
above the planet will make observing Mars 
this year an adventure for Northern 
Hemisphere observers. 

Have a look
Beginners often ask which telescope is 
best for observing Mars. The answer is 
simple: the biggest. The larger your scope, 
the more detail it can resolve in a celestial 
object. But a good view of the Red Planet 
depends more on the quality of your sky 
than on the size of your scope.

One thing working against us is that 
Mars is a small object — nowhere as big as 
most star clusters, nebulae, or galaxies — 
so it requires high magnification for details 
to be visible. This means if the air above 
your observing site is unsteady, you won’t 
be able to use high power.

On the positive side, Mars is bright this 
year. That means light pollution is irrel-
evant. In fact, some ambient light actually 
is welcome when you observe the Red 
Planet. A white light off to your side (not 
directly in your field of view) and lighting 
up your surroundings will cause your day-
time vision — which is superior to your 
night vision in both resolution and color 
sensitivity — to kick in.

Because of the Red Planet’s smaller size, 
thin atmosphere, and lack of erosion, sur-
face features there tend to be more pro-
nounced than Earth’s.

With a 4-inch telescope, you can 
observe the larger albedo features. These 
include Syrtis Major, the Hellas basin, Solis 
Lacus, and the North Polar Ice Cap, which 
will be tilted 12° toward Earth. Don’t con-
fuse Hellas with the polar cap. Hellas is a 
round, bright feature — an impact basin 
with lots of light-colored dust and some-
times fog or clouds. When seen near the 
limb (the planet’s edge), Hellas can look 

like a polar cap. In all cases, compare your 
view with the map at the bottom of p. 58.

When “cloudy” is good
Through a 6-inch or larger scope, you can 
observe several types of clouds in Mars’ 
atmosphere. One type is discrete clouds, 
which stick to one area as the planet 
rotates. Most discrete clouds are in Mars’ 
northern hemisphere during spring and 
summer. A blue filter works best on them.

Orographic clouds are discrete clouds 
made of water ice. They form when wind 
passes over the peaks of martian moun-
tains and volcanoes. High-altitude oro-
graphic clouds look best through a blue or 
violet filter. A green filter works best on 
low-altitude orographic clouds.

Finally, you can observe morning and 
evening clouds. These bright patches of fog 
form at sunrise or sunset. Don’t confuse 
such a sighting with ground frost. Morning 
clouds disappear in a few hours. Frost may 
last all day. Evening clouds are generally 
larger, and there are more of them. They 
grow as the martian night approaches.

Head outside now
The best time to observe Mars is tonight. 
Take advantage of the planet’s size and 
brightness, and don’t worry that it’s so low 
in the sky. Head out to a science center or 
observatory, contact your local astronomy 
club, or point your scope at the Red Planet, 
and take a good, long look. 

Michael E. Bakich is a senior editor of 
Astronomy. He will be conducting a massive 
public viewing party for the 2017 total solar 
eclipse at Rosecrans Memorial Airport in St. 
Joseph, Missouri. See www.fpsci.com for details.

Although smaller than in 2003, Mars in 2016 will appear much larger than 
during its worst opposition, more than 800 years from now. ASTRONOMY: ROEN KELLY

This chart shows Mars’ motion through the stars from mid-April through 
June when the planet passes through Libra. ASTRONOMY: RICHARD TALCOTT AND ROEN KELLY

This image, taken October 23, 2014, shows Mars 
(below center) passing by the Lagoon (M8) and 
Trifid (M20) nebulae in Sagittarius. DEREK DEMETER

Sizing 
up Mars
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STEREO STARGAZING

W hile observers with tele-
scopes spend most of spring 
hunting distant galaxies 
scattered among the season’s 
stars, let’s focus our binocu-

lars on some of those stars themselves. 
With a sharp pair of eyes, you’ll discover 
many fun asterisms, as well as several 
striking double stars.

Did you know that Leo’s brightest  
star, Regulus (Alpha [α] Leonis), is a 
 quadruple-star system? Spectroscopic 

studies show that Regulus A is orbited 
closely by a white dwarf that astronomers 
have yet to distinguish visually. But bin-
oculars are all you need to reveal Regulus 
B, an 8th-magnitude point nearly 3' from 
the brilliant primary sun. That translates to 
an actual separation of about 4,200 astro-
nomical units (an AU is the average Earth-
Sun distance), or some 100 times the 
distance from the Sun to Pluto. This “star” 
is itself a binary system, but its dimmer 
companion is restricted to large telescopes.

In the summer 1988 issue of Deep Sky 
magazine, Daniel Hudak of Youngstown, 
Ohio, wrote in about an asterism he 
noticed through his binoculars. He dubbed 
it the Sailboat for its unique shape. 
Hudak’s Sailboat lies in the faint constel-
lation Leo Minor. Through binoculars, the 
Sailboat seems to have capsized, as its mast 

tempting spring  
  binocular targets

Find a seahorse and a stargate among these playful binocular targets.  
by Phil Harrington

Phil Harrington is an Astronomy contributing 
editor and author of Cosmic Challenge 
(Cambridge University Press, 2010).

Globular cluster M5 
is a fine binocular 
treat itself, but it’s 
also a great finder’s 
tool. The bright star 
just below M5 is  
6 Serpentis, the first 
star in the Serpent’s 
Sailboat. RICHARD MCCOY
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points toward the south. The ship’s 
bow is marked by 7th-magnitude 
22 Leo Minoris, the group’s bright-
est star. Eight additional stars 
complete the picture. Look about 
8° north of Zeta (ζ) Leonis in the 
Lion’s Sickle.

Next, aim your binoculars toward the 
star Gienah (Gamma [γ] Corvi), which 
marks the northwestern corner of the dis-
tinctive trapezoidal body of Corvus 
the Crow. Just to its north is a 6th-
magnitude star that is the first in a 
line of faint suns extending to the 
northeast. Add to them three more 
stars set in a triangle at the oppo-
site end of the line, and you have the 
Crow’s Arrow, as I call it.

The tip of the Crow’s Arrow points right 
at a tiny knot of even fainter stars. With 
15x or higher binoculars, the knot can be 
resolved into six stars that form a strange 
little asterism that looks like a triangle 
within a triangle. Several years ago, Texas 
amateur John Wagoner christened it the 
Stargate, which seems like a great name 
since it looks like some sort of strange 
space portal. As a bonus, while you’re in 
the area, be sure to look for the Sombrero 
Galaxy, M104. It lies just to the northeast of 
the Stargate in the same field of view.

Next, we have the sky’s answer to spring 
showers. Aim toward the brightest star in 
Hydra, Alphard (Alpha Hydrae), and then 
scan a little more than 12° to the west-
southwest, to 5th-magnitude 6 Hydrae. 
This orangy star is the brightest in a pat-
tern of 11 that collectively look like an 
Umbrella. Five 7th- and 8th-magnitude 
suns just north of 6 Hydrae form the 
Umbrella’s canopy. Six more points, includ-
ing 6 Hydrae itself, hook away toward the 
southwest to create the curved handle.

