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correctors. Call Tele Vue today and let us help you choose the right eyepiece path for you!

32 Elkay Dr., Chester, New York  10918  (845) 469-4551.  televue.comTele Vue
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T
   his fall Korey Haynes, 
our associate editor 
and an enthusiastic 
aurora seeker, will lead 
a tour to Iceland to 

observe magnificent displays 
of northern lights. I cordially 
invite you to come along for 
what will certainly be the 
experience of a lifetime. I 
know — I was in Iceland a 
couple of years ago and saw 
the greatest and brightest 
auroae of my lifetime.

Two tours will take place 
including Astronomy readers 
in partnership with 
TravelQuest Tours, a com-
pany based in Arizona. They 
will take place September 
23–30 and October 1–8, 
2016, and will include 
guided explorations of the 
Icelandic landscape, incred-
ible meals and accommoda-
tions, and five nights of 
relaxed aurora viewing just 
steps away from the hotel.

You may appreciate 
Iceland not only for some of 
the greatest auroral shows on 
Earth, but also for incredible 
geological wonders. The for-
mer comes from the fact that 
Iceland is situated directly 
underneath the auroral oval, 
the area that lights up when 
solar particles flood our mag-
netosphere. You will probably 
be equally entranced by the 
Blue Lagoon, the geysers you 
will see, and waterfalls that 
will make you feel like you’re 
traveling through a strange, 

otherworldly, and amazing 
landscape.

The trips will begin with 
flying into Iceland’s major 
city, Reykjavik, the capital 
and a beautiful place to see. 
With Reykjavik as a base, 
you will see lava flows, vol-
canic fissures, sulfuric vents, 
and hot springs. This will set 
your mind into a realm of 
planetary exploration. And 
then you’ll wade into the 
famous Blue Lagoon (if you 
so choose), buoyed by min-
eral-rich waters. You’ll then 
explore Reykjavik’s harbor 
and historical district.

Museums, churches, fine 
restaurants, and shopping 
play into a free day in 
Reykjavik, after which you’ll 
begin to explore some of the 
nation’s greatest geological 
attractions. Thingvellir 
National Park hosts a collec-
tion of geysers — bubbling, 
multicolored pools of geo-
thermal activity — along 
with large fissures dotted 
around Iceland’s largest lake. 
You will also see the spec-
tacular Gullfoss — “golden 
waterfall” — the most spec-
tacular in Iceland.

You will then explore the 
incredible Landmannalaugar 
Volcanic Zone, where you 
can see a landscape built of 
colorful rhyolite and jet-
black obsidian. Explorations 
here will show you Mount 
Hekla, one of Iceland’s most 
active volcanoes, and a huge 

water-filled crater formed in 
the 15th century. You can 
walk through lava fields, 
enjoy a picnic lunch, and 
take a dip into a hot spring 
fed by a geothermal brook.

Another day will bring 
you to the Thjórsárdalur 
Valley, displaying rugged 
terrain typical of the 
Icelandic countryside, and to 
highlands that will amaze 
you. Here you’ll see 
Hjálparfoss, a waterfall 
framed by columns of 
twisted basalt, and a recon-
structed 12th-century 
Viking farmhouse.

Travel then takes you 
along the Icelandic south 
shore, to Skógafoss waterfall, 
a monumental 180-foot drop, 
and to Skógar, a living folk 
museum where you can see 
traditional Icelandic homes 
that teach the rich heritage of 
this country. You will then 
spend a day in the Thórsmörk 
Nature Reserve, surrounded 
by three glaciers and criss-
crossed by rivers, an area that 
will give you the feeling of 
walking about on Mars.

Oh, and by the way, did I 
mention that over five nights 
you will be watching for 
aurorae?

For more, visit http://
astronomy.com/magazine/
trips-tours.

 
Yours truly,

David J. Eicher
Editor

Join us for aurorae 
in Iceland!

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

Follow Dave Eicher on Twitter: @deicherstar
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SNAPSHOT 

Quasars yesterday  
and today 
The early universe was, well,  
pretty violent. 

In 1963, Maarten Schmidt of the California 
Institute of Technology made a break-
through. He captured the first spectrum 
of an incredibly bright radio galaxy named 
3C 273 that had teased astronomers since its 
discovery. Astonishingly, Schmidt found the 
object lay 2.4 billion light-years away and 
was incredibly energetic, even though 
it appeared like a tiny, faint speck of light 
in Earth’s sky. 

Schmidt dubbed the thing a quasi-stellar 
object and studied another target like it, 
3C 48. The shortened term quasar caught on 
to describe these objects as well as similarly 
mysterious creatures of the universe. 

And then the mystery deepened. Over the 
years to come, astronomers found a whole 
range of strange, distant, highly energetic 
objects far beyond the Milky Way. Using a 
wide range of the electromagnetic spectrum, 
a rogues’ gallery of super-luminous, distant 
objects emerged. They came to include qua-
sars and various high-energy cousins. Over a 
long interval of time, astronomers deter-
mined that quasars are the highly energetic, 
erratically active centers of young galaxies, 
and that their incredible energy is being 
flung out from material cascading toward 
their central black holes. 

Now we understand that nearly every nor-
mal galaxy has a central supermassive black 
hole. And astronomers believe that 2 percent 

of the galaxies in the nearby universe have 
these active centers.

But back in the early universe, a thousand 
times as many active galaxies existed. The 
Hubble Space Telescope’s views of distant 
swaths of the cosmos show numerous tiny 

galaxies dominated by brilliant quasar light. 
The lesson is that the black holes swallowing 
up material ran out of their cosmic lunch, 
and as less material was available near the 
black holes, most of them became quiescent 
— they went to sleep. — David J. Eicher

HOT BYTES >>
TRENDING  

TO THE TOP 

KILLER METEORITE? 
An Indian man said to 
have died in a meteorite 
impact — potentially a 
first — instead died from 
a ground-based blast, 
NASA experts say.

WEBB MILESTONE 
Engineers finished 
assembling the 18 seg-
ments for the 21.3-foot 
(6.5-meter) primary 
mirror on NASA’s James 
Webb Space Telescope.

SPACE STAMPS 
The U.S. Postal Service 
revealed a new $1.20 
Global Forever Moon 
stamp February 22.  
A Pluto stamp is also 
due out by early June.

This Hubble Space Telescope image of the quasar F2M 1036 shows a young galaxy in the violent, energetic throes 
of a supermassive black hole at its center. This distant galaxy lies an astonishing 12 billion light-years away, 
and it appears as it did just 1.8 billion years after the Big Bang. 
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Last month, our topic 
was darkness. Let’s 
make it a two-parter 
and focus now on 
light. This makes 

sense, for we’re now in the 
realm of greatest sun and lon-
gest twilight. If you live north 
of latitude 50°, for instance any-
where in England, full darkness 
never happens in June.

The brightness story begins 
with photons, the universe’s 
most abundant objects. 
Contrary to popular belief, 
photons have neither luminos-
ity nor color. They are magnetic 
and electrical pulses. You can’t 
see magnetism and you can’t 
see electricity. So when no one’s 
watching, garden roses are not 
red, nor is grass intrinsically 
green. They’re not even black, 
but blank. Photons do deliver 
the electromagnetic force, 
which triggers some of our cells 
to respond electrically, produc-
ing the subjective perception of 
light. As physicist Roy Bishop 
says in the Observer’s Handbook 
from the Royal Astronomical 
Society of Canada, a rainbow 
occurs strictly inside your skull.

As you gaze at June’s vivid 
hues, you’re thus perceiving the 
inside of your brain’s occipital 
lobe. That’s where your brain’s 
100 billion neurons are fash-
ioning the visual universe. All 
brightness and color are created 
there. Colors exist nowhere else.

Relatively few are able to 
accept this. It seems too far out. 
A lifetime of language creates 
the illusion that the visual scene 
is external to us. So let’s move 
on to more comprehensible real-
ities — like the source of those 
photons, the Sun itself. 

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

Attracted by 
the light

FROM OUR INBOX

A solstitial exploration 
of brightness

have wildly different illumina-
tion. This makes brightness 
comparisons non-intuitive.

When telescopically study-
ing the Sun through appropri-
ate filters, would we ever guess 
that each inky black sunspot, 
if it could be seen on its own 
in the night sky, would be daz-
zling enough to cast shadows? 
Or even damage our retina?

In rural unpolluted places, 
would we guess that the dark, 
“starless” background sky’s 
glow is five times brighter than 
the combined light of all the 
visible stars?

Yet perceiving tiny bits 
of light at the very limits of 
our senses gives astronomers 
a strange satisfaction. Have 
you ever seen Uranus with the 
naked eye? Late this month 
before dawn, Uranus in Pisces 
is indeed viewable in unspoiled 
skies. Its 6th-magnitude glow 
defines the traditional lower 
terminus of the human visual 
experience, whose upper end is  
9 trillion times brighter. That 
terminus, marked by our beloved 
daystar, now hovers at its annual 
high point, in eastern Taurus.

Happy solstice. 

Barring nuclear war, the Sun 
is the most brilliant thing we’ll 
ever encounter. A supernova 
is nine orders of magnitude 
brighter, but we’ll never see one 
up close, because no star in our 
region of the galaxy is massive 
enough to pop.

For the most part, the Sun’s 
half-degree disk is not the orig-
inator of light-photons. Rather, 
the innermost 1/200th of the 
solar globe (by volume) is the 
solar fusion generator. This 
dazzling minuscule sphere in 
the Sun’s exact center produces 
all the energy. The sharply 
defined outer solar layer, the 
photosphere, is merely where 
light is released. It looks crisp 
because it’s just a few hundred 
miles thick. This light-emitting 
layer is like a veneer, almost 
painted onto the solar surface.

The brightness of the Sun is 
400 trillion trillion watts. By 
the time the light spreads out 
and gets here, each square meter 
of Earth’s surface (the size of a 
wall poster) is illuminated by 
about 1,000 watts when the Sun 
is overhead. It was just  
700 watts when earthly life 
began: The Sun keeps getting 
more luminous. Each billion 
years it’s 7 percent brighter. 
Doesn’t sound like much maybe, 
but this increase will kill us all 
and sterilize the planet within 
the next few billion years.

Other suns contribute to the 
photon flux. Most are super-
dim and orange. To the naked 

eye, there’s no trace of 43 of the 
50 nearest stars. The night sky 
instead displays the oddballs, 
the galaxy’s lighthouses. One of 
the most luminous marks the 
Big Dog’s tail. This is Aludra. It’s 
so lovely, two Navy ships were 
named for it, as USS Aludra. But 
the most famous warm weather 
luminary is Deneb, now rising at 
nightfall. Each of these power-
house stars could be as luminous 
as 200,000 suns — but distance 

plays tricks on astronomers, and 
both stars could be much closer, 
and therefore dimmer.

So assessing brightness is not 
easy. Nothing is obvious. Our 
pupils change size while our reti-
nas photochemically alter their 
sensitivity. Would you guess 
Full moonlight is 400,000 times 
dimmer than sunlight? Would 
you ever guess that shiny white 
printer paper illuminated by 
that Full Moon is actually 2,000 
times blacker than a black cat 
in sunlight? It’s hard to believe 
because Nature protects us from 
huge brightness changes. Our 
eyes cannot adequately adjust 
to two simultaneous scenes that 

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

Contact me about  
my strange universe by visiting  

http://skymanbob.com.

BARRING NUCLEAR WAR,  
THE SUN IS THE MOST BRILLIANT THING 

WE’LL EVER ENCOUNTER.

Evolution
On p. 14 in the February 2016 issue, Jeff Hester writes, “But the 
only thing guiding evolution in nature is survival. Evolution 
by natural selection isn’t moving toward anything.” Obviously, 
Hester’s comments are ideological. And he does not tell us what 
the guiding mechanism is. Since survival is an effect, what is 
the cause? Is it magic? Is it chance (secular miracles)? Or, is sur-
vival of the fittest a result of predetermined laws? There are no 
mandates in science that restrict evolution to be without plan or 
purpose. Rather, it is Hester’s worldview that rejects purposeful 
instruction. This is indeed unfortunate. There are many reasons 
for a purpose-driven universe, and we should hope for a more 
universal understanding of the scientific evidence, as well as bet-
ter education in these matters. — Paul Kursewicz, Epping, New Hampshire

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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Surveyor 1 took more than 
10,000 images before it had to 
shut down its solar-powered 
instruments during its first 
two-week-long lunar night. 
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NEW SHOWER. An all-sky camera network in New Zealand turned up a new naked-eye meteor shower coming from the southern 
constellation Volans on New Year’s Eve. The parent body — potentially hazardous to Earth in the long term — remains a mystery. 

A team of scientists working with the 
Commonwealth Scientific and Industrial 
Research Organisation’s Parkes radio tele-
scope in Australia has discovered hundreds 

of galaxies formerly hidden by the stars and dust of 
the Milky Way. The study, which involved research-
ers from Australia, South Africa, the Netherlands, 
and the United States, revealed 883 galaxies, of 
which nearly 300 had never been seen before. 

Researchers hope the newly found objects 
will help them understand a region in space 
called the Great Attractor, a gravitational anom-
aly some 200 million light-years away. The Great 
Attractor appears to be a concentration of mass 
tens of thousands of times greater than that of 
the Milky Way.

Technicians recently applied innovative tech-
nology to the Parkes telescope, making it possible 
to survey large areas of the sky 13 times faster 

than before. Such an increase in the speed of 
operation of the equipment allows discoveries to 
occur more often.

Renée Kraan-Korteweg, an astronomer with 
the University of Cape Town, explained that the 
Milky Way has effectively hidden the distribution 
of galaxies behind it until now. “We’ve used a range 
of techniques, but only radio observations have 
really succeeded through the thickest foreground 
layer of dust and stars,” she said. — Michael E. Bakich 

GALAXIES SEEN BY 
PEERING THROUGH 
THE MILKY WAY

MOON MISSIONS. On June 2, 1966, NASA landed Surveyor 
1 on the Ocean of Storms, touching down just months after 

Russia’s Luna 9 became the first spacecraft to softly 
land on an extraterrestrial world. But America 

scored a hole in one: Previous U.S. attempts to 
hard land or orbit were literally hit-and-miss, 

but Surveyor touched down safely on the 
first try. (Surveyor 2 smashed down sev-

eral months later.) That was more luck 
than the Russians had. Despite achiev-

ing the first Moon impact in 1959, 
the Soviet Union failed on its other 

16 attempts prior to 1966. And 
while Luna 9’s companion orbiter 
— the Moon’s first artificial satel-
lite entered orbit in April of ’66 
— stoked fears of a red Moon, 
America’s Surveyor landing was 
a thrilling success. The spacecraft 
beamed back breathtaking televi-
sion photos of the mare surface, 

showing strange rocks and lunar 
regolith. For six months, Surveyor 

continued to send temperature and 
other data vital to future Apollo land-

ings. Humanity would soon repeat the 
adventure dozens of times — including 

six missions ferrying human explorers. 
ASTRONOMY: ROEN KELLY AND ERIC BETZ; AFTER NATIONAL SPACE 

SCIENCE DATA CENTER, NASA GODDARD SPACE FLIGHT CENTER

LUNAR LANDINGS 50 YEARS AGO

BRIEFCASE

COOL EARLY EARTH
Sedimentary rock laid down in 

Earth’s early history suggests that 
our planet’s oceans were cool when 
it was younger, not hot as scientists 
previously thought. In the February 
issue of Science Advances, research-
ers describe certain clay-rich rocks 
and gypsum that formed 3.5 billion 

years ago, in cold water near the 
freezing point. They further explain 

that older samples indicating hot 
early oceans were affected by 

hydrothermal vents, for which they 
also discovered evidence.•

CLOUD MAPPING
Astronomers mapped clouds on  
an exoplanet called 2M1207b by 

measuring how its brightness 
changed while it rotated. They used 
the Hubble Space Telescope to take 

160 images over about 10 hours, 
almost a full rotational day for the 

exoplanet, and published their find-
ings February 18 in The Astrophysical 

Journal. This is the first time 
researchers have performed such 

measurements with direct imaging. 
2M1207b rotates about as quickly as 
Jupiter but is four times as massive, 

and it circles a failed star called a 
brown dwarf.•

FRAGILE ASTEROIDS
Most near-Earth objects (NEOs) 

originate in the main asteroid belt 
between Mars and Jupiter, then 

swoop closer in. Astronomers mod-
eling these NEOs found there 

should be many more than current 
surveys indicate — but then real-

ized the problem was not how 
many asteroids become NEOs, but 

how NEOs are destroyed. In the 
February 18 issue of Nature, the 
researchers argue that asteroids 

tend to break up when they spend 
too much time within about 10 solar 

diameters of the Sun — with no 
actual collisions required.  

— Korey Haynes

HIDDEN GALAXIES. This artist’s impression shows the 
Milky Way and the galaxies discovered in the recent survey 
using the Parkes radio telescope. Images of the galaxies are 
from a variety of sources, but their positions are correct. ICRAR

793,000 
years ago 

Time frame when  
multiple impactors 

struck Earth with  
global consequences, 

according to new 
research on rocks  

from Australia and 
Central America. 
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Fast radio bursts (FRBs) are rare — 
only 17 have ever been observed — 
and as their name implies, they are 
powerful but last only milliseconds. 
Scientists have found most of them 
buried in data well after their radio 
waves actually strike a telescope dish. 

This has limited researchers’ 
ability to perform any follow-up 
observations and left the FRBs’ ori-
gins a mystery. But on April 18, 2015, 
an FRB struck Australia’s Parkes radio 
telescope, which is part of the Survey 
for Pulsars and Extragalactic Radio 
Bursts (SUPERB).

The project alerted numerous 
other radio telescopes to follow up 
with the FRB, pinpointing its position 
in the sky while its afterglow faded 
over the next six days. Once they 
knew where to look, astronomers 
turned the Subaru telescope in 
Hawaii to the FRB’s location, and 
revealed an elliptical galaxy 6 billion 
light-years away as the source.

The shape of an FRB’s signal also 
can tell astronomers how much 
material their radio waves passed 
through on their journey. By combin-
ing that information for the first time 
with a specific origin, astronomers 
could compare the material “mea-
sured” by the FRB to cosmological 
models. Current models put the 

universe at roughly 69 percent dark 
energy, 26 percent dark matter, and 
only 5 percent “ordinary” matter — 
but half of even this ordinary matter 
remains unseen by most surveys, and 
this is known as the “missing matter” 
problem. “The good news is our 

observations and the model match. 
We have found the missing matter,” 
says Evan Keane, a project scientist 
at the Square Kilometer Array and 
lead scientist on the study, which 
was published in Nature on 
February 25. — K. H.

QUICK TAKES

FIRST FREE FALL
LISA Pathfinder, the 

European Space Agency’s 
space-based tech demon-

strator for detecting gravita-
tional waves, achieved free 

fall for its gold-platinum test 
masses in February. The 
move shows the force of 

gravity can be isolated as the 
spacecraft maneuvers 

around the test masses. 

•
PLANET SLEUTHS

Amateur astronomers found 
a new planet in the Hyades 

star cluster by searching 
public Kepler data, and then 

they got McDonald 
Observatory astronomers to 

confirm it. The Neptune-
sized world, K2–25b, is one of 
the largest known around a 

red dwarf star. 

•
DIM DETECTOR 

Charged injection devices, a 
new kind of camera, can cap-

ture light from bright and 
dim objects in one image. 

The technique cuts off bright 
pixels while allowing dimmer 

ones to continue collecting 
photons. The approach could 

revolutionize exoplanet 
imaging. 

•
R.I.P. PHILAE

Silent since July 9, 2015,  
the European Space 

Agency’s Philae lander was 
finally pronounced dead on 

Comet 67P/Churyumov-
Gerasimenko on February 12. 
Despite its tumbled landing 

that blocked solar power, 
Philae still successfully fin-
ished most of its scientific 

goals. 

•
THE LIGHT STUFF

A new study published in 
Science Advances shows that 
Earth’s core contains more 

light elements like hydrogen, 
sulfur, and silicon than previ-
ously thought. The research 

suggests these elements 
make up some 5 to 10 per-

cent of our planet’s innards.

•
SHAPE SHIFTING

Earth’s Van Allen Belts — 
electron swarms stretching 

far from our planet — might 
take a different shape than 
previously thought, accord-

ing to new work in the 
Journal of Geophysical 

Research. The shape is vital 
knowledge for protecting 
earthly technology from 

solar storms. — E. B.

X-RAY SUCCESS. Japan’s new orbiting X-ray observatory Hitomi, or “eye,” successfully launched in February and 
began instrument tests and calibrations. Once complete, Hitomi will begin observing black holes and galaxy clusters. 

Fast radio burst reveals missing matter

Olympus Mons is our solar system’s reigning king of 
volcanoes. It dwarfs Mount Everest in height and 
dominates an area the size of Arizona. The 
stratovolcano is so large that, given 
past performance, it would take NASA’s 
Opportunity rover more than 500 years 
to drive around it. 

But Olympus Mons is just one peak in 
a larger region known as the Tharsis 
Bulge. The plateau also packs Arsia 
Mons, Pavonis Mons, and Ascraeus Mons. 
Mars’ diminutive size deprived it of tec-
tonic plates, so the lava below Tharsis 
just kept pushing its way up in one place 
over vast geologic timescales.

A new study published online in 
Nature March 2 models the emergence 
of the Tharsis Bulge along with ancient 
martian climate. The French-led research 
rewrites the first billion years of Mars’ history. The scien-
tists show that, as this region emerged more than 3.7 bil-
lion years ago, the movement of mass and the eruption 
of gases forever changed Mars. 

The new work concludes that Tharsis formed later and 
took longer than previously suggested. 

The scientists also say it was these volcanoes that 
fueled martian precipitation with their water-rich gases 

and propped up the Red Planet’s early atmosphere. But by 
the time the Tharsis volcanoes exhaled their last breath, 
the bulge held as much mass as the dwarf planet Ceres. 

Tharsis had grown so big that it changed the planet’s 
rotation, and the once-wet region shifted south from the 
pole toward its present position at the equator. With the 
volcanic gases exhausted, Mars was left with a long, dry 
winter that continues through to this day. — Eric Betz 

Tharsis volcanoes 
made Mars tip over 

FOLLOWING UP. The images on the right show successive zooms of the Parkes radio 
telescope field (left) that found the fast radio burst (FRB). The bottom-right image shows 
the follow-up observation by the Subaru telescope. D. KAPLAN (UWM)/E. F. KEANE (SKAO)

BULGING OUT. Olympus Mons 
and its neighbors on the Tharsis 
Bulge rose out of the martian sur-
face 3.7 billion years ago, altering 
the Red Planet’s rotation and push-
ing regions near the poles toward 
the equator. NASA/WIKIMEDIA COMMONS; NASA/

JPL-CALTECH /ASU – JMARS
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I picked up a copy of John 
Horgan’s The End of 
Science the other day. 
Horgan is a good writer 
with impressive rhetorical 

skill, but the book itself is a 
travesty. Horgan is a true 
believer that we have reached 
the end of what science can tell 
us, leaving him keenly attuned 
to things that might support 
his faith, but deaf to things 
that do not.

What I saw in Horgan’s 
prose more than anything was 
a mixture of hubris and failed 
imagination. The future of 
science will, without question, 
be different from its past. But 
Horgan seems convinced that 
because he, personally, cannot 
envision what that future will 
be, it must be a dead end.

From where I sit, things 
look different. Last month, I 
wrote about tiers of scientific 
thought. From observation, to 
catalogs and categorization, 
to predictive description, to 
explanation and a search for 
mechanism and physical law, 
science has come a long way. 
But while science continues to 
delve aggressively into the fun-
damental nature of reality, the 
last century and a half has also 
seen something different.

Rather than looking for 
new physical laws or testing 
ever more esoteric theoretical 
predictions of those laws, sci-
entists are increasingly asking 
a different sort of question: 
“Once you know the rules and 
the way pieces move, how does 
the game unfold?”

For want of something bet-
ter, I’ll call this kind of science 
the “science of process.” 

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

Not the end of 
science

I need to be clear that I 
am not talking about process 
in the way an engineer does. 
Engineers begin with a goal, 
and then design processes to 
accomplish that end. To an 
engineer, process is inherently 
teleological, meaning it embod-
ies the last of Aristotle’s four 
causes: purpose.

But the science of process has 
nothing to do with Aristotle’s 
philosophy. Purpose is super-
fluous. Instead, the science 
of process asks what happens 
when you throw all of our 
observations, descriptions, and 
physical laws into a pot and put 
it on to boil.

Looking forward in time, the 
science of process asks, “Given 
the way things work, what will 
happen next?” Looking back 
into the past it asks, “Given the 
way things work, how did we 
get here?”

Once recognized, the emer-
gence of the science of process 
is not difficult to see. A century 
ago, cutting-edge astronomy 
meant classifying stars and gal-
axies and discovering the sizes 
of things. In sharp contrast, 
astronomy today looks at the 
process of star formation and 
evolution, the process of galaxy 
and structure formation, and 
even the processes that gave rise 
to physical law itself.

Astronomy is hardly alone. 
Modern geology and planetary 
science are built on processes 
such as tectonism, volcanism, 
impacts, and gradation. Medical 
research talks less of organs and 
their function, and more about 
processes and their interactions. 
The exploding field of brain sci-
ence looks at learning, memory, 

behavior, and even conscious-
ness, not as things or patterns 
or events, but as processes. And 
then there is biology. Absent the 
process of evolution, biology 
vanishes as a modern science.

The science of process relies 
on Newton, Einstein, and Bohr, 
but it takes a very different 
approach. For one thing, nature 
doesn’t respect boundaries 
between academic disciplines, 
so neither can the science of 
process. The science of process 
isn’t looking for that one equa-
tion that explains everything. 
Instead it looks at the emergence 
of complexity from underlying 
simplicity, and at the emer-
gence of pattern and order from 
underlying complexity.

That’s a very different ball-
game than measuring this 
number to test that prediction. 
Destructive testing of ideas 
remains paramount. But we 
have to carefully rethink what 
kinds of questions can and 
cannot be answered, and what 
those answers might look like.

The science of process draws 
on a host of new experimental, 
observational, methodological, 
and theoretical tools. There 
are technologies like the fMRI, 
which allows us to watch the 
brain as it formulates thoughts. 
Blindingly fast computers allow 

us to handle huge amounts 
of data and watch processes 
play themselves out in virtual 
universes of ones and zeros. 
Nonlinear dynamics and the 
mathematics of complexity 
weren’t yet part of the cur-
riculum when I got my Ph.D. 
The term fractal wasn’t even 
invented until my senior year 
in high school.

