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plus the outstanding sharpness, field correction, and rigidity, to me it is a perfect instrument.”  Testing results 

have been breathtaking. See for yourself and learn more about the unique features of the NP127fli at Tele Vue.com
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This 4.3° F.o.V. image of Eta Carina (NGC3372) was imaged by Wolfgang Promper using the Tele Vue-NP127fli & FLI Proline 16803 camera.
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T 
here seem to be lots of 
barriers for young peo-
ple getting interested in 
serious scientific sub-
jects these days — at 

least in the United States, if 
not all over the world. For one 
thing, reality no longer seems 
as important to people as it 
once did. When I was young, 
real things carried much more 
weight than fantasies. Now, 
you can go outside and show 
some kids an aurora, brightly 
shining and shimmering in 
the sky, and have them excited 
for, well, about five minutes. 
And then, too often, it’s right 
back inside to turn on the 
Xbox 360 and interact with a 
meaningless virtual world. 
What does that accomplish in 
the end? Hey, I’m not against 
having fun, but there’s maybe 
just a little too much of it 
going on relative to learning 
about real things in the real 
universe. 

The daunting increase in 
light pollution over the last 
generation hasn’t made the 
challenge any easier. Every 
single would-be astronomer 
on Earth saw a dark night sky 
a century and a half ago, all 
aware of the constellations of 
glowing stars, of the lumi-
nous band of the Milky Way, 
and maybe even of a few star 
clusters or fuzzy nebulae. 
Certainly they were in tune 
with the wanderings of the 

planets and the cycles of the 
heavens, and the fact that in 
some small way they were a 
part of it. Now it’s very hard 
and for many — probably 
most kids — to get a decent 
glimpse of a dark sky.

On top of this challenge, 
we live in a culture in which 
we are immersed in a con-
stant stream of entertain-
ment. Now, I love movies, TV, 
sports, music, and the rest of 
that stuff just as much as the 
next guy, but for many, the 
ubiquitous nature of fun and 
entertainment saturates their 
lives, in some cases deepen-
ing the push away from real-
ity and into unreality. I 
counted 253 HD channels on 
my own AT&T TV service, 
and I guarantee you that I 
watch relatively few of them. 
But hundreds of channels are 
the norm, and it restrains too 
many people from ever doing 
anything beyond sitting back 
and letting it all flush over 
them night after night.

Yet so many important 
areas of research in astron-
omy, astrophysics, planetary 
science, and cosmology are 
exploding, mostly uncovered 
by the popular media. These 
incredibly active areas of 
research cry out to have their 
stories told, to have us, the 
scientists, explorers, musi-
cians, writers, artists, and 
celebrants of the cosmos as 

we know it, tell the accurate 
story of the universe to our 
fellow human beings.

We can do it. We can over-
come the incredibly loud 
static of society’s stream of 
nonsense, of the challenge of 
light pollution, of a genera-
tion that teeters toward cel-
ebrating the trivial and not 
caring for the meaningful. 
But we must do it together. 
We can do it with our 
research, magazines, plan-
etarium shows, websites and 
online social media, songs 
and concerts, and everything 
else that strikes us not only 
intellectually but also emo-
tionally.

Does the universe care 
about itself? Yes, we born of 
the cosmos do care. But many 
more of us on this planet 
need to realize where we are 
and why we are here. It’s a 
message that can liberate us 
all and make us a great 
forward-moving civilization 
of the future.

As a friend of ours once 
wrote, this world has only one 
sweet moment set aside for 
us. That moment is now. 

 
Yours truly,

David J. Eicher
Editor

Separating 
fact and 
fiction
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SNAPSHOT 

The greatest 
sky on Earth
Chile’s Atacama Desert 
gave our group memories 
for a lifetime. 

Last May, a group consisting of 
Astronomy readers accompanied 
me on a tour of the Chilean desert 
for behind-the-scenes showings of 
the Very Large Telescope, the Ata-
cama Large Millimeter/submil-
limeter Array radio telescope, and 
the Cerro Tololo Inter-American 
Observatory.

As memorable as any of the 
observatory visits were the nights 
we spent under the southern Milky 
Way. We enjoyed views of Omega 
Centauri, the Coalsack, the South-
ern Cross, the Carina Nebula, 47 
Tucanae, and on and on.

One night, many of us piled into 
a bus and headed to one of the 
darkest skies I had ever seen. Many 
observers brought binoculars or 
simply gazed at the unbelievably 
bright southern Milky Way with 
the center of the galaxy, Sagittarius, 
nearly overhead. I took the oppor-
tunity to test my camera, a Canon 
6D, which I had recently bought, 
with a 24mm lens. I was amazed at 
the camera’s sensitivity.

Thank goodness for great tech-
nology — and for the southern 
Milky Way! — David J. Eicher

HOT BYTES >>
TRENDING  

TO THE TOP   

XRAY ENIGMA  
XMM-Newton observatory 
data revealed the same 
mysterious X-ray signal in 
73 galaxy clusters; some 
astronomers say it could 
come from dark matter.

COSMIC CHEM  
The Large Magellanic 
Cloud has a more diverse 
array of organic com-
pounds called  “polycyclic 
aromatic hydrocarbons” 
than the Milky Way does.

ROCK REVEALED 
Scientists bounced radar 
off asteroid 2014 HQ

124
 

on June 8 to create the 
best images yet of the 
1,300-foot-long (400 
meters) two-lobed object.

The southern Milky Way imaged with a 24mm lens at f/4.5, Canon 6D camera set at ISO 25600, and with an approximately 
20-second exposure.
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Puff the 
magic Sun
If Claude Monet had 
painted the Sun, it might 
have looked something 
like this Solar Dynamics 
Observatory (SDO) por-
trait. Astronomers used 
SDO and two other solar 
telescopes to capture a 
series of rapid eruptions 
at the base of the Sun’s 
million-degree outer 
atmosphere, or corona, 
over three days in January 
2013. These energetic 
puffs arise from powerful 
jets (one of which appears 
at the Sun’s limb in this 
image) and solar flares. 
The puffs soon triggered  
a much larger, slower-
moving coronal eruption 
that eventually spread 
ionized gas through 
interplanetary space. 
Researchers released 
these results June 23, 
2014. SDO/UNIVERSITY OF ABERYSTWYTH

BREAK
THROUGH



W W W.ASTRONOMY.COM 11

We gaze into a 
universe of 
spheres, but 
we can’t view 
inside them. 

Eight years ago, this page 
explored celestial “interiors.” 
Now let’s go further, to the sole 
unique location possessed by 
every globe: the center. We’ll 
focus on the most important 
spheres in our lives. 

Start here at home. The topic 
first arose when we realized our 
planet is a ball. This wasn’t much 
of a leap since the Moon and 
the Sun are spheres; why not us 
too? By the fifth century b.c., 
our true ball shape was widely 
accepted in Greece. Almost 
immediately, Earth’s center 
became popularly regarded as 
the location of the underworld. 
After all, as one ventured deeper 
underground, temperatures 
rose. It didn’t seem pleasant 
down there. Oozing lava was 
red-hot, lending more weight to 
the “scorching interior” idea.

Today we know that as you 
head downward in mines, tem-
peratures increase by 1° Fahren-
heit per 70 feet of depth (or 1° 
Celsius per 40 meters of depth). 
This quickly adds up, making 
deep mines stifling. This heat 
eventually trickles to the surface 
and radiates into space. 

Just as each of us humans 
emits as much energy as a 
100-watt light bulb, our planet 
continuously gives off 44 tril-
lion watts. Our world’s interior 
would keep getting cooler from 
all this escaping warmth, but it 
doesn’t, which means the heat is 
somehow replenished. Geolo-
gists believe that the radioactive 
decay of deep-interior sub-
stances like uranium provides 

most of the replacement heat. 
Our planet is a nuclear waste 
repository. At its center, the 
temperature matches that of the 
Sun’s surface!

And our planet’s exact mid-
dle, the spot with no gravity? We 
used to think Earth’s inner core 
is liquid, like having a creamy 
nougat center. But it’s solid. It’s 
a sturdy nickel-iron alloy sprin-
kled with enough gold and plati-
num to pave the entire planet’s 
surface 1.5 feet (0.45 meter) 
deep, if we could drag it up.

So at Earth’s center lurks this 
small solid metal ball about the 
size of Pluto. It spins faster than 
the rest of our planet. Earth has 
a strange little second world 
whirling inside it. 

The Moon’s center is solid 
too. And like Earth’s core, it’s 
surrounded by liquid. None-
theless, the Moon’s bone-dry, 
crystal-like interior makes it do 

weird things. Earthly quakes 
dampen out in a couple of 
minutes, tops. But when a large 
meteoroid or an unnecessary 
spacecraft strikes the Moon, our 
satellite’s rigidity lets vibrations 
echo back and forth through its 
entire 2,160-mile-wide (3,475 
kilometers) body. The shaking 
continued for an amazing 2.5 
hours after one impact in the 
1970s. The Moon is the best 
gong in the neighborhood.

But for true strangeness, 
you can’t beat the Sun. Ever 
wonder why its brilliant visible 
surface is so sharply defined? 
It’s because sunlight escapes 
from just a thin veneer a mere 
300 miles (500km) deep. It’s 

like a ball covered with brightly 
glowing paint. That energy 
originates far below in a rela-
tively tiny sphere that controls 
our fate. This nuclear furnace 
constitutes only the innermost 
1 percent of the Sun’s volume. 
Yet there the energy equals 96 
billion hydrogen bombs explod-
ing each second. 

The process is accelerating. 
The Sun gives off 10 percent 
more light and heat after 
each billion years, so it’s get-
ting brighter all the time. In a 
mere billion years, it will be so 

luminous that all life on Earth 
will perish.

At the Sun’s exact center, 
according to British solar 
researcher Lucie Green, every-
thing is as dark as a windowless 
basement. The heart of the Sun 
is as black as coal.

That’s because at these 
immense pressures and tem-
peratures — a nearly meaning-
less 27 million degrees F (15 
million degrees C) — the fusion 
output is gamma rays spiced up 
with some X-rays. But no visible 
light. Or at least not enough to 
penetrate its dense material to 
your uncomfortable eyeballs in 
this make-believe scenario. As 
those violent photons squirm 

outward, they’re absorbed and 
re-radiated at ever-longer wave-
lengths, finally emerging at the 
thin photosphere as a comfy 
50-50 mix of infrared (heat) 
and visible light. The Sun’s peak 
emission perfectly matches a 
green traffic light. 

You want stranger still? Then 
leave the neighborhood and 
ponder the Crab Nebula’s pulsar.

Its ultra-denseness equals six 
aircraft carriers crushed into 
a single apple seed — a half-
million-ton seed. This hyper-
compressed matter fills a ball 
slightly smaller than Los Ange-
les, insanely spinning 30 times a 
second. Yet despite its extreme 
packed-together nature, super-
slippery layers effortlessly glide 
past others with no resistance 
beneath its surface. No friction. 

Deeper still, at the exact 
center, our science fails. The 
place is an enigma. This spot is 
only slightly more mysterious 
than the “center of the universe,” 
whose location appears to be 
your brain, away from which all 
galaxy clusters rush radially like 
expanding fireworks.

The cores of the cosmos: 
Eternally hidden from sight, 
they challenge us with delicious 
mystery. 

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

In the exact 
center

FROM OUR INBOX

Deep mysteries exist 
in the cores of cosmic spheres.

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

Contact me about  
my strange universe by visiting  

http://skymanbob.com.

THE HEART OF THE SUN IS AS BLACK AS COAL.

Extraterrestrial signals
What exactly is the protocol if the SETI Institute eventually 
detects an unmistakable extraterrestrial signal? Has anyone 
addressed the ramifications of sending signals to unknown intel-
ligent civilizations? 

Announcing our presence to the galaxy at large is potentially 
suicidal if we encounter a hostile sentient species with advanced 
technology far exceeding our own. Could a handful of naively 
optimistic astronomers inadvertently condemn the entire human 
species with their short-sighted enthusiasm?

A forum and perhaps a vote should be implemented before we 
answer E.T. on that fateful future date. — James Jarvis, San Francisco

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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RESIST GRAVITY.  A June 5 Nature paper describes a study of 76 galaxies and their central supermassive black holes and 
suggests that the magnetic fields at the galaxies’ cores are so powerful that they can affect the gravitational pull of material.

BRIEFCASE

INFLATION RETRACTION?
In March, the BICEP2 team announced it had found evi-

dence of ripples in space-time that resulted from the 
universe’s hyperexpansion in the first fraction of a sec-

ond — an epoch called “inflation.” The observation, how-
ever, remains controversial as astronomers debate 
whether the swirly pattern is a result of inflation or 

instead the Milky Way’s dust and magnetic fields. The 
BICEP2 study has now gone through peer review and 
appears in the June 20 issue of Physical Review Letters; 
the team is less confident in its initial announcement. 

•
SOLAR STRUCTURE

In the quest to figure out why the Sun’s surface is some 
9940° Fahrenheit (5500° Celsius) while its atmosphere, or 
corona, is some 2 million degrees, astronomers studied 
ultraviolet light emitted from the lower regions of struc-
tures in the Sun’s corona. They saw oscillations that they 

interpret as swaying magnetic fields, which could be 
transferring energy through the corona. The scientists 

presented their findings June 23 at the Royal Astronomi-
cal Society meeting in Portsmouth, England. 

•
REMAINS SCATTERED

Astronomers studied the young supernova remnant 
N103B, the site of an exploded star, and found warm 
dust near the center. This material, they suggest in an 
August 1 paper in The Astrophysical Journal, is left over 
from an aging star that shed material onto a smaller, 

denser star, called a white dwarf, which then exploded 
as a type Ia supernova. — L. K.

25 years ago 
in Astronomy
The cover story of the 
October 1989 Astronomy 
told the crazy story of a 
“universe of universes” 
springing out from the 
theory that our universe 
experienced a brief era 
of hyperexpansion a frac-
tion of a second after the 
Big Bang. What would 
stop this “inflation” 
epoch from creating 
other parallel cosmos? 
(This is now a major 
reason why astronomers 
believe the multiverse 
exists.) Author George 
Greenstein also investi-
gated the possibility of 
creating a dense enough 
seed in a laboratory from 
which a universe could 
spring forth.

10 years ago 
in Astronomy
In the October 2004 
issue of Astronomy, 
Senior Editor Richard 
Talcott described the 
Cassini spacecraft’s 
first observations at 
the Saturn system. The 
probe had entered orbit 
around the ringed planet 
June 30. For the past 10 
years, this workhorse has 
captured thousands of 
stunning and scientifi-
cally important images 
of Saturn and its largest 
moon, Titan. Cassini data 
also have revealed eight 
more small satellites 
orbiting the planet. 

Cassini is in its sec-
ond mission extension, 
which will end Septem-
ber 2017. — L. K.
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Millisecond pulsars/
binary systems

“Normal” pulsars

Young pulsars

SPINNING STARS. Pulsars are the ultra-dense remnants of once-massive stars. They have as much mass as 
the Sun, but it’s compressed to the size of a city. They spin fast — sometimes hundreds of times every second 
— and their rotation periods are fairly stable. But within those two properties, there’s variability. On average, 
the rotation periods of a pulsar and the rate at which it slows down describe the pulsar’s age and situation. 
Ultrafast pulsars that spin the most stably are usually old and in binary systems; young pulsars, on the other 
hand, slow down quickly. ASTRONOMY: SARAH SCOLES AND ROEN KELLY; DATA FROM THE ATNF PULSAR CATALOG

S
ince arriving at the Saturn system in 
2004, the Cassini spacecraft has col-
lected myriad observations that the 
planet’s largest moon, Titan, hosts a 

global weather system. While Earth’s is 
based on a water cycle, Titan’s centers 
around a methane cycle. Cassini has spied 
clouds, lakes and rivers, and even surface 
shoreline changes. Now scientists say they 
may have seen short-lived structures atop  
a sea — surface waves, bubbles, or perhaps 
floating solids.

Jason Hofgartner of Cornell University 
and colleagues compared radar images from 

eight Cassini passes of a sea near Titan’s 
north pole called Ligeia Mare. In the July 10, 
2013, data, they saw new features that span 
about 12 miles (20 kilometers); the struc-
tures disappeared in the next image, taken 
July 26. The researchers say in their paper 
published online June 22, 2014, in Nature 
Geoscience that they ruled out clouds and 
any backscattered signal from the seafloor. 

Titan’s seasons span about seven Earth 
years, and its northern hemisphere is near-
ing its summer season. Scientists expect the 
moon to experience weather changes as the 
seasons shift. — Liz Kruesi

SCIENTISTS FIND 
POSSIBLE WAVES IN TITAN SEA

FAST 
FACT

TRACKING CHANGES 
IN PULSAR PERIODS

The first pulsar discovered in 
1967 has a period of 1.33  

seconds and falls within the 
range of “normal” pulsars.

WAVES WITNESSED? The Cassini 
spacecraft observed transient features 
(below, circled) in Titan’s northern 
hemisphere sea Ligeia Mare in July 
2013. Both images are false-color radar 
images. NASA/JPLCALTECH/ASI/CORNELL

2007

July 10, 2013
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QUICK TAKES

INTERLOPER
Kapteyn’s star — an object 
that’s passing near the Sun 

from the galaxy’s halo — hosts 
two planets, according to a 

study published July 8 online 
in Monthly Notices of the Royal 

Astronomical Society.

•
SOLAR REACH

The Sun’s outer corona extends 
12 solar radii from the star’s sur-
face, farther out than thought, 
according to a June 1 paper in 

The Astrophysical Journal. 

•
TRIPLE PLAY

Astronomers report in the July 3 
Nature their find: three super-
massive black holes clustered 
together, with just 450 light-

years separating two of them.

•
OBERG OVATION

Astronomy contributor James 
Oberg won the 2014 Jonathan 

Eberhart Planetary Sciences 
Journalism Award for his 

December 2013 article, “Torrid 
Mercury’s icy poles.”

•
E-ELT UNDERWAY

On June 19, part of the 3,000-
meter tall Cerro Armazones peak 
in Chile was blasted off to begin 

preparations for the 39-meter 
aperture European Extremely 

Large Telescope (E-ELT). 

•
CORE CREATION

According to a meteorite study 
in the June 6 Science, the solar 
system’s planets’ cores formed 
within just a million years after 

the first solids condensed. 

•
PARTICLE PREDICTION
The Higgs boson, a particle dis-

covered in July 2012, behaves as 
the standard model predicts and 
decays into fermions, according 

to a June 22 paper published 
online in Nature Physics. — L. K.

Chandra spies black 
holes in the Whirlpool
GLOWING GALAXY. Astronomers pointed the Chandra X-ray 
Observatory at the Whirlpool Galaxy (M51) for a total of 232 hours 
and 10 minutes, and in those observations they found about 400 
X-ray sources contained in the galaxy. Most intriguing, however, are 
10 objects that the scientists say are likely stellar-mass black holes 
in systems with companion stars. These black holes steal material, 
which circles them and glows in ultraviolet light and X-rays. Eight 
of the 10 sources lie within regions of star formation; because a 
black hole is the end stage of a star at least 30 times the Sun’s mass, 
such regions reveal multiple stages of stellar evolution in compact 
areas. The Chandra team released the image June 3. — L. K. 

The maximum tempera-
ture of the coldest known 

candidate white dwarf 
— the crystallized core 

of a once-Sun-like star — 
according to a paper in 
the July 10 issue of The 
Astrophysical Journal. 

3000 
kelvin

One of the most intriguing 
features of Saturn’s largest 
moon, Titan, is its nitrogen-
rich atmosphere. Although 
scientists are unsure of 
its origin, they commonly 
assumed that it developed 
in the nebula surrounding 
an infant Saturn. But now, 
employing one of the most 
valuable clues astronomers 
can use to understand 
the mysteries of solar 
system formation, a team 
has found firm evidence 
that the nitrogen in Titan’s 
atmosphere actually came 
from the cold disk of gas 
and dust that surrounded a 
young Sun; this protosolar 
nebula was also the birth-
place of many comets.

The scientists, led by 
Kathleen Mandt of the 
Southwest Research Insti-
tute in San Antonio, Texas, 
used the ratio of light 
nitrogen to heavy nitrogen 
in the large moon’s current 
atmosphere as their main 
tool. According to their 
study, published in the June 
20 issue of The Astrophysical 
Journal Letters, they proved 
that the ratio could not 
have changed much in the 
history of the solar system, 
which other astronomers 
had previously assumed; 
such a large change would 
have allowed the nitrogen 
to originate in the warm 

disk of material surround-
ing a young Saturn. Instead, 
the ratio does match that 
of light to heavy nitrogen 
in comets that originated 
in the outermost regions of 
the solar system.

The result also has 
implications for scientists’ 
understanding of our 
planet, as the researchers 
proved that the nitrogen 
ratio on a primordial Titan 
could not match that on 
an early Earth. “Some have 
suggested that meteorites 
brought nitrogen to Earth or 
that nitrogen was captured 
directly from the disk of gas 
that formed the Sun,” notes 
Mandt. “This is an interest-
ing puzzle for future investi-
gations.” — Karri Ferron

Titan’s history doesn’t 
fit with Saturn

Gamma-ray bursts (GRBs) are some of the most powerful 
blasts in the cosmos. Astronomers think the ones that last for 
at least two seconds, called long-duration GRBs, result from 
the explosive deaths of massive stars as their cores collapse 
into black holes. And because massive stars live fast and die 
young, they expect the environments of these long GRBs 
to hold countless young and forming suns. Typically such 
regions have a lot of molecular gas that will condense into 
stars. Thus, scientists expect to see gas signatures embedded 
in the GRB’s light. But a team of researchers instead found 
much less gas than expected around a so-called “dark GRB.” 

While most GRBs initially emit gamma rays, they continue 
to glow for days or weeks in infrared, optical, and X-ray light. 
Those that lack an “afterglow” of optical light are “dark.”

Bunyo Hatsukade of the National Astronomical Obser-
vatory of Japan in Tokyo and colleagues used the Atacama 
Large Millimeter/submillimeter Array to look for a com-
mon star-forming gas tracer, carbon monoxide, at the 

locations of two dark GRBs. The light signature of one blast, 
GRB 020819B, revealed that it lived in a region with a gas-
to-dust ratio some five times lower than in most galaxies 
still churning out stars. The astronomers suggest, in their 
June 12 Nature paper, that massive stars in the area have 
depleted much of the gas, resulting in an extra dusty envi-
ronment that thus blocks the optical light. — L. K.

A dark burst and its 
dusty environment

DUSTY BLAST. Scientists studied the environments around two 
dark gamma-ray bursts, an illustration of which is shown, and found 
that the region around one blast is gas-depleted but dust-rich. NAOJ 

ZERO TO EIGHT.  CERN physicists measured the charge of an anti-atom more precisely than ever before. The June 3 
Nature Communications describes the analysis of antihydrogen’s charge: It equals zero to eight decimal places. 

ATMOSPHERE ANCESTRY. 
By looking at the ratio of light to 
heavy nitrogen in Titan’s atmo-
sphere, scientists have concluded 
that this element originated from 
the protosolar nebula that also 
formed most comets. 
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For several nights cen-
tered on October 21, 
2014, skywatchers 
around the globe will 
have an opportunity to 

watch fragments of Halley’s 
Comet burn up as “shooting 
stars” during the Orionid 
meteor shower. To see pieces of 
a celestial icon rip into our 
atmosphere and then (in the 
snap of a finger) go down in 
blazes of glory is wonder 
enough. For some Orionids, 
though, that “death streak” may 
not be the only eye-catching 
phenomenon related to the 
event. It could be the precursor 
to a fascinating spectacle in the 
upper atmosphere that, unlike 
the meteor, can last minutes.

Attending 
the wake
Few shower meteors are as fast 
as the Orionids. They zip 
through Earth’s atmosphere at 

about 40 miles per second (66 
km/s), ensuring that the comet’s 
tiny particles completely vapor-
ize upon descent. Nevertheless, 
such speedsters, especially the 
brighter ones, can display a sub-
tle yet fascinating light phenom-
enon in their wakes — after the 
meteors die.

In an 1877 issue of The 
Observatory, the celebrated Brit-
ish astronomer William F. Den-
ning reported that of the 57 
Orionids he recorded over five 
nights, “no less than 47 left 
streaks.” These ghostly glows lie 
in the meteors’ paths and appear 
after the light fades — like spir-
its rising from their corpses.

A funerary 
surprise
In his report, Denning noted 
that in “several instances these 
[trains] were observed to 
brighten up considerably after 
the extinction of the nucleus, 

SECRETSKY

The Orionids’ 
surprising 
afterglow

and I found some difficulty in 
estimating the magnitudes from 
this cause.” 

On several occasions, I too 
have seen the afterglow of Orio-
nids and other fast meteors sud-
denly swell in brightness after 
the main event, taking but a 
second or two to dim back 
down. To me, this pulse of after-
glow mimics the meteor’s flash, 
as if the two were one unit but 
out of sync — something like a 
distant lightning strike and its 
delayed peal of thunder (if one 
could see thunder).

Denning thought it “unfair” 
to rate a meteor as 4th magni-
tude “when it leaves a short 
[train] that intensifies and then 

becomes as conspicuous as a 
second mag[nitude star.]”

Meteor expert Peter Jenni-
skens of the SETI Institute says 
that this phenomenon is a 
known effect in bright, fast 
meteors. “After the afterglow 
fades in a few seconds — mostly 
due to light from oxygen atoms 
— a persistent emission emerges 
that increases in brightness,” he 
explains. “It is due to ambient 
ozone molecules diffusing into 
the train of oxygen atoms. Iron 
atoms from the meteor recom-
bine this ozone and the oxygen 
atoms and create the iron-oxide 
radical [a molecule that con-
tains at least one unpaired elec-
tron] in an excited state in the 
process. When that electron 
returns to its normal state, it 
emits an orange glow, called a 
persistent train. These trains 
linger for a while and are great 
binocular targets.”

Persistent trains are them-
selves a separate and dynamic 
phenomenon that can last for 
tens of minutes. Generally, 
brighter and faster meteors pro-
duce brighter and more persis-
tent trains. These sights may 
steal your attention away from 
the brief two-second pulse in 
the afterglows that precede 
them. So keep your eyes peeled, 
and let me know what you see at 
sjomeara31@gmail.com. 

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

The light show 
isn’t over once the 
meteors streak by.

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

Although the afterglow of a meteor fades in a few seconds, a falling star’s “train” can linger for minutes, as shown in this three-panel  
illustration. The author used an image of a star field he took and sketched the appearance of the meteor’s streak (left), the faded glow 
from the meteor (center), and the slightly brighter afterglow. STEPHEN JAMES O’MEARA

SETI astronomers 
and the U.S.  

Congress discuss 
the likelihood of 
aliens, to which a 
congressman asks 
the crucial ques-
tion: “Have you 

watched Ancient 
Aliens, and what is 
your comment on 

the series?” 

#facemeetpalm

COSMIC WORLD
A look at the best and the worst that astronomy and  

space science have to offer. by Liz Kruesi
Cold as 
space

Supernova 
hot

Skycorp, Inc.  
re-establishes con-
tact with the solar 

wind explorer 
ISEE-3, allowing 

citizen scientists to 
control maneuvers 

and collect data 
from the 35-year-

old spacecraft.  
Recycle and reuse 

at their finest.