To find the next asterism, return to 
Corvus. Extend a line from 
Epsilon (ε) through Beta (β) 
Corvi, and continue east-
ward for another 8°. 
You’ll come to 5th-
magnitude Psi (ψ) 
Hydrae. Notable 
for its orange-like 
tint, Psi marks 
the eye of an 

asterism that many see as a Seahorse. A 
fainter orangy star just to its west marks its 
nose and creates a pretty “double” star. A 
curve of ten 7th- and 8th-magnitude stars 
hooking to the south-southeast completes 
the body and tail fin.

The online Irish Federation of 
Astronomical Societies Binocular  
Certificate Handbook (John Flannery, 
South Dublin Astronomical Society) lists 
a second asterism in Hydra that resembles 
the Seahorse. In this case, however, they 
liken it to a miniature Scorpius. Begin 
with 54 Hydrae, located 4° west of Sigma 
(σ) Librae. As Flannery notes, the stars 54 
through 58 Hydrae form the body, while 
a small curve of faint stars ending at 59 
Hydrae is the stinger. The stars 4 and 12 
Librae mark the end of the claws. The mini 
scorpion and the Seahorse are great fun to 
compare through binoculars.

Zubenelgenubi (Alpha1+2 Librae) is a 
widely separated binary star that may be 

easily resolved with only the slight-
est optical aid. Alpha1, also a 

spectroscopic binary, 
shines at 3rd magni-

tude, while Alpha2 is 
5th. Nearly 4' sepa-
rate them in our 
sky. Studies indi-
cate that they form 
a true physical 
pair, with the stars 
separated by about 

5,500 AU.
Iota (ι) Librae is 

a challenging binary 
for binoculars. The test 

comes not so much from 

the stars’ close-
ness, but from 
their bright-
ness disparity. 
Here, the 5th-
magnitude pri-
mary is paired 
with an elusive 
9th-magnitude 
companion set one 
minute of arc to its south-
east. That’s tough. Two other 
suns go unseen in our binoculars but turn 
Iota into a quadruple-star family. 

My favorite late spring globular cluster 
is M5 in Serpens Caput. A while back, I 
noticed there are several stars to the south 
and east of M5 that, if added together, 
also remind me of a sailboat. Imagine 5 
Serpentis as the boat’s bow, while 6 and 8 
Serpentis mark the deck. The hull extends 
to 4 Serpentis and SAO 140444, the faint-
est star in the asterism. Finally, the sails’ 
mast extends east-northeast from 6 to 
10 Serpentis. If you happen to pull an 
all-nighter this month, come back to M5 
around 3 a.m. local time as it approaches the 
western horizon. That’s when the Serpent’s 
Sailboat asterism will be most apparent.

While our friends strain to see faint 
galaxies through their telescopes, we 
can sit back and enjoy some of these fun 
asterisms and binary stars through binoc-
ulars, proving once again that two eyes are  
better than one. 
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Regulus, or Alpha 
Leonis A (center) and B, 
makes a nice binocular 
pair. Both are double 
stars, but the faintest of the 
four has been inferred only 
spectroscopically. JEREMY PEREZ

Zubenelgenubi (Alpha 
Librae) is a true double 
star system, and a nice 
visual pair. JEREMY PEREZ

Many of this season’s most delightful targets cluster in the same region of the sky.



On May 9, the innermost planet appears  
in silhouette against the Sun’s disk for  

the first time in nearly a decade.  
by Richard Talcott

rareMercury’s
transit

HOW TO VIEW 

LITTLE BLACK SPOT

Mercury posed as a 
small black dot as it 
crossed the Sun on 
November 8, 2006, 
during the inner 
planet’s most recent 
transit of our star.  
BILL HOOD
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T   ypically by May, 
spring has sprung 
across most of 
the Northern 
Hemisphere. The 

Sun’s warm embrace melts the 
last piles of snow and sparks  
a dazzling array of fragrant 
flowers to delight our senses.

For amateur astronomers, 
the Sun delivers a bonus this 
month when it serves as a back-
drop for Mercury. On May 9, 
the inner world crosses in front 
of our star for the first time 
since November 8, 2006. This 
transit brings viewers across 
much of the globe a chance to 
see Mercury in broad daylight.

Such events occur infre-
quently — just 14 times in the 
21st century — because they 
require the planet to pass 
directly between the Sun and 
Earth. This nearly happens at 
every inferior conjunction, the 
point where Mer cury most 
closely aligns with the Sun 
from our perspective. But 
Mercury’s orbit tilts 7° to 
Earth’s orbital plane, so the 
inner planet usually passes 
slightly above or below the Sun.

The two orbits intersect 
along the so-called line of 
nodes. Our planet crosses this 
line twice a year, near May 8 
and November 10. A transit 
occurs only when Mercury 

reaches inferior conjunction 
within a few days of these dates.

What transits lack in fre-
quency, they make up for with 
widespread visibility. This 
month, observers across the 
Americas as well as in Europe, 
Africa, and most of Asia can 
view this event. (The map 
above details the best viewing.)

The May 9 transit begins 
when Mercury first touches the 
Sun’s limb at 7:12 a.m. EDT 
(subtract one hour for CDT, 
two hours for MDT, and three 
hours for PDT). The planet 
moves quickly enough that it 
lies totally within the solar disk 
just three minutes later.

Mercury remains silhouetted 
against the Sun’s disk for the 
next 7.5 hours. The world passes 
closest to our star’s center  
(319" away) halfway through 
its trek, at 10:57 a.m. EDT. 
Mercury’s leading edge 
reaches the Sun’s limb at  
2:39 p.m. EDT and, three 
minutes later, the transit  
concludes. These times 
reflect what a hypothetical 
observer at Earth’s center 
would see. Because Mercury’s 
apparent position relative to the 
Sun shifts with location, actual 
times on Earth’s surface can 
differ by up to two minutes.

Mercury’s disk measures  
12" across during this transit,  

a tiny fraction of the Sun’s 
1,901" width. This means you’ll 
need a telescope to see the 
planet clearly. Because sunlight 
can blind a person almost 
instantaneously, use only an 
approved solar filter that fits 
snugly over the front of your 
instrument. Alternatively, you 
can project the Sun’s image 
onto a white card placed 12 to 
18 inches from the eyepiece.

Be sure to carefully distin-
guish between Mercury’s disk 

and any sunspots. The planet 
appears round and completely 
black; sunspots are generally 
larger, have more complex 
shapes, and are not as dark. 
And, of course, Mercury will 
move relative to solar features.

Once Mercury leaves the 
Sun behind, it won’t return 
until November 11, 2019. The 
weather then likely will be 
much less delightful, so be  
sure to take advantage of this 
month’s stellar opportunity. 

Richard Talcott is an Astronomy senior editor and author of Teach 
Yourself Visually Astronomy (Wiley Publishing, 2008).