Things get messy when sci-
ence reinvents itself. It’s the 
Wild West. Nobody owns a 
crystal ball. Maybe one of the 
reasons it is so difficult for a 
science journalist to recognize 
and appreciate the change tak-
ing place is that the scientists 
who are remaking their fields 
don’t really understand the 
impact yet either. 

The science of process is 
tackling problems that hold 
the promise of revolutioniz-
ing our understanding of the 
cosmos, of our world, and of 
ourselves. In retrospect, each 
new tier of scientific thought 
has brought with it changes 
even more profound than the 
one before. I doubt that this 
one will disappoint.  

The emerging science 
of process

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

Astronomers have come a long way from the days of simply categorizing different 
kinds of galaxies. Now, they use observations combined with detailed models to 
understand how galaxies like our own Milky Way evolved over billions of years from 
indistinct blobs to complex spirals. 

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

Follow his thoughts at  
jeff-hester.com.
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EMPTY SPACE. Galaxies exist in long filaments separated by vast voids. 
But new work shows these voids may hold one-fifth of all normal matter.

On February 6, a room-sized meteorite (16 to 
23 feet, or 5 to 7 meters) burned up over the 
Atlantic Ocean, exploding with an energy equiva-
lent to 13,000 tons of TNT — and yet it took weeks 
for anyone to notice. 

U.S. government sensors picked up the event 
and reported it to NASA, though exactly how it 
was detected was not disclosed. And since no one 
reported seeing the blast or was able to recover 
fragments (any shards that survived are likely at 
the bottom of the ocean), we don’t know much 
more about it. 

The rough size of the meteorite can be esti-
mated based on the energy of its explosion and by 
assuming it comprised the same materials as the 
much larger meteorite that exploded over 
Chelyabinsk, Russia, in February 2013. That blast 
released 34 times more energy. — K. H.

Surprise meteorite strike

Mapping the cold Milky Way 

FAST 
FACT

LUNAR DRIVING DISTANCE RECORDS

The four NASA lunar rovers — three  
used on the Apollo missions and one for 
spare parts — cost a total of $38 million. 

ROAD TRIP. Three different countries have explored the Moon using roving vehicles, though only NASA 
also had humans on the surface to drive them. ASTRONOMY: ROEN KELLY AND KOREY HAYNES

DUST MAP. The Atacama Pathfinder EXperiment (APEX) telescope in Chile views the sky at millimeter wave-
lengths, longer than infrared and shorter than radio waves. This light comes mostly from cold gas, the kind that 
will eventually condense and collapse to form new stars. From 2008 to 2010, APEX mapped the Milky Way, and 
scientists have finished combining the data to form a breathtakingly detailed picture of our galaxy’s cold clouds 
where the next generations of stars will form. — K. H. ESO/APEX/ATLASGAL CONSORTIUM/NASA/GLIMPSE CONSORTIUM/ESA/PLANCK

B: ESO/APEX/ATLASGAL CONSORTIUM/NASA/GLIMPSE CONSORTIUM/ESA/PLANCK/VVV SURVEY/D. MINNITI/S. GUISARD/ACKNOWLEDGEMENT: IGNACIO TOLEDO, MARTIN KORNMESSER

BIG SPLASH. The meteorite exploded some 
1,000 miles (1,600 kilometers) off the coast of Brazil 
over the Atlantic Ocean. ASTRONOMY: ROEN KELLY
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Imagine going to your 
public library to check out 
a telescope. Not a book 
on telescopes — an actual 
telescope! One of the most 

exciting things in amateur 
astronomy is how a club in 
New England started a library 
telescope-loaning program 
that is catching on in commu-
nities around the country.

It all began in 2008 with a 
$200 donation from a library 
for which the New Hampshire 
Astronomical Society (NHAS) 
had conducted a public observ-
ing session. Since the club is a 
nonprofit, member Marc 
Stowbridge used the money to 
buy a loanable telescope for 
neighborhood libraries. He 
chose the library over the local 
schools because the former is 
in the business of lending out 
material and is open all year.

After gaining approval from 
the NHAS Board of Directors, 
Stowbridge went to work 
deciding on an appropriate 
scope. It had to be inexpensive, 
capable, portable, user-friendly, 
and sturdy. He ultimately 
selected the StarBlast 4.5 
Equatorial Reflector Telescope, 
a 4.5-inch reflector from Orion 
Telescopes and Binoculars.

To avoid tampering, inten-
tional or otherwise, Stowbridge 
modified the scope’s mirror 
cell so it couldn’t be moved. 
And because users might lose 
eyepieces, he installed a zoom 
eyepiece secured with set 
screws. As he notes, “The 
NHAS looked at everything 
people fiddle with and unfid-
dled them.”

To supplement the telescope, 
NHAS members reworked the 
instruction guide into a spiral-
bound booklet of laminated 

index cards and placed it in a 
zippered pouch that included a 
red flashlight (later replaced 
with a headlamp), Orion’s 
LensPen Mini Pro (to clean the 
optics), and a copy of the 
Audubon Society’s Pocket 
Guide to Constellations of the 
Northern Skies.

Even under ideal conditions, 
however, a telescope will need 
some care. Wherever possible, 
Stowbridge assigned a volun-
teer caretaker to each StarBlast, 
usually from the NHAS ranks. 
This “foster parent” provides 
routine maintenance and 
serves as a local astronomy 
resource to the library.

The club placed two tele-
scopes in 2008, and 10 more 
the following year. In 2010, the 
program gained momentum 
when, at the annual Northeast 
Astronomy Forum (NEAF), 
Stowbridge described the 
Library Telescope Program 
(LTP) to Craig Weatherwax, 
CEO of Oceanside Photo and 
Telescope. Intrigued, 
Weatherwax shared the infor-
mation with other dealers.

At NEAF 2011, Stowbridge 
reconnected with Weatherwax. 
The next month, Weatherwax 
notified Stowbridge that the 
NHAS would receive the pro-
ceeds from the Southern 
California Astronomy 
Exposition raffle. That event 
netted the club $8,000 and led 
to acquiring 25 StarBlast 
scopes and the extra gear 
required for the modifications.

In 2012, the NHAS gained an 
extra $2,500 as the recipient of 
Astronomy’s Out-of-this-World 
award, which honored the best 
outreach programs. Thanks to 
such donations, contributions 
from NHAS members, and 

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

Check this out
Telescopes are available for your use.

library purchases, the NHAS 
LTP grew exponentially. 
Stowbridge estimates that, as of 
the end of 2015, telescopes are 
accessible in more than 100 
libraries across New Hampshire.

For a firsthand look at an 
LTP package, I visited the 
Wadleigh Memorial Library in 
Milford. I found the StarBlast 
prominently displayed on a win-
dowsill. Despite the high usage, 
the scope worked smoothly. Not 
only were the zoom eyepiece 
and mirror cell fixed, club mem-
bers had secured all lens caps to 
the telescope body with mitten 
strings. All in all, the LTP pack-
age is one I wish had been avail-
able at my library when I was 
starting out in astronomy.

The NHAS LTP has become 
the blueprint for similar pro-
grams around the country, 

including those maintained by 
the Kalamazoo Astronomical 
Society in Michigan, the  
St. Louis Astronomical Society, 
the NorthWest Florida 
Astronomy Association, and 
the Aldrich Astronomical 
Society near Worcester, 
Massachusetts. The LTP also 
has support from the 
Cornerstones of Science (www.
cornerstonesofscience.org).

If you’d like to establish an 
LTP, refer to the NHAS website 
(nhastro.com/ltp.php), where 
you’ll find how-to videos, 
directions for modifying the 
StarBlast, and a copy of the 
restructured user’s manual.

Questions, comments, or 
suggestions? Email me at 
gchaple@hotmail.com. Next 
month, we play the Harp.  
Clear skies! 

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

The primary instrument of the 
Library Telescope Program is 
the 4.5-inch StarBlast reflector 
made by Orion Telescopes and 
Binoculars. IMAGE COURTESY ORION 

TELESCOPES AND BINOCULARS
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SUPERMASSIVE 

4 million solar masses
15 million miles (24 million km)

4.7 Earths across

STELLAR MASS
10 solar masses
37 miles (60km)

17 Suns across

INTERMEDIATE MASS 
10,000 solar masses

Up to 37,000 miles (60,000km)

Rhode 
Island
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WFIRST GREENLIGHT. In February, NASA officially started work on a wide-eyed follow-up to the James Webb 
Space Telescope. WFIRST will explore the universe in infrared, looking at dark matter, dark energy, and other Earths. 

Astrobabble 
From asterisms to Thorne-Żytkow objects, 

we turn gibberish into English. 

Vol·ant·ids 
Earth’s newest meteor 
shower appeared for the 
first time last New Year’s 
Eve, streaming from the 
southern constellation 
Volans, the flying fish. 
Astronomers in New 
Zealand used dozens of 
cameras to track trajecto-
ries for 23 meteors that 
were also visible with the 
naked eye. 

In·fra·red  
ca·tas·tro·phe 
The sharp drop-off in 
brightness that supernova 
studies predict should 
happen 500 days after a 
star explodes. New 
research shows this 
never-actually-observed 
phenomenon is thwarted 
by radioactive elements 
that let type Ia superno-
vae shine on for years. 

Boost·back burn 
When the first stage of 
SpaceX’s Falcon 9 rocket 
begins its return to Earth, 
the engines light, starting 
a trajectory toward an 
autonomous drone ship. 
Grid fins and additional 
engine burns help steer it 
into position. 

Dark black hole  >>
Astronomers are blind to 
some 100 million dormant 
Milky Way black holes that 
don’t emit much observ-
able light. But a new radio 
telescope search still spot-
ted one by watching gas 
race around an object 
100,000 times more mas-
sive than the Sun. This 
new middleweight monster 
sits just 200 light-years 
from our galactic center. 
— Eric Betz,  
jargon@astronomy.com

IN-BETWEENER. Astronomers know of only a few handfuls of black holes in the Milky Way — the ones 
that give themselves away by feeding on accretion disks. In the coming years, that sample size will grow 
exponentially, likely revealing for the first time “dark” black holes with intermediate sizes. ASTRONOMY: ROEN KELLY

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.

domesales@astrohaven.com
949.215.3777  www.astrohaven.com

Keeping it “Beautifully” Simple
Almost Zero Installation... Takes hours not months 
Almost Zero Add-Ons... Robotic right out of the box 
Almost Zero Installation... Takes hours not months 
Almost Zero Add-Ons... Robotic right out of the box 
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MOON VILLAGE. In late February, the head of the European Space Agency announced plans for a permanent 
Moon base to follow the International Space Station. So far, few other details exist.

Starting with the announcement on 
February 11 that scientists had detected 
gravitational waves for the first time, a 
flurry of related studies have appeared as 
researchers around the world joined in the 
gravitational wave craze.

The Laser Interferometer Gravitational-
wave Observatory (LIGO) detected the signal 
of two colliding black holes September 14, 
2015. And while the LIGO team was hard at 
work verifying the signal and writing up the 
paper, it also reached out to other observato-
ries in search of corroborating evidence. 

Some of LIGO’s potential gravitational 
wave sources include collisions between 
neutron stars (the dense cores of stars after 
their ordinary lives end as supernovae) 
or between neutron stars and black holes. 
These events should give off gamma-ray 
bursts followed by afterglow across the 
spectrum that fades on the order of hours to 
days. In order to track these events, follow-
up observations are built into the LIGO 
process; in fact, LIGO tested such follow-up 
searches during the initial science run in 
2009 for a handful of detections that proved 
insignificant. 

In all, 74 partners signed up with LIGO, 
encompassing both ground- and space-
based observatories. Whenever LIGO 
sees a detection — even before it has been 
verified — these observatories coordinate 
to search the skies for potential electro-
magnetic matches to a gravitational wave 
event. But they have to search a lot of sky. 
With only two stations, in Louisiana and 

Washington state, LIGO can identify the 
general direction of a source by which sta-
tion first detects it, but it can’t point to a 
precise position.

Theoretically, two colliding black holes, 
the source of LIGO’s only known detection 
so far, should not emit any electromag-
netic radiation. And 24 of 25 teams that 
responded to LIGO’s call reported no suspi-
cious detections. Yet the Fermi Gamma-ray 
Space Telescope may have spotted some-
thing, flying in the face of theory. It caught 
a weak gamma-ray burst less than half a 
second after LIGO intercepted the gravita-
tional waves, and in the right direction. A 
fellow gamma-ray observatory, INTEGRAL, 
could not verify Fermi’s detection, but given 
the burst’s weakness and the differences 
between the two telescopes, this does not 
mean Fermi’s sighting is unreal. 

But if colliding black holes don’t give 
off electromagnetic radiation, then what 
did Fermi see? Avi Loeb, an astronomer 
at Harvard University, suggested in a 
paper published in the March 10 issue of 
The Astrophysical Journal Letters that the 
answer might go beyond just two black holes 

crashing together. He posits a single massive 
star — more than 100 times the Sun’s mass 
— that collapsed in a supernova event into 
a dumbbell shape, forming two black holes 
separated by only 1,200 miles (2,000 kilome-
ters), which then quickly smashed together. 
Furthermore, astronomers think that a com-
mon way to form such enormous stars is to 
merge two smaller suns, meaning the joint 
Fermi-LIGO detection — if real — might 
indicate a chain of cosmic collisions. 

Until LIGO detects more events, and 
until it can better pinpoint the locations 
for its observing partners, some details 
of gravitational wave origins will likely 
remain a mystery. But help is on the way 
from similar gravitational wave observa-
tories across the world: Virgo in Italy will 
begin a testing phase later this year, and 
KAGRA in Japan should be completed in 
2018. LIGO India was approved February 
17 and could be online as soon as 2023. 
Every additional station will better enable 
the LIGO collaboration to dig smaller 
signals out of the noise, and to zero in on 
their origins. The era of gravitational wave 
astronomy is just beginning. — K. H.

GRAVITATIONAL WAVES — 
SEEN AND HEARD?

16 ASTRONOMY  •  JUNE 2016

COSMIC COLLISION. This simulation of two 
colliding black holes shows the black holes near 
center and the gravitational waves in vibrant colors, 
though no visible light should be emitted. 

SEARCHING THE SKY. Observatories searched the spectrum from gamma rays to radio waves for electro-
magnetic signals to match LIGO’s gravitational wave event. LIGO narrowed the source’s origins to within the 
black contours, and partner observatories (radio searches in red, optical in green, X-ray in blue, and all-sky 
gamma ray searches not shown here) searched the area in a patchwork collaboration. ABBOTT ET AL., 2016
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FIVE QUESTIONS WITH JOE TAYLOR 
LIGO rocked the scientific world by detecting gravi-
tational waves — a phenomenon chased by astrono-
mers since the 1960s. However, LIGO isn’t the first 
real-world evidence for gravitational waves. 

Astronomer Joseph Taylor claimed that prize 
back in 1978, when he showed a pair of pulsars — 
rapidly spinning neutron stars — was spiraling in 
toward each other, emitting gravitational radiation. 
These pulsars are dense stellar corpses with masses 

larger than the Sun, packed into a sphere the size of 
New York City. 

That find earned Taylor a ticket to Stockholm with 
his former graduate student Russell Hulse. The pair 
won the 1993 Nobel Prize in physics. Their binary 
pulsar, designated PSR B1913+16, was a crucial test of 
general relativity because its tightening orbit allowed 
them to measure how much energy was leaking out 
in the form of invisible gravitational waves. 

Q: Pulsars are now relatively 
well-known astrophysical 
phenomena, but they were 
exotic when you started 
your career. Can you take 
us back to what it was like 
in the late 1960s and ’70s 
when pulsars were first 
being discovered? 
A: The announcement of 
the discovery of pulsars in 
February 1968 was a big sur-
prise. It was a major departure 
in that the type of signal was 
something that varies rapidly. 
Radio astronomy was young at 
the time anyway, but all of the 
known sources were essentially 
constant in amplitude. 

It’s fair to say that radio 
astronomers everywhere  
were at first skeptical and  
then wanted to do what they 
could to follow up on the  
original observations made  
in Cambridge, England. I had 
just passed my final oral 
examination as a Ph.D. stu-
dent, and I was hired on as a 
postdoctoral fellow at Harvard 
Observatory with more or less 
a blank slate to work on what-
ever I wanted to.

Q: Was it immediately 
obvious that PSR B1913+16 
was a binary pulsar when 
you found it in your survey 
at the Arecibo Observatory 
several years later? 
A: Immediately we thought it 
must be not be a pulsar at all; 
it must be interference because 
its period is not constant and 
all the rest of them were very 
constant. It turned out to be 

pretty easy to show it was not 
interference because if we 
turned the antenna by a little 
bit, the signal would go away. 
So, it was coming from the 
sky and it clearly had many 
of the signals of a pulsar, but 
it was faster than almost any 
pulsar at the time. The only 
one faster was the one in the 
Crab Nebula, so it was of spe-
cial interest for that reason, 
but it was of particular interest 
because its period changed. 

After several weeks, we knew 
we had found a pulsar orbiting 
another star. It was clear that 
you could calculate the velocity; 
it was about one-tenth of 1 per-
cent the speed of light. So, it 
was a relativistic system. 

Q: What did this pulsar 
system ultimately teach us 
about relativity? 
A: What turned out to be the 
most important prediction is 
that a system like this should 
lose energy gradually in the 
form of gravitational waves. 
Those waves should be carry-
ing away orbital energy and 
orbital momentum, and the 
orbit should gradually evolve. 

Q: What was the state of 
gravitational wave research 
at the time? Had other 
attempts like this been done? 
A: No. It was a very different 
environment at the time. It 
wasn’t even by any means an 
agreed-upon conclusion that 
general relativity necessarily 
accommodates gravitational 
radiation. Even Einstein had 

some doubts about that over his 
life. There were several papers 
published in the teens — 1916, 
1918 — describing gravitational 
radiation as a part of relativity 
theory, but in the 1930s, even 
Einstein had doubts. 

Q: So, even by the 1970s, it 
wasn’t clear that gravita-
tional waves should exist? 
A: I think the weight of 
opinion in physics was that 
gravitational radiation is a phe-
nomenon that almost certainly 
exists, but that it is going to be 
very hard to detect, if ever. Of 
course, it’s hard to predict what 
technology changes there are 
going to be. 

But at the level of technology 
in the ’50s or ’60s — maybe 
even the ’70s — there was no 

way to see how that kind of 
thing could be detected. 

That’s the time when Joseph 
Weber started experimentally 
putting together an apparatus 
that he hoped might enable 
him to do this. So, there was 
serious interest, but some skep-
ticism about whether or not it 
would be possible. 

And there was still some 
theoretical skepticism about 
whether we correctly under-
stood what the complicated 
non-linear theory of relativity 
predicts. There were serious 
papers being published ques-
tioning whether gravitational 
waves should exist. 

Editor’s note: This interview 
has been edited for clarity and 
space.
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STELLAR CORPSE. Pulsars rotate so fast that even a “mountain” rising centime-
ters from the surface could create gravitational waves that astronomers might soon 
be able to detect on Earth. ASTRONOMY: ROEN KELLY
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Part of the wonder of 
backyard observing 
is that we, with our 
modest telescopes, 
can probe deeply 

into the universe. And by 
pushing the limits of those 
instruments, we can edge ever 
closer to the beginning of time 
— not as close as Hubble, but 
close nevertheless.

In the June night sky after 
sunset, two quasars, one much 
more distant than the other, 
culminate for visual observers. 
Quasars are the universe’s 
most luminous objects. They 
represent the blazing cores of 
early galaxies whose tremen-
dous light output (each is bil-
lions of times more luminous 
than our Sun) comes from gas 
falling into a supermassive 
black hole.

As the gas spirals inward, it 
unleashes a tsunami of raw 
energy into space. So powerful 
are quasars that, despite their 
vast distances (billions of light-
years), we amateur astrono-
mers can spot the brightest 
ones through even modest 
telescopes.

Let’s explore these two pow-
erhouses of light. The first qua-
sar astronomers designated as 
3C 273 because it’s the 273rd 
entry in the Third Cambridge 
Catalogue of Radio Sources. 
This object is the nearest and 
brightest of these super-energy 
sources. It radiates with a lumi-
nosity equal to 2 trillion Suns!

When at its brightest, 3C 
273 can shine at a respectable 
magnitude 11.7, the brightness 
of Saturn’s moon Enceladus; 
when faintest, it glows at mag-
nitude 13.2, only about 0.5 
magnitude brighter than Pluto 
at opposition. The quasar lies 
about 2.5° from the magnitude 
5.0 star 16 Virginis.

The other quasar I want to 
mention is from the Palomar-
Green Bright Quasar Survey. 
Usually designated PG 
1634+706, it may be the most 
distant object visible through 
an amateur telescope. It has a 
redshift of 1.337, which means 
its light has been traveling 
some 8.8 billion years to reach 
us. That works out to a dis-
tance nearly halfway to the 
beginning of time.

SECRETSKY

Halfway to the 
edge

Astronomers classify PG 
1634+706 as a hyperluminous 
infrared galaxy, one of the 
intrinsically brightest objects 
in the sky. When it reaches 
maximum, it shines at magni-
tude 14.24. At its faintest, the 
galaxy dips to magnitude 14.7, 
making it a decent challenge 
for trained visual observers 

using at least a 10-inch tele-
scope under a dark sky.

PG 1634+706 was brightest 
around the year 2000, but is 
now nearing its dimmest. 
Luckily, PG 1634+706 lies in a 
fine field, being only about 7' 
southwest of a pair of 8th- 
magnitude stars. Furthermore, 
this pair lies about 2° north-
northeast of the magnitude 5.0 
star 15 Draconis, now culmi-
nating in the north.

Despite my suggested aper-
tures above, I hate to put a size 
limit on what telescope is 
needed to see these quasars 
(especially PG 1634+706). I 
never want to scare off keen-
eyed observers who would get a 
thrill from snagging this object 
through smaller-than-expected 
apertures. So fear not and test 
the limits of your vision. As 
always, let me know how you 
do at sjomeara@gmail.com. 

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

You can view an amazingly distant 
object this month.

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

Use these finder charts to zero in on the two quasars. ASTRONOMY: RICHARD TALCOTT AND ROEN KELLY

FROM OUR INBOX
Spectacular
WOW! I just received my March issue of Astronomy magazine. 
The graphic cover image of our universe is spectacular. Great 
illustration and perspective by Don Dixon. — John White, 
Martinez, Georgia

Cosmic wonders
Thanks to Stephen James O’Meara for his fine column “The face 
of beauty?” — p. 22, February 2016. I have five of his Deep-Sky 
Companions books and follow his articles with great interest.

As a retired symphony orchestra musician and now keen 
visual astronomer, I can strongly relate to the aesthetic elements 
in his article, where I can easily move between musical and cos-
mic wonders.

Only last evening I was being seduced by the Orion Nebula 
(M42) via my short 6-inch refractor and binoviewer — yes, the 
wonder and beauty in all that swirling chaos! Having had the 
privilege of performing the great musical works, I find that 
Josef Strauss’ “Music of the Spheres” still has a special ethereal 
resonance every time I hear it.

I must investigate the novel Orfeo, which sounds like my sort 
of read. I suppose that striving for concord amongst life’s dis-
sonance is an essential quest for us.

Perhaps I’m a 19th-century astronomer at heart, just outside 
absorbing the wonder of the Music of the Spheres! 
— Greg Blackman, Adelaide, Australia 

Correction
In the February 2016 issue’s “Land of mystery and enchant-
ment,” p. 35, we misspelled David Blewitt. It should be David 
Blewett. — Astronomy Editors
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THAT’S A LOT OF DUST!
HUNGRY, HUNGRY PLANET. An average of 
60 tons of meteoritic dust fall to Earth each day,  
equal to the weight of 40 hippos. Over the past 
billion years, this fallout has accounted for 2 trillion 
tons of material — about one three-hundred-
millionth of Earth’s mass. ASTRONOMY: ROEN KELLY

FAST 
FACT

On any clear night  
from a dark site, you 

can see six meteors per 
hour not associated 

with any shower.

Surprises from Pluto’s moon Charon continue 
to amaze the New Horizons team. Images from 
the July 2015 flyby reveal suggestive features 
on Charon that tease planetary scientists with 
the possibility that an ancient liquid ocean 
once sat below the surface. 

The side of Charon exposed to New 
Horizons during the flyby is marked by tectonic 
faults that show up in ridges, scarps, and val-
leys. Some of the valleys are more than 4 miles 
(6.5 kilometers) deep. Charon’s surface shows 
that it has undergone expansion in the past, 
stretching the landscape and marking it with 
these telltale features. 

Charon’s outer coat is primarily water ice, 
and when the moon was young, this ice was 
warmed by radioactive decay and the moon’s 
internal heat. Scientists believe that Charon 
may have once been warm enough to melt 
deeply embedded ice into a potential subsur-
face ocean. As the moon cooled, such an ocean 
would have refrozen and caused the cracking 
and faulting visible on Charon’s surface today. 
— David J. Eicher 

Did Charon once harbor an ocean? 
POISON PLANET. Hubble detected the first-ever gases in a super-Earth atmosphere. The planet 55 Cancri e packs eight 
Earth-masses. The space telescope saw hydrogen and helium, as well as poisonous hydrogen cyanide, but no water vapor. 

As scientists continue to explore the 
treasure-trove of data returned by the 
New Horizons spacecraft, Pluto continues to 
surprise. Nitrogen ice glaciers on Pluto appear 
to carry numerous isolated hills that are float-
ing on top of the nitrogen ice. The hills are 
made of water ice, and the water’s lower den-
sity allows them to float. 

The hills lie in the vast, icy plain informally 
named Sputnik Planum, within the distinctive, 
light “heart” on the dwarf planet’s surface. 
Chains of these drifting hills have formed 
along the paths where the hills float, as if con-
centrated by a glacier. When the hills slide 

onto the cellular terrain of the central Sputnik 
Planum, they are bunched into the edges of 
the terrain cells. There, they cluster into 
groups that can span 12 miles (20 kilometers). 

The top of the accompanying image shows 
a huge aggregation of these hills in what has 
come to be called Challenger Colles by the 
New Horizons team, an area honoring the 
crew of the space shuttle Challenger. This 
region of floating hills covers 27 by 22 miles 
(43 by 35km) and lies near the boundary of 
the cellular terrain and Pluto’s uplands. 

These features are yet another in a long 
line of surprises from this icy world. — D. J. E. 

