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A 
piece of sheet music without a musician to perform it 

is like a telescope image without an eyepiece. The musical notes hang there waiting 

to be heard, while a telescope’s image hangs in space waiting to be viewed. Like musi-

cians imparting their own style to music, eyepieces uniquely present a telescope’s view. The 

listener and observer choose the qualities and characteristics they prize most.  Selecting 

eyepieces becomes a personal journey of what looks and feels right.

Tele Vue’s eyepiece lines celebrate the differentiation amongst observers. Consistent 

is superb image fidelity, stemming from superior optical and mechanical design, glasses, 

coatings, manufacturing and 100% quality control. No other eyepieces are as comprehen-

sively thought-out, manufactured and tested, and as ideal for any type or f/# telescope.

And from May 1st to July 30th, 2016, enjoy a 15% discount from the regularly 

suggested retail price of all Tele Vue eyepieces, Barlows, Powermates and Paracorr coma 

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

32 Elkay Dr., Chester, New York  10918  (845) 469-4551.  televue.comTele Vue
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M24 region imaged by Tony Hallas 

using a Tele Vue-NP101is refractor.
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Plössl: 50° Refined Plössl performance
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Nagler Zoom: 50° Unique planetary
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Paracorr: Perfecting Paraboloids
2” Type 2 , 3” Type 2 

Eyepieces that Make

Music to Your Eyes!
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T
he year 1988 was a 

big one for black 

holes. Two research 

studies were pub-

lished, each demon-

strating the existence of 

supermassive black holes in 

the centers of galaxies. One 

of the groups that discov-

ered concrete evidence for 

these black holes was led by 

John Kormendy of the 

University of Texas at 

Austin. We are fortunate to 

have John contributing a 

story on black holes in this 

issue. (See p. 26.)

Black holes are weird crit-

ters. Regions of gravity so 

intense that nothing, not 

even light, can escape, they 

inhabit the universe by the 

trillions. he notion that 

such places should exist goes 

way back, to English natural 

philosopher John Michell in 

a paper he published in 1783. 

But the evidence was a long 

time coming.

Stephen Hawking and Kip 

horne famously bet on 

whether the best stellar-class 

black hole candidate, Cygnus 

X-1, would turn out to be a 

bona ide black hole. hey 

made the wager in the 1970s, 

and by 1990 virtually all 

astronomers agreed that Cyg 

X-1 was indeed a black hole. 

horne won the bet.

At roughly the same time, 

Kormendy and other 

researchers began inding 

evidence for far larger black 

holes in galaxies, and inding 

them all over the place. he 

Andromeda Galaxy, NGC 

3115, the Sombrero Galaxy, 

and many others showed 

evidence of central black 

holes. And astronomers 

found evidence of a black 

hole “weighing” more than 

4 million solar masses in the 

center of our own Milky 

Way Galaxy.

Most astronomers now 

believe that nearly all nor-

mal galaxies have a central 

supermassive black hole, 

except for dwarf galaxies, 

which lack the mass to have 

formed one. here are excep-

tions, however: In the Local 

Group of galaxies, which 

contains Andromeda and 

the Milky Way, the big spiral 

M33 in Triangulum has no 

central black hole.

In this month’s story, 

Kormendy argues that the 

existence of black holes 

“everywhere” in galaxies 

and in star systems 

shouldn’t be much of a sur-

prise. No black magic is 

involved here. Instead, the 

ubiquitous nature of black 

holes results from pretty 

straightforward astrophysi-

cal processes we see on 

many scales in the cosmos.

Astronomers studying 

black holes still have major 

frontiers to breach. No one 

yet knows how black holes 

formed in the early universe, 

or what the sequence of 

structure was soon ater the 

Big Bang. Did galaxies come 

irst? Stars? Black holes that 

acted as “seeds” for galaxies 

that grew up around them?

hese questions await the 

launch of the next great 

orbiting observatory, the 

James Webb Space 

Telescope, scheduled for 

2018. his will no doubt pro-

vide another big step toward 

understanding how exactly 

we got where we are. Isn’t 

cosmology fun?

 

Yours truly,

David J. Eicher

Editor

The everywhere 
of black holes

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

Follow Dave Eicher on Twitter: @deicherstar
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SNAPSHOT 

The day 
galaxies 
were born
Edwin Hubble, a confident, 
33-year-old astronomer, 
stumbled into one of the 
greatest cosmic discoveries. 

On the night of October 4, 1923, 

Edwin Hubble used the 100-inch 

Hooker Telescope at Mount 

Wilson Observatory, near Los 

Angeles, to take a 40-minute 

exposure of one of his favorite 

nebulae, the Great Nebula in 

Andromeda. This spiral-shaped 

cloud was large and bright, 

faintly visible to the naked eye as 

a fuzzy smear of light for those 

who strayed away from the city 

lights of Los Angeles. Despite 

the fact that the night had very 

poor “seeing” — that is, Earth’s 

atmosphere was relatively turbu-

lent and so the star images were 

not perfect — Hubble examined 

the photographic plate he had 

made and found a suspected 

nova. A nova is an explod-

ing star, and it was exciting to 

record such an event inside one 

of the spiral nebulae.

Hubble photographed the 

Andromeda Nebula again the 

next night, hoping for a better-

quality image of the suspected 

nova. The photographic glass 

plate he made, designated 

H335H, would become one of 

the most celebrated in all of sci-

entific history. On it, Hubble 

found the nova and two other 

stars he also suspected of being 

novae. Then his observing run 

on the 100-inch Telescope ended. 

He left the mountain and 

returned to Pasadena.

And there Hubble came upon 

the solution. He had not imaged a 

nova, but instead a peculiar type 

of variable star called a Cepheid, 

after the prototype, a star in the 

constellation Cepheus. The 

Cepheid variable’s pattern of light 

was distinctive, and yet so faint 

that he calculated that the strange 

star — and by association, the 

nebula it inhabited — must be a 

million light-years away. Most 

astronomers had believed the 

entire cosmos stretched only a 

third as far across.

And with that single realiza-

tion, the concept of galaxies was 

born. — David J. Eicher

HOT BYTES >>
TRENDING  

TO THE TOP 

TITAN SEASHORE 

Cassini data returned 
from Saturn’s moon 
Titan reveal its lake and 
sea “beaches” are wet 
with hydrocarbons like 
methane and ethane.

WIND CARVINGS 

Laboratory experiments 
on Earth prove that 
martian winds can 
carve structures as tall 
as a mile on crater floors 
on the Red Planet. 

PULSAR FINDING 

The XMM-Newton X-ray 
telescope uncovered 
signs of the first pulsar — 
a rapidly spinning stellar 
corpse — found in the 
Andromeda Galaxy.

On October 4, 1923, Edwin Hubble imaged a peculiar star in what was then called the Andromeda Nebula. His analysis of the star 
revealed it was a Cepheid variable and that Andromeda was very distant — an “island universe” separate from the Milky Way. 
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T
 he universe has been 

screwy for a long 

time. It’s big-time 

illogical. Everything 

popped out of noth-

ingness one Saturday morning? 

Sure, solid evidence points in 

that direction. But that doesn’t 

mean we can go, “Oh, yeah, 

that makes sense!”

Such are the issues under 

discussion in our new book. 

Our beloved Astronomy editor, 

David J. Eicher, was generous 

enough to review it, and he 

didn’t conclude that I needed 

psych meds. (If he’d written 

that, the publisher wouldn’t 

have put his words on the 

back cover.) Instead he said, 

“This intriguing and provoca-

tive book will push you into 

rethinking your view of science, 

all the while entertaining you 

with a fast-paced, exhilarating 

narrative journey.”

We paid him a lot of money 

to say that. But who is this “we” 

exactly? My co-author is 

Robert Lanza, who recently 

made Time magazine’s list of 

the 100 most influential people 

in the world. He’s renowned for 

his work on stem cell research. 

Together, we feel that a boat-

load of science points toward 

the cosmos being correlative 

with life. Let me explain.

First, physicists increas-

ingly see the observer critically 

affecting the observations, 

as with the famous double 

slit experiment. That’s why 

noted physicist John Archibald 

Wheeler said, “No phenomenon 

is a real phenomenon until it is 

an observed phenomenon.”

STRANGEUNIVERSE

Alternative cosmological models if space and time 
don’t exist.

 B Y  B O B  B E R M A N

Time for  
a trade-in?

FROM OUR INBOX

the nonliving. Since standard 

explanations leave us in a 

murky place, it may be time for 

a revision.

Care to explore models that 

much better fit the science of 

the past half-century? The book 

is titled Beyond Biocentrism: 

Rethinking Time, Space, 

Consciousness and the Illusion 

of Death (BenBella Books, 

2016). Yes, as a bonus, you get to 

see why you don’t actually die.

If, after looking at the evi-

dence, you decide it’s cow fer-

tilizer, tell me so on one of our 

astronomy tours. I won’t get 

mad. All this is less important 

than having fun and liking 

each other and being blown 

away by the northern lights.

I won’t even bring this up 

again on this page. This is cos-

mology only. Whatever your 

worldview, it has no effect on 

99 percent of astronomy. We’ll 

still study galactic evolution 

and planetary geology. We’ll 

still obsess over the latest gad-

gets and optics. The rapturous 

celestial beauty that is the sine 

qua non for observers remains 

untouched. So if you decide to 

retain the existing model, fine. 

But it’s good to be aware that 

some heavy hitters agree: 

Cosmology is begging for a 

reboot — one that brings life 

into the equation. 

Second, we’ve known for a 

long time that the Sun’s warmth 

and an object’s colors occur 

strictly within our minds. 

There are actually no colors 

“out there.” Photons are oscil-

lating electrical and magnetic 

fields. On their own, they have 

no brightness. So the observed 

universe occurs solely within 

our consciousness. Our minds’ 

algorithms create our percep-

tions. Ignoring this means we 

blind ourselves to a big part of 

what’s going on.

Third, our cosmological 

models are based on space and 

time. We all picture ourselves in 

a galaxy widely separated from 

others, with causations rooted 

in the ancient past. This is accu-

rate, but only on a relative level. 

Einstein taught us that neither 

space nor time has any absolute 

reality. Each warps according to 

local conditions like gravity and 

speed. Distances mutate like 

smoke in a dream.

Time, too, changes its rate 

according to local circum-

stances. Quantum mechanics 

fully agrees. It shows that on 

some level, there is no separa-

tion between objects. When an 

electron leaves its blurry “wave 

function” state to become 

an actual entity with loca-

tion or motion, its entangled 

twin instantaneously assumes 

its role as a complementary 

particle. Their actions disre-

gard distance and light-speed 

restrictions. They behave 

simultaneously as if time 

doesn’t exist. The connection 

holds even if they are separated 

by the width of the universe. 

So we know that neither space 

nor time has any absolute reality. 

We create this spatiotemporal 

scaffolding ourselves. They are 

tools of animal perception. We 

carry around space and time like 

turtles with shells. Thus, they 

form an inadequate framework 

for modeling the universe. 

Fourth, it isn’t just the Big 

Bang that’s bathed in mystery. 

Thanks to space’s large-scale 

flat topology, we know that the 

observable universe, bounded 

by galaxies receding at light 

speed, represents only a frac-

tion of reality. The actual cos-

mos may be infinite in both 

size and inventory, but even if 

not, our data’s sample size is 

currently too minuscule to be 

trustworthy.

And what does lie within 

view is a conglomeration of 

mostly poorly understood com-

ponents, like dark matter and 

dark energy. Our ignorance of 

the overall cosmos is profound 

— including basics like what 

it is, how it started, whether it 

is infinite, its destiny, what it’s 

composed of, and the relation-

ship between the living and 

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

Contact me about  
my strange universe by visiting  

http://skymanbob.com.

“WE CARRY AROUND SPACE AND TIME  

LIKE TURTLES WITH SHELLS.”

Astrophotography
Christopher Go wrote the best astrophotography article, “How 

to image Jupiter” — p. 56, April 2016 — for those of us who are, 

at best, novices. He uses entry-level hardware and software, 

which is more affordable to retired people like me. Also, he 

explained how to do things in a procedural way, thus making 

the processes easier to follow and use.

Please publish more of these types of articles in the future. 

— Linda Claire Freeman, Myrtle Creek, Oregon

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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ASTRONEWS

Jupiter diameter:
86,881 miles/139,822 km

TRAPPIST-1 diameter:
95,100 miles/153,048 km

Mercury orbit: 
36 million miles/
58 million km 

* Current estimates range from 
 3.3 million to 22 million km

Sun diameter: 864,576 m
iles/1,3

9
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TRAPPIST-1b orbit: 1.1 million m
iles/1.7
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m

TRAPPIST-1c orbit: 1.4 million m
iles/2.3 m

illio
n

 km

TRAPPIST-1d orbit: 2.1 million miles/3.3 m
illion km

*

THREE POTENTIALLY HABITABLE  

PLANETS AROUND THE SAME STAR

NOT QUITE EARTH. TRAPPIST-1 hosts not one, not two, but three potentially 
habitable planets. The ultracool red dwarf star is about the size of Jupiter and is as 
small as a star can get before being considered a brown dwarf.  
ASTRONOMY: ROEN KELLY AND JOHN WENZ

FAST 
FACT

Ultracool stars 
differ from 

brown dwarfs 
because they 

still fuse hydro-
gen to helium
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BOX OF ROCKS. Private space firm Blue Origin launched the Southwest Research Institute’s Box of Rocks Experiment 
into space April 2. The experiment observed literal rocks in microgravity to learn more about asteroid surfaces. 

BRIEFCASE

DAWN MAY GET  

A THIRD TARGET

After making an impressive pass 
around the asteroid belt, first visiting 
Vesta, then Ceres, NASA’s Dawn space-
craft may use its remaining fuel to de-
orbit from Ceres and head toward a 
third asteroid belt object, according to 
a New Scientist report from April 20. 
The spacecraft team is drafting a pro-
posal for the third object visit and is 
mum on details pending NASA 
approval. Dawn was the first object to 
orbit two separate solar system bodies 
(not counting Earth). Now it may 
become the first to orbit three.

•
CLOSE CALL FOR KEPLER

Kepler has managed to keep on keep-
ing on longer than anyone thought it 
would after its reaction wheels broke 
and ended the first mission phase in 
early 2013. Since November of that 
year, the hobbled spacecraft has suc-
cessfully conducted a new planet-find-
ing campaign, known as K2. But on 
April 7, the Kepler team found their 
craft in Emergency Mode, effectively in 
limbo until full functionality could be 
restored on April 22. A series of false 
alarms overloaded the system and sent 
it into safe mode, but the probe recov-
ered in time to start its Campaign 9 to 
find planets through gravitational 
microlensing.

ISS GETS AN  

INFLATABLE HABITAT 

The International Space Station 
gained its first inflatable habitat, the 
Bigelow Expandable Activity Module, 
on April 16, and astronauts began 
inflation and tests at the end of May. 
Bigelow Aerospace plans on creating 
larger scale versions in the coming 
years, including possible stand-alone 
stations and even space hotels for 
tourists to vacation in orbit.

•
JAPAN LOSES  

ITS X-RAY SATELLITE

The Japanese Aerospace Exploration 
Agency (JAXA) lost communication 
with its Hitomi/ASTRO-H spacecraft 
on March 26, about a month after its 
launch and just as the telescope was 
to begin powering up for its observ-
ing campaign. Multiple control prob-
lems sent Hitomi tumbling in orbit, 
causing it to shed large pieces of 
debris. On April 28, after a month of 
investigation, JAXA announced it was 
ceasing recovery efforts. This is 
JAXA’s third major X-ray setback; 
ASTRO-E was destroyed when its 
launch vehicle exploded in 2000, and 
its replacement, Suzaku, suffered a 
malfunction in 2005 that killed its 
main X-ray instrument less than a 
month after launch. 
— John Wenz 

stronomers using the 8-meter Gemini North Telescope on 
Mauna Kea, Hawaii, have found a supermassive black hole 
in a somewhat unlikely place. The host galaxy, NGC 
1600, is an ordinary, isolated object some 200 million 

light-years away in the constellation Eridanus. “Other galaxies 
found to harbor very massive black holes are typically located 
in dense regions of the universe populated by many other gal-
axies and clusters,” said Jens Thomas, lead author of the 
research and an astronomer at the Max Planck Institute for 
Extraterrestrial Physics. 

The study, published in the April 21 issue of Nature, provides 
a glimpse of the unusual black hole, which “weighs in” at  
17 billion solar masses. Although most astronomers believe  
that central black holes are common in nearly all galaxies,  
this is an unusually hefty one, with many such black holes 
weighing millions of solar masses. Chung-Pei Ma of the 
University of California, Berkeley, who led the research team, 
said, “It’s a bit like finding a skyscraper in a Kansas wheat field, 
rather than in Manhattan.” — David J. Eicher

SUPERMASSIVE BLACK 

HOLES COMMON

A

NO RETURN. A computer simulation shows the black hole at the center of a gal-
axy. The black region in the center represents the event horizon, from inside which 
nothing can escape. NASA/ESA/HUBBLE SM4 ERO TEAM
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ALMA reveals dwarf galaxy with gravitational lens

Theory and observation may agree 
after all. For years, astronomy theorists 
have predicted the existence of large 
numbers of brown dwarfs — bodies 
larger than Jupiter but smaller than 
even tiny stars. Astronomers have 
seen these objects floating in empty 
space, apparently kicked out of their 
home systems, but multiple planet-
hunting missions have turned up sur-
prisingly few of them in normal orbits 
around stars, though theory says they 
should be ubiquitous. Astronomers 
began to question whether their idea 
was wrong, or if their observations 
were missing something. 

But in the March issue of The 

Astronomical Journal, a group using the 
Sloan Digital Sky Survey’s (SDSS) 
APOGEE instrument revealed 112 new 
brown dwarfs, a substantial increase in 
the total number known. APOGEE can 
measure the tiny “wobble” in a star’s 
light as another object in orbit tugs on 
it, and the team used it to look for evi-
dence of hefty companions.

Why did the APOGEE team find 
such an abundance of brown dwarfs 
where other searches came up dry? 
“Most people doing planet searches 
have been interested in finding the 
next Earth, so they’ve focused their 

efforts on stars similar to the Sun,” 
said Nick Troup of the University of 
Virginia, lead author of the paper. 
“But we had to work with the stars 
that APOGEE surveyed, which are 
mostly giant stars.”

And while the team had hoped 
the brown dwarfs were lurking some-
where, the large number they located 
still surprised them. “It’s completely 
unprecedented that this many brown 
dwarf companions have been found 
at once, so we are anxious to see if 
the trend persists as the APOGEE 
sample grows to several times larger,” 
Troup said. — Korey Haynes

QUICK TAKES

MARS STRIKES
Researchers found that comet 

and asteroid strikes in Mars’ 
early years might have kept 
the planet warm enough for 
liquid water, increasing the 
odds for life on the surface. 

•
TRIPLE SYSTEM

Exoplanet KELT-4Ab inhabits  
a triple-star system, 

astronomers found, an 
occurrence astronomers 

expected to be rare but have 
now observed four times.

•
LINING UP

Radio images of the distant 
universe reveal many 

supermassive black holes  
in alignment, indicating 

primordial mass fluctuations 
from the universe’s earliest era. 