Chatty probe

An eBay user 
pays $1,325 for 
a Washington 

State University 
flag that 

reached nearly 
18.6 miles (29.9 

kilometers) 
above sea level. 
Imagine what 
old spacecraft 
could go for. 

New money

On Earth Day, 
NASA asks peo-
ple across the 

globe to send in 
a selfie. The 

space agency 
then creates a 
3.2-gigapixel 
Earth portrait 
using 36,422 
self-portraits. 
Say cheesy!

Global selfie
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METER CLASS 
TELESCOPES at OPT
Lunt Engineering in partnership with OPT now provides  
Meter Class telescope systems including ground floor  
design and implementation support.

• “Ground Floor” Planning/ 
 Implementation Services

• Meter Class Telescopes Scalable  
 Up To 2 Meters

• Proven Optical Designs With  
 Optional Customization

• Alt-Az Or EQ Fork Mounting  
 Systems Available

• Open Source Observatory  
 Control System

• Current System Upgrading/ 
 Retrofitting Services

• Cost Effective Turnkey Packages

• Project Implementation Transparency

OBSERVATORY INTEGRATIONS  
       AND UPGRADES BY OPT. . . 
     EVERYTHING BUT THE DIRT.

are proud to announceand

ASTRONOMY RESEARCHERS  //  AEROSPACE ENGINEERS   

ACADEMIC PROGRAM DEVELOPERS  //  DEFENSE CONTRACTORS

Want to learn more? Let’s Talk. 

800.483.6287  //  optcorp.com/lunt-meter-class
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If a planet has an atmosphere and is 
bombarded by energetic particles, 

it will have an aurora.

FAST 
FACT

Jonathan Nichols
STFC Advanced Fellow in Planetary 
Auroras at the University of Leicester
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Aurorae, the ghostly displays that shimmer 
and wave through the skies in the northern 
and southern polar latitudes on our planet, are 
not simply a beautiful natural phenomenon. 
They are also a thoroughly useful tool for 
studying the behavior of Earth’s magnetic field 
— and those of other planets.

Aurorae occur when electrically charged 
particles in space, trapped in a planet’s mag-
netic field, are fired toward the atmosphere, 
which glows under the onslaught. This particle 
pummeling is powered by one of two energy 
sources: a buffeting from the Sun or energy 
from the planet’s rotation. For Earth, it’s the 
former that drives the auroral emission, for 
Jupiter it’s the latter, and for Saturn we are 
finding that it’s somewhere between the two.

We use the Hubble Space Telescope to 
observe aurorae on the outer planets, which 
glow brightly in the ultraviolet, and our recent 
observations of Saturn’s aurorae revealed the 
magnetic turmoil surrounding the planet as it 

was slammed by a burst of charged particles 
from the Sun. As this “solar wind” is diverted 
around the planet’s magnetic field, it drags a 
portion of this field out into a long comet-like 
tail. This tail grows until it becomes unstable 
and periodically collapses, raining particles 
down onto the atmosphere and causing the 
glow that we observed with Hubble.  

Studying aurorae on different planets helps 
us understand how planetary magnetic fields 
behave. This is especially important for our 
civilization, which is increasingly exposed to 
the vagaries of “space weather” that can take 
out satellites and disrupt polar communica-
tions and flights. Plus, there is every reason 
to expect that exoplanets also will 
exhibit their own auroral displays, 
some of which may be immensely 
powerful, and I hope that we will 
one day detect an aurora twin-
kling at us from a planet around 
another star.

If you need to find out the precise color of a gal-
axy, all you need to do is measure the mass of 
the stars in its bulge, according to a paper in the 
June 11 issue of Monthly Notices of the Royal 
Astronomical Society.

Scientists have discovered that the more 
mass a galaxy carries around its middle, the red-
der its stars as a whole are. The correlation itself 
has a fascination factor, but the researchers are 
most interested in the causation. What in galac-
tic evolution creates such a matchup?

In addition, astronomers have found that the 
bigger a galaxy’s bulge is, the bigger its central 
supermassive black hole is too. And the bigger a 
black hole is, the more powerful its jets and 
excretions. All that central activity can blow 
away star-forming gas, preventing new suns 
from showing up. When a galaxy stops forming 
stars, the average age of the population contin-
ues to increase, and the stars turn red as they 
go geriatric.

The research team, led by Asa Bluck of the 
University of Victoria in British Columbia, sam-
pled more than 500,000 galaxies and used 
pattern-recognition software to uncover this 
straightforward relationship. “A relatively simple 
result, that large galaxy bulges mean red galax-
ies, has profound consequences,” says Bluck. 
“Big bulges mean big black holes, and these can 
put an end to star formation.” — Sarah Scoles

Big bulges mean 
no new stars

WHAT ARE AURORAE TEACHING US ABOUT 
PLANETARY MAGNETIC FIELDS?

Increasing bulge-to-total ratio
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Earth

Sun

Moon

Umbra

Penumbra

Shadow

Path of 
totality

Greatest 
eclipse

Sunlight

The Moon’s orbit 

Earth’s orbit
August 21, 2017

SOLAR ECLIPSE 
GEOMETRY

DARK DAY. A total solar eclipse is the result of the Moon crossing in front of the Sun’s disk from Earth’s perspective. 
The path of totality — where sunlight is completely blocked and the “umbra” falls — is a narrow band that crosses 
our planet’s face. Observers along a much wider path — where the “penumbra falls” on Earth — will see a partial 
solar eclipse. This diagram shows the path of the August 21, 2017, total solar eclipse. ASTRONOMY: LIZ KRUESI AND ROEN KELLY

FAST 
FACTObservers in North America will get  

another total solar eclipse April 8, 2024.

ROCKY AND SOLID.  The exoplanet Kepler-10c is 2.3 Earth widths and 17 Earth masses. Scientists announced the 
characteristics of this dense “mega-Earth” June 2 at the American Astronomical Society meeting in Boston.
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BIG BULGE. A team of 
astronomers classified 
more than half a million 
galaxies and discovered 
that their colors cor-
relate with the masses 
of their central bulges. 
A bigger middle means 
a redder collection of 
stars, a relationship 
demonstrated in these 
sample galaxies. A. BLUCK
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The leading theory surrounding the Moon’s 
formation involves a Mars-sized body collid-
ing with Earth about 4.5 billion years ago. And 
most theoretical models indicate that our lone 
natural satellite subsequently developed mostly 
from Theia — the name given to the impac-
tor — material. Yet physical studies of oxygen 
isotopes on the Moon and Earth have so far 
indicated a close similarity in the two bodies’ 
compositions, which doesn’t agree with a Theia-
based satellite.

Now, using more refined techniques to study 
these oxygen isotopes, German researchers led 
by Daniel Herwartz of the University of Cologne 
have resolved this conflict. They received Apollo 
11, 12, and 16 lunar samples and were able to 
detect subtle differences between the lunar 
basalt and its earthly counterpart.

“The differences are small and difficult to 
detect, but they are there,” says Herwartz. “This 
means two things: Firstly, we can now be rea-
sonably sure that the giant collision took place. 
Secondly, it gives us an idea of the geochemis-
try of Theia.” The results appeared in the June 6 
issue of Science. — K. F.

More evidence for 
Moon impactor

Nitrogen    

78.08%

Oxygen

20.95%

Argon
0.934%

Carbon dioxide

0.0400%

Neon
0.00182%

Helium    
0.000524%

Methane
0.000170%

Krypton
0.000114%

Hydrogen
0.000055%

0.0427%

THE AIR THAT WE 
BREATHE

FAST 
FACT

ATMOSPHERIC MAKEUP. If you take a deep 
breath, about 99 percent of the air that fills your lungs 
will be molecular nitrogen and oxygen. Although the 
nitrogen doesn’t do much — almost all of it goes back 
out when you exhale — oxygen allows the body to 
produce energy. Argon makes up most of the atmo-
sphere’s remaining 1 percent, but carbon dioxide’s role 
has increased to where it now accounts for about 400 
parts per million. The numbers here don’t add precisely 
to 100 percent because of rounding and uncertainty. 

These figures represent 
typical values for dry air 
at sea level. Water vapor 
varies greatly (compare 
Florida and Arizona, for 
example) and averages 

around 1 percent. 

A new outflow from a 
supermassive black hole
WINDY SOLUTION. During an extensive observing 
campaign of the active galaxy NGC 5548, located 245 
million light-years from Earth in the constellation Boötes, 
scientists observed an unexpected stream of gas flowing 
quickly outward from the galaxy’s supermassive black 
hole. The newly discovered wind blocks 90 percent of the 
X-rays emitted by the central behemoth and provides the 
first direct evidence of a long-predicted process that helps 
accelerate the galaxy’s “persistent” winds to speeds of 
2.2 million mph (3.5 million km/h). The astronomers 
determined that this black hole’s stream, which is much 
closer to the galaxy’s nucleus than the persistent wind, 
reaches speeds of up to 11 million mph (18 million km/h). 
The results appeared June 19 in Science Express. — K. F. 

ISOTOPIC EVIDENCE. A new study of oxygen iso-
tope ratios on the Moon and Earth provide further 
proof that our lone natural satellite formed when a 
Mars-sized body collided with our planet 4.5 billion 
years ago. NASA/JPLCALTECH
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FRIEDRICH’S FIRST 10
Entry Constellation R.A. Dec. Mag. Sep. P.A.

Σ1 Andromeda 0h09m   37°13' 8.9, 10.7 9.7" 287°

Σ2 Cepheus 0h09m 79°43' 6.7, 6.9 0.8" 17°

Σ3 Andromeda 0h10m 46°23' 7.8, 9.1 5.1" 80°

Σ4 Pisces 0h10m 8°27' 9.5, 9.6 5.2" 276°

Σ5 Pisces 0h10m 11°09' 5.5, 9.4 7.2" 158°

Σ6 Pisces 0h10m 4°54' 9.7, 11.5 21.3" 194°

Σ7 Cassiopeia 0h12m 55°58' 8.0, 8.5 1.3" 211°

Σ8 Pisces 0h12m –3°05' 7.8, 9.3 8.0" 292°

Σ9 Cassiopeia 0h14m 49°34' 9.3, 9.3 20.2" 165°

Σ10 Cassiopeia 0h15m 62°50' 8.0, 8.6 17.6" 176°

Key: R.A. = Right ascension (2000.0); Dec. = Declination (2000.0); Mag. = Magnitude; 
Sep. = Separation; P.A. = Position angle
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In 1824, German-born Rus-
sian astronomer Friedrich 
Georg Wilhelm Struve under-
took an ambitious search for 
double stars. Using the 9.5-

inch Fraunhofer refractor at the 
Dorpat Observatory in Dorpat, 
Russia (now Tartu, Estonia), he 
systematically scrutinized all stars 
brighter than 9th magnitude and 
north of declination –15°. 

When Struve completed his 
survey three years later, he had 
cataloged 3,112 double and mul-
tiple stars. Included were many 
already-known showpiece pairs 
like Mizar (Struve 1744), Castor 
(Struve 1110), and the famous 
“Double Double” Epsilon1,2  (ε1,2) 
Lyrae (Struve 2382 and Struve 
2383). But 80 percent were new 
discoveries.

Nowadays, observers notate 
Struve double stars in two short-
hand ways. Star atlases like Mul-
laney and Tirion’s The Cambridge 
Double Star Atlas (Cambridge 
University Press, 2009) label 
them with the capital Greek letter 
Sigma (Σ), while catalogs identify 
them with the three-letter desig-
nation STF. 

The Struve catalog is a 
treasure-trove of attractive double 
stars for the backyard astronomer. 
Earlier multiple star compilations 
were glutted with wide, uninter-
esting pairs. Struve culled them 
out by ignoring systems with 
separations greater than 32" — a 
limit that unfortunately left out 
showpieces like Albireo (34") and 
Nu (ν) Draconis (62"). Catalogs 
subsequent to Struve’s added dou-
ble stars that were either too close 
to each other or too faint for the 
typical amateur-owned telescope.

The Struve catalog is indeed 
a “Goldilocks” compilation of 
double stars. They aren’t too 
bright and wide. They aren’t too 

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

Struve’s stars
Take time to explore the stellar duos in this catalog.

faint and close. They’re just right! 
I’ve notched more than a third 
through a 3-inch reflecting tele-
scope and magnifications of 120x 
or less. Most of the remaining 
Struve doubles are resolvable with 
6- to 8-inch scopes.

Listed below are my observing 
notes on the first 10 entries in the 
Struve Catalog. How many can 
you split?

Σ1: To find this opening entry 
in the Struve catalog, set your sight 
on a 6th-magnitude star located 
2° west of Sigma (σ) Andromedae. 
Σ1 is ½° north of this star.

Σ2: This sub-arcsecond binary 
is a worthy challenge for 6-inch 
scopes. Use the highest practi-
cal magnification under steady 
seeing conditions. The two are 
slowly separating.

Σ3: You can easily find this 
pretty little pair just 20' north of 
22 Andromedae.

Σ4: A faint, but lovely set of 
9th-magnitude twins. 

Σ5: Also cataloged as 34 
Piscium, this one is a challenge 
due to the 36-fold brightness dif-
ference between its stars.

Σ6: Perhaps the least eye-
worthy of Struve’s first 10. 

Σ7: Here’s another challenge 
for 6-inch scopes. As with Σ2, 
you’ll need high power and 
steady skies.

Σ8: Similar but wider than Σ3, 
this delicate duo can be captured 
in small-aperture scopes. Use a 
magnification of at least 100x.

Σ9: This nice twin set is an 
easy notch for small-aperture 
telescopes.

Σ10: Another fine pair for 
modest instruments.

Questions, comments, 
or suggestions? Email me at 
gchaple@hotmail.com. Next 
month: a visit to my astronomy 
club. Clear skies! 

FROM OUR INBOX
The origins of science
I have been reading and enjoying Astronomy magazine for years. 
I just read Editor David J. Eicher’s note on “The origins of sci-
ence” (June 2014, p. 9). It seems that neither Ken Ham nor Bill 
Nye put his best foot forward. I didn’t watch the debate, but I just 
wanted you to know that not all creationists are in the same camp 
as Ken Ham. I believe in a creator, and I also believe that Earth is 
4.5–5 billion years old.

My background is in medicine, and I generally have a math 
and science head. But as I was growing up, I was taught the cre-
ation story from the Bible.

My point is this: Science and the Bible are not at odds. We do 
not fully understand science. Every month in Astronomy, I read 
something to the effect that previously held theories are being 
revised because new scientific observations don’t fit the old mod-
els. Interpreting the Bible is the same way. The universe isn’t 
faulty; our understanding of it is incomplete. In the same way, 
there are those of us who believe that the Bible (in its original 
languages) is not faulty, just our understanding of it.  
— Tim Griffioen, Bracebridge, Ontario, Canada 

Excellent illustrations
For many years, I have delighted in Roen Kelly’s illustrations in 
Astronomy. Many thanks for striving to elucidate the concepts. It’s 
most appreciated. — David Moody, Ulster Park, New York

Comparative size
When observing the Sun, I am often asked about the size of 
sunspots and flares. I thought the graphic “Solar activity scales” 
(p. 16 in “Astro News”) from the July 2014 issue was so good that 
I cut it out and taped it to the side of my telescope. I already have 
received a couple of “wows” when pointing out the comparative 
size of planet Earth to the things being seen through the lens. 
Thank you. — Peter Ford, Islip Terrace, New York

BROWSE THE “OBSERVING BASICS” ARCHIVE AT www.Astronomy.com/Chaple.
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17.5 – 20.4

15.5 – 17.4

13.5 – 15.4

11.5 – 13.4

9.5 – 11.4

3.5 – 6.4

6.5 – 9.4

FAST 
FACT

The October sky 
features impres-
sive star systems 
like the Androm-

eda (M31) and 
Pinwheel (M33) 

galaxies.

AVERAGE NUMBER OF CLEAR DAYS IN OCTOBER
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On June 27, the European Space Agency 
(ESA) announced that it will launch the 
Advanced Telescope for High Energy Astro-
physics (ATHENA) in 2028. Seven months 
prior, the agency decided the theme of the 
2028 launch would be the hot and energetic 
universe, and any proposed missions must 
address the following questions: How and 
why does ordinary matter assemble into the 
galaxies and galaxy clusters we see today, and 
how do black holes grow and influence their 
surroundings? ATHENA, as expected, will 
address these mysteries.

ATHENA’s primary mission will last five 
years, although scientists hope to include 
enough fuel for an additional five years of 
observations. The spacecraft will study the 
X-ray universe from an orbit around the 
second Lagrangian point, an area where the 
gravitational forces of our planet and our star 
balance, to limit needed fuel.

It will have an X-ray telescope and two 
instruments — each a combination camera 
and spectrograph to break apart the collected 
light into its individual wavelengths. Because 
X-ray photons are so energetic, they would 
travel right through a normal mirror. Instead, 
an X-ray telescope is made up of concentric 
circles so that incoming photons hit at shal-
low angles and are essentially guided down 
the scope to any detectors. ATHENA’s tele-
scope will have a focal length of 12 meters 

and a collecting area of 2 square meters 
when detecting lower-energy X-ray photons 
and 0.25 square meter while detecting the 
highest-energy X-rays.

The Wide Field Imager (WFI) will have a 
40-arcminute-by-40-arcminute field of view, 
which is about twice the area of the Full 
Moon. The WFI will see details in images  
as small as 5 arcseconds, and astronomers 
hope to improve the technology to resolve  
3 arcseconds. ATHENA’s other instrument 
will be the X-ray Integral Field Unit (X-IFU), 
which will allow scientists to identify and 
characterize the hot gases in the cosmos. 
Using the X-IFU, they will be able to measure 
the abundances, temperatures, densities, and 
motions of the gas.

ATHENA now will move into a study 
phase, and once ESA selects the final mission 
design and determines its cost, the mission 
will be officially adopted in 2019. Then, con-
struction will begin for a 2028 launch. 

The X-ray observatory is the second large-
scale mission the Europeans have in their 
Cosmic Vision plan. The first is a spacecraft 
set to launch in 2022 to explore Jupiter and 
three of its Galilean moons. In addition, ESA’s 
astrophysics-from-space program includes 
three medium-class probes, a small craft, and 
another large-scale mission (set to launch in 
2034 to study ripples in the universe’s space-
time fabric). — L. K.

SPACE SCIENCE UPDATE

ATHENA CHOSEN 
FOR 2028 LAUNCH 

FUTURE SCOPE. The European Space Agency has 
chosen the Advanced Telescope for High Energy Astro-
physics (ATHENA) as its 2028 X-ray observatory. 
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HYBRID STAR.  On June 4 at the American Astronomical Society meeting in Boston, scientists announced their finding of 
the first possible Thorne-Zytkow object — essentially a red supergiant star that has swallowed its neutron-star companion.

Astronomers watch the 
Sun’s corona heat up
The Sun is a complex body of 
hot gas and magnetic fields, 
and its surface reveals the inter-
actions below. Granules are 
small 1,000-mile-wide (1,600 
kilometers) blobs marking the 
tops of columns of moving gas; 
hot material rises to the surface 
where it spreads out, cools, and 
falls down the column. These 
structures pockmark the entire 
solar surface, littered with occa-
sional sunspots — cooler regions 
of gas and strong magnetic fields 
that break through the surface.

But scientists don’t know how 
the active surface affects the 
Sun’s outer atmosphere, called 
the corona. This diffuse surround-
ing gas has temperatures of 1 
to 2 million degrees, while the 
surface is a much colder 9940° 
Fahrenheit (5500° Celsius). New 
observations presented June 2 
at the American Astronomical 
Society meeting in Boston point 
to a possible cause: “ropes” of 

magnetic fields moving from the 
Sun’s interior to the surface. 

Using the Big Bear Solar Obser-
vatory’s New Solar Telescope to 
capture images every 15 seconds, 
Santiago Vargas Domínguez of 
the New Jersey Institute of Tech-
nology and colleagues watched in 
August 2013 as a handful of gran-
ules were stretched and warped 
while a jet of material surged 
through the lower atmosphere. 
They think a taut rope (6,000 miles 
[10,000km] long) of magnetic 
fields began moving up through 
the Sun’s interior. This tube 
deformed the granules’ columns 
as it reached the surface. It con-
tinued rising through the surface 
while interacting with magnetic 
fields in the lower solar atmo-
sphere. The interaction released 
heat into the atmosphere, and 
then the rope broke, sending a jet 
of gas out that moved at 70,000 
mph (110,000 km/h) and lasted 
about an hour. — L. K.

HEAT HINT. Astronomers saw warped granules (inset) on the solar surface, likely a 
result of a magnetic-field “rope” moving up from the Sun’s interior and passing through 
the granules. The interaction between the rope and the solar atmosphere released heat 
and a jet, shooting across the image’s bottom right. Earth is shown for scale. BBSO

Custom mountain top retreat on 20 
acres with its own fully functioning 
observatory near Cle Elum, WA.  
Beautiful views by day & night. 3 Bd,  
3 Bth, 4500 sqft Hidden Valley home  
w/soaring ceilings, large cvrd deck & 
guest house. Offered at $1,189,000.

www.johnlscott.com/655185

Loretta Sweigard, Broker 
509-674-8339
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Observing Basics

Reader Photo Gallery
Browse thousands of beautiful astroimages 
like this one of the Whirlpool Galaxy (M51) by 
Remus Chua and submit your own. Not an 
astroimager? Explore our numerous gallery 
catalogs, such as Galaxies, Nebulae, Planets, 
and the Sun and Moon. Comment on photos and learn from other imagers’ 
techniques. Budding photographers anywhere in the world are welcome at 
www.Astronomy.com/readergallery. We publish new photos regularly!

“How to Observe Meteor Showers”
Meteor showers are some of the most popular celestial events because they 
don’t require any observing experience. And this fall brings two opportuni-
ties to catch some “shooting stars”: the Orionids on October 21 and the Leo-
nids on November 17. To prepare for these two autumnal events, check out 
Senior Editor Michael E. Bakich’s video “How to Observe Meteor Showers.” 
In it, he explains the basics of what causes these events, where and when 
to watch, what to take note of, and more. Let Bakich help you get ready for 
these fall showers at www.Astronomy.com/intro.

Senior Editor Michael E. Bakich has logged 
tens of thousands of hours at the eye-
piece and holds a fountain of knowledge 
about observing, from the equipment to 
use to the objects to target. His office at 
Astronomy is the place to go for questions 
about everything from the most spectacu-
lar globular clusters to the best eyepieces. 
And these days, Bakich is inviting you into 
his office, or, as he calls it, his “little corner 
of the universe,” to explore the various 
questions you may encounter along your 
own observing adventures in his Observ-
ing Basics video series. 

In each quarterly episode, Bakich takes a few minutes to tackle a 
topic based on frequent questions he receives from readers that makes 
the hobby of looking to the cosmos seem much less daunting. He covers 
everything from choosing the right equipment and how to use must-have 
observing accessories to tips for dealing with dew and how to prevent 
eye fatigue and improve dark adaption. 
Each is a video you’ll reference again and 
again. Beginners and advanced observ-
ers alike, check out all the episodes at 
www.Astronomy.com/observingbasics.

Tips from an editor’s
“little corner of the universe”

What’s new at Astronomy.com.  
BY KARRI FERRON

REGISTER  TODAY! Go to www.Astronomy.com/register  
for access to bonus articles, photos, videos, and more.WEBTALK

THE LANDER SERIES: 
designed for serious night viewing 

and imaging while using heavy-
weight scopes and binoculars. Employ 

the high quality, powered portable Lander 
tripod for adjustable height, stability and 

fl exibility. Give us a call or visit our website 
for complete specifi cations. 

Landers: astro tripods from 
LUNT Engineering

Also check out the newest SOLAR scope, the LS50TH� at www.luntsolarsystems.com

520.344.7351

Manual Lander – 
holds up to 220 
lbs. Pneumatic 
leg adjustments.
$2100

Super Lander – 
motorized; holds 
up to 330 lbs; 
18" power height 
adjustment.
$4200

Power Lander – 
motorized; holds 
up to 200 lbs; 
18" power height 
adjustment.
$3100



Why everything you know about

BLACK HOLES
Event horizons, singularities, 
spaghettification — does anything about 
black holes make sense? Bob Berman 
explains why these extreme objects might 
be even stranger than they seem.
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Supermassive mysteries

E
verything about black holes is astonishing, dramatic, controver-
sial, or mysterious — and sometimes all four. Most people 
remain confused about them, with misconceptions repeated like 
echoes in a canyon. Even astrophysicists debate many of their 

features. So let’s shine a spotlight and see what swallows up our beam.
This story starts and ends with the most mysterious force in the 

universe: gravity. Even centuries ago, everyone knew that a small 
change in an object’s size yields an enormous gravitational alteration. 
If a celestial body like the Sun magically shrank to a tenth its present 
size, its surface gravity would automatically grow 100 times stronger.

Because gas is easy to compress, it makes sense that the Sun’s huge 
gravitational pull — 333,000 times greater than Earth’s — someday 
could force our star to shrink much smaller. When the core’s fusion 
factory shuts down, its outward-pushing gas pressure no longer will 
be able to counteract gravity’s inward pull. The Sun’s future contrac-
tion is thus inevitable. Might the process then keep going until it 
enters a full-scale collapse?

To escape the Sun’s current grasp, an object must travel at 384 miles 
per second (618 kilometers per second). Could runaway collapse ever 
reach the point where tearing free of solar gravity requires a speed of 
186,283 miles per second (299,793 km/s)? That’s 1 mile per second 
faster than the speed of light, meaning even light couldn’t wrench free.

A stellar-mass black hole can rip apart any object that strays too close. While much of the matter 
swirls into the black hole, magnetic fields channel some of it into high-speed jets. Although the 
mathematics that describes black holes may be straightforward, the physical reality of these 
objects is anything but. RON MILLER FOR ASTRONOMY
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Trapping light
The wild idea of captured light originated in 1783, in a letter sent 
from English philosopher and geologist John Michell to Britain’s 
Royal Society. He wrote, “If the semi-diameter of a sphere of the 
same density as the Sun were to exceed that of the Sun in the pro-
portion of 500 to 1 … all light emitted from such a body would be 
made to return towards it by its own proper gravity.” In other 
words, his imagined sphere would trap the light it radiated.

Thirteen years later, French scientist Pierre-Simon Laplace 
repeated this idea in a textbook, and today he is widely, if unjustly, 
credited with originating it. But in the 18th century, nobody really 
thought gravity could yank light, and the notion was quietly for-
gotten. Even Laplace dropped it from his book’s later editions.

The issue took a sharp turn when Albert Einstein showed in his 
1915 general theory of relativity that light’s path would indeed bend 
in a gravitational field. But even Einstein didn’t believe any celestial 
body could possibly collapse enough to do the job of keeping its 
own light from escaping.