Pluto’s ‘floating hills’ of water ice

CROOKED CLUES. A close-up image of canyons on Pluto’s moon Charon reveals features that hint toward an 
ancient subsurface ocean. Imaged by the New Horizons spacecraft in 2015, tectonic features on the landscape, 
shown in both black and white and color-coded for elevation, reveal stresses that suggest warmer temperatures 
and liquid water in the past, and episodes of refreezing. NASA/JHU-APL/SWRI

ICY CARGO. Pluto’s nitrogen ice glaciers are carrying numerous isolated hills made of water ice, 
scattered across this image from the New Horizons Pluto flyby of July 2015. NASA/JHU-APL/SWRI
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In early 2016, astronomers stunned
the world by announcing the discovery 
of a very distant outer planet in the 
solar system. Here is its story, direct 
from the team leader. by Mike Brown 
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In 1820,   Alexis Bouvard, director of the 
Observatoire de Paris, noticed something funny about 
Uranus. Although the planet had been discovered only 
40 years earlier, Bouvard tracked down 130 years of 
serendipitous observations of Uranus — times when 
some astronomer charted a star that turned out to have 
been the planet instead — and used them to prove that 
Uranus traveled in a nearly circular orbit around the 
Sun. Uranus was not, then, one of those pesky comets 
that kept appearing in the sky. Rather, it was a true dis-
tant planet, like the six others known before it. 

But there was a problem. The old recordings of the 
position of Uranus were slightly off. Bouvard con-
cluded that either the old observations were in error, or 
yet another unseen planet was tugging Uranus — just 

slightly — from where it should have been. In the 
decades that followed, Uranus continued to stray from 
its path. No more excuses could be found. Something 
was out there.

Then, using Bouvard’s data, French mathematician 
Urbain Le Verrier predicted the position of Neptune. 
And German astronomer Johann Galle sighted the 
new planet on only a single night of searching. This 
was arguably the most spectacular success of classical 
celestial mechanics. With the acclaim Le Verrier 
gained for the discovery, it’s not surprising that astron-
omers quickly jumped on the idea that the new eighth 
planet might point the way to a ninth. 

By 1910, many astronomers had made conflicting 
predictions for a ninth planet, and Edward C. 
Pickering and Percival Lowell separately led unsuccess-

ful searches for what was variously called Planet O, 
Planet P, or Planet X. The predictions and searches for 
a giant planet beyond Neptune continued all the way 
until 1993, when Jet Propulsion Laboratory scientist 
Myles Standish published an update on the expected 
positions of everything in the solar system using the 
latest data obtained from careful measurements of the 
position of the Voyager spacecraft. Standish showed 
conclusively that all the planets were exactly where 
they were supposed to be. More than a century of 
searching for Planet X had been in vain. Nothing was 
out there.

But that wasn’t really the case. At nearly the exact 
moment that Planet X was being put to rest, astrono-
mers found the first new object beyond Neptune since 

the accidental dis-
covery of Pluto 
(during a search for 
Planet X). As dis-
coveries mounted, 
planetary scientists 
quickly realized 

that this population of objects in what we now call the 
Kuiper Belt is vast. To many of us who had begun to 
study this newest known collection of objects in the 
solar system, another thing became obvious: There was 
no chance that Pluto was going to be the only large 
object in the Kuiper Belt. 

By 1998, I began a large-scale survey of the sky 
from Palomar Observatory with the clear goal of 
detecting these largest objects, but also with the hope 
that perhaps — just perhaps — there was something 
new and big still to be found in whatever the next 
region was beyond the Kuiper Belt. 

Another five years later, astronomers Chad Trujillo 
and David Rabinowitz joined me in the search, and we 
quickly discovered an incredibly distant object. It was 
so far away, in fact, that we were hopeful it was the 

Caltech astronomers 
Mike Brown (left) and 
Konstantin Batygin 
beam with pride 
after the discovery 
of Planet Nine. 
LANCE HAYASHIDA/CALTECH

For anyone paying close attention to the outer solar system, it was 
1820 all over again. This time there were multiple lines of evidence 

suggesting that perhaps an undiscovered planet was out there.
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elusive new planet I had begun seeking five years ear-
lier. It wasn’t Planet X, of course, because we knew that 
nothing out there was big enough and close enough to 
perturb the orbit of Neptune, but this new object — 
designated 2003 VB12 — was the most distant object 
ever seen by humans in orbit around the Sun. We 
thought that perhaps it was a tiny, twice-Pluto-size ice 
ball in a distant circular orbit.

A new planet! Or at least what we would have called 
a planet back then. Only it wasn’t. Continued observa-
tions showed that the new object — now called Sedna 
— is only 40 percent the size of Pluto and is not on a 
circular orbit at all, but on an extremely elongated orbit 
that takes it on a 10,000-year journey around the Sun. 
Most importantly, the closest approach of Sedna’s elon-
gated orbit to the Sun — the orbital perihelion — is not 
within the Kuiper Belt at all, like it is for every single 
other Kuiper Belt object with an elongated orbit. 
Instead, it appeared to have been pulled out to 76 
astronomical units (AU) — nearly twice the average 
distance of Pluto. (One AU is the average Earth-Sun 
distance, about 92.5 million miles.) Something massive 
was, or had been, tugging on the orbit of Sedna. 

In the scientific paper announcing the existence of 
Sedna, we laid out the imagined possibilities: Maybe 
Sedna was pushed around early in the history of the 
solar system by stars that were nearby; maybe a single 
unusually close stellar encounter knocked Sedna into 
place more recently; or perhaps a yet unseen Earth-
sized planet in a circular orbit near Sedna’s perihelion 
distance was flinging objects onto distant orbits. None 
of these explanations turned out to be correct. Instead, 
Sedna was our first good clue of something else 
entirely: a much more massive, much more distant 

planet shaping the orbits of all of the most distant 
elongated Kuiper Belt objects. 

Sedna was the first good clue, but it was not the 
first actual clue. Three years earlier, one of the first 
large Kuiper Belt surveys detected an object called 
2000 CR105. This object’s orbit, too, is distant and elon-
gated and appears to have been pulled — or pushed 
— away from Neptune, though only by a small 
amount. It was such a small amount, in fact, that some 
astronomers argued that the mildly unusual orbit was 
caused simply by long-term interactions with Neptune. 
Nonetheless, Brett Gladman, now at the University of 
British Columbia, suggested that perhaps 2000 CR105 
had been pulled away from Neptune by an approxi-
mately Mars-sized planet on the fringes of the Kuiper 
Belt. Interestingly, in what was thought to be a simple 
coincidence until just this year, 2000 CR105 and Sedna 
were both being pulled in the same direction. 

In the 15 years since these early discoveries, thou-
sands of new objects have been discovered in the Kuiper 
Belt, including two with elongated orbits that appear to 
have had their perihelia, their closest approach to the 
Sun, pulled slightly away from the Kuiper Belt. Coin-
cidentally — or not — both of these were tugged in the 
same direction as 2000 CR105 and Sedna. 

In 2012, Trujillo, now at Gemini Observatory, and 
Scott Sheppard, at the Carnegie Institution, found the 
first new truly Sedna-like object, 2012 VP113. The fact 

Mike Brown is a professor of astronomy at the California 
Institute of Technology. He leads the team that discovered 
Planet Nine and also is well known for work that helped 
to “demote” Pluto to dwarf planet status. He is author 
of the book How I Killed Pluto and Why It Had It Coming. 

The six most distant 
objects in the solar 
system with orbits 
beyond Neptune 
(shown in magenta) 
all mysteriously align 
in one direction. 
When viewed in three 
dimensions, they all 
tilt nearly identically 
away from the plane 
of the solar system. 
According to the 
Caltech astronomers, 
this is evidence 
for Planet Nine’s 
existence.
CALTECH/R. HURT (IPAC)
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that it, too, was pulled in the same direction as all of 
the rest was again overlooked as mere coincidence. 
Trujillo and Sheppard did notice what they thought 
were some unusual orbital alignments, though, and, as 
was now common, suggested that a yet unseen planet 
— perhaps twice the mass of Earth and lying at a dis-
tance of 200 AU — was the natural explanation. 

At this point, Konstantin Batygin, a newly hired 
assistant professor at Caltech, and I became inter-
ested. We were pretty sure that the Trujillo and 
Sheppard suggestion wouldn’t work and quickly con-
vinced ourselves that we were right (results that were 
also reached by Meg Schwamb, working in Taiwan). 
No planet could cause the alignments that Trujillo 
and Sheppard thought they were seeing.

Looking carefully at the data, however, we became 
intrigued by these distant objects whose perihelia had 
been tugged away from the Kuiper Belt and by the fact 
that they were all coincidentally aligned. We quickly 
calculated that the probability of such an alignment 
occurring just due to chance would be only about 1 
percent, a small, but not overwhelmingly small, 
chance. I recall saying to Batygin, “This is interesting, 
but we really need one more object to be aligned to 
make it statistically convincing.”

In a seemingly unrelated analysis, Rodney Gomes 
in Brazil noticed the existence of an unusually large 
number of objects with distant orbits whose closest 
approach to the Sun had been pushed inward even 
closer than the orbit of Saturn and whose orbits were 
twisted such that they were nearly perpendicular to the 
disk of the solar system.

No one really had any viable suggestion for the ori-
gin of these peculiar objects. But Gomes had an inter-

esting hypothesis: Perhaps a distant, massive planet 
was twisting these orbits perpendicularly and pushing 
their closest approaches inward.

For anyone paying close attention to the outer solar 
system, it was 1820 all over again. Bouvard simply had 
Uranus to guide his way. This time there were multiple 
lines of evidence suggesting that perhaps an undiscov-
ered planet was out there. Just as in 1820, the size, the 
orbit, and the mass were all completely unknown, but 
the hints that something was out there seemed to be 
coming from all directions. 

Meanwhile, Batygin and I saw the new object we 
had been waiting for when, in 2014, astronomers 
reported the discovery of 2013 RF98, whose orbit is dis-
tant, elongated, and aligned nearly precisely like the 
rest. All of the most distant orbits were aligned. All of 
the distant orbits whose perihelia had been pulled out 
of the Kuiper Belt were aligned in the same direction. 
This time we calculated that the probability that this 
alignment was just due to coincidence was down to 
0.007 percent. The signs in the sky were clear: 
Something was out there.

Batygin and I got to work. With months of pen-
and-paper calculations, and then more months of 
detailed computer simulations, we realized that every-
thing we were seeing could be explained by a planet a 
little less massive than Neptune on an eccentric orbit 
that takes it from around 200 AU at its perihelion out 
to 1,200 AU at its aphelion — its farthest point from 
the Sun — over an approximately 20,000-year orbital 
period. Such a planet would capture Kuiper Belt 
objects with distant elongated orbits into stable orbits 
elongated in the opposite direction from the planet. 

Moreover, it would pull the perihelia of these 

A predicted outcome 
of Planet Nine’s 
existence is that a 
second set of confined 
objects should exist. 
They are forced 
into positions at 
right angles to Planet 
Nine and into orbits 
perpendicular to the 
solar system. Five 
known objects fit this 
modeling perfectly 
(shown in blue-green). 
CALTECH/R. HURT (IPAC) 
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Kuiper Belt objects away from the Kuiper Belt. And, in 
a result we did not expect, it would alter these elon-
gated orbits, twisting them to be perpendicular to the 
plane of the planets and driving their perihelia inside 
of Saturn’s orbit. We didn’t know off the tops of our 
heads if any such strange orbits existed because, 
embarrassingly, we had overlooked Gomes’ paper, 
which had come out just as we were in the intensive 
last phases of our analysis. But when we saw the 
objects pointed out by Gomes, we grew excited. Our 
planet theory not only predicts objects like that, but it 
also predicts exactly how those orbits should be 
aligned. We quickly plotted the locations of these dis-
tant, twisted orbits, and, to our astonishment, the 
orbits were precisely where we predicted them to be. 

For us, this moment marked moving from working 
on an interesting hypothesis about some unusual orbital 
alignments to instantly realizing that we were talking 
about something that was really out there. This was 
something waiting to be found, something that both 
explained the old observations we were working on and 
also crystallized correct predictions about things we 
were completely unaware of. We like to think of this as 
the day that Planet Nine was born. 

With the many effects that Planet Nine is having on 
the outer solar system, we can infer many things about 
its properties. In practice, because the solar system is a 
complicated place, understanding these properties has 
involved massive amounts of computer simulation. We 
simulate a slightly larger planet, a slightly closer planet, 
a slightly more inclined planet, and each time we com-
pare the results of our simulations with observations of 
the solar system that we know. 

From these constraints we have determined that 
Planet Nine is about 10 times the mass of Earth, that 
its orbit is inclined by approximately 30 degrees to the 
plane of the planets, that it has an average distance of 
something like 600 AU from the Sun, and that when it 
is at its most distant point from the Sun, it lies toward 
the outstretched arm of the constellation Orion.

All of this relatively detailed knowledge might 
make it seem like we could, like 
Le Verrier, simply say to the world, “Go 
look; it will be THERE!” But we can’t. 
Le Verrier had the advantage of being 
able to analyze the full orbit of Uranus 
around the Sun to see its deviations. If 
we waited 10,000 years to fully track 
Sedna around its orbit, we, too, would be able to pin-
point Planet Nine. 

Instead, though, we have only a snapshot of the 
orbits of a variety of different objects, and we must 
infer what should have happened in the past. In prac-
tical terms, that means that although we know the 
orbital path of Planet Nine through the sky, we don’t 
know where it is in its orbit. We no longer have to 
search the entire sky to find Planet Nine, but there’s  
still a lot of work to do. 

The search will not be as hard as it might have 
been, however, as many sky surveys over the past  
few years have covered large swaths of the sky and 

might have detected Planet Nine had it been in their 
region. We know, for example, that when Planet Nine 
is at its perihelion, it is as bright as 18th magnitude, 
lying in the southern sky near the constellation Ophi-
uchus. Such an object would have been detected years 
earlier. Most likely, Planet Nine is now closer to its 
aphelion, where it would glow dimly, likely close to 
25th magnitude. 

While that is very faint, detecting such an object is 
well within the capabilities of the 8-meter Subaru Tele-
scope on Mauna Kea and its impressive Hyper 
Suprime-Cam, a mosaic of 112 CCD cameras covering 
nearly two square degrees of sky with every exposure. 
We have already begun our search using this telescope. 
Other astronomers are likely to follow. 

Is Planet Nine really out there? It’s always wise 
to be skeptical, but still, we are quite convinced that 
the answer is yes. Something must be responsible for 
all the unusual orbits that we now see in the outer 
solar system. Planet Nine is by far the most likely 
explanation. 

So if it is really out there, when will we find it? The 
world has been alerted, and multiple teams are on the 
hunt. Perhaps during the next five years, someone, at 
some telescope somewhere, will spot a faint blip in the 
sky that moves to a slightly different spot the next 
night. When they first see it, they will gasp. Then 
they’ll recheck all the data and gasp again. They’ll 
scramble to beg and borrow a few hours on big tele-
scopes here and there to confirm the blip’s slow march 
across the sky. Finally, after checking and double 
checking and checking 10 more times, they’ll make a 
dramatic announcement to a now-anticipating world: 
Planet Nine is found; Planet Nine is real! 

An artist’s illustration 
of Planet Nine, 
looking from the 
back side toward 
the Sun, depicts the 
planet as a gaseous 
ball with lightning 
visible on its night 
side. CALTECH/R. HURT (IPAC)

For us, this moment marked moving from working on  
an interesting hypothesis to instantly realizing that we 
were talking about something that was really out there.



26 ASTRONOMY  •  JUNE 2016

Women’s work

In the late 1970s, Vera Rubin and Kent 
Ford of the Carnegie Institution of Washington stared, con-
fused, at the punch-card readouts from their observations of 
the Andromeda Galaxy. The vast spiral seemed to be rotating 
all wrong. The stuff at the edges was moving just as fast as the 
stuff near the center, apparently violating Newton’s Laws of 
Motion (which also govern how the planets move around our 
Sun). While the explanation for that strange behavior didn’t 
become clear to Rubin until two years later, these printouts 
represented the first direct evidence of dark matter.

Scientists now know that dark matter comprises some 84 
percent of the universe’s material. Its invisible particles swarm 
and stream and slam through the whole cosmos. It affects how 
stars move within galaxies, how galaxies tug on each other, and 
how all that matter clumped together in the first place. It is to 
the cosmos like air is to humans: ubiquitous, necessary, unseen 
but felt. The discovery of this strange substance deserves a 
Nobel Prize. But, for Rubin, none has come, although she has 
long been a “people’s choice” and predicted winner.

In the past few years, scientists have gotten that free trip to 
Sweden for demonstrating that neutrinos have mass, for 
inventing blue LEDs, for isolating graphene’s single carbon 
layer, and for discovering dark energy. All of these experiments 
and ideas are worthy of praise, and some, like dark energy, 
even tilted the axis of our understanding of the universe. But 
the graphene work began in 2004; dark energy observations 
happened in the late ’90s; scientists weighed neutrinos around 
the same time; and blue LEDs burst onto the scene a few years 
before that. Rubin’s work on dark matter, on the other hand, 
took place in the 1970s. It’s like the committee cannot see her, 
although nearly all of astrophysics feels her influence.

Rubin is now 87. She is too infirm for interviews. And 
because the Nobel can only be awarded to the living, time is 
running out for her.

How
VE RUBIN

discovered 

  Vera Rubin, with collaborator Kent Ford, is responsible for finding
dark matter, one of the most fundamental discoveries of the past century 
in astrophysics. Yet a Nobel Prize still eludes her. PETER GINTER, GETTY IMAGES



This famous astronomer 
carved herself a well-deserved 
place in history, so why doesn’t 
the Nobel committee see it 
that way? by Sarah Scoles

dark matter
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Emily Levesque, an astronomer at the University of Washington 
in Seattle who has spoken out about Rubin’s notable lack of a Nobel, 
says, “The existence of dark matter has utterly revolutionized our 
concept of the universe and our entire field; the ongoing effort to 
understand the role of dark matter has basically spawned entire 
subfields within astrophysics and particle physics at this point. 
Alfred Nobel’s will describes the physics prize as recognizing ‘the 
most important discovery’ within the field of physics. If dark matter 
doesn’t fit that description, I don’t know what does.”

There’s no way to prove why Rubin remains prize-less. But a 
webpage showing images of past winners looks like a 50th-reunion 
publication from a boys’ prep school. No woman has received the 
Nobel Prize in physics since 1963, when Maria Goeppert Mayer 
shared it with Eugene Wigner and J. Hans Jensen for their work 
on atomic structure and theory. And the only woman other than 
Mayer ever to win was Marie Curie. With statistics like that, it’s 
hard to believe gender has nothing to do with the decision.

Some, like Chanda Prescod-Weinstein of the Massachusetts 
Institute of Technology, have called for no men to accept the prize 
until Rubin receives it. But given the human ego and nearly  
million-dollar prize amount, that’s likely to remain an Internet-
only call to action.

No room for women
Rubin isn’t unfamiliar with discrimination more outright than the 
Nobel committee’s. Former colleague Neta Bahcall of Princeton 
University tells a story about a trip Rubin took to Palomar 
Observatory outside of San Diego early in her career. For many 
years, the observatory was a researcher’s man cave. Rubin was one 
of the first women to gain access to its gilt-
edged, carved-pillar grandeur. But while she was 
allowed to be present, the building had no wom-
en’s restroom, just urinal-studded water closets. 

“She went to her room, she cut up paper into a skirt image, 
and she stuck it on the little person image on the door of the 
bathroom,” says Bahcall. “She said, ‘There you go; now you have a 
ladies’ room.’ That’s the type of person Vera is.”

Rubin has continued to champion women’s rights to — and 
rights within — astronomy. “She frequently would see the list of 
speakers [at a conference],” says Bahcall, “and if there were very 
few or no women speakers, she would contact [the organizers] and 
tell them they have a problem and need to fix it.” 

But, as Rubin told science writer Ann Finkbeiner for Astronomy 
in 2000, she is “getting fed up. . . . What’s wrong with this story is 
that nothing’s changing, or it’s changing so slowly.”

An early start
Rubin, born in 1928, first found her interest in astronomy when 
her family moved to Washington, D.C. Windows lined the 
wall next to her bed. She watched the stars move, distant and 
unreachable. “What fascinated me was that if I opened my eyes 
during the night, they had all rotated around the pole,” she told 
David DeVorkin in 1995 as part of the American Institute of 
Physics oral history interview series. “And I found that inconceiv-
able. I just was captured.”

She started watching meteor showers and drew maps of the 
streaks, which striped the sky for a second and then were gone. She 
built a telescope and chose astronomical topics for English papers, 
using every subject as an opportunity to peer deeper into the uni-
verse. “How could you possibly live on this Earth and not want to 
study these things?” she wondered, retelling the story to DeVorkin.

While her parents supported her, it was a different story at 
school. When she told her physics teacher, for 
instance, that she had received a scholarship 
to Vassar College, he said, “As long as you stay 
away from science, you should do OK.”

She didn’t. 

Rotation of the universe
After receiving her bachelor’s degree from 
Vassar, Rubin enrolled in graduate school in 

Former Astronomy Associate Editor Sarah Scoles 
is a freelance writer living in the San Francisco area. 
She is writing a book on astronomer and SETI pioneer 
Jill Tarter. 

 Our near neighbor, the spiral Andromeda Galaxy (M31), was Rubin’s 
first target in her study of galaxy rotation. While telescopes reveal 
glittering stars and glowing clouds of dust and gas, Rubin’s studies 
implied an additional invisible halo of dark matter. NASA/JPL-CALTECH

 A young Vera Rubin was already observing the stars when she was 
an undergraduate at Vassar College, where she earned her bachelor’s 
degree in astronomy in 1948. ARCHIVES & SPECIAL COLLECTIONS, VASSAR COLLEGE LIBRARY
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astronomy at Cornell University in Ithaca, 
New York. Ensconced in Ithaca’s gorges and 
working with astronomer Martha Stahr 
Carpenter, Rubin began to hunt around for a 
master’s thesis idea. Carpenter was obsessed 
with galaxies and how their innards moved. 
“Her course in galaxy dynamics really set me 
off on a direction that I followed almost my 
entire career,” said Rubin. 

One day, her new husband, Robert 
Rubin, brought her a journal article by 
astronomer George Gamow. In it, Gamow 
wondered, “What if we took the way solar 
systems rotate and applied it to how galaxies 
move in the universe?”

Rubin wondered, “What if, indeed?” and 
took that wonder a step further. She began 
to measure how galaxies moved. Did some 
cluster together in their travel through space 
— perhaps rotating around a pole, like the 
planets rotate around the common Sun? 
Was it random? 

While gathering data, she found a plane that was denser with gal-
axies than other regions. She didn’t know it at the time, and no one 
else would discover it for years, but she had identified the “superga-
lactic plane,” the equator of our home supercluster of galaxies.

When she presented her thesis, William Shaw, one of her advis-
ers, told her just two things: One, the word data is plural. Two, her 
work was sloppy. But, he continued, she should consider present-
ing it at the American Astronomical Society (AAS) meeting. Or, 
rather, she should consider having it presented for her. Because she 
was pregnant with her first child — due just a month before the 
meeting — and not a member of the society, he graciously volun-
teered to give a talk on her results. “In his name,” she clarified to 
DeVorkin. “Not in my name. I said to him, ‘Oh, I can go.’ ” 

She called her talk “Rotation of the Universe,” ascribing the 
ambitious title to “the enthusiasm of youth,” as she recalled. At 
the AAS meeting, she didn’t know anyone, and she thought of 
herself as a different category of human. “I put these people in a 
very special class. They were professional astronomers, and I was 
not,” she said, showcasing a classic case of impostor syndrome, a 
psychological phenomenon in which people don’t feel they deserve 

their accomplishments and status and will inevitably be exposed 
as frauds. “One of the biggest problems in my life [during] those 
years was really attempting to answer the question to myself, ‘Will 
I ever really be an astronomer?’ ”

The “real astronomers” pounced on her result (except, notably, 
Martin Schwarzschild, who defined how big black holes are). “My 
paper was followed by a rather acrimonious discussion,” she told 
DeVorkin. “I didn’t know anyone, so I didn’t know who these 
people were that were getting up and saying the things they said. 
As I recall, all the comments were negative.”

Her paper was never published.

Back into the field
For six months after her first child was born, Rubin stayed home. 
But while she loved having a child, staying at home emptied her. 
She cried every time The Astrophysical Journal arrived at the 
house. “I realized that as much as we both adored this child, there 
was nothing in my background that had led me to expect that 
[my husband] would go off to work each day doing what he loved 
to do, and I would stay home with this lovely child,” she said to 
DeVorkin. “I really found it very, very hard. And it was he who 
insisted that I go back to school.”

She was accepted into a Ph.D. program at Georgetown 
University in Washington, D.C., and she discovered that galaxies 
did clump together, like iron filings, and weren’t randomly strewn. 
The work, though now part of mainstream astronomy, was largely 
ignored for decades; that lack of reinforcement perhaps contributed 
to her lingering, false feeling that she wasn’t a real astronomer. As 
she described it, “My husband heard my question often, ‘Will I ever 
really be an astronomer?’ First I thought when I’d have a Ph.D.,  
I would. Then even after I had my Ph.D., I wondered if I would.”

Mysteriously flat
In 1965, after a stint as a professor at Georgetown, Rubin began 
her work at the Carnegie Institution’s Department of Terrestrial 
Magnetism in Washington, D.C., where she met astronomer Kent 
Ford and his spectacular spectrometer, which was more sensitive 
than any other at the time. 

A spectrometer takes light and splits it up into its constitu-
ent wavelengths. Instead of just showing that a fluorescent bulb 

Rubin and Kent Ford (white hat) check on their equipment at Lowell Observatory in 1965 during one 
of their first observing runs together. CARNEGIE INSTITUTION, DEPARTMENT OF TERRESTRIAL MAGNETISM

If galaxies were only the stars, dust, and gas that astronomers can see, 
then you would expect the red line: Gravity pulls most strongly and objects 
therefore rotate more quickly where most of the matter resides. But Rubin’s 
and hundreds of later observations revealed that the speed of the galaxy’s 
outer material is the same as the speed of matter closer in, indicating some 
enormous invisible mass hurrying things along. ASTRONOMY: ROEN KELLY

Flat rotation curves
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glows white, for instance, it would show how much of that light 
is blue and how much yellow, and which specific wavelengths of 
blue and yellow. Ford’s spectrometer stood out from others at the 
time because it employed state-of-the-art photomultipliers that 
let researchers study small regions of galaxies, and not simply the 
entire objects.