•
NAKED SUPER-EARTHS

Researchers studied a 
collection of planets two to 10 
times the mass of Earth being 
blasted by radiation 650 times 

what Earth receives from  
the Sun. They found these 
planets’ atmospheres were 
stripped away, leaving only  

a rocky core.

•
HYPERVELOCITY STAR

Astronomers identified a 
known hypervelocity star — 

one moving almost fast 
enough to escape the galaxy’s 

gravitational hold — called  
PB 3877 as a binary system 

when they found a companion  
by studying the first star’s 

spectral signature. 

•
INTERSTELLAR DUST

Cassini, in orbit around Saturn, 
has sampled millions of tiny 
dust grains, but astronomers 

identified 36 of those grains as 
originating outside our solar 
system, enabling researchers 

to study interstellar dust. 

•
NEW MARS DETAILS

A new image analysis 
technique called Super-

Resolution Restoration enabled 
researchers to discern details 
on Mars’ surface as small as  
2 inches (5 centimeters), five 

times smaller than current Mars 
surveyors on their own.

•
LIGHT ECHOES

Astronomers measured the 
size of a dusty disk around 

young variable star YLW 16B by 
measuring the time delay 

between the star’s brightening 
and the corresponding light 
echo from the disk. — K. H.

MOON HELP. Researchers found that the tidal interactions between the Moon and Earth can answer a long-standing 
question about how Earth’s core has remained warm for so long, preserving our magnetic field. 

Brown dwarf ‘desert’ bustles with inhabitants

Makemake  
has a moon
Hubble observations 
revealed a small satellite,  
100 miles (160 kilometers)  
across, in orbit around  
dwarf planet Makemake, 
itself only 870 miles 
(1,400km) in diameter.  
The moon, officially 
S/2015 (136472) 1, but 
nicknamed MK 2, is much 
darker than Makemake. 
The discovery team, which 
includes astronomer Alex 
Parker from the Southwest 
Research Institute, says 
MK 2 could be a captured 
Kuiper Belt object (KBO), or 
it might have formed via 
collision. The researchers 
need more observations 
to understand MK 2’s still 
mysterious orbit. — K. H.
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BEFORE AND AFTER. The SDSS APOGEE survey found a plethora of new brown dwarfs, many orbiting their host stars closely. The 
brown dwarfs’ distances from their host stars are shown with each star imagined at image center, with Earth’s orbit for scale. The color 
of the dot represents the brown dwarf’s mass. SDSS 

GRAVITATIONAL ANOMALY. This composite image of a gravitational lens combines a Hubble 
Space Telescope exposure of a nearby lensing galaxy (blue) and data obtained by the ALMA radio 
observatory (red arcs) of a more distant galaxy, smeared into an Einstein ring by gravity’s pull. 
Astronomers theorize the presence of a dwarf galaxy (white dot at lower left) from the subtle 
distortions in the ring. The dwarf, researchers say, lacks an optical component and is a companion 
to its larger partner, indicating it is exactly the kind of dark matter satellite astronomers have long 
predicted — but rarely seen — around mature galaxies. — Michael E. Bakich

Earth orbit

Earth orbit

Prior surveys Sloan Digital Sky Survey

40x Jupiter mass
70x Jupiter mass

40x Jupiter mass
70x Jupiter mass
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A stream of radioactive iron isotopes bom-
barded our planet, according to a paper 
published May 6 in Science by research-
ers at Washington University in St. Louis. 
The findings came from 17 years’ worth of 
observations from the Cosmic Ray Isotope 
Spectrometer aboard NASA’s ACE craft. 

During that time, the spectrometer 
detected 15 individual nuclei of iron-60. 
Because iron-60 tends to decay quickly, and 
cosmic rays don’t quite reach the speed of 
light, that means the source was likely local.

“Iron-60 is made in supernovae, and it has 
a half-life of 2.6 million years, so that means 
there was a supernova not too long ago not 
too far away,” says Martin Israel, a professor 
of physics at Washington University and a 
co-author on the study.

Israel said the source is likely an OB associ-
ation, a group of massive stars that tend to 
have short, eventful lives before ending with a 
giant bang. The iron nuclei were likely synthe-
sized in one supernova before another star in 
the cluster produced a forceful explosion that 
accelerated these particles. Pinning down a 
location for a specific OB association is tricky 
though, as cosmic rays scatter in all directions. 

Due to the absence of certain other short-
lived metal isotopes, the supernova had to 
occur between 100,000 and 2 million years 
ago, Israel and his co-authors determined. 
Other studies of similar iron-60 particles 
found in the ocean crust, as published  
April 7 in Nature, and on lunar rocks, pub-
lished April 13 in Physical Review Letters, cor-
roborate this. — J. W.

Cosmic rays tell supernova story

WIND AROUND PLUTO. New Horizons’ Solar Wind Around Pluto instrument measured the Sun’s charged 
material at the dwarf planet’s distant orbit to understand how it behaves in the solar system’s outer regions.

FAST 
FACT

HOW BRIGHT IS TOTALITY?
During a solar eclipse, the Sun’s corona emits  

as much light as a Full Moon reflects. 

CORONA LIGHT. The greatest sight during the total 
phase of a solar eclipse is the diaphanous corona — the 
Sun’s vast outer atmosphere. It’s normally invisible 
because the brilliant surface of our daytime star 
overwhelms it a millionfold. And that number actually 
clues us in to its brightness because one other object 
puts out one-millionth the light of the Sun: the Full Moon! 
Instead of all the light coming from a Moon-sized body, 
however, the corona covers many square degrees of sky, 
thus spreading its light out and appearing fainter. But if 
you’re curious how dark next August’s eclipse will be, step 
outside around midnight during the next Full Moon.  
— M. E. B. CORONA: ANTHONY AYIOMAMITIS; FULL MOON: JOHN CHUMACK

If our sky were filled with Full 
Moons, the combined illumination 

would equal just one-fifth the  
Sun’s light.

=

SUPERNOVA 

CHARGE. Cosmic 
rays are accelerated 
toward Earth by 
supernova explosions, 
depicted here. GREG 

STEWART/SLAC NATIONAL 

ACCELERATOR LAB

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

StarGPS
GPS for your telescope

www.stargps.ca



GRAND PRIZE
NexStar Evolution 6 WiFi Telescope

Celestron’s signature telescopes reach a new level with NexStar Evolution 6, 

the fi rst Schmidt-Cassegrain telescope with a built-in Wi-Fi connection and 

integrated long-life lithium battery. Leave your hand control behind and slew to 

all the best celestial objects with a tap of your smartphone or tablet.

Retail value: $1,199.00

1st PRIZE
Inspire 100AZ 
Refractor Telescope 

The ultimate telescope for 

the novice to intermediate 

astronomer, Celestron’s new 

Inspire 100AZ features the 

largest aperture in the Inspire 

family line and its short tube 

off ers a wider fi eld of view 

perfectly suited for larger, 

fainter deep sky objects. 

Packed with features never 

seen before on entry-level 

telescopes, Inspire is easy 

to set up and enjoy.

Retail value: $289.95

2nd PRIZE
SkyMaster Pro
15x70 Binoculars 

SkyMaster Pro binoculars are 

the ideal choice for amateur 

astronomers. With large 

objective lenses, BaK-4 prisms, 

and fully multi-coated optics 

utilizing Celestron’s proprietary 

XLT coating technology, the 

view through a SkyMaster 

Pro is second to none at its 

price point.

Retail value: $199.95

3rd PRIZE
PowerTank Lithium 
Battery Pack 

Celestron’s new PowerTank 

Lithium portable power pack 

for computerized telescopes 

keeps the charge going for 

the astronomer on the go. The 

Lithium Phosphate (LiFePO4) 

battery is smaller, lighter, safer, 

and easier to maintain than 

lithium-ion and lasts up to 2000 

charge cycles — four times 

more than lithium-ion.

Retail value: $139.95

4th PRIZE
1-Year Astronomy 
Subscription
(5 awarded) 

Receive 12 exciting issues 

of knowledgeable science 

reporting, insights from 

top experts, monthly sky 

charts, spectacular celestial 

photography, informative 

equipment reviews, and 

more. Plus, enjoy all the 

subscriber-only benefi ts 

at Astronomy.com.
Retail value: $42.95 each
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ENTER TODAY! Enter online at Astronomy.com/Sweeps
HURRY!  Entries must be transmitted by September 1, 2016. See page 69 for Offi  cial Sweepstakes rules.

More than $2,000 in prizes!
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36.0 million miles 
from the Sun 

2
Solar-powered 
spacecraft

191.5–304.0 million
miles from the Sun 

6
Solar-powered 
spacecraft

MARS

20+
Solar-powered 
spacecraft

MERCURY

141.6 million miles 

from the Sun

483.8 million miles

 from the Sun

1
Solar-powered 
spacecraft

JUPITER

ASTEROID BELT

VENUS

20+
Solar-powered 
spacecraft

67.2 million miles
from the Sun

Earth Ceres
Rosetta

Rosetta

Juno

Juno
On its way to 
Comet 67P

Arrives at Jupiter 
on July 4

FAST 
FACT

SOLAR-POWERED SPACECRAFT
SUNSHINE. As scientists and engineers develop more efficient solar cells, they have the capacity 
to power spacecraft farther from the Sun. The Juno probe, which arrived at Jupiter on July 4, is 
the first craft capable of operating at the giant planet’s distance. Juno carries 18,698 solar cells on 
its three arrays, each of which measures 29 feet long (8.9 meters). Juno set a new standard for the 
most distant solar-powered probe in January when it passed Rosetta (currently exploring Comet 
67P/Churyumov-Gerasimenko), whose circuitous path took it 97 percent of the way to Jupiter. 
ASTRONOMY: RICHARD TALCOTT AND ROEN KELLY 

The first solar-powered spacecraft 
was the Earth-orbiting Vanguard 1, 

which launched in 1958.
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HISTORICAL ASTRONOMY. Astronomers studying an astronomical plate of a white dwarf from 1917 recently realized 
it shows evidence of having once hosted planets. This makes the plate one of the earliest signs of an exoplanet system. 

Planet forms around Sun-like star at an Earth-like distance 

Not every planet gets to stay in its home 
solar system. Now and then, one gets 
booted out and sent into the galaxy at 
large without a star to call its own. That’s 
what happened to 2MASS J1119–1137, 
according to research published April 11 in 
The Astrophysical Journal Letters.

The planet, 95 light-years from Earth, is 
just slightly larger than Jupiter. Initially 
thought to be a brown dwarf, astronomers 
found it contained too little mass for that 
to be correct. Instead, it is likely a planet 
booted out of the nearby TW Hydrae asso-
ciation. At 10 million years old, it’s just a 
baby planet still cooling from its formation. 

Sometimes these orphan stories have 
happy endings, though. Take 2MASS J2126. 
Astronomers used to think it was a rogue 
planet. But they later found that it’s actu-
ally orbiting 7,000 times the Earth-Sun dis-
tance from its star, the largest separation 
ever discovered. — J. W.

Lonely, lonely 
planets

BABY PICTURE. The ALMA radio observatory 
returned intricately detailed images of young Sun-
like star TW Hydrae. The dark rings are gaps carved 
out by planets orbiting far out in the dusty disk. 
The inset shows the disk’s innermost region, where 
one of the planets is carving out a track at the same 
distance Earth orbits the Sun. Astronomers might be 
watching an Earth twin in its early years, though the 
planet itself remains invisible in the images. — K. H. S.
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B
ackyard astrono-

mers are always 

on the lookout for 

new and exotic bin-

ocular or telescope 

targets. A dyed-in-the-wool 

seeker of Messier and NGC 

objects might turn to double 

stars for a change of pace. 

Carbon stars, those rubies of 

the night sky, have become 

popular in recent years. And 

now comes the newest treat on 

the cosmic menu — asterisms.

An asterism is a pseudo con-

stellation. It may be part of an 

officially recognized constella-

tion like the Big Dipper in Ursa 

Major. Or it might take stars 

from several groups. The 

Summer Triangle — which 

borrows the 1st-magnitude 

stars Vega from Lyra, Altair 

from Aquila, and Deneb from 

Cygnus — comes to mind.

Asterisms come in three 

sizes: large (ones we see with 

unaided eyes), medium (best 

viewed through binoculars or 

wide-field telescopes), and 

small (for telescopes only). This 

month, we’ll look at a trio of 

mediums.

The first, the Diamond 

Ring, is one of the easiest aster-

isms to locate if you live in the 

Northern Hemisphere. Also 

known as the Engagement 

Ring, it’s a 45'-wide circular 

arrangement of 7th- and 8th-

magnitude stars whose solitaire 

is the North Star, Polaris.

Sticklers for accuracy point 

out that Polaris only approxi-

mates the location of the North 

Celestial Pole. A line drawn 

from the part of the Diamond 

Ring opposite Polaris, through 

Polaris, and extended an equal 

distance beyond, brings us 

closer to the mark.

Next up is an amazing chain 

of stars called Kemble’s 

Cascade. In 1980, while scan-

ning a rather vacant area of 

Camelopardalis with 7x35 bin-

oculars, Canadian amateur 

astronomer Lucian J. Kemble 

came across “a beautiful cas-

cade of faint stars tumbling 

from the northwest down to 

the open cluster NGC 1502.”

This 2½°-long chain con-

tains some two dozen magni-

tude 7 to 9 stars with a 

5th-magnitude star at its mid-

point. You’ll find the Cascade 

with a binocular sweep of the 

area defined by a line traced 

from Beta (β) through Epsilon 

(ε) Cassiopeiae and extended 

an equal distance beyond.

Although we’re viewing 

asterisms through binoculars, 

Kemble’s Cascade also offers 

two eye-pleasing sights for the 

telescopic observer. The first is 

the aforementioned NGC 1502, 

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

Asterism hunt
Target some unofficial patterns of stars.

a 6th-magnitude open cluster 

containing several dozen mag-

nitude 10 to 11 stars in an area 

8' across. At its heart is the 

pretty twin system Struve (STF) 

485 — its magnitude 7 compo-

nents are separated by 18". The 

cluster and embedded double 

star show well with magnifica-

tions of 50x to 75x.

Binoculars back in hand, we 

turn to an asterism I’ve featured 

here in the past — the Coat-

hanger in Vulpecula. Persian 

astronomer Al-Sufi saw it as a 

nebulous spot in 964, and 

Italian astronomer Giovanni 

Battista Hodierna rediscovered 

it in the 17th century. Because 

of its large size (a 1½° span), the 

Coathanger wasn’t included in 

the Messier, Herschel, or NGC 

catalogs.

In the 1920s, American 

amateur astronomer Dalmiro 

Brocchi sketched it on a 

finder chart for the American 

Association of Variable Star 

Observers. Since then, some 

amateur astronomers have 

called the Coathanger Brocchi’s 

Cluster. Its formal identity on 

most star atlases is Cr 399, the 

399th entry in a 1931 catalog 

of star clusters compiled by 

the Swedish astronomer Per 

Collinder. Surprisingly, the 

Coathanger Cluster isn’t a true 

star cluster at all, but a chance 

alignment of stars ranging from 

200 to 1,100 light-years away.

To find the Coathanger, I 

like to work with the distinc-

tive three-star row in the 

northeast part of Aquila that 

includes Alshain, Altair, and 

Tarazed (Beta, Alpha [α], and 

Gamma [γ] Aquilae, respec-

tively). Beginning at Alshain, I 

make a binocular star-hop past 

Altair and Tarazed and con-

tinue onward another 10°.

You won’t miss the 

Coathanger. A straight line 

of a half-dozen 6th- and 7th-

magnitude stars forms the 

bar, while four others create 

the hook. So distinctive is the 

Coathanger that it appears 

on the pin awarded to any 

Astronomical League mem-

ber who completes the club’s 

Asterism Observing Program. 

You can find the list, which 

currently describes 108 aster-

isms, by logging on to www.

astroleague.org, clicking on 

“Observe,” and then clicking 

on “Observing Programs.”

Questions, comments, or 

suggestions? Email me at 

gchaple@hotmail.com. Next 

month: Faint fuzzies for fall. 

Clear skies! 

FROM OUR INBOX

Helium: Not just for balloons
On p. 29 in the March 2016 issue, Bob Berman wrote that most 

people would not notice or care if Earth’s helium vanished.

Actually, you can’t have a modern civilization without 

helium. To mention just one example — titanium, the space-age 

element, has to be welded under helium. — John Lockwood, 

Washington, D.C.

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

Kemble’s Cascade is a chance alignment of colorful, bright stars within the constella-
tion Camelopardalis. The string of some two dozen stars flows from upper right to 
lower left where, just out of the picture, open cluster NGC 1502 floats. JOHN CHUMACK
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LAB MADE. A lab-created comet contains ribose, a key RNA component 
and the only life-critical nucleic acid yet to be seen in natural comets. 

To amateur skygazers, Comet ISON (C/2013 S1) 
brings back bad memories. The latest pretender 
to the throne of “comet of the century,” ISON 
fizzled when it broke apart near its closest 
approach to the Sun in November 2013.

To astronomers, however, the comet contin-
ues to bear fruit. In the February 20 issue of The 
Astrophysical Journal, Bradford Snios of the 
University of Connecticut and his colleagues 
reported on X-ray studies of ISON and Comet 
PANSTARRS (C/2011 S4) they made in 2013. At 
the time, these Oort Cloud objects were making 
their first pass through the inner solar system.

Using the Chandra X-ray Observatory, the 
team observed ISON from about 90 million miles 
(145 million kilometers) away, and PANSTARRS 
from 130 million miles (210 million km) away. 
The researchers found that ISON’s X-ray 

emission had a parabolic shape reflecting the 
comet’s dense envelope of hydrogen gas. The 
diffuse shape of PANSTARRS’ X-ray glow signi-
fied the dustier nature of that comet.

In each comet, X-rays arose when charged 
particles in the solar wind — mostly heavy ele-
ments such as carbon and nitrogen that have 
lost most of their electrons — slammed into 
neutral atoms in the comet’s hydrogen-rich 
atmosphere, or coma. After such a collision, the 
solar wind atom gains an electron, which moves 
into a tighter orbit around the nucleus and 
emits an X-ray photon in the process.

The Chandra observations also allowed the 
team to estimate the amount of carbon, nitro-
gen, and neon in the solar wind, potentially 
opening a new window into studies of the 
wind’s composition. — Richard Talcott

The solar wind lights up two comets

Biocloak 
Periodic laser blasts sent from Earth toward 
potentially habitable star systems. These 
pulses could mask Earth’s transits across the 
face of the Sun so hostile alien civilizations 
using Kepler-like telescopes couldn’t find us. 
— John Wenz, jargon@astronomy.com

Apochromatic Lens 
A lens that focuses all wavelengths of light, thus creat-
ing an image with no false color. Manufacturers of 
apochromats often give them shorter focal lengths, 
which allow for more compact telescopes. 

Ringdown 
When two black hole event horizons enter the final 
stages of their merger and begin to release the last 
radiation prior to the complete merger. This produces 
gravitational waves of the sort heard by the LIGO 
detector last September. 

Gravity Waves 
In contrast to gravitational waves, gravity waves are 
ripples and distortions in atmospheres or bodies of 
water driven by the interplay between gravity and 
other forces — like the wind creating normal ocean 
waves. Such waves were recently observed in the atmo-
spheres of Venus and Pluto, leaving Mercury as the 
only planet without any gravity waves to call its own. 