Yet the possible reality of black holes began to emerge just a 
couple of months after Einstein published his ideas. While serv-
ing as a soldier in the miserable World War I trenches, German 

physicist Karl Schwarzschild showed that Einstein’s field equa-
tions — which describe gravity as the curvature of space and time 
— could accurately pin down the consequences of shrinking a 
star smaller and smaller, like Alice in Wonderland, until it 
became a pinpoint. Sadly, he died of a rare skin disease in 1916 at 
the age of 42. His ideas, however, carry his legacy. Now, when 
astronomers discuss a collapsing massive star, the exact distance 
from this shrinking dot to the place where gravity exceeds light-
speed is called the Schwarzschild radius.

The idea was fine in theory. Lots of things exist in our minds but 
have no analog in real life, like the square root of –1 or the notion of 
closing all tax loopholes. For years, physicists went back and forth 
about whether an object with a Schwarzschild radius could exist.

Sixteen years after Schwarzschild’s work, Indian astrophysicist 
Subrahmanyan Chandrasekhar showed that the simple equations of 
Einstein’s special relativity required that any collapsing body weigh-
ing more than a paltry 1.4 Suns would “keep going” smaller and 
smaller, never reaching a stable size no matter how much it deflated.

But what would this mean? Would it collapse until it took up no 
space? Until it had infinite density? Scientists call such a bizarre 
pinpoint a singularity.

ANATOMY OF BLACK HOLES: 
Star-sized and supermassive

Event horizon
Beyond this boundary, not even light can 
escape a black hole’s gravitational grasp. 
The distance from the black hole’s center 
to the edge of the event horizon is called 
the Schwarzschild radius, and this border 
marks the “black” part of the black hole. 
For a supermassive black hole, the radius 
is solar-system sized. If you crossed the 
event horizon, you wouldn’t know it for a 
while because the average density inside 
the sphere is similar to that of water, and 
you would not be uncomfortably stretched 
right away. For a stellar-mass black hole, 
the radius is just tens of miles. If you ap-
proached this boundary feet-first, you’d be 
“spaghettified” — pulled into a long, thin 
shape — by the black hole’s tidal forces, 
stronger at your feet than at your head.

Photon sphere
Right outside the event horizon, supermassive and 

stellar-mass black holes’ gravities are strong enough that 
photons — which normally travel straight paths — get 

stuck in circular orbits. They outline the shape of a black 
hole. Astronomers are hoping to synthesize a telescope 

big enough to detect this ring around the Milky Way’s 
supermassive black hole and see the “shadow.”

Innermost circular  
stable orbit

For both supermassive and stellar-mass  
black holes, this is the inner edge of the 

 accretion disk — the last place where material 
can orbit safely without the risk of falling in  

past the event horizon.

Relativistic jets
Both supermassive and stellar-mass black holes channel 
incoming material into near-light-speed jets emanating 
from their poles. These jets emit radio waves and X-rays 
and can extend hundreds of thousands of light-years (in 
the supermassive case) into space. Astronomers are still 
working to understand how these jets function.

Singularity
The “point” at which all of the matter and 
energy that fall into the black hole ends 
up. Here, the curvature of space-time is 
infinite. Theoretically, this point takes up 
no space but has anywhere from a few to 
billions of times the Sun’s mass, giving 
it an infinite density in the cases of both 
stellar-mass and supermassive black holes.

Accretion disk
If material falls toward a black hole, it forms an accre-
tion disk of matter swirling toward the event horizon 

in the same way that water swirls down a bathtub 
drain. For stellar-mass black holes, the material 

usually comes from a binary companion star. Super-
massive black holes, however, may have stables of 

orbiting stars and abundant gas clouds from which 
they can strip material. As the material loses energy, 
it spirals inward and may fall past the event horizon.
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Although following relativity to its logical limits seems to lead 
inexorably to singularities, many physicists in the 1930s argued 
— hoped might be a better word — that something must halt such  
a seemingly impossible stellar collapse.

Thanks to quantum mechanics, they found one. When crushed 
together, subatomic particles called neutrons need a bit of wiggle 
room, so the collapse must stop before it impinges on their personal 
space. But some physicists, including Robert Oppenheimer, insisted 
in a 1939 paper that this “brake” would work only up to a point. If a 
contracting star weighed more than three or four times as much as 
the Sun — and studies of binary stars revealed many such heavy-
weights sprinkled around our galaxy — a collapse simply would 
become too powerful. Like a dry cleaner’s nightmare, the shrinkage 
would keep going, and nothing could stop it.

Frozen time
Oppenheimer went even further. Reminding everyone that Ein-
stein had shown that any gravitational distortion of space also 
 distorts time, he and his colleagues insisted that time (from our 
perspective) must come to a screeching halt at a black hole’s “event 
horizon” — the boundary past which even light cannot escape 
defined by the Schwarzschild radius.

The end of time? It had an intriguing ring. Some started calling 
these hypothetical collapsing bodies “frozen stars.” It was a valid 
concept and still is. Once anything shrinks to almost that critical size 
— just larger than the Schwarzschild radius — no further changes 
unfold at the surface as viewed by observers elsewhere in the cosmos.

Thus, about three-quarters of a century ago, physicists were 
aware of something too many forget these days: that no external 
observer can view a star’s collapse all the way to a black hole. Before 
it can gain an event horizon or form a singularity, its shrinkage 
comes to a halt from our perspective. It then remains forever fro-
zen as is while its light fades to black.

Put another way, we can never observe any star collapse into a 
genuine, certified black hole. The final bits of infalling material 
that would create such an object require infinite time to plummet. 

Infinite time has not yet elapsed, and it never will — though, truth 
be told, the “almost” black holes that do exist have properties 
almost indistinguishable from the real things.

The universe next door
Understanding black holes requires us to grasp a key point of rela-
tivity: reference frames. A nice example of the concept involves 
muons — electron’s cousins that use relativity to invade our bodies 
every second of every day.

These evanescent particles, each 207 times heavier than an elec-
tron, are created in Earth’s upper atmosphere when cosmic rays 
(mostly protons) strike air molecules. A muon lives for two micro-
seconds — two millionths of a second — and then vanishes. Despite 
moving at virtually light-speed, a muon typically travels less than 
half a mile before it decays into several subatomic particles. Yet at 
Earth’s surface, 35 miles (56km) beneath where muons are born, 
they penetrate our bodies continuously. What gives?

The answer is amazing. To a high-speed muon, distance 
shrinks. From its perspective, the ground is not 35 miles away 
when it’s born, but less than a city block. It can traverse this short 
gap during its brief lifespan. Yet from our human perspective, the 
atmosphere is not a city block thick. Instead, the muon’s time has 
slowed down, just as Einstein said it must at high speeds or in a 
strong gravity field, and the muon decays more slowly. These dif-
ferent “reference frames” — ours and the muon’s — are both valid. 

This computer-generated model shows the “shadow” of the black hole at 
the center of the Milky Way. This 4-million-solar-mass object has, scientists 
 believe, a ring of photons corralled into a stable orbit just outside the event 
horizon. It marks the edge of the black hole. The brighter, larger portion 
shows where the black hole is actively consuming matter. Astronomers 
 believe that with a sensitive enough telescope, they will be able to detect  
this photon ring. AVERY BRODERICK OF WATERLOO/PERIMETER INSTITUTE

Any object with mass bends space-time. But the more massive and 
dense an object, the more it affects the cosmic fabric around it. This 
illustration compares the relative warpings of objects with different 
masses. Scientists sometimes describe black holes as “ripping holes”  
in space-time. ASTRONOMY: KELLIE JAEGER

How objects distort space-time

Bob Berman is the author of the column “Strange Universe.”
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They both result in muons penetrating our poor pincushion bod-
ies. Yet no textbook ever declares Earth’s atmosphere to be only a 
half-mile thick simply because muons see it that way. Our perspec-
tive is the one that rules.

The point is, a major source of public black hole bewilderment 
comes from not sticking with our own reference frame, but instead 
using the viewpoint of an object falling into a black hole’s gravita-
tional field. When science programs talk about massive stars col-
lapsing to form black holes, they neglect to mention that the process 
doesn’t fully play out in our reference frame. Bona fide black holes 
are only as “real” as Earth’s half-mile-thick atmosphere. When 
astronomers study stars furiously orbiting the weird 4-million-
solar-mass object at the core of our galaxy, they are actually seeing 
an “almost black hole” that will remain that way forever.

From the drawing board to real life
All dense-object ideas remained theoretical until 1967, when 
astronomer Jocelyn Bell discovered the first pulsar, an object that 
emits pulses of light every 1.33 seconds. Two years later, scientists 
identified pulsars as manifestations of rapidly spinning neutron 
stars. They finally had found massive bodies that had collapsed 
almost into black holes.

The pulsar at the heart of the Crab Nebula weighs the same as 
1.4 Suns yet is just 12 miles (20km) wide. Its material is more 
crushed than a giant cruise ship packed into a mustard seed. The 
escape velocity at its surface is a hefty fraction of light-speed. When 
astronomers understood how strange and compact neutron stars 
are, they thought black holes might really exist, after all.

Actually, the term black hole didn’t itself exist until 1964, when 
it appeared in a science article written by journalist Ann Ewing. 
The celebrated physicist John Wheeler then used the phrase in 
1967, after which it caught on.

Even if black holes don’t fully exist in our reality, they do when 
viewed in their own reference frame. But you wouldn’t want to 
experience that reality — some things are better left alone. What if, 
in the spirit of adventure, you decided to journey to a black hole? 
As you approached it, you wouldn’t notice anything odd at first. If 
you kept venturing closer, and if the black hole was supermassive 
like the one at our galaxy’s center, entering the event horizon prob-
ably would be an unnoticeable occurrence except that your text 
messages wouldn’t be returned.

Paradoxically, black holes get more violent the less massive they 
are. Visiting a garden-variety black hole of a few solar masses 
would be an entirely different adventure. Well before you crossed 
the event horizon, titanic tidal forces would stretch your body like 
taffy and then tear you into pieces.

Forget about this experience being a portal to another time. It 
actually would be a portal into becoming dog food — and probably a 
pointless exercise. When an observer in one frame tries to compre-
hend what’s happening in another, things can get tricky. What would 
one actually experience? I asked Tarun Biswas, a State University of 
New York at New Paltz professor and an expert in general relativity.

“If an observer is falling along with all the collapsing debris of a 
star, he will not see the formation of a black hole either,” explains 
Biswas. “The part of the debris falling ahead of him will still take 
an infinite time to collapse to a black hole. And the part of the 
debris falling behind him will not matter.”

Beyond the dark horizon
A key debate in recent years revolves around that bedrock black 
hole feature: the event horizon. Scientists long believed that this 
assumed no-trespass frontier was an unmarked boundary. If some-
one penetrated a supermassive black hole’s event horizon, he or she 
would not notice anything unusual. But some physicists now argue 
that light collects just inside the event horizon and creates a super-
hot “firewall,” meaning the moment you crossed that boundary, 
you’d be greeted with fiery unpleasantness long before you reached 

BLACK HOLE MYTHS
Myth: A black hole sucks in everything around it.
Reality: You’d need to get so close to a black hole to be pulled in, it 
would almost have to be deliberate. If the Sun collapsed to become 
a black hole right now, Earth would keep orbiting just as before. Our 
planet wouldn’t budge in its direction, not even by an inch.

Myth: Once you cross a black hole’s event horizon, you would never 
be able to escape.
Reality: If you entered via gravity and had no propulsion method, 
then yes, you’re toast. But if you cruised in using a powerful rocket 
and had enough fuel, you could fly yourself out again.

Myth: Black holes are super-dense.
Reality: True for stellar-mass varieties. But the biggest supermassive 
black holes in the hearts of galaxies are less dense than water.

Myth: The core of every black hole is a singularity that occupies zero 
volume and has infinite density.
Reality: Astrophysicists remain divided about this. The smart 
money is betting that this isn’t true. — B. B.

All black holes leak radiation into space, meaning that given a sufficiently 
long period of time, they will evaporate altogether. This outflow is called 
Hawking radiation, and it occurs because of quantum mechanics. Pairs of 
particles and their corresponding antiparticles spontaneously appear in space 
and rapidly disappear by annihilating each other. However, when they occur 
near a black hole’s event horizon, one of the pair could fall in while the other 
escapes. The black hole, then, slowly would lose mass.

Hawking radiation
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TO READ MORE ABOUT THE BLACK HOLES THAT LURK WITHIN OUR GALAXY, VISIT www.Astronomy.com/toc.

the spaghetti or dog-food stage. The first explanation fits with the 
large-scale physics of general relativity, while the latter emerges 
from small-scale quantum mechanics. And just as these two disci-
plines need unification, their predictions also need reconciliation.

There are other controversies, too. Some scientists argue that 
items venturing in would vanish without a trace; others insist that 
such a total permanent destruction of all information violates the 
“principle of unitarity.” If this principle holds, it means that no 
information can ever be lost. But when something disappears into 
a black hole, its identity does seem to disappear.

Earlier this year, Stephen Hawking made headlines by arguing 
that this problem should go away because, he claims, the event 
horizon isn’t eternal. It will evaporate, and the matter contained 
within — which had been slowly leaking out in the form of radia-
tion since the black hole began — would escape. In other words, 
information that appeared lost would show itself. Most physicists 
have reacted with a shrug. The consensus is that Hawking’s argu-
ments are not new, and he’s merely rephrasing the works of others. 
The debates continue.

In a letter published in last November’s Physics Today, Biswas 
stated that Schwarzschild’s own math does not even imply an event 
horizon. If true, this would constitute a major revision in our think-
ing because singularities and event horizons have, for the entire 
lifetimes of today’s astronomers, been bedrock black hole features.

Answers to many of today’s black hole controversies may even-
tually arrive. While we will never journey to one, researchers are 
working furiously on a theory that unifies quantum mechanics and 
gravity, which could clarify what happens in such conditions.

Says Avi Loeb of the Harvard-Smithsonian Center for Astro-
physics in Cambridge, Massachusetts, “The singularity is expected 
to go away with the proper inclusion of quantum mechanics.”

Making matters more complex, a rotating black hole has different 
properties from a nonspinning one. For example, it drags the sur-
rounding space-time so that no one nearby can remain stationary.

No matter what, black holes almost certainly will get a major 
makeover in scientists’ minds. So if they still puzzle you, stick 
around. So far as our understanding goes, there is a real hope that, 
at least to a degree, these frozen stars may someday defrost. 

In 2011, astronomers discovered a gas cloud — called G2 — that was headed toward a close encounter 
with the Milky Way’s central supermassive black hole. They tracked its progression and rewound the clock 
to see how it had changed over time. This plot shows how the black hole has stretched the edge closer to 
the black hole’s event horizon, tidally warping it like taffy in a process astronomers call “spaghettifica-
tion.” The scale along the bottom repeats for each year. MAX PLANCK INSTITUTE FOR EXTRATERRESTRIAL PHYSICS/ESO

Any object in the universe, if compressed to a high enough density, would turn into a black hole. The size 
an object would be if squished into a black hole is called the Schwarzschild radius, and it depends only on 
the object’s mass. This diagram shows the actual size of each planet’s Schwarzschild radius. 

Within a decade, scientists plan to link a 
network of submillimeter telescopes across 
the globe into the Event Horizon Telescope. 
Acting like a telescope as big as Earth, it will 
have a higher resolution than any other. 
With that precision, astronomers will be able 
to take images of the Milky Way’s central 
black hole and the gas and radiation just 
outside its event horizon. UNIVERSITY OF ARIZONA

Taffy pull in the Milky Way To the event horizon

Crushing the planets into black holes
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uantum mechanics remains our best physical theory 
of nature at the smallest scales, describing the 
bizarre world of subatomic particles like photons 
and electrons. It is arguably the most successful 
theory of modern science, predicting the behavior 
of light and matter with amazing precision and 
enabling transformative technologies like lasers, 

computer chips, and iPads. Unfortunately, despite nearly a cen-
tury since physicists laid the foundation of quantum theory, we 
don’t agree on its physical interpretation. While we know how to 
use quantum mechanics as a powerful practical tool, we still don’t 
understand what it actually means. 

Most researchers simply apply quantum theory without con-
sidering what the equations imply about reality. But maybe our 
embarrassingly poor grasp of quantum foundations represents 
an opportunity. In this view, science isn’t just about making 

predictions and building useful gadgets — it’s about telling a story 
and explaining how the world works. 

Perhaps a satisfying explanation of quantum reality consistently 
has eluded us because nature is subtly fooling us. Strange as it may 
sound, at the core of quantum mechanics lies an insidious possibil-
ity — a “loophole” — that might mean we lack complete freedom 
to set up our experiments. If the cosmos exploits this loophole, it 
might help explain some of the most perplexing aspects of quan-
tum theory — but at the price of a conspiracy of cosmic propor-
tions that could render the very concept of choice an illusion.

One path toward clarifying the quantum story is to leave the 
subatomic realm and instead look to the stars. By using connections 
between the quantum world and distant regions of the universe, we 
hope to illuminate some of the mysteries of quantum theory. To tell 
the cosmic story of how astronomy itself might help shore up quan-
tum foundations, we must first explore “quantum entanglement.”

Inextricably entangled
Entangled particles are connected in a way that transcends space 
and time. Measuring some property of one particle seems to 

Andrew Friedman is a National Science Foundation postdoctoral fellow at 
the Massachusetts Institute of Technology in Cambridge. His interest lies at the 
intersection between astrophysics, cosmology, and the philosophy of science.

Cosmic conundrum

Albert Einstein hated the idea he called 
“spooky actions at a distance,” but astronomers 

now are hoping to illuminate some of these 
tricky quantum puzzles. by Andrew Friedman
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instantaneously “fix” the 
future measurement 
outcome for the other. 
This happens even if 
they were too far apart for 
any known signals (those 
that travel at light-speed or less) to 
have been exchanged during the measurements. This feature of 
entanglement, which Albert Einstein famously called “spooky 
actions at a distance,” holds no matter how far apart the particles 
are in the portion of the universe that we can observe. 

Particles can become entangled either by interacting or being 
created together. Physicists routinely create them in laboratories; 
to create an entangled pair of photons, the wavy particles that 
make up light, experimenters send single photons through a spe-
cial crystal that yields two photons each time. Entangled pairs also 
occur frequently in nature.

How can such particles maintain coordination over vast distances 
and eons? No one really knows. Despite many experiments verifying 
that entanglement is real, scientists remain baffled of its true nature.

One way two photons can be entangled is with respect to the 
direction they vibrate, called “polarization.” Typically, the polariza-
tions of entangled particles are aligned perpendicularly — one ver-
tical and one horizontal. But which photon has which polarization? 

Quantum theory says we don’t know because before we measure 
them, each photon is in an indefinite state with a 50-50 chance of 
us measuring either polarization. Only after we measure the first 
photon do it and its partner have fixed polarizations.

Imagine that we measure the first photon: vertical polarization. 
Its entangled partner then will display horizontal polarization. 
But if the photon detectors were sufficiently far apart, even sig-
nals traveling at the speed of light could not have been exchanged 
between measurements. So without any possible communication, 
how did the second photon manage to coordinate with the first 
and somehow know what to do? It is precisely this instantaneous, 
or so-called “non-local,” phenomenon that Einstein found so hair-
raising. (And just to set things straight, because we can’t know the 

After two particles interact, they can become entangled — each one knows how 
the other acts no matter how far apart they are. Astronomers hope to use lumi-
nous distant galaxies called “quasars” to test this bizarre quantum mechanical 
behavior. ASTRONOMY: ROEN KELLY; ESA/NASA, THE HUBBLE HERITAGE TEAM AURA/STSCI/NASA, AND NASA/ESA/A. VAN DER 

WEL MPIA, HEIDELBERG, GERMANY/H. FERGUSON AND A. KOEKEMOER STSCI/ THE CANDELS TEAM BACKGROUND GALAXIES

Two particles whose proper-
ties are somehow connected 
are entangled. ALL ILLUSTRATIONS BY 

ASTRONOMY: ROEN KELLY

Any particle (photon, elec-
tron, or other) behaves both 
as a wave and a particle. 
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first photon’s outcome before we measure it, we can’t use entangle-
ment to transmit information faster than light.)

In modern laboratory setups, a source can send polarization-
entangled photons to detectors dozens of miles away (although 
they could be on opposite ends of the cosmos). These detectors 
measure the photons’ polarizations based on whether they pass 
through a special filter, similar to polarizing sunglass lenses. The 
detectors’ settings are the orientation angles of the polarizing fil-
ters, such as 30° or 105°. When the detectors align, they always pro-
duce polarization measurements with opposite outcomes. 

For varying angles of misalignment, quantum theory predicts 
how often we would measure the same or opposite result on each 
experimental run. Over many such runs, each detector measures 
what looks like a sequence of random outcomes. But when we com-
pare the results, we see correlations that appear impossible to 
explain based on any shared history of the entangled particles. 
Quantum entanglement is an indisputable experimental fact, but 
we still cannot explain what it actually means! We do, however, 
have a few useful clues.

A hidden quantum reality?
Fifty years ago, physicist John S. Bell gave us perhaps the most 
helpful clue. He quantified the maximum amount that entangled 
particle measurements could be correlated assuming that both 

particles behave independently, which is what they would do if 
information can travel no faster than light-speed and these par-
ticles follow classical physics — and not quantum — rules. This 
is now known as “Bell’s theorem.” Quantum mechanics predicts 
correlation values greater than the maximum from Bell’s theo-
rem, and every published experimental test has strongly favored 
quantum theory. The usual conclusion is that quantum mechanics 
must be non-local, meaning that measuring properties of entan-
gled particles can set the properties of their partners no matter 
where they are located in the universe. 

According to Bell’s theorem, given certain seemingly reasonable 
assumptions about the world, local causes can’t explain the correla-
tions seen in entanglement experiments. Furthermore, standard 
quantum theory seems to have no way to tell a consistent story 
about the actual states of the individual entangled particles before, 
during, and after the experiment — facts we can know only about 
the composite system of two particles. For those of us in the busi-
ness of explanation, this seems quite unsatisfactory. 

Is our theory of quantum mechanics complete, or is it missing 
key hidden information and therefore a fundamentally incomplete 
description of reality? This mystery formed the crux of the long-
standing debate between Einstein and physicist Niels Bohr that 
began in the 1920s and still resounds among physicists and phi-
losophers of science today. Einstein desperately wanted physics to 
be about reality and argued that quantum theory must be funda-
mentally incomplete, while Bohr declared that quantum mechanics 
was the whole story and it was meaningless to ask what was really 
going on in the quantum realm. Einstein’s and Bohr’s positions 
seemed fundamentally irreconcilable until Bell’s theorem entered 
the fray in 1964. 

Closing quantum loopholes
Like any theorem, Bell’s proof requires certain assumptions. By 
altering any of them, one can introduce loopholes that could allow 
different explanations of entangled particle tests that would make 

Light’s polarization is essentially the direction in which the radiation 
wiggles. In this illustration, light is linearly polarized. If a polarization 
filter is aligned (center) or misaligned (bottom) with light’s polariza-
tion, radiation will either pass through or be absorbed, respectively. If 
a filter is misaligned at an intermediate angle (not shown), quantum 
theory predicts the probability that a vertically or horizontally polarized 
photon will pass or be absorbed. Before a measurement, however, two 
photons with entangled polarizations can each be in both “horizontal” 
and “vertical” states at the same time. ASTRONOMY: ROEN KELLY

Light’s preferred directions

When a polarizing filter (like polarized sunglass lenses) is in front of a polarized 
light source like a computer monitor, the screen brightens and dims, as seen 
through the lenses, based on how much the filter is aligned or misaligned with 
the average polarization of the photons. ANDREW FRIEDMAN

Hidden-variable theory:  The 
idea that quantum mechanics is 
not complete and to make sense 
needs quantities that scientists 
can’t measure (yet). 

Locality:  Immediate surround-
ings; signals that can travel at 
light-speed.

Photon:  A particle of light; its 
energy depends on the type of 

light (an X-ray photon has more 
energy than an infrared one).

Quantum entanglement:   
A phenomenon where two par-
ticles — no matter how far apart 
— are somehow linked and 
seem to know about each other. 

Quantum theory:  A scientific 
theory of matter and forces that 
governs the subatomic world.
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sense without quantum mechanics — where the world is really 
local, and comprehensible, after all, just as in classical physics. We 
dub these quantum competitors “local hidden variable” theories to 
denote that information is missing from quantum theory. If such 
alternative theories are true, there might be a sensible story about 
the real, intrinsic, local properties of particles before, during, and 
after measurements. 

Scientists who believe quantum theory is complete — and 
therefore doesn’t require any local hidden variables — have gone 
to great lengths to test it by designing experiments that ensure 
the universe can’t exploit certain loopholes. For example, to rule 
out a loophole that results from potential hidden communication 
between parts of the experiment — the so-called “locality” loop-
hole — one can choose detector settings at the last instant while 
the entangled particles are still in flight. To close another loop-
hole that could give biased results from inefficient detectors — 
the so-called “fair sampling” loophole — one can use extremely 
efficient new detectors.

While physicists have been performing locality and fair sam-
pling experiments over the past four decades, they’ve only recently 
begun testing a third loophole. This is the so-called “setting inde-
pendence” or “freedom of choice” loophole, which questions if the 
detector settings themselves were correlated with hidden informa-
tion in their shared pasts. For example, if some hidden variables 
sent signals that influence the detectors before the measurement, 
then the experimenters might be unable to freely choose detector 
settings. This could constrain one’s choices in a way that previous 
tests could not have ruled out, leaving a non-quantum explanation 

viable. We sometimes fancifully call this the 
“free will” loophole (see “Testing possible 
loopholes in Bell’s theorem,” on p. 32).

Recent theoretical work shows that 
only a minuscule amount of information 

shared between the detectors and any hidden variables could con-
spire to mimic quantum predictions. Even if the experimenters 
retain most of their freedom to choose detector settings, tiny con-
straints in their choices could explain entanglement experiments 
while preserving locality.

Anton Zeilinger of the Vienna Center for Quantum Science 
and Technology and his colleagues were the first to tackle this 
loophole in a 2008 experiment, which they published in 2010. They 
performed a groundbreaking Bell test by sending polarization-
entangled photons an unprecedented 89 miles (144 kilometers) 
through open air between detectors at two observatories in the 
Canary Islands — one on La Palma and the other on Tenerife. 
The long distance gave the scientists enough time to use quantum 
random-number generators to rapidly change the orientations of 
the polarizing filters on the detectors at the last fraction of a second 
while the entangled photons were still in flight. This sophisticated 
setup did not close the fair sampling 
loophole, but it did close the local-
ity loophole and narrowed the free 
will one, firmly ruling out any 
conspiratorial correlations set up 
during the experiment. 

Because Zeilinger’s study did 
not fully close the free will loop-
hole, it left open the possibility of 
a conspiracy beginning a few milliseconds before the test. It takes 
only tens of milliseconds for light to cross Earth, so there is a chance 
that any terrestrial process we use to select detector settings could 
fall prey to this loophole. Furthermore, no experiment has closed 
all three major loopholes simultaneously. Now, my colleagues and I 
have proposed an experiment that we think can do so by relegating 
any conspiracy to the most distant epochs of cosmic history — all 
the way back to the universe’s beginning 13.8 billion years ago. 