With this device, Ford and Rubin decided to look at quasars — 
distant galaxies with dynamic, supermassive black holes at their 
centers. But this was competitive work: Quasars had just been 
discovered in 1963, and their identity was in those days a mystery 
that everyone wanted to solve. Rubin and Ford didn’t have their 
own telescope and had to request time on the world-class instru-
ments that astronomers who worked directly for the observatories 
could access all the time. Rubin didn’t like the competition.

“After about a year or two, it was very, very clear to me that that 
was not the way I wanted to work,” she told 
Alan Lightman in another American Institute of 
Physics oral history interview. “I decided to pick 
a problem that I could go observing and make 
headway on, hopefully a problem that people 
would be interested in, but not so interested [in] 
that anyone would bother me before I was done.”

Rubin and Ford chose to focus on the nearby 
Andromeda Galaxy (M31). It represented a 

return to Rubin’s interest in galaxy dynamics. “People had inferred 
what galaxy rotations must be like,” said Rubin, “but no one had 
really made a detailed study to show that that was so.” Now, because 
of Ford’s out-of-this-world spectrograph, they could turn the infer-
ences into observations. 

When they pointed the telescope at M31, they expected to 
see it rotate like the solar system does: Objects closer to the 
center move faster than ones toward the edge. Mass causes grav-
ity, which determines the speed of rotation. Since most of the 
stars, dust, and gas — and therefore gravity — is clustered in 
the middle of galaxies, the stuff on the periphery shouldn’t feel 
much pull. They concentrated their observations on Hydrogen-II 
(HII) regions — areas of ionized hydrogen gas where stars have 
recently formed — at different distances from the galaxy’s center. 
But no matter how far out they looked, the HII regions seemed to 
be moving at the same speed. They weren’t slowing down.

“We kept going farther and farther out and had some disap-
pointment that we never saw anything,” says Ford.

“I do remember my puzzling at the end of the first couple of 
nights that the spectra were all so straight,” said Rubin, referring 
to the unchanging speed of the various HII regions.

They didn’t know what, if anything, it meant yet.
The project took years and involved treks westward to telescopes. 

Ford recalls flying to Flagstaff, Arizona, dragging the spectrograph 
from the closet, working for a few nights at Lowell, and then throw-
ing the instrument into a Suburban so they could drive it to Kitt 
Peak. “We both thought we were better at guiding the telescope,” he 
says. They raced each other to be first to the eyepiece. 

The data came out on punch cards, which Rubin spent hours 
analyzing in a cubbyhole beneath a set of stairs. They all showed 
the same thing.

Rubin and Ford moved on from M31 to test other galaxies and 
their rotation curves. Like an obsessive art-
ist, each painted the same picture. Although 
the result contradicted theory, and although 
they didn’t understand what it meant, no one 
doubted their data. “All you had to do was 
show them a picture of the spectrum,” Rubin 
told Lightman. “It just piled up too fast. Soon 
there were 20, then 40, then 60 rotation curves, 
and they were all flat.”

“My entire education 
highlighted how  

fundamental  
DARK MATTER is to  

our current understanding 
of astrophysics.” 
— Emily Levesque

Rubin operates the 2.1-meter telescope at Kitt Peak National Observatory. 
Kent Ford’s spectrograph is attached so they can measure the speed 
of matter at different distances from galaxies’ centers. NOAO/AURA/NSF
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The Bullet Cluster is often claimed as a smoking gun for dark matter. 

Dark matter is hard to believe. We can’t see it, and it barely interacts 
with normal matter. Vera Rubin and others inferred its presence from 
Isaac Newton’s laws about gravity. But what if Newton was wrong?

In 1983, Mordehai Milgrom suggested Modified Newtonian 
Dynamics (MOND) as a more palatable explanation. He proposed that 
gravity behaves differently in low-acceleration regions such as the out-
skirts of galaxies. It neatly explained most of the galaxies Rubin had 
observed without invoking a mysterious new form of matter. 

But MOND can’t explain objects such as the Bullet Cluster, the result 
of two colliding galaxy clusters. Gravitational lensing (shown in blue) 
maps most of the mass to the bright stellar material. But galaxies carry 
most of their normal mass in hot gas (shown in pink from X-ray emis-
sion) and waylaid in the middle of the collision thanks to drag forces.

Just as Rubin showed with her rotation curves, the Bullet Cluster 
proves that galaxies hold far more mass than our telescopes can see. 
And neither Newton nor MOND can explain that without the myste-
rious power of dark matter. — Korey Haynes 

THE BULLET THAT KILLED MOND
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A dark answer
Dark matter existed as a concept, first proposed by astronomers 
like Jan Oort in 1932 and Fritz Zwicky in 1933, who also noticed 
discrepancies in how much mass astronomers could see and how 
much physics implied should be present. But few paid their work 
any attention, writing their research off as little more than cos-
mological oddities. And no one had bagged such solid evidence 
of it before. And because no one had predicted what dark matter’s 
existence might mean for galaxy dynamics, Rubin and Ford ini-
tially didn’t recognize the meaning of their flat rotation curves.

“Months were taken up in trying to understand what I was 
looking at,” Rubin told journalist Maria Popova. “One day I just 
decided that I had to understand what this complexity was that I 
was looking at, and I made sketches on a piece of paper, and sud-
denly I understood it all.” 

If a halo of dark matter graced each galaxy, she realized, the 
mass would be spread throughout the galaxy, rather than concen-
trating in the center. The gravitational force — and the orbital 
speed — would be similar throughout.

Rubin and Ford had discovered the unseeable stuff that influ-
ences not only how galaxies move, but how the universe came 
to be and what it will become. “My entire education highlighted 
how fundamental dark matter is to our current understanding of 
astrophysics,” says Levesque, “and it’s hard for me to imagine the 
field or the universe without it.”

Within a few years of the M31 observations, physicists like 
Jeremiah Ostriker and James Peebles provided the theoretical 
framework to support what Rubin and Ford had already shown, and 
dark matter settled firmly into its celebrated place in the universe. 

In more recent years, the Planck satellite measured the dark 
matter content of the universe by looking at the cosmic micro-
wave background, the radiation left over from the Big Bang. The 
clumps of matter in this baby picture of the universe evolved into 
the galaxy superclusters we see today, and it was dark matter that 
clumped first and drew the regular matter together. 

Data from galaxy clusters now also confirms dark matter and 
helps scientists measure how much of it exists within a given 
group — a modern echo of Zwicky’s almost forgotten work. When 
light from more distant sources passes near a cluster, the gravity 
— from the cluster’s huge mass — bends the light like a lens.  
The amount of bending can reveal the amount of dark matter.  

No matter which way or where scientists measure Rubin’s discov-
ery, it’s huge.

And while no one knows what all the dark matter is, scien-
tists have discovered that some small fraction of it is made of 
neutrinos — tiny, fast-moving particles that don’t really interact 
with normal matter. Measurements from the cosmic micro-
wave background, like those being taken by experiments called 
POLARBEAR in Chile and BICEP2 and BICEP3 in Antarctica, 
will help pin down how many neutrinos are streaming through 
the universe and how much of the dark matter they make up. 

Some setups, like the Gran Sasso National Laboratory in Italy 
and the Deep Underground Science and Engineering Laboratory 
in South Dakota, are trying to detect dark matter particles 
directly, when they crash into atoms in cryogenically cooled 
tanks filled with liquefied noble gases. So far, they haven’t man-
aged to capture a dark matter particle in action. But researchers 
are taking dark matter — whatever it is — into account when 
they think about how the universe evolves.

The Nobel committee may overlook Rubin, passing by her as 
if they can’t see what all of astrophysics feels. But that won’t hurt 
her legacy, says Levesque: It will hurt the legacy of the Nobel 
itself. “It would then permanently lack any recognition of such 
groundbreaking work,” Levesque says.

Rubin herself has never spoken about how she deserves a 
Nobel Prize. She simply continued her scientific work until 
recently, all the while influencing the origins, evolutions, and 
fates of other scientists. “If they didn’t get a job or they didn’t get 
a paper published, she would cheer people up,” says Bahcall. “She 
kept telling her story about how there are ups and downs and you 
stick with it and keep doing what you love doing.”

Rubin, herself, loves trying to understand the universe, and 
in doing so, she has changed everyone’s understanding of it. 
That carries more weight than some medal from Sweden. But let 
Sweden recognize that for what it is: worthy of a prize. 

Rubin continued to work at the Carnegie Institution’s Department 
of Terrestrial Magnetism until recently, still fascinated by galaxies 
and studying how they move in the universe. AIP/EMILIO SEGRE VISUAL ARCHIVES

Rubin measures spectra at the Carnegie Institution’s Department of 
Terrestrial Magnetism. It was such measurements that revealed to Rubin 
that the outer regions of galaxies rotated as fast as their inner regions — 
indicating some huge amount of missing mass that would later be realized 
as dark matter. AIP/EMILIO SEGRE VISUAL ARCHIVES 
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June 30, 2016, will mark 
the 108th anniversary 
of the Tunguska event, 
an asteroid airburst that 
flattened 800 square 
miles of Siberian forest. 
by David J. Eicher

DANGER FROM ABOVE?

One hundred eight years ago this 
summer, a small asteroid rattled 
in through Earth’s atmosphere 
and violently exploded in the 
sky above the Siberian region 

of the Stony Tunguska River. The energy 
unleashed from this event was equivalent 
to about 5 megatons of TNT, many times 
greater than the blast from the atomic 
bombs dropped at the end of World War II.

More recently, on February 15, 2013, a 
tiny asteroid about 100 feet (30 meters) 
across broke apart above Chelyabinsk, 

Russia. The concussive blast wave from the 
event shattered windows, and flying glass 
injured as many as 1,500 people. 

Sixty-six million years ago, as every 
schoolchild knows, a 6-mile-wide (10 kilo-
meters) asteroid plummeted into the 
Yucatán Peninsula — the K-Pg Impact. The 
resulting nuclear winter from this giant 

SPACE ROCK DANGERS
Asteroid Day to highlight

David J. Eicher is editor of Astronomy,  
editor-in-chief of Asteroid Day, a member  
of the Starmus Festival Board of Directors,  
and author of 21 books on science and history. 

Asteroid Day staff and advisers at the European Space Agency’s ESTEC facility in Noordwijk, the Netherlands, in front of ESA’s Columbus facility simulator.
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space rock killed off much of 
the life on Earth, including  
the dinosaurs. 

Humans now know of a 
range of such impacts on our 
planet, large and small. But 
simply knowing about these 
events will not make them 
stop. So, to raise awareness 
about Near-Earth Objects 
(NEOs), Asteroid Day will 
take place again in 2016. This 
movement — whose founders 
include German filmmaker 
Grigorij Richters, astrophysi-
cist and Queen guitarist Brian 
May, and Apollo astronaut 
Rusty Schweickart — seeks to promote 
asteroid discovery and tracking. 

With this in mind, members of 
Asteroid Day held a news conference in 
February at the European Space Agency’s 
ESTEC facility near Leiden, Netherlands, 
to announce this year’s activities. 
Richters led the conference, which 
included live guest talks or recorded mes-
sages from May; England’s Astronomer 
Royal, Lord Martin Rees; astronaut-
explorers Ed Lu, Tom Jones, and Chris 
Hadfield; Bill Nye the Science Guy; and 
asteroid experts Mark Boslough and 
Patrick Michel. 

This year, Asteroid Day will take place 
June 30, the anniversary of Tunguska, 
and celebrations will occur in a variety 
of places. Central to the festivities will 
be the Starmus Festival, occurring June 
27–July 2 in Tenerife, Canary Islands. (For 
more on Starmus see “Celebrating Stephen 
Hawking’s legacy” in the April issue.) 

Events also will take place in Barcelona, 
Spain, at the Spanish National Research 
Council; in San Francisco, 
at the California Academy 
of Sciences; in Vienna, at the 
Natural History Museum; 
in Seoul, South Korea, at the 
Gwacheon National Science 
Museum; and at many other 
facilities throughout the world. 

Asteroid Day wants to 
include and help coordinate 
as many groups and events 
as possible. For information 
on how to host your own 
Asteroid Day event, visit http://
resources.asteroidday.org/
resources/getting-started-with-
your-event.

For everything else about Asteroid Day, 
see asteroidday.org.

Organizers stress that 
Asteroid Day is not about fear. 
Planetary scientists know of no 
asteroid in near-Earth space as 
large as the one that killed the 
dinosaurs — and they have been 
looking carefully. But even a 
relatively small space rock, like 
the one that shattered in the sky 
above Chelyabinsk, would cause 
a huge catastrophe if it struck 
a major metropolitan area. 
Planetary scientists believe we 
have found 90 percent of NEOs 
greater than 1km in diameter. 
Now the challenge is to do the 
same with smaller objects. They 

already have found more than 9,000 of 
these smaller space rocks. 

Growing awareness among people all 
over the world will help to support an 
increase in research and discovery. 

Says Rees: “The value of Asteroid Day is 
that it can function as a way of raising pub-
lic awareness and therefore putting this 
issue higher on the agenda so that when 
politicians and others in a position to 
deploy funds for scientific missions make 
their decisions, they are aware there is a 
serious case for doing more than is now 
being done to remove the asteroid risk, sur-
vey the sky for asteroids that could have 
orbits that cross the Earth, and explore 
technology that can be used to deflect one 
on a path to impact Earth.”

“I became acutely aware of the risk 
to all creatures on Earth from asteroid 
impacts while watching Grig Richters’ film 
51 Degrees North,” May adds. “This is an 
important issue in the back of the minds of 
all astronomers, but only recently could the 
probabilities and effects be quantified. And 

only recently has it become 
within human capability to 
begin to plan ways to prevent 
such catastrophes.

“While making the music 
for the film, I got to know 
Grig, and we talked in depth 
about the possibility of bring-
ing together the resources of 
the whole world to focus on 
asteroid impacts. The concept 
of Asteroid Day was formed, 
with the hope that we could 
bring about a massive leap in 
global awareness of this prob-
lem — a problem that may now 
have a solution.” 

Won’t you join the movement to help 
support NEO research? 

Asteroid Day co-founder and Queen 
guitarist Brian May speaks at the Asteroid 
Day news conference about the importance 
of discovering more Near-Earth Objects.

Asteroid Day co-founder Grigorij Richters 
welcomes members of the media to the 
announcement of Asteroid Day 2016.

Lord Martin Rees, England’s Astronomer 
Royal, describes his keen interest in 
tracking asteroids in the inner solar system.
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A: Black holes really are black. 
Many photos show bright black 
holes because matter is falling 
into the hole. 

As the accreting matter 
approaches the event horizon, 
it gets accelerated to near light 
speed by the black hole’s gravi-
tational pull. 

If the inflow rate of matter 
is high and collisions occur 
within the flow, then the mat-
ter is heated and radiates. 

This radiation is what you 
see in the illustrations. Lots of 
black holes without this radia-
tion must exist that astrono-
mers can’t see.

The radiation is most 
intense within the innermost 
regions, with about half the 

radiation originating from 
within five to 15 times the 
event horizon’s radius, depend-
ing on how the black hole is 
spinning. 

The feeding black hole 
remains completely black 
while lying at the center of the 
brightest persistent emission 
in the universe.

Andy Fabian
University of Cambridge, England

Q: MOST OF THE 
PHOTOGRAPHS I SEE 
OF THE AURORA BOREALIS 
ARE GREEN. IS THIS DUE 
TO THE FILM USED? 

William Taylor
Seaford, Virginia

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

INVISIBLE 
BLACK HOLES

A: As the friends who joined 
me on the TravelQuest/Astron-
omy magazine Norway aurora 
tour in October can tell you, the 
northern lights are one of the 
few night-sky phenomena that 
look better in person than they 
do through a heavily processed 
image. The lights are truly 
green. They also can appear red, 
orange, yellow, magenta, and a 
variety of combinations. Green 
is the most common color. 

The classic aurorae flash 
across the sky and move in cur-
tains and arcs. These are called 
discreet aurorae, and they can 
be bright enough to read by. 
Diffuse aurorae are harder to 
see and typically look like fuzzy 
clouds, which are better 
detected by long camera      
exposures.

In either case, northern lights 
are just emissions of photons. 
The solar wind accelerates par-
ticles during their final 
10,000-kilometer-plunge into 
the atmosphere, and then they 
roughly distribute perpendicu-
larly along Earth’s magnetic 
field lines. That creates the arcs. 
Earth’s atmosphere is mostly 
nitrogen and oxygen. Aurorae 
occur when ionized nitrogen 
picks up an electron and 
smashes into oxygen and then 
they both return to a ground 

state. That is, the oxygen radi-
ates away the energy in greenish 
wavelengths. 

When oxygen is excited in 
the atmosphere, it typically  
happens at lower altitudes. But 
in intense storms, it also can 
happen at higher altitudes and 
with other gases, which creates 
a plethora of colors. 

As you watch the northern 
lights dance, they also appear  
to have a bottom level. This is 
because atomic oxygen is less 
common below 62 miles       
(100 kilometers) altitude in 
Earth’s atmosphere.

Eric Betz
Associate Editor

Q: VENUS HAS A WEAK  
MAGNETIC FIELD. BEING 
MUCH CLOSER TO THE SUN 
THAN MARS, WHY HAS THE 
SOLAR WIND NOT ERODED 
ITS ATMOSPHERE? 

Michael Rodriguez
Corvalis, Oregon 

A: One major reason is that 
Venus has a lot more atmo-
sphere than Earth. So even 
though Venus is losing some 
atmosphere to space all the time 
— at about the same rate as 
Earth — that loss does not have 
much effect on the overall   

ASKASTR0

Q: A BLACK HOLE’S GRAVITY IS SO STRONG 
THAT LIGHT CAN’T ESCAPE. BUT EVERY 
TIME I SEE A PHOTO OR AN ILLUSTRATION 
THERE IS SOMETHING STREAMING IN 
OR OUT OF IT. HOW IS THIS POSSIBLE? 

Dane Allen, Weston, Wisconsin 

Aurorae create many colors, but green is the most common. This mystical 
color arises from interactions with the atomic oxygen that’s abundant in 
Earth’s upper atmosphere. ERIC BETZ

Most illustrations show black holes feeding on debris. But black holes 
themselves are completely black. NASA/CXC/M.WEISS
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density or surface pressure. 
(Although over time it has 
likely affected the atmosphere’s 
composition.) 

Earth’s atmosphere also had 
a lot of carbon dioxide (CO2), 
which makes up Venus’ dense 
atmosphere. But on Earth, 
most of the atmospheric CO2 
was removed. Earth has liquid 
water oceans. Water takes CO2 
out of an atmosphere and turns 
it into limestone (carbonate 
rocks), which is plentiful in 
Earth’s crust. Venus’ CO2 stays 
in vapor form in its atmo-
sphere because Venus hasn’t 
had surface water for a long 
time. The resulting green-
house, coupled with its solar 
proximity, evidently helps keep 
it that way. 

Still, Venus’ missing mag-
netic field does influence the 
physical processes of atmo-
spheric escape. Scientists are 
still investigating the escape 
processes at a magnetized 
planet like Earth and those 
affecting Venus. The sister 
planets also likely have differ-
ent impact and volcanic outgas-
sing histories, as well as distinct 
magnetic and solar histories. 
Those differences are critical, 
too. A lot of detective work on 
the details remains to be done.

Janet Luhman
Senior fellow

Space Sciences Laboratory
University of California, Berkeley

Q: THE MILKY WAY AND 
ANDROMEDA GALAXIES 
ARE APPROACHING EACH 
OTHER. WITH CURRENT 
TECHNOLOGY, HOW LONG 
WOULD IT TAKE BEFORE WE 
COULD DIRECTLY MEASURE 
THE APPARENT INCREASE IN 
SIZE OF ANDROMEDA? 

Allan Burger
Passaic, New Jersey

A: In the next several billion 
years, our Milky Way Galaxy 
will merge with the neighbor-

ing Andromeda Galaxy, which 
is now some 2.5 million light-
years away. Currently, 
Andromeda’s disk of stars is a 
few times bigger than the 
apparent size of the Full Moon, 
covering a few degrees on the 
sky (depending exactly on 
where you draw its edge). 

As Andromeda approaches 
us, the apparent size of its disk 
will increase by about one arc-
second per million years. 

The Very Large Baseline 
Array of radio telescopes could 

measure this apparent separa-
tion over a century by measur-
ing the distance between 
radio-bright star forming 
regions within Andromeda 
called masers. There is an 
ongoing search for such 
masers, since we also want to 
measure precisely (on a shorter 
timescale) the unknown inter-
nal motion of Andromeda.

Avi Loeb
Astronomy department chair

Harvard University 
Cambridge, Massachusetts

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.

As the Milky Way and Andromeda galaxies approach for their imminent merger, as shown in this simulation of the 
coming several billion years, star formation runs rampant and lights Earth’s night sky. Eventually, the two form 
one enormous elliptical galaxy. NASA; ESA; Z. LEVAY AND R. VAN DER MAREL, STSCI; T. HALLAS; AND A. MELLINGER



10°

Early June, 11 P.M.
Looking southeast

OPHIUCHUS LIBR A

LUPUS
SC ORPIUSSAGIT TARIUS

Mars

Antares

Saturn

Saturn reaches opposition       

36 ASTRONOMY  •  JUNE 2016

  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.

June 2016: Saturn at its best

SKYTHIS
MONTH

T 
hree spectacular planets 
dominate June’s short 
nights. Saturn comes 
to opposition and peak 
visibility on June 2/3, 

less than two weeks after Mars 
reached the same orbital mile-
stone. Meanwhile, Jupiter out-
shines both of them and deliv-
ers stunning views through a 
telescope during the evening 
hours. Two distant objects, 
Neptune and Pluto, are 

early June and some two hours 
earlier by month’s end, when 
the best views come shortly 
after twilight ends.

The gas giant’s atmosphere 
shows wonderful detail even 
through small telescopes. The 
most obvious features are  
two dark belts that straddle a 
brighter zone coinciding with 
the planet’s equator. More sub-
tle features appear with patient 
viewing and good seeing con-
ditions. All this activity takes 
place on a disk that spans 36" 
in mid-June.

Equally impressive are the 
four bright Galilean moons. 
Callisto, the outermost of these 
satellites, crosses in front of 
Jupiter’s north polar region 
twice this month. North 
American observers get a  
good view of the June 8 transit, 
which begins at 11:02 p.m. EDT. 
About 90 minutes later, 

relatively easy to find as they 
wander near bright stars.

If you look to the south-
west about a half-hour after 
sunset, Jupiter should pop 
into view. On June 1, the 
planet stands halfway to the 
zenith as darkness falls. It 
shines at magnitude –2.1 and 
appears far brighter than  
the background stars of Leo 
the Lion. Jupiter sets around  
2 a.m. local daylight time in 

Callisto appears halfway 
across the planet’s disk. From 
the East Coast, Jupiter sets by 
the time the transit concludes 
at 2:15 a.m. on the 9th, but it 
is still visible out west.

Whenever a satellite’s 
orbital motion carries it to 
Jupiter’s far side, the planet’s 
girth hides it from view. A 
rare treat awaits observers the 
night of June 13/14 when two 
moons disappear within min-
utes of each other. Early in  
the evening, you’ll see Io and 
Ganymede near Jupiter’s 
western limb. Ganymede, the 
solar system’s largest moon, 
disappears at 12:35 a.m. EDT; 
Io follows 10 minutes later.

While the western sky 
claims Jupiter on these warm 
summer evenings, the eastern 
sky boasts two bright planets. 
Mars shines at magnitude 
–2.0 and Saturn at magni-
tude 0.0 as June begins, when 
the Red Planet lies 15° west  
of its ringed cousin. Adding 
to the scene is 1st-magnitude 
Antares, the brightest star in 
Scorpius the Scorpion. The 
stunning trio dominates the 
southeastern sky at nightfall 
and appears due south around 
midnight local daylight time. 
A nearly Full Moon passes 
through this vicinity from 
June 16–18.

Let’s first visit Mars in 
detail. It moves slowly west-
ward against the backdrop of 
Libra the Scales this month. 
In early June, it appears 12° 
west-northwest of Antares, 
whose name literally means 
“rival of Mars” in honor of 
the two objects’ similar col-
ors. The gap grows to 17° on 
June 30, when the planet’s 
westward motion comes to  
a halt just 20' shy of the  

The ringed planet reaches peak visibility this month when it lies opposite the Sun in our sky. The rings tilt 26° to 
our line of sight and should offer stunning views through telescopes of all sizes. NASA/ESA/E. KARKOSCHKA (UNIVERSITY OF ARIZONA)

Catch Saturn in June when it shines brightest, looms largest through a 
 telescope, and remains visible all night. ALL ILLUSTRATIONS: ASTRONOMY: ROEN KELLY

Martin Ratcliffe provides plane-
tarium 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

When scientists talk about youth-
ful features on the Moon, don’t 
think these landscapes are actu-
ally young. For example, the 
great floods of molten lava that 
filled the giant Imbrium impact 
basin ended about 3 billion years 
ago. We know that the frenetic 
bombardment of the inner solar 
system had quieted down before 
that, otherwise the lava plains 
would contain nearly as many 
craters as other regions do.

An evening after June 12’s 
First Quarter Moon, the impact 
crater Timocharis stands out atop 
Imbrium’s plains north of the 
lunar equator. And on the 14th, 
the 19-mile-wide Lambert Crater 

The short nights around the sum-
mer solstice are bereft of any 
major meteor shower, but at least 
the warm weather makes for com-
fortable viewing. Although several 
minor showers populate these 
June nights, none generates more 
than a couple of “shooting stars” 
per hour. You’re more likely to  
spot a random bit of solar system 
debris getting incinerated in 
Earth’s upper atmosphere.

The best time to view these so-
called sporadic meteors is in the 
early morning. We then lie on the 
part of Earth facing in the direction 
of its orbital motion, and particles 

Poking through Imbrium’s thick shell

Sporadic meteors  
on the prowl

— Continued on page 42

8th-magnitude globular star 
cluster NGC 5897. By then 
Mars has faded to a still- 
brilliant magnitude –1.4.

The planet’s dimming 
reflects its motion away from 
Earth, so it should come as  
no surprise that the world 
appears to shrink. When 
viewed through a telescope 
June 1, Mars spans 18.6",  
the same as it was at closest 
approach May 30. By the end 
of June, the planet’s diameter 
has dwindled to 16.5". Still, 
that’s plenty big enough to 
show major features through 
small instruments, particu-
larly when Mars climbs high-
est around midnight.