The May 9 transit promises great views for observers across the Americas, Europe, Africa, and most of Asia.

Mercury will transit the Sun for 7.5 hours on May 9. The planet’s tiny disk 
lies closest to our star’s center at 10:57 A.M. EDT. ASTRONOMY: ROEN KELLY

Mercury’s black disk stands out 
against the bright Sun even when it 
lies near the solar limb, as it did in 
this view of the May 7, 2003, transit. 
ROYAL SWEDISH ACADEMY OF SCIENCES
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Target these binary beauties, and you’ll be  
seeing double all year long. 

text by Michael E. Bakich; 
sketches by Jeremy Perez

DOUBLE STAR OBSERVING

Mesarthim (γ Ari)

Lambda (λ) Ari

Achird (η Cas)

“I HAVE  
A TELESCOPE,

but there are too many lights near my 
house for me to observe.” Sound familiar? 
I hear the same thing from many amateur 

astronomers. But you know what? I have a solution: 
Observe double stars. With a carefully selected list of 
binaries — like the one I’ve compiled here — at your 

telescope, you can observe some of the brightest 
and most colorful doubles throughout the year. 
So pull out your scope, find one of these double 

stars using your lowest-power eyepiece, 
and then crank up the magnification 

until you split it. Have fun! 

35
favorite  

double stars

Al Rischa (α Psc)

Almach (γ And)

Polaris (α UMi) Struve 331 Mintaka (δ Ori) Beta (β) Mon

Castor (α Gem)

Iota (ι) CncIota (ι) Tri

Kaffaljidhmah (γ Cet) Rigel (β Ori) Meissa (λ Ori) Wasat (δ Gem)

Tegmen (ζ Cnc)

Epsilon (ε) Hya

Algieba (γ Leo)

24 Com

Cor Caroli (α CVn)

54 Leo

32 CamIota (ι) Boo

N Hya

Pi (π) Boo

Algorab (δ Crv)

Pulcherrima (ε Boo) Xi (ξ) Boo
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GREAT BINARIES TO SPOT FROM THE NORTHERN HEMISPHERE
Star Constellation Right Declination Magnitudes Angular separation Apparent
   ascension (2000.0) (2000.0)   colors

Achird (η Cas) Cassiopeia 0h49m 57°49' 3.5/7.4 13.2" y/r

Mesarthim (γ Ari) Aries 1h54m 19°18' 4.6/4.6 7.2" w/w

Lambda (λ) Ari Aries 1h58m 23°36' 4.8/6.7 37.0" y/b

Al Rischa (α Psc) Pisces 2h02m 2°46' 4.1/5.2 1.7" y/b

Almach (γ And) Andromeda 2h04m 42°20' 2.3/5.0 9.4" y/b

Iota (ι) Tri Triangulum 2h12m 30°18' 5.3/6.7 3.8" y/b

Polaris (α UMi) Ursa Minor 2h32m 89°16' 2.1/9.1 18.1" y/b

Kaffaljidhmah (γ Cet) Cetus 2h43m 3°14' 3.5/6.2 2.1" w/b

Struve 331 Perseus 3h01m 52°21' 5.2/6.2 11.9" y/b

Rigel (β Ori) Orion 5h15m –8°12' 0.3/6.8 9.3" w/pr

Mintaka (δ Ori) Orion 5h32m –0°18' 2.4/6.3 52.0" w/b

Meissa (λ Ori) Orion 5h35m 9°56' 3.5/5.5 4.2" b/w

Beta (β) Mon Monocerotis 6h29m –7°02' 4.7/5.2/6.1 7.3"/10" all w

Wasat (δ Gem) Gemini 7h20m 21°59' 3.6/8.2 5.6" w/o

Castor (α Gem) Gemini 7h35m 31°53' 1.9/3.0 4.6" w/pk

Tegmen (ζ Cnc) Cancer 8h12m 17°39' 4.9/5.9 6.1" y/y

Iota (ι) Cnc Cancer 8h47m 28°46' 4.1/6.0 31.0" y/b

Epsilon (ε) Hya Hydra 8h47m 6°25' 3.5/6.7 2.7" y/b

Algieba (γ Leo) Leo 10h20m 19°50' 2.4/3.6 4.5" y/y

54 Leo Leo 10h56m 24°45' 4.9/6.3 6.7" w/b

N Hya Hydra 11h32m –29°16' 5.8/5.9 9.2" w/y

Algorab (δ Crv) Corvus 12h30m –16°31' 3.0/8.5 24.6" bw/o

24 Com Coma Berenices 12h35m 18°23' 5.1/6.3 20.1" y/b

32 Cam Camelopardalis 12h49m 83°25' 5.3/5.8 21.6" b/w

Cor Caroli (α CVn) Canes Venatici 12h56m 38°19' 2.9/5.5 19.2" bw/y

Iota (ι) Boo Boötes 14h16m 51°22' 4.8/7.4 38.8" y/w

Pi (π) Boo Boötes 14h41m 16°25' 4.9/5.8 5.4" w/y

Pulcherrima (ε Boo) Boötes 14h45m 27°04' 2.6/4.8 2.9" o/bw

Xi (ξ) Boo Boötes 14h51m 19°06' 4.8/7.0 6.7" y/o

Mu (μ) Boo Boötes 15h25m 37°23' 4.4/6.5 108.0" y/y

Xi (ξ) Sco + Struve 1999 Scorpius 16h04m –11°22' 4.9/5.2 + 7.4/8.0 0.9" + 11.9" w/o

Graffias (β Sco) Scorpius 16h05m –19°48' 2.6/4.5 13.6" b/y

Antares (α Sco) Scorpius 16h29m –26°26' 1.0/5.4 2.5" o/g

Arrakis (μ Dra) Draco 17h05m 54°28' 5.7/5.7 2.5" yw/yw

Ras Algethi (α Her) Hercules 17h15m 14°23' 3.5/5.4 5.0" y/g

Key: b = blue; bw = blue-white; g = green; o = orange; pk = pink; pr = purple; r = red; w = white; y = yellow; yw = yellow-white

Mu (μ) Boo Xi (ξ) Sco + Struve 1999 Graffias (β Sco) Antares (α Sco) Arrakis (μ Dra) Ras Algethi (α Her)

Michael E. Bakich is a senior editor of Astronomy. He’s still excited about double stars even after thousands of observations of them.
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This pair of eyepieces  
will bring a whole new  
depth to your observing.  
by Mike Reynolds

We test
EQUIPMENT REVIEW

We are fortunate to live 
in an age when creative 
individuals and com-
panies have produced a 
number of outstanding 

accessories. Fifty years ago, cutting-edge 
accessories were items such as Orthoscopic 
eyepieces, multi-element Barlow lenses, 
floatation-type mirror cells, and (film) 
camera-to-telescope adapters.