Cosmic light to the rescue
Jason Gallicchio of the University of Chicago, David Kaiser of 
the Massachusetts Institute of Technology in Cambridge, and I 

Three Bell tests

To test Bell’s theorem, entangled photons are sent from a source to two detectors. In a laboratory setup, (1) humans or (2) random-number generators can 
choose detector settings. A “cosmic Bell test” could use (3) quasars that are so distant from each other and Earth that nothing else in the past could have 
communicated with both of them since cosmic inflation to affect the experiment. ASTRONOMY: ROEN KELLY, AFTER GALLICCHIO, FRIEDMAN, AND KAISER 2014

Humans assume we have freedom to set up Bell 
test experiments.  But if the cosmos exploits the 
“free will” loophole, our choices might not be 
completely free.

Anton Zeilinger’s 
group tested Bell’s  
result by sending  
entangled photons from one  
Canary Island to another. 
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envision closing the free will loophole with the help of some of 
the oldest light in the universe. Our approach adds a new wrinkle 
to standard Bell tests by taking ourselves out of the equation and 
essentially letting the universe decide how to set the detectors on 
each run of the experiment. 

In collaboration with the Zeilinger group, our test would first 
use a standard laboratory source to send entangled photons to two 
detectors 89 miles (144km) apart in the Canary Islands. Mean-
while, we would point telescopes on each island at astronomical 
sources on opposite sides of the sky and use the random arrival 
times of the photons from those objects to set the polarization 
angles of both detectors while the earthbound entangled photons 
are still en route. We would use real-time fluctuations in the sig-
nals from ancient objects such as quasars (active galaxies that lived 
billions of years ago) or patches of the cosmic microwave back-
ground (CMB, the Big Bang’s residual light). 

Our so-called “cosmic Bell test” would thus 
effectively turn the night sky into a special kind 
of random-number generator, where — most cru-
cially — the astronomical signals are effectively 
guaranteed to be uncorrelated with one another 
and any past hidden variables, in principle. 
While laboratory photons are specifically pre-
pared in an entangled state, the quasar’s (or CMB’s) photons are 
as unentangled as possible with each other or anything in their 
shared past — by design.

By picking pairs of quasars that are sufficiently distant from 
each other and Earth, we can be as sure as possible that no local 
hidden variables could have sent signals to both quasars in the 
finite amount of time since the Big Bang. The quasars themselves 
would have had no causal contact or mutual influence from any-
thing else for essentially the entire history of the universe (see 
“Two Bell tests, and how they differ,” on p. 33). Unentangled cos-
mic light from the night sky therefore can help disentangle some  
of the trickiest parts of quantum entanglement here on Earth.

How distant must these quasars be? Sources on opposite sides 
of the sky that emitted their light 12.1 billion years ago are now at 

redshifts greater than 3.65; nothing else could have jointly commu-
nicated with both quasars in the past 13.8 billion years. We could 
incorporate these quasars in a cosmic Bell test from space — say, 
using the International Space Station and a distant satellite. For a 
ground-based experiment, we would need objects whose light was 
emitted 12.3 billion years ago (corresponding to a redshift of at 
least 4.13) to simultaneously observe both quasars above the hori-
zon. Many such quasars exist that are bright enough to observe 
with 1- to 3-meter telescopes.

Loopholes all the way down?
Despite how careful our experiment will be to use distant light 
sources, even a cosmic Bell test is susceptible to another key 
loophole. It stems from a phase of hyperaccelerated expansion 
called inflation during the first instant of cosmic history. A recent 

claimed observation of swirly polarization patterns in the 
CMB — thought to result from primordial gravitational 
waves produced during inflation — gives us even more 
confidence that inflation occurred. However, if the infant 

cosmos underwent inflation, all events in our 
observable universe — including light emitted 
from distant quasar pairs — had a shared past 
during the inflationary epoch and thus could 
have communicated with one another in those 
first moments of cosmic history.

Because hidden variables during inflation 
could still exploit the free will loophole, this might seem to funda-
mentally undercut our argument. If inflation actually occurred, 
however, our proposed test is arguably the best anyone can do 
because it minimizes the amount of overlap that could have corre-
lated the quasar photons. And if the cosmic Bell test reveals corre-
lation values greater than Bell’s theorem limits, as we expect and 
quantum theory predicts, we would still be closing the free will 
loophole as much as is physically possible in our universe. We 
could rest easy knowing that we had pushed any conspiracy all the 
way back to the very beginning of cosmic history, “implausifying” 
it as much as any experiment conceivably could. 

Using distant 
quasars to choose 
measurement 
settings at the 
last second could 
close the “free 
will” loophole.

* Some loopholes have been closed for other systems besides photons. For example, the “fair sampling” loophole has been closed for atoms (M. A. Rowe, et al. 
2001) and superconducting quantum bits (M. Ansmann, et al. 2009). No single experiment has closed all three loopholes simultaneously for photons or any other 
system. Physicists have discussed dozens of other loopholes, but these are the most prominent ones.

TESTING POSSIBLE LOOPHOLES IN BELL’S THEOREM
LOOPHOLE NAMES

“Locality” 
or 

“communication”  

“Fair sampling” 
or 

“detection efficiency”

“Setting 
independence” 

or
“freedom of choice” 

or 
“free will”

DEFINITION 

Potential hidden communi-
cation between parts of the 
experiment

Biased results from ineffi-
cient detectors

Detector settings correlated 
with local hidden variables 
during experiment

Detector settings correlated 
with local hidden variables 
at any time in the past

HOW TO CLOSE LOOPHOLE

Choose detector settings at last 
instant while entangled particles  
are still in flight

Use newly developed, high-
efficiency detectors  

Ensure no communication between 
detector-setting events and mea-
surement outcomes

Use causally disconnected cosmic 
sources (later than inflationary era) 
to choose detector settings

CLOSED FOR PHOTONS?* 

YES: 
A. Aspect, et al. 1982
G. Weihs, et al. 1998
T. Scheidl, et al. 2010

YES: 
M. Giustina, et al. 2013
B. G. Christensen, et al. 2013

YES: 
T. Scheidl, et al. 2010

NOT YET: 
“Cosmic Bell,” TBA
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Entanglement on cosmic scales?
Could quantum entanglement yield observable effects on cos-
mological scales? Quantum mechanics doesn’t mesh with our 
leading idea of the behavior of matter and gravity on scales as 
large as the entire universe — called Einstein’s general relativity. 
Physicists are working hard to develop a new theory of “quantum 
gravity” to tie quantum mechanics and relativity together. In 
quantum gravity, the very concepts of space and time might not 
be fundamental properties, but instead might emerge from more 
basic concepts such as how entangled two regions are. In this view, 
highly entangled systems, each composed of many particles, could 
be extremely close together from the quantum gravity perspective, 
whereas in general relativity, large physical distances might appear 
to separate them. 

One promising idea suggests that strongly entangled systems 
in quantum gravity might be like wormholes in general relativ-
ity — cosmic shortcuts that connect what appear to be very distant 
regions in space-time. Although wormholes are speculative, if 
astronomers find observational evidence for these structures, it 
also could suggest quantum entanglement on cosmic scales.

Another intriguing astronomical source of entanglement could 
come from cosmology. If inflation actually occurred, many regions 
of the cosmos could have become entangled through direct interac-
tion in the universe’s first fraction of a second before cosmic expan-
sion accelerated them into causally separated parts of the universe. 
Astronomers have evidence in today’s cosmos of a more gradual 
type of cosmic acceleration driven by dark energy — a mysterious 
substance with anti-gravitational properties. When we combine 
inflation and the current expansion, distant regions seem to be 
inaccessible to us forever. Both of these accelerations would push 
the regions beyond our “horizon” — both the distance out to which 
telescopes and other detectors can see as well as the farthest place we 
could ever reach, even if we could travel at the speed of light forever. 

How could we test such cosmic entanglement, then, if we can’t 
perform experiments on such causally inaccessible distant regions? 
Perhaps only if cosmic entanglement set up during inflation between 
local systems and distant ones were somehow frozen into the cos-
mos, immune to our meddling. This is a key open question at the 
frontier of quantum foundations and cosmology. 

Cosmic bell in the real world?
So what might a cosmic Bell experiment like ours reveal? While I 
would bet we would see correlations that violate Bell’s result, as 
quantum theory predicts, no matter which cosmic sources we use, 
other outcomes are possible. That is the beauty of science. We can’t 
be sure what we’ll see until we actually perform the experiments! 

For instance, if Bell’s result is somehow not violated for any 
quasar pairs, or if the experiment displays a dependence on which 
quasars we use, then the role of inflation could turn from a bug 
into a feature. In such an unlikely scenario, the degree to which 
these objects shared pasts during inflation might relate to why 

the experiment shows deviations 
from quantum predictions. Thus, 

we could use a cosmic Bell 
experiment to test competing 

models of inflation, other 
theories of the early uni-
verse, and possibly even 
quantum gravity. Even if 

our cosmic Bell test yields the expected outcome, the experiment 
would still test quantum entanglement, non-locality, and further 
close the free will loophole — while increasing our confidence in 
quantum theory. 

This seems to us like a clear win-win situation; either result 
will reveal important information about our universe. And while 
I wouldn’t bet on seeing anything surprising, experiments that 
leverage the astronomical distances and timescales of cosmology 
to explore fundamental physics are exactly the types of tests that 
could reveal something even weirder than quantum mechanics. 

VISIT www.Astronomy.com/toc TO LEARN ABOUT ANOTHER PROPOSED COSMIC-SCALE QUANTUM EXPERIMENT.

Standard Bell test: Humans or quantum random-number gener-
ators choose detector settings. Events x and y have past light cones 
that intersect a few milliseconds before the experiment. Local 
hidden variables in the overlap region just before the experiment 
(blue) could exploit the “free will” loophole.

Cosmic Bell test: Causally disconnected cosmic sources choose 
detector settings. Past light cones of quasars x and y do not intersect 
over 13.8 billion years since inflation. No causal overlap between 
events x and y means that local hidden variables cannot exploit the 
“free will” loophole. Quasars x and y did share regions in the past 
(during inflation) — but those are below and outside the plots.

TWO BELL TESTS, 
AND HOW THEY DIFFER

If the cosmos  
underwent inflation 
in the first fraction 
of a second, any 
pair of distant light 
sources could have 
communicated 
during inflation.
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The Sun

At surface

0.0000042 pound 
(0.0000019 kilogram)

At core

3,384 pounds 
(1,535 kilograms)

Core

Surface
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A: It depends on how far down 
the well you drop the bucket. 
If you scoop from the Sun’s 
light-emitting surface, called 
the photosphere, you’ll get a gas 
considerably thinner than air is 
at sea level. Farther down, the 
solar layers have to support the 
weight of the gases above them, 
so the gas pressure, and with it 
the density, increases. 

Use a really long rope, and 
drop your bucket roughly 
432,000 miles (696,000 kilome-
ters) down to the Sun’s center, 
where the density is about 5.4 
pounds per cubic inch (162 
grams per cubic centimeter) — 
14 times that of solid lead on 
Earth. If you could preserve a 
sample (which you can’t), a stan-
dard 2.5-gallon bucket brought 
back to the lab would weigh 
3,384 pounds (1,535 kilograms). 
The most remarkable thing is 
that it’s still a gas! The reason is 
the temperature. You’d need a 
very well-insulated rope because 
temperatures start at 9940° 
Fahrenheit (5500° Celsius) at 
the Sun’s surface and climb to a 
whopping 28.3 million degrees F 

(15.7 million degrees C) at the 
center, which is high enough to 
keep the solar interior gaseous. 

At the surface, nearly 91 per-
cent of the stuff in the bucket 
would be hydrogen, while nearly 
9 percent (by number of atoms) 
would be helium, which is pretty 
much the average ratio through-
out the cosmos. That’s close to 
100 percent, so it doesn’t leave 
much room for other chemi-
cal elements. The third most 
abundant, oxygen, constitutes 
just less than 0.045 percent, 
iron a bit less than 0.003 per-
cent, and lead 5 billionths of a 
percent. Your bucket from the 
Sun’s surface would weigh just 
4.2 millionths of a pound (1.9 
millionths of a kilogram).

For the past 4.6 billion years, 
the inner 20–25 percent of the 
Sun (by radius) has been fusing 
hydrogen into helium with a 
slight mass loss that, via Albert 
Einstein’s famous equation, 
E=mc2, is converted into the 
energy that fights against grav-
ity to keep the Sun from con-
tracting. (That mass loss is also 
what we see and feel as sun-
light.) Your heavy bucket from 
the solar center would now 
contain about as many helium 
atoms as hydrogen. 

Come back in another 5 bil-
lion or so years, and the core 
will look quite different: The gas 
will be nearly all helium, and 
the energy production will have 
shut down (temporarily), allow-
ing gravity to take over for a 
while. Then the Sun will swell 
outward to become a red giant. 
The contracting at the core will 
lead to higher density and thus 

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

THE SUN’S 
COMPOSITION

temperature, allowing helium  
to fuse into carbon and oxygen. 
Then the Sun will lose all of its 
outer layers, leaving behind the 
core as a white dwarf. Your 
bucket dipped to an average 
depth within the final white 
dwarf would contain hardly  
any hydrogen or helium at  
all, and it would hold some 21  
million pounds (9.5 million kg) 
of material.

Jim Kaler
University of Illinois,  

Urbana-Champaign

Q: WHEN THE OBSERVING 
NIGHT IS OVER, WHAT IS 
THE BEST WAY TO PACK  
EYEPIECES TO PREVENT 
MILDEW OR FUNGUS ON 
THE GLASS? 
   Leo Nouwens

Redbank Plains, 
Queensland, Australia 

A: If you observe during a 
night when the temperature 
and humidity are right for 
condensation to form, some-
times you’ll notice it on your 

eyepieces (or telescope optics) 
at the end of your session. The 
best way to avoid any ill effects 
from condensation is to leave 
your optics uncovered when 
you bring them inside. That is, 
don’t put lens caps on eyepieces 
or tube caps on scopes. If you 
leave them uncovered for even 
a few hours, the condensation 
will evaporate and you won’t 
have any problems. (The same 
holds true for cameras and their 
lenses.) Be sure to cover them 
when they’re dry — the next 
morning will be fine — so you 
also don’t have issues with dust.  

Michael E. Bakich
Senior Editor

Q: WHAT DOES NASA DO 
WITH GEOSTATIONARY SAT-
ELLITES DURING A KNOWN 
METEOR SHOWER? 

David Kennedy
Auburndale, Florida 

A: The majority of geostation-
ary satellites, which take 24 
hours to orbit Earth and thus 
are always above the same 

ASKASTR0

Q:  WHAT WOULD A BUCKETFUL  
OF OUR SUN CONTAIN?  Rich Livitski, Long Beach, California

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.

A 2.5-gallon bucketful of material from the Sun would be much heavier if 
you dropped the bucket to the star’s core than if you scooped the gas near its 
surface. ASTRONOMY: ROEN KELLY

Sampling solar material
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latitude and longitude, are com-
mercial and/or military, but 
NASA operates nine geostation-
ary Tracking and Data Relay 
Satellites. These are extremely 
important because they relay 
data and communications from 
the International Space Sta-
tion (ISS), the Hubble Space 
Telescope, science satellites, 
launch vehicles, and even sci-
ence payloads aboard balloons. 
Meteor showers, however, affect 
everything in Earth orbit, so 
even a satellite in low Earth 
orbit is at risk.

Satellite designs account 
for the slight threat increase 
during normal shower activ-
ity, so there is no need to take 
protective measures. Although 
popular movies show spacecraft 
destroyed by meteor showers, 
these events actually account for 
only about 10 percent of the risk 
posed by meteoroids to a nor-
mal spacecraft. Background, or 
sporadic, meteoroids are always 
present and make up the other 
90 percent. While the visible 
rates on Earth are low (about 
six per hour), the fact that spo-
radics happen 24/7, year-round 
makes them the biggest risk to 
space vehicles, as opposed to the 
meteoroids in the more spec-
tacular short-duration (a few 
days) meteor showers.

Still, the relatively rare intense 
meteor-shower outbursts, or 
storms, can present a large 
enough risk to spacecraft to take 
some sort of preventive action. 
During these events, engineers 
may reorient a spacecraft, 
turning its “hard side” toward 
the direction of the incoming 
shower meteoroids. For example, 
during the Leonid meteor 
storms of the late 1990s and early 
2000s, the Hubble team pointed 
the telescope away from Leo 
while the showers were active. 

Other ways to minimize the 
risk to spacecraft is to position 
solar arrays so they are “edge 
on” to the meteor stream (but 
this must be done in such a 
way to not significantly reduce 
the power) or shut down high-
voltage sources to prevent 
electrical anomalies that a 
meteoroid impact could cause. 
The ISS is armored to protect 
against orbital debris and mete-
oroids, so the risk of meteoroids 
penetrating it is fairly low, even 
during a meteor storm. How-
ever, space suits are obviously 
much more vulnerable to a 
meteoroid strike, so astronauts 
will remain inside the station 
during a shower.

William Cooke
Marshall Space Flight Center,  

Huntsville, Alabama 

Q: CAN BLACK HOLES “DIE” 
IN THE WAY THAT WHITE 
DWARFS FADE? 

Melvyn Goldberg
Toronto

A: A white dwarf is a solar-
mass star at the end of its stellar 
evolutionary sequence — essen-
tially the core of a star that 
began life less than eight times 
the Sun’s mass. Thermal emis-
sion is responsible for all of its 
radiation, as opposed to nuclear 
fusion reactions, which support 
the radiation emission in the 
early stages of stellar life. When 
a white dwarf is created, it is hot, 
but because no process is creat-
ing more energy, it soon starts 
to cool and no longer emits sig-
nificant heat or light, fading out 
and becoming a black dwarf.

Meanwhile, massive and 
supermassive black holes (those 
that are 1 million or more solar 
masses) radiate energy as they 
accrete material (dust and gas), 
which spirals around the black 
holes in disk structures. A black 
hole — and its immediate sur-
roundings — can experience 
periods of high activity (cor-
responding to high luminosity) 
and periods of low activity (and 
thus low luminosity) depending 
on the amount of material fall-
ing into the black hole from the 
accretion disk, but none ever 
actually “dies.” 

Prolonged high-activity and 
high-luminosity periods (which 
last tens of million of years) can 
result from galaxy-galaxy inter-
actions and mergers, which fun-
nel large amounts of dust and 
gas toward a central black hole. 
Sudden black hole accretion 
events, due to stars or dust and 
gas clouds that pass too close to 
the black hole and get pulled in 
by the black hole’s gravity, can 
increase the emission of a black 
hole and produce brief bursts 
of light — even for seemingly 
quiescent ones. Such events are 
occurring at the center of the 
Milky Way.

Very different mechanisms 
support the emission from white 
dwarfs and black holes. While 
the first one will always fade out, 
the second can experience peri-
ods of high and low activity but 
never die — and there always 
will be the chance that a black 
hole can suddenly ignite. 

Francesca Civano 
Yale University, New Haven, Connecticut 

A black hole dines on material 
that approaches too near it, and 
this food powers the black hole. 
For this reason, black holes do not 
“die” in the way that white dwarf 
stars fade. ASTRONOMY: ROEN KELLY

During the Leonid meteor storms of the late 1990s and early 2000s, scien-
tists rotated the Hubble Space Telescope so that its most sensitive side — 
the open telescope — was pointed away from Leo, from which the meteors 
appear to radiate. NASA

How a black 
hole feeds

http://WWW.ASTRONOMY.COM
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  Visible to the naked eye 

 Visible with binoculars

  Visible with a telescope

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

October 2014: A double dose of eclipses

T
he longer nights of 
autumn afford observ-
ers plenty of time to 
feast on the solar sys-
tem’s many wonders. 

The evening hours belong to 
Mars and Saturn, which hang 
low in the southwest as dark-
ness falls. The predawn sky 
features nice views of Mercury 
and Jupiter. The bright moons 
of the latter planet also begin 
a terrific series of mutual 
events that finds the four 
objects intermittently passing 
in front of and eclipsing one 
another. The overnight hours 
possess more subtle charms, 
as Uranus reaches its annual 
peak one constellation east  

of its more distant sister 
world, Neptune.

But the highlights of the 
month for North American 
observers have to be two dra-
matic eclipses — one of the 
Sun and one of the Moon. 
Before dawn October 8, the 
Full Moon treks through 
Earth’s shadow, which turns 
the bright orb a pretty shade 
of orange-red. Fifteen days 
later, on the afternoon of 
October 23, the New Moon 
passes in front of the Sun and 
blocks up to 81 percent of our 
star from view. For details 
about these impressive 
events, see “How to view 
October’s two spectacular 
eclipses” on p. 54.

Planetary observers can 
catch a glimpse of Mercury on 
October’s first few evenings. 
From 30° north latitude on the 
1st, the planet sits 4° high in 
the west-southwest 30 minutes 

after the Sun goes down. (It’s a 
bit higher from farther south 
and a little lower from up 
north.) Mercury disappears a 
few days later as its orbit car-
ries it deeper into twilight. It 
passes between the Sun and 
Earth on October 16 and then 
slides into the morning sky, 
where we will visit it later.

A far more obvious target 
lies higher in the evening sky. 
Saturn stands about 20° east 
of Mercury in early October 
and appears 10° above the 
horizon a full hour after sun-
set. At magnitude 0.6, the 
ringed planet shines bright 
enough for observers to see in 
the deepening twilight even if 
the dim background stars of 
its host constellation, Libra 
the Balance, remain hidden.  
A telescope should deliver 
decent views of Saturn’s ring 
system, which spans 35" and 
tilts 22° to our line of sight.

Saturn dips lower in the 
sky with each passing day. 
Although it sets two hours 
after the Sun on the 1st, that 
drops to less than an hour in 

late October. The planet will 
pass behind the Sun from our 
perspective in mid-November. 
Its final stab at glory comes 
October 25 when a thin cres-
cent Moon hangs a few degrees 
to Saturn’s upper left.

If you look to the south-
west as darkness falls in early 
October, a conspicuous pair of 
ruddy objects is sure to grab 
your attention. The brighter of 
them is magnitude 0.8 Mars; 
its stellar companion, magni-
tude 1.1 Antares, hangs 4° 
below the planet on the 1st.

The name “Antares” 
derives from Greek and 
means “rival of Ares” (Ares 
being the Greek god of war, 
the same role played by Mars 
in the Roman pantheon). One 
look at the two objects’ colors 
will convince you that the 
Greeks were onto something. 
But the similar hues have 
totally different origins. Iron 
oxides on Mars’ surface pref-
erentially reflect orange-red 
sunlight into space; the cool 
supergiant star Antares radi-
ates most of its energy in  

SKYTHIS
MONTH

The Moon takes a bite from the Sun during a partial solar eclipse visible 
across most of North America on October 23. Fifteen days earlier, on the  
8th, a total lunar eclipse turns our satellite orange-red for observers in the 
same general area. ANTHONY AYIOMAMITIS

Mars stands directly above its ancient rival, the red supergiant star Antares, 
in early October’s evening sky. 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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the red part of the visible 
spectrum and at invisible 
infrared wavelengths.

Mars moves rapidly east-
ward relative to the back-
ground stars this month, 
allowing it to maintain its 
angular distance from the 
Sun. The planet sets three 
hours after our star through-
out October. Unfortunately, 
Mars lies relatively far from 
us, so it appears tiny (6" 
across) through a telescope 
and shows little, if any, detail.

The Red Planet traverses 
the southern part of Ophiu-
chus the Serpent-bearer 
 during October’s first three 
weeks. On the 14th, Mars 
passes just 19' north of 3rd-
magnitude Theta (θ) Ophiu-
chi, a hot star with a distinct 
bluish color. The color con-
trast should stand out through 
binoculars, but a telescope 
will deliver the best views.

Mars has an even more 
impressive meeting on the 

RISINGMOON

METEORWATCH

Our nearest celestial neighbor 
often floods the sky with light. 
Although many deep-sky aficio-
nados pack up their telescopes 
around the time of Full Moon, the 
brightly lit orb offers plenty of 
thrills to those willing to invest a 
little time. This month provides a 
great viewing opportunity on the 
evening of October 7 because 
most astronomy enthusiasts will 
be getting ready for the after-
midnight total lunar eclipse. The 
prominent features don’t change 
much, however, a night or two 
removed from Full Moon.

The most distinctive charac-
teristic is the pattern of light and 
dark areas that resembles a face 
to unaided eyes. The bright 
zones to the north and south are 
crustal highlands, pounded by 
solar system debris over the 

eons. The dark circular patches 
known as maria that give the 
Man in the Moon its eyes and 
mouth are huge impact basins. 
Their dusky color came later 
when lava from the molten inte-
rior welled up and flooded them.

Even the smallest telescope 
transforms the Full Moon into a 
real world. Use a filter to cut 
down on glare, or pump up the 
power to spread out Luna’s light. 
The magnificent ray system radi-
ating from the crater Tycho will 
immediately grab your attention. 
The impact that excavated this 
53-mile-wide bowl launched 
long streams of lighter highland 
material that extend nearly to 
the north pole. Less conspicuous 
sets of rays emanate from other 
craters. Generally, the brighter 
ones formed more recently.

The sky should be nearly perfect 
for the predawn peak of the 
annual Orionid meteor shower 
October 21. The waning crescent 
Moon doesn’t rise until 5 A.M. local 
daylight time, and its 6-percent-lit 
phase won’t detract from the 
show in the following hour before 
twilight begins. Observers under  
a dark sky could see close to the 
maximum possible rate of 25 
meteors per hour as Orion the 
Hunter rides high in the early 
morning sky. And if clouds inter-
fere on the 21st, keep in mind that 
the shower often maintains near-
peak levels for a couple of days on 
either side of maximum.

Orionid meteors originate from 
debris Comet 1P/Halley has shed 

Bright spots dot the Full Moon’s face

No Moon bodes well 
for the Hunter’s peak

— Continued on page 42

Orionid meteors
Active Dates: Oct. 2– 

Nov. 7
Peak: October 21
Moon at peak: Waning 

crescent
Maximum rate at peak:  

25 meteors/hour

Three prominent white 
splotches lie scattered among 
the maria on the Moon’s west-
ern half. The brightest of these 
craters is Aristarchus, which 
spans 25 miles and lies farthest 
north of the trio. The energy 
from its creation punched 
through a thin layer of lava and 

blasted out lots of light-hued 
crust. Copernicus (58 miles 
across) and Kepler (20 miles 
across) both have ray systems 
and large debris skirts draped 
around them. Although Tycho 
has a skirt, too, it’s tough to see 
this light material against the 
highland crust.

during its many circuits of the 
Sun. When Earth crosses Halley’s 
orbit each October, friction with 

our atmosphere incinerates 
some of these dust particles, 
creating the “shooting stars.”

N

E

Copernicus
Aristarchus

Kepler

Tycho

Dusty debris from Comet 1P/Halley streaks across the moonless skies on 
late October mornings. ASTRONOMY: ROEN KELLY

Although a dramatic total lunar eclipse darkens the Full Moon before 
dawn October 8, our satellite gleams with bright craters set against 
dark maria the evening before. JOHN CHUMACK

On October 8, viewers across most of North America westward to 
Australia and eastern Asia will see a 59-minute total lunar eclipse.