The one feature visible 
throughout the month is the 
north polar cap, which appears 
as a white region on the plan-
et’s northern limb. Mars’ axis 
tilts about 15° toward Earth in 
June, keeping the north pole 
on constant display. After the 
ice cap, the two most conspic-
uous features are the dark 

striking the atmosphere tend to 
shine brighter than those hit-
ting Earth’s trailing side (before 
midnight). The Moon stays out 

of the morning sky during the 
first half of June, so keep watch 
for a bright rogue meteor as 
dawn approaches.

region Syrtis Major and the 
bright Hellas basin. Con-
veniently, Hellas lies due south 
of Syrtis Major. From North 
America, both appear near 

Mars’ central meridian around 
midnight local daylight time dur-
ing June’s final week.

Next up is Saturn, which 
reaches opposition the night of 

June 2/3 among the back-
ground stars of southern 
Ophiuchus. The ringed 
planet then lies low in the 
southeast after sunset and 
remains visible all night.  
It peaks some 30° above  

comes into view, casting a long 
shadow into Luna’s nightside. 
Look carefully just south of this 
crater and you should see the 
ghostly ring of Lambert R. Scien-
tists suspect that this circular fea-
ture is an old crater buried by 
lava whose peaks barely deform 
the surface. The gentle slopes 
show up only at low Sun angles.

The isolated peak of Mons La 
Hire peeks out of the darkness 
June 14, catching the Sun’s rays 
one night before the base expe-
riences sunrise. Lunar scientists 
William Hartmann and Charles 
Wood proposed in 1971 that this 
mountain shares a history with 
Mons Pico and Mons Piton on 

Mare Imbrium’s northern side. 
Giant impacts typically create 
multiple-ring structures, and this 
trio of towers marks Imbrium’s 
tallest ring. Lava buried the rest 
of this quasi-circular chain, but 

like Lambert R, it deforms the 
surface into ridges. One such 
segment appears northwest of 
Lambert. This, too, will disappear 
under a higher Sun, so don’t wait 
to look for it.

Bright fireballs occasionally erupt from the larger chunks of solar sys-
tem debris that randomly strike Earth’s upper atmosphere. MANOJ KESAVAN

The waxing gibbous Moon features distinctive Lambert Crater and the 
isolated peak Mons La Hire. CONSOLIDATED LUNAR ATLAS/UA/LPL; INSET: NASA/GSFC/ASU

Saturn reaches its 2016 peak on June 2/3, shining at magnitude 
0.0 and appearing 18.4" across through a telescope.
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STAR
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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

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 June 1 
11 P.M. June 15 
10 P.M. June 30

Planets are shown  
at midmonth
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MAP SYMBOLS

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

Calendar of events
 1 The Moon passes 2° south of 

Uranus, 10 A.M. EDT

 3 Saturn is at opposition,  
3 A.M. EDT

  The Moon passes 0.7° south of 
Mercury, 6 A.M. EDT

  The Moon is at perigee 
(224,402 miles from Earth),  
6:55 A.M. EDT

 4 New Moon occurs at    
11 P.M. EDT

 5 Mercury is at greatest western 
elongation (24°), 5 A.M. EDT

 6 Venus is in superior 
 conjunction, 6 P.M. EDT

 11 Asteroid Flora is at opposition, 
8 A.M. EDT

  The Moon passes 1.5° south of 
Jupiter, 4 P.M. EDT

 12 First Quarter Moon 
occurs at 4:10 A.M. EDT

 14 Neptune is stationary,  
4 A.M. EDT

 15 The Moon is at apogee (251,670 
miles from Earth), 8:00 A.M. EDT

 17 The Moon passes 7° north of 
Mars, 6 A.M. EDT

 18 Asteroid Pallas is stationary,  
11 A.M. EDT

  The Moon passes 3° north of 
Saturn, 8 P.M. EDT

 19 Mercury passes 4° north of 
Aldebaran, 5 P.M. EDT

 20 Full Moon occurs at  
7:02 A.M. EDT

  Summer solstice occurs at  
6:34 P.M. EDT

 25 Asteroid Juno is stationary,  
1 P.M. EDT

  The Moon passes 1.2° north of 
Neptune, 9 P.M. EDT

27 Last Quarter Moon 
occurs at 2:19 P.M. EDT

 28 The Moon passes 3° south of 
Uranus, 7 P.M. EDT

 30 Mars is stationary, 4 A.M. EDT

SPECIAL OBSERVING DATE
26 Dwarf planet Pluto passes  
  2.7' due south of magni- 
  tude 2.9 Pi (π) Sagittarii.
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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 June 2016
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Planets MERCURY VENUS MARS CERES JUPITER SATURN URANUS NEPTUNE PLUTO

Date June 15 June 15 June 15 June 15 June 15 June 15 June 15 June 15 June 15

Magnitude –0.3 –4.0 –1.7 9.2 –2.0 0.1 5.9 7.9 14.1

Angular size 6.7" 9.6" 18.0" 0.4" 35.8" 18.4" 3.4" 2.3" 0.1"

Illumination 58% 100% 97% 98% 99% 100% 100% 100% 100%

Distance (AU) from Earth 1.005 1.734 0.522 3.260 5.510 9.035 20.439 29.723 32.176

Distance (AU) from Sun 0.379 0.720 1.491 2.946 5.442 10.030 19.960 29.956 33.117

Right ascension (2000.0) 4h04.3m 5h43.9m 15h25.7m 1h32.4m 11h06.5m 16h43.1m 1h27.8m 22h54.2m 19h10.9m

Declination (2000.0) 18°19' 23°42' –21°00' –0°23' 7°05' –20°28' 8°34' –7°55' –21°01'



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 mid-
month from high above their orbits.
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COMETSEARCH

You’ll be in good company while 
viewing Comet PANSTARRS 
(C/2013 X1) on June mornings. 
Keen comet-hunters revel in the 
hour before dawn, when they 
scan low in the eastern sky look-
ing for a previously undiscov-
ered quarry. PANSTARRS should 
glow around 7th or 8th magni-
tude this month, bringing it 
within range of binoculars for 
observers in the southern 
United States. The comet 
appears only 10° high as morn-
ing twilight begins for those 
near the Canadian border.

A 7th- or 8th-magnitude 
dirty snowball usually looks 
pretty nice through a telescope. 
This comet’s dust and gas tails 
spread out from each other, but 
they tilt away from us at a fairly 

shallow angle to form a stubby 
fan. Glare from the Moon inter-
feres with viewing in June’s sec-
ond half, when PANSTARRS 
heads even farther south.

Viewers should mark their 
calendars for Saturday morning, 
June 4, when the comet’s tails 
graze the Helix Nebula (NGC 
7293). The contrast between 
PANSTARRS and this photogenic 
planetary nebula should make 
for stunning images as well.

Observers who restrict 
themselves to evening hours 
get to test their mettle in June 
with a couple of 11th- or 12th-
magnitude possibilities. Check 
out Comet 81P/Wild as it closes 
in on the Beehive star cluster 
(M44) and 9P/Tempel as it 
caresses Virgo’s face.

A visit for the ages

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

WHEN TO VIEW THE PLANETS

— Continued from page 37

the southern horizon around  
1 a.m. local daylight time. Like 
Mars, Saturn moves westward 
relative to the starry backdrop 
this month, but at a slower 
pace because it lies much far-
ther from the Sun and thus 
orbits more sluggishly.

At opposition, Saturn 
appears biggest through a tele-
scope. The rings dominate the 
view because they reflect sig-
nificantly more light than the 
planet’s cloud tops. At the 
peak, the ring system spans 
42", more than double the 18" 
diameter of Saturn’s disk. Even 
a small scope delivers exquisite 
views, enhanced by the 26° tilt 
of the rings. The most obvious 
ring feature is the dark Cassini 
Division that separates the 

A bit fainter is distant 
Iapetus. It glows at 11th mag-
nitude when it passes 2.1' south 
of Saturn the night of June 1/2. 
It brightens nearly a full mag-
nitude by the time it reaches 
greatest western elongation 
June 21/22, when its brighter 
hemisphere faces Earth. It then 
lies 9' from Saturn, however, 
and is a bit tougher to pick  
out. Don’t confuse it with  
the 6th-magnitude field star 

outer A ring from the brighter 
B ring.

Any telescope reveals 
Saturn’s biggest and brightest 
moon, 8th-magnitude Titan. 
This giant satellite changes 
position from night to night 
as it follows its 16-day orbit 
around the planet. You can 
find it due north of Saturn on 
June 5 and 21 and due south 
June 13 and 29.

Closer in lies a trio of 10th-
magnitude moons — Tethys, 
Dione, and Rhea — that all 
take less than five days to 
complete an orbit. A 4-inch 
scope is plenty to reveal these 
three. Sometimes they form 
nice configurations, as they 
do June 22 when they line up 
northwest of Saturn.

SAO 184541, which then 
appears between the moon 
and Saturn. (On the following 
two nights, this star comes 
even closer to the planet and 
looks like an abnormally 
bright moon.)

Much closer to Saturn, and 
devilishly faint at 12th magni-
tude, is the icy moon Encela-
dus. The rings’ brilliance 
typically drowns out this 
water-spewing satellite. The 

Watch this visitor from the distant Oort Cloud as it swings south 
through Aquarius, passing near the Helix Nebula (NGC 7293) June 4.

On the night Saturn reaches opposition, its moons put on a display that 
includes the enigmatic outer satellite Iapetus as well as close-in Enceladus.
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The pickings are pretty slim for 
asteroid aficionados in June. To 
achieve success during the early 
evening hours, rock hounds will 
have to push their skills and 
perseverance. As luck would 
have it, only two asteroids —  
7 Iris and 8 Flora — shine as 
bright as 10th magnitude, and 
both lie in front of the Milky 
Way’s center. Slightly fainter  
10 Hygeia proves less difficult to 
spot because it resides against 
the galaxy’s outer fringes near 
the Leo-Virgo border.

Take care when jumping to 
4th-magnitude Upsilon (υ) 
Leonis. Although this is the 
brightest star on the chart 

below, it’s easy to land on a dif-
ferent star when observing from 
the suburbs or under bright 
moonlight. Just because you  
see a pinpoint near Hygeia’s 
expected position, it doesn’t 
mean you have acquired the tar-
get. The surefire way to confirm 
a sighting is to sketch the field 
with a handful of stars. Come 
back a night or two later to see 
which dot has changed position.

With a diameter of 275 miles, 
Hygeia is the fourth-largest 
object in the asteroid belt. 
Astronomers discovered nine 
others before this one because 
it is so dark, reflecting 7 percent 
of the sunlight hitting it.

LOCATINGASTEROIDS
The Lion gives way to the Maiden

best time to look for it is when 
it lies near greatest elongation, 
as it conveniently does the 
night of opposition.

Late June is a great time to 
hunt for Pluto because it passes 
close to a 3rd-magnitude star 
that will guide you right to  
the spot. Thanks to the New 
Horizons spacecraft, which 
flew past in July 2015, this dim 
dot has now been revealed as 
an active world of diverse sur-
face features.

So view Pluto with new eyes 
when it stands 2.7' due south of 
Pi (π) Sagittarii on the evening 
of June 26. You’ll find Pi in 
northeastern Sagittarius, north 
of the handle of that constella-
tion’s Teapot asterism. At mag-
nitude 14.1, Pluto is certainly a 
challenging object, barely vis-
ible through an 8-inch scope 
under a clear dark sky. Many 
stars of similar brightness lurk 
in the area, so use a detailed 
star chart like the one above. 
Sketch or image the field on 
consecutive nights and you 
should be able to identify Pluto 
as the object that moved.

You’ll have to wait until 
after midnight to target the 
next planet. Neptune rises 
around 2 a.m. local daylight 
time June 1 and some two 
hours earlier by month’s end. 
It nestles comfortably next to 
4th-magnitude Lambda (λ) 
Aquarii. Swing 7x50 binocu-
lars to this star in eastern 

Aquarius and you’ll spot mag-
nitude 7.9 Neptune in the 
same field of view, just 0.5°  
to the southeast. The distant 
planet remains there all 
month because it reaches its 
stationary point June 14.

A telescope nicely shows 
Neptune’s distinct blue-gray 
color. At magnifications of 
150x or more, you’ll see a 
2.3"-diameter disk that con-
firms it as a planet.

Uranus rises after 3 a.m. 
local daylight time June 1, but 
it barely climbs a few degrees 
high before twilight starts to 
interfere. You’ll be better off 
waiting until late in the month 
to track it down. On the 30th, 
the planet stands nearly 25° 
high in the east as dawn starts 
to paint the sky. It lies in a 
sparse region of Pisces, some 
4° west of 4th-magnitude 
Omicron (ο) Piscium. Don’t 
confuse magnitude 5.9 Uranus 
with a handful of similarly 
bright stars nearby. Although 
you can see the planet quite 
easily through binoculars, 
you’ll likely need a telescope 
to confirm a sighting. Only 
Uranus shows a disk, which 
spans 3.4" and glows distinctly 
blue-green.

Once morning twilight is 
well underway, you can start 
searching for Mercury. The 
innermost planet reaches 

greatest elongation June 5, 
when it lies 24° west of the Sun 
and appears 6° high in the east 
a half-hour before sunrise. It 
then shines at magnitude 0.5 
and shows up clearly through 
binoculars. But the planet’s 
visibility actually improves a 
bit in the next couple of weeks 
as it maintains its predawn 
altitude but grows brighter. On 
the 15th, Mercury shines at 
magnitude –0.3, bright enough 

to see with the naked eye 
under a haze-free sky. When 
viewed through a telescope at 
midmonth, the planet appears 
7" across and slightly more 
than half illuminated.

Venus remains out of sight 
all month. It passes on the 
Sun’s far side from our view-
point, a configuration known 
as superior conjunction, on 
June 6. It will reappear in the 
evening sky in late July. 

Everyone’s favorite dwarf planet passes a hairbreadth south of magnitude 
2.9 Pi (π) Sagittarii during June’s final week.

You’ll need patience to locate the fourth-largest asteroid because it 
glows around 11th magnitude. Look for it 1° south of Upsilon (υ) Leonis 
on June 21 and 22.
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Historical astronomy

With his dark beard, 
handsome looks, 
exploits as a balloonist, 
and daring pronounce-
ments, French astrono-

mer Camille Flammarion (1842–1925) 
could have sprung from the pages of a 
Jules Verne novel or a current steampunk 
adventure. In his writings, Flammarion 
provided up-to-date astronomical infor-
mation, but he also speculated about 
time travel, commented on the biology 
of extraterrestrial species, and riffed on 
curious themes, such as Earth’s end or the 
universe as viewed from a comet.

He was both a scientist and mystic. 
While doing painstaking astronomical 
research, Flammarion also was announc-
ing that life almost surely existed on Mars 
and, further, that people reincarnated on 
other planets. His evenings might be spent 
at an observatory or hosting séances, with 
guests sitting in chairs representing signs 
of the zodiac under a ceiling painted with 
clouds on blue.

Flammarion was an ideal figurehead 
for 19th-century science, and reporters 
flocked daily to his Paris apartment to 
gather quotes on matters small and large. 
He didn’t disappoint his audience (which 
included Verne).

Flammarion came to prominence in 
1862 when, at age 20, he published the tract 
The Plurality of Inhabited Worlds, hitting a 
nerve with his argument for the likelihood 
of life on other planets. He soon followed 
this with a volume on psychic research, 

Inhabitants of the Other World. In 1864, he 
added Worlds Imaginary and Real, in which 
he reviewed the history of ideas about extra-
terrestrial life. Clearly, he was certain it was 
out there — and in this, he was then (and 
would be now) in the scientific mainstream.

Life on other worlds
For centuries, leading thinkers reasoned 
that with planets orbiting innumerable 
stars, the “purpose” of these other planets, 
like our own, was to harbor life. Newton, 
Leibniz, Kant, Voltaire, Franklin, Halley, 
and the Herschels were among the sup-
porters of pluralism, the belief that many 
inhabited worlds exist. Seventeenth-
century French philosopher Bernard de 
la Fontenelle advanced this case in his 
Conversation on the Plurality of Worlds 
(1686). Fontanelle hinted that inhabitants 
of other planets might be equipped with 
“20 or 30 senses … [while] other species, 
even more perfect, have senses to infinity.”

Relying on advancing scientific knowl-
edge and a vivid imagination, Flammarion 
added flesh to such speculations. In one 
of his catalogs of non-earthly beings, 
Flammarion imagined a world orbiting 
Delta (δ) Andromedae with an atmosphere 
heavier than our air but lighter than water. 
It also had rose-colored, floating citizens 
with overworked lungs on the verge of col-
lapse who survive by breathing the world’s 
nutritious air.

He also offered, on the planet Orion 
with its seven suns, plantlike men who 
move on starfish-shaped feet, and another 
organism resembling a chandelier, which 
breaks into pieces and vanishes, only to 
reassemble later. Flammarion insisted that 

Through detailed astronomical texts and 
fanciful accounts, this French adventurer 
walked the line between science and science 
fiction. by Fred Nadis

Camille Flammarion’s 
Fred Nadis is the author of The Man from 
Mars: Ray Palmer’s Amazing Pulp Journey.
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amazing universe
This image, which is the 
one for which Flammarion 
is best known, appeared in 
the first edition (1888) of 
L’Atmosphere: météorologie 
populaire (The Atmosphere: 
Popular Meteorology). The 
original artist is not known. 
ALL IMAGES: RAYMOND SHUBINSKI 
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otherworldly organisms might have eyes 
sensitive to ultraviolet or infrared radia-
tion, an “electric” sense, and spectroscopic 
abilities. He offered such wonders in a tone 
that mixed matter-of-fact detail with 
poetry, and readers loved it.

Born in 1842 in a small French village, 
Flammarion developed a taste for stargaz-
ing early on. He recalled borrowing opera 
glasses at age 11 and seeing “Mountains in 
the Moon, as on the Earth! And seas! And 
countries! Perchance also inhabitants!”

The following year, he studied a comet 
that “soared above the sunset like an airy 
feather” and regarded it as “a note of inter-
rogation poised in the infinite.” He entered 
the seminary and asked teachers about the 
workings of the solar system, but their 
answers made him realize he would have to 
study on his own.

Poverty drove his family to Paris in 
1856 and ended his religious education. 
(He took up spiritualism instead.) He 
became an apprentice to a metal engraver, 

but he continued to study at night. After 
Flammarion fell ill one evening, a physi-
cian visited him and discovered the teen-
ager had written two books, A Visionary 
Journey to the Regions of the Moon and a 
500-page manuscript, Cosmologie 
Universelle (later published as The World 
Before the Creation of Humankind). 

Impressed, the physician recommended 
Flammarion to the Paris Observatory 
where, at age 16, he took a position as a 
pupil-astronomer. He longed to join the 
astronomers but instead worked all day at 
mind-numbing calculations, surrounded 
by people who treated science not as a 
grand adventure but “in the same manner 
as if they had to make a piece of furniture 
or a pair of shoes.” Several years later, the 
publication of The Plurality of Inhabited 
Worlds and Flammarion’s inflated creden-
tials therein irked the observatory’s direc-
tor, Urbain Le Verrier (famous for 
predicting Neptune’s position, leading to 
its discovery), who fired him.

Balloon voyages
Flammarion did another stint as a “com-
puter” with the Bureau des Longitudes, and 
he began to pen articles about astronomy 
and meteorology and to lecture through-
out Europe. His interest in meteorology 
led him to ballooning. He joined the 
French Aerostatic Society in 1867 and soon 
became its president.

For Flammarion, ballooning had an 
effect that was like that of astronomy. He 
noted, “To the contentment of finding one-
self floating high above the miseries of 
mankind, is added the feeling of a strange 
and absolute calmness, such as is never 
experienced upon the Earth.” 

He made numerous balloon ascensions 
and wrote two books, Voyages in a Balloon 
(1871), and L’Atmosphere (1888), which 
combined rapturous descriptions with sci-
entific observation — including various 
mentions of butterflies accompanying the 
balloon basket to heights over 3,000 feet, 
scenes of villagers greeting him and the 

In Uranie (translated 
as Urania), the title character, 

who is the muse of astronomy, 
takes the author on a journey 
through the cosmos.
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pilot as if visitors from other realms, and a 
time when gendarmes on horseback raced 
below the craft, demanding passports. 
During the Franco-Prussian War (1870–
71), when Paris was under siege, balloons 
were regularly launched to send messages, 
and Flammarion and other astronomers 
manned an observatory to spy with tele-
scopes on Prussian artillery. 

In 1873, Flammarion’s interest in double 
stars once again persuaded Le Verrier to 
give him access to the Paris Observatory 
and its 15-inch telescope. Flammarion 
organized previous data along with fresh 
observations of the 11,000 groupings of 
multiple stars then known, and five years 
later he published his most important sci-
entific work, Catalog of Double and 
Multiple Stars, followed by a lavish book, 
Popular Astronomy, that sold more than 
100,000 copies.

In this guide for amateurs, Flammarion, 
who was never shy about speculating, 
included his belief that there likely was life 
not only on Mars, but also the Moon. In 
the following decade, he founded the 
French Society of Astronomy and The 
Monthly Review of Astronomy, assuring his 
place among the savants of Paris. When 
delegations of astronomers traveled from 
France to Spain, newspapermen referred to 
them as “Los Flammarions.” 

Mystic and scientific
The man moved in stylish circles. His 
friends included Gustave Eiffel, Camille 
Saint-Saëns, and Dom Pedro II, the 
emperor of Brazil. Flammarion’s hon-
eymoon — in late August 1874 with his 
bride, Sylvie Petiaux, a grandniece of 
Victor Hugo — was a 24-hour balloon trip 
from the gasworks at La Villette in Paris to 
the town of Spa. He asked, “What is more 
natural than for an astronomer and his 
wife to fly away like birds?” (His brother, 
Ernest, and pilot Jules Godard also were 
aboard.) A newspaper reported, “Mme. 
Flammarion’s delight was inexpressible 
when sunset gave place to moonlight 
and they sailed by the moon’s soft light 
through the star studded firmament.” 

In his imaginative books, Flammarion 
avoided standard novelistic narrative for 
the more didactic forms of the dialogue 
and dream journey. (Lacking spaceships, 
his heroes engaged in astral projection to 

visit other planets.) He indulged his taste 
for mysticism while also displaying a sci-
entific turn of mind. As a young man, he 
embraced the spiritualist ideas of philoso-
pher Jean Reynaud, who insisted that 
humans are reincarnated on new planets 
in life after life, slowly gaining greater 
enlightenment.

Flammarion’s best science fiction effort 
is Lumen (1872). In it, a cosmic spirit guides 
the narrator through the universe. In addi-
tion to describing the inhabitants of other 
planets, the book also proposes “thought 
experiments” like those of Albert Einstein, 
suggesting, for example, that time and space 

do not exist independently, or that if one 
could travel faster than light, and so outrace 
it, one could see events from history.

In Uranie (1889), the narrator also 
engages in astral travel throughout the uni-
verse with the muse of astronomy. They 
visit Mars, where he meets his friend Spero, 
who had died in a ballooning accident.

Flammarion’s learning, pursuit of the 
sublime, and asides on humanity’s cosmic 
insignificance (“We are but atoms”) 

Camille Flammarion was a man of many 
talents — astronomer, balloonist, and 
author of both science and science 
fiction books. 
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attracted admirers. In 1882, a French 
countess, hopelessly in love with him but 
dying of consumption, instructed her doc-
tor to remove skin from her shoulders and 
back and send it to him after her death to 
bind a copy of one of his latest volumes. 
The physician and Flammarion complied. 
That same year, a wealthy amateur astron-
omer gave Flammarion a huge estate in 
Juvisy, north of Paris, and Flammarion 
converted the chateau into an observatory 
inaugurated in 1887, with Dom Pedro II 
and other luminaries attending.

At Juvisy, Flammarion focused on Mars 
and set out to determine if it harbored life. 
His 1892 book, La Planète Mars et ses con-
ditions d’habitabilité (Mars and Its Habit- 
ability), heightened interest in life on the 
Red Planet and controversy over its canals. 
That controversy originated in Milan, Italy, 
in 1877, when astronomer Giovanni 
Schiaparelli observed the planet is criss-
crossed with deep grooves of geometric 

patterns. He noted the channels, mapped 
them, and left them for others to explain.

Flammarion noted that the canals 
might well be natural furrows, yet “the 
hypothesis of an intelligent origin for the 
canal system appeals to our spirit.” He gen-
erally preferred poetic solutions to mun-
dane, leading him to reject the idea that 
Mars’ red and yellow plains were simply 
sterile and sandy, and propose instead that 
martian vegetation was reddish yellow.

After reading Flammarion’s book, 
Percival Lowell, a Harvard graduate wan-
dering about Japan at the time, decided to 
prove there was life on Mars. Wealthy, 
ambitious, and a capable mathematician, 
he established Lowell Observatory in 
Flagstaff, Arizona, in 1894.

The following year he published Mars, 
the first of his three books about the Red 
Planet. Lowell delivered gripping public 
lectures that described the heroic engineer-
ing works of a doomed civilization on the 

desiccated, dying planet, and he insisted 
that any position but his was folly, which 
made his establishment rivals furious.

With his instinct toward pluralism, 
Flammarion supported Schiaparelli and 
Lowell. In 1894, Flammarion submitted a 
paper he claimed was written by a citizen 
of Mars, found inside a meteorite that for-
tuitously crashed through the roof of the 
French astronomical society.

Written from the point of view of a 
martian scientist, the paper was titled, 
“Can Organic Life Exist in the Solar 
System Anywhere but on the Planet Mars?” 
Weighing all the scientific evidence for life 
on Earth, the writer concludes that condi-
tions, sadly, made the case for life on plan-
ets other than Mars impossible.

By 1909, Lowell and his defenders, who 
had continued to add canals to their maps 
of Mars, lost the scientific debate when 
more powerful telescopes revealed the 
canals were optical illusions. Eugène 

In Lumen, the 
author creates a character 

named Lumen who teaches 
another fictional character, 
named Quaerens, about the 
universe. Lumen also was 
one of the first books to deal 
with travel near and beyond 
the speed of light, a quarter-
century before Einstein 
discussed it in his theory of 
relativity.

Flammarion occasionally pictured fanciful 
scenes with earthly elements. This illustration 
shows dragonflies flitting about on a world 
with three suns (two of which are pictured).
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Antoniadi, who had 
worked as an assis-
tant to Flammarion 
at Juvisy from 1893 
to 1902, made the 
critical observations.

Sci-fi inspiration
Nevertheless, Lowell’s and Flammarion’s 
visions of Mars had sparked imaginations. 
H. G. Wells relied on the model of Mars 
as a dying planet of advanced engineers in 
describing his conquering octopus-men in 
The War of the Worlds (1898). Following 
Flammarion, Edgar Rice Burroughs had 
his hero John Carter astrally transport to 
Mars — or Barsoom, as the locals called it 
— in A Princess of Mars (1912).