Innovation and equipment evolution 
continue. We now have accessories that we 
couldn’t imagine half a century ago. 
Among them are binoviewers, an optical-
mechanical device that lets you to use both 
eyes at the telescope. Using two eyes means 
more light gets to your brain. That trans-
lates to an ability to observe fainter objects.

Other reasons exist for using two eyes. 
Resolution — the ability to distinguish 
between two closely aligned objects — 
increases. Image contrast — the ability to 
differentiate between fine details side by 
side — also increases. And many of us 
experience enhanced color in objects.

The latest accessory to hit the market is 
one developed by well-known binoviewer 
designer and manufacturer Denkmeier 
Optical and its founder, Russ Lederman. 
Many observers consider Denkmeier mod-
els to be among the top-of-the-line 
binoviewers. The company has a reputation 

Denkmeier’s  
  3-D eyepieces

for precision-made products that yield 
incredible views at the telescope.

Its newest innovation is a set of eyepieces 
specifically designed for the company’s 
Binotron-27 Super System, yet you can use 
them in other binoviewers as well as in bin-
oculars with interchangeable eyepieces. 
Lederman has designed and manufactured 
eyepieces that produce what I would call an 
apparently three-dimensional image: the 
Denkmeier Lederman Optical Array 21, 
marketed as the L-O-A 21.

The basic L-O-A 21s are 1¼" eyepieces 
with a 21mm focal length and a 65° appar-
ent field of view. The look of this eyepiece 

set shouts high quality. The company 
machines the bodies out of aluminum, and 
then they receive a black anodizing. The 
eyepieces easily slip into the eyepiece hold-
ers and work well with different focusers.

Although the design and specifics are 
patented, you can see an array of five glass 
squares glued (using an optical glue) onto 
one of the L-O-A 21 eyepiece’s field lenses. I 
detected no traces of the glue while observ-

Mike Reynolds is a contributing editor 
of Astronomy who is hard to impress 
with new equipment. He observes near 
Jacksonville Beach, Florida.

Denkmeier’s L-O-A 21 3D Eyepieces provide 
binocular views unlike any seen before.  
ALL IMAGES: WILLIAM PAOLINI
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ing. This is the array eyepiece. You can dis-
tinguish it from the non-array eyepiece by 
the engraved “F” (for far) and the raised 
“N” (for near) on it. To achieve the 3-D 
effect, you must use the L-O-A 21 eyepiece 
set either in a binoviewer or a binocular 
with interchangeable eyepieces.

Now here’s a cool feature: You can 
change the 3-D effect depending on the 
orientation of the array eyepiece. If the N is 
facing toward you, the object at the center 
of the field of view will appear to float in 
front of the rest of the objects visible. If the 
N is facing away from you, the object at the 
center of the field of view appears to be 
farther away. I refer to the N only and not 
to the F because Lederman included a 
smart design element here: The raised N is 
easy to feel in the dark.

I tested these eyepieces in different 
ways, over several months, under varying 
light conditions, and not only with the 
Denkmeier Binotron-27 on a few telescopes 
but also with the set inserted into 100mm 
binoculars. My comparisons also included 
a pair of 21mm non-array eyepieces. 

First, the eye relief was excellent, even 
when I used the eyecups. Eye relief refers to 
the distance between the eye and the eye-
piece. It is important to have significant eye 
relief to avoid issues such as vignetting.

The first celestial object I viewed with 
the L-O-A 21s was the Orion Nebula 
(M42). I arranged the array eyepiece so that 
M42 would appear in front of the field of 
view. I literally jumped back and rubbed 
my eyes at first light. The Orion Nebula 
appeared to float in the eyepiece. I’ve seen 
this object through a variety of binoculars 
and telescopes, as well as different eye-
pieces, through the years. Yet this was a 
different M42; it jumped out at me! Friends 
who were observing with me that first eve-

ning had the same “wow” 
reaction.

I next turned my attention to 
M41, an open cluster in Canis Major. The 
view dazzled me. Its star colors were easy 
to spot, and the bright red star near the 
cluster’s center stood out more than I 
recalled.

While awaiting clear weather in Florida 
over a period of several months, I used the 
L-O-A 21s on a number of objects. I was 
disappointed only when the weather was 
poor. During the summer, the visibility of 
the Milky Way provided opportunities to 
use the L-O-A 21s on several objects. A few 
of my observations and field notes include:

• Globular cluster M80 in Scorpius: The 
stars hanging in front of the field of view 
looked like diamonds on a black cloth.

• The Lagoon Nebula (M8): The knots 
of nebulosity seem more prominent. 
Nebulosity and stars seem like they are at 
different distances.

• The Trifid Nebula (M20): The dark 
lanes that divide the Trifid into lobes were 

more notice-
able when 
using the L-O-A 21s in 
either position. With the Trifid in the back-
ground, the object seems more spectacular. 
Looking at both the Trifid and Lagoon with 
ordinary eyepieces just did not come even 
close to the L-O-A 21 array eyepiece.

• Globular cluster M22 in Sagittarius: 
This bright object looked somewhat round 
(in 3-D) with a great amount of depth.

• The Hercules Cluster (M13): I just kept 
thinking of the book 2001: A Space 
Odyssey: “Oh my God, it’s full of stars!”

• The Andromeda Galaxy (M31): I 
reversed the L-O-A 21 array so M31 would 
seem to be more distant. Wow! What a 
showstopper through 100mm binoculars!

What makes the L-O-A 21s special is 
that they open an entirely new view of 
familiar objects. Instead of just a quick 
glance at old favorites, I spent more time at 
the eyepiece — I mean eyepieces!

To get the full 3-D effect, you need to 
observe under as dark a sky as possible. I 
did observe within my local urban setting, 
and the L-O-A 21s did not give me as much 
of the “wow” factor that I experienced 
under dark skies. Also, be sure to align 
your optical system properly, including 
your binoviewer.

“Revolutionary” and “groundbreaking” 
are terms we often hear associated with 
new products. But in my book, the 
Denkmeier L-O-A 21 eyepieces are just 
that: revolutionary and groundbreaking. If 
you’re looking for something truly new in 
amateur astronomy, this is it. 

Denkmeier L-O-A 21 3D Eyepieces 
Type: Binocular eyepieces
Size: 1¼"
Included: Plastic cases and rubber 

eyecaps; binoviewer or binoculars 
not included.

Price: $599
Contact: Denkmeier 

135 Marcus Blvd. 
Hauppauge, NY 11788-3702 
[t] 410.208.6014

 [w] www.denkmeier.com

PRODUCT INFORMATION

This glass array, which Denkmeier attached to one of the eyepiece’s 
field lenses, creates the 3-D effect.

Two views of the array eyepiece 
show the N (near) and F (far) 
markings. Denkmeier encased 
the N in a raised button, which 
is easy to feel in the dark.
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ASTROSKETCHING
 B Y  E R I K A  R I X

Transit of Mercury
On May 9 at 11:12 UT, Mercury 
will begin its 7½-hour jour-
ney across the face of the Sun 
as seen from Earth’s vantage 
point. Observers in eastern 
North America will be treated 
to the entire transit while those 
farther west will need to wait 
until sunrise to join in.