Astrobabble 
From asterisms to Thorne-Żytkow objects, we turn gibberish into English. 

“X”-TREME COMETS. Astronomers have studied the X-ray emissions of comets ISON (C/2013 S1) and 
PANSTARRS (C/2011 S4). ISON (left) showed a parabolic region of emission from its gas-rich coma, while the dust-
filled coma of PANSTARRS (right) had a more diffuse glow. In both images, the insets show X-ray emission coming 
from the area highlighted in the optical view. X-RAY: NASA/CXC/UNIVERSITY OF CONNECTICUT/B. SNIOS ET AL., OPTICAL: DSS/DAMIAN PEACH
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On her work:

I’m a NANOGrav simulator 

scientist, so when I discover a 

pulsar that looks like it might be 

useful for NANOGrav, that looks 

like it has steady pulses, I provide 

all the information NANOGrav 

would need to detect it and 

observe it before it is published.

By providing this information 

early to NANOGrav, it gives 

them a more advanced timeline. 

We have a formal agreement 

with one project I lead, which is 

the Pulsar Survey at the Arecibo 

Observatory. When I discover a 

millisecond pulsar that looks like 

a NANOGrav candidate, I give 

that information as soon as pos-

sible. In return, if they start 

observing it regularly, they give 

me that data.

It’s a natural process: They 

can use the information I give 

them for gravitational wave 

detection, and I can use the 

data for purposes of studying 

the pulsar or binary system 

LIGO detected gravitational waves a few months ago, drawing cheers 

from the scientific community as one of the final pieces of Einstein’s 

theories came into place. But LIGO is not the only observatory work-

ing to detect gravitational waves. One such project is NANOGrav, the 

North American Nanohertz Observatory for Gravitational Waves. 

HOW A PULSAR EXPERT SEARCHES 

FOR GRAVITATIONAL WAVES Julia Deneva
Senior researcher, NANOGrav,
and postdoctoral fellow,  
Arecibo University

itself. So far, this pulsar survey 

has provided three millisecond 

pulsars to NANOGrav.

On the differences between 

LIGO and NANOGrav: 

What NANOGrav and LIGO 

try to do is directly detect 

gravitational waves, but they 

are sensitive to different gravi-

tational wave frequencies. If 

you imagine the swell of ocean 

waves, the slow undulating 

waves are several feet tall 

out in the open ocean. If you 

drop a pebble into the ocean 

swell, you get a series of much 

smaller ripples. This theoreti-

cal ocean is space-time. What 

LIGO’s sensitive to is the 

ripples. What NANOGrav is 

sensitive to is the swell.

What LIGO detected 

recently is the merger of two 

black holes, the gravitational 

waves of a specific binary 

system. What NANOGrav 

is sensitive to is a general 

background of gravitational 

waves produced by the emer-

gence of supermassive black 

holes over very large distances.

On the future 

of observations:

Everyone is looking forward 

to the Square Kilometer Array 

being built. That will take more 

than a few years, but it will be 

more sensitive than any tele-

scope we currently have. It will 

be used in conjunction with 

existing telescopes. It will be 

located partially in South Africa 

and partially in Australia.

It will also help since right 

now the only large pulsar 

observatory in the Southern 

Hemisphere is Parkes, while 

there are several in the Northern 

Hemisphere, including the 

Green Bank Observatory and 

ones in the U.K. and Germany. 

In the past few years, there 

have been proposals to shut 

down Green Bank and other 

telescopes. It would really help 

if the operations are continued, 

and their receiver and electron-

ics were updated as the tech-

nology evolves, because that’s 

crucial to getting the most sen-

sitive data we can get.

On what the next 

few years hold:

Recently there was a paper that 

made a very convincing case 

that a detection is very likely 

within the next 10 years for the 

NANOGrav project. In addi-

tion to NANOGrav, there are 

two other similar projects that 

use special telescopes. One is 

the European Pulsar Timing 

Array, and the other is the 

Parkes Pulsar Timing Array in 

New South Wales, Australia.

All these consortiums, we all 

share data on the pulsars we’re 

observing. In the next 10 years, 

based on everything we know 

so far about these pulsars that 

are being regularly observed by 

all consortiums in the world, 

there’s a more than 90 percent 

chance that we’ll have a gravita-

tional wave detection. 

PULSING AWAY. An artist’s 
impression shows a pulsar system. 
Using minute signals in the pulsars, 
scientists hope to find subtle 
gravitational waves. 
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T
 he grandeur and 

brevity of a total 

solar eclipse can 

replace thought with 

raw emotion, espe-

cially if it’s a first-time experi-

ence. The more eclipses one 

sees, however, the more sanity 

leaks back into the moment, 

infusing the mind with ker-

nels of critical thinking. 

Thankfully, I found enough 

sanity during totality March 

9, 2016, to ponder a dramatic 

visual phenomenon that may 

be related to the ultraviolet and 

X-ray energy the Sun produces.

Fortunate sighting
I watched totality free from 

clouds, sailing in a “banana 

boat” off the coast of the little 

island of Ternate, Indonesia. 

My partner and eclipse veteran 

Deborah Carter was with me, 

as were two new friends whom 

we met on the island.

The chase afforded us little 

time for preparing gear in the 

narrow and unstable boat. And 

good thing we didn’t take 

much time because we cleared 

the clouds with only seconds 

remaining before second con-

tact. Adding to the joy of this 

success was seeing the Moon 

near perigee, slamming the 

door on the Sun’s light as the 

solar corona swelled magnifi-

cently into view.

A plucked daisy
To the unaided eye, the equa-

torial streamers appeared 

long and dramatic, with one 

extraordinarily bright streamer 

extending to the southwest. 

These streamers formed the 

brightest part of a largely sym-

metrical corona. It consisted of 

numerous overlapping petals, 

like those of a frosted dahlia in 

bloom — except for the corona 

south of the Sun’s polar region, 

where the petals appeared to 

have been “plucked.” It was all 

SECRETSKY

Missing petals
Thoughts on a coronal hole during totality.

but a visual black hole with 

only the faintest of plumes 

(comet-like plumes) extending 

tail-like into space.

Of the dozen times I’ve seen 

the solar corona during 

eclipses, I do not recall such a 

striking area devoid of detail. 

The magnitude of the void was 

brought home when Deborah 

also commented on it after the 

eclipse, wondering what could 

have caused such an absence of 

light when the remainder of 

the corona was so petal rich.

We appear to be on the 

downside of a solar maximum, 

a time when the corona typi-

cally bursts forth with stream-

ers radiating from all points of 

the solar disk. Therefore, the 

dahlia flower arrangement of 

coronal petals was expected. 

Nevertheless, the Sun’s corona 

is not entirely uniform. 

Coronal holes, for instance, 

form predominantly at the 

Sun’s poles, and the one that 

appeared at the Sun’s south 

pole during the eclipse might 

have been responsible for the 

corona’s vanishing act.

A different kind 
of black hole
The corona is both hot (on 

the order of 1 million degrees 

Fahrenheit) and delicate — a 

million times fainter than 

the Sun’s photosphere, which 

is why we see it only during 

totality. The corona’s intensity 

is also not uniform, having 

darker (cooler) areas caused by 

regions with lower density. On 

ultraviolet and X-ray images, 

they appear as “black holes” 

against the bright corona 

owing to the lower temperature 

of the plasma (much as sun-

spots appear darker against the 

Sun’s photosphere).

Unlike the equatorial 

streamers — which form closed 

magnetic loops and heat up the 

corona, causing it to glow 

brightly — coronal holes mark 

where magnetic field lines 

expand freely into space with-

out looping back. During 

eclipses, we can see these open 

magnetic field lines as polar 

plumes — the fragile, comet-

like polar tails that reached out 

from the Sun’s south pole dur-

ing the March 9 eclipse. 

Indeed, when I compared a 

SOHO spacecraft ultraviolet 

image of the Sun taken on the 

day of totality, I found that a 

coronal hole was present at 

Sun’s south pole, which may 

have contributed to the 

extreme darkening of the 

corona at that point.

As usual, send your 

thoughts and observations to 

sjomeara31@gmail.com. 

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

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

This Solar and Heliospheric Observatory image of the Sun, taken during totality 
of the March 9, 2016, total solar eclipse, shows a definite fading of the corona 
(a coronal hole) to the south, which is toward the lower right in this image. SOHO/ESA/NASA

FROM OUR INBOX

Dark skies
I enjoyed the article, “Where is amateur astronomy heading?” 

— p. 61, April 2016 — on the current directions in amateur 

astronomy, but I feel that you overlooked one important trend: 

improving the night sky. As Editor David J. Eicher pointed out 

in his accompanying editorial, it’s becoming harder for most 

people to access a dark sky. It doesn’t matter how sophisticated 

your optical instrumentation is, it is hard to enjoy without 

anything to look at. That is why the amateur astronomers in 

our community, like others around the country, have worked 

hard to achieve “Dark Sky” designation by limiting outdoor 

lighting at night, cutting down the number of streetlights, and 

requiring all necessary lighting to shine downward. As a Dark 

Sky community, we now regularly see the Milky Way and get 

an occasional glimpse of the northern lights, even though our 

town is less than 50 miles from Chicago. — Carol Westbrook, 

Beverly Shores, Indiana
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The European Space Agency’s Rosetta 

spacecraft has been orbiting Comet 67P/

Churyumov-Gerasimenko since August 

2014, returning treasure-troves of data on 

a surprisingly active body. Researchers 

studying long-term trends are now 

uncovering more surprises — the comet 

is changing color.

Between August and November 2014, 

the comet flew steadily toward the 

Sun on its way to perihelion, or closest 

approach. As it did so, increasing heat 

baked the comet, and it showed signs of 

elevated activity, with various research 

teams reporting outbursts from the sur-

face, sinkholes, and jets.

Now, by carefully analyzing the longer-

term patterns imaged by Rosetta’s 

Visible and InfraRed Thermal Imaging 

Spectrometer (VIRTIS), the instrument 

team has shown this activity is changing 

the comet’s overall color. The increased 

solar heating caused the comet’s initially 

dark and reddish outer layers to be ejected, 

revealing brighter, bluer ices underneath.

The team published its findings in the 

journal Icarus on March 16. The paper 

covers only the first few months of 

Rosetta’s stay at Comet 67P, but research-

ers are already working on the next few 

months of data and report that the color-

changing trend continues.

Meanwhile, a separate group at the 

Southwest Research Institute (SwRI) ana-

lyzed 67P’s coma to better understand 

the kind of icy material that also is escap-

ing the comet. In research published 

April 8 in Science Advances, the group 

reports that they found mostly clathrates, 

or ices with a crystalline structure.

“The structure and phase of the ice is 

important because it tells us a lot about 

how and where the comet may have 

formed,” says Adrienn Luspay-Kuti, a 

research scientist at SwRI and lead author 

of the paper. If the ice were amorphous, 

Luspay-Kuti explains, that would have 

been a sign 67P formed on the cold out-

skirts of a young solar system. But the 

ice’s crystal structure implies the comet 

gathered larger ice chunks from closer 

in, revealing the comet’s birthplace in 

the solar system’s more turbulent inner 

region. — K. H.

Rosetta spots color changes 
and ice crystals on Comet 67P 

COLOR CHANGE. Rosetta’s Visible and InfraRed Thermal Imaging Spectrometer (VIRTIS) spied Comet 67P growing brighter and bluer with time as subsurface ices became  
visible. The spacecraft examined the comet from different altitudes and illuminations, changing its view, but the Imhotep region shows the clearest change from dark and red  
to bright and blue. ESA/ROSETTA/VIRTIS/INAF-IAPS/OBS DE PARIS-LESIA/DLR; G. FILACCHIONE ET AL. (2016)

ON THE MOVE. Comet 67P made steady progress on 
its orbit toward the Sun between August and November 
2014, the increased heat stripping some of the comet’s 
dark outer layers. ESA/ATG MEDIALAB; ASTRONOMY: ROEN KELLY

ACTIVE IMHOTEP. Astronomers watched Comet 
67P’s Imhotep region grow brighter as the comet 
approached the Sun and ejected its dark surface layer 
to reveal brighter ices underneath. ESA/ROSETTA/MPS FOR OSIRIS 

TEAM MPS/UPD/LAM/IAA/SSO/INTA/UPM/DASP/IDA
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Planetary science

IN MYTHOLOGY, JUNO WAS WIFE TO 
the king of the Roman pantheon, the sky-god Jupiter, 
who had a reputation for seducing mortal mistresses 
and committing all manner of earthly mischiefs. Yet 
Juno retained an uncanny ability to see through the 
cloak of clouds that Jupiter frequently drew about  
himself to hide these indiscretions. 

Their tumultuous relationship will be spotlighted this 
summer when the solar system’s largest planet receives 
a robotic visitor, appropriately named Juno. The probe 
will explore the giant world’s composition, its gravita-
tional and magnetic fields, and its deep winds. And, like 
its long-suffering mythological namesake, it will seek to 
understand how Jupiter came to be.

Despite eight missions to Jupiter, 
scientists still know little about 
the planet’s origin and evolution. 
NASA’s Juno spacecraft aims to 
change that. by Ben Evans

sets its sights on
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NASA’s Juno spacecraft flies low over Jupiter’s 
north pole. During its 20-month mission, the 
robotic probe will be the first to explore the  
gas giant’s polar regions. RON MILLER FOR ASTRONOMY



SunVenus’
 orbit

Earth’s orbit

Mars’ orbit

Jupiter’s orbit

Juno’s 
trajectory

Launch —
August 5, 2011

Trajectory-correction maneuvers —
August and September 2012

Earth flyby —
October 9, 2013

Arrives at Jupiter —
July 4, 2016
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In the past five years, the six-sided Juno 
spacecraft has voyaged 1.74 billion miles 
(2.80 billion kilometers) to a world whose 
colossal bulk could swallow every other 
solar system object apart from the Sun. 
Launched on August 5, 2011, Juno followed 
a long and circuitous route. Its initial tra-
jectory took it beyond the orbit of Mars, 
where the spacecraft fired its main engine 
twice in the summer of 2012 to redirect it 
toward a flyby of Earth on October 9, 2013. 
The spacecraft stole a minuscule bit of our 
planet’s orbital energy that day, gaining 
8,800 mph (14,200 km/h) of speed that set 
it on course for Jupiter.

By July 4, 2016, Juno will be hurtling 
into the jovian system at more than 
165,000 mph (265,000 km/h) — a record 
for the fastest-moving human-made object. 
The spacecraft will then fire its engine for 
30 minutes, slamming on the brakes as it 
threads the needle between the planet and 
its lethal radiation belts. This will position 
the spacecraft in a 107-day capture orbit, 
split into two halves, that allows the science 
team to test the probe’s instruments dur-
ing a close pass by Jupiter before the main 
mission begins.

Settling into the science
Mission planners will refine this capture 
orbit in October 2016 to place Juno into its 
highly elliptical science orbit. It will sweep 
within 3,100 miles (5,000km) of Jupiter’s 

cloud tops at closest approach and swing 
out well beyond the 1.17 million-mile 
(1.88 million km) distance of the outer-
most major moon, Callisto, at its farthest. 
Scientists had planned to have each orbit 
last 11 days, but they later adjusted that to 
14 days. The longer orbit will allow Juno to 
build an initial global map of the planet’s 
magnetic and gravitational fields by its 
eighth orbit, far sooner than originally 
planned. The new orbit also will prolong 
Juno’s time at Jupiter from 15 to 20 months 
and increase its total number of orbits to 37.

The extended science orbit will give  
the science team more time to react to 
unexpected conditions. “We have models 
that tell us what to expect, but the fact is 
that Juno is going to be immersed in a 
strong and variable magnetic field and 
 hazardous radiation, and it will get closer 
to the planet than any previous orbiting 
spacecraft,” says Juno Principal Inves-
tigator Scott Bolton of the Southwest 
Research Institute in San Antonio. “Juno’s 
experience could be different from what 
our models predict. That’s part of what 
makes space exploration so exciting.”

Protecting the spacecraft from this 
harsh radiation is critical. Many of its elec-
tronics are composed of radiation-resistant 
tantalum, with wiring wrapped in copper 
and stainless steel braid, all shielded within 
the 0.4-inch-thick (1 centimeter) titanium 
walls of a 400-pound (180 kilograms) vault. 
“Juno is basically an armored tank going to 
Jupiter,” says Bolton. “Without its protective 
shield or radiation vault, Juno’s brain would 
get fried on the very first pass near Jupiter.”

Over its lifetime, the spacecraft will 
endure the equivalent of 100 million dental 
X-rays. Although this is actually less than 
the radiation levels sustained by its pred-
ecessor — the equator-girdling Galileo 
orbiter, which circled Jupiter from Decem-
ber 1995 to September 2003 — the envi-
ronment is so fierce that the visible-light 
camera known as JunoCam likely will sur-
vive only until the eighth orbit, while the 
microwave radiometer should make it 
through the 11th orbit.

An eye on the clouds
Nevertheless, JunoCam will play a pivotal 
role during the mission’s early phases. Its 
58° field of view will provide panoramic 
views of the jovian cloud tops, including 
the first ever of the largely unseen north 
and south polar regions. And the probe’s 
elongated orbit will permit images with 
resolutions as high as 1.8 miles (3km) per 
pixel at closest approach, better than any 
previous spacecraft.

JunoCam also will allow the public to 
participate directly in the mission. “We are 
going to have to be choosy and select the 
places where we want to take pictures,” says 
JunoCam team member Candice Hansen 

of the Planetary Science Institute. To help 
with the process, the Juno team has asked 
amateur astronomers to submit their tele-
scopic images. The scientists hope these 
can be used to identify dynamic changes in 
the swirling bands, eddies, and spots that 
make up Jupiter’s atmosphere.

In between the close Jupiter flybys — 
when Juno is too far from the planet for its 
camera to pick which features to capture 
— online discussions will help the scien-
tists decide what should be targeted when 
the probe swings by again, Hansen says. 
“We are really counting on having help 

The Juno spacecraft lifts off from Cape Canaveral, 
Florida, on August 5, 2011. The Atlas V rocket 
used is the most powerful Atlas in NASA’s 
 inventory. PAT CORKERY (UNITED LAUNCH ALLIANCE)

Juno took a circuitous route to Jupiter during 
its nearly five-year journey. It flew past Earth 
in 2013 for a gravity assist so it could reach the 
giant planet more quickly. ASTRONOMY: KELLIE JAEGER

“Juno is basically an armored tank going to Jupiter. Without  
its protective shield or radiation vault, Juno’s brain would get 

fried on the very first pass near Jupiter.” — Scott Bolton
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from ground-based observers.” The process 
worked well during Juno’s 2013 Earth flyby. 
To learn more about participating, visit 
www.missionjuno.swri.edu/junocam.

Described by Bolton as “the public’s 
camera” and by Hansen as “science in a 
fishbowl,” JunoCam is just one of nine 
 science instruments aboard Juno. They 
receive power from a trio of 29-foot-long 
(8.9 meters) solar arrays — the first set of 
such arrays ever used this far from the Sun. 
Together, they produce less than 500 watts 
— no mean feat at Jupiter, where the Sun is 
barely 4 percent as bright as it is at Earth. 
That’s about one-third the power delivered 
by a typical hairdryer.