Burroughs’ novels and the pulp science 
fiction that followed inspired many bud-
ding scientists. Carl Sagan, a big fan of 
Burroughs, had “Barsoom” vanity license 
plates. And Kim Stanley Robinson, author 
of a recent Mars science fiction trilogy, has 
his human settlers of Mars create the previ-
ously imagined grand canals in tribute to 
these motivating myths.

Flammarion’s imagination was too wide 
roaming to fixate on one planet. Two years 
later, he followed his study of Mars with 
another best-seller, Omega: The Last Days 
of the World (1894). In it, he described our 
planet 500 years in the future when 
Chicago is the world’s commercial capital, 
electric airship travel is common, women 
have prominent roles in science and poli-
tics, wealthy households have their own 
observatories as well as trained monkeys as 
servants, and humans are in contact with 
inhabitants of Mars and Venus via radio.

Learning that a comet is about to strike 
Earth, scientists gather in Paris to discuss 
outcomes and then move on to detail sce-
narios of the likely end of life on the planet 
millions of years in the future. Some pro-
pose rising oceans will make the planet 
uninhabitable. Others insist the end will 
come via continued drying of the planet or 
falling temperatures. Prefiguring Wells’ 
The Time Machine and Olaf Stapledon’s 
Last and First Men, the book then depicts 
the ongoing evolution of humanity, 
epochal changes to Earth and species, and, 
in a touch unique to Flammarion, the 
physical transmigration of humanity from 
Earth to Jupiter and then on to new worlds.

World War I — with its machine guns, 
tanks, poison gas, and widespread destruc-
tion — dampened naïve optimism in sci-
ence and technology, and also marked the 
decline of the elderly Flammarion. While 
Paris coped with bombing raids from 
German zeppelins and a flood of refugees, 
Flammarion took shelter in southern 

France, and later at Juvisy, where he split 
his time between astronomical observa-
tions and séances. Focused on mortality, 
his last books were Death and Its Mystery 
(1920) and Haunted Houses: On the Margin 
of Death and Its Mystery (1924).

Flammarion died in 1925. Although his 
scientific work and popular science efforts 
have faded (an updated edition of Popular 
Astronomy last appeared in 1964), he 
inspired many to consider themselves “citi-
zens of the skies.”

Current conditions would delight him. 
Masked in the language of probability, plu-
ralism is flourishing along with renewed 
fascination with Mars. The Curiosity rover 
samples geology and atmosphere on Mars, 
while governments and private corpora-
tions plan manned missions.

One way or another, there will be life 
on the Red Planet. And Camille 
Flammarion is waiting. While canals  
no longer figure on the map of Mars, 
Flammarion does. A 108-mile-wide (174 
kilometers) crater that bears his name hon-
ors the Frenchman’s legacy. 

Although this illustration from 
L’Atmosphere: météorologie populaire may 
look like a fanciful concept of life beyond 
Earth, it actually shows a Brocken spectre, 
the magnified shadow of an observer cast 
upon clouds of mist or fog and usually seen 
from high elevation or from an aircraft.

Even when Flammarion was touring the 
universe with fantastic guides, he made 
sure the pictures he used were the best 
available. For example, this realistic 
illustration of a lunar day appeared  
in Urania.

This chart of atmospheric 
pressure as it relates to 
altitude is one of many 
examples where Flammarion 
included scientific data in  
his writings.



THE EYES HAVE IT

Confessions of an 
No one believed an amateur astronomer saw such fine details in Saturn’s rings. 
Then Voyager saw them, too. by Stephen James O’Meara
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ONE NIGHT 40 YEARS AGO,
in the spring of 1976, planetary astronomer 
Fred Franklin walked up the four flights 
of stairs from his office to the Harvard 
College Observatory in Cambridge, 
Massachusetts, and entered the dome of 
the 9-inch Alvan Clark refractor — where 
he changed my life with a question.

“Steve, do you think you can detect a 
one-tenth-magnitude brightness difference 
in Saturn’s A ring?” he asked.

I looked at him, puzzled, and asked, “Do 
you mean if I can see Encke’s Division with 
the 9-inch?” The division is an anemic split 
near the outer edge of ring A, which re-
quires excellent atmospheric stability to spy.

“No.” Fred shook his head, explaining 
that the brightness of Saturn’s A ring is not 
constant but varies at four points, with two 
quadrants symmetrically fainter by 0.1 
magnitude than the other two. Fred won-
dered if I could visually determine which 
quadrants were brighter and which were 
fainter; he wanted to compare the visual 
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results with photometric observations he 
was taking with a 16-inch reflector at 
Harvard’s remote Oak Ridge Observatory.

Considering my routine brightness esti-
mates of variable stars to within 0.1 magni-
tude, I told him it might be possible and 
was eager to try.

Observing lessons 
I started by observing Saturn through 
an eyepiece that yielded 125x. I thought I 

could maximize my chances of success by 
condensing the light of the A ring, which 
would make any brightness differences 
more noticeable. But I abandoned the 
search because light from the B ring over-
powered the view. I also realized that try-
ing to search for “possible” 0.1-magnitude 
differences across a single expanse of light 
was different from comparing a variable 
star of unknown brightness to different 
point sources of known brightness. 

I had to rethink my strategy. Because 
Saturn was high in the sky after sunset,  
I decided to start observing as soon as it 
became visible in the twilight. This double-
star observing technique would reduce the 
contrast between the A and B rings, allow-
ing me a better view. I also selected an 
8.4mm Fecker eyepiece (a simple design 
combining two lenses) that provided a nar-
row field of view (10') and a magnification 
of 327x through the 9-inch refractor. In 

eagle-eyed observer

 Saturn’s 
phantom spokes 
appear as bright 
radial lines 
reaching out  
across the  
planet’s rings. NASA/

JPL/SPACE SCIENCE INSTITUTE 

(TOP); CASSINI IMAGING TEAM, 

ISS, JPL, ESA, NASA (BOTTOM 

IMAGES)

 The ringed 
planet saw seasons 
change for billions 
of years before 
NASA’s Cassini 
spacecraft caught 
this first shot of 
saturnian equinox. 
NASA/JPL/SPACE SCIENCE 

INSTITUTE (OPENING SPREAD)
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addition, I placed 
the much brighter 
ball of the planet 
outside the field of 
view so I could 
focus on only one 
side of Saturn’s 
rings at a time.  
I had to train 
myself to stare 
directly at ring A, 
using my detail-
sensitive cone cells 
rather than my 
eye’s night-sensitive 
rod cells, which have poor spatial resolution.

Eventually my observing eye was com-
fortable with the adjustments, and the 
brightness variations within Saturn’s A 
ring revealed themselves convincingly. But 
Fred didn’t just want verbal confirmation. 
He asked me to make a sketch of the rings 
and place a “+” or “–” sign in the appropri-
ate quadrants where I suspected variation. 
When I shared my initial results with Fred, 
he said he found them “interesting” but 
remained noncommittal, simply suggesting 
I continue trying. For about a month I slid 
drawings underneath his office door with-
out hearing any further comment — until, 
one night, Fred shared with me that my 
visual observations were aligned with the 
photometric ones, and that congratulations 
were in order.

New and  
mysterious features
When the project ended, I found myself 
staring at Saturn through the 9-inch scope, 
pondering, “If Fred is looking for slight 

brightness variations in the A ring, perhaps 
the B ring has them as well.” Curious, I set 
out to look for 0.1-magnitude brightness 
differences along ring B. 

Although I used the same observing 
technique, I failed to detect a symmetrical 
variation along the ring. (Later I would 
learn that, indeed, no such effect exists  
for ring B).

But I did spy something new: Saturn’s B 
ring had a different type of azimuthal 
structure. Radial markings extend outward 
from the ring’s dusky inner section partly 
across the ring, like fingers splayed from 
an outstretched hand. The radial features 
were only 0.1 magnitude darker than their 
surroundings, and I mostly observed them 
along the eastern side of the B ring. 

At times the radial markings appeared 
jagged or toothy. At other times they were 
more fingerlike, while still others looked 
sharp and needlelike. 

They also were not consistent in loca-
tion or number, appearing at different 
points on different days and in different 

numbers. Radial features occasionally 
appeared on the western side of the B ring, 
but these were not as prominent, far fewer, 
and less frequent.

When I showed Fred the initial results 
of my new study, he appeared more puz-
zled than surprised. He took out a 1962 
copy of A. F. O’D. Alexander’s The Planet 
Saturn and showed me some drawings by 
Eugene Antoniadi and others that dis-
played dark radial features in ring A. 

And while he called these drawings  
and my observations “fascinating,” he 
added that unfortunately they had to be 
some sort of illusion.

His reasoning was sound: Saturn’s 
rings are a Keplerian disk, with its inner 
particles revolving faster than the outer 
ones. Therefore, shear forces would rip 
apart anything that stretched out radially 
across the rings. Try as I might, I could 

 The author made 
these sketches of 
Saturn’s ring spokes 
in the 1970s, years 
before Voyager 
“discovered” them. 
COURTESY STEPHEN JAMES 

O’MEARA

 The author poses 
with the Alvan 
Clark refractor that 
he used to observe 
Saturn. CLOCKDRIVE 

PRODUCTIONS

Stephen James O’Meara is a contributing  
editor of Astronomy who authors the “Secret 
Sky” column each month.
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not convince Fred or others of the radial 
features’ reality. Instead, I was met with a 
seemingly unified resistance.

As James Bryant of McDonald 
Observatory would later write in the 2007 
Journal of Astronomical History and 
Heritage, “[While his] audience knew him 
to be honest, competent, free of agenda … 
his evidence was very difficult to accept 
because it ran contrary to physics. … 
Inaction that followed O’Meara’s report  
of spokes in 1976 may have been caused  
by others’ distrust of the visual method  
he used.”

Going it alone
While I understood the reasoning behind 
others’ disbelief, further observations of 
the features convinced me they were real. 
I could not dismiss them as an atmo-
spheric phenomenon or telescopic illusion. 
Over the next four years, I conducted a 
systematic observing campaign of the B 
ring. I submitted the results to journals for 
publication without success. For instance, 
in 43 days (January 24 to March 8, 1977), 
I observed 29 radial features (or radial 
complexes) when Saturn’s rings were tilted 
around 17° to our line of sight.

The more I observed them, the more 
dissimilar they became to ring A’s azi-
muthal variations. On some evenings, I 
would monitor the radial shadings for 
hours, watching the motion of individual 
streaks, which not only rotated in the same 
direction as the planet’s cloud tops but also 
at a similar rate. I also followed the radial 
features through changing ring-angle 
phases (from about 17° in 1976 to nearly 
edge-on in 1980). During that time, I cre-
ated graphs that showed how the promi-
nence and number of these radial features 
diminished dramatically as the rings’ 
angle decreased.

My systematic observations ended in 
1980 when Saturn and its near edge-on 
rings went into conjunction with the Sun 
— also just before Voyager 2 arrived at 
Saturn and obtained credit for the discov-
ery of Saturn’s radial “spokes” … but not 
before I had one last chance to be heard.

Prior to Voyager 2’s arrival at Saturn, I 
showed a sample of my Saturn drawings to 
Sky & Telescope’s J. Kelly Beatty, who was 
leaving for the Jet Propulsion Laboratory 
to cover the event. Kelly first showed me 
the latest images from the spacecraft, then 
I handed him some of my drawings, say-
ing, “Please call me when Voyager images 
these features in ring B,” and pointed out 
the radial shadings. Kelly chuckled and 

said, “Right.” 
About a week 
later, Kelly saw 
the Voyager 2 
images of the 
spokes appear on 
a large screen at 
the JPL press-

room. He said he fell back in his chair, 
exclaiming that I had seen the spokes four 
years ago. As Mark Washburn records in 
Distant Encounters, “The news traveled 
quickly, and an hour later [Voyager imag-
ing team leader] Brad Smith appeared in 
the pressroom, asking Beatty, ‘What’s this I 
hear about someone seeing spokes?’ ” Like 
others, Smith was unconvinced.

Regardless, Kelly did call, and I was 
astounded by the news.

Riddle me this
Now that spacecraft have imaged the 
spokes, scientists are trying to solve the rid-
dle of their existence. One theory is that the 
ring’s icy dust particles get an electrostatic 
charge when they move out of Saturn’s 
shadow and into sunlight. (It’s the same 
type of electrostatic discharge that causes 
static cling when you pull clothes from a 
dryer.) The charge levitates the particles 
above the ring plane and into Saturn’s mag-
netic field, which co-rotates with the planet.

One mystery, however, is that the spokes 
can disappear for long periods of time. For 
instance, they remained elusive from 1998 
to 2005 — even to the Cassini spacecraft 

when it arrived in 2004. Cassini did begin 
to detect them in 2005, albeit weakly. That 
prompted scientists to speculate that spokes 
may appear mainly during certain seasons 
of the long saturnian year, perhaps in 
response to the changing angle at which 
sunlight hits the rings. If so, spokes may 
have seasons, and may not form at times 
when the Sun is between 17° and 24° above 
the ring plane. (Interestingly, my pre-Voy-
ager observations took place when the Sun 
was between 16.5° and 3° above the ring 
plane, during a theoretical time of maxi-
mum spoke production.)

Other plausible explanations include 
asteroids plowing into the rings and whip-
ping up a cloud of plasma (which then levi-
tates above the ring plane because of the 
magnetic field), and powerful lightning 
strokes that surge up from Saturn’s clouds, 
wallop the rings, and blast out jets of electri-
cally charged dust as spokes. This latter the-
ory holds promise, as spacecraft data also 
suggest that spokes happen with about the 
same frequency as the planet’s thunder-
storms. Its magnetic field could transport 
electron beams from above these storms into 
the rings, where they charge the dust. 

Whatever the radial features are in  
the B ring, they have now succumbed to 
a flurry of new amateur sightings and CCD 
images — some with telescopes a lot more 
modest than the Harvard 9-inch refractor. 

When truth shocks us into believing, 
the fog of uncertainty lifts, allowing us to 
see more clearly with new eyes. 

 For years, the 
author used 
Harvard College 
Observatory’s 
9-inch Alvan Clark 
refractor to observe 
Saturn. COURTESY STEPHEN 

JAMES O’MEARA
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STAR SANCTUARIES

If you sat here on a moonless night like 
this and counted through until dawn, you 
could tally thousands of stars. 

“The place you are in is special — keep 
that in your mind — in contrast to the places 
that most of us live,” says International Dark-
Sky Association (IDA) astronomer John 
Barentine, who manages the Dark-Sky Places 
Program. “Every human being once shared 
this experience of looking up into the night 
sky and seeing it filled with stars.” 

Before the spread of electricity, humans 
across the planet knew the stories written 

in the skies. Sitting around smoldering 
campfires, people looked to the stars and 
relived the tales of their heroes. Now these 
experiences are confined to star sanctuar-
ies like Grand Canyon National Park. 

With the nation celebrating a century 
since the inception of the National Park 
Service, the agency has recommitted itself 
to protecting a resource overlooked by 
many in America — the night sky. 

Forgotten heroes
And, as a crowd builds in a darkened 

parking lot near Grand Canyon’s Mather 
Point, the talk here turns to the great-
est of those ancient heroes — Hercules. 
Barentine is guiding a group of parkgoers 
on a tour of the night sky. “Imagine with 
me that there is the body of a man who’s 
kneeling,” Barentine says as he sketches the 
figure on the sky in green laser. “His body 
is this set of four stars here that’s some-
times called The Keystone.” 

As part of his 12 labors of penance, 
Barentine explains, Hercules was forced to 
steal the golden apples of the Hesperides. 
To get them, our Greek hero — the illegiti-
mate son of Zeus — adventured in search 
of Hera’s secret garden and killed the 
dragon that guarded them. That serpent is 
now commemorated in the constellation 
Draco the Dragon, placed next to Hercules 
in the night sky. 

“The human brain saw patterns in 
those stars. And we translated all of our 
human hopes and our fears and our dreams 
and our worries onto those stars,” says 
Barentine. “The natural night sky inspires. 

Few stargazing sites deliver like America’s national parks. 
But even these places are under threat. by Eric Betz

LAST DARK SKIES
America’s

Protecting

A smattering of crisp white clouds lingers 
west of Grand Canyon National Park.  
And as the desert Sun sets, smoke from a far-off fire turns the sky as 
red as the surrounding Supai sandstone. Venus slowly emerges from 
behind the clouds like a beacon of the night. Jupiter and the evening 
star push toward the horizon, racing the crescent Moon in a perfect 
isosceles triangle. Their setting leaves an inky black sky bustling with 
activity. Faint stray meteors streak at zenith, and satellites crawl across 
the sky like ants on their ardent paths.
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“HALF THE PARK  
       IS AFTER DARK” 
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“We are losing this thing — ‘the night’ 
— that has been our common shared expe-
rience for so much of the history of human-
ity,” he adds. 

Humans themselves are the cause. Light 
pollution from streetlights, structures, park-
ing lots, billboards, and more now spreads 
by 6 percent each year. As a 
result, these common sto-
ries from our past have 
faded like the constella-
tions that cradled them.

A grand  
star party
But not on this night. Not 
here. The National Park 
Service has shut off the 
visitor center lights for the 
25th annual Grand 
Canyon Star Party. Red 
LED ropes guide park visi-
tors from telescope to tele-
scope through the parking 
lot, where some 50 ama-
teurs have their instru-
ments open to the public. 

“Ask questions. Take 
any telescope you like and 
ask them what they’re 
looking at,” the Tucson 

Amateur Astronomy Association’s Jim 
O’Connor tells a standing-room-only crowd 
at the visitor center auditorium. “We’re 
going to interpret the night sky for you.”

Each year, the Tucson astronomy club 
partners with the Park Service to host eight 
nights of public observing near the South 

Rim’s Mather Point. It’s the 
best-attended special event 
that the Canyon hosts.

Enthusiastic volunteers 
bring their telescopes from 
all over the country to 
camp together and share 
their love of the stars with 
visitors from all over the 
world. The Saguaro 
Astronomy Club of 
Phoenix hosts a simultane-
ous star party at the remote 
North Rim Lodge. 

In both instances, tour-
ists come to see the Grand 
Canyon and find them-
selves looking through an 
eyepiece at the heavens. 
Unlike most star parties 
with a dedicated core of 
amateur astronomer 
attendees, this one brings in 
more than 1,000 members 

of the public each night. Many travelers 
revel in the park’s skies every other night of 
the year. The Grand Canyon and other 
major American national parks set atten-
dance records last year. And rangers are 
bracing for an even bigger turnout in 2016, 
as the centennial celebration puts parks in 
the spotlight. 

The last refuge
“There are not many places you can go in 
the lower 48 United States that are relatively 
easy to get to where you can see this,” 
Barentine says. “A typical night at Grand 
Canyon, if the Moon is down, if you’re there 
late into the night, will be filled with thou-
sands of stars.” 

The public lands that shelter the last of 
our wild places now also give refuge to our 
celestial heritage. Most Americans have 
never seen the Milky Way — the nebulous 
and star-rich center of our galaxy. And 
within a decade, scientists expect that 
Americans will have to make pilgrimages to 
one of just three significant dark patches to 
see the Milky Way in all its wonder. These 
refuges consist of the deserts of eastern 
Oregon/western Idaho, western Utah/north-
eastern Nevada, and the Colorado Plateau 
— the 100,000 square miles of high eleva-
tion desert surrounding the Grand Canyon. 

If you go

WHAT: Grand 
Canyon Star Party

WHEN: June 4 – 
June 11, 2016

WHERE: Telescopes 
are set up near the 
South Rim Visitor 
Center and North Rim 
Lodge. South Rim 
accommodations can 
be found in Grand 
Canyon Village, as well 
as nearby Williams or 
Flagstaff, home to the 
historic Lowell 
Observatory. The 
North Rim has limited 
hotels and cabins, as 
well as campsites. 



To protect the last of these sites, the 
National Park Service has established its 
Colorado Plateau Dark Sky Cooperative. It’s 
an attempt to rally state and federal agen-
cies, along with local tribes, communities, 
businesses, and citizens, to the dark-sky 
cause. This community support network 
recognizes the popularity of Southwest skies 

and their importance as a tourism draw, as 
well as an environmental necessity. And 
already their movement has helped forward 
discussions on what to do about errant visi-
tors center lights and streetlights, as well as 
encroaching oil and gas development. 

Over the past decade, sites like Chaco 
Culture National Historical Park, Rainbow 

Bridge National Monument, Grand 
Canyon-Parashant National Monument, 
and, most recently, Canyonlands National 
Park, have been named Dark-Sky Parks, 
which increases their profile as stargazing 
destinations. The attention helps protect the 
natural lightscape, too.

A somber centennial 
But light pollution is creeping into even 
these places. At the Grand Canyon, skyglow 
washes in from Las Vegas and Phoenix — 
hundreds of miles away. The enemies of the 
night are also now approaching the gates. 
Every visitor to the Grand Canyon South 
Rim’s main entrance must pass through the 
tiny town of Tusayan. And an Italian devel-
oper, the Stilo Development Group, hopes to 
seize on this and build shopping malls, 
track homes, high-end boutiques, and even 
a dude ranch just off Highway 64. 

To the east, another developer is pushing 
a controversial plan to build a gondola to 
the bottom of the Grand Canyon near the 
confluence of the Colorado and Little 

Colorado rivers — a site where the Hopi 
tribe believes their ancestors originated.

Both complexes would capitalize on 
the nearly 5 million visitors who travel to 
the Grand Canyon each year. But they 
would also strain the already scarce 
water supplies and wash out some of 
the faintest stars cherished by those 
who travel to the parks to reconnect 
to the natural world. 

The Park Service opposes 
these developments at its 
door. And it’s now tackling 
the developments within 
its borders as well. 

“We’re trying to 
improve the dark skies 
here in Grand Canyon 
National Park,” says 
park ranger Marker 
Marshall. “We’ve 
got a lot of light 
fixtures that are 
very old and are 
not as dark-sky 
friendly as they 
could be.” Eric Betz is an associate editor of Astronomy. 

He formerly covered Grand Canyon issues as a 
reporter in Flagstaff, Arizona, the world’s first 
International Dark-Sky City. Follow him on 
Twitter: @ericbetz.

“A TYPICAL NIGHT AT GRAND 
CANYON, IF THE MOON IS DOWN, 
IF YOU’RE THERE LATE INTO THE 

NIGHT, WILL BE FILLED WITH 
THOUSANDS OF STARS.” 

Revelers watch the Sun set during the annular eclipse at Grand Canyon National Park in 2012. ERIC BETZ 

Light pollution from Phoenix and Las Vegas spreads hundreds of miles to Grand Canyon National Park. NPS 

As the National Park 
Service celebrates its 
centennial, Grand Canyon 
officials hope to preserve 
the natural lightscape for 
centuries to come. HARUN 

MEHMEDINOVIC/SKYGLOWPROJECT.COM
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Park officials have developed a plan with 
help from the IDA. And the Grand Canyon 
has applied for provisional IDA Dark-Sky 
Park status — the gold standard for any 
stargazing destination. 

If approved by the IDA board, the park 
will receive a provisional designation in 
time for this year’s star party.

But the task ahead is monumental. 
Thousands of old lights at the South Rim 
had to be cataloged and analyzed, with 
hundreds more several hours of driving 
away at the North Rim. To achieve full 
dark-sky status, the park will have to actu-
ally fix the offending lights. 

Most luminaries on the replacement  
list would be a familiar nuisance to any 
skygazer. But the canyon also operates 
remote trading posts and campgrounds  
far below the rim, like Indian Gardens and 
Roaring Springs.

“We have inventoried a little over 5,000 
fixtures — everything from porch lights to 
floodlights on big buildings,” says Grand 
Canyon National Park Superintendent 
Dave Uberuaga. The change will play  
out one lightbulb at a time. The Park 
Service only recently completed its light 
inventory, but they are already looking at 
how to treat each one — shielding the 
lights that need shielding and buying new 
lamps where necessary. 

And even switching off a light isn’t 
always easy. Desert View Watchtower, 
designed by famed architect Mary Colter,  
is one of the most iconic park buildings. 
From its perch, the 70-foot-tall (21meters) 
stone structure looks all the way down to the 
Colorado River — a rarity at the South Rim. 
That profile recently prompted river runners 
to complain about an errant light left on. 

“The electrician went up there and they 
couldn’t find a way to turn it off, so they 
went into the electrical panel box, and it 
was wired in. It didn’t even have a switch,” 
Uberuaga says. Ultimately, the park is 
pushing to retrofit all offending lights and 
achieve a full dark-sky designation by the 
Grand Canyon’s own centennial in 2019.

A preserve like no other 
Susan Schroeder is CEO of the Grand 
Canyon Association — the park’s non-
profit partner in fundraising. She says her 
group has gathered about $200,000 out 
of the $1 million needed to complete the 
retrofits and add ranger-led interpretive 
programs about dark skies. 

The money also will pay for an astrono-
mers’ campground at Mather Point, one of 
the most popular sites in the entire park 
system. The grounds will cater to dark-sky 
enthusiasts and their telescopes.

So far, one generous amateur astronomer 
has covered much of the cost. Joe Orr was a 
member of both the Tucson Amateur 
Astronomy Association and the Grand 
Canyon Association. 

He donated a large part of his wealth to 
protect dark skies at the park, and his pas-
sionate programs on the subject inspired 
others to give money as well. 

Orr died recently, but he left some 
money in trust to help with the Grand 
Canyon retrofits. And this year’s star party 
has been named in his honor. 

“That anchor initial amount really got us 
launched,” Uberuaga says. 

Already the undertaking at Grand 
Canyon is tougher than any previous dark-
sky effort. So far, most IDA parks have 
been small. 
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“WE ARE LOSING THIS THING 
— ‘THE NIGHT’ — THAT HAS 
BEEN OUR COMMON SHARED 
EXPERIENCE FOR SO MUCH OF  
THE HISTORY OF HUMANITY.” 
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They’re often in remote places with 
little nearby development and relatively 
few visitors. Those parks never had a lot 
of lighting to begin with. In contrast, 
the Grand Canyon had nearly 5 million 
visitors in 2015. And it’s also home to a 
town of park workers. 

“This is really in many respects 
unlike any Dark-Sky Park application 
we’ve dealt with before,” says Barentine. 

And the herculean effort is even 
more remarkable because it comes at a 
time when Grand Canyon National Park 
is already facing a multibillion-dollar 
backlog in maintenance work to repair 
leaky water supply pipes and antiquated 
infrastructure. Other National Park 
Service sites face similar problems. 