OBSERVING 
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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:

10 P.M. October 1
9 P.M. October 15
8 P.M. October 31

Planets are shown  
at midmonth
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Open cluster

Globular cluster

Diffuse nebula

Planetary nebula

Galaxy
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MAP SYMBOLS

Calendar of events

Note: Moon phases in the calendar vary 
in size due to the distance from Earth  
and are shown at 0h Universal Time.OCTOBER 2014

 1 First Quarter Moon 
occurs at 3:33 P.M. EDT

 4 Mercury is stationary, 2 P.M. EDT

 5 The Moon passes 5° north of 
Neptune, 5 P.M. EDT

 6 The Moon is at perigee (225,232 
miles from Earth), 5:39 A.M. EDT

 7 Uranus is at opposition,  
5 P.M. EDT

 8 Full Moon occurs at  
6:51 A.M. EDT; total  
lunar eclipse

  The Moon passes 1.2° north of 
Uranus, 7 A.M. EDT

 15 Last Quarter Moon 
occurs at 3:12 P.M. EDT

 16 Mercury is in inferior 
 conjunction, 5 P.M. EDT

 17 The Moon passes 5° south of 
Jupiter, midnight EDT

 18 The Moon is at apogee (251,591 
miles from Earth), 2:06 A.M. EDT

 21 Orionid meteor shower peaks

 23 New Moon occurs at 
5:57 P.M. EDT; partial 
solar eclipse

 25 Mercury is stationary, 3 A.M. EDT

  Venus is in superior  conjunction, 
4 A.M. EDT

  The Moon passes 1.0° north of 
Saturn, noon EDT

 26 Asteroid Pallas is in conjunction 
with the Sun, noon EDT

 28 The Moon passes 7° north of 
Mars, 9 A.M. EDT

 30 First Quarter Moon occurs at 
10:48 P.M. EDT

SPECIAL OBSERVING DATE
19 Comet Siding Spring  
  (C/2013 A1) passes 81,000  
  miles from Mars and appears  
  within 2' of the Red Planet.

IL
LU

ST
RA

TI
O

N
S 

BY
 A

ST
RO

N
O

M
Y:

 R
O

EN
 K

EL
LY

BEGINNERS: WATCH A VIDEO ABOUT HOW TO READ A STAR CHART AT www.Astronomy.com/starchart.
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Sun

Dawn MidnightMoon phases

Jupiter

Venus

Mercury

Comet PANSTARRS
(C/2012 K1)

Juno

Hebe Uranus appears at its best
for the year in October

A total lunar eclipse 
occurs October 8

Vic

789101112131415161718192021222324

Venus

Mars

Ceres

Uranus

Saturn

Neptune Pluto
Jupiter

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.
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The planets in October 2014

Planets MERCURY VENUS MARS CERES JUPITER SATURN URANUS NEPTUNE PLUTO

Date Oct. 31 Oct. 15 Oct. 15 Oct. 15 Oct. 15 Oct. 15 Oct. 15 Oct. 15 Oct. 15

Magnitude –0.5 –4.0 0.8 9.0 –2.0 0.6 5.7 7.8 14.2

Angular size 7.1" 9.7" 5.8" 0.4" 34.8" 15.4" 3.7" 2.3" 0.1"

Illumination 50% 100% 89% 99% 99% 100% 100% 100% 100%

Distance (AU) from Earth 0.944 1.715 1.605 3.541 5.666 10.787 19.023 29.276 32.909

Distance (AU) from Sun 0.316 0.721 1.405 2.762 5.295 9.940 20.013 29.971 32.743

Right ascension (2000.0) 13h12.7m 13h10.9m 17h22.3m 15h31.0m 9h22.4m 15h19.5m 0h52.7m 22h28.0m 18h46.7m

Declination (2000.0) –5°30' –6°10' –24°41' –16°54' 15°59' –16°18' 4°53' –10°25' –20°39'

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.
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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.

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.

IL
LU

ST
RA

TI
O

N
S 

BY
 A

ST
RO

N
O

M
Y:

 R
O

EN
 K

EL
LY



OPHIUCHUS 51
44

θPath of Comet Siding Spring 
(C/2013 A1)

Oct 16

17

18

19

20

21

22

Path of Mars
Oct 16

1922

N

E

0.5°

Comet Siding Spring (C/2013 A1)   

1°

Uranus
        

PISCES

62
6088

89

80 73

77 96

N

E

An ice giant shines brightest       

42 ASTRONOMY  •  OC TOBER 2014

19th when Comet Siding 
Spring (C/2013 A1) skims 
within 81,000 miles of the 
planet. How rare is this event? 
Astronomers know of no 
comet that has ever come 
closer to either Mars or Earth.

Siding Spring should glow 
around 8th magnitude — 
roughly a thousand times 
dimmer than Mars — so 
you’ll need a scope and good 
viewing conditions to spot it. 
You can bet that the armada 
of spacecraft orbiting Mars 
and roving its surface will be 
watching the comet along 
with the thousands of excited 
amateur and professional 
astronomers here on Earth.

After crossing into Sagit-
tarius on October 21, Mars 
makes a beeline toward the 

exceptional Lagoon Nebula 
(M8). The planet passes less 
than 1° south of the massive 
star-forming region on the 
27th. Binoculars or a telescope 
at low power will best show 
this encounter. Although a 
four-day-old crescent Moon 
lies 9° northwest of Mars, it 
won’t reflect enough light to 
detract from the view.

As Sagittarius sets in the 
southwest, Aquarius and its 
solar system tenant, distant 
Neptune, peak in the south. 
Although this constellation 
contains no bright stars, look 
for the so-called Water Jar 
asterism near its northern 
border with Pegasus. This 
group of four 4th- and 5th-
magnitude stars — Zeta (ζ) 
Aquarii lies at the center of  

a triangle formed by Eta (η), 
Gamma (γ), and Pi (π) Aqr 
— appears conspicuous under 
a dark sky. If you scan 11° due 
south of Zeta, you’ll find 5th-
magnitude Sigma (σ) Aqr. 
Neptune stands less than 1° 
west of this star.

The planet glows at mag-
nitude 7.8, so it is easy to pick 
out through binoculars from  
a dark-sky site but can pose  
a challenge in 7x50s from  
the suburbs. A telescope at 
medium magnification reveals 

Neptune’s blue-gray disk, 
which appears 2.3" across.

Head one constellation east 
of Aquarius, and you’ll land in 
Pisces the Fish, current home 
of Uranus. The distant world 
reaches opposition and peak 
visibility October 7, when it 
stands opposite the Sun in our 
sky and thus remains visible 
all night. Although the Full 
Moon appears nearby that 
night, its glare nearly vanishes 
during the morning hours as 
it slides into Earth’s shadow. 

COMETSEARCH

Autumn’s often crisp, clear skies 
offer a cornucopia of comets 
this year. In the predawn sky, a 
binocular object passes near a 
bright star cluster as it makes its 
way across the winter Milky 
Way. Meanwhile, two modest 
telescopic targets wander 
through October’s evening sky.

The top event this month 
involves one of the evening 
objects. Comet Siding Spring 
(C/2013 A1) has a historic 
encounter with Mars on Octo-
ber 19 when the two pass within 
81,000 miles of each other at  
3 P.M. EDT. The Red Planet then 
shines at magnitude 0.9, while 
the comet glows around 8th 
magnitude. A 4-inch telescope 

at medium power should pro-
vide a great view of the pair 
from under a dark sky, but you’ll 
likely need twice that aperture if 
you observe from the suburbs.

The month’s other evening 
comet fares worse. Oukaimeden 
(C/2013 V5) should glow at 7th 
magnitude during October’s 
first week, but it lies close to the 
southwestern horizon during 
twilight. The comet made its 
closest approach to the Sun in 
late September, however, and 
there’s a chance that our star’s 
heat will cause an outburst.

You’ll have to be up before 
dawn to see Comet PANSTARRS 
(C/2012 K1), a 6th-magnitude 
object gliding across the Milky 

Way in Puppis. In mid-October, 
it appears in the same binocular 
field as the 6th-magnitude star 

cluster M93. A 4-inch scope will 
reveal a stubby tail spreading 
west from the comet’s head.

A comet’s close encounter with Mars

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

WHEN TO VIEW THE PLANETS

— Continued from page 37

Watch this 8th-magnitude comet pass through the same telescopic field of 
view as 1st-magnitude Mars on October 19. ASTRONOMY: ROEN KELLY

Uranus lies against the backdrop of Pisces at its October 7 opposition. Find it 
with naked eyes or binoculars; a telescope reveals its blue-green disk. 
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At the height of the total lunar 
eclipse, the Moon lies 1° from 
the planet.

Even after opposition, Ura-
nus remains a tempting target. 
The ice giant shines at magni-
tude 5.7 and appears highest 
in the south within an hour or 
so of midnight local daylight 
time throughout October. It’s 
an easy binocular object and 
even shows up to the naked 
eye under a dark sky.

To find Uranus, first locate 
Delta (δ) and Epsilon (ε) 
Piscium, two 4th-magnitude 
stars located in south-central 
Pisces. The planet lies south  
of a line joining these two, 
beginning October some 3° 
south-southeast of Delta and 
ending the month the same 
distance due south of this  
star. Target Uranus through  
a telescope, and you’ll see its 
3.7"-diameter disk and dis-
tinctive blue-green color.

Jupiter rises by 3 a.m. 
local daylight time October 1, 
when it lies in the eastern part 
of Cancer the Crab. It crosses 
into Leo on the 14th and ends 
the month 10° west-northwest 
of the Lion’s luminary, 1st-
magnitude Regulus. (Jupiter 
then rises around 1 a.m.) Our 
solar system’s largest planet 
shines much brighter than the 
star, improving from magni-
tude –1.9 to –2.1 during Octo-
ber. In fact, it is the brightest 
point of light in the sky.

The giant world looks spec-
tacular through a telescope, 
particularly as it climbs higher 
in the sky before dawn. Look 
for two parallel dark belts, one 
on either side of a brighter 
zone nearly coincident with 
the planet’s equator. Jupiter’s 
apparent diameter grows from 
34" to 36" during October.

A telescope also shows as 
many as four bright moons. 
The orbital plane of these Gal-
ilean satellites tilts nearly edge-
on to our line of sight this 
month, initiating a series of 
mutual events — occultations 
when one moon passes in front 
of another and eclipses when 
one moon enters another’s 
shadow. October marks the 
first of these in 2014 that occur 
with Jupiter far enough from 
the Sun to be visible. An event 
“season” occurs twice during 
each of Jupiter’s 12-year orbits 
around the Sun. The current 
one will continue through 
August 2015.

The best-timed occurrence 
for North American observers 
this month happens October 
24 when Io occults Callisto. 
The six-minute event begins 
at 4:24 a.m. EDT. Three min-
utes later, Io’s disk lies com-
pletely inside Callisto’s larger 
one. (Observers will see the 
two disks merge and their 
total light output drop by 

nearly 20 percent.) Only view-
ers along the West Coast, 
where Jupiter has yet to rise, 
will miss out.

As October winds down, 
Mercury springs back into 
view before dawn. By the 26th, 
it stands 7° above the eastern 
horizon 45 minutes before 
sunrise and shines at magni-
tude 0.5. Binoculars will help 
you pick it out of the twilight. 
By the 31st, the innermost 

planet has brightened to mag-
nitude –0.5 and has climbed a 
couple of degrees higher, mak-
ing it much easier to spot. If 
you point a telescope at Mer-
cury on the month’s final 
morning, you’ll see a half-lit 
disk measuring 7" across.

Venus hides in the Sun’s 
glare all month. It passes 
behind our star October 25 
and will return to view on 
evenings in early December. 

It’s exciting to observe two dis-
tinctly different objects near 
each other. Although bright 
asteroids often glide in front of 
a distant galaxy or nebula, this 
is the first time in more than a 
decade that we have featured  
a close apparent encounter 
between a minor planet and 
the major planet Uranus.

Asteroid 37 Fides passes 
within 2° of the giant world 
during October’s second and 
third weeks. Uranus currently 
lies some 1.8 billion miles from 
Earth, nearly 15 times farther 
than Fides. But the ice giant 
planet is nearly 500 times the 
diameter of its cousin, which 
spans just 67 miles. Couple that 

with Uranus’ greater reflectiv-
ity, and it should come as no 
surprise that Uranus glows four 
magnitudes brighter than Fides.

The pair resides in southern 
Pisces, an area located about 
one-third of the way from the 
southeastern horizon to the 
zenith in midevening. Two 4th-
magnitude stars, Delta (δ) and 
Epsilon (ε) Piscium, make excel-
lent guides for finding Fides. 
This object will appear similar to 
the faintest stars plotted below, 
so you’ll need to be careful in 
identifying it. Make a quick 
sketch of the star field, label the 
one you think is Fides, and then 
come back a night or two later 
to confirm that it has moved.

LOCATINGASTEROIDS
An ice giant’s undersized companion

A series of mutual events among Jupiter’s Galilean moons ramps up in 
October. Watch Io pass in front of Callisto on the 24th. ASTRONOMY: ROEN KELLY

The 10th-magnitude asteroid Fides swims among the background stars of 
Pisces the Fish a couple of degrees away from 6th-magnitude Uranus. 
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Stellar astrophysics

Cassiopeia A is the 330-year-old remnant created 
when a massive star exploded. The wispy tendrils 
represent the outer layers of the star that got 
blown into space. This colorful view combines 
observations at optical, X-ray, and infrared wave-
lengths. OPTICAL: NASA/STSCI; XRAY: NASA/CXC/SAO; INFRARED: NASA/

JPLCALTECH/STEWARD/O. KRAUSE, ET AL.
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Astronomers have mapped Cassiopeia A, one 
of the Milky Way Galaxy’s youngest known 
supernova remnants, in 3-D to understand  
how massive stars explode.  
by Dan Milisavljevic and Robert A. Fesen

Bringing a star’s

pproximately once every second, 
somewhere in the universe a 
massive star ends its life in a 
 catastrophic explosion called a 
supernova. These events are 

among the most powerful cosmic blasts 
known and are keys to understanding 
the chemical composition and evolution 
of stars and galaxies. They produce a 
variety of exotic objects, including neu-
tron stars and black holes. Astronomers 
have used them as cosmological yard-
sticks to measure distances to far-off 
galaxies and discover the accelerating 
expansion of the universe. And, most 
importantly to us, supernova debris is 
chock-full of heavy elements that enrich 
interstellar space and make planets like 
Earth — and its life — possible.

Unfortunately, many fundamental 
aspects of these titanic explosions remain 
uncertain. Although astronomers think 
they have a basic model of how a massive 
star’s iron core collapses and triggers  
the star’s destruction, many important 
questions about the process defy easy 
answers. Scientists are getting closer to 
solving some of these issues thanks in 
large part to the dedicated amateurs  
who seek supernovae and the number  

of professional sky surveys that hunt for 
such transient events. Combined, they 
find hundreds of supernovae each year.

That’s only half the battle, however. 
Because supernovae in other galaxies 
appear as unresolved dots of light even 
through the Hubble Space Telescope, an 
inherent ambiguity exists in attempts to 
figure out exactly how these explosions 
take place. Even the next Milky Way 
supernova — which may not occur for 
decades or even centuries — likely won’t 
be resolved for years afterward.

An alternative way to investigate the 
deaths of massive stars is to examine the 
expanding remains of supernovae that 
occurred centuries ago in our galaxy. The 
debris that makes up a relatively young 
and undisturbed supernova remnant is 
rich in heavy elements such as oxygen, 
sulfur, silicon, and iron, and those abun-
dances encode unique information about 
an explosion’s dynamics and key details  
of how a massive star’s core collapses. 
Instead of attempting to unpack informa-
tion from a distant point source, young 
Milky Way supernova remnants allow 
researchers to observe the insides of an 
exploded star and reconstruct what it was 
made of and how the explosion took place.

A
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All eyes on Cassiopeia A
Cassiopeia A, or simply Cas A, is perhaps the best specimen of a 
core-collapse supernova remnant in our galaxy. It’s also the bright-
est radio source at low frequencies in the northern sky. Electrical 
engineer Grote Reber first detected strong radio emission coming 
from the constellation Cassiopeia in the mid-1940s while using a 
31.4-foot-diameter (9.6 meters) radio telescope he built himself in 
the backyard of his Wheaton, Illinois, home. Observations made in 
1948 from Cambridge, England, revealed Cas A as an intense radio 
source confined to a small area.

The veil on Cas A soon started to lift. In 1951, California astron-
omers Walter Baade and Rudolph Minkowski took visible-light 
images and spectra through the recently commissioned 200-inch 
Hale Telescope on Palomar Mountain. They described the object as 
having “broken bits of nebulosity of a most remarkable kind” and 
incredibly high expansion velocities.

Since those pioneering observations, 
astronomers have learned a great deal more 
about Cas A. With an estimated explosion 
date around 1680, it is the youngest core-
collapse supernova remnant known in our 
galaxy. At a distance of around 11,000 light-
years, it also ranks among the closest. Sev-
eral sophisticated studies of “light echoes” 
— reflections of the flash from the super-
nova outburst itself — off surrounding 

interstellar dust clouds showed that the explosion was a type IIb 
supernova. This implies that Cas A descended from a red super-
giant progenitor star that lost much of its hydrogen envelope in a 
clumpy wind and that it may have had a binary companion.

Today, Cas A appears as a shell of bright emission some 15 light-
years across rich in oxygen, sulfur, and argon and virtually devoid 
of any hydrogen, helium, or nitrogen gas. Because the lighter ele-
ments in supernova progenitor stars reside in their outer layers, the 
observed chemical makeup of the debris suggests it originated in 
the star’s inner mantle and core. The main ejecta fragments move 
away from the original explosion point at speeds of around 3,000 
miles per second (5,000 kilometers per second). Faint and much 
slower-moving material rich in hydrogen and nitrogen surrounds 
the debris. This gas has no relation to the explosion; the star shed it 
many centuries before the supernova.

A supernova explosion releases an enor-
mous amount of energy very quickly, which 
generates a shock wave that rapidly expands 
into interstellar space. This blast wave typi-
cally starts out moving extremely fast — as 
much as 10 percent the speed of light — but 
slows down rapidly as it encounters and 
sweeps up any surrounding gas. As this hap-
pens, a reflected, or “reverse,” shock wave 
develops that travels inward toward the 
exploded star’s continuously expanding 

Our final 3-D  
reconstruction  
includes nearly  

14,000 individual 
measurements.

This Hubble Space Telescope image shows the Cassiopeia A remnant as a broken ring of bright filaments and denser clumps. The stellar debris spans about  
15 light-years and glows with the heat generated by the passage of a shock wave from the supernova blast. The gaseous shards appear different colors to reflect 
differences in their chemical compositions; for example, red areas are rich in sulfur and blue regions in oxygen. NASA/ESA/THE HUBBLE HERITAGE TEAM STSCI/AURA
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debris cloud. The resulting collision heats the material to tempera-
tures as high as several million degrees, which causes it to emit 
copious amounts of X-ray, ultraviolet, optical, infrared, and radio 
radiation. It is this shock heating that allows us to see the Cas A 
supernova remnant today.

Because Cas A is young by cosmic standards and essentially 
undisturbed by outside factors, its elemental abundances and 
expansion offer a rare opportunity to study and dissect a super-
nova’s debris in extraordinary detail. Like a bomb set off in an 
experiment, astronomers can investigate the nature of the explo-
sion by examining its fragments and how they move. Did the bomb 
explode equally in all directions, or was extra energy released in 
certain directions? And what, exactly, was the bomb made of?

A three-dimensional reconstruction
Several years ago, the two of us began to investigate Cas A in detail 
so we could build a three-dimensional map of the material that 
emits visible light. We made many of the observations with the 2.4-
meter Hiltner Telescope at the MDM Observatory on Kitt Peak in 
Arizona. After several observing runs totaling 45 nights, we were 
able to map the remnant’s overall expansion properties, including 
dozens of small and exceedingly faint outer debris fragments that 
are moving with speeds up to 9,000 miles per second (15,000 km/s).

When comparing images of Cas A taken at Palomar in the 
1950s to ones captured recently through Hubble, it’s easy to see 
that the remnant’s expansion hasn’t slowed much during the past 
half-century. The ejecta continue to travel so fast that you actually 
can see clumps of debris move across the sky in images taken just 
a year apart (see above).

We can exploit the fact that the velocity of the supernova’s ejecta 
essentially has not changed since the explosion. This means the 
distance of any ejected debris from Cas A’s center is proportional  
to its speed. Similar to how astronomers use Hubble’s law to con-
vert a galaxy’s velocity of recession to its distance from Earth, we 
can infer distances of material from the center of the supernova 
remnant by determining its velocity.

The velocity comes from measuring the Doppler shift — the 
change in wavelength of a spectral line caused by the object’s 
motion toward or away from us — in spectra of Cas A’s debris 

November 30, 2003

December 2, 2004

Dan Milisavljevic is an astrophysicist at the Harvard-Smithsonian Center 
for Astrophysics in Cambridge, Massachusetts. Robert A. Fesen is an 
astronomer at Dartmouth College in Hanover, New Hampshire.

These images depict changes seen in the so-called infrared light echoes of Cassiopeia A over a year’s time. Light from the explosion reflects off surrounding 
dust, and the variations hint at the underlying physical properties of the explosion. Such observations helped astronomers pin down Cas A as a type IIb super-
nova, one that originated from a red supergiant progenitor star that had lost most of its hydrogen-rich outer layers. NASA/JPLCALTECH/O. KRAUSE STEWARD OBSERVATORY

The authors developed a 3-D reconstruction of Cassiopeia A from nearly 
14,000 individual observations. These views illustrate the ubiquity of large 
ejecta rings from four different perspectives. The blue colors highlight gas 
heading toward us at the highest speeds, while red represents material mov-
ing away most quickly. DAN MILISAVLJEVIC AND ROBERT A. FESEN



48 ASTRONOMY  •  OC TOBER 2014

clumps. We then convert this directly into a Z coordinate. The 
position of a clump on the sky yields the X and Y coordinates.

Our final 3-D reconstruction includes nearly 14,000 individual 
measurements. The resulting Doppler maps (see p. 47) have the high-
est spectral and spatial resolutions of any previous survey of Cas A 
and are the most complete catalog of its optically emitting ejecta.

The main shell’s torus
The transition from 2-D images of Cas A to a full 3-D reconstruc-
tion is a dramatic improvement. By rotating through 360°, one 
notices immediately how the ejecta in Cas A’s main shell wrap 
along the surface of a sphere. Look closely, and you see that the 
ejecta do not cover the entire sphere’s surface. Instead, they follow  
a thick wheel, or a torus-like, distribution. The plane of the torus 
tilts some 30° to the plane of the sky. The main shell also shows a 
distinct asymmetry in velocities, with the material moving away 
from us faster than the material moving toward us.

It’s possible that properties of the supernova itself gave Cas A its 
thick torus shape. A flattened explosion could have ejected material 
with greater velocities along a plane. However, our viewing angle 
also could play a role. For example, you see more material when 
looking near the edge of a sphere. It gives the impression of a ring 
when you simply might not be seeing gas in the front and back.

An inhomogeneous environment also might have influenced 
the observed geometry. Some evidence suggests that the surround-
ing medium is denser on the near side, which would inhibit expan-
sion in our direction. This imbalance could influence the reverse 
shock that is heating the ejected material and cause it to propagate 
at different speeds. Thus, it may be that 
some ejecta are not visible currently because 
they have yet to be shocked.

Debris rings
When looking at the Cas A remnant in 3-D, 
it’s obvious that the debris is not distributed 
randomly but rather in a network of large-
scale, well-defined, nearly circular rings. 
These rings have diameters ranging from  
1 to 6 light-years.

When we represent the 3-D gas distribution as a 2-D map like 
cartographers would display Earth’s continents in a Mercator pro-
jection, nearly all of Cas A’s optically emitting material lies in one 
of these rings (see p. 49). At least six rings are visible; some of them 
form complete circles, while others appear as partial circles or 
ellipses. The Mercator projection also reveals a “frothy” substruc-
ture at the boundaries of the larger rings.

Astronomers have not yet figured out how these debris rings 
formed. Perhaps they are cross sections of large cavities or bubbles 
in the expanding ejecta. To create this Swiss cheese-like interior, 
some researchers suggest that plumes of ejecta rich in the radio-
active element nickel-56 rose up through outer shells of lighter ele-
ments early in the explosion. The nickel would have decayed into 
cobalt and then iron, releasing energy that would cause the gas to 
expand, compressing nearby nonradioactive material such as 
 oxygen, sulfur, and argon.

Observations of Cas A’s X-ray-emitting iron made by NASA’s 
Chandra X-ray Observatory lend some support to this scenario. 
Because iron-56 is the product of nickel-56’s radioactive decay, 
knowing where iron currently exists reveals where the nickel-rich 
material once was. The 3-D maps of Cas A’s iron-rich ejecta show 
that most of it lies within the remnant’s large optical rings, suggest-
ing a cause-and-effect relationship.

Because scientists expect iron to be concentrated close to the 
heart of the supernova at the time the star’s core collapses, know-
ing how iron gets ejected, at what speed, and in which directions 
provide important information for understanding the explosion’s 
“engine.” The fact that the large rings contain much of Cas A’s iron 

says that some freshly synthesized nickel 
somehow got ejected at high speeds toward 
the collapsing star’s surface. Not all of Cas 
A’s rings contain X-ray-emitting iron, how-
ever, and the iron we do see doesn’t have 
properties we’d expect from nickel-rich 
bubbles — a ring-iron connection may not 
be the whole story.

Recent studies of other relatively young 
remnants of core-collapse supernovae also 
have revealed similar large ejecta rings. 

The debris 
[is distributed] in a 

network of large-scale, 
well-defined, nearly 

circular rings.

These scenes highlight the fastest-moving ejecta. The northeast and south-
west knots (colored green and blue, respectively) appear along with ejecta in 
the main shell (red). The view at top left shows the remnant as it appears on 
the sky; the others show different perspectives. DAN MILISAVLJEVIC AND ROBERT A. FESEN

This X-ray view of Cassiopeia A reveals the hottest gas in the supernova 
remnant. Notice the spikes protruding at upper left, which represent the 
fastest-moving material in the object’s flares. NASA/CXC/SAO
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 Seeing the same patterns in many remnants suggests that the 
 organized debris structure we observe in Cas A is a common phe-
nomenon with a similar origin. Whatever that origin turns out  
to be, it’s clear that the ringed arrangement of debris dominating 
Cas A’s large-scale structure is an important guide for researchers 
conducting computer simulations of supernova dynamics.

Jets and other high-velocity ejecta
We also found tiny clumps of ejecta around the periphery of Cas A 
that travel at speeds greater than 6,000 miles per second (10,000 
km/s). Much of this faint material is rich in nitrogen and thus likely 
originated in the outer layers of the progenitor star. Our survey 
included these high-velocity regions, and we mapped their overall 
3-D distribution for the first time.

Since Baade and Minkowski’s first visible-light observations, 
astronomers realized that Cas A has a “flare” of exceptionally fast-
moving material along its northeastern limb. At the outer edge, the 
gas speeds along at about 9,000 miles per second (almost 15,000 
km/s). Observers later found similar high-velocity material on the 
remnant’s opposite side, first in the optical and then confirmed at 
X-ray and infrared wavelengths.