The science team designed the suite of 
instruments to address the mission’s core 
goals: investigate Jupiter’s deep interior, the 
nature of its hypothetical core, its global 
water and ammonia reserves, its deep 
winds — which can reach speeds of up to 
384 mph (618 km/h) — and the origins of 
its internal magnetic field, vast magneto-
sphere, and powerful aurorae.

This multihued gaseous world consists 
largely of hydrogen and helium, like the 
Sun, suggesting that it formed early in the 
solar system’s evolution by trapping much 
of the material left over from the Sun’s 
birth. “Jupiter is the archetype of giant 
planets in our solar system,” says Bolton. 
“Unlike Earth, Jupiter’s giant mass allowed 
it to hold on to its original composition, 

providing us with a way of tracing our 
solar system’s history.” That said, the 
mystery of how the planet came to 
be — whether from a massive 
core that drew in huge quanti-
ties of gas or from an unsta-
ble region in the solar 
nebula that collapsed — 
remains unclear.

A powerful 
magnetic field
What is clear, how-
ever, is that Jupiter’s 
internal magnetic 
field has no equal 
among the solar sys-
tem’s planets. It’s thou-
sands of times stronger 
than Earth’s field, and it 
carves a vast cavity into 
the solar wind, a stream 
of charged particles ema-
nating from the Sun.

Ground-based radio obser-
vations in the 1950s initially 
revealed the magnetic field, but it 
wasn’t until the Pioneer 10 spacecraft 
flew past in December 1973 that scientists 
got their first direct look. The probe 
showed the cavity extended nearly  
5 million miles (8 million km) sunward, 
and it aroused speculation that a long 
“magnetotail” might trail off beyond the 

Jupiter posed for this true-color portrait made 
by Cassini in December 2000, when the Saturn-
bound spacecraft received a gravity assist from 
the giant world. NASA/JPL/SSI

The Cassini spacecraft mapped Jupiter in December 2000. Scientists created 
this view of the planet’s northern hemisphere (with the pole at center) from 
more than a dozen individual exposures. Juno promises much sharper views 
of the gas giant’s polar regions. NASA/JPL/SSI

The Cassini spacecraft also mapped Jupiter’s southern hemisphere (with 
the pole at center) as it flew by in December 2000. Notice the Great Red 
Spot near the 10 o’clock position and about two-thirds of the way from the 
pole to the equator. NASA/JPL/SSI
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planet. The magnetospheric radiation 
proved so intense that the electronics of 
Pioneer 10 and its twin — Pioneer 11, which 
flew past Jupiter a year later — sustained 
1,000 times the lethal dosage for a human 
and endured multiple circuit failures.

In 1979, Voyagers 1 and 2 confirmed the 
magnetotail’s existence and showed that it 
corkscrews backward, tadpole-like, out to at 
least Saturn’s orbit some 400 million miles 
(650 million km) away. Subsequent mis-
sions refined scientists’ knowledge of 
Jupiter’s magnetic field. Ulysses briefly 
explored the planet’s polar magnetosphere 
in 1992, Galileo surveyed the equatorial 
plane during its mission, and New Hori-
zons traversed more than 100 million miles 
(160 million km) of the magnetotail in 
2007. Despite these insights, however, 
Jupiter’s magnetospheric dynamics remain 
mysterious, and Juno — the only spacecraft 
ever placed in orbit above the planet’s poles 
— will execute the first global magnetic-
mapping campaign.

Mapping this immense magnetosphere 
is one of just a few ways to understand the 
world’s deep interior, including the origin of 
this magnetism and the nature of the core. 
Jupiter’s powerful gravity so tightly com-
presses the atmosphere that it is virtually 
impenetrable to most sensing techniques.

Juno’s twin magnetometers — located 
about 6.5 feet (2m) apart on a boom at the 
end of one of the solar arrays — will mea-
sure strong and weak emissions 60 times 
per second. Each instrument will back up 
its mate, guarding against one’s failure and 
any spurious field the spacecraft itself 
might generate.

The magnetometer experiment has 
three goals: precisely map the magnetic 

field, determine the dynamics of Jupiter’s 
interior, and ascertain the magnetosphere’s 
three-dimensional structure above the 
poles. Timing is critical, with primary 
 science observations collected within six 
hours of closest approach. “We’re going  
to make very accurate measurements and 
basically envelop Jupiter in a dense ‘net’ of 
observations,” explains magnetometer team 
leader Jack Connerney of NASA’s Goddard 
Space Flight Center in Greenbelt, Maryland. 
“That will give us the ability to image what 
the magnetic field looks like down in 
Jupiter’s core, where it is generated.”

Deep inside Jupiter
Scientists hope these observations will 
yield improved constraints on the mass 

and radius of the core, whose very exis-
tence remains hypothetical. Many models 
of planet formation require a rocky or icy 
core with enough mass — perhaps 12 to 
45 times Earth’s mass, or up to 14 percent 
of Jupiter’s bulk — to pull in the vast 
quantities of hydrogen and helium the 
planet possesses. But the imprecise nature 
of current gravitational measurements 
makes it equally plausible that there is  
no definitive core.

Probing Jupiter’s hidden depths has 
always been difficult. The best data scien-
tists have came from the Galileo mission, 
which dropped a titanium-skinned probe 
into the jovian atmosphere in December 

1995. It survived for about 90 miles 
(150km) below the cloud tops, a region 
dominated by ordinary molecular hydro-
gen, before being crushed. Juno’s micro-
wave radiometer will determine how far 
down the atmospheric circulation Galileo 
measured extends. It also will profile tem-
peratures inside the planet to a depth of 
roughly 220 miles (350km), where the pres-
sure reaches 200 bars (about 200 times the 
atmospheric pressure at Earth’s surface). 
These will allow scientists to construct 
three-dimensional images of Jupiter’s 
 internal structure.

Although mission planners expect the 
radiometer to survive only 11 orbits, it has 
another key role: to study the abundance 
and distribution of the planet’s ammonia 

and water. The Galileo orbiter imaged 
clouds of ammonia, but water has proven 
surprisingly elusive. Scientists have seen 
only minor amounts of this substance in 
small pockets.

Astronomers know that hydrogen and 
oxygen are abundant in Jupiter. But by 
determining the ratio of oxygen to hydro-
gen and measuring how much water there 
is, Juno can shed light on how the gas giant 
world evolved. To Juno science team mem-
ber Tobias Owen of the University of 
Hawaii, it evokes reminders of the mytho-
logical Juno, ever watchful of her husband’s 
mischief. “Our Juno looks through Jupiter’s 
clouds to see what the planet is up to,” he 

The Juno 
orbiter carries 
this plaque, 
which shows 
a self-portrait 
of Galileo 
Galilei along 
with a passage 
he wrote in 
1610 about his 
observations 
of Jupiter and 
its moons. NASA/

JPL-CALTECH/KSC

Jupiter’s aurorae stand out in this Hubble Space 
Telescope view that highlights the glowing gas. 
One of Juno’s goals is to better understand how 
Jupiter produces its monster aurorae. NASA/ESA/THE 

HUBBLE HERITAGE TEAM (STSCI/AURA)

“Juno’s extraordinarily accurate determination of the gravity 
and magnetic fields of Jupiter will enable us to understand 

what is going on deep down in the planet.” — David Stevenson
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says, “not seeking signs of misbehavior,  
but searching for whispers of water.”

Farther down, conditions grow more 
hellish. Extreme temperatures and pres-
sures, reaching as high as 4 million bars, 
strip molecular hydrogen of its electrons 
and force it into an electrically conductive 
state known as liquid metallic hydrogen. 
Although researchers have produced 
 minute quantities of this exotic substance 
for brief periods in the laboratory, plan-
etary scientists think Jupiter contains a 
large shell filled with it. “It’s in this con-
ducting shell that we think Jupiter gener-
ates its magnetic field,” says Owen.

Jupiter’s gravitational pull also will help 
unlock some of its core secrets. Scientists 
can peer inside the planet by carefully ana-
lyzing the radio signals the spacecraft 
returns — deviations in the probe’s 
motion, caused by changes in Jupiter’s 
gravity and thus mass distribution, will 
show up as a slightly altered signal. “Juno’s 
extraordinarily accurate determination of 
the gravity and magnetic fields of Jupiter 
will enable us to understand what is going 
on deep down in the planet,” says science 
team member David Stevenson of the 
California Institute of Technology. “These 
and other measurements will inform us 
about how Jupiter’s constituents are dis-
tributed, how Jupiter formed, and how  
it evolved, which is a central part of our 
growing understanding of the nature of 
our solar system.”

An ethereal glow
Back near Jupiter’s cloud tops, the planet’s 
magnetic field generates powerful aurorae 
that are thousands of times stronger than 
Earth’s own. Voyager 1 first saw this auro-
ral activity and found it covered an area 
larger than Earth. The observations sug-
gested that material from Jupiter’s volcanic 
moon, Io, flows along magnetic field lines 
into the atmosphere and helps trigger the 
aurorae. Galileo detected two-directional 

beams of electrons that poured up to a 
billion watts into the atmosphere. From 
Earth orbit, the Hubble Space Telescope 
revealed aurorae projecting hundreds of 
miles beyond the planet’s limb while the 
Chandra X-ray Observatory has detect-
ed auroral X-ray emissions.

Juno’s scientific prowess and 
unique orbit promise new insights 
into these phenomena. The sensors 
of the Jovian Auroral Distribution 
Experiment will examine the 
angular distributions, energies, 
and compositions of ions and 
electrons at relatively low ener-
gies. Complementing this 
experiment is the Jupiter 
Energetic Particle Detector 
Instrument — nicknamed the 
“hockey puck” because of its 
shape — which will examine the 
distributions and energies of 
hydrogen, helium, oxygen, and 
 sulfur particles at higher energies, 
focusing on what accelerates them to 
such high velocities.

An ultraviolet imaging spectrograph 
will observe auroral emissions from the 
polar magnetosphere on both day and night 
sides of the planet, while the Waves sensor 
will measure radio and plasma emissions 
in the auroral region. Finally, the Jovian 
Infrared Auroral Mapper will investigate 
the dynamics of Jupiter’s aurorae as well as 
identify water and ammonia abundances  
at depths of 30 to 45 miles (50 to 70 km) 
below its cloud tops. Located on Juno’s  
bottom deck, this was the last instrument 
added to the payload, in 2007. “We entered 
the mission later,” says Deputy Principal 
Investigator Alberto Adriani, “so there  
was no room in the big place where all the 
other instruments are. We had to run quite 
fast to keep pace with the mission.”

And the pace of the mission will prove 
as critical as the science. Juno’s exposure to 
high radiation levels creates an elevated 
risk of hardware failures. Moreover, the 
spacecraft’s orbit crosses the paths of the 
moons Europa, Ganymede, and Callisto 
— all of which may harbor subsurface 
water and perhaps ancient or extant micro-
bial life. That makes it imperative that 
NASA sends Juno to a grave in Jupiter’s 
atmosphere when the mission ends in early 
2018. This will eliminate the chance of the 
spacecraft impacting one of these moons 
and contaminating a possible ocean with 
toxic propellants and debris.

Juno’s short life will blaze a trail of 
jovian exploration that dates back across 

four decades of space exploration and four 
centuries of telescopic observation. It car-
ries a tiny aluminum plaque to honor 
Galileo Galilei, who discovered Jupiter’s 
four large moons. The plaque includes a 
self-portrait of Galileo and, in his own 
hand, a passage written in 1610 that 
describes his observations of those moons.

Also tucked aboard are three aluminum 
Lego figurines. One represents Galileo 
himself, with a telescope in his left hand 
and a Jupiter globe in the right. The other 
two represent the Roman god Jupiter with 
his thunderbolt and his ever-vigilant wife, 
Juno, holding a magnifying glass with 
which to unravel her husband’s secrets. In 
just a few months, her robotic embodiment 
should be achieving similar results with 
her spouse’s celestial counterpart. 

Juno’s camera captured this view of Earth when 
it flew past October 9, 2013. The image shows 
Argentina’s coast and the South Atlantic Ocean. 
NASA/JPL/SWRI/MSSS/”GERALD”

These three Lego figurines — Galileo Galilei 
(left), the Roman goddess Juno (center), and her 
husband, Jupiter (right) — are also along for the 
ride as Juno orbits Jupiter. NASA/JPL-CALTECH/LEGO

Ben Evans is a British spaceflight writer and 

author of the multivolume History of Human 

Space Exploration, published by Springer-Praxis.
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Back in black

Why are there 

The Sombrero Galaxy (M104) in Virgo is a 
normal spiral galaxy seen nearly edge-on 
that contains both a galactic bulge and a 
disk. Its bulge is thought to have formed in 
essentially the same way elliptical galaxies 
form, from the collision and merger of two 
galaxies. NASA/ESA/THE HUBBLE HERITAGE TEAM (STSCI/AURA)
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The physics of stars, disks, and 
clusters shows why black holes 
are an inevitable result of the 
universe. by John Kormendyso many
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To a large number of people today, the objects that elicit the 
same reaction are not muons, but black holes. Yet astronomers 
know the most massive stars die by exploding as supernovae, 
leaving behind a black hole with a mass of about three to 20 
times the mass of our Sun. They also believe that a super-
massive black hole with a mass between 1 million and 10 bil-
lion times the Sun’s mass lives at the center of most galaxies.

Who ordered this? Why do astronomers imagine such mon-
sters — so massive and yet so small that not even light can 
escape their fatal gravity — lurk everywhere they look? Do 
astronomers just love drama? Are they attracted to the most 
extreme explanations that fertile imaginations can concoct?

The answer is no. It’s profoundly natural that many astro-
nomical objects evolve into black holes. And this evolution 
— despite impressive and awe-inspiring ends — results from 
ideas that are quite basic.

All astronomical objects that are held together by gravity 
evolve similarly. Such self-gravitating systems include stars, 
clusters of stars, and galaxies, but not solid objects like aster-
oids or your body that are held together by electrostatic forces.

Self-gravitating systems evolve toward the tightest gravita-
tionally bound state they can reach. They do this by growing  
a smaller, more massive core at the expense of a more diffuse 
outer halo. The details vary from system to system. But the 
common outcome is always that a small fraction of the mass 
ends up in a tiny and enormously dense central object. Plan-
ets, white dwarf stars, and neutron stars are examples of such 
end products that should not evolve further. But if the mass is 
big enough, nothing stops the compression at the stage of a 
white dwarf or neutron star. Gravity wins. That’s why black 
holes form in so many different circumstances.

Core collapse in globular star clusters
A great variety of astronomical objects evolve similarly. And 
even systems without black holes eventually form dense cores. 
Some of the clearest examples of this evolution are globular 
star clusters. They are the simplest systems that we can con-
sider because they consist only of stars, and the stars interact 
only through gravity. They don’t collide. Every star is attracted 
to every other star by a force that gets stronger as 1 divided by 
the square of the separation of the two stars. When stars pass 

close to each other, the attraction between them gets much 
stronger, and they fling each other around, sometimes vio-
lently. But what happens next?

An analogy from our daily lives provides the answer. 
Imagine that we have a cluster of skaters on a funnel-shaped 
skating rink. Suppose that the ice is frictionless so a skater 
who orbits the central hole on a circular or elliptical orbit stays 
in that orbit with no change forever, provided that no other 
skater interferes. And the funnel shape means that skaters 
have to move faster nearer the center, just as Kepler’s laws 
 dictate for planets moving around the Sun.

Let’s say the rink has few skaters, so they interact little if  
at all, and each one has an orbit almost independent of all the 
others. Different skaters travel in different directions at differ-
ent speeds, faster near the center. Similarly, in a globular clus-
ter, different stars live at different distances from the center 
and move in orbits that have random directions and almost 
random shapes compared with all other orbits.

Now consider what happens when stars — that is, skaters 
— pass close to each other. In the simplest case, all skaters 
have the same mass. When two skaters pass close enough  
to each other to join hands, suppose they swing each other 
around as long as their hands can touch. The result is that 

Astronomers studying cosmic 

rays in the 1930s stumbled into a 

magic moment. They identified a 

new particle, the muon, which had 

a negative electrical charge like 

an electron, but a mass between 

that of an electron and a proton. 

The discovery was so startling, the 

particle so unexpected, that Nobel 

laureate Isidor Isaac Rabi famously 

quipped, “Who ordered that?”

A skating rink analogy helps to explain how globular star clusters 
evolve and why black holes form the way they do. In illustration 1, 
skaters (stars) travel in different directions at different speeds, mov-
ing faster near the center. Similarly, in a globular cluster, stars live at 
different distances from the center and move in random orbits. When 
two skaters pass close and swing each other around, they change 
directions but their speeds remain nearly constant. But when skaters 
(stars) pass close to each other and one of them is heavier, as in dia-
gram 2, the heavy skater slows down and the lighter one speeds up. 
If a skater suddenly goes faster, she may be ejected from the system 
(diagram 3). The skater that slowed down falls toward the center. 
Heavy skaters (stars) eventually end up in the center, while light skat-
ers end up toward the edges of the system (diagram 4). This is called 
core collapse in globular clusters and is an analog to how black holes 
form. ASTRONOMY: ROEN KELLY, AFTER JOHN KORMENDY

Skating into the abyss

Although the grand design spiral galaxy M81 in Ursa Major 
bears a resemblance to the Milky Way, its galactic bulge of 
older, yellower stars is far larger than the one in our galaxy. 
M81’s bulge most likely formed long ago following a collision 
and subsequent merger with another galaxy. NASA/ESA/THE HUBBLE 

HERITAGE TEAM (STSCI/AURA)
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Globular cluster M15 in Pegasus is one of 
the most densely packed clusters in the 
Milky Way. Myriad encounters among 
its hundreds of thousands of stars drove 
heavier stars deep into the core and threw 
lighter ones to the periphery. Only about 
20 percent of our galaxy’s globulars have so 
far experienced such a core collapse. NASA/ESA
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both skaters change directions, but their speeds don’t change 
much. After many such encounters, orbits get redistributed, 
but the system evolves very little.

Now imagine a rink with one skater being more massive 
than the rest. When the high-mass skater and a normal skater 
swing each other around, the heavy skater slows down and the 
lighter one speeds up because the collision tends to equalize 
the energy of motion of the two skaters.

But this rink is a faithful model of a cluster of stars held 
together by gravity. If a skater suddenly goes faster, she climbs 
farther from the center and may be thrown out of the system. 

Meanwhile, the skater who slowed down — the heavy one —
falls toward the center. In doing so, she has to move faster.

Over many encounters, the evolution tends to make the 
heavy skaters sink to the center and the light skaters climb 
farther from the center. When this happens in a globular clus-
ter, the process is called core collapse, and the separation of 
low- and high-mass stars is called mass segregation. Lots more 
mass now concentrates near the cluster center, so the stars 
there must move more quickly in their orbits.

Something similar happens even if all skaters have the 
same mass. When equal-mass skaters swing each other 
around, they rearrange their directions of motion but don’t 
change their speeds. But this is only approximate. Different 
skaters move at different speeds, so they don’t all have the 
same kinetic energy even if they all have the same mass. 
Encounters still tend to equalize kinetic energy between skat-
ers. The faster one tends to slow down and fall toward the cen-
ter while the slower one tends to speed up and climb outward. 
Core collapse still happens; it just happens more slowly.