Mercury’s disk will be very 
small, only 1/158th that of the 
Sun. So before you head out, 
you should familiarize yourself 
with its contact points along 
the solar limb, or edge, and its 
transit path. You can use 
ephemeris predictors like 
WinJUPOS. Developed as free-
ware by Grischa Hahn, 
WinJUPOS is a valuable plan-
ning tool that is dedicated to 
solar system objects. After 
entering the pertinent data for 
your observing location and 

the viewing orientation of your 
telescope, you can view a 
graphic of Mercury’s predicted 
position relative to the Sun.

To safely observe the event, 
you’ll need to use either a 
solar filter that fits over the 
front of your telescope or eye-
piece projection (and a solar 
filter is best). Keep in mind 
that first and fourth contacts, 
before and after Mercury’s 
disk crosses the Sun’s, will be 
viewable only with a narrow-
band solar filter, and then 
only if Mercury happens to 
pass in front of a solar promi-
nence. But remember that a 
narrowband filter also will 
reveal the mottled texture of 
the Sun’s chromosphere and, 
due to its size, Mercury will be 
harder to track against such a 
background. A white light 

filter, on the other hand, 
shows the Sun’s uncluttered 
photosphere, making tracking 
the planet easier.

Ideally, your sketch of the 
Sun should be completed just 
before the transit begins. I 
draw a 6-inch circle to repre-
sent the solar disk; large 
sketching areas allow room for 
finer details to be added. I also 
set an alarm to go off 10 min-
utes before the transit begins so 
that I don’t lose track of time. 
Keep extra pencils on hand, 
sharpened and ready for use.

Several minutes before first 
contact, focus your attention on 
the area of solar limb where you 
expect Mercury to emerge. It 
will pass quickly, but try to cap-
ture its disk taking a bite from 
the Sun’s edge. Once contact is 
made, use a pencil to draw 
Mercury on your sketch and 

plot its course along with the 
corresponding times for each 
addition. Sunspots and other 
visible solar features can be used 
as reference points for the plan-
et’s size and positions. For those 
of you who will miss the start of 
the transit, draw the outline of 
the solar disk first, and then 
draw Mercury’s position on it 
before proceeding with the 
remainder of the sketch.

Be aware that depending on 
the type of telescope mount 
you use, the Sun may rotate in 
your field of view during the 
course of the transit. Rotate 
your sketch as needed so that 
the orientation of the solar fea-
tures in the eyepiece view 
matches those in your drawing.
Once the transit is complete, 
remember to scan your sketch 
and share it with others for 
comparison. Good luck! 

Jeremy Perez sketched his Mercury transit on November 8, 2006, from 19:33 to 23:54 UT 
while using a 6-inch, f/8 equatorially mounted telescope fitted with a white light filter 
and a 25mm eyepiece for a magnification of 48x. He used an HB pencil and blending 
stump on plain 20-pound white bond paper. He added the limb darkening later 
with Photoshop. During the transit, he used the sketch to show people where to look 
on the disk for Mercury and which spots were sunspots instead of the planet. 

Sally Russell sketched this Mercury transit on May 7, 2003, from 04:47 to 10:35 UT 
using a 105mm f/6 refractor on an alt-az mount fitted with a white light solar filter 
and a 12.5mm eyepiece for a magnification of 48x. She used heavy weight cartridge 
paper and a B graphite pencil for the sketch. She created the black dots representing 
Mercury during the observation. Afterward, she added the small black circles as a 
comparison to represent the actual transit line.
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Image processing is, at its 
heart, an exercise in solving 
problems. Data just don’t want 
to go together and fit nicely 
like pieces of a jigsaw puzzle. 
Instead, you must shave, cut, 
color, and throw out pieces to 
form a final image. So, creativ-
ity in solving a problem can be 
just as important as knowing 
how to use all the tools. Here’s 
a particular problem I solved 
to illustrate that the boundar-
ies of creativity, if they exist, 
must be expansive indeed.

First, check out the com-
bined luminance data for 
Keenan’s System (NGC 5216) 
in Image #1. As you can see, 
the image shows several dust 
doughnuts. If they were in an 
uninteresting section of sky, we 
could easily remove them. In 
this case, however, the largest 
doughnut coincides with one of 
the system’s faint tidal tails. 
Cosmetically filling this region 
with “Content-Aware” pixels 
— as demonstrated in my col-
umn “When light goes astray, 

part 2,” which appeared in the 
November 2015 issue — will 
not work. There isn’t a way to 
safely distinguish between the 
error and the tidal tail. We 
would just be arbitrarily guess-
ing to adjust an area that took 
more than 12 hours to detect!

At this point, examining 
your data and really paying 
attention to it reaps rewards. 
(See my February 2016 column, 
“Blast from the past.”) As I 
flipped through my RGB (color) 
data, I noticed that the dust 
doughnuts were not in that 
section of the image, although I 
had calibrated the data prop-
erly. I quickly realized that I 
could substitute the data from 
these frames to fix the lumi-
nance image. The RGB image 
characterizes the luminance 
image in all meaningful ways. 
The slightly lower resolution I 
used to capture the color data is 
not a problem because I’m just 
substituting sky values that con-
tain the diffuse glow of the tidal 
tail and background galaxies.

This is what I did:
Step 1: Convert the RGB 

(color) picture to grayscale.
Step 2: Normalize the image 

with the luminance frame as 
the reference. This process 
equalized the background and 
signal strengths.

Step 3: Measure the bright-
est values of the errors (dust 
doughnuts) in the luminance 
image. This became the thresh-
old value for substitution.

Step 4: Reject all values in 
the luminance image that were 
less than the threshold.

Step 5: Combine this image 
with the grayscale RGB image 
to produce a luminance with 
an RGB sky.

Step 6: Finally, save it as 
a “corrected” luminance. I 
opened the problem image 
and the corrected one in 
Photoshop. Using a mask, I 
selectively revealed only the 
areas that needed correction.

These steps are general 
and will require a few small 
variations depending on the 
software you use. For exam-
ple, in step 5 when you com-
bine the images, the RGB one 
should be given zero weight 
except where you plan to sub-
stitute pixels. In CCDStack, 
you would do this by setting 
the weight of the RGB image 
to a negligible value and 
making the rejected pixels 
“Missing Values.”

The resulting corrected 
image maintains the story of 
galactic collision by substitut-
ing real data in the affected 
part of the tidal tails. This is 
problem-solving at its best. I 
was able to convert an image 
that I wasn’t satisfied with to 
one that I proudly show others, 
knowing that the most impor-
tant part of the story is the 
astronomy and not the image 
processing. 