Although many researchers describe this debris as “jets,” that 
word is misleading. In the two-dimensional plane of the sky, the 
regions appear to be flowing out in nearly opposite directions. In 
three dimensions, however, the ejecta in these features spread out 
rather broadly in a cone-shaped pattern that spans about 40°.

The clumpy gas in these regions is difficult to observe, even  
in long-exposure Hubble images, because it glows so faintly. 
Although optical data best show the full extent of the jets, a deep 
Chandra image at the wavelength ionized silicon emits confirms 
this jet-counterjet system.

The nature of these opposing plumes of supernova ejecta 
remains unclear, but we are fairly confident that some type of 
 eruption caused them. The best evidence for this interpretation  
is their enormous ejection speeds combined with their peculiar 

chemical properties. The fastest-moving debris, which lies at the 
outer tips of the jets, contains the most sulfur and silicon, suggesting 
an origin deep inside the progenitor star. It seems that some process 
managed to eject material from close to the star’s explosion center at 
exceptionally high velocities both to the northeast and southwest.

In addition, these two regions are the only ones that contain 
ejecta with hydrogen and helium originating from the progenitor’s 
surface mixed with oxygen, sulfur, and argon from much deeper 
layers. This unusual elemental blend also suggests a highly turbu-
lent and explosive origin.

A line connecting the northeast and southwest jets runs nearly 
perpendicular to the inferred motion of Cas A’s neutron star — the 
collapsed core of the supernova’s progenitor. This geometry runs 
counter to most jet-induced explosion models, which predict that 
the neutron star will receive a “kick” roughly aligned with the jet 
axis. Moreover, there’s a noticeable absence of outlying supernova 
debris perpendicular to the axis.

The future calls
Understanding the complicated dynamics of supernovae pushes 
the envelope of current computing resources. Simulations of such 
explosions run on some of the world’s most powerful supercomput-
ers and require a sophisticated understanding of fluid mechanics, 
explosive nucleosynthesis, radiation transport, stellar evolution, 
and the physics of neutron star formation.

Cas A’s impressive network of large ring-like structures and 
broad opposing plumes of high-velocity silicon- and sulfur-rich 
ejecta are features that would be impossible to see in distant extra-
galactic supernovae. Thus, our detailed 3-D reconstruction of this 
remnant has given astronomers new and valuable clues about how 
massive stars actually blow up. Future observations of young, 
nearby supernova remnants like Cas A undoubtedly will provide 
better insights into some of the processes involved in these spec-
tacular cosmic events. 

TO SEE MOVIES OF THE 3-D RECONSTRUCTION, VISIT www.Astronomy.com/toc.

The main shell of Cassiopeia A’s optically emitting debris appears here in a 
Mercator projection. This view best shows the six well-defined rings in the 
ejecta. The horizontal and vertical scales play the same role as longitude and 
latitude do on maps of Earth. DAN MILISAVLJEVIC AND ROBERT A. FESEN

The Very Large Array radio telescope in New Mexico took this image of Cas-
siopeia A at three different frequencies. The supernova remnant ranks among 
the most powerful radio sources in the sky, and it was through this emission 
that researchers first detected it. NRAO/AUI



NGC 6871
ANTHONY AYIOMAMITIS

50 ASTRONOMY  •  OC TOBER 2014

This constellation contains enough double stars, star clusters, and 
nebulae to keep you observing a long time. by Michael E. Bakich

DEEP-SKY OBSERVING

S
ometimes, observers like to spend a 
night — or a series of nights — in one 
constellation. Around this time of 
year, no individual star pattern offers 
as much diversity as Cygnus the 

Swan. To help you get started, I’ve selected 
20 objects that really are worth extended 
looks through your telescope. You’ll find 
them here in order of right ascension, with 
the most westerly objects listed first.

At the start of your observing session, 
point a telescope at Albireo (Beta [β] 
Cygni). Most northern observers consider it 
the sky’s finest double star.

Astronomers label Albireo’s two compo-
nents Beta1 Cygni and Beta2 Cygni. They lie 
34" apart. Beta1 shines at magnitude 3.4, 
while Beta2 is fainter at magnitude 5.1. But 
it’s not their magnitudes that make these 
stars a terrific sight: It’s their colors.

And while it’s true that no two human 
eyes perceive precisely the same hues, most 
observers “see” Beta1 as golden and Beta2 as 
sapphire blue. Whether you see gold and 
blue, white and blue, yellow and green, or 
any number of other colorful combina-
tions, it all adds up to a strikingly different 
pair. Don’t miss it!

 Our next object, the Fox Head Cluster 
(NGC 6819), lies 5° south of magnitude 3.0 
Delta (δ) Cygni. It’s a magnitude 7.3 open 
cluster that takes magnification well. 
Through a 4-inch telescope at 150x, you’ll 
see more than two dozen stars spread 
across 5'. The distribution is unequal; the 
northern half of the cluster appears brighter 
than the southern half. Double the aperture 
to 8 inches, and you’ll count 50 stars. Dou-
ble it again, and more than 100 stars are 
yours for the picking.

Many observers see a “V” in the cluster’s 
brightest stars (usually at low magnifica-
tion). Because a fox has a triangular head, 
amateur astronomers began calling NGC 
6819 the Fox Head Cluster.

Now comes a fun target to show to 
other amateur astronomers at star parties. 
Through 8-inch and smaller telescopes, the 
Blinking Planetary (NGC 6826) appears 
to blink when an observer views it with 
direct and then averted vision (looking a bit 
off to the side). You’ll find it 0.5° east of the 
magnitude 6.0 star 16 Cygni.

From a dark site, I’ve used a 6-inch tele-
scope at about 100x to make this magnitude 
8.8 object blink. With direct vision, you’ll 
spot the 11th-magnitude central star easily, 
but the 25"-wide nebula fades.

Use averted vision, and the nebula pops 
back into view. Further helping, the appar-
ent brightness of the gas under averted 
vision swamps the star’s light.

You’ll find the next target 3.4° east-
southeast of Delta Cygni. Even through a 
4-inch telescope, the magnitude 7.6 Frigate 
Bird Cluster (NGC 6866) appears rich. A 

Michael E. Bakich is a senior editor of 
Astronomy who has spent more than one long 
night trolling the depths of Cygnus.

NGC 6894
ADAM BLOCK/MOUNT LEMMON SKYCENTER/UNIVERSITY OF ARIZONA
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10-inch scope at 150x shows a “river” of 
stars oriented east-west running through 
the 7'-wide open cluster’s center. I didn’t see 
or imagine a frigate bird through either 
aperture, but your imagination might be 
better than mine.

So, where did the common name origi-
nate? If you guessed it comes from someone 
who brings a great imagination and a flair 
for writing about it to the eyepiece, you’re 
right. Astronomy magazine Contributing 
Editor Stephen James O’Meara sees the 
unmistakable outline of a frigate bird in the 
stars of NGC 6866.

Our next object, open cluster NGC 
6871, lies 2° east-northeast of magnitude 
3.9 Eta (η) Cygni. Through a 4-inch tele-
scope, this magnitude 5.2 cluster shows 
perhaps 15 stars. A 10-inch scope reveals 
50. Do note that NGC 6871 sits in front of 
an extremely rich background.

For that reason, and the fact that its 
diameter is as large as the Full Moon (31'), 
small telescopes work best. The magnitude 
5.4 star on the cluster’s north end isn’t part 
of the group. Instead, look for several nice 
double stars within NGC 6871.

Now continue to the Crescent Nebula 
(NGC 6888), a bubble of gas carved out of 
the interstellar medium by an incredibly 
energetic object called a Wolf-Rayet star, 
after the two astronomers who first identi-
fied the type. You’ll see the W-R star easily 
through any telescope. It shines at 7th mag-
nitude and lies at NGC 6888’s center.

To find it, look 1.2° west-northwest of 
the magnitude 4.8 star 34 Cygni.

Because the Crescent Nebula measures 
18' by 13', you’ll see it through small tele-
scopes. That said, 8-inch and larger instru-
ments begin to show some of the nebula’s 
structure. The slightly curved northwest 
edge is the brightest, but a short line of 

bright nebulosity also lies at the southwest 
edge. Larger telescopes also will show a 
thick nebulous patch that runs from the 
westernmost edge to the central star.

An Oxygen-III (OIII) filter really helps 
bring out the contrasting sections of the 
Crescent Nebula. Such a filter also increases 
its overall visibility by dimming the vast 
number of background stars.

Next up is a faint target, but well worth 
your time to search out. If your telescope 
doesn’t have a go-to drive, draw a line 
between 39 Cygni (magnitude 4.4) and 21 
Vulpeculae (magnitude 5.2). Planetary neb-
ula NGC 6894 lies just slightly to the west 
of the midway point between the two stars.

Through an 8-inch telescope, you’ll see 
a 42"-diameter disk that glows at magni-
tude 12.3. Step up the size of your instru-
ment, and details start to emerge. Through 
a 12-inch scope, look for a slightly darker 
central region that spans about half of NGC 
6894’s diameter. Now you’re beginning to 
see this planetary nebula’s ring structure. A 
20-inch instrument shows a faint star that 
sits northwest of the object’s center.

One object you’ll easily find is open 
cluster NGC 6910, which lies some 0.5° 
north-northeast of magnitude 2.2 Sadr 
(Gamma [γ] Cygni). It shines at magnitude 
7.4 and measures 10' across.

A 4-inch telescope reveals two dozen 
stars, and larger scopes allow you to see as 

many as 50 suns. The brightest one here is 
magnitude 7.0 SAO 49563, which sits at the 
cluster’s eastern edge. A 12-inch or larger 
scope equipped with a nebula filter will 
dim the stars in this region and reveal a 
large complex of faint nebulosity.

After NGC 6910, head to the Cooling 
Tower (M29). It’s a Messier object, which 
means it’s easy to see, right? Not so much. 
This loose open cluster of about two dozen 
stars through amateur scopes lies in front 
of a rich Milky Way star field, so be patient 
when you try to identify it. M29 spans 6'.

To find it, look 1.8° south of Sadr. A 
small telescope works best on this magni-
tude 6.6 cluster because it won’t reveal the 
multitude of surrounding stars. To prove 
this to myself, I once made a cardboard 
insert for the front of a 12-inch telescope. 
The insert had a 3-inch-diameter hole 
drilled in it. I viewed M29 (and many other 
objects) with and without the insert, and 
the cluster was, indeed, easier to pick out 
when the insert was in place.

British amateur astronomer Jeff Bon-
dono gave M29 its common name. He 
thought two curving lines of its stars 
looked like the concave sides of a cooling 
tower at a nuclear power plant.

So far, we’ve looked at star clusters, neb-
ulae, and even a beautiful double star. Now 
I want to draw your attention to the only 
galaxy in this article. Not just that, but  

The Fox Head Cluster
BERNHARD HUBL

The Fetus Nebula
DON GOLDMAN



M39

VULPECUL A

CYGNUS

NGC 6819

NGC 6871

Albireo

NGC 6894

NGC 6826

NGC 6866

NGC 6888

M29

NGC 7008

NGC 6946

IC 5146

Deneb

NGC 7026

NGC 6910
IC 5067/70

NGC 7000

NGC 6960

NGC 7027

61

NGC 7082

39

21

51

N

E

5°

52 ASTRONOMY  •  OC TOBER 2014

NGC 6946 is bright and faint simultane-
ously. How? The answer hinges on the 
object’s surface brightness. In the case of 
NGC 6946, its magnitude, 8.8, is high for a 
galaxy. Unfortunately, that light spreads 
over an area 12' by 10'.

Another hindrance to seeing NGC 6946 
is its location in the Milky Way. So, the over-
all impression of this galaxy, unless you’re 
using a large telescope, is of a faint object.

You won’t see much detail in NGC 6946 
through apertures less than 12 inches. The 
galaxy’s core appears bright and spans 
roughly 10 percent of its diameter. Two 
spiral arms are visible, but you’ll see four 
through a 16-inch or larger instrument.

To find NGC 6946, look 2.1° southwest 
of magnitude 3.4 Eta Cephei.

Next comes the wonderful Pelican 
Nebula (IC 5067/70), which sits 1.5° west-
southwest of its larger neighbor, the North 
America Nebula (NGC 7000), which I’ll 
discuss a little later. The Pelican isn’t as 
bright or as easy to see, but that doesn’t 
imply it’s faint. To see this object’s distinc-
tive shape, use at least a 6-inch telescope 
with an eyepiece that gives 100x.

Be warned, though, the Pelican isn’t 
tiny. It measures 25' by 10'. A nebula filter 
such as an OIII will help a lot. Look for a 
dark break in the overall nebulous glow 
that signals the pelican’s bill.

More than 15,000 years ago, the gaseous 
filaments in our next object, the Veil Neb-
ula (NGC 6960/74/79/90/92/95), belonged 
to a massive star on the brink of blowing 
itself to bits. When it exploded as a super-
nova, the star would have shone brighter 
than the crescent Moon.

We call what remains the Veil Nebula, 
and this 3°-wide object contains two main 
segments. NGC 6960 wends its way past the 
star 52 Cygni, which shines at magnitude 
4.2. The star is a foreground object uncon-
nected to the supernova remnant. NGC 
6960 tapers to a sharp point at the north 

end of a 1°-long glowing strip. As it broad-
ens to the south and passes 52 Cyg, a dark 
lane splits the nebulosity.

The Veil Nebula’s brighter segment, 
NGC 6992/5, lies 2.7° northeast of 52 Cyg. 
At medium magnification (around 100x), 
the nebula breaks into numerous strands.

More nebulosity lies between the north-
ern ends of the Veil’s two main sections. 
Look for NGC 6979, the northernmost tri-
angular bright patch.

For best results when observing the Veil 
Nebula, use a 10-inch or larger telescope 
and the eyepiece in your kit that gives the 
lowest magnification. Insert a nebula filter, 
disconnect the scope’s drive (so you can 
move it freely), and pan this area. Take your 
time. There’s a lot to see.

Nearly as huge as the Veil Nebula comes 
another treat that looks like its namesake: 
the North America Nebula (NGC 7000). 
A quick glance at this object reveals the 
California coast, Mexico, the Gulf of Mex-
ico, and even a faint Florida.

To find the North America Nebula, look 
3° east of Deneb (Alpha [α] Cygni). This 
terrific object measures 2° across, so start 
with the eyepiece that gives you the widest 
field of view. That may or may not be the 
one that gives the lowest magnification.

William Herschel discovered the North 
America Nebula on October 24, 1786. Ger-
man astronomer Maximilian Franz Joseph 
Cornelius Wolf was the first to photograph 
this object, on December 12, 1890. He 
dubbed it the America Nebula, from which 
its current moniker derives.

Our next object, the Fetus Nebula 
(NGC 7008), sits in a lonely region of 
northern Cygnus 5° north-northeast of the 
magnitude 5.4 star 51 Cygni. Through a 
4-inch telescope, you’ll see an 83"-wide, 
uniformly illuminated disk glowing at 
magnitude 10.7. At high magnification 
through a 10-inch scope, this planetary 
appears as an open nebulous ring.

See it through a 16-inch or larger tele-
scope, and you’ll get two nebulae for the 
price of one. Crank up the magnification, 
and try to spot a faint knot that lies 22" 
northwest of the Fetus Nebula’s central star. 
This object, which astronomers designate  
K 4–44, is a distinct planetary nebula.

American amateur astronomer Eric 
Honeycutt gets the credit for bestowing the 
“Fetus Nebula” moniker onto NGC 7008, 
although some people aren’t fond of the 
name. That’s the shape he saw in 2001 when 
he viewed it through his 22-inch reflector.

Continuing eastward, we come to the 
Cheeseburger Nebula (NGC 7026). It 

The Magic Carpet Nebula
ADAM BLOCK/MOUNT LEMMON SKYCENTER/UNIVERSITY OF ARIZONA

Cygnus the Swan contains a dizzying array of deep-sky treats. This map shows many of the finest ones. 
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glows at magnitude 10.9 and measures a 
scant 21" across. Its surface brightness is 
high, so you can spot it even through a 
4-inch telescope. The problem with that 
size instrument, however, is separating the 
planetary nebula from surrounding stars. 
Alternatively, moving an OIII filter in front 
of your eyepiece will make the stars fainter 
but leave the planetary undimmed.

Through a 12-inch or larger telescope, 
you’ll see two fuzzy lobes. At a power less 
than 200x, the lobes appear to touch. The 
eastern lobe glows slightly brighter.

American amateur astronomer Jay 
McNeil (who later found McNeil’s Nebula 
in M78) dubbed this object the Cheese-
burger Nebula in 1999.

You’ll find our next object, the Magic 
Carpet Nebula (NGC 7027), 2.1° east-
northeast of magnitude 3.9 Nu (ν) Cygni. 
Through a telescope between 4 and 8 
inches in aperture and at magnifications 
below 75x, this magnitude 8.5 planetary 
nebula appears stellar, but as you increase 
the power, you’ll begin to see its 25"-wide, 
slightly oval shape.

Through larger scopes and magnifica-
tions above 150x, you’ll lose the nebula’s 
oval shape and gain a rectangle. An OIII 
filter really helps here. Without the filter, 
you’ll see the nebula’s faded green color 
through 14-inch instruments.

Amateur astronomer Kent Wallace gave 
this object its common name in 2000. He 
saw an article that described NGC 7027 as a 
hot coal on a carpet, and the rest is history.

The next target on our tour is 61 Cygni, 
a star famous for a reason you won’t be able 
to observe. It has the largest proper motion 
(movement across our line of sight) of any 
star visible without optical aid. Also, in 
1838, 61 Cyg became the first star to have 
its distance determined directly. In that 

year, German astronomer Friedrich Wil-
helm Bessel measured its parallax.

You’ll find 61 Cyg in a busy region of the 
northern Milky Way 1.7° west-northwest of 
magnitude 3.8 Tau (τ) Cygni. It’s a double 
star with components of magnitudes 5.2 
and 6.0 lying 32" apart.

Any telescope will split two stars that 
bright and that far apart. Both shine with 
an orange light, though the brighter com-
ponent may appear ever so slightly more 
yellow to you.

When you first look at our next Cygnus 
object, the magnitude 7.2 open cluster NGC 
7082, you might think, “Oh, what a rich 
cluster!” Not really. Here’s a good example 
of a poor star cluster superimposed on a 
rich Milky Way background star field.

Through a 4-inch telescope, you’ll spot 
20 or so cluster members ranging in bright-
ness from magnitudes 8 to 10 in a region 24' 
across. Larger apertures don’t really add 
many more stars to the view. You’ll find 
this object 1.7° north-northwest of magni-
tude 4.0 Rho (ρ) Cygni.

Next, we have M39 from Charles Messi-
er’s now-famous catalog. You’ll find this 
magnitude 4.6 open cluster 2.8° north of 
Rho Cygni. In Cycle of Celestial Objects, 
author William H. Smyth described it as “a 
loose cluster, or rather splashy galaxy field 
of stars, in a very rich vicinity between the 
Swan’s tail and the Lizard.”

Maybe it’s the large size of M39 — the 
object spans 31', a diameter equal to that of 
the Full Moon — coupled with the rich 

Milky Way star field that makes it seem 
lost. Still, look carefully, and you’ll count 
two dozen stars brighter than 12th magni-
tude. Use your lowest-power eyepiece.

The final deep-sky object on our list is 
the Cocoon Nebula (IC 5146). And even 
though it could stand on its own, the star 
field surrounding it helps elevate it to 
extraordinary status.

The Cocoon Nebula overlaps the eastern 
edge of Barnard 168, one of the northern 
sky’s finest dark nebulae. From a non-light-
polluted site, sharp-eyed observers can pick 
up this murky lane without optical aid, but 
such a sighting isn’t easy. A better approach 
is to use binoculars or a telescope with an 
eyepiece that provides more than a 1° field 
of view. That way, you’re sure to see it.

You can spot the Cocoon Nebula 
through a 4-inch telescope as a 12'-wide 
circular blur. Its light equals that of a 7th-
magnitude star, but the nebula’s surface 
brightness is low. Making matters worse, 
two magnitude 9.7 stars lie entangled 
within the glow.

For best results, use at least an 8-inch 
telescope and an eyepiece equipped with a 
nebula filter. The filter will suppress the 
starlight while still passing most of the 
emission nebula’s glow.

Pick moonless nights with steady air 
above you, and this will be the first of many 
observing sessions with Cygnus as the 
focus. Its prominent position along the 
Milky Way offers many more nebulae, clus-
ters, and double stars for your enjoyment. 

The Cocoon Nebula
KEN CRAWFORD
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Two eclipses — one of the Sun and one of the Moon — put North America 
at the center of this month’s astronomical universe. by Richard Talcott

How to view 
October’s two 

spectacular eclipses

WHEN WORLDS ALIGN

The October 8 total lunar eclipse is 
the year’s second visible from North 
America. The deep red hue of the 
April 15 event impressed everyone 
who saw it. TONY HALLAS
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T
o many people, October is foliage 
season, when the sugar maples turn 
brilliant shades of yellow, orange, 
and red and “leaf peepers” descend 
on quaint New England villages to 

enjoy nature’s show. But this month, nature 
delivers a second, equally stunning event. 
In the predawn hours of October 8, the  
Full Moon will venture deep into Earth’s 
shadow and take on its own ruddy hue as  
it basks in the light from all our planet’s 
sunrises and sunsets. And you don’t have  
to travel far to see this lunar eclipse — any-
one in North America with a clear sky can 
witness totality.

Even better, this eclipse is just the first  
of two to grace October’s sky. On the after-
noon of the 23rd, the Moon passes between 
the Sun and Earth and will take a signifi-
cant chunk out of our star. This partial 
solar eclipse also favors North America, 
with better views coming the farther north 
and west you live.

An early morning treat
Viewers across North America will be in 
prime position to watch the October 8 
lunar eclipse. The show gets underway at 
4:16 a.m. EDT (1:16 a.m. PDT) when the 
Moon first touches the lighter outer part  
of Earth’s shadow: the penumbra. Don’t 
expect to see the Moon darken immedi-
ately, however; the penumbra imparts  
only subtle shading to what is otherwise 
still a Full Moon.

The first significant change to our satel-
lite’s appearance comes when it enters the 
dark inner part of the shadow, known as 
the umbra. This occurs at 5:15 a.m. EDT 
(2:15 a.m. PDT) and marks the beginning 
of the eclipse’s partial phase. Within a few 
minutes, you’ll notice a small bite taken out 
of Luna’s western limb.

For the next 70 minutes, the shadow 
relentlessly devours the Moon. During 
much of this time, the stark contrast 
between the shadow and the still-lit portion 
of the Moon’s surface renders the obscured 
part nearly black.

That starts to change as totality 
approaches. Once the Moon completely 
enters the umbra at 6:25 a.m. EDT (3:25 
a.m. PDT), no direct sunlight reaches the 
surface. Still, our orbiting companion 
remains visible thanks to Earth’s atmo-
sphere. Our blanket of air bends sunlight so 
that it partially fills the shadow. Red light, 
by virtue of its longer wavelength, passes 
through air more easily than shorter- 
wavelength blue light, which gets scattered 
out. This gives the Moon a reddish cast 
during totality — and also explains the 
ruddy colors of sunrise and sunset.

The precise shade of red depends on the 
state of our atmosphere and the track the 
Moon takes through the shadow. Water 
droplets, dust particles, and ash all reduce 
the air’s transparency. But during the 59 
minutes of totality, our satellite stays near 
the umbra’s northern edge, so the Moon 
should be relatively bright. All else being 
equal, brighter eclipses tend to show a 
 copper-red or orange hue, while darker  
ones often appear gray or brown.

The dawn’s early light
Although nearly everyone in North Amer-
ica can witness the beginning of totality, 

along the East Coast, the Moon sets and  
the Sun rises by the time totality ends at 
7:24 a.m. EDT (4:24 a.m. PDT). The 
eclipse’s partial phases then play out in 
reverse as our satellite leaves the shadow.  
It exits the umbra at 5:34 a.m. PDT (visible 
from the Great Plains westward) and the 
penumbra at 6:34 a.m. PDT.

Although North Americans have front-
row seats to this event, they aren’t the only 
ones. People living on or visiting a Pacific 
Ocean island will have an exceptional view. 
(For what it’s worth, the Moon lies over-
head at greatest eclipse about 1,250 miles 
[2,000 kilometers] southwest of Hawaii.) 
For those in Australia, New Zealand, and 
eastern Asia, the eclipse occurs on the eve-
ning of October 8.

Swimming with the Fish
Throughout this eclipse, the Moon resides 
among the dim background stars of south-
ern Pisces the Fish. Although the autumn 
constellations don’t have a lot of pizzazz 

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

The Moon’s northern half appeared darker 
April 15 because it passed deeper into 
Earth’s shadow. With the Moon tracking 
through the shadow’s opposite side this 
month, expect the reverse. BURLEY PACKWOOD

The Moon will take a bite out of the Sun for those in North America on the afternoon of October 23. The 
size of the bite will depend on how far north and west you live. FABRIZIO MELANDRI

During the April 15 eclipse, the totally eclipsed 
Moon appeared just above the blue-white star 
Spica and to the upper left of ruddy Mars. During 
the October 15 eclipse, the distant world Uranus 
will be next to the Moon. DAMIAN PEACH
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under the glare of a Full Moon, the starry 
backdrop will grow more prominent once 
totality reigns. The easiest group to spot will 
be the Great Square of Pegasus, which lies 
some 15° northeast of the eclipsed Moon.

An even more impressive sight stands 
about 1° south of our darkened satellite. 
You’ll need binoculars or a telescope to 
spot Uranus, which glows at magnitude 5.7 
and is less than a day removed from oppo-
sition and peak visibility. The two objects 
appear closer to each other the farther 
north you live, and from northeastern  
Asia, the Moon actually passes in front  
of Uranus during the eclipse.

Afternoon delight
Fifteen days after the Sun, Moon, and 
Earth align, they do so again — this time 
with the Moon in the middle. On October 
23, our satellite casts its shadow onto most 
of North America and the eastern tip of 
Siberia. From Canada, Mexico, and the 
Lower 48, this partial solar eclipse occurs 
in the afternoon. Those in Alaska will see 
the earliest stages during late morning.

The entire eclipse plays out for those 
west of a line that runs along the border 

between Manitoba and Saskatchewan 
southward through the U.S. Great Plains  
to central Texas. (All of Mexico except for 
the Yucatán Peninsula also will enjoy the 
whole event.)

Conditions get trickier east of this line 
because the Sun sets before the eclipse con-
cludes. Maximum eclipse ends at sunset 
along a line that extends south from cen-
tral Ontario through Michigan, Indiana, 
Kentucky, Tennessee, Alabama, and the 

Florida panhandle. To the east of this 
line, the Sun drops below the hori-

zon before the Moon can achieve 
its maximum coverage. Still, 

the only people who can’t 
see any of the eclipse are 

those in eastern New England and the 
Canadian Maritimes.

Although the eclipsed Sun hangs low in 
the sky for many observers, don’t let this 
discourage you. Some of the best eclipse 
images include pretty foreground objects, 
and the Sun’s low altitude will help on that 
score. Scout out some potential sites for 
photography in the days before and hope 
for clear — or at least partly cloudy — skies 
on the 23rd.