Evolution of stars and star clusters
Now think of the evolution of our skaters or our cluster of 
stars, and add to it the flow of heat from hotter to colder plac-
es that we experience in our daily lives. Temperature is a mea-
sure of how fast the particles that make up an object jiggle 
around at the microscopic level. Faster jiggling corresponds to 
a higher temperature. In our cluster, the average speed can be 
related to a temperature. Objects near the center have to move 
faster to maintain their positions in the cluster or skating rink. 
That is, the temperature is higher closer to the center. When 
faster skaters swing slower skaters and speed them up, this 
corresponds to heat flowing from a hotter to a colder place. 
Just as heat flows from a hot glowing ember to colder air on 
Earth, heat in our cluster tends to flow outward. The result is 
that the cluster core gets denser and the outside expands.

But there is one major difference. As the core of the cluster 
grows denser, more mass lives near the center. So the gravi-
tational attraction between objects gets stronger, and they 
have to move faster. This means our cluster has an important 
property that is opposite to its analog in our day-to-day lives. 
As heat flows away from the center, the center does not get 

Evolution 
through self-
gravitation
Self-gravitating systems evolve 
by spreading, creating a diffuse 
halo that surrounds a denser 
core. Systems supported by 
random motions, like globular 
clusters and stars, transport 
energy outward. Systems 
supported by rotation, including 
protoplanetary disks, accretion 
disks, and spiral galaxy disks, 
transport angular momentum 
outward. ASTRONOMY: ROEN KELLY

Spiral galaxy M94 in Canes Venatici was built by the transport 
of angular momentum. That is, gas has moved outward from its 
center as the galaxy has evolved, building up a ring around the 
outside of the disk. Its bright center has assembled from a series 
of bursts of intense star formation, and inside the nucleus lies a 
supermassive black hole. ESA/HUBBLE/NASA

Globular star cluster A Sun-like star
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colder. Instead, it gets hotter. This is not what happens to a 
glowing coal on Earth nor to your body if you swim in ice-
cold water. But it is the fundamental way that orbits act. So 
any cluster that is held up by the random motions of its stars 
evolves in the sense that the core gets denser and hotter as  
the outer parts expand.

Why do stars die the way they do?
Our understanding of how star clusters evolve translates 
directly to an understanding of how stars die. Although the 
detailed evolutionary processes are different, the big picture 
remains quite similar.

A star spends most of its life powered by nuclear fusion 
that converts hydrogen to helium in a core hot enough for 
these reactions to happen. This extreme heat produces gas 
pressure that holds the star up against gravity. Heat is lost 
from the surface of the star, but it is replaced by the nuclear 
reactions within. So the star remains almost unchanged for 
— in the case of our Sun — about 10 billion years. This is not 
really the Sun’s “evolution.” Rather, it is the delay in its evolu-
tion that results from a central heat source.

When the core has been converted into helium and while 
the temperature is too low for helium to undergo nuclear reac-
tions, heat continues to flow out of the core but is no longer 
replaced. The center tries to cool. The gas pressure drops, and 
gravity wins. The core contracts. But in doing so, as in our 
star cluster, it gets hotter. Still more heat flows outward, and 
the star gets brighter. To handle this outpouring of energy, the 
outside of the star expands, and it becomes a red giant with a 
shrinking core at its center. Our cluster evolved similarly.

What happens next differs from the evolution of a globular 
cluster and depends on gas physics. The stellar core becomes 
so hot that atoms break up into free-flying atomic nuclei and 
electrons. But electrons have a fundamental property that they 
cannot be packed too close together without giving some of 
them enormous energy. This resistance to compression is a 
force called degeneracy pressure, and it holds up the core as 
long as the core is not too massive. If the core gets hot enough 
for nuclear reactions to convert helium into carbon, for exam-
ple, then the evolution is delayed again while these reactions 
power the star.

Meanwhile, the red giant envelope expands farther and 
puffs away in a planetary nebula. What’s left is a white dwarf 
star that can cool without further contraction. Or, if the core’s 
mass was too high for electron degeneracy pressure to win 
over gravity, then the contraction continues until protons and 
electrons are forced together into neutrons. Then it is held  
up by neutron degeneracy pressure. That’s why intermediate-
mass stars die as neutron stars.

But if the star’s original mass was big enough, then the core 
becomes so massive that even neutron degeneracy pressure 
cannot win over gravity. We know of no further, stronger 

M49 is a giant elliptical galaxy residing in the Virgo Cluster 
of galaxies. It consists of old, reddish stars and has a smooth, 
three-dimensional shape like a flattened football. It formed 
from the collision of at least two galaxies, and harbors a central 
supermassive black hole. WIKISKY/SDSS

Protoplanetary disk Accretion disk around a black hole Pseudobulge in a spiral galaxy’s disk
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pressure. Yet the core must continue contracting because it is 
enormously hot and radiates away the heat that produces its 
pressure. Gravity is not negotiable. No further trick beats grav-
ity. If the core is massive enough, it must shrink and become  
so compact that gravity wins out over all competing forces. 
Astronomers are still studying the details of how this happens, 
but it should be clear that collapse to a black hole does not 
require outrageously special engineering. It happens to every 
star that is massive enough. How massive? That’s a detail that 
we do not exactly know. The answer is roughly 20 solar masses.

So the evolution of a star consists of a series of core con-
tractions (whenever gravity wins) and envelope expansions (to 
handle increasingly ferocious radiation) punctuated by periods 
of stability when the star has a heat source via some nuclear 
reactions in its core. Far from being outrageous, black holes are 

natural and inescapable if the star is massive enough. That’s 
why black holes — and other compact dead stars — are ubiqui-
tous in astronomical thinking and in our Milky Way Galaxy.

The role of spinning disks
Stars and star clusters are held up against gravity by the pres-
sure heat produces. Therefore, they evolve by transporting 
heat outward. In contrast, rotation holds up spinning disks 
against gravity. So they evolve by moving amounts of rotation 
outward. The technical name for this is the transport of angu-
lar momentum. Apart from this difference, the evolution of 
the two systems is similar.

Our skating rink analogy stays valid. The difference is that 
skaters now move in nearly circular orbits and at roughly the 
same speeds. But the same kinds of things happen. Different 
types of self-gravitating systems all evolve by spreading — by 
growing a denser core while the outer parts expand to form  
a more diffuse halo.

Protoplanetary disks evolve most like our skating rink 
analogy. Heavy bodies fling light bodies. Jupiters sink and get 
hot. Neptunes move outward and grow cold. Whether this 
happens by tossing protoplanets or rubble or by interacting 

The barred spiral galaxy M83 in Hydra is an analog to our Milky 
Way Galaxy and is a typical galaxy that has built itself by trans-
ferring angular momentum outward. The bar in this galaxy acts 
like a gravitational stirring rod and flings the gas to arrange 
angular momentum. This creates a burst of star formation near 
the galaxy’s center, which also holds a black hole. NASA/ESA/THE 

HUBBLE HERITAGE TEAM (STSCI/AURA)
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with waves in the disk is a detail. It explains why astronomers 
discover so many giant planets that live unexpectedly close to 
their stars. We believe that this happened in our solar system, 
too: Jupiter sank toward the Sun — thankfully, only a little. 
Uranus and Neptune moved outward by a few times the 
Earth-Sun distance. In the process, Neptune pushed Kuiper 
Belt objects outward in front of it like a snowplow. All these 
aspects of our solar system and of exoplanetary systems are 
consequences of evolution by spreading — evolution toward 
more tightly bound systems.

Protoplanetary disks are also protostellar disks. The central 
star grows as material sinks within the surrounding disk and 
falls onto the protostar, though magnetic fields help to slow 
down the infalling gas. The effect is the same: A denser core 
— the star — builds up while other material moves outward.

Accretion disks around black holes operate similarly. Near 
the black hole, the disk spins at nearly the speed of light, so 
friction heats the gas to enormous temperatures. This pro-
duces the prodigious light output of quasars and other active 
galactic nuclei. In this hot gas, magnetic fields and friction are 
the agents of evolution. Some gas sinks and falls into the black 
hole. But other gas must be ejected, and, in quasars, the ejec-
tion happens in jets of particles that fire out near the disk’s 
rotation axes, like a fire hose that splashes gas millions of 
light-years into space. (Protostellar disks also eject gas jets 
along their spin axes.)

So black hole growth is an extreme but otherwise com-
pletely natural process that is closely related to many other 
evolutionary processes in astronomy. It does not require 
unique, magical engineering. It is a version of those processes 
that happens when the evolution to compact cores inside dif-
fuse halos already has proceeded as far as nature allows. The 
only further thing that can happen is that an already formed 
black hole can grow more massive.

Finally, the disks of spiral galaxies like M83 and M94 also 
evolve by transporting angular momentum outward. Galaxies 
evolve only when the disk has already been destabilized by the 
formation of a bar or similar structure. When disk gas inter-
acts with it, the bar acts like a stirring rod — it flings the gas 
around and rearranges angular momentum. This results in 
objects like a “poster-child” galaxy, M94. Some gas moves out-
ward, commonly into a ring around the outside of the disk. 
Other gas falls toward the center, where it gets very dense and 
bursts into star formation. And that’s what we see in these 
galaxies. The bright centers of M83 and M94 are produced by 
intense bursts of star formation. The result is to build a com-
pact stellar subsystem near the center.

For many decades, astronomers confused these dense 
 centers with so-called bulge components — that is, with the 
nearly spherical, dense clusters of stars that, like the elliptical 
galaxies they closely resemble, were made in the dynamical 
violence of galaxy collisions and mergers. The Sombrero Gal-
axy contains such a bulge. So do the well-known galaxies M81 
and the Andromeda Galaxy. But M83 and M94 are building a 
so-called fake bulge or pseudobulge slowly out of the disk, not 
rapidly via a galaxy merger.

Pseudobulges are important to our understanding of how 
supermassive black holes affect galaxy evolution. Astronomers 
have found that black holes and classical bulges control each 
other’s growth. But black holes have no discernible effect on 
the growth of pseudobulges or of their galaxies’ disks.

The origin of supermassive black holes
In the early universe, the first stars formed out of gas made 
almost entirely of hydrogen and helium. Astronomers believe 
that some of these first stars were more massive than any stars 
that form today. These stars died by making black holes with 
masses of several hundred Suns. This happened in small proto-
galactic fragments that have since collided, merged with one 
another, and built today’s galaxies. Our best guess is that 
many black hole stellar remnants merged to produce a few 
supermassive black hole “seeds” with masses of perhaps a few 
thousand Suns. These could then grow via further galaxy 
mergers and by accreting gas as luminous quasars.

There is remarkable beauty and power in understanding 
the big picture. Many different kinds of astrophysical systems 
— from solar systems in our galactic neighborhood to black 
holes in the early universe — evolve in fundamentally similar 
ways. Gravity forces each kind of object to evolve toward the 
most strongly bound structure that it can reach by the physi-
cal processes that are available to it. This involves growing a 
denser core while expanding a more diffuse halo. We enjoy 
more confidence in each individual evolution picture when  
we see how it operates similarly to all the others.

When these processes go through enough stages in the 
building of more compact cores, then the formation of a black 
hole is a natural and — astronomers believe — inevitable out-
come of general physics. 

John Kormendy is professor of astronomy at the University of Texas 

at Austin. In the late 1980s, his research team was the first to discover 

supermassive black holes in galaxies. He is one of the world’s leading 

experts on galaxies and on black holes.

A supermassive black hole lurks in the heart of giant elliptical 
galaxy M87 in the Virgo Cluster. The jet visible in this Hubble 
Space Telescope image consists of material being flung outward 
at high speeds from the accretion disk surrounding the black 
hole. Astronomers now know that nearly all normal galaxies 
harbor a central black hole with at least several million times 
the mass of the Sun. NASA/ESA/THE HUBBLE HERITAGE TEAM (STSCI/AURA)
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A: The second part of this ques-

tion is much easier to answer 

than the first. We will definitely 

get a different number for Eris’ 

size once a spacecraft visits it. 

Spacecraft measurements can  

be thousands of times bet-

ter than measurements from 

Earth. The proximity means 

we don’t have to make as many 

assumptions. For example, New 

Horizons passed within  

7,800 miles (12,500 kilometers) 

of Pluto’s surface on July 14, 

2015, giving us the best-ever view 

of Pluto. Spacecraft imagery puts 

Pluto’s diameter at 1,474 miles 

(2,372 km). From Earth, about  

5 billion miles away, the dwarf 

planet’s diameter was estimated 

to be 1,471 miles (2,368 km) by 

studying Pluto’s atmospheric 

haze as it passed in front of a 

distant star. This is not an easy 

thing to do, but it did result in 

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

THE BIGGEST 
DWARF

These put Eris’ diameter at  

1,451 miles (2,336 km) — 

smaller than Pluto — with a 

reported uncertainty of 7 miles 

(12 km). Although this is a pre-

cise measurement, there are a 

lot of assumptions that go into 

measuring a stellar occultation, 

such as whether Eris is perfectly 

spherical. What if it has a moun-

tain the size of Mount Everest? 

Do you count that? These ques-

tions are almost impossible to 

answer by any means other than 

a spacecraft visit. So, I would 

say that we still do not know 

for sure which is larger, Pluto or 

Eris. That’s all the more reason 

to visit one of the most-distant 

known dwarf planets!

Chad Trujillo

Assistant Professor 

Northern Arizona University

Q: WHY HAVEN’T WE SENT A 

MICROPHONE TO MARS, OR 

ANY OTHER PLANET FOR 

THAT MATTER? 

Launie Wellman

Festus, Missouri

A: Sounds from Mars would be 

interesting and profound, add-

ing a second human sense to the 

pictures we see with our eyes. 

The challenge in flying micro-

phones has been to convince 

ASKASTR0

Q: HOW CAN ASTRONOMERS BE SURE 

THAT PLUTO IS LARGER THAN ERIS? COULD 

WE GET A DIFFERENT NUMBER FOR ERIS’ 

SIZE ONCE IT’S VISITED BY A SPACECRAFT?

Joao Miguel Matos, Setubal, Portugal 

a very accurate answer — yet 

different nonetheless from the 

spacecraft number.

Currently, there are no 

planned missions to Eris, but 

this dwarf planet is nearly three 

times more distant than Pluto. 

Eris is 97 astronomical units 

away — one AU is the Earth-Sun 

distance — as opposed to Pluto’s 

33.6 AU. So we would have even 

more to gain by a spacecraft 

visit to Eris. Astronomers get 

different answers for Eris’ size 

depending on how they measure 

it. The first measurements were 

made in 2005 using the Hubble 

Space Telescope, which is just 

barely able to measure it directly. 

Those put Eris’ diameter at  

1,490 miles (2,397 km) —  

bigger than Pluto — with an 

uncertainty of 100 km. The  

best measure we have now was  

made by stellar occultations. 

space agencies that microphones 

are worth the resources in terms 

of time, mass, data, and added 

complexity. 

Mars microphones have 

flown. A Planetary Society- 

provided microphone was 

included as part of the NASA 

Mars Polar Lander mission in 

1999. Unfortunately, the space-

craft crashed. A microphone was 

included as part of the descent 

imager on NASA’s Phoenix 

lander in 2007, but was never 

turned on because of the poten-

tial for an electronic problem. 

Microphones have trouble 

competing with other instru-

ments on a science basis, which 

is often the determining factor 

for what flies and what doesn’t. 

Though their most compelling 

feature is public interest, micro-

phones would produce some 

science, such as wind sounds 

and possibly sounds like light-

ning or blowing sand. A micro-

phone would also be good for 

engineering: hearing wheels 

turning and motors working. 

And microphones require little 

in the way of mass, power, or 

data. Microphones have come 

close to flying again, but in the 

end, each mission team has 

not wanted one more thing to 

think about among the rest of 

their engineering challenges. 

Dwarf planet Eris orbits three times farther from the Sun than Pluto,  
making it difficult for astronomers to know its exact size and which  
world is bigger. NASA/JPL-CALTECH

Scientists are considering adding a microphone to the SuperCam  
instrument (shown blasting laser beams) on NASA’s Mars 2020 rover.  
If approved, it would provide the first sounds from another planet. NASA
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The European/Russian 

ExoMars rover in 2020 may 

include infrasound and pres-

sure sensors that could produce 

sound-like recordings. There 

are various possible micro-

phone options on the table 

for NASA’s Mars 2020 mis-

sion, including as part of the 

SuperCam instrument where, 

in addition to all the other 

benefits, a microphone might 

tie to SuperCam’s science. On 

Earth, the sound volume from 

SuperCam’s laser vaporiza-

tion of rock correlates with the 

volume of material vaporized, 

a useful piece of information. 

One way or another, we hope, 

the dream of hearing martian 

sounds will finally be realized.

Bruce Betts

Director of Science and Technology

The Planetary Society 

Q: IF GRAVITATIONAL 

WAVES COME FROM TWO 

MASSIVE OBJECTS ORBITING 

EACH OTHER, THEN DOES 

THE EARTH-MOON SYSTEM 

CREATE GRAVITATIONAL 

WAVES? WHAT FREQUENCY 

WOULD THEY HAVE?

Chris Mathews

Plano, Texas 

A: All binary systems — mas-

sive bodies orbiting around 

each other, irrespective of what 

the bodies are — generate 

gravitational waves. Roughly 

speaking, the strength of the 

gravitational waves depends on 

the mass of the bodies, the dis-

tance from the observer to the 

binary, and the frequency — or 

period — of the waves, which 

is directly related to the orbital 

period (for a circular orbit, the 

gravitational wave period is half 

the orbital period).

If you think about the Earth-

Moon system, the first consider-

ation is that the mass is about 

20,000,000 times lighter than 

the black holes that LIGO 

observed. Without changing 

anything else, that translates 

into gravitational waves roughly 

a trillion times weaker than 

those LIGO observed.

More importantly, the 

Moon’s orbital period is 27 

days; the period of the gravita-

tional waves generated by its 

orbital motion around the 

Earth is 13.5 days. LIGO is only 

sensitive to gravitational waves 

with periods between about 

0.02 seconds and 0.001 seconds. 

The gravitational waves from 

the Earth-Moon system would 

be well outside the range of 

periods LIGO can detect.

Shane L. Larson

Research Associate Professor

CIERA, Northwestern University and 

Adler Planetarium

Q: HOW DO WE KNOW HOW 

FAST GRAVITY WAVES 

TRAVEL? 

John Patterson

California, Maryland 

A: In 1915, Albert Einstein 

published his theory of general 

relativity, which implied that 

gravitational waves should exist 

and propagate at the speed of 

light. This means that if the 

Sun vanished, Earth would go 

dark and drift off into space 

some 8 minutes later. The idea 

was a radical departure from 

Isaac Newton’s belief that grav-

ity was instantaneous. 

And for decades, most 

physicists accepted this speed 

because nothing should travel 

faster than light. Several indi-

rect measurements backed up 

the idea. In 1974, astronomers 

Joe Taylor and Russell Hulse 

discovered the first binary 

pulsar — the rapidly spinning 

cores of dead stars. Its extreme 

properties allowed the pair to 

show the two pulsars were spin-

ning toward each other as they 

shed gravitational radiation. 