COSMICIMAGING
 B Y  A D A M  B L O C K

Data and 
doughnuts

FROM OUR INBOX
Royalty
I was reading and enjoying the January 2016 issue filled with 
great stories and the latest research information when I came 
upon a real gem: “Tales of the Astronomers Royal,” p. 60, 
by Raymond Shubinski. What a wonderful story filled with 
intrigue, discovery, and human frailties as told by the author’s 
skilled use of historical insight. The article was a change of pace 
and filled with connections to a wide range of astronomical his-
tory. Kudos to Shubinski and the editors of Astronomy for this 
delightful and refreshing article. — Donald I. Craig Jr., Indianapolis

BROWSE THE “COSMIC IMAGING” ARCHIVE AND FIND VIDEO TUTORIALS AT www.Astronomy.com/Block.

Image #1. This greatly stretched image shows the  
dele terious dust doughnuts the author discusses.  
ALL IMAGES: ADAM BLOCK

Image #2. The author revealed the rejected pixels in the 
luminance image by making them red. He then replaced 
them with pixels from the RGB (grayscale) image.

Image #3. The result of the author’s corrections, this 
image shows much more detail. You’ll find a larger  
version at www.adamblockphotos.com/ngc-5216.html.



Astronomy book
Cambridge University Press
New York
The New Cosmos is Astronomy 
Editor David J. Eicher’s latest 
book. It explains and celebrates 
recent advances in key areas of 
astronomy. The text covers sub-
jects such as how the Sun will 
die, how the Moon formed, the 
latest thoughts on the Big Bang, 
and the meaning of life in the 
universe.
Price: $29.99
[t] 212.337.5000
[w] www.cambridge.org

4-inch scope
Orion Telescopes & Binoculars
Watsonville, California
Orion’s StarSeeker IV 102mm 
GoTo Mak-Cass Telescope fea-
tures a 1,300mm focal length 
and an f/12.7 focal ratio. Its com-
puter database lets you find and 
track more than 42,000 celestial 
objects. The scope comes with 
two eyepieces, a star diagonal, 
an EZ Finder II sight, and more.
Price: $599.99
[t] 800.447.1001
[w] www.telescope.com

Leveling screw upgrade
JMI Telescopes
Lakewood, Colorado
JMI developed this kit for those 
who feel the need to upgrade 
their telescope’s JMI Universal 
Wheeley Bars’ leveling screws. 
In just a few minutes, you can 
change your screws from the 
original ½" diameter to 5⁄8" to 
improve stability for heavier 
loads.
Price: $149
[t] 800.247.0304
[w] www.jmitelescopes.com

14mm eyepiece
Vixen Optics
San Clemente, California
Vixen’s SSW 14mm Ultra Wide 
1¼" Eyepiece features an 83° 
apparent field of view. The fully 
multicoated optics provides a 
light transmission of more than 
99.5 percent, and eye relief is 
13 millimeters. The eyepiece 
has a hexagonal barrel, anodized 
aluminum body, and retractable 
rubber eye cup.
Price: $349
[t] 949.429.6363
[w] www.vixenoptics.com
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Attention, manufacturers: To submit a product  
for this page, email mbakich@astronomy.com.

NEW
PRODUCTS

SEE REPORTS ON 350+ PRODUCTS AT www.Astronomy.com/equipment.

SUBSCRIBE ONLINE TODAY

EXCLUSIVE 
Benefi ts for Subscribers

ASTRONOMY.COM •  Equipment review archive: 300+ 
telescopes, binoculars, cameras, and 
more.

•  Interactive Star Atlas: 45,000 stars 
and 800 deep-sky objects.

•  The Sky this Month: Your road map 
to each month’s sky events.

•  Ask Astro archive: Expert answers to 
reader questions.

•  Picture of the Day archive: Stunning 
celestial images.

•  50 Weirdest Objects: Bob Berman’s 
guide to the universe’s oddities.

Astronomy.com

Not yet a subscriber? 
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For more information:
Call Randy at Blue Canyon Real Estate

(575) 682-2583

S. Central N.M. Mountain
Property for Sale

Fully furnished home + 22 acres includes observatory 
Dark skies; 1 arc second seeing.   $495,000.
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See the Universe in color live with

Astronomical Video CCD Cameras
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www.JewelryDesignsforMen.com
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Keeping it “Beautifully” Simple
Almost Zero Operation Software... No Rotation

Almost Zero Maintenance... Very little to go wrong 
Almost Zero Operation Software... No Rotation

Almost Zero Maintenance... Very little to go wrong 

$25,000.00 

READ: www.aptheory.info 
COMMENT: aptheory@aptheory.info

 no purchase necessary

The solar system formation theories have 
all been disproven. The first person to 

disprove “The AP Theory” which logically 
describes the formation of water and our 
solar system and how our atmosphere  

is being held down without gravity wins. 
Must include an example in nature (on 
Earth) and a successful experiment.

*REWARD*



1. SALT AND PEPPER 
Open cluster M37 in Auriga is some-
times called the Salt and Pepper 
Cluster. It lies some 4,500 light-years 
away and shines at magnitude 5.6, 
bright enough to spot without optical 
aid from a dark site. (3.6-inch Astro-
Tech AT90DT refractor at f/6.7, SBIG 
ST-8300M CCD camera, LRGB image 
with exposures of 120, 40, 40, and 40 
minutes, respectively) • Dan Crowson

2. TREE ORNAMENT 
Venus and the much-closer tree lie 
beautifully framed for maximum visual 
impact in this stunning shot. Sky colors 
at dawn highlight both the planet and 
the plant. (Canon 6D, 24mm lens set 
at f/4, ISO 1250, ¼00-second exposure, 
taken November 23, 2015)  
• John Chumack
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3. AN EXOTIC URSA MAJOR 
The photographer described capturing 
this image at –20° F as “eyes in 
paradise, body in hell.” On this moonlit 
night, the Big Dipper appeared over 
Gorak Shep in Sagarmatha National 
Park, Nepal. (Canon 6D, Nikkor 
14-24mm f/2.8G lens set at 14mm and 
f/4, ISO 3200, six 13-second exposures 
made into a panorama to fix the 
distortion) • Jeff Dai 

4. CRIMSON DYNAMO 
Emission nebula Sharpless 2–88 
glows with the characteristic red hue 
of stellar nurseries. Hydrogen in the 
cloud absorbs radiation from nearby 
stars and re-emits it as light of this 
color. (32-inch Schulman Telescope, 
SBIG STX-16803 CCD camera, Hα/LRGB 
image with exposures of 8, 8, 4, 4, and 
4 hours, respectively) • Adam Block/
Mount Lemmon SkyCenter/University 
of Arizona 

5. A MILLION STARS 
Globular cluster 47 Tucanae (NGC 104) 
lies far south of the celestial equator, 
so many northern observers have 
never seen it. Too bad. It’s the second-
brightest globular in Earth’s sky. 
(20-inch PlaneWave corrected Dall-
Kirkham reflector at f/4.4, FLI ProLine 
PL09000 CCD camera, LRGB image 
with exposures of 60, 30, 30, and 30 
minutes, respectively) • Alan Tough 