While western observers will enjoy 
more of the eclipse with the Sun higher in 
the sky, northern viewers will see the Moon 
take a bigger bite out of our star. People in 
Mexico will see Luna cover anywhere from 
a tiny sliver of the Sun up to about 40 per-
cent of its diameter. The Moon blocks 
about 30 percent of the Sun along the Gulf 
Coast and more than twice that much in 
the favored regions of the northern United 
States and Canada. Greatest eclipse occurs 
in northern Canada in Nunavut Territory 
near Prince of Wales Island. From there, 
the Moon hides 81 percent of the Sun’s 
diameter from view.

The afternoon of October 
23 brings an impressive 
partial solar eclipse to 
residents in most of 
the United States and 
Canada. At maximum 
in northern Canada, the 
Moon blocks 81 percent 
of the Sun’s diameter. 

ASTRONOMY: ROEN KELLY

WHEN THE MOON HIDES THE SUN

City Eclipse Maximum Eclipse Sun’s Coverage begins eclipse ends altitude
Anchorage, Alaska 11:55 A.M. 1:11 P.M. 2:28 P.M. 17° 64%

Chicago, Illinois 4:36 P.M. 5:43 P.M.  — 2° 55%

Dallas, Texas 4:48 P.M. 5:53 P.M.  — 10° 41%

Denver, Colorado 3:18 P.M. 4:35 P.M. 5:44 P.M. 16° 56%

Los Angeles, California 2:08 P.M. 3:28 P.M. 4:40 P.M. 29° 45%

Mexico City 5:32 P.M. 6:09 P.M. 6:44 P.M. 13° 12%

San Francisco, California 1:52 P.M. 3:15 P.M. 4:32 P.M. 31° 50%

Seattle, Washington 1:35 P.M. 3:00 P.M. 4:20 P.M. 24° 64%

Toronto, Ontario 5:39 P.M. 6:20 P.M.  — 0° 44%

Vancouver, British Columbia 1:32 P.M. 2:57 P.M. 4:16 P.M. 24° 66%

Winnipeg, Manitoba 4:08 P.M. 5:24 P.M.  — 8° 69%

A multiple-exposure photo nicely shows the extent of Earth’s shadow. Our planet’s umbral shadow is nearly three times the Moon’s width at our satellite’s 
 distance. Earth’s atmosphere filters and bends sunlight passing through it, giving a totally eclipsed Moon its signature color. BRET DAHL
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Eclipse details for a representative sam-
ple of North American cities appear in the 
table at left (“When the Moon hides the 
Sun”). The times are all in local daylight 
time for the appropriate time zone, and a 
dash indicates that sunset occurs before  
the eclipse concludes. The Sun’s altitude 
and the percent of its diameter covered  
by the Moon are both for the moment of 
maximum eclipse.

The right way to view
As mesmerizing as a partial solar eclipse 
can be, viewing it isn’t worth losing your 
eyesight over. The human eye acts like a 
lens, focusing incoming light onto the ret-
ina. If you’ve ever used a magnifying glass 
to focus sunlight onto a piece of paper, 
you’ve seen how easily our star’s radiation 
can burn. Unfortunately, the same thing 
happens when you look at the Sun, except 
it’s the retina’s delicate tissue that burns. 
Damage can occur in as little as 30 seconds 
even without optical aid and in a fraction of 
a second if you view through binoculars or  
a telescope. And because the retina has no 
pain receptors, there’s no warning that 
something is wrong.

Don’t get discouraged, however, as there 
are plenty of ways to observe the Sun safely 
without risking your eyesight. For a direct 
view, you’ll need a high-quality filter. A #12 
or #14 welder’s glass works perfectly if you 
don’t mind the Sun having a greenish color. 
If you plan to watch the eclipse through 
binoculars or a telescope, you must use an 
approved solar filter that fits over the front 
end of your instrument.

You also can view the eclipse indirectly 
by projecting the Sun’s image. Make a sim-
ple pinhole camera out of two pieces of stiff 
white cardboard and a piece of aluminum 
foil. Cut a square hole in one piece of card-
board, and then tape the foil over the hole. 

Next, take a straight pin and poke a small 
hole in the center of the foil. To view the 
eclipse, let the Sun’s light pass through the 
pinhole and onto the second piece of card-
board, which serves as a screen. This tech-
nique works particularly well with a group 
of children because everyone stands with 
their backs to the Sun and avoids the temp-
tation of staring at it.

You also can project the Sun’s image 
through a telescope. Use a 6-inch or smaller 
scope to avoid heat building up and a basic 
eyepiece with few optical elements. (The 
adhesives in some modern eyepieces can 

melt with extended solar viewing.) If all else 
fails — or you simply want company while 
you watch — consider visiting your local 
planetarium or science center. Most will be 
open during the eclipse, and the people will 
only be too happy to share the moment.

After the Sun sets on the 23rd, amateur 
astronomers will have some time to reflect 
on October’s two great events. Solar system 
geometry rarely delivers two eclipses to the 
same continent in a single calendar month, 
so the memories likely will linger — and 
bring far more pleasure than reminiscing 
about the joys of raking those fallen leaves. 

The October 8 total lunar eclipse plays out over more than five hours before dawn. Because observers in 
the eastern parts of North America see only the early stages of this event before the Moon sets, we show 
Pacific times here. ASTRONOMY: KELLIE JAEGER

The best wide-field images of partial solar eclipses 
typically include an interesting foreground that 
frames the scene. JOHN R. FOSTER

The totally eclipsed Moon on October 8 resides in the southern part of the constellation Pisces the Fish. 
The brightest stars in this area glow only at 2nd magnitude, which will make the Moon stand out well.
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The Moon is big, bright, and easy to photograph. 
But capturing it well is another story, indeed.
text and images by Robert Reeves

Shoot the
Moon in high

resolution

ASTROIMAGING

T
 he Moon has a special place in my 
heart. I took my first lunar photo-
graph in 1958, but it was more than 
four decades later before I achieved 
results that matched my love for the 

Moon. A look at the history of lunar pho-
tography reveals I was not alone; for a cen-
tury, professional astronomers also faced a 
resolution barrier.

The invention of the dry photographic 
plate process in 1871 by Richard L. Maddox 
allowed astronomers to photograph the 
Moon in great detail. Such notables as 
Edward S. Holden at Lick Observatory in 
California and George W. Ritchey at Yerkes 
Observatory in Wisconsin used the huge 
refracting telescopes of the era to record 
incredible lunar detail.

At the Paris Observatory in 1896, Mau-
rice Loewy and Pierre Puiseux used the 

Robert Reeves is an astroimager and author 
who lives in San Antonio, Texas.
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Grand Lunette 32.5-inch refractor to begin 
L’Atlas Photographique de la Lune. This 
important work, completed in 1910, showed 
lunar photography had come of age.

The 20th century saw steady improve-
ments in film sensitivity and resolution. 
At professional observatories, however, 
photographic lunar results remained static 
because Earth’s atmosphere limited the 
resolving power of telescopes. So, telescopic 
lunar photography was little different in 
1999 from what it was in 1900.

Lunar resolution  
breakthrough
About 10 years ago, enterprising astropho-
tographers shattered the resolution barrier 
by applying inexpensive webcams to imag-
ing. A webcam’s ability to record quickly 
hundreds of individual exposures allowed 
the observer to select and stack images cap-
tured during brief moments of good seeing 
(a measure of atmospheric steadiness).

The true breakthrough, though, came 
when Cor Berrevoets of the Netherlands 
perfected RegiStax. This powerful freeware 
program can sift through hundreds, even 
thousands, of webcam frames, select the 
best images, and then combine them into a 
single stunningly sharp image.

By using the program’s “Wavelets” func-
tion (which smooths variations in the 
shapes of the source’s signal), image resolu-
tion surpasses the theoretical limit for a 
given telescope. Almost overnight, the 

amateur telescope became a giant that 
allowed imagers to produce views of the 
Moon and planets on an equal footing with 
professional observatories.

In 2005, I tried my hand at lunar pho-
tography using the venerable Philips  
ToUcam webcam. The results I obtained 
were jaw-dropping! A 40-segment mosaic 
of the Full Moon forever changed my view 
of our natural satellite. Indeed, that single 
composite inspired me to write Introduc-
tion to Webcam Astrophotography, pub-
lished the following year by Willmann-Bell.

Over the past decade, the planetary 
webcam has evolved from the revolutionary 
to the norm, with an astronomy industry 
evolving to support it. The good news is 
that the most popular software for lunar 
image capture and processing is freeware.

In a related development, dozens of ded-
icated webcam-style cameras are now avail-
able that range from affordable to pricey. 
All of them produce lunar images that 
would have put stars in the eyes of mid- 
20th-century professional astronomers.

As a user, you must balance imaging 
goals with resources and decide which 
camera best matches your needs. While the 
inexpensive cameras have technical limita-
tions, they still produce eye-popping 

Sunrise shows the complex strings of secondary craters radiating from Copernicus Crater. Close examina-
tion of the northern secondary strings reveals the typical “crowfoot” pattern caused by material ejected 
from the primary crater. Copernicus’ secondary craters almost disguise the ghost crater Stadius midway 
between Copernicus and Eratosthenes to the northeast (upper right).

This mosaic image shows oval Mare Humorum 
bounded on the north by the floor-fractured crater 
Gassendi (top) — a region full of details — and 
on the south by the arc of the partial ghost crater 
Doppelmayer. The curved triple Hippalus Rilles arc 
around the southeastern shore of Mare Humorum.

 This scene encompasses a number of landmarks. 
Plato Crater lies to the left, the Alpine Valley sits 
in the middle, Aristoteles Crater and Eudoxus 
Crater are to the right, and Cassini Crater is at the 
bottom. The main point, however, is to show how 
amateur lunar imaging has evolved with the help 
of webcams and imaging software. Today, if such 
an image fails to show the craterlets in Plato or the 
central rille in the Alpine Valley, it rates subpar.

The author stands next to his 40-year-old 8-inch 
Celestron C8 Schmidt-Cassegrain telescope, which 
he used to take every lunar image in this story. His 
equipment includes The Imaging Source’s DMK 
41AU02 and DMK 51AU02 CCD cameras. He em-
ployed a focal ratio of f/10 for his wide-field views 
and added a Tele Vue 2.5x Powermate to boost the 
focal ratio to f/25 for close-ups.
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images of the Moon. Because most imagers 
want the maximum amount of lunar terri-
tory in each picture, cameras with large 
pixel arrays are desirable. Over the past 
several years, I have used an entry-level 
1280x960 pixel CMOS camera and a mid-
level 1600x1200 pixel CCD camera.

The imaging process
I divide high-resolution lunar imaging into 
three important steps: telescope prepara-
tion, focusing and image capture, and 
image processing. In the quest to obtain 
maximum lunar detail, these steps are 
equally important.

Well-collimated (optically aligned) tele-
scopes between 6 and 12 inches of aperture 
are capable of recording sub-arcsecond 
lunar detail if the focus is spot-on. The 
mechanical alignment of the focuser and 
camera adapter is a critical step best accom-
plished in daylight. Accessories like a Cray-
ford focuser must be parallel with the 
optical axis because slight skewing of the 
focuser will blur one side of the image.

I periodically tune up the collimation 
and mechanical components on my 

Schmidt-Cassegrain telescope (SCT) by 
using the HOTECH Advanced CT Colli-
mator. It is not an idle boast to say that, 
after tweaking the optical and mechanical 
alignment of my 40-year-old 8-inch SCT 
with this device, I can image lunar detail 
that previously required the addition of a 
Barlow lens.

Acquiring data
Capturing fine lunar detail requires both 
magnification and sharp focus. I have 
found that a focal length of 5 meters is a 
good compromise between not having 
enough magnification and overextending 
my telescope’s limits. To achieve this, I use 
a Tele Vue 2.5x Powermate (which func-
tions in a similar way as a Barlow lens) with 
my 8-inch f/10 scope.

Image processing cannot save a poorly 
focused shot, so I use three tricks to ensure 
proper focus. First, I employ an aftermarket 
Crayford focuser to eliminate the ubiqui-
tous SCT focusing image shift.

Second, I use a low-tech method of oper-
ating the focuser — a simple clothespin 
clipped to the slow-motion focus knob. By 
nudging the clothespin with my fingertip 
instead of grasping the focus knob, I can 
operate the focuser smoothly to determine 
the point of best focus. I repeat the focus 
process several times to verify that the 
clothespin always ends up pointing in the 
same direction on an imaginary clock face.

Third, regardless which camera I use, an 
infrared blocking filter is mandatory. A 
digital camera can detect infrared wave-
lengths that focus on a different plane from 
visible light, which will blur the image.

The actual video capture is the sim-
plest part of high-resolution lunar imag-
ing. Today, I operate my camera with the 
astronomically friendly freeware program 
FireCapture, authored by Torsten Edel-
mann. FireCapture interfaces with virtu-
ally all cameras. My advice is to record as 
many video frames as will fit within the 
4-gigabyte file size limit of the processing 
programs RegiStax and AutoStakkert, a 
freeware program created by Emil Kraai-
kamp. The greater the number of frames, 
the more likely some will be excellent for 
stacking and processing.

The most important point while record-
ing video is not to overexpose the bright 
areas of the Moon. Use FireCapture’s “His-
togram” function to set the exposure so 
that the brightest pixel values are about 10 
percent below maximum. While this set-
ting may render some areas of the Moon 
darker than desired, you can lighten them 

The Full Moon of November 1, 2009, was fortuitous because it allowed simultaneous viewing of both 
Mare Australe on the southeastern limb (lower right) and the mountainous ring structure surrounding 
Mare Orientale on the western limb. The latter comes into view only during favorable librations.

Sunset on Mare Crisium reveals dramatic ridges  
on the smooth mare floor.  The prominent Dorsum 
Oppel arcs along the western (left) shore of Crisium.
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with any image-processing program using 
“Levels,” “Curves,” and “Dodging” tools. It 
is impossible, however, to recover bright 
image detail if you saturate the pixels.

Creating the final image
Processing each video involves three steps. 
Serious planetary imagers have found that 
there is a slight, but noticeable improve-
ment in quality if they first stack the video 

frames to create a single image using Auto-
Stakkert. They then import the image into 
RegiStax for wavelet processing.

Once AutoStakkert has combined the 
frames (I combine the best 300 out of 
2,000), delete the huge video file. Then you 
can use RegiStax to process the image from 
AutoStakkert to explore the best wavelet 
settings and thus get the maximum detail.

When you use RegiStax to process a 
lunar image, it is common for noise — 
looking much like analog television “snow” 
— to appear along the image’s border. The 
snow comes from detail at the edge of the 
picture alternately entering then exiting the 
frame due to imperfections in atmospheric 
seeing or telescope tracking. The first pro-
cessing step is to crop the snow.

Images processed by RegiStax can be 
stunning, but often you’ll find improper 
image tones, gray shadow areas, and dust 
shadow artifacts that need further work in 
an image-processing program. Perform all 
additional processing in 16-bit mode before 
saving the image as a JPG file for email or 
Web posting.

If needed, use the “Levels” or “Curves” 
controls in an image-processing program 
to adjust the tone range of the image. Don’t 
overdo adjustments, or you may burn out 
the highlights and lose detail. Remember 

that shadows on the Moon are black — 
there are no grays within craters or along 
the terminator. It is common for RegiStax 
to create “ringing” artifacts within shadow 
areas that look like multiple bathtub rings. 
Also, brightening an image that’s too dark 
will create gray shadows. Use either the 
“Replace Color” or “Burn” tool to perform 
shadow correction.

Additionally, enlarge the image to 200 
percent, and look for electronic artifacts or 
“doughnuts” created by dust particles on the 
image sensor or the infrared-blocking filter. 
You can remove these spots with careful use 
of your image-processing program’s “Clone” 
tool. Take care not to create artificial detail 
or erase any that already exist.

You can do this
I took the lunar images shown in this arti-
cle with the same 8-inch SCT I have used 
since just after the birth of Astronomy mag-
azine four decades ago. These samples 
demonstrate that you can take amazing 
images by combining modest telescopes, 
affordable cameras, and powerful imaging 
freeware. If you’re an amateur astronomer 
with a fascination for the stunning lunar 
work seen in this and other publications, 
the time has never been better to join in the 
photographic exploration of the Moon. 

FIND MORE OF THE AUTHOR’S MOON IMAGES AT www.Astronomy.com/toc.

The magnificent splash of rays radiating from the young crater Tycho contains a puzzle. Some of the rays do not originate from the center of the crater, and 
indeed, several of the major rays are tangential to Tycho’s rim. This impact scar measures 53 miles (86 kilometers) across.

The overlapping craters Theophilus (top) and Cyril-
lus lie on the northwest shore of Mare Nectaris in 
this mosaic image. On its southwest border, we see 
the rugged curved mountain chain of Rupes Altai, 
which stretches some 300 miles (480 kilometers).



BINOCULAR STARGAZING

Grab your binoculars and point them at a famous star, several open  
clusters, a globular cluster, and an enigmatic galaxy. by Phil Harrington
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Tour 10 autumn  
binocular highlights

BINOCULAR STARGAZING

n autumn view of the universe 
offers a wide variety of options for 
us to enjoy, from star clusters in 
our Milky Way to the other gal-
axies that populate space. This 

guide offers a small sample of what this 
season has in store for our binoculars.

We kick off our exploration with Delta 
(δ) Cephei, the prototype of a class of yel-
low supergiant variable stars known as 
Cepheid variables. Over the course of 5.366 
days, Delta physically expands and con-
tracts, brightening to magnitude 3.5 and 
then dimming to magnitude 4.4.

Astronomers studying Cepheids a 
century ago discovered that their peri-
ods correspond directly to their inherent 
luminosities. This fact allows scientists 
to determine their distances accurately. 
Edwin Hubble’s subsequent discovery of 
Cepheids in the Andromeda “Nebula” 
(M31) proved that the universe is made up 
of individual galaxies separated by vast 
empty distances.

Our next target, open cluster M103, lies 
in neighboring Cassiopeia. This constella-
tion contains many such objects for bin-
oculars, making it one of my favorite 
regions of the fall sky. French astronomer 
Pierre Méchain discovered M103 back in 
1781, but it got its designation when Charles 
Messier included it as the final object in his 
original catalog just prior to publication. 
(Astronomers later added M104 through 
M109 from Messier’s unpublished notes.)

Most binoculars show M103 as a small 
arrowhead of faint stars nestled to the 
northeast of magnitude 2.7 Delta Cassiope-
iae. The brightest star in the arrowhead, at 
the tip, is blue-white Struve 131, a pretty 
triple star through telescopes.

Studies, however, conclude that the 
association between the star and the cluster 
is purely a line-of-sight coincidence. M103 
is more than 8,000 light years away, while 
Struve 131 is considerably closer.

Staying in Cassiopeia, if you draw a line 
between Caph (Beta [β] Cas) and Cih 

(Gamma [γ] Cas) and aim exactly halfway 
in between, you will find the magnitude 5.9 
star SAO 21457. Glance just to its north. See 
a tiny smudge? That’s open cluster NGC 
129, which shines at 7th magnitude and 
holds some three dozen stars in its grip. My 
10x50 binoculars show a small, featureless 
glow, while my 16x70s reveal five dim 
points peeking back at me.

Marching into Perseus, we next come to 
the second entry in a catalog of open star 
clusters published in 1930 by Robert Trum-
pler, who worked at Lick Observatory in 
California. Trumpler 2 lies about 2° west of 
magnitude 3.8 Eta (η) Persei at the constel-
lation’s northern tip. About half of the 20 
blue and white stars that form the group are 
bright enough to see through 7x binoculars.

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

A

M72 is a magnitude 9.2 globular cluster in Aquar-
ius. It’s a classic Messier object because its hazy 
appearance through binoculars is reminiscent of a 
comet. DANIEL VERSCHATSE/OBSERVATORIO ANTILHUE, CHILE

Spiral galaxy M77 hurtles through space in the constellation Cetus the Whale. Large binoculars will show 
its central region as one-third this object’s total diameter. R. JAY GABANY



W W W.ASTRONOMY.COM 63

You’ll find Trumpler’s next cataloged 
cluster back in Cassiopeia. Lying about 9° 
due east of Epsilon (ε) Cas in the W aster-
ism, Trumpler 3 appears as a hazy group-
ing of five faint bluish-white stars. Dim 
stellar points litter the entire region, creat-
ing a marvelous sight under dark skies. Be 
especially watchful for a pretty arc of stars 
just north of Trumpler 3.

Our next object, open cluster NGC 
1342, takes us back to Perseus one last 
time. It resides halfway between magnitude 
3.4 Rho (ρ) Per and magnitude 4.0 Menkib 
(Xi [ξ] Per). With my 10x50 binoculars, I 
can spy an irregular patch of celestial mist, 
but only a couple of the dozens of stars 
within this open cluster are bright enough 
to peek back. If your binoculars have a 
magnification of 14x or more, look for two 
triangular patterns of stars within NGC 
1342, one toward the northeastern edge 
and the other near the western border.

Many observing guides refer to our next 
treat, open cluster Stock 23, by its nick-
name — Pazmino’s Cluster. It received that 
moniker in honor of New York amateur 
astronomer John Pazmino, who acciden-
tally stumbled on it while observing with a 

small refractor in the late 1970s. Back then, 
few observers had ever heard of Stock 23.

This object lies in the ultra-faint constel-
lation Camelopardalis, but the easiest way 
to find it is to look 5.3° northeast of Eta 
Persei. Through binoculars, Stock 23 stands 
out nicely. Of its 25 obvious stars, the four 
brightest form a trapezoid that reminds me 
of a tiny version of Draco’s head.

Let’s head far to the south next, to 
Aquarius the Water-bearer. There you’ll 
find M72, the faintest of the 29 globular 
clusters listed in Messier’s catalog. I can 
make it out through 10x50 binoculars as a 
small blur of light about 3° south of magni-
tude 4.7 Mu (μ) Aquarii. Larger binoculars 
help make this distant swarm of 100,000 
stars more obvious, but the suns themselves 
remain unresolved.

While we’re in this area, try your luck 
on M73, which you’ll find 1.3° farther east 
— not that there’s much to look at. M73 is a 
Y-shaped pattern of four stars that range in 
brightness from 10th to 12th magnitude. 
Even 16x70s show only a faint fuzz.

Whether or not these stars are physi-
cally related or simply a chance alignment 
is still under debate. Some astronomers 

think that we’re seeing the remnant of a 
scattered open cluster, while others remain 
unconvinced. Time will tell.

Let’s conclude with a rather challenging 
target through small binoculars, M77 in 
Cetus. Although it glows at only 9th mag-
nitude, this galaxy is relatively easy to zero 
in on through lenses larger than 50 milli-
meters. It forms a right triangle with the 
magnitude 4.1 star Delta Ceti and the mag-
nitude 5.7 sun 84 Ceti. Specifically, it lies 
0.9° east-southeast of Delta.

M77 looks like a dim oval glow. This 
galaxy is the prototypical Seyfert galaxy, a 
family of spirals whose cores are erupting, 
likely due to supermassive black holes with 
voracious appetites. Astronomers believe 
the black hole at the center of M77 contains 
about 15 million times the mass of our Sun.

On the next clear night, try your luck 
with some of these autumn binocular won-
ders. As you do, be sure to pause and con-
sider what may be going on behind the 
scenes. The universe appears peaceful at a 
glance, but that seeming serenity often is a 
misconception. And of course, whenever 
you scan the sky, always remember that two 
eyes are better than one. 

FIND MORE FALL OBJECTS TO EXPLORE AT www.Astronomy.com/toc.

The beautiful open cluster NGC 1342 measures 17' across and shines at magnitude 6.7 in the constellation Perseus the Hero. ANTHONY AYIOMAMITIS
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The VSD100F3.8 imaging scope is fast, has a flat field, and adds no 
false color to your photo. by Tony Hallas

Astronomy tests 
Vixen’s wide-
field refractor

EQUIPMENT REVIEW

M
y first contact with the Vixen 
VSD100F3.8 astrograph was at 
the 2013 Advanced Imaging 
Conference. It wasn’t like any 
other telescope I had seen. The 

focuser alone was an eye-catcher: a huge, 
nonrotating helical focuser as wide as the 
telescope itself. It was built like this to hold 
massive amounts of weight.

The president of the U.S. distributor for 
Vixen products, Brian Deis, asked if I’d be 
interested in trying out a production model 
the company scheduled for release in early 
2014. I immediately pictured this 4-inch 
telescope, designed to cover the area of an 
old medium-format camera (6 by 4.5 centi-
meters), attached to my CCD camera. What 
would the results be like?

Quality assessment
In March, the Vixen VSD100F3.8 arrived. 
While waiting for it, I had ordered a custom 
interface for my CCD camera. When I con-
nected this adapter, the camera fit directly 
and firmly to the back of the telescope. I 
attached this assembly, in tandem with a 
70mm guide scope, on my mount in a side-
by-side configuration.

First light was from my observatory in 
Foresthill, California, and immediately the 
quality of the focuser struck me. It was 
tight, smooth, and capable of making the 
tiny corrections needed for f/3.8 optics. At 
such a fast f/ratio, the tolerance for focus is 
something like one-fifth the diameter of a 
human hair! But I could see easily when the 
focus was razor sharp.

Once I was satisfied with focus, I took a 
10-minute unguided test exposure. I didn’t 
guide because this scope’s focal length is 
only 380mm. And I didn’t need to. The 
stars looked excellent from the corners to 
the center of the image, an even more 
amazing feat given the size of the CCD chip 
(40mm square).

The VSD100F3.8 that Vixen shipped me 
arrived in perfect collimation. If, for some 
reason, your images display an unfocused 
corner due to lack of flatness somewhere in 
your system, the company has made chang-
ing the coupling angle easy. Just adjust the 
set screws at the back of the telescope.

The telescope achieves a high level of 
performance because the objective contains 

Tony Hallas is one of the world’s foremost astro-
imagers and a contributing editor of Astronomy.

Vixen created its 4-inch VSD100F3.8 astrograph 
with imagers in mind. VIXEN OPTICS

Vixen includes a high-quality engraved vernier 
scale to allow pinpoint focusing. TONY HALLAS
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five elements, including one each of ultra-
high-quality (and high-cost) super-low  
dispersion and extra-low dispersion glass. 
The company produces all five elements by 
a precision annealing process to ensure 
uniform refractivity. Each then receives 
high-end coatings, which permit 99.9 per-
cent light transmission and help achieve a 
superb level of color correction. This design 
forms an imaging circle 70mm in diameter.

Further impressive points
When I finally put the VSD100F3.8 under 
the stars to capture enough data for a full-
fledged astroimage, I found it to be quite 
tolerant of temperature shifts. During a 
three-hour imaging run with modestly fall-
ing temperatures, I saw no change in the 
focus. (Note that the telescope had reached 
equilibrium before I began imaging. I 
didn’t just pull it out of a warm room!)

At f/3.8, exposures were wonderfully 
short. I took 10-minute ones that captured 
the equivalent of 45-minute shots at f/8. 
This adds up. In three hours, I gathered the 
same amount of exposure that would have 
taken 13.5 hours at f/8. That means I 
worked one night instead of three.