Not only was it the first indirect 

proof of gravitational waves, it 

also implied gravity did obey 

the speed of light. Other tests 

also used indirect means to 

reach the same conclusion.

However, on February 

11, 2016, the gravitational 

wave detected by the Laser 

Interferometer Gravitational-

wave Observatory (LIGO) 

journeyed from Hanford, 

Washington, to Livingston, 

Louisiana, in 10 milliseconds — 

roughly the speed of light. 

Eric Betz

Associate Editor 

Q: WHAT IF THERE WERE 

TWO GRAVITATIONAL WAVE 

SOURCES COMING FROM 

DIFFERENT DIRECTIONS? 

WOULD THERE BE AN INTER-

FERENCE PATTERN? 

Wyatt Wingfoot

Upper Lake, California 

A: Gravitational waves are 

distortions or “ripples” in the 

curvature of space-time. Think 

of the waves on the surface of 

a pond created by throwing 

a rock into it. Far away from 

their source, the math used to 

describe gravitational waves 

is similar to the math used to 

describe electromagnetic waves. 

Therefore, weak gravitational 

waves can, in principle, interfere 

with each other just as electro-

magnetic waves do. As the waves 

generated by two rocks thrown 

in a pond interfere, gravitational 

waves from two different sources 

will also interfere.

But the most important ques-

tion to ask, perhaps, is whether 

we could observe interference of 

gravitational waves, just as we 

can observe interference of elec-

tromagnetic waves. 

Due to the weakness of the 

gravitational force, matter is 

essentially transparent to gravi-

tational waves, i.e., gravitational 

waves can propagate unaffected 

through matter. This is one of 

the many reasons why they are 

so valuable as astrophysical 

probes. However, this means 

that it is not possible to use 

matter to diffract, to “split” 

or recombine gravitational 

waves the way we do to detect 

interfering electromagnetic 

waves. Looking at astrophysical 

sources does not help either. 

Transient events such as black 

hole mergers happen too infre-

quently for LIGO to see any 

interference effect, while the 

spacing in frequency of contin-

uous sources, such as pulsars, 

also prevents such observations.

Marco Cavaglià

The LIGO Team

University of Mississippi 

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.

LIGO detected a gravitational wave at its site in Hanford, Washington,  
and then saw the same signal 10 milliseconds later at the Livingston, 
Louisiana, site, proving that gravity travels at light speed. ASTRONOMY: ROEN KELLY
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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.

August 2016: Are eight planets enough?

SKYTHIS
MONTH

T
hese warm August 
nights offer plenty of 
good viewing. No fewer 
than five planets show 
up soon after sunset. 

Mercury, Venus, and Jupiter 
adorn the deepening twilight 
in the west all month. The 
vista reaches a dramatic peak 
when the latter two worlds 
pass within 0.1° of each other 
on the 27th. Meanwhile, the 
telescopic gems Mars and 
Saturn dominate the southern 
sky. Finally, the Perseid meteor 
shower puts on an impressive 
performance in the predawn 
hours of August 12.

Our tour of Earth’s night 
sky begins in early evening 
twilight. As August opens, 
Mercury, Venus, and Jupiter 
form a straight line. Venus lies 
closest to the horizon while 
Mercury appears to its upper 
left and Jupiter stands highest. 

after the Sun; conditions 
improve the farther south  
you live. You have a better 
chance of seeing our satellite 
on the 4th, when it stands 2° to 
Mercury’s left and both objects 
lie 6° high 30 minutes after 
sunset. On the following eve-
ning, a slightly fatter crescent 
appears 1° below Jupiter.

Venus spends the month 
climbing away from the Sun 
while Jupiter sinks closer to 
our star — a recipe for their 
late-August rendezvous.  
Mercury does a bit of both. 
The innermost planet moves 
farther from the Sun until it 
reaches greatest elongation  
on August 16. It then lies 27° 
east of the Sun and appears  
4° below Jupiter. Although 
Mercury has faded to magni-
tude 0.2, it remains relatively 
easy to see against the twilight. 

Mercury then starts to head 
back toward the Sun while 
Venus and Jupiter, which lie 
11° apart on the 16th, continue 
to close in on each other. The 
three planets form an elegant 
triangle that changes shape 
each evening. Perhaps the 

Venus shines brilliantly at 
magnitude –3.8 and should 
show up nicely without opti-
cal aid a half-hour after sun-
set. Jupiter glows more dimly, 
at magnitude –1.7, but its 
greater altitude makes it an 
easy target. You’ll likely need 
binoculars to spot magnitude 
–0.1 Mercury 8° to Venus’ 
upper left.

A crescent Moon passes 
this trio during August’s first 
week. On the 3rd, you’ll need 
a haze-free sky and an unclut-
tered horizon to spot a one-
day-old Luna 3° below Venus. 
At mid-northern latitudes, the 
Moon sets only 30 minutes 

 prettiest scene occurs on 
August 23, when Jupiter 
stands 4° from both Mercury 
and Venus and the two inner 
planets appear 6° apart.

But if you’re only able to 
view on one evening, make it 
the 27th. Venus and Jupiter 
then lie closer to each other 
than at any time since May 
2000. At their tightest, just 4.2' 
separate them. Regrettably, 
this happens in late afternoon 
for North America. By twi-
light, the two have pulled a  
bit away — 5.5' from the East 
Coast and 12.1' from the  
West Coast. Still, that’s close 
enough that many people will 
see the two merge into a sin-
gle object.

Binoculars will provide 
stunning views of the vista, 
clearly splitting the pair while 
also revealing Mercury 5° to 
their lower left and just above 
the horizon. Most telescope-
eyepiece combinations will 
show Venus and Jupiter in  
the same field of view. Jupiter 
appears 31" across, nearly 
three times bigger than 
Venus’ 11" diameter. Neither 

A bright Perseid meteor parallels the Milky Way above the waters of 
Ohio’s Salt Fork Lake in August 2015. Observers can expect similarly good 
views during this year’s shower. STEVEN SMITH

Mercury, Venus, and Jupiter form a pretty isosceles triangle August 23. Four 
days later, Venus slides within 0.1° of Jupiter. ALL ILLUSTRATIONS: ASTRONOMY: ROEN KELLY

Martin Ratcliffe provides plane-

tarium development for Sky-Skan, 

Inc., from his home in Wichita, 

Kansas. Meteorologist Alister 

Ling works for Environment 

Canada in Edmonton, Alberta.
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RISINGMOON

METEORWATCH

A couple of days before First 

Quarter phase, the Moon shows 

us a face of thirds. The south is  

a crowded, cratered mess that 

quickly morphs into the slate-

gray maria that dominate the 

equatorial regions. A look at 

Luna’s northern third reveals an 

overall smoothness punctuated 

by a handful of large, identifi-

able craters.

On August 8, the rising Sun 

sets the ramparts of Aristoteles 

aglow even while the crater 

itself lies on the dark side of the 

terminator that divides day from 

night. One Earth day later, this 

marvelous crater appears fully 

lit except for a small shadowed 

zone tucked against its eastern 

wall, corresponding to the 

photo at right. Craters half its 

55-mile diameter boast cleaner 

lines and a simpler peak, but 

Aristoteles’ features suffered 

more from the greater energy 

release of a large impact. In 

moments of good seeing, a lot 

of structure pops into view.

The blast excavated plenty 

of soil, which splattered down 

to create the large debris apron 

around Aristoteles as well as a 

huge number of small second-

ary craters. You can see them flit 

in and out of view only in the 

slanted light near lunar sunrise 

or sunset. By August 11, the 

higher lunar Sun has erased all 

evidence from view. The inside 

of the crater’s walls, weakened 

from the impact, slumped into a 

series of terraces. Millions of 

years later, lava welled up from 

beneath and flooded the inside, 

but not quite enough to cover 

the central peaks.

Return for a quick look 

around the August 17/18 Full 

Moon. The dark gray Mare 

Frigoris sweeps in a gentle arc 

across the lunar north while 

Aristoteles has been transformed 

to an oval of light material paired 

with the smaller, more circular 

crater Eudoxus just to its south.

The annual Perseid meteor shower 

peaks the morning of August 12. 

Skies will be dark once the waxing 

gibbous Moon sets around 1 A.M. 

local daylight time. Just be sure to 

find an observing site far from the 

city so the meteors don’t have to 

contend with any of civilization’s 

artificial lights.

Although the Perseids usually 

rank among the strongest showers 

of the year, 2016 could be excep-

tional. Meteor scientists Mikhail 

Maslov and Esko Lyytinen think 

the background rate this year 

could reach 150 meteors per hour, 

some 50 percent higher than in 

typical years. The reason: Jupiter’s 

gravity recently nudged the 

stream of debris from the Perseids’ 

parent comet, 109P/Swift-Tuttle, 

closer to Earth’s orbit. Whether the 

prediction for increased activity 

A splashy crater frozen in time

Summer’s best 
meteor show

— Continued on page 42

Perseid meteors
Active dates: July 17–August 24

Peak: August 12

Moon at peak: Waxing gibbous

Maximum rate at peak:  
150 meteors/hour

object will show much detail 
because their light must pass 
through large amounts of 
Earth’s image-distorting 
atmosphere. (To see features 
in Jupiter’s cloud tops, look 
early in the month when it  
lies significantly higher.)

Following their magnifi-
cent conjunction, the two 
brightest planets separate. On 
August’s final evening, Venus 
appears 4° to Jupiter’s upper 
left. Mercury has faded con-
siderably and is lost in the 
Sun’s glare.

As twilight deepens and the 
planets in the west dip below 
the horizon, shift your atten-
tion to the south. Another pair 
of bright planets — Mars and 
Saturn — rules this domain. 
Mars shines at magnitude –0.8 
on August 1 when it sits on the 
border between Libra and 
Scorpius. It then resides 10° 
west-northwest of Antares, the 
1st-magnitude luminary of 
Scorpius whose ruddy color 
closely resembles that of the 
Red Planet. Saturn provides a 

pans out or not, the view 

should be spectacular as the 

shower’s radiant climbs high in 

the sky before dawn.

The waxing gibbous Moon sets 
around 1 A.M. local daylight time 
the night the Perseids peak, which 
leaves the prime predawn hours 
Moon-free.

Aristoteles boasts terraced walls, an extensive apron of debris, and a 
pair of central peaks. CONSOLIDATED LUNAR ATLAS/UA/LPL; INSET: NASA/GSFC/ASU

Magnitude –3.8 Venus passes just 4' north of magnitude –1.7 
Jupiter on the evening of August 27.

OBSERVING 
HIGHLIGHT
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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:

11 P.M. August 1

10 P.M. August 15

9 P.M. August 31

Planets are shown  

at midmonth
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MAP SYMBOLS

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

Calendar of events

 2 New Moon occurs at 

4:45 P.M. EDT

 4 The Moon passes 3° south of 

Venus, 2 A.M. EDT

  The Moon passes 0.6° south of 

Mercury, 6 P.M. EDT

 5 Venus passes 1.1° north of 

Regulus, 5 A.M. EDT

  The Moon passes 0.2° south of 

Jupiter, midnight EDT

 9 The Moon is at apogee (251,197 

miles from Earth), 8:05 P.M. EDT

 10 Asteroid Fortuna is at 

 opposition, 4 A.M. EDT

  First Quarter Moon 

occurs at 2:21 P.M. EDT

 11 The Moon passes 8° north of 

Mars, 6 P.M. EDT

 12 The Moon passes 4° north of 

Saturn, 8 A.M. EDT

SPECIAL OBSERVING DATE

12 The Perseid meteor  
  shower peaks before  
  dawn; dark skies rule after  
  the Moon sets around  
  1 A.M. local daylight time.

 13 Saturn is stationary, 2 P.M. EDT

 16 Mercury is at greatest eastern 

elongation (27°), 5 P.M. EDT

 18 Full Moon occurs at  

5:27 A.M. EDT; penumbral 

lunar eclipse

 19 The Moon passes 1.1° north of 

Neptune, 8 A.M. EDT

 20 Asteroid Pallas is at opposition, 

8 A.M. EDT

 21 The Moon is at perigee (228,074 

miles from Earth), 9:19 P.M. EDT

 22 The Moon passes 3° south of 

Uranus, 6 A.M. EDT

 23 Mars passes 1.8° north of 

Antares, midnight EDT

 24 Last Quarter Moon 

occurs at 11:41 P.M. EDT

 25 The Moon passes 0.2° north of 

Aldebaran, 1 P.M. EDT

  Mars passes 4° south of Saturn, 

2 P.M. EDT

 27 Mercury passes 5° south of 

Venus, 1 A.M. EDT

  Venus passes 0.07° north of 

Jupiter, 6 P.M. EDT

 29 Mercury is stationary, 9 P.M. EDT
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BEGINNERS: WATCH A VIDEO ABOUT HOW TO READ A STAR CHART AT www.Astronomy.com/starchart.



PATHOF THE

PLANETS

The planets  
in the sky

These illustrations show the size, phase, and orientation of each planet and the two brightest dwarf planets  

for the dates in the data table at bottom. South is at the top to match the view through a telescope.

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

Date Aug. 15 Aug. 15 Aug. 15 Aug. 15 Aug. 15 Aug. 15 Aug. 15 Aug. 15 Aug. 15

Magnitude 0.2 –3.8 –0.5 8.6 –1.7 0.4 5.8 7.8 14.2

Angular size 7.2" 10.4" 11.7" 0.5" 31.4" 17.2" 3.6" 2.4" 0.1"

Illumination 54% 94% 86% 97% 100% 100% 100% 100% 100%

Distance (AU) from Earth 0.934 1.599 0.799 2.447 6.279 9.691 19.455 28.993 32.344

Distance (AU) from Sun 0.467 0.721 1.420 2.918 5.448 10.036 19.954 29.955 33.155

Right ascension (2000.0) 11h19.6m 10h53.0m 16h09.8m 2h24.0m 11h41.6m 16h32.5m 1h30.4m 22h50.8m 19h05.0m

Declination (2000.0) 2°37' 8°39' –23°55' 2°06' 3°12' –20°18' 8°47' –8°17' –21°17'

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.



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.
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Dots display positions 

of Galilean satellites at 

11 P.M. EDT on the date 

shown. South is at the 

top to match  

the view  

through a  

telescope.

The planets 
in their orbits
Arrows show the inner planets’ 

monthly  motions and dots depict 

the outer planets’ positions at mid-

month from high above their orbits.
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COMETSEARCH

The hands of the celestial clock 

have aligned again for Comet 

9P/Tempel. Eleven years and one 

month ago, thousands of ama-

teur and professional astrono-

mers locked their eyes and 

instruments onto this 4-mile-

wide object, waiting with bated 

breath for a coffee-table-sized 

copper bullet carried by NASA’s 

Deep Impact probe to smack the 

nucleus. Two revolutions around 

the Sun later it has returned, 

mostly unharmed, to give us an 

11th-magnitude fuzzball sailing 

eastward away from Spica.

It’s best to catch the comet 

during the first week of August 

before the Moon sheds too 

much light into the evening sky. 

For the same reason, try to get 

as far away from city lights as 

you can. Use the magnitude 5.5 

star 86 Virginis, which lies 5° 

east of Spica, as your guide. 

Although a 4-inch telescope  

will show Tempel’s feeble glow, 

you’ll need an 8-inch scope to 

get a decent look.

The Deep Impact spacecraft 

revealed that the comet’s sur-

face layer is mostly empty space 

— not the hard-packed ice-rock 

mixture that astronomers had 

expected. Another surprise: The 

water vapor and carbon dioxide 

spewing from the comet come 

out from different regions.

A second comet could be 

worth a look these August 

 evenings. Although Comet 

PANSTARRS (C/2013 X1) glows  

a magnitude brighter than 

Tempel, it’s a tougher target  

for observers at mid-northern 

latitudes because it lies much 

lower in the sky. The haze and 

humidity common at this time 

of year conspire to obscure such 

objects near the horizon.

Tempel returns none the worse for wear

 EVENING SKY  MIDNIGHT MORNING SKY

 Mercury (west) Mars (southwest) Uranus (south)

 Venus (west) Saturn (southwest) Neptune (southwest)

 Mars (south) Uranus (east) 

 Jupiter (west) Neptune (southeast) 

 Saturn (south)  

 Neptune (east)  

WHEN TO VIEW THE PLANETS

— Continued from page 37

nice color contrast, glowing 
with a hint of yellow at mag-
nitude 0.3. It lies 6° north  
of Antares on the 1st. On  
August 11, a slightly gibbous 
Moon stands 8° north of Mars 
and 7° northwest of Saturn.

Mars wanders eastward 
during August, crossing 
Scorpius in three weeks  
and entering Ophiuchus on  
the 21st. Two nights later, it 
passes 2° north of Antares and 
appears in line with the star 
and Saturn. Mars passes 4° due 
south of the ringed planet on 
the 25th. While Mars moves 
quite rapidly relative to the 
background stars this month, 
Saturn remains nearly station-
ary in the southwestern corner 
of Ophiuchus.

observer. As with Mars, your 
best views will come in the 
early evening hours.

First, savor the overall view, 
then look more closely for fine 
details. You should notice that 
the planet looks flattened — its 
equatorial diameter is nearly 
10 percent bigger than its polar 
diameter. (In mid-August, 
those values are 17.2" and 15.8", 
respectively.) The flattening 
arises because Saturn is made 
of gas and spins rapidly.

Although Mars reached its 
peak in late May, it remains  
a worthy target for telescope 
owners. Its disk spans 13" on 
August 1 and shrinks to 11" 
across on the 31st — plenty 
big enough to show subtle 
surface markings. Just be sure 
to view before 10 p.m. local 
daylight time, when it lies 
above 15° altitude and atmo-
spheric conditions don’t inter-
fere too much.

After you’ve spent time 
observing Mars’ subtle surface 
features, slide your telescope 
the few degrees to Saturn and 
prepare to be blown away. 
Seeing the giant planet 
wrapped in delicate rings 
never fails to delight, whether 
you’re a novice or veteran 

Next, examine the ring 
system. It spans 39" at mid-
month and tips 26° to our line 
of sight. The wide tilt allows 
structure to stand out. Notice 
the dark Cassini Division that 
separates the outer A ring 
from the brighter B ring.  
The faint, innermost C ring 
appears as a slight darkening 
where it passes in front of the 
planet. Typically, it shows up 
only under the best observing 
conditions. Finally, look for 

Target this returning favorite in early August as it glides through the 
faint background stars of southern Virgo.

Saturn’s innermost major moons — Mimas and Enceladus — reach greatest 
elongation and prime visibility within minutes of each other August 8.
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The first step in tracking down 

asteroid 2 Pallas is easy. Even 

from the suburbs, most people 

can readily find magnitude 2.4 

Enif (Epsilon [ε] Pegasi). The 

bright star marks the nose of 

the Winged Horse and lies a bit 

west of that constellation’s 

Great Square. Pallas begins 

August 3° north-northwest of 

Enif and then heads southwest, 

passing between the star and 

the lovely globular cluster M15.

If you think of the Milky Way 

as a city, Pallas lies in the sub-

urbs. The star density here is 

lower, so in principle it should 

be easier to find Pallas. But like 

the houses in some suburbs, 

the star fields in this vicinity can 

start to look alike. To find Pallas, 

carefully match the star pat-

terns you see through your tele-

scope with those on the finder 

chart below. To be sure you’ve 

pegged the asteroid, sketch the 

field where you think it is and 

then come back to it a night or 

two later. The object that has 

shifted position is Pallas.