6. SOUTHERN SPIRAL 
NGC 6744 lies some 30 million light-
years away in the constellation Pavo 
the Peacock. Many astronomers 
consider it a near-twin to our Milky 
Way. (20-inch PlaneWave corrected 
Dall-Kirkham reflector at f/4.4, FLI 
ProLine PL09000 CCD camera, LRGB 
image with 1 hour of exposure time)  
• Fred Herrmann 

7. VOYAGE TO DARKNESS 
This region in the constellation 
Ophiuchus the Serpent-bearer 
abounds with dark nebulae from 
Edward Emerson Barnard’s catalog: 
B67a lies at top right, B75 is at top 
center, B262 holds the center, and B261 
is at bottom center. (3.6-inch Astro-
Tech AT90EDT refractor at f/6.7, SBIG 
ST-8300M CCD camera, LRGB image 
with exposures of 120, 40, 40, and 40 
minutes, respectively)  
• Dan Crowson

Send your images to: 
Astronomy Reader Gallery, P. O. Box 

1612, Waukesha, WI 53187. Please 

include the date and location of the 

image and complete photo data:  

telescope, camera, filters, and 

exposures. Submit images by email 

to readergallery@astronomy.com.
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Diamonds 
in the rough
A firestorm of star birth 
pulses in the heart of the 
Carina Nebula (NGC 3372). 
The frenzied activity has 
delivered a dozen or so 
glittering star clusters 
along with hundreds 
of thousands of other 
stars. This Hubble Space 
Telescope image focuses 
on the nebula’s youngest 
cluster, Trumpler 14. Born 
just 500,000 years ago, 
it harbors a spectacular 
collection of massive and 
highly luminous stars. The 
cluster’s brightest jewel 
is the O-type supergiant 
star HD 93129Aa, which 
tips the scales at 80 solar 
masses and shines 2.5 mil-
lion times brighter than 
the Sun. The surface of 
this star blisters at more 
than 50,000 kelvins. NASA/

ESA/JESÚS MAÍZ APELLÁNIZ (INSTITUTE OF 

ASTROPHYSICS OF ANDALUSIA)

BREAK
THROUGH



For information on all of our products and services, or to find an authorized Sky-Watcher USA dealer near you, just visit www.skywatcherusa.com.
Don’t forget to follow us on Facebook and Twitter!

Product shown with optional accessories. OTA and camera not included.

Actually, the other telescope cost more than 
twice as much as the Esprit, but that’s not 

really the point. The point is, do you see twice 
as much performance on one side of the 

page than the other? Take a close look.  
Are the stars twice as pinpoint?  

Is the color doubly corrected?

We don’t think so.

If you don’t think so either, perhaps you 
should consider purchasing a Sky-Watcher 
Esprit triplet. At Sky-Watcher USA we pride 
ourselves on offering products with world-

class performance at affordable prices. 
Because we know there are other things you 

could be spending that money on.  
Like a mount. Or a camera.  

Or even a really, really sweet monster  
flat-screen television, just for fun.  

The Sky-Watcher line of  
Esprit ED Apo triplets. 

All of the performance,  
half the price.
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ONE HALF OF THIS
IMAGE WAS TAKEN 

WITH A $2,499 ESPRIT

THE OTHER WAS TAKEN 
WITH A SCOPE THAT
COST TWICE AS MUCH

 Imager:  Jerry Keith of Fort Worth, Texas  
  (Three Rivers Foundation Volunteer)
 OTA 1:  Sky-Watcher Esprit 100mm EDT f/5.5 
 OTA 2: World-class 106mm f/5 astrograph 
 Mount:  Takahashi NJP
 Guiding:  Orion SSAG Magnificent Mini AutoGuider 
 Camera:  Canon 60Da
 Exposure:  98 light frames @ 360 seconds each.  
   41 dark frames, 100 bias frames and 30 flats.
 Processing: PixInsight. Identical processing for each image.
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STATE OF THE ART DESIGN 
FOR UNBEATABLE SIGHTS

CPC AND CPC DX EDGEHD 
COMPUTERIZED TELESCOPES

DISCOVER MORE AT

A crowd favorite at Celestron’s numerous National Park star parties, the 

CPC/CPC Deluxe family is also the telescope of choice for NASA (a CPC 

925 is currently deployed aboard the ISS) and astrophysicist Stephen 

Hawking, who uses a CPC Deluxe 1100HD at his home in Cambridge, UK.

CPC 925

CPC Deluxe 925

55 YEARS OF INNOVATION, REFINED:
+  Rock-solid dual fork arm mount with precision drive base and mechanics

+  Celestron’s signature Schmidt-Cassegrain optics in sizes 8, 9.25, 
and 11 inches

+  StarBright XLT optical coatings

+   Compatible with Celestron’s latest accessories: StarSense AutoAlign 
for quick, self-guided alignment and the SkyPortal WiFi Module for 
wireless control with your smartphone or tablet

+  SkyAlign technology so you are aligned and ready to observe in 
minutes without having to know the name or location of any star

+  NexStar+ hand control with 40,000+ object database

+  Internal GPS

+  Quick-release clutch and large drive gears

+   Heavy-duty steel tripod with accessory tray and spring-loaded 
mounting screws

ADVANCE TO THE CPC DELUXE HD FOR EVEN BETTER PERFORMANCE:

+  Celestron’s proprietary EdgeHD optics for pinpoint stars all the 
way to edge of the fi eld with the widest eyepieces and largest 
imaging sensors

+  Reengineered worm gear motor drive provides smoother tracking



SOUTHERN
SKY MARTIN GEORGE describes the solar system’s changing landscape 

as it appears in Earth’s southern sky.

July 2016: An evening planet gala
As July begins, we have a fine 
view of three bright planets in 
the early evening sky. The most 
dazzling of the trio is Jupiter, 
which becomes visible in the 
northwest during twilight.  
The giant planet lies in south-
eastern Leo, near the Lion’s  
rear leg, and moves slowly east-
ward against the starry back-
drop. By month’s end, Jupiter 
stands on the border with 
neighboring Virgo.

Gleaming at magnitude –1.8 
in mid-July, the planet out-
shines all of the night sky’s 
stars. The view through a tele-
scope is no less impressive.  
Just make sure to observe in 
early evening when Jupiter lies 
higher in the sky. Pay particu-
lar attention to atmospheric 
features on the gas giant’s disk, 
which spans 33" at midmonth, 
and the four Galilean moons 
that change positions from 
night to night.

Mars appears much higher 
in the evening sky than it did 
during June. It stands about 
two-thirds of the way to the 
zenith as darkness descends  
in early July and passes nearly 
overhead in midevening. The 
Red Planet moves slowly east-
ward against the relatively faint 
background stars of the con-
stellation Libra the Scales.