Dark skies for all parks
But if funding allows, the standards 
developed at Grand Canyon will be 
rolled out across the parks system. 
Anyone with an iPad can now theoreti-
cally go out into the field and catalog 
lights, creating an actionable database. 

“They would like to get to a model 
where essentially almost every national 
park unit short of the ones that are in 
urban settings would qualify to become a 
Dark-Sky Park under the IDA program 
because they’ve put a standard set of pol-
icies in place,” Barentine says. “They 
would standardize the application pro-
cess to the IDA.” 

That could help protect these dark-
sky sanctuaries in perpetuity. Even 
remote-sounding national parks like 
Rocky Mountain and Joshua Tree have 
seen light pollution encroach from 
nearby cities. The problems now also 
include Alaska’s remote North Slope and 
the desolate Bakken region centered in 
North Dakota. The boom in production 
has created jobs in the previously unpop-
ulated region. And that new residential 
and commercial infrastructure is bring-
ing new lights near Theodore Roosevelt 
National Park. The impact is most obvi-
ous when seen from space. NASA photos 

show how the Bakken region became one 
of the brightest regions in the West in 
just a few short years. Its skyglow rivals 
that of large metropolitan areas. The 
same is true of shale oil fields in Texas. 
(See “Pioneer Rig No. 29,” above.)

“The place you are in is special, but it 
shouldn’t be in a sense,” Barentine says 
to a group of skywatchers standing near 
Mather Point. “Of course, the Grand 
Canyon is great and we can’t reproduce 
it everywhere on Earth, but the night 
sky over the Grand Canyon is something 
that we can bring back if we so choose to 
do that.” 

THE STARRY SKIES of lonesome West Texas have inspired 
many a cowboy poet. But more recently, the country has become 
better known for its pumpjacks and its vast resources beneath 
the ground.

The Permian Basin is a vast reach of New Mexico and Texas 
home to one of the nation’s greatest fossil fuel deposits. The 
boom of recent years in American oil and gas drilling and hydrau-
lic fracturing — now on the decline — brought bright flames and 
facilities for transporting fuel and housing workers.

These oil fields glow at night because drilling and refinery 
operations burn off vast amounts of gas to maintain proper pres-
sure or simply because the flammables are too tough to trans-
port. Billions of dollars’ worth of fossil fuels are lost to the practice 
every year. Floodlights and portable light towers are also found 
throughout the oil fields. 

This light pollution seeps into Big Bend National Park, another 
of the recently minted Dark-Sky Parks.

McDonald Observatory in the nearby Davis Mountains also 
looks out onto the Permian Basin. And in 2011, the Texas 
Legislature passed a law mandating shields on outdoor lights 
throughout the counties surrounding the observatory. But that 

didn’t stop the counties to its north from granting some 
5,000 oil-drilling permits between 2010 and 2015. 

The flares aren’t the biggest problem, either. 
Stacey Locke says he, too, learned to love the night under 

these heavens. So, as fights erupted between night-sky propo-
nents and drilling companies, Locke — the CEO and president of 
Pioneer Energy Services, which provides contract drilling services 
— has become an unlikely ally of the observatory.

In recent years, Locke has teamed with veteran McDonald 
Observatory astronomer Bill Wren on a plan to protect the heav-
ens and the oil exploration. They started with a single, typical site 
— Rig No. 29. Even the workers there were unhappy with the 
lighting conditions because of glare from “360 lights,” an 
unshielded, blast-resistant lamp that cast a dangerous glare on 
instrument panels. The workers had crammed a rag into the wire 
mesh around the light to help block some of the stray light. 
Similar skyglow problems plagued the stairwell. 

The study Wren and Locke published based on their work at 
Rig No. 29 showed that not only could they improve dark skies in 
West Texas, they could also reduce costs and make oil drilling 
safer for workers.

Pioneer Rig No. 29

With no nearby cities, Utah’s Vermillion Cliffs National Monument, situated just north of the 
Grand Canyon, has some of America’s darkest skies. HARUN MEHMEDINOVIC/SKYGLOWPROJECT.COM
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M
Although low in the sky for northern observers, this constellation boasts fabulous 
targets for telescopes of all sizes.  by Michael E. Bakich

DEEP-SKY OBSERVING

Most readers of Astronomy know what 
the constellation Scorpius looks like, and 
many would be able to head outdoors and 
locate it. This iconic star figure is best 
visible in the spring and summer in the 
Northern Hemisphere.

Of the 88 constellations that cover the 
sky, Scorpius ranks 33rd in size but 10th in 
overall brightness. It contains an impres-
sive 13 of the 200 brightest stars, including 
Antares (Alpha [α] Scorpii), the sky’s 15th-
brightest luminary.

Scorpius is a southern constellation, but 

all of it is visible from earthly locations 
south of latitude 44° north, assuming a 
perfect horizon. In practice, latitude 40° 
north is a better mark.

Although the constellation is well 
known, many of the deep-sky objects it 
contains are not. I’ll describe my favorites, 
and I’ve included something for everyone. 
Small-scope users can enjoy the four star 
clusters on Charles Messier’s list, and large-
scope owners can challenge both their 
optics and sky conditions by searching out 
small planetary or faint emission nebulae.  

I have listed the objects from west to east 
(the westernmost ones will rise first), in 
order of increasing right ascension. 

The first of the constellation’s Messier 
objects, M80, is easy to find. First locate 
Antares, then move 4.5° northwest. M80 
floats midway between Antares and mag-
nitude 2.6 Graffias (Beta [β] Scorpii).

At magnitude 7.3, this globular is easy 
to spot through a 3-inch telescope. Its stars 
appear tightly packed, so a small scope 
won’t let you resolve the ones near M80’s 
bright core. When you observe this cluster, 

SCORPIUS
Target gems of
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you’ll notice the magnitude 8.5 star SAO 
184288, which sits only 4' northeast of 
M80’s center. That star is much closer to us 
than M80 and has nothing to do with the 
cluster.

Now head for another globular cluster 
that’s even better than M80. M4 is easy to 
find because it lies just west of Antares.

Astronomers classify M4 as a loose 
globular cluster of class IX. Globulars fall 
into classifications designated I to XII. A 
class I globular has the highest stellar den-
sity at its core. Class XII represents a 
homogenous globular with no increase in 
star concentration toward the center.

Point a 6-inch telescope toward M4 and 
you’ll see dozens of stars scattered loosely 
across its span. A prominent chain of stars 

runs north-south through the cluster’s cen-
ter. A 12-inch or larger scope at 200x will 
reveal several hundred stars between 11th 
and 15th magnitude. At this magnification, 
many other star patterns mask the central 
chain of stars. Backyard scopes can resolve 
all but the central 10 percent of this cluster.

In northern Scorpius lies another easy-
to-find globular, NGC 6144. Just look 0.6° 
northwest of Antares. In most low-power 
eyepieces, you’ll capture both Antares and 
the cluster in the same field of view.

But that’s definitely not how 
to observe it, because 
Antares’ glare will over-
whelm everything 
else. So move the 
bright star out of 
view to the south-
east, crank up the 
power, and don’t 
be diverted by the 
much brighter 
globular M4, which 
sits 1° west-south-
west of NGC 6144.

An 8-inch telescope 
at 200x will begin to 
resolve the cluster’s stars far-
thest from the center. Individual 
stars here are difficult to see because of the 
cluster’s distance — it lies some 30,000 
light-years from Earth.

NGC 6144 lies at the edge of a vast array 
of dark nebulosity. The region around it, 
especially northward, looks pretty sparse.

Next up is a simple-to-find double star, 
Antares. Regarding its companion, nor-
mally a magnitude 5.4 star isn’t hard to find. 
In this case, however, it orbits only 2.6" from 
the primary, so you’ll need an 8-inch  

telescope and high power to split the two 
cleanly. When you do, the contrast effect 
will present a bright orange primary with 
an olive green companion. I love this pair!

My next pick is a naked-eye object 
known as the False Comet, which lies at 
the southernmost reaches of Scorpius. 
British astronomer Sir John Herschel chris-
tened this region during his stay in South 
Africa in the 1830s, naming it after False 
Bay, where his ship first touched land in 
South Africa.

Likewise, Herschel called the wider 
region of the sky here the Table of 
Scorpius. To me, that seems to be a refer-
ence to Table Mountain, which he could 
see every night as he gazed at the stars 
from his observatory.

The False Comet covers a 4°-long region 
from the double star Zeta (ζ) Scorpii north 
to the double star Mu (μ) Scorpii. Clusters 
in the region of the False Comet are the 
huge magnitude 3.4 Collinder 316, magni-

tude 8.6 Trumpler 24, and magnitude 
6.4 NGC 6242.

The head of the False 
Comet is the spectacu-

lar NGC 6231, the 
sky’s sixth-bright-
est open cluster, 
and an object 
sometimes called 
the Northern 

Jewel Box. In 
Astronomical Objects for 

Southern Telescopes, published in 
1968, Australian chemist Ernst Johannes 
Hartung wrote, “This cluster produces the 
impression of a handful of glittering dia-
monds displayed on black velvet.”

Through a 4-inch telescope, you’ll see 
more than 100 stars. Particularly striking 
is the knot of half a dozen bright stars at 
the cluster’s center. The cluster is so bright 
that it stands out even from the surround-
ing Milky Way starfield. It has sharply 
defined eastern and southwestern edges.

Twenty member stars in and around 
this cluster shine brighter than 9th magni-
tude, but their real brightnesses are 
astounding — the brightest stars of NGC 
6231 outshine the Sun by 60,000 times.

Now we come to a favorite among 
observers, NGC 6302, also known as the 
Bug Nebula. It lies 3.9° west of magnitude 
1.6 Shaula (Lambda [λ] Scorpii). Named  
for its insect-like shape, this is one of  
the brightest and most massive planetary 
nebulae known.

The Lobster 
Nebula (NGC 6357)
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Through a 6-inch tele-
scope at low power, 
NGC 6302 appears 
like a bright galaxy 
four times as long 
as it is wide, ori-
ented east to 
west. At magni-
fications above 
150x, the bipolar 
nature of this 
object is apparent. 
Look for a promi-
nent lobe with a 
tapered end on the west-
ern side. Then try to spot 
the faint “arm” emerging from 
the eastern side. Don’t look for this object’s 
central star; intervening dust dims it by 
some five magnitudes.

Some named deep-sky objects look 
exactly like their namesakes. The 
Dumbbell and North America nebulae 
come to mind. Add one more — the Cat’s 
Paw Nebula (NGC 6334). To find it, look 3° 
west-northwest of Shaula.

The Cat’s Paw Nebula 
ranks among the Milky 

Way’s largest star-
forming regions.  

It comprises five 
individual nebu-
lous patches in a 
circular area. The 
brightest, which 

measures 6' across and con-
tains a 9th-magnitude star, lies 

on the southeastern end of the complex.
Because this object is larger than the 

Full Moon, you’ll need a wide-field tele-
scope/eyepiece combination to view it all. 
Another approach is to crank up the power 
a bit, add a nebula filter, and view each of 
the five areas separately.

Our next target, named for the break-
fast cereal it resembles, is the Cheerio 

Nebula (NGC 6337). It lies inside the arc 
of stars that form the Scorpion’s stinger. 
Specifically, you can find it 2° southwest 
of magnitude 2.7 Upsilon (υ) Scorpii. 
Through a 12-inch telescope at 300x, 
you’ll see a thin ring with a superposed 
star on both the northeastern and south-
western edges. A nebula filter like an 
Oxygen-III really helps. Although this 
object has a low magnitude, its surface 
brightness is high.

A bit more than 4° north of our last 
target, you’ll find the wonderful Lobster 
Nebula (NGC 6357). This gas cloud sur-
rounds the magnitude 9.6 open cluster 
Pismis 24. Some of this cluster’s bright blue 
stars are among the most massive ever dis-
covered. For example, astronomers using 
the Hubble Space Telescope discovered a 
double star weighing 100 solar masses.

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

TREASURES OF SCORPIUS

The Cat’s Paw 
Nebula (NGC 6334)

The Bug Nebula 
(NGC 6302)

  Globular  
cluster M6
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Although the apparent size of the 
Lobster Nebula exceeds that of the Full 
Moon, through amateur telescopes you’ll 
see only one-tenth its extent. The nebula’s 
brightest region lies to the west of center. 
Use a nebula filter to improve the view. 
Note the four 7th-magnitude stars in a line 
south of the nebula. The northernmost, 
magnitude 7.1 SAO 208790, lies atop NGC 
6357’s center.

Next up is globular cluster NGC 6380, a 
challenging object you’ll find 1.5° west of 
magnitude 2.4 Kappa (κ) Scorpii. We view 
this globular through 35,000 light-years of 
interstellar material, so just spotting it is 
prize enough. Through a 12-inch telescope, 
NGC 6380 appears as a faint, broadly con-
centrated haze.

NGC 6380 also carries the designation 
Ton 1, derived from Tonantzintla 
Observatory near Puebla, Mexico. From 
that observatory, Turkish astronomer Paris 
Pismis (1911–1999) discovered this globular 
cluster and another, even fainter one, Ton 
2, in 1959. To see magnitude 12.2 Ton 2, 
look 25' east of NGC 6380.

Our next object is M6, also known as 
the Butterfly Cluster. From a dark site, 
you’ll pick out this open cluster easily 
without optical aid. It lies 5° north-north-
east of Shaula.

Because Scorpius’ tail lies near the 
southern horizon for Northern Hemisphere 

observers, M6 often appears hazy, like  
a nebula. If you see it high in the sky,  
however, you’ll have no doubt as to its 
starry nature.

Although M6 is both a naked-eye and 
binocular object, it looks best through a 
telescope. Start with your eyepiece that 
gives the lowest magnification, and 
increase the power as you try to pick out 
the butterfly’s wings, one to the north and 
the other to the south.

A 4-inch telescope will reveal 50 stars, 
and through an 11-inch scope, you’ll count 
200 stars looking more like an angry bee-
hive than a butterfly. M6’s brightest lumi-
nary is the orange, magnitude 6.0 star 
SAO 209132, which lies on the cluster’s 
eastern edge.

Now head 3.3° due east of Shaula for 
globular cluster NGC 6441, which lies next 
to the 3rd-magnitude star G Scorpii. 
Although this orange star just 4' to the west 
provides a nice contrast, move it out of the 
field of view when you’re ready to study the 
cluster. Through an 8-inch telescope at 
150x, the core appears bright and concen-
trated with a thin but easily visible, slightly 
irregular, halo surrounding it.

The magnitude 10.0 star GSC 7389:2031 
lies a bit more than 1' southwest of the 
globular’s core. NGC 6441 is one of only 
four globular clusters known to contain a 
planetary nebula, but you’ll need a 25-inch 
or larger scope, a special finder chart, 
ultra-high magnification, and superb see-
ing to spot it.

Scorpius offers several deep-sky treats 
visible with the unaided eye. One of its 
standout deep-sky objects — open cluster 
M7 — lies 4.7° east-northeast of the two 
bright stars that mark the Scorpion’s 
stinger. You’ll spot M7 easily from any rea-
sonably dark site.

M7 is large enough that four Full 
Moons could fit within its borders, so use a 
low-magnification eyepiece if you want to 
observe the entire cluster. When you do, 
notice how the background richness of the 
Milky Way enhances the view.

Alternately, you can crank up the power 
and look for double stars, patterns the clus-
ter’s stars form, or gaps between lines of 
stars noted by many observers. Through 

10x50 binoculars, you’ll count 50 stars in 
M7. Double the aperture (to a 4-inch tele-
scope), and you’ll double the number of 
stars you see.

And with your successful observation of 
this treat, you’ve conquered Scorpius. Of 
course, because this constellation lies near 
the center of our galaxy, we’ve just 
scratched the surface of what you can see. 
Plenty more awaits under a dark sky this 
summer. Good luck! 
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Gorgeous machining, high-quality optical components, and a few 
nice extras catapult these eyepieces to the top. by Mike Reynolds

EQUIPMENT REVIEW

If you’ve been an active observer for 
any length of time, you know how tele-
scopes and accessories have evolved. 
We often concern ourselves with a 
scope’s optical tube assembly, the qual-

ity of the primary optics, or its mount. And 
yet we often ignore the eyepieces. That’s a 
shame because many “standard” eyepieces 
do not enable the telescope to realize its 
potential. Vixen’s SSW ED Ultra Wide 
Eyepieces will.

Background
A mere 50 years ago, most observers 
considered simple Huygens or Ramsden 
eyepieces to be their standards. A few 
might have acquired a more advanced 
Erfle, Kellner, or even an Orthoscopic 
design. Like telescopes and mounts, eye-
pieces also have evolved significantly, and 

many of today’s eyepieces feature new and 
improved optical designs, glass, coatings, 
and manufacturing techniques.

Eyepieces have distinct features, includ-
ing focal length (which determines the 
magnification) and apparent field of  
view — the angular diameter the eyepiece 
“sees.” The larger the apparent field, the 
greater the true field of view through the 
telescope will be.

The apparent field of view has a range of 
20°— considered a narrow field of view — 
to an extra-wide field of 100° or more. A 
small field of view reminds me of looking 
through a paper towel tube; you concentrate 
on the subject (usually a planet) but miss a 
lot of the universe around you. To gain a 
larger field of view requires a more sophisti-
cated design, one that includes more ele-
ments (pieces) of high-quality glass.

Modern art
Vixen Optics has introduced a new line 
of eyepieces, the SSW ED Ultra Wide 
Eyepieces, which the company manufac-
tures in Japan. These five eyepieces sport 
1¼"-diameter barrels and include focal 
lengths of 14mm, 10mm, 7mm, 5mm, 
and 3.5mm, providing the observer with 
medium to high magnifications.

My initial inspection revealed superbly 
machined units that look great. Each has a 
color band, from the red 14mm focal 
length through the violet 3.5mm. The 
scheme follows the visual wavelength col-
ors of red, orange, green, blue, and violet.

The eyepiece barrels have a machined 
recess as a safety in case the focuser’s set-
screw loosens. This well-conceived feature 
prevents the eyepiece from falling out of 
the focuser.

Vixen’s new  
 eyepiece lineWE 

TEST

Vixen Optics’ SSW ED Ultra Wide 
Eyepieces come in five focal 
lengths as of this review. All 
offer an 83°-wide apparent field 
of view and 13mm of eye relief. 
IMAGE COURTESY VIXEN OPTICS
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Each eyepiece has a high-quality rubber 
variable-height eye cup, which you adjust 
by twisting in and out. I found this mech-
anism both useful and easy to deal with. 
Also, the eyepiece barrels are hexagonal, 
thus ensuring an eyepiece will resist roll-
ing when on its side. (I can’t count the 
times I have set an eyepiece down and 
watched it roll.) I tip my cap to Vixen for 
this design.

Optically, these are seven-element eye-
pieces. Vixen notes that the units feature 
“high-transmission/low-dispersion lantha-
num and exotic glass” with full multicoat-
ing on all lens surfaces and a special 
coating on the lens-connecting surfaces. 
The apparent field of view is 83°, which 
places it in the extra-wide category. Eye 
relief is a comfortable 13 millimeters.

I tested the eyepieces on an 8-inch f/5.9 
Newtonian reflector (in which the eye-
pieces provided magnifications from 85x to 
340x) and a 4-inch f/7 apochromatic 
refractor (50x to 202x). Each eyepiece fit in 
the telescopes’ focusers with no problems; 
the reflector uses a set-screw to lock the 
eyepiece, whereas the refractor employs a 
compression ring to secure it.

I used the complete SSW set to observe 
the Moon, the Orion Nebula (M42) — spe-
cifically the Trapezium — and Jupiter. My 
observing conditions over several nights 
remained excellent, with steady seeing and 
good transparency.

Under the sky
As a solar system observer and college 
astronomy professor, I always relish 
exploring the Moon. My first test was 
on a 62 percent illuminated waxing gib-
bous Moon. I usually like starting with 
the Moon on any telescope or eyepiece 
I am testing because it literally seems to 
“illuminate” any quality issues. I found no 
problems with any of the eyepieces.

The 14mm SSW (I always start with the 
lowest magnification and increase) yielded 
an excellent image. Focusing was easy, and 
the image was sharp to the edge of the field 
of view. The terminator seemed to jump 
out at me in crisp, startling detail. As I pro-
gressed down to the 3.5mm eyepiece, I 
continued to enjoy superb views, although 
when I got to the 5mm and 3.5mm focal 
lengths, the views were not as crisp due to 
the weather conditions at my site.

Some amateur astronomers like to 
employ a Barlow lens as a part of their 
observing routine. I like to see how effec-
tive the combination of a Barlow and eye-
piece is versus an equivalent magnification 

eyepiece, so I used a high-quality 2x 
Barlow lens with the eyepieces. I compared 
the 14mm eyepiece with the 2x Barlow to 
the 7mm eyepiece, and the 10mm with the 
2x Barlow to the 5mm eyepiece. The two 
eyepieces noticeably outperformed the 
eyepiece/2x Barlow combinations. I have 
not always found this to be the case. This 
test clearly demonstrates the quality of 
Vixen’s shorter-focal-length eyepieces.

I also observed the Cold Winter Moon, 
as December’s Full Moon is called. I know 
most will think this is crazy (this phase of 
our satellite shows the least amount of 
detail), yet it allows me to see flaws in the 
optics. At higher magnifications — where 
the amount of light coming through an 
eyepiece is less than through lower powers 
— features on the Full Moon can look 
great. Through the 4-inch refractor, I 

found the views both excellent and enjoy-
able, although the image the 14mm pro-
vided was a bit bright for me.

The Orion Nebula can be a real test for 
optics, from the subtle patterns of its nebu-
losity to the faint point sources of the 
Trapezium, a tiny star cluster. I examined 
both carefully, and the eyepieces did not 
disappoint. The nebula’s delicate wisps 
were crisp at the set’s lower powers and not 
bad at the higher ones despite the softening 
sky conditions. I resolved the Trapezium 
easily at all magnifications and recorded in 
my observing notebook a view that was 
“quite delightful!”

Jupiter was my final test. The jovian 
cloud belts appeared distinct, especially with 
low powers. I repeated my Barlow/non- 
Barlow comparison described earlier. I 
much preferred the non-Barlowed views; the 
images were noticeably sharper and brighter.

Top marks
If you’re in the market for a set of well-made 
and outstanding quality medium- to high-
magnification eyepieces, I wholeheartedly 
recommend the new Vixen SSW ED Ultra 
Wide Eyepieces.

My tests convinced me that these eye-
pieces deliver excellent images at all mag-
nifications. You’ll enjoy high-magnification 
views of the Moon, planets, and nebulae, 
and take full advantage of your high- 
quality telescope. 

Vixen SSW ED Ultra Wide 
Eyepieces
Focal lengths: 3.5mm, 5mm, 7mm, 

10mm, and 14mm
Size: 1¼"
Eye relief: 13mm
Apparent field of view: 83°
Price: $349 each
Contact: Vixen Optics 

1050 Calle Amanecer, Ste. C 
San Clemente, CA 92673 
[t] 949.429.6363 
[w] www.vixenoptics.com

PRODUCT INFORMATION

Mike Reynolds is a contributing editor of 
Astronomy, a college professor, an author, 
and an equipment guru. He observes near 
Jacksonville Beach, Florida.

As part of the author’s test of the SSW ED Ultra Wide Eyepiece line, he pointed several telescopes at 
the waxing gibbous Moon. He started by using the lowest-power eyepieces, and then increased the 
magnification. He concentrated his view along the terminator, where detail is greatest. JAMIE COOPER
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ASTROSKETCHING
 B Y  E R I K A  R I X

Ink spot
The Milky Way is a treasure-
trove of celestial objects. 
Brighter portions of its starlit 
band provide the backdrop for 
viewing dark clouds of dust 
and gas, such as Barnard 86. 
Pegged as the Ink Spot Nebula 
for its pitch-black appearance 
against numerous stars, 
Barnard 86 spans 5' and can be 
spotted 2.5° north-northwest 
of the 3rd-magnitude star 
Gamma (γ) Sagittarii. You’ll 
find it nestled between NGC 
6520, a tidy 7th-magnitude 
open cluster on its eastern bor-
der, and an orange double star 
shining at magnitude 6.7 to the 
west. The trio provides notable 
contrast so that even a 4-inch 
telescope will deliver a nice 
view when you observe it under 
dark rural skies.

I use a dimmable red light 
while sketching to preserve my 

night vision. For the Ink Spot 
Nebula, I added the brightest 
stars in the field of view first 
with moderate lighting so that 
I could easily cross-reference 
them for accurate magnitudes 

and positions. Once those ini-
tial stars were in place, I 
dimmed my light just enough 
to sketch by.

Next, I added the soft glow 
of NGC 6520. You can create 
nebulous star glow directly on 
the paper with a pencil — when 
held at a shallow angle with 
light pressure — and then 
smooth it with a blending 
stump. There is a risk of leav-
ing harsh pencil lines with that 
method, so I opted to render 
the star glow directly with a 
blending stump that I rubbed 
through a scrap patch of graph-
ite outside the sketch area. I 
added the remainder of the 
cluster’s stars with an HB pen-
cil before tackling Barnard 86.

To me, the dark nebula 
resembles the body of a sting-
ray. Its faint tail trails behind it 
just below NGC 6520. Since the 
object is so opaque, I left that 
area of the sketch blank. 
Instead, I filled in the haze 
surrounding it with a folded 
chamois that I rubbed through 
the patch of graphite. I ren-
dered any areas that required 
finer detail with a graphite-
laden blending stump as well as 

a kneaded eraser, which 
worked particularly well to 
define the edges of the dark 
nebula and to form the nuances 
I observed within the haziness.

I completed the sketch by 
methodically scanning the 
view to include the remaining 
stars and to touch up any that I 
had softened when using the 
chamois and blending stump. I 
made final adjustments to their 
magnitudes, then added star 
glow around the brightest with 
a blending stump. To better 
represent the eyepiece view, I 
scanned the sketch and then 
inverted it with Photoshop. 

Image 4: I observed and sketched Barnard 86 and NGC 6520 while using a 4-inch f/9.8 
refractor on a German equatorial mount with an 8mm Plössl eyepiece for a magnifica-
tion of 125x. I later scanned and inverted the sketch with Photoshop to better represent 
the eyepiece view. The image is orientated so that north is to the top, west is to the right. 

Image 2: I rubbed a chamois through a patch of graphite outside 
the sketch circle to create the star glow surrounding the Ink Spot 
Nebula. I then incorporated a blending stump to add detailed 
bright patches.