The asteroid reaches oppo-

sition and peak visibility on 

August 20, when it shines at 

magnitude 9.2 and remains visi-

ble all night. Unfortunately, it 

now lies on the outer part of  

its elliptical orbit, so it appears 

about two magnitudes fainter 

than at a favorable opposition. 

German astronomer Heinrich 

Olbers discovered this main 

belt object in 1802.

LOCATINGASTEROIDS

Pallas tickles the Winged Horse’s nose

Saturn’s shadow falling on the 
backside of the rings just east 
of the planet’s limb.

Saturn’s moons offer a simi-
lar range of observing chal-
lenges. The brightest moon, 
8th-magnitude Titan, is an easy 
object through any telescope.  
It circles the planet once every 
16 days, passing due north of 
Saturn on August 8 and 24 and 
due south on August 15 and 31. 
Between those times, Titan can 
stray up to 2.8' from the planet.

Several smaller moons orbit 
Saturn in five days or less and 
remain within 1' of the ring’s 
outer edge. The three brightest 
— Tethys, Dione, and Rhea 
— all shine at 10th magnitude 
and show up through 4-inch 
scopes on clear nights.

More challenging are 12th-
magnitude Enceladus and 13th-
magnitude Mimas. The former 
revolves around Saturn in  
33 hours and the latter in just 
23 hours. Each circles the planet 
just beyond the edge of the 
rings, whose brightness typi-
cally masks them. You’ll need  
a 6-inch or larger instrument 
with good optics to pull them 
in, and then only when they lie 
near greatest elongation. Give  
it a try the evening of August 8, 
when they reach greatest east-
ern elongation within 10 min-
utes of each other.

Distant Iapetus takes 79 
days to complete a circuit of 

Saturn. With such an 
extended orbit, this moon 
rarely appears close to the 
planet. Your best bet for see-
ing it comes August 18, when 
it glows at 11th magnitude 
and lies 2.1' due south of 
Saturn. The satellite then 
heads west and brightens 
slowly as its brighter hemi-
sphere turns toward Earth. 
On August’s final night, it 
shines near 10th magnitude 
some 7' from the planet.

As Mars and Saturn  
sink low in the southwest, 
Neptune ascends in the 
southeast. Although this dis-
tant world reaches opposition 
and peak visibility in early 
September, the view in August 
hardly suffers. It remains vis-
ible all night among the back-
ground stars of Aquarius the 
Water-bearer, climbing highest 
in the south after midnight.

Magnitude 7.8 Neptune 
shows up nicely through 
 binoculars. It remains near 
4th-magnitude Lambda (λ) 
Aquarii all month. On  
August 1, the planet lies 0.6° 
south of this star; by the 31st, 
it has moved to a point 1.2° 
southwest of Lambda. To con-
firm a sighting, point a tele-
scope at the suspected planet. 
Only Neptune will show a 
noticeable blue-gray hue and, 

at high power with steady see-
ing, a 2.4"-diameter disk.

Uranus rises before 11 p.m. 
local daylight time for most of 
August and appears highest in 
the south as dawn breaks. The 
magnitude 5.8 planet is an easy 
target through binoculars and 
even shows up to the naked eye 
under a dark sky. You can find 
it in the southeastern corner  
of Pisces the Fish, a relatively 
sparse region that makes it 

quite easy to identify the ice 
giant planet.

First, locate 5th-magnitude 
Mu (μ) Piscium through bin-
oculars. Uranus lies 2.5° north 
of Mu all month. Be careful 
not to confuse the planet with 
two slightly fainter stars closer 
to Mu. You can remove any 
doubt by pointing your tele-
scope at the objects. Uranus 
shows a distinctive blue-green 
disk that spans 3.6". 

Saturn’s golden glow contrasts nicely with ruddy Mars and Antares on 
August evenings. On the 23rd, the three objects appear in a line.

Pallas should be a cinch to find in August as it slides between the 2nd-
magnitude star Enif and the 6th-magnitude globular star cluster M15.
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Fifth time’s the charm

Astronomers may not know 
what dark matter is, but they 
recently claimed victory in 
mapping it when Supernova 
Refsdal appeared right on time. 
by C. Renée James

How 
astronomers 

“PREDICTED”  
a supernova

long time ago — 9.5 billion years ago, in fact — in a 
spiral galaxy far, far away, a massive star exploded. 
This sort of thing happened quite often in the uni-
verse back in those days, as a f lurry of star forma-
tion was underway, and, subsequently, a burst of 
stellar death in the form of supernova explosions.

But this supernova was different from the others. It would, 
through a series of unlikely events, earn a name: Refsdal.

As the light from the supernova raced across the gaping 
chasm of expanding space, no fewer than three gargantuan 
conglomerations of galaxies and dark matter slowly and 
inexorably drew together. On a human timescale, the result-
ing collision was an impossibly long, slow dance. On a uni-
versal scale, though, the intense gravity mercilessly slammed 
the clusters together. The impact compressed and heated the 
clusters’ gas, which glowed in X-rays.

A



MACS J1149 is home of at 
least five sightings of the 
same supernova event.
NASA/ESA/S. RODNEY (JHU) AND THE

FRONTIERSN TEAM/T. TREU (UCLA)/P.

KELLY (UC BERKELEY) AND THE GLASS
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This pocket of space-time became, quite literally, a hot mess. It 
contained hundreds of trillions of Suns’ worth of mass and spanned 
several million light-years. The supernova’s light encountered the 
cluster some 5 billion years ago and had to navigate its jumbled 
gravitational terrain. This is where things would eventually become 
interesting to a species whose planet was still under construction.

Bending space-time
In November 1915, Albert Einstein published a radical new theory 
of gravity. In his general theory of relativity, what holds you to the 
ground is not the action-at-a-distance force that Isaac Newton had 
assumed. Instead, it is a consequence of the distortion that Earth 
makes in the very fabric of the universe. 

Every mass in the universe puts a dent in space-time. Massive 
objects like the Sun warp space-time more than lighter objects. 
Galaxies? Even more. Light, usually trustworthy and arrow-straight, 
has no choice but to follow the warps as it races past a massive 
object. Its course corrections, driven by the distribution of matter in 
the universe, can give us the illusion that things are a bit out of place.

Famed English astronomer Arthur Eddington was the first to 
measure this “out-of-placeness” predicted by Einstein’s theory. 
During a 1919 total solar eclipse — the only natural way to turn 
off the Sun — he photographed the positions of stars in the back-
ground Hyades cluster, the big clump of stars in Taurus. They did 
not appear where they should have been. The most massive object 
in our neighborhood had altered light’s path just as predicted, and 
Einstein and his theory gained instant fame.

While the Sun, with its 2 quadrillion quadrillion kilograms of 
mass, dominates the solar system, it doesn’t even register on the 
universal scale. A galaxy with hundreds of billions of stars? Now 
there’s something that would make an impressive light bender. 

That’s what eccentric Swiss astronomer Fritz Zwicky thought in 
1937. He realized that a well-placed galaxy would act as an irregu-
lar lens, multiplying and magnifying the light from a background 
object. On our side, we could see arcs, rings, even enlargements, all 
of which were images of a single galaxy. More than just an obser-
vational curiosity, this gravitational lensing would also reveal the 
properties of the lens itself. 

Three decades later, Norwegian astronomer Sjur Refsdal took 
this idea to the next level. Not only could gravitational lensing help 
us map the mass in a lensing galaxy, but it also could help us 
divine precisely the expansion rate of the universe. 

There was a rather large catch, though. To take advantage of 
Refsdal’s proposed tool, we would need to observe multiple 
images of not just some random background galaxy, but of an 
exploding star. The idea looked great on paper, but as of 1964, 
astronomers had yet to observe gravitational lensing beyond the 
solar system. It would take a ridiculous amount of serendipity for 
us to see what Refsdal had envisioned. And so Refsdal’s idea 
remained in scientific limbo. 

Astronomers finally spotted their first cosmic gravitational lens 
in 1979, when the quasar SBS 0957+561 presented itself as two 
images with the lensing help of an intervening massive elliptical 
galaxy. This galaxy was only a part of a much more massive galaxy 
cluster — a lens within a lens — giving astronomers the first real 
taste of the power of galaxy clusters to probe the distant universe.

Astronomers never looked back. In 1999, Harald Ebeling of the 
University of Hawaii’s Institute for Astronomy embarked on a proj-
ect he calls “a quest for the most massive galaxy clusters in the uni-
verse.” “Quest” was hardly an attention-getting exaggeration. 
Ebeling points out that “truly massive clusters are very, very rare, 
about 1 per 100 square degrees of sky.” That would put the universal 
grand total of these behemoths at only a few hundred, give or take. 

In November 2014, four images of the Refsdal supernova appeared around 
one lensed image of the galaxy. Astronomers determined that the superno-
va also may have appeared in a different location in 1995. And in December 
2015, the fifth image surfaced, just as predicted. NASA/ESA/S. RODNEY (JHU) AND THE 

FRONTIERSN TEAM/T. TREU (UCLA)/P. KELLY (UC BERKELEY) AND THE GLASS TEAM/ J. LOTZ (STSCI) AND THE FRONTIER FIELDS 

TEAM/M. POSTMAN (STSCI) AND THE CLASH TEAM; AND Z. LEVAY (STSCI)

The Frontier Fields are spread across the sky. MACS J1149, home of the Refsdal supernova, sits just above Leo’s tail. STSCI/J. CORNMELL/IAU

May have appeared 
here in 1995

Predicted and then 
observed in 2015

Observed 
in 2014
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Although uncommon, gargantuan clusters can help astrono-
mers answer many of cosmology’s puzzles, hence the decade-long 
effort of the MAssive Cluster Survey (or MACS) to locate and 
characterize them. 

You might think that such enormous conglomerations would 
be as obvious as cosmic elephants in the room, but finding them is 
surprisingly challenging. Their strong X-ray emission betrays their 
existence, so Ebeling and colleagues started there. Using ground-
based optical telescopes to follow up on X-ray leads, the MACS 
team would eventually ferret out 124 extraordinarily distant and 
incredibly massive galaxy clusters. 

From this cadre of superlatives, a handful immediately found 
themselves on the all-star team. “MACS J1149 was one of them,” 
Ebeling explains. “And together with MACS J0717.5+3745, it 
remains one of the most exciting ones.” 

MACS J1149 is the abbreviated nickname of the massive galaxy 
cluster MACS J1149.5+2223. Its phone number of a name tells 
astronomers not only that it’s a member of the MACS sample, but 
also that it’s located at R.A. 11h49.5m, Dec. 22°23', just above Leo’s 
tail in the sky.

Ebeling excitedly gives the elevator pitch for MACS J1149 and 
MACS J0717: “They are active mergers of multiple smaller clusters. 
They allow the study of the different collisional properties of dark 
and luminous matter, serve as cosmic laboratories for investiga-
tions of galaxy evolution, shed light on the origin of relativistic 
electrons responsible for hugely extended radio emission, and — 
drum roll — they make for the most powerful gravitational lenses.”

Suddenly encountering wildly varying space-time 
terrain, the light from the supernova bobbed and 
weaved through the ocean of matter and dark matter. 
Some light was forced to follow one path through the 
supercluster, and some another; some, still another. 
Inside the monster galaxy cluster, a fraction of the light 
encountered a beautifully symmetric elliptical galaxy. 
The elliptical’s mass nudged light rays up, down, left, 
and right. Because of that galaxy, light that was origi-
nally aiming for five different parts of the universe now 
shared a common target: the Milky Way Galaxy. 

Larger than life
A glimpse at the Hubble Space Telescope image of MACS J1149 
hints at its complexity, both as a cluster and as a lens. Amid a sea 
of orangy, oval-shaped foreground elliptical galaxies — members 
of MACS J1149 — lies a scattering of distinctive knotted blue spi-
rals, some strangely distorted. One spiral arm even appears to be 
hugging a bright orange elliptical. 

It didn’t take astronomers long to realize that they were seeing 
multiple images of a single background spiral galaxy, snapshots of 
a minuscule patch of the universe as it was 9.5 billion years ago. 
Magnified by as much as a factor of 20, it’s a galaxy that, without 
the lensing help of MACS J1149, we would never have noticed.

Now it couldn’t escape our notice because conveniently located 
almost exactly halfway between us and the background spiral gal-
axy lies what is effectively a cosmic, irregular Barlow lens attached 
to Hubble. Such massive clusters can boost the power of our man-
made space telescopes by a factor of up to 100. 

In 2013, MACS J1149 became one of six galaxy clusters singled 
out for their exquisite lensing ability. MACS J0717 also made the 
cut, along with another MACS member, MACS J0416–2403, and 

three clusters discovered in the 1970s by astronomer George Abell 
(Abell 370, Abell 2744, and Abell S1063). Collectively, these six 
clusters represent the primary targets of the Hubble Frontier 
Fields, a visionary program that emerged from a simple, bold ques-
tion: Can we top the Hubble Ultra Deep Field using Hubble? 

This question was posed by Matt Mountain, then director of 
the Space Telescope Science Institute. The James Webb Space 
Telescope, Hubble’s successor, was still fully two years away from 
having the first of its 18 mirrors installed, and practically an eter-
nity away from seeing first light. (JWST is scheduled to be 
launched in October 2018.) 

Astronomers have never been known simply to sit on their hands 
and wait, hence the challenge. From it arose the Hubble Frontier 
Fields. The Deep Fields pushed Hubble to its limits. But by using the 
lensing effects of the clusters, Hubble gets a boost that lends it power 
far beyond the abilities of its mirror and cameras as designed. 

“We’re pushing the frontier ... a few hundred million years after 
the Big Bang,” says Frontier Fields principal investigator Jennifer 
Lotz. And, she laughs, “since we had a Deep Field and an Ultra Deep 
Field, going to the Ultra-Ultra Deep Field didn’t make sense.”

MACS J1149 has been Hubble’s target for dozens of its 
88-minute orbits, several of which laid the groundwork for its 
role as a Frontier Field. Ground-based optical telescopes and the 
infrared Spitzer Space Telescope have had their eyes on it as well. 
Teams of astronomers have pored over the expanding database, 
making jaw-dropping discoveries. One group discovered multiple 
images of a blob of a galaxy that likely formed when the universe 
was a mere half-billion years old. Others have studied the intricate 
details of the magnified and multiplied background spiral galaxy. 

Keren Sharon’s group at the University of Michigan is inter-
ested in the lensing properties of the cluster itself. “This is my 
job,” Sharon explains. “I try to reverse-engineer what the mass 
distribution of the cluster is. It’s kind of like looking at yourself in 

Galaxy cluster MACS J1149 is massive enough to bend light in extreme and 
complicated ways. Some photons take wild detours though space, but since 
time ticks more slowly near massive objects, the light that takes the most 
“direct” route through the cluster’s center, in fact, arrives last of all. NASA/ESA 

Cluster lens 

Original 
supernova 

Hubble 
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a carnival mirror in an amusement park and trying to figure out 
what the shape of the mirror is.”

Even though most of the lens is in the form of an unknown 
dark matter component, the mass is nonetheless mappable. And 
astronomers also can understand the effect that the lens has on 
light passing through it. As it turns out, a gravitational lens like 
MACS J1149 does more than simply alter the physical path of the 
light. It changes the very flow of time.

Think of light moving through a massive galaxy cluster as a 
golf ball rolling along an uneven, undulating green. If you want 
the ball to get to the cup, you might have to putt to the left so 
that the green’s curvature naturally leads the ball to the target. 
Depending on just how complex the topography of the green is, 
you might find several ways to get the ball into the hole. And, just 
as in the case of a putting green, not all path lengths are the same, 
and neither is the time required to sink the putt.

But this analogy is only partially useful. One of the more bizarre 
predictions of general relativity is that time ticks more slowly close 
to massive objects. If you saw the movie Interstellar, you might 
remember that an hour on the planet closest to the supermassive 
black hole equated to seven years on Earth. In the case of MACS 
J1149, the stretching of time is not quite so extreme, but it does 
exist, and it leads to somewhat counterintuitive phenomena.

“When photons take the most direct route toward us through 
the center of the cluster, they arrive after photons that take a less 
direct route around the cluster center,” explains Patrick Kelly, an 
astronomer at the University of California, Berkeley. “The extreme 
concentration of mass near the cluster center bends space, requir-
ing photons to travel farther, and causes time to pass less quickly.”

According to Sharon’s models, light passing directly through 
MACS J1149 can expect to see delays of up to a few decades, pea-
nuts compared with the few million years it took to traverse the 
cluster. Unfortunately, most stages in a star’s life last far longer 
than a few decades, making it impossible to mark such differences. 

Most, but not all.

After more than a million years, the supernova’s 
light finally escaped the cluster’s influence, magni-
fied here, de-magnified there. Seven beams headed 
toward a nascent spiral arm of the Milky Way, 
where a colossal cloud of gas and dust was beginning 
to form a clutch of third-generation stars, one of 
which would become the Sun. One took the long way 
through the cluster and emerged nearly two decades 
earlier than the next. Four others skirted an elliptical 
galaxy, and one pierced its heart. These five light 
rays jockeyed for second place and emerged within 
weeks of each other. Their next 5 billion years would 
be relatively uneventful. Then they happened to hit 
an orbiting detector created by a curious species.

The supernova arrives
In November 2014, 50 years after Refsdal first suggested the 
usefulness of an improbably lensed supernova, Hubble spotted 
four bright spots in the spiral arm hugging one of MACS J1149’s 
elliptical galaxies. It was an Einstein Cross, a quadruple view of 
the exact same supernova, predicted long ago and now observed 
for the first time. It was christened SN Refsdal, and it immediately 
became a very big deal.

“It really takes a lot of luck to have the supernova exactly in this 
spiral arm that is exactly behind this cluster galaxy being lensed 
into an Einstein Cross, and to be observing it exactly when we 
did,” Sharon explains animatedly. 

When a supernova blasts onto the scene, it brightens for a time 
and then gradually fades, a behavior captured in what astronomers 
call a light curve. The exact manner in which it does this helps 
astronomers figure out what kind of star blew up. 

 Astronomers from multiple research teams meticulously mapped galaxy 
cluster MACS J1149, trying to predict when and where SN Refsdal would 
appear next. Three different studies are shown by circles, with the super-
nova’s actual appearance firmly within predictions. KELLY ET AL., 2016 

 Astronomers have returned time and time again to MACS J1149, check-
ing for the multiple arrivals of the Refsdal supernova. In January 2011, all 
was quiet. In an image taken in April 2015, the four images that form the 
Einstein Cross can be seen. And in December 2015, the fifth image arrived. 
KELLY ET AL., 2016 
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Instead of just a single light curve, though, the Einstein Cross 
gave us four, each lagging behind the previous one by mere days. 
On top of that, the fact that the universe has ballooned in the  
9.5 billion intervening years since the supernova exploded has 
caused the rise and decline time of the light curve to similarly bal-
loon. Astronomers have been able to see not just reruns, but slow-
motion reruns, of a cosmic explosion for the first time in history. 