Mars reached opposition 
and peak visibility in late May, 
and it is now pulling away from 
Earth quite rapidly. You can see 
the results in its appearance — 
the planet fades from magni-
tude –1.4 to –0.8 and shrinks 
from 16" to 13" across during 
July. Despite the deteriorating 
conditions, Mars is still worth 
viewing through a telescope. 

The rust-colored world’s north 
pole currently tilts toward 
Earth, affording us a nice view 
of the white polar cap.

Roughly 15° east of Mars 
lies magnitude 0.2 Saturn, 
which drifts slowly to the west 
across the southern reaches of 
Ophiuchus the Serpent-bearer, 
just 6° north of 1st-magnitude 
Antares in Scorpius. The planet 
appears tucked beneath the 
Scorpion’s heart and head.

Like Jupiter and Mars, 
Saturn rewards evening observ-
ers who target it through a 
 telescope. The planet’s disk 
measures 18" across at mid-
month while the rings span  
41" and tilt 26° to our line of 
sight. During moments of 
steady seeing, the Cassini 
Division pops into view as a 
slender jet-black feature in the 
rings. Also watch for Saturn’s 
parade of moons, especially 
easy-to-see Titan, the solar sys-
tem’s second-largest satellite.

By the end of July, our eve-
ning trio becomes a quintet. 
Venus emerges slowly from 
behind the Sun after having 
passed through superior con-
junction in early June. On  
July 31, the planet stands 15° 
east of our star and from mid-
southern latitudes appears 7° 
high in the west-northwest a 
half-hour after sundown. 
Shining at magnitude –3.9, the 
planet stands out in the twi-
light despite its low altitude. A 
telescope reveals a completely 
illuminated disk that spans 10".

Mercury will be a bit easier 
to spot in late July because it 
lies 22° east of the Sun and 
appears twice as high as Venus. 
To find it, look well below and 

a little to the left of Jupiter.  
The innermost world shines 
brightly at magnitude –0.2.  
If you target it through binoc-
ulars or a telescope, you no 
doubt also will see the 1st- 
magnitude star Regulus, which 
lies within 1° of the planet  
both July 30 and 31. Although 
Mercury’s 6"-diameter gibbous 
disk doesn’t look like much at 
medium or high magnification, 
far better views await observers 
in August.

The starry sky
When I began investigating the 
constellation Scorpius with a 
telescope many years ago, a 
beautiful group of stars around 
the Scorpion’s heart and head 
caught my attention. There was 
Antares, flanked by Sigma (σ) 
and Tau (τ) Scorpii in much  
the same way that Beta (γ) and 
Gamma (γ) Aquilae accompany 
Altair in Aquila. And there was 
the gently curved line of Beta, 
Delta (δ), and Pi (π) Sco to 
Antares’ west and northwest. 
Two of the galaxy’s finer glob-
ular star clusters — M4 and 
M80 — also lurk at this end  
of the Scorpion.

As their designations sug-
gest, these two were entries  
in the famous catalog of non-
stellar objects compiled by 
18th-century French astrono-
mer Charles Messier. Of the 
two, M4 appears significantly 
bigger and brighter, and it is 
easier to find because it lies just 
1.3° west of Antares. The cluster 
forms a fairly flat isosceles tri-
angle with Antares and Sigma 
Sco. Although you can spot it 
with the naked eye under a 
dark sky, it is a stunning object 

through 10-centimeter and 
larger telescopes. With a 10cm 
instrument, I can resolve some 
of its stars and see a striking 
row of suns that seems to 
divide the cluster into two 
halves. It certainly ranks 
among the winter sky’s show-
piece deep-sky objects.

The much more compact 
M80 is nearly two magnitudes 
fainter than M4 but neverthe-
less shows up easily through 
binoculars. You can find it 
almost exactly midway between 
Antares and Beta Sco. It 
appears smaller and fainter 
than its globular neighbor 
largely because it lies much 
 farther away. Astronomers 
 estimate that M80 resides some 
33,000 light-years from Earth, 
nearly five times farther away 
than M4.

A 15cm telescope will start 
to resolve M80’s stars, and a 
20cm instrument let’s you see 
many more of its faint suns. 
You’ll need an even bigger 
scope to provide a view that 
will capture your extended 
attention at the eyepiece.

But M80 has another claim 
to fame: It was the first globular 
cluster in which astronomers 
found a nova. This erupting 
star, cataloged as T Scorpii, rose 
to prominence in 1860. On May 
21 of that year, German astron-
omer Arthur von Auwers first 
noticed it from Königsberg 
Observatory. Novae occur 
when too much material accu-
mulates on a white dwarf star’s 
surface and undergoes a ther-
monuclear explosion. Such 
events can recur, so keep an  
eye out for T Sco’s possible 
return to prominence. 
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JULY 2016
Calendar of events
 1 The Moon is at perigee  

(365,983 kilometers from Earth), 
6h40m UT

 2 The Moon passes 0.4° north of 
Aldebaran, 4h UT

 4 New Moon occurs at 11h01m UT

  Earth is at aphelion (152.1 million 
kilometers from the Sun), 16h UT

 7 Mercury is in superior 
 conjunction, 3h UT

  Pluto is at opposition, 22h UT

 9 The Moon passes 0.9° south of 
Jupiter, 10h UT

 12 First Quarter Moon occurs at 
0h52m UT

 13 The Moon is at apogee (404,269 
kilometers from Earth), 5h24m UT

 14 The Moon passes 8° north of 
Mars, 18h UT

 16 The Moon passes 3° north of 
Saturn, 5h UT

  Mercury passes 0.5° north of 
Venus, 18h UT

 19 Full Moon occurs at 22h57m UT

 23 The Moon passes 1.1° north of 
Neptune, 6h UT

 26 The Moon passes 3° south of 
Uranus, 4h UT

  Last Quarter Moon occurs at 
23h00m UT

 27 The Moon is at perigee  
(369,662 kilometers from Earth), 
11h37m UT

 29 The Moon passes 0.3° north of 
Aldebaran, 11h UT

 30 Uranus is stationary, 2h UT

  Mercury passes 0.3° north of 
Regulus, 17h UT

STAR COLORS: 
Stars’ true colors 

depend on surface 
temperature. Hot 

stars glow blue; slight-
ly cooler ones, white; 

intermediate stars (like 
the Sun), yellow; followed 

by orange and, ulti mately, red. 
Fainter stars can’t excite our eyes’ 

color receptors, and so appear white 
without optical aid.

Illustrations by Astronomy: Roen Kelly

HOW TO USE THIS MAP: This map portrays 
the sky as seen near 30° south latitude. 

Located inside the border are the four 
directions: north, south, east, and 

west. To find stars, hold the map 
overhead and orient it so a 

direction label matches the 
direction you’re facing. 

The stars above the 
map’s horizon now 

match what’s  
in the sky.

BEGINNERS: WATCH A VIDEO ABOUT HOW TO READ A STAR CHART AT www.Astronomy.com/starchart.
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