Image 3: I used a kneaded eraser to lift 
excess graphite from the sketch to fine-
tune the dark nebula before adding the 
remaining faint stars to the sketch.

Image 1: I used an HB pencil to create the brightest stars, followed 
by the star glow of open cluster NGC 6520, within a 3 ¼-inch circle 
template on white printer paper. I used these initial markings as a 
reference for the boundary of the dark nebula. ALL IMAGES BY ERIKA RIX



W W W.ASTRONOMY.COM 67

One of the questions that 
invariably arises when I speak 
at the SkyCenter or at other 
events is whether the astro-
photography I present is “real.” 
Typically this query deals with 
the fidelity of the colors or 
the boldness of the contrast. 
However, I feel the question 
gets to the heart of the way 
that science mediates explana-
tions of the world around us.

Take for example the simple 
act of touching something. 
Seeing is not always believing, 
and touching something, per-
haps with a pinch, is consid-
ered the gold standard to test 
reality. But do we really touch 
anything?

Scale an atom so that its 
nucleus is the size of a marble 
and place it in the middle of a 
football field. At this dimen-
sion its attendant electrons, 
still quite invisible, would orbit 
around the nucleus in their 
quantum mechanical way, way 
out in the stands. Atoms are 

voluminous bits of empty space 
compared with the tiny sizes of 
their constituent parts.

Based on this geometry,  
you might expect that when 
you place your hand on a table, 
it should pass right through, 
with the atomic nuclei easily 
missing each other. And while 
it’s true that electrons are 
nearly ineffable bits of matter, 
they influence the space 
around them (through the 
Coulomb interaction and the 
Pauli Exclusion Principle, for 
you tekkies).

What we feel when we 
“touch” something is literally 
force fields emitted by fuzzy 
quantum mechanical packets 
of energy. Truly pressing atoms 
together so they “touch” in the 
macro-world sense will cause 
their nuclei to fuse. The most 
common place to find this hap-
pening is in the centers of stars. 

Nearer to home, this picture 
of the smallest scales comes 
about from the tilt of needles 

on our instruments and the 
readouts of sensitive equip-
ment. Looking through a tele-
scope typically reveals a 
universe of faint, fuzzy, nearly 
colorless forms. Although vis-
ible wavelengths of light are 
hitting our eyes, the quantity of 
light is not enough to fire our 
eyes’ color receptors and allow 
us to discern the light’s hues. 
Instead, we use cameras to 
detect the details and colors the 
universe displays. So when peo-
ple ask me if any astroimages 
are enhanced, I reply by chal-
lenging the conceit of our eyes 
and brains. The pictures are 
not so much enhanced as our 
biological constraints are 
diminished. In other words, the 
images contain more informa-
tion than we can perceive. 

And so the way the world 
really works generally exceeds 
our ability to sense and often 
our common intuition as well. 
The instruments of science 
become our surrogate senses. 
When William Herschel spread 
sunlight into a rainbow and 
placed a thermometer just 
beyond the visible red, he dis-
covered rays (he called them 
“calorific,” while later scientists 
dubbed them “infrared”) that 
warmed the thermometer. 

Although our skin senses this 
radiation, our eyes do not.

I enjoyed my own Herschel 
moment in college while study-
ing emission of light from gas 
discharge tubes. I used a dif-
fraction grating to create the 
narrow pillars of light that 
form the spectral fingerprints 
of particular elements. When I 
looked up the wavelengths I 
observed, I discovered I had 
recorded violet wavelengths 
beyond the ken of normal 
human vision. Unfortunately, I 
have no mutant abilities. 
Instead, because I used a white 
piece of paper, whiteners in the 
material fluoresced and allowed 
me to see the ultraviolet lines.

So if you are a fellow imager 
and someone asks you to dif-
ferentiate the real things from 
the “Photoshopped” bits, take 
care how you answer. Giving a 
thorough explanation of how a 
CCD camera works and what it 
records goes a long way in 
addressing the misconceptions 
bound in the notion of 
“Because we can’t see it, hear it, 
or sense it, how do we know it’s 
true?” The images we produce 
are striking examples of the 
way science works by using 
tools to gain greater insight 
into the world around us. 

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

Is it real?

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

Recently, the author took this image of NGC 1977 in the constellation Orion. When he 
used it in a talk, it generated the kind of questions he considers in this column. ADAM BLOCK

FROM OUR INBOX
Color green
The article, “Oxygen: The color of life” — p. 28, March 2016 — 
by Bob Berman was well written and quite informative.

However, on p. 30, first paragraph, the author states that 
plants “absorb oxygen in one of its combined forms (carbon 
dioxide), use the carbon to create their stiff, crunchy bodies, and 
then release molecular oxygen as waste.”

This statement would lead the uninformed to believe that the 
oxygen in our atmosphere is derived from the carbon dioxide. 
More correctly, the oxygen is derived from the photolysis of 
water, the splitting of a water molecule by light during photosyn-
thesis. The hydrogen from the water combines with the carbon 
dioxide during photosynthesis to produce carbohydrate. Thus the 
oxygen in the carbon dioxide is incorporated into carbohydrate 
and is not released into the atmosphere, as is the oxygen in water.

When carbohydrate is metabolized by the animal kingdom 
for energy, the process is reversed whereby the hydrogen is com-
bined with oxygen to form water, which is exhaled along with 
carbon dioxide as byproducts of both respiration and oxidative 
phosphorylation. — Glenn A. Cooperman, Salinas, California
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2.6-inch refractor
Stellarvue, Auburn, California
Stellarvue’s SV70T is an 
f/6 apochromat with an Ohara 
FPL-53 center element. The 
Stellarvue 2.5" dual-speed rack-
and-pinion focuser has threads 
to accept a dedicated reducer/
flattener that will take the focal 
ratio down to f/4.8. Accessories 
include a case and aluminum 
hinged rings.
Price: $799
[t] 530.823.7796
[w] www.stellarvue.com

Filter holder
Orion Telescopes & Binoculars
Watsonville, California
Orion’s 8-Slot 1.25" Filter Slider 
holds up to eight filters at once. 
The unit requires a gentle push 
to slide a filter into place with a 
click. You can adjust the tension 
with the included 2.5mm hex 
key. The slider requires about 1" 
(24mm) of inward focus travel.
Price: $129.99
[t] 800.447.1001
[w] www.telescope.com

Calcium H-line filter
DayStar Instruments
Warrensburg, Missouri
DayStar’s Calcium H-line Quark 
fits into 1¼" focusers and allows 
observers to view the Sun 
through a 5-angstrom-wide 
window centered on the 
easily visible wavelength at 
3,968.5 angstroms. The unit 
uses USB power and comes 
with an adapter.
Price: $995
[t] 866.680.6563
[w] www.daystarfilters.com

Polar scope
iOptron, Woburn, Massachusetts
The PoleMaster high-precision 
electronic polar scope from 
iOptron is a light-sensitive 
camera that attaches to the 
front of the right ascension  
axis of an equatorial mount.  
It calculates the celestial pole’s 
position and indicates the rota-
tion center and the virtual polar 
point on your computer screen.
Price: $299
[t] 781.569.0200
[w] www.ioptron.com

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.

$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*
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      The  
Milky Way  
  through  
    thick  
and thin
Astronomers 
studying 
our galaxy’s  
vertical  
structure  
are teasing  
out details  
about how  
our home  
system  
evolved

COMING IN OUR

NEXT ISSUE

Falling behind on 
asteroid follow-ups

Powerful surveys 
are discovering asteroids at 

a faster rate than ever before

Behind the scenes at 
Kennedy Space Center

 PLUS
◗ Target our galaxy’s  

 dark nebulae

◗ Explore Earth’s big impacts

◗ Seek exoplanets  
 from your backyard

◗ The quest for distant Pluto
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with you

ASTRONOMY’S
DIGITAL EDITION 
lets you:
✱  Link to website content, blogs,

advertisers’ websites, audio, and video.
✱  Zoom in and magnify to see all the

details of Astronomy’s stunning images.
✱  Take your issues with you wherever

you go — and save on storage space!

P26036

ASTRONOMY.COM/DIGITALSUB 

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
P25807
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1. FIVE SECONDS  
BEFORE TOTALITY 
Lots of people saw this eclipse from 
one of the world’s most populous 
countries. Although weather is gener-
ally not good at this time of year, many 
sites reported only thin clouds. 

2. PROMINENCES AND  
THE CHROMOSPHERE 
The huge prominence visible during 
totality was a hit. Totality at this loca-
tion lasted 2 minutes, 31 seconds.

3. CORONA 
The corona has a wonderfully distinct 
shape. Next up: the August 21, 2017, 
total solar eclipse through the United 
States. (All images taken with a 4-inch 
Lunt Engineering ED doublet refrac-
tor at f/7, Nikon D5100 camera, ISO 
200, top two: ¼000-second exposures; 
bottom: various shutter speeds, taken 
March 9, 2016, around 8:38 A.M. local 
time, from Dolo, Palu, Central Sulawesi, 
Indonesia) • Muhammad Rayhan

READER
GALLERY

1

2

3
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4. CELESTIAL LINEUP 
Comet Catalina (C/2013 US10) stood 
between spiral galaxy M101 and the 
double star Mizar and Alcor (Zeta [ζ] 
and 80 Ursae Majoris) in the bend 
of the Big Dipper’s handle. (4-inch 
Takahashi FSQ-106ED refractor at f/5, 
SBIG STL-11000M CCD camera, LRGB 
image with exposures of 8, 1, 1, and 1 
minutes, respectively, taken January 
17, 2016, from Mayhill, New Mexico) • 
José J. Chambó  

5. ALASKAN AURORAE 
This display of northern lights was 
so bright that it cast shadows and 
changed the color of the snow. The 
brightest point is Venus. The Pleiades 
(M45) also is visible. (Canon 6D, 24mm 
lens, ISO 3200, 6-second exposure, 
taken March 19, 2015) • John Chumack 

6. THE SCULPTOR GALAXY 
NGC 253 is a spiral galaxy in the con-
stellation Sculptor. English astronomer 
Caroline Herschel found it in 1783 
during a search for comets. It lies some 
11.4 million light-years away. (10-inch 
RC Optical Systems Ritchey-Chrétien 
reflector, SBIG STL-11000 CCD camera, 
HαLRGB image with exposures of 150, 
120, 67, 67, and 67 minutes, respec-
tively) • Terry Robison

7. OVERLOOKED CLUSTER 
Messier 93 is a magnitude 6.2 open 
cluster in the constellation Puppis. 
It lies some 3,600 light-years away. 
(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 

8. BALL OF ENERGY
VBRC2 is a planetary nebula about 
3,900 light-years away in the southern 
constellation Vela the Sails. (20-inch 
PlaneWave corrected Dall-Kirkham 
reflector at f/6.8, SBIG STX-16803 CCD 
camera, 8.5 hours of Hα exposures 
stacked with 4.5 hours of OIII and 2 
hours of RGB) • Don Goldman

8

4

7

5

6
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9. A SCOPE IN ITS  
NATURAL HABITAT 
The Atacama Large Millimeter/submil-
limeter Array simulates a giant, single 
telescope much larger than any that 
could be built. Antenna DV-21, shown 
here, lies beneath the richest part of 
our Milky Way, in the direction of the 
constellations Scorpius and Sagittarius. 
(Canon EOS 6D, 24mm lens at f/2.8, ISO 
4000, 20-second exposure) • Miguel 
Claro

10. A PACKED CORE 
NGC 2808 is a gorgeous globular clus-
ter in the constellation Carina the Keel. 
At magnitude 6.2, it’s visible to sharp-
eyed observers from dark sites. This 
object lies roughly 31,000 light-years 
away. (27-inch corrected Dall-Kirkham 
reflector, Finger Lakes Instruments 
CCD camera, LRGB image with expo-
sures of 45, 5, 5, and 5 minutes, respec-
tively) • Damian Peach 

11. LOOK FOR WHAT’S  
NOT THERE 
Although your eye may be drawn to 
the bright-red emission nebula, it’s 
the unlit area at its bottom center 
that’s the prize here. Barnard 30 is a 
dark nebula in the constellation Orion 
the Hunter. (4-inch Takahashi FSQ-106 
refractor at f/5, SBIG STL-11000 CCD 
camera, HαLRGB image with 12 hours 
of exposures) • Robert Fields

12. THE SKY ABOVE  
THE FORBIDDEN CITY 
Stars trail around the North Celestial 
Pole in a time-exposure image that 
captures the passage of the time 
above the Forbidden City, Beijing, 
China. The Forbidden City, a World 
Heritage site, served as the home of 
emperors as well as the ceremonial 
and political center of Chinese govern-
ment for almost 500 years. (Canon 5D 
Mark II, Nikkor 14-24mm f/2.8G lens set 
at 14mm and f/8, ISO 400, 30-second 
exposures totaling 2 hours) • Jeff Dai

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 expo-
sures. Submit images by email to 
readergallery@astronomy.com.
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*Follow us on
Facebook!
GO TO
www.Facebook.com/AstronomyMagazine

See the Universe in color live with

Astronomical Video CCD Cameras

MALLINCAM.COM

StarGPS
GPS for your telescope

www.stargps.ca

Build Your Own  
Custom Astronomical Adapter 

 

www.preciseparts.com 

+1 305 253-5707 
info@preciseparts.com 

 

FOCUS ON
The Sierra Nevada Observatory, OSN

Loma de Dilar, Sierra Nevada Mt. Range
Province of Granada, Spain

Major astronomical groups, amateurs, universities, colleges, secondary & primary schools recognize ASH-DOME  
internationally for their performance durability and dependability.  Standard sizes from 8 to 30 feet in diameter.  
Brochures and specifications available.  

The observatory is located at nearly 3000 meters and is operated by The 
Institute of Astrophysics of Andalucia. The Ash-Domes house two Ritchey-
Chretien telescopes, 1.5 and 0.9 meter. A separate building houses a 0.6m 
telescope. The observatory is used exclusively for research in many areas 
of Astrophysics.

http://www.osn.iaa.es/osn_eng.html  
ASH MANUFACTURING COMPANY

P.O. Box 312
Plainfield, IL USA 60544

web site: www.ashdome.com
email: ashdome@ameritech.net

ScopeStuff
Telescope Accessories & Hardware
World’s largest inventory of telescope accessories, 

adapters and hardware. Free shipping in the USA!

www.scopestuff.com
512-259-9778

ALCon 2016 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

AP Theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

Ash Manufacturing . . . . . . . . . . . . . . . . . . . . 73

Astro Haven . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

Astro-Physics . . . . . . . . . . . . . . . . . . . . . . . . . . 15

Astrodon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

Astronomy.com . . . . . . . . . . . . . . . . . . . . . . . 69

Bob Berman Tours . . . . . . . . . . . . . . . . . . . . . 73

Celestron. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

Discover magazine . . . . . . . . . . . . . . . . . . . . . 9

Glatter, Howard . . . . . . . . . . . . . . . . . . . . . . . 73

iOptron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

Jewelry Designs for Men. . . . . . . . . . . . . . . 13

Kitt Peak National Observatory. . . . . . . . . 68

MallinCam . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

NM Mountain Property for Sale . . . . . . . . 15

Oceanside Photo & Telescope. . . . . . . . . . . 3

Optic Wave Laboratories . . . . . . . . . . . . . . . 73

Orion Telescopes & Binoculars . . . . . . . . . . 5

Precise Parts. . . . . . . . . . . . . . . . . . . . . . . . . . . 73

Rainbow Symphony . . . . . . . . . . . . . . . . . . . 15

ScopeStuff . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

Shelyak Instruments . . . . . . . . . . . . . . . . . . . 15

SkyWatcher - USA . . . . . . . . . . . . . . . . . . . . . 75

StarGPS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

Stellarvue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

Technical Innovations . . . . . . . . . . . . . . . . . 68

Tele Vue Optics, Inc. . . . . . . . . . . . . . . . . . . . . 2

Woodland Hills Cameras & Telescope. . . 13

INDEX of  
ADVERTISERS

The Advertiser Index is provided as a service to Astronomy 
magazine readers. The magazine is not responsible for  
omissions or for typographical errors in names or  
page numbers.



74 ASTRONOMY  •  JUNE 2016

Young sun 
in spotlight
The star blazing at the 
center of the bluish 
 reflection nebula IC 2631 
appears to be a roughly 
5-solar-mass star in its for-
mative years. Cataloged as 
HD 97300, this pre-main 
sequence star is still swad-
dled in the dusty blanket 
from which it developed. 
The dust particles scatter 
light from the fledgling 
star, giving IC 2631 its 
characteristic color. Unlike 
normal stars, which gen-
erate light by converting 
hydrogen into helium,  
HD 97300 shines as gravity 
squeezes and heats up its 
interior. IC 2631 lies about 
500 light-years from Earth 
in the southern constella-
tion Chamaeleon, a region 
teeming with many dark 
clouds of star-forming 
material. ESO

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 for exclusive offers!

At Sky-Watcher USA we’re ready for the summer with three complete lines of  
award-winning Dobs: traditional, collapsible and GoTo.  
With this variety we have something for every 
taste and budget.

Traditional Dobsonians
For the most bang for your 
buck, our traditional Dobs 
deliver the most light 
gathering power for the 
least amount of dollars. 
Simple and powerful.

Collapsible Dobsonians
Our collapsible Dobsonians 
give you more of the three things 
you want out of a Dob: aperture, 
portability and value. The collapsible 
tubes make it infinitely easier to fit the 
biggest light bucket you can afford into 
your back seat, while still leaving enough 
money in your pocket to be able to afford 
something with a back seat.

GoTo Collapsible Dobsonians
Our GoTo Dobs combine the compact 
portability of our collapsible design with 
the convenience and ease-of-use of a 
GoTo system. Big, easy and awesome: 
everything you want in a scope.

With apertures ranging from the ultra-
portable 6-inch up to the monster light-
gathering 16-inch models, all of these 
scopes feature Sky-Watcher’s breath-taking 
optics and come complete with Crayford-
style focuser*, two eyepieces and finderscope.

In addition to all of the other features, our Pro series 14- and 16-inch 
models boast fast-cooling conical mirrors, collapsible bases for even 
more portability and dual-speed Crayford-style focusers.

So if you’re looking for a big light bucket with a little price tag,  
Sky-Watcher USA has what you need. 
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With our complete lines of award-winning traditional, collapsible and 
GoTo Dobsonians, Sky-Watcher USA is making an offer you can’t refuse!

IT’S TIME TO MEET THE

DOBFATHER!

*The traditional 6-inch comes with a rack-and-pinion focuser.

Traditional Dobs from $305 to $585
Collapsible Dobs from $449 to $2,199
GoTo Collapsible Dobs from $1,035 to $3,655



OPT Telescopes – 800.483.6287 – www.opttelescopes.com

B&H Photo – 800.947.9970 – www.bhphotovideo.com

Astronomics – 800.422.7876 – www.astronomics.com

Adorama – 800.223.2500 – www.adorama.com

High Point Scientifi c – 800.266.9590 – www.highpointscientifi c.com

Optics Planet – 800.504.5897 – www.opticsplanet.com

Focus Camera – 800.221.0828 – www.focuscamera.com

Woodland Hills – 888.427.8766 – www.telescopes.net

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.

August 2016: Two planets to tango
Evenings in August are ablaze 
with bright planets. When the 
month begins, Jupiter rules 
as the sky darkens. The giant 
planet stands nearly 30° above 
the northwestern horizon an 
hour after sunset. And at mag-
nitude –1.7, it shines signifi-
cantly brighter than any star.

Jupiter lies near the border 
between Leo and Virgo, which 
places it well below and a little 
to the left of Virgo’s brightest 
star, 1st-magnitude Spica. A 
telescope reveals the planet’s 
32"-diameter disk and stunning 
details in its colorful cloud tops.

With each passing day, 
 however, Jupiter slips closer  
to the horizon. As it does so,  
it appears to make a beeline 
toward an even brighter object, 
magnitude –3.8 Venus. The 
gap between the two closes 
from 27° on August 1 to 13° on 
the 15th and just 3° on the 25th.

This sets up a spectacular 
conjunction on August 27 at 
22h30m UT when just 4' sepa-
rate them. South America 
offers the best view of closest 
approach, though the evenings 
of both August 27 and 28 pro-
vide great looks from anywhere 
in the world. The two brightest 
planets haven’t been this close 
since May 2000, and that event 
occurred in bright twilight. You 
can watch the conjunction with 
naked eyes, binoculars, or a 
telescope; a scope shows Venus 
as a nearly full disk 11" across.

A third solar system mem-
ber adds to the evening show. 
Mercury appears between 
Venus and Jupiter during the 
first half of August, glowing at 
magnitude 0 to the lower left of 
Jupiter. The innermost planet 

reaches greatest elongation 
August 16 when it lies 27°  
east of the Sun and stands 14° 
high an hour after sunset. This 
marks Mercury’s peak altitude 
during 2016. The view through 
a telescope improves later in the 
month, however, as the planet 
swells to 9" across and shows a 
beautiful crescent shape.

Don’t miss the waxing cres-
cent Moon’s sojourn through 
the planetary trio early this 
month. Luna passes 3° south of 
Venus on August 4, 0.6° south 
of Mercury later that day, and 
0.2° south of Jupiter on the 6th. 
Regardless of where you live, 
each evening will provide a 
breathtaking vista.

The other two naked-eye 
planets appear much higher in 
the evening sky. And like Venus 
and Jupiter, Mars and Saturn 
are destined for a late-August 
rendezvous. At the beginning 
of the month, Mars lies among 
the background stars of eastern 
Libra some 11° west of its sib-
ling. It crosses into northern 
Scorpius on August 2 and then 
into Ophiuchus on the 21st, by 
which time only 5° separate the 
two planets.

On the 24th, the pair form  
a straight line with the 1st-
magnitude star Antares, the 
ruddy heart of the Scorpion, 
with Mars 1.8° north of the star 
and Saturn 4.4° farther north. 
The planets are the same dis-
tance apart a day later when 
they officially reach conjunc-
tion. Mars appears brighter 
than Saturn throughout the 
month. The Red Planet fades 
from magnitude –0.8 to –0.3 
while the ringed planet dims 
from magnitude 0.3 to 0.5.

Although the naked-eye and 
binocular views of these worlds 
are impressive, don’t pass on the 
chance to view them through a 
telescope. Mars’ disk spans 12" 
at midmonth, and moderate 
apertures should reveal plenty 
of surface features. The best 
time to look is right after dark-
ness falls when the planet lies 
within 20° of the zenith.

Although telescopic details 
on Mars tend to be subtle, no 
one has ever used that word to 
describe Saturn. The gas giant 
measures 17" across in mid-
August while the rings span 39" 
and tilt 26° to our line of sight. 
Any instrument will deliver 
spectacular views during the 
evening hours. A 10-centimeter 
scope also reveals at least four 
moons: 8th-magnitude Titan 
and 10th-magnitude Tethys, 
Dione, and Rhea.

The starry sky
Of all the constellations, only 
one exists in two separate parts. 
Of course, astronomers long 
ago split up the great ship Argo 
into four distinct constellations 
— Carina the Keel, Puppis 
the Stern, Pyxis the Compass, 
and Vela the Sails — but these 
count as four of the total 88 
constellations.

The one that persists as a 
single but split constellation is 
Serpens the Serpent. Celestial 
cartographers divide it into 
Serpens Caput (the head) and 
Serpens Cauda (the tail). You 
can find both sections high in 
the north on August evenings.

The split occurred because 
on old star charts, which used 
beautiful artistry to depict the 
figures, creatures, and objects 

after which the constellations 
were named, Ophiuchus the 
Serpent-bearer was shown 
holding the Serpent to extract 
its venom, and the creature’s 
head and tail appeared on 
opposite sides. This posed a 
problem when astronomers 
formally drew up the constella-
tion borders some 90 years ago. 
Eugène Delporte of the Belgian 
Royal Observatory, the leading 
figure in this task, solved it by 
officially dividing Serpens into 
two parts.

Most of Serpens Cauda lies 
south of the celestial equator, 
and its southern end intrudes 
into the Milky Way. This sec-
tion contains one of the sky’s 
most famous objects: the Eagle 
Nebula (M16). Its fame derives 
from an iconic Hubble Space 
Telescope image that shows 
part of the nebula and came  
to be called the “Pillars of 
Creation.” A small telescope 
shows M16 as a cluster of stars 
with a little nebulosity. Larger 
apertures begin to reveal the 
structures Hubble made 
famous, though obviously not 
in the detail the orbiting obser-
vatory captured. Still, it’s one of 
my favorite objects.

Some 15° west of the Eagle 
lies the pleasing double star Nu 
(ν) Serpentis. Its components 
glow at magnitudes 4.3 and 8.3 
with 46" separating them.

But the finest double in this 
constellation — or should I say 
“half-constellation”? — is Theta 
(θ) Ser, which is a superb object 
for small telescopes. I find it 
quite stunning even at low 
magnification. Its stars shine  
at magnitudes 4.5 and 5.4 with 
a gap of 22" between them. 
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AUGUST 2016
Calendar of events
 2 New Moon occurs at 20h45m UT

 4 The Moon passes 3° south of 
Venus, 6h UT

  The Moon passes 0.6° south of 
Mercury, 22h UT

 5 Venus passes 1.1° north of 
Regulus, 9h UT

 6 The Moon passes 0.2° south of 
Jupiter, 4h UT

 10 The Moon is at apogee  
(404,262 kilometers from Earth), 
0h05m UT

  Asteroid Fortuna is at opposition, 
8h UT

  First Quarter Moon occurs at 
18h21m UT

 11 The Moon passes 8° north of 
Mars, 22h UT

 12 The Moon passes 4° north of 
Saturn, 12h UT

 13 Saturn is stationary, 18h UT

 16 Mercury is at greatest eastern 
elongation (27°), 21h UT

 18 Full Moon occurs at 9h27m UT; 
penumbral lunar eclipse

 19 The Moon passes 1.1° north of 
Neptune, 12h UT

 20 Asteroid Pallas is at opposition, 
12h UT

 22 The Moon is at perigee (367,050 
kilometers from Earth), 1h19m UT

  The Moon passes 3° south of 
Uranus, 10h UT

 24 Mars passes 1.8° north of Antares, 
4h UT

 25 Last Quarter Moon occurs at 
3h41m UT

  The Moon passes 0.2° north of 
Aldebaran, 17h UT

  Mars passes 4° south of Saturn, 
18h UT

 27 Mercury passes 5° south of 
Venus, 5h UT

  Venus passes 0.07° north of 
Jupiter, 22h UT

 30 Mercury is stationary, 1h 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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