So many scenarios can benefit from this. 
The weather might be perfect for only one 
night. Taking short exposures minimizes 
tracking errors. It also lets you take more 
exposures so outlier rejection can work at 
its best. (My February 2011 column at 
www.Astronomy.com/hallas, “The fine art 
of dithering,” is about outlier rejection.)

I did discover one small issue with the 
VSD100F3.8. Although it is extremely well 
color-corrected, showing no blue flaring 
around stars, the price you pay for blinding 
f/3.8 speed with a refractor is a tiny focus 
shift when going toward the red. Meaning, 
if you focus specifically for your luminance, 
green, and blue exposures, the red ones will 
be a tiny fraction out of focus.

This amount is so small that what I did 
was to first focus the blue, then the red, 
noting both positions on the focuser. I then 
used the setting between them. If you are 
taking Hydrogen-alpha data, which lies in 
the far-red, you’ll definitely need a refocus. 
Hmm, two focuses to assure great data. 
Actually, that’s not a high price to pay at all.

One awesome scope
The overall workmanship of Vixen’s 
VSD100F3.8 astrograph is superb. It has all 
the qualities of the ultimate wide-field tele-
scope: blazing-fast f/3.8 optics that produce 
a totally flat field across a large CCD chip, 
superb color correction, and terrific light 
transmission. I highly recommend it. 

Vixen VSD100F3.8 
Type: 4-inch apochromatic refractor
Optical design: Five-element front lens
Focal length: 380 millimeters
Focal ratio: f/3.8
Length: 19.6 inches (497mm)
Weight: 9.9 pounds (4.5 kilograms)
Price: $6,299
Contact: Vixen Optics

1023 Calle Sombra, Unit C
San Clemente, CA 92673
[t] 949.429.6363
[w] www.vixenoptics.com

PRODUCT INFORMATION

Using a custom adapter, the author connected his SBIG STX-16803 CCD cam-
era to Vixen’s VSD100F3.8 optical tube assembly with no problems. TONY HALLAS

Using a Santa Barbara Instrument Group STX-16803 CCD camera, the author captured this wide-field image 
of the Orion and Horsehead nebulae. He stacked seven 15-minute with five 3-minute exposures. TONY HALLAS

The author made this image to show the perfect stars he recorded in the 
extreme corner of his 16803 CCD chip. TONY HALLAS
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ASTROSKETCHING
 B Y  E R I K A  R I X

Sketching a 
lunar eclipse
October 8 will mark the second 
total lunar eclipse of 2014. 
Rather than guiding you to pro-
duce a single drawing during 
totality, I’d like to encourage you 
to sketch a sequence of the 
entire event. Later, when you 
look back on the experience, the 
multiple sketches will help you 
visualize each stage.

This fast-paced drawing 
technique emphasizes capturing 
the movements of the umbra 
(Earth’s dark inner shadow) and 
its color variances on the Moon, 
which you later can animate. 
Here are a few tips you can use.

First, be prepared. Familiar-
ize yourself with every phase of 
the eclipse, the times they occur, 
and what to expect from your 
observing location.

Make your goal to produce a 
sketch every 15 to 30 minutes. 
Draw one each quarter-hour, 
and if you find that’s too aggres-
sive, adjust to longer intervals.

Taping the phase times to 
your clipboard as a reference 
will help you stay on track. For 
more information, see “How to 
view October’s two spectacular 
eclipses” on p. 54.

You’ll need a 9- by 12-inch 
pad of black paper on which 
you’ve drawn (lightly) a 6-inch 
circle on several sheets. Your 
sketch kit also should include 
assorted colored pencils and 
pastels, an eraser, a folder to 
store completed drawings, and a 
soft-white observing light. 
Using a red one — the right 
choice for most observing — 
makes it difficult to distinguish 
correct hues for your sketches.

Make your first drawing 
before the umbral phase begins 
(when Earth’s inner shadow 

starts to move across the Moon’s 
face). After that, you’ll be in a 
race to complete each sketch, so 
concentrate only on the key 
elements: prominent features, 
colors, and the position of 
Earth’s shadow, including high-
lighted areas within it. Be sure 
to note the start and end times 
of your sketches.

Begin with the background 
colors and the shadow arc 
before adding any lunar terrain. 
Red won’t show up until about 
the halfway point.

The Moon moves quickly 
through Earth’s shadow, so resist 
the temptation to adjust its posi-
tion on your paper during the 
time you’ve allotted for that 
sketch. Rest assured, you’ll be 
able to show its progression in 
the next drawing.

Perseverance pays off, but 
bear in mind that you’ll be 
sketching at an intense pace. 
Don’t be hard on yourself if you 
run out of steam by the time the 
Moon reaches totality.

After the eclipse and when 
you recover, you’ll want to scan 
your sketches to produce digital 
versions. Then, if you produced 
enough of them, you might 
want to animate your sketches 
with photo-editing software.

Visit the PCW Memorial 
Observatory Web page http://
tinyurl.com/Rixeclipse to view 
the animation for the sequence 
shown in this column. You’ll 
also find drawings and anima-
tion from a master sketcher, 
Rich Handy, who captured the 
entire event with an amazing 
14-sketch run!

Questions or suggestions? 
Please contact me at erikarix1@
gmail.com. 

The author’s organized sketch kit includes (clockwise, from lower left) assorted Conté 
pastels; a white tub containing blending stumps, pen, eraser, bulb blower (to clear away 
excess pastel dust), sandpaper, white pastel pencils, and a pencil sharpener; a nonalco-
holic drink for the long observing session; an observing light (clamped to her drawing 
board); phase and sketch times; and a pad of black paper. ALL SKETCHES/PHOTOS BY ERIKA RIX

During the lunar eclipse, the author created individual sketches at various points. This 
image shows the ones leading up to totality. She used a 4-inch f/9.8 refractor and an 
8–24mm zoom eyepiece set at 20mm for a magnification of 50x on April 15, 2014, 
between 4h50m UT and 7h55m UT.

Hours before the eclipse started, the author created circle templates on the black paper 
using a bowl and a white pastel pencil.
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iPhone adapter
Swarovski Optik
Cranston, Rhode Island
Swarovski’s PA-i5 Adapter for the 
iPhone 5/5s allows you to take 
photographs and videos through 
optics. The product comes with 
eyepiece cup adapters for many 
of the company’s binoculars and 
spotting scopes. You even can 
leave the aluminum frame per-
manently attached to your 
iPhone.
Price: $161
[t] 800.426.3089
[w] www.swarovskioptik.com

H-alpha scope filter
Lunt Solar Systems, Tucson, Arizona
Lunt’s LS50C Compact Double-
Stack Filter lets you lower the 
bandpass on the company’s 
LS50THa Hydrogen-alpha tele-
scope to less than 0.5 angstrom, 
which allows you to see more sur-
face detail on the Sun. The filter 
threads directly onto the LS50THa.
Price: $895
[t] 877.344.7348
[w] www.luntsolarsystems.com

Bino mount
Orion Telescopes & Binoculars
Watsonville, California
Orion’s Monster Parallelogram 
Binocular Mount & Tripod sup-
ports binoculars weighing up to 
15 pounds (6.8 kilograms) with up 
to 100mm front lenses. You can 
adjust the height of your binocu-
lars from 2.5 to 6 feet (76 to 183 
centimeters). Orion includes two 
11-pound (5kg) counterweights.
Price: $499.99
[t] 800.447.1001
[w] www.telescope.com

Hydrogen-alpha scope
Lunt Solar Systems 
Tucson, Arizona
Lunt’s LS50THa Hydrogen-alpha 
telescope is a 50mm f/7 instru-
ment for viewing the Sun. Its fil-
ter has a bandpass of 0.75 
angstrom at 656 nanometers, 
and the scope comes with a 
blocking filter for visual use. The 
scope is pearl white with black 
and red accents.
Price: $799–$899
[t] 877.344.7348
[w] www.lunt 
solarsystems.com

Attention, manufacturers: To submit a product  
for this page, email mbakich@astronomy.com.

NEW
PRODUCTS

SEE REPORTS ON 300+ PRODUCTS AT www.Astronomy.com/equipment.

GET THE INTERACTIVE INTRODUCTION TO:

•  Naked-eye observing •  Choosing a telescope

•  Seasonal observing •  Beyond the moon

START OBSERVING TONIGHT 
Astronomy magazine’s new app
helps you find your way 
around the night sky.

Apple, the Apple logo, and iPad are trademarks of Apple Inc., registered in the U.S. and other 

countries. App Store is a service mark of Apple Inc.  Google Play is a trademark of Google Inc.

Download Today!
www.Astronomy.com/discoverastro

P23182
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No other processing step is so 
fraught with pitfalls as the deci-
sion of how bright to make a 
luminance image before adding 
color. One thing is certain: If 
you impulsively brighten it to 
make it look good on your 
monitor and then attempt to 
add color, the end result is not 
pretty. Properly preparing a 
luminance image takes planning 
and the restraint that small 
incremental steps require.

The main issue is that the 
electronics in today’s digital 
cameras record many thousands 
of discrete brightness levels. A 
16-bit camera records 65,536 
brightness levels. However, soft-
ware maps this range of values 
into the 256 (8-bit) grayscales 
that computer monitors display. 
From the original data, a screen 
displays a white point, black 
point, and the translated gray-
scales in between.

No single correct choice for 
this screen stretch (or scaling) 
exists, but when you save this 
image, you’re committed — 
there’s no going back. The key is 
to make certain all of the impor-
tant features in the luminance 
are mid-gray in value so that the 
color will blend in easily.

These images show why. 
Image #1 shows a grayscale line, 
representing the luminance 
image, beneath a line of solid 
color. The bottom line is the 
result using the “Luminosity” 
blending mode in Photoshop.

Note that as you go from left 
to right along the blended line, 
the color eventually fades and at 
the far right is nearly white. This 
is true for any color, which 
means that an overly bright 
luminance image will not have 
good color contrast.

If the grayscale line repre-
sents values from 0 to 255, at 
what value does the color start 
to significantly fade? Conserva-
tively, the last fifth of the bar 
looks quite faded. So, grayscales 
that are approximately 200 or 
greater are in the “danger zone” 
of being challenging to colorize.

In Image #2, I labeled four 
elements (areas) of a brightened 
luminance image I captured of 
the galaxy NGC 3675. Note that 
some features have values 
greater than 200; however, I 
don’t judge them as “important.”

Neither bright stars nor the 
stellar nucleus of the galaxy 
should be the metric for deter-
mining how bright to make the 
image. Instead, you will want to 
monitor the galaxy’s features in 
bright areas like the core, spiral 
arms, and nebulae.

I brighten my luminance 
image in CCDStack because it 
reports the bitmap grayscale 
values, and I can use the real-
time adjustment while I mea-
sure the image. You also can 
accomplish this feat in any 
image-processing software as 
well as in Photoshop using the 
eyedropper tool with “Curves.” 
Doing so will determine the 
white point for your image.

Do not forget to set a black 
point, and do not make the sky 
black. I generally make the sky 
gray with values around 15. 
This will leave enough overhead 
to permanently set the black 
point near the very end of your 
image manipulations.

Finally, if you brightened the 
image outside Photoshop in 
another program, you need to 
save your image with these new 
permanent screen stretch val-
ues. Image-processing programs 

have different language for this, 
including “Auto-Stretch” and 
“Create Scaled Image.”

Save the image as a TIFF file, 
and you can then open it in 
Photoshop with the confidence 

that once you brighten your 
color layer, the luminance image 
will respond accordingly. Taken 
together, they will color the 
scene realistically and just as 
you imagined. 

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

Proper 
luminance

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

1. The bottom bar of color shows how the grayscale values blended with color vary in 
saturation. To the right side of the bar, above 200, the color fades. ALL IMAGES: ADAM BLOCK

2. Near the core (#1), RGB values of 204 will be OK for colorizing this bright area. Other areas 
(#2) should have values less than 200. The author chose 115 for this image. A background 
value (#3) of 15–20 is good; here it is higher (he chose 29) due to the galaxy’s halo. Bright 
stars (#4) clip at 255, the value here. Stars are not as important to color as galaxy features.

The author’s resulting color picture of NGC 3675 incorporates the initial luminance 
adjustments he describes. To view the full image online, go to the author’s website at 
http://skycenter.arizona.edu/gallery/Galaxies/NGC3675.
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Rosetta sets 

its sights  
on comet  

mysteries

How astronomers 
measure the  
cosmos
Early sound waves may help 
scientists find the universe’s 
expansion rate today

 PLUS
◗ Secrets of the Pinwheel Galaxy

◗ When astronomy gives you 
goosebumps

◗ A great year for the Leonids

◗ Target asteroids with your 
binoculars

◗ Astronomy tests William Optics’ 
refractor

Catch the 
sounds  
of exploding 
stars

A small emissary from 
planet Earth has entered 
orbit around Comet 67P/

Churyumov-Gerasimenko, 
where it will perform the 
most detailed reconnais-

sance of a comet ever
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www.Vernonscope.com

vernonscope@gmail.com

Vernonscope Binoviewer

• Dual diopters 

• Perfectly collimated

• 22mm clear aperture

• German optics

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

Deep-Sky Planner 6
Comprehensive planning & 

www.knightware.biz
2013 Star Products

Join us and expect 
the extraordinary.

EXTRAORDINARY

TravelQuestTours.com

1 800 830-1998
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Upcoming journeys of a lifetime

MARCH 2015
Total Eclipse  Svalbard, Norway
Total Eclipse  Faroe Islands
Total Eclipse  Flight To Totality
Aurora           Norway Fjords & Reindeer

MARCH 2016
Total Eclipse  Bali New Year
Total Eclipse  Indonesia & Borneo Cruise

AUGUST 2017
Total Eclipse  USA

StarGPS
“Plug & Play” GPS for Vixen Starbook,  

AP-GTO, Meade, Celestron, Gemini 

www.stargps.ca

SEE US AT  

NEAF

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

domesales@astrohaven.com
949.215.3777  www.astrohaven.com

Keeping it “Beautifully” Simple
Almost Zero Anxiety... The Astro Haven team is behind every product

Almost Zero Replacement... Robust quality for a Professional life cycle 
Almost Zero Anxiety... The Astro Haven team is behind every product

Almost Zero Replacement... Robust quality for a Professional life cycle 
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1. LOOSEKNIT GALAXY 
UGC 10822 is a rarely imaged dwarf 
spheroidal galaxy in the constellation 
Draco the Dragon. In this image, it ap-
pears as the faint elliptical mass of stars 
in the center. (8-inch Explore Scientific 
208/3.9 Newtonian Astrograph at f/4.1, 
Canon XSi DSLR, ISO 800 and 1600, sixty 
5-minute exposures, stacked)  
• Chuck Kimball 

2. BAY OF RAINBOWS 
Sinus Iridum is a lunar plain of basaltic 
lava that forms a northwestern exten-
sion to Mare Imbrium. The Montes Jura 
range surrounds it from the northeast to 
the southwest (counterclockwise in this 
image). Sinus Iridum formed from the 
remains of a large impact crater, which 
subsequently flooded with basaltic lava. 
(14-inch Celestron Schmidt-Cassegrain 
telescope, ZW Optical ASI120MM CCD 
camera, shot at 30 frames per second, 
best 200 frames stacked, taken January 
11, 2014) • Damian Peach

READER
GALLERY

1

2
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3. EVEREST DREAM 
A lone motorcycle wends its way to 
Mount Everest’s base camp from the 
Chinese side. In the native language of 
Tibet, the mountain’s name is Chomol-
ungma, often translated as “mother of 
the universe.” In the sky, the reddish star 
Antares (Alpha [α] Scorpii) rises at left. 
To its right, the stars of the constellation 
Centaurus shine their blue light over the 
top of the world. (Canon EOS 6D DSLR, 
Samyang 35mm f/1.4 AS UMC lens at 
f/2.2, ISO 6400, 20-second exposure, 
taken April 30, 2014, at Everest Base 
Camp, China) • Jeff Dai 

4. THE SOUTHERN PINWHEEL
NGC 300 is a flocculent spiral in the 
constellation Sculptor. It lies a scant  
7 million light-years away, so it shines 
relatively brightly at magnitude 8.1.  
(16-inch Dream Telescopes Astrograph 
at f/3.75, Apogee Alta U-16M CCD cam-
era, HαLRGB image with exposures of 
30, 60, 6, 6, and 6 minutes, respectively) 
• Kfir Simon 

5. THE COMA CLUSTER 
Abell 1656 is a huge cluster of galaxies 
in the constellation Coma Berenices. 
This image captures some of the Inter-
galactic Flux Nebula associated with the 
Milky Way. (5.6-inch Telescope Engineer-
ing Company TEC-140 refractor at f/5.3, 
FLI ML-8300 CCD camera, LRGB image 
with exposures of 230, 45, 45, and 45 
minutes, respectively) • Lynn Hilborn  

6. ZONE OF DARKNESS 
This region in the northern constella-
tion Cepheus the King abounds with 
dark nebulae. The objects labeled 
with the letter B are objects American 
astronomer Edward Emerson Barnard 
photographed and identified, and those 
designated LDN are from Beverly T. 
Lynds’ catalog of dark nebulae. (3.6-inch 
Astro-Tech AT90DT refractor at f/6.7, 
SBIG ST-8300M CCD camera, LRGB im-
age with exposures of 210, 40, 40, and 
40 minutes, respectively)  
• Dan Crowson

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

1612, Waukesha, WI 53187. Please 

include the date and location of the 

image and complete photo data:  

telescope, camera, filters, and expo-

sures. Submit images by email to 

readergallery@astronomy.com.
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For years now, astronomers 
have imaged tiny protogalaxies 
at the edge of the observable 
universe using the Hubble 
Space Telescope. Now a new 
view made with Hubble adds an 
ultraviolet layer to the so-called 

Hubble Ultra Deep Field, sup-
plying a window into a small 
slice of sky. The tiniest and most 
distant galaxies shown here, in 
their most colorful forms ever, 
provide clues about how the 
earliest protogalaxies assembled.

The nearly 10,000 galax-
ies depicted in this view came 
together, later in their evolu-
tion, to assemble larger normal 
galaxies like the Milky Way and 
others we see close to us in the 
present-day universe. 

A colorful 
view of deep 

galaxies

FINALFRONTIER To the ends of the cosmos
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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!

Designed with the discerning 
astrophotographer in mind,  
Sky-Watcher USA’s elite  
Esprit triplet refractors deliver  
the kind of imaging 
performance one would 
expect from telescopes 
costing thousands of 
dollars more. 

With their three-element 
air spaced objective lens 
design, made with FPL-53 
and Schott glass, false color 
is completely eliminated, yielding 
exceptional contrast and sharpness. 
The included 2-element field corrector 
guarantees a flat field across the entire 
imaging plane. The Sky-Watcher exclusive helical 
rack-and-pinion focusing system provides a smooth, 
rock-solid focuser with zero image shift.

All Sky-Watcher USA Esprit refractors come with  
a 9 x 50 right angle finderscope, 99% reflectivity 
2-inch Star diagonal, 2-element field flattener, 
camera adapter, mounting rings, dovetail plate 
and foam-lined hard case. Everything you need to 
get out under the stars.

Sky-Watcher USA Esprits come with  
everything you see here.
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Esprit 80mm ...................... $1,649

Esprit 100mm .................... $2,499

Esprit 120mm .................... $3,199
Esprit 150mm .................... $6,399

Cameras and mount not included

WHY PAY MORE TO GET LESS?
With Sky-Watcher USA’s award-winning Esprit triplet APO refractors, you get  
all the performance at half the price...along with all of the accessories the  
other guys don’t give you.

Imager:  Jay Ballauer
Scope: Sky-Watcher Esprit 150mm EDT f/7 

http://www.skywatcherusa.com
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SOUTHERN
SKY MARTIN GEORGE describes the solar system’s changing landscape 

as it appears in Earth’s southern sky.

December 2014: Jupiter rules the night
As December begins, the eve-
ning sky boasts just one naked-
eye planet. Mars lies about 
one-third of the way from the 
western horizon to the zenith as 
twilight fades to darkness. The 
Red Planet resides among the 
background stars of eastern 
Sagittarius, but it crosses into 
Capricornus during the 
month’s first week.

Although Mars reached 
opposition eight months ago, it 
remains the brightest object in 
this part of the sky. Its ruddy 
1st-magnitude glow stands out 
until the planet sets after 11 p.m. 
local time. Because Mars now 
lies on the far side of the solar 
system from our perspective, 
the planet’s disk measures only 
5" across and shows no detail 
through a telescope.

The contrast between Mars’ 
small and indistinct disk and 
the big, bold face of Jupiter 
couldn’t be starker. The giant 
world rises in the east-northeast 
before 1 a.m. local time in early 
December and approximately 
two hours earlier by month’s 
end. Jupiter lies in western Leo, 
8° west-northwest of the Lion’s 
brightest star, 1st-magnitude 
Regulus. At magnitude –2.3, 
however, the planet outshines 
the star by some 30 times.

Jupiter’s telescopic appear-
ance is equally stunning. Its 
atmosphere displays a series of 
parallel bands — bright zones 
alternating with darker belts 
— that show up through small 
instruments. Also notice the 
planet’s non-circular disk, 
which measures 42" across the 
equator but nearly 3" less 
through the poles. This “polar 
flattening” comes from Jupiter’s 

gaseous nature and rapid spin 
(it completes a single rotation in 
less than 10 hours). Any scope 
also reveals up to four bright 
moons arrayed near the planet.

The remaining naked-eye 
planets don’t appear until later 
in December. Two lurk low in 
the west-southwest during eve-
ning twilight. Although Venus 
first shows up around mid-
month, it climbs a bit higher  
by month’s end. From mid-
southern latitudes on the 31st, it 
stands 6° above the horizon 30 
minutes after sunset. Gleaming 
at magnitude –3.9, it pierces the 
bright twilight if you have a flat 
and unobstructed horizon. 
Mercury barely comes into 
view as December winds down. 
On New Year’s Eve, it lies 3° to 
Venus’ lower left. The inner-
most planet glows at magnitude 
–0.8 and will be hard to see 
without binoculars.

Saturn fares considerably 
better in the predawn sky. The 
ringed planet reappears during 
December’s second week and 
quickly gains altitude as 2014 
comes to a close. On the 31st, it 
stands some 15° above the east-
ern horizon an hour before 
sunrise. Shining at magnitude 
0.5, Saturn is the brightest point 
of light in the region encom-
passing Libra and Scorpius. The 
planet resides about 10° to the 
left and slightly higher than the 
Scorpion’s brightest star, 1st-
magnitude Antares.

A telescope reveals Saturn’s 
16"-diameter disk surrounded 
by a ring system that spans 35" 
and tilts 24.5° to our line of 
sight. As nice as it looks in late 
December, however, the planet 
will appear much better in the 

coming months as it draws far-
ther from the Sun.

The starry sky
The southern sky offers enough 
bright constellations and deep-
sky objects to keep an observer 
busy for years. But this month I 
want to highlight a constella-
tion that most amateur astrono-
mers overlook: Horologium the 
Clock. This celestial group rides 
high in the south after darkness 
falls in December.

To find this dim smattering 
of stars, first locate Canopus 
and Achernar. You can’t miss 
either — the former shines at 
magnitude –0.7 and is the night 
sky’s second-brightest star 
while the latter glows at magni-
tude 0.5 and ranks ninth in the 
stellar pantheon. Achernar 
appears some 40° to the right 
and a little higher than Cano-
pus in December’s evening sky. 
Horologium lies roughly one-
third of the way from Achernar 
to Canopus.

French astronomer Nicolas 
Louis de Lacaille introduced 
Horologium in the mid-18th 
century in his epic catalog of 
southern stars, Coelum Australe 
Stelliferum. It was one of 14 new 
constellations he invented 
based on his observations from 
the Cape of Good Hope. Given 
Lacaille’s interest in scientific 
instruments, it’s no surprise 
that most of his constellation 
creations depicted such tools.

A person certainly needs a 
lot of imagination to see a clock 
among the stars of Horologium. 
Lacaille originally called the 
constellation Horologium 
Oscillatorium — the Pendulum 
Clock — and the pendulum 

extended northeast, ending at 
4th-magnitude Alpha (α) 
Horologii near the border with 
Caelum the Chisel. A few stars 
at the opposite end of the con-
stellation, including Beta (β), 
Gamma (γ), Lambda (λ), and 
Mu (μ) Horologii, mark the 
Clock’s face.

Although mostly devoid of 
interesting deep-sky objects, 
Horologium does possess a nice 
globular cluster visible through 
small telescopes. NGC 1261 lies 
roughly at the constellation’s 
center, about one-third of the 
way from Achernar to Canopus 
and a little north of a line join-
ing the two. The cluster shines 
at magnitude 8.4 and shows  
up through binoculars under  
a dark sky.

NGC 1261 lies 53,000 light-
years from Earth and is diffi-
cult to resolve with small 
instruments. A 10-centimeter 
scope at moderate magnifica-
tion begins to resolve it, but 
you’ll get far better views with  
a larger aperture.

NGC 1261 also appears in 
the Caldwell Catalog, a modern 
compilation of non-stellar 
objects devised in 1995 by the 
well-known British astronomy 
popularizer Sir Patrick Moore, 
whose full surname was 
Caldwell-Moore. Moore devel-
oped his list as an extension to 
18th-century French astrono-
mer Charles Messier’s more 
famous catalog. It includes 
many relatively bright objects 
Messier left out as well as a 
number of southern objects that 
never rose above the horizon 
from Messier’s Paris home. 
NGC 1261 is the 87th entry in 
the Caldwell Catalog. 
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STAR COLORS: 
Stars’ true colors 

depend on surface 
temperature. Hot 

stars glow blue; 
slightly 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.

DECEMBER 2014
Calendar of events
 2 The Moon passes 1.2° north of 

Uranus, 0h UT

 3 Asteroid Thalia is at opposition,  
3h UT

 6 Full Moon occurs at 12h27m UT

 8 Mercury is in superior 
 conjunction, 10h UT

 9 Jupiter is stationary, 7h UT

 10 Asteroid Ceres is in conjunction 
with the Sun, 0h UT

 12 The Moon passes 5° south of 
 Jupiter, 4h UT

  The Moon is at apogee  
(404,581 kilometers from Earth), 
23h03m UT

 14 Geminid meteor shower peaks

  Last Quarter Moon occurs at 
12h51m UT

  Asteroid Juno is stationary,  
21h UT

 19 The Moon passes 1.5° north of 
Saturn, 21h UT

 21 December solstice occurs at 
23h03m UT

 22 New Moon occurs at 1h36m UT

  Uranus is stationary, 6h UT

 24 The Moon is at perigee  
(364,797 kilometers from Earth), 
16h42m UT

 25 The Moon passes 6° north of 
Mars, 8h UT

 26 The Moon passes 4° north of 
 Neptune, 15h UT

 28 First Quarter Moon occurs at 
18h31m UT

 29 The Moon passes 1.0° north of 
Uranus, 5h UT

BEGINNERS: WATCH A VIDEO ABOUT HOW TO READ A STAR CHART AT www.Astronomy.com/starchart.

http://www.Astronomy.com/starchart
http://Astronomy.com's
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