Meanwhile, astronomers found another clue about the super-
nova in the elemental fingerprints of its spectrum. SN Refsdal 
proved to be hydrogen-rich. This, along with its light curve, indi-
cates a massive star explosion — possibly a blue supergiant — sim-
ilar in many ways to SN 1987A, the most famous supernova of the 
last generation. Unfortunately, it isn’t the sort of “standard candle” 
supernova that can help answer cosmological questions, as Refsdal 
had originally envisioned. 

“Even though it may not be useful for measuring the expansion 
rate, it is the first multiply imaged supernova, which Refsdal was 
the first to consider,” explains Kelly. And so the name stuck. 

Despite being the “wrong” type of supernova for cosmological 
studies, SN Refsdal does provide other valuable insights. In today’s 
universe, exploding blue supergiants are highly unusual. But what 
about the universe of 9.5 billion years ago? Astronomers are busily 
sifting through all the data with the hopes that SN Refsdal will offer 
some clues about what growing up as a star back then was like. 

Furthermore, Refsdal gave lensing modelers a sense of urgency. 
Sharon’s group and others had already been working to fine-tune 
the lensing model for MACS J1149, but the appearance of this 
once-in-a-lifetime quadruple lensing event prompted a flurry of 
computations. If the supernova were to show up in another image, 
astronomers wanted to know exactly when so that they could 
catch it in the act. 

Initial estimates indicated that, yes, light traveling on the path 
directly through the cluster would take anywhere from one to five 
more years. Other astronomers joked that this vague timeline was 
a ploy to “hog Hubble” until 2020. 

By February 2015, with the help of Refsdal’s light curves and 
additional Hubble data on the other lensed galaxies, the groups 
had refined their estimates. “Most models predicted that the 
supernova would appear in November 2015, plus or minus a 
month,” Sharon reports. “Not in 2018. Not in 2020. Not in 100 
years. Several different groups using different methods predicted 
[this date].”

Since the appearance of the Einstein Cross, Hubble had turned its 
gaze toward MACS J1149 once a month as astronomers anticipated 
supernova déjà vu. Right on target and right on cue, SN Refsdal took 
its poetic final bow a century — possibly to the day — after Einstein 
presented his general theory of relativity to the world. 

Like a car grimly exiting the clutch of downtown 
traffic, the final beam of light from the supernova 
arrived, having taken the slow, direct route. This 
time we were waiting for it. 

The crowd goes wild
News of its reappearance exploded into the popular press, which 
hailed it as the first “predicted” supernova. Astronomers were quick 
to point out that we hadn’t so much predicted the death of a star as 
calculated the precise way that its light interacted with the lens. 

“What amazes me is that we actually understand all this!” 
exclaims Sharon. “We can write the equations of gravitational 

lensing, do the math, and predict where and when the other lensed 
image of a background source will appear. And it works! We — 
science — have a good description of how gravity and space-time 
affect each other.”

It’s a field that doesn’t often lend itself to repeatability. To 
make matters more confounding, most of the lensing material in 
the cluster is dark matter. “We don’t quite know what it is, but 
we’re going to use it anyway,” laughs Steve Rodney, a researcher 
at the University of South Carolina. “What makes this cluster so 
uniquely and accurately predictable is that it’s one of the Frontier 
Fields. It’s been observed very deeply.”

In fact, Rodney argues that this string of cosmic serendipity 
was practically inevitable: “We didn’t know that a supernova was 
going to explode there, but supernovae are actually quite com-
mon. It really was just a matter of time until we found one of 
these things. This was, in a sense, something that we were  
looking for.”

Sharon sees it differently. “We were super lucky so many 
times. This is amazing. This is fantastic. I saw this, and it com-
pletely blew my mind.” 

This isn’t the end of SN Refsdal. Even before its final appear-
ance, astronomers had plenty of data from the 2014 Einstein 
Cross to sift through. On top of that, since January 2016, Hubble 
has devoted at least one orbit per month to monitoring the latest 
rerun. Astronomers have only a little time left to glimpse the 
supernova before it fades forever from our sight. 

The last wave of photons from the explosion 
trickles Earthward, their parent star long dead. 
“What a long, strange trip it’s been,” they seem to 
say. “What a long, strange trip.” 

Astronomers can use the gravitational effects of massive galaxy clusters to 
map their invisible dark matter components, as they did here (in blue) for 
another Frontier Field, MACS J0416.1–2403. NASA/ESA/D. HARVEY (ÉCOLE POLYTECHNIQUE 

FÉDÉRALE DE LAUSANNE)/R. MASSEY (DURHAM UNIVERSITY)/HST FRONTIER FIELDS

C. Renée James is a science writer and professor of physics at Sam 

Houston State University in Huntsville, Texas. Her most recent book is 

Science Unshackled: How Obscure, Abstract, Seemingly Useless 

Scientific Research Turned Out to Be the Basis for Modern Life  

(Johns Hopkins University Press, 2014).
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Deep-sky observing

Observe wind-sculpt

NGC 7380 in Cepheus, 
sometimes called the 
Wizard Nebula, shows 
the elegant effects of 
stellar winds sculpting 
gas and dust into a 
complex shape.
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hink of your favorite nebula. The odds are high it has a nick-
name describing its shape. When we look at the diverse shapes 
of glowing gas and dark dust in nebulae, our brains automati-
cally search for recognizable patterns. As if taking a celestial 
Rorschach test, we have nicknamed scores of nebulae: the 

Swan Nebula (M17), the Eagle Nebula (M16), the Heart Nebula 
(IC 1805), the Soul Nebula (IC 1848), the North America Nebula 
(NGC 7000), the Horsehead Nebula (B33), and the list goes on.

However, we seldom stop to consider one of the most powerful 
forces that produces those shapes: stellar winds. They also play key 
roles in star formation and evolution. They affect the number of 
stars that form from nebulae, their sizes, their rates of formation, 
and even how they die. Stellar winds also enrich the interstellar 
medium with heavy elements forged by their source stars.

A star is born
The process of star formation begins within cold, dark clouds 
containing molecular hydrogen and dust particles. Many processes 
can trigger the gravitational collapse of such a cloud — a density 
wave passing through the spiral arm of the galaxy, a shock wave 
from a nearby supernova, or tidal interactions with other matter. 
The pull of gravity then causes the material to collect and swirl 
into an accretion disk, and a protostar begins forming at its center. 
Dynamic forces within the spinning disk subsequently cause gases 
to flow outward in directions perpendicular to it.

This last process, called bipolar outflow, creates the first stellar 
wind produced during a star’s life. The outflow is highly aligned, 
or collimated, into two jets emanating from opposite sides of the 
center of the disk. The jets are strong enough to push away gas and 
dust for distances of several light-years. 

Once the protostar gains enough mass, gravitational pressure 
in its core becomes high enough to fuse hydrogen into helium, and 
a star is born. Because an abundant supply of hydrogen is available 
when a molecular cloud begins to collapse, the first stars to form 
are usually massive, hot, blue type O and B stars. These newborn 
stars begin emitting strong stellar winds in all directions. Those 
winds scatter the accretion disk, and the bipolar outflow ceases. 
Stellar winds continue to blow outward, dissipating regional gas 
and dust, and the star begins to emerge from and illuminate the 
surrounding molecular cloud.

We actually can see evidence of all those events within the Iris 
Nebula (NGC 7023). The bright central star just emerging from 
the nebula is HD 200775, a B-type star with 10 solar masses. It lies 
within an hourglass-shaped cavity, a space carved out of the sur-
rounding molecular cloud by the bipolar outflow generated when 
HD 200775’s protostar was forming within an accretion disk. 

They might look like fuzzy gas clouds in your 
scope, but you can actually see the shapes created 
by hot stars. Story and images by Rod Pommier

ed nebulae
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The star was once centered in the neck of the hourglass 
cavity, but no more — indicating how far it has drifted since 
the bipolar outflow ceased. The portions of this reflection 
nebula around the star glow blue due to starlight scattered 
by innumerable dust particles, just as air in our atmosphere 
scatters sunlight, producing a blue sky. However, the major-
ity of the surrounding region at this stage is still a cold, dark 
molecular cloud. 

Emission nebulae and  
stellar winds
Massive blue newborn stars will soon transform their region 
of a molecular cloud into a glowing red emission nebula. 
They emit intense ultraviolet radiation that can ionize the 
gas. Once ionized, hydrogen reemits the light at a specific 
wavelength of 656.28 nanometers, known as the hydrogen-
alpha wavelength, in the red portion of the spectrum. 

Radiation energy falls off as the square of the distance 
from the source, so at some distance from the stars, it ceases 
being strong enough to cause ionization. Consequently, 

many emission nebulae are roughly circular in 
shape. The boundary between the emission 
nebula and the surrounding dark molecular 
cloud is called the ionization front. 

Newborn stars begin emitting stellar winds, 
which are continuous, fast-moving flows of 
particles. In contrast to bipolar outflows, stel-
lar winds flow in all directions. The source 
and speed of stellar winds are highly depen-

The complex nebula 
IC 1396a in Cepheus, 
called the Elephant 
Trunk Nebula, displays  
the effects of stellar  
winds that have 
shaped the leading 
edge into a rounded 
globule. Intense 
radiation from  
the stars within 
expands the gas  
and compresses its 
edges, causing it to 
fluoresce and forming 
a glowing rim. 

Part of the famous Pelican 
Nebula (IC 5067) in Cygnus 
contains tendrils of gas 
visible to the left in this 
image, and at the tip of the 
dust lane at upper right. 
Called Herbig-Haro objects, 
these are bipolar outflows of 
gas from newly forming stars.
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dent on the mass of the star. With low-mass stars like the 
Sun, the wind consists mostly of protons and electrons emit-
ted from the corona due to high temperatures and strong 
magnetic fields. They give particles sufficient energy to 
escape a star’s gravity. Such stellar winds blow relatively gen-
tly at speeds of 100 to 200 miles per second (200 to 300 km/s). 
Over its lifetime, such a star will lose less than 1 percent of its 
mass because of stellar winds. 

High-mass stars, like type O and B stars, emit stellar 
winds many times stronger, traveling at speeds up to  
1,000 miles per second (2,000 km/s). The source of the  
wind is also different. These winds are driven by radiation 
pressure, a relentless barrage of photons. 

Like desert winds carving sand dunes, these powerful 
stellar winds sculpt bizarre shapes in nearby glowing gas and 
dark dust clouds. Combinations of those shapes and ioniza-
tion fronts create the diverse patterns and contours in nebu-
lae that suggest their nicknames to us.

We can see these processes occurring in the Pacman 
Nebula (NGC 281). It contains a newborn cluster of type O 
and B stars. The ultraviolet light from these stars has split 
the surrounding molecular hydrogen into atoms and then 
ionized it, causing it to glow red. At a fairly consistent dis-
tance from the star cluster, we see the boundary where the 
ionization stops, giving the emission nebula a circular shape, 
just like Pacman. The remainder of the dark molecular cloud 
lies beyond the ionization front. A large, triangular, heavily 
sculpted dust cloud lies silhouetted against the nebula, repre-
senting the Pacman’s open mouth. 

Elephant trunks
If you examine the inside edges of a nebula’s ionization 
front, you can see all sorts of complex shapes and struc-
tures carved by strong stellar winds. They include V-shaped 
ridges, pillars, and columns and all point toward a cluster 
of hot blue stars, the source of the stellar winds. Pillars and 
columns are often referred to as “elephant trunks,” and they 
abound in emission nebulae. The famous Pillars of Creation 
in the Eagle Nebula are probably the best-known examples. 
Elephant trunks are important sites of continued star forma-
tion within nebulae. However, star formation in them occurs 
on a much smaller scale than it does in a molecular cloud. 

What better place to examine processes occurring within 
elephant trunks than in an image of the Elephant Trunk 
Nebula (IC 1396a)? At a distance of only 1,500 light-years,  
it is one of the closest such objects, providing us with a 
superb view. Elephant trunks are essentially persistent intru-
sions of a cold molecular cloud into an ionized nebula. They 
show rounded heads, called globules, which face the stars 
illuminating and carving them. 

Powerful stellar winds blow and erode the molecular 
cloud away from a globule, forming an elongated trunk, col-
umn, pillar, or tail behind it. Intense radiation from stars 
strikes the globule and evaporates gas away from its cold 
surface. The stars’ intense ultraviolet light then ionizes that 
gas, and their stellar winds blow it back against the globule 
and along the elephant trunk, causing it to form a com-
pressed, brightly glowing rim. 

Pressure from stellar winds also drives the globule’s gas 

Sometimes called the 
Tadpole Nebula, IC 410 
in Auriga contains highly 
evolved elephant trunk 
structures that now 
appear like tadpoles, 
at right. The tadpole 
“tails” are tendrils of gas 
like celestial windsocks 
flapping in the galactic 
breeze.



54 ASTRONOMY  •  AUGUST 2016

inward, triggering a gravitational collapse. Elephant trunks 
typically have limited amounts of available molecular  
hydrogen, so they form low-mass stars like the Sun. One 
example is the long elephant trunk of the Pelican Nebula  
(IC 5067/70). This object contains two delicate tendrils 
extending from opposite sides of its globule. 

Also known as Herbig-Haro 555, this object consists of 
the two collimated jets of bipolar outflow emitted from an 
accretion disk and protostar hidden within the globule. Both 
jets appear bowed back toward the trunk, indicating deflec-
tion by the same stellar wind that is sculpting the elephant 
trunk. Other bipolar outflows (such as Herbig-Haro 563, 
564, and 565) — indicating sites of formation of other low-
mass stars from accretion disks and protostars — are also 
visible in the area. 

Once a low-mass star begins hydrogen fusion, its gentler 
stellar winds will dissipate the accretion disk and surround-
ing gas, and a newborn star will emerge from the elephant 
trunk. You can see this in the center of the globule of the 
Elephant Trunk Nebula. Here you’ll find a small-scale ver-
sion of the Iris Nebula: a newborn yellow star within a small 
cavity carved by bipolar outflow produced during its proto-
star stage. The star is ionizing a small reddish emission neb-
ula and illuminating a yellowish, dusty reflection nebula 
within the cavity.

Ironically, the stellar winds that give birth to low-mass 
stars in elephant trunks also limit the number of stars they 
produce. Relentless stellar winds erode the trunks away, 
making them smaller and leaving less and less hydrogen for 
star formation, until none remains. We see the late stages of 
this process in the Tadpole Nebula (IC 410). It displays two 
elephant trunks so heavily eroded by stellar winds that they 
now resemble tadpoles. The globules in these trunks, com-
plete with brightly glowing rims, remain prominent and 
comprise the tadpoles’ heads. 

However, only small amounts of what were once thick, 
majestic elephant trunks remain trailing behind them as 
faint streamers, like celestial windsocks waving in the stellar 
winds. Elephant trunks are estimated to last half a million to 

The Crescent Nebula 
(NGC 6888) in Cygnus 
is one of the sky’s best 
examples of a stellar 
bubble. An intensely 
hot Wolf-Rayet 
star has blown gas 
outward such that two 
generations of bubbles 
slammed into each 
other, lighting up the 
nebula we see today.

The Iris Nebula  
(NGC 7023) in Cepheus 
is a bright reflection 
nebula in which winds 
from a hot, blue, 
massive star have 
formed the delicate 
wisps of gas. The star 
lies in an hourglass-
shaped cavity within 
the nebula. 

The Bubble Nebula (NGC 7635) in 
Cassiopeia contains gas bubbled 
up from the fierce winds of a Wolf-
Rayet star, an intensely hot sun. A 
much fainter and larger bubble of 
gas from an early epoch of outflow 
surrounds the brighter bubble. 
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a million years before they dissipate completely into the 
interstellar medium.

Stellar winds produced by massive stars drive away up to 
50 percent of a star’s mass from their outer shells during 
their lives. This can have a profound impact on their destiny. 
If a massive star loses sufficient mass, it may end up dying as 
a white dwarf like the Sun, instead of as a supernova. 

Stars with an initial mass of at least 30 solar masses shed 
their outer layers of unfused hydrogen via stellar winds at 
prodigious rates. This rapidly exhausts their source of hydro-
gen for fusion and quickly forces them to enter the red giant 
phase. However, even as red giants, they are still massive 
enough to produce powerful stellar winds that cause mass 
loss from their outer layers at phenomenal rates and speeds. 
After shedding its outer layers while a red giant, the remain-
ing star evolves into a massive, unstable, hot, blue star pro-
ducing still strong stellar winds, and is known as a 
Wolf-Rayet star. 

Blowing bubbles
The fierce stellar winds Wolf-Rayet stars produce can blow 
stellar bubbles within the surrounding interstellar medium. 
What better place to see this than with the Bubble Nebula 
(NGC 7635)? In this object, intense stellar winds from the 
Wolf-Rayet star SAO 20575 have blown a spherical bubble 
into the surrounding ionized hydrogen. The Wolf-Rayet star 
appears off-center because the surrounding gas on one side 
is denser than on the other, impeding expansion of the bub-
ble in that direction. And the bright bubble lies surrounded 
by a much fainter bubble. It is more than twice as large, and 
its outer edge passes just behind the brightest blue star in the 
image. The faint bubble is the shell of gas that SAO 20575 

shed via stellar winds during its earlier red giant phase.
The stellar winds produced by the Wolf-Rayet star have 

much higher velocities than those during its red giant phase. 
As a result, the bright inner bubble expands faster than the 
faint outer bubble, and eventually it catches up to and col-
lides with the outer bubble. What happens then? 

You can see the result by looking at the Crescent Nebula 
(NGC 6888). The Wolf-Rayet star at its center is HD 192163. 
The rapidly expanding bubble of gas shed by this star has 
already collided with the slower, expanding shell of gas shed 
during its red giant phase. The collision created a shock front 
of ionization that glows at multiple wavelengths and subse-
quently fragmented as the inner bubble popped the outer bub-
ble. This produced a beautiful nebula that resembles a burst of 
fireworks. Ultimately, these expanding bubbles driven by stel-
lar winds will enrich the interstellar medium with heavy ele-
ments, some of which were essential for life on Earth. 

When you gaze at images of nebulae, try going beyond 
seeing the objects suggested by their nicknames and try to 
spot the effects of stellar winds. Do you see massive blue 
stars emerging from dark molecular clouds? Bipolar out-
flows or cavities carved by them? An ionization front and a 
dark molecular cloud beyond the nebula? You may also be 
able to detect elephant trunks with globules and compressed 
glowing rims or bubbles blown by stellar winds. 

Even if you never spot the sprinting fowl within the 
Running Chicken Nebula (IC 2944), challenge yourself with 
these questions, and you will enjoy viewing nebulae more 
than ever before. 

Rod Pommier is a physician and an avid deep-sky observer living 

in Portland, Oregon; he is a frequent contributor to Astronomy.

The Pacman Nebula  
(NGC 281) in Cassiopeia 
was named for the  
dark “mouth” that 
resembles the video  
game character. The 
cluster of hot blue stars 
lying within it excites 
the gas and pushes 
it into ridges, pillars, 
and columns known as 
“elephant trunks.” 



s you read this, 
America’s eclipse is a 
year away. But people 
are beginning to get 

nervous already. They ask ques-
tions, start making plans. The 
“hands-on” folks desire a bit 
more, however. They want to get 
out under the daytime sky and 
check out the circumstances 
themselves. If you’re one of them, 
I have good news: There’s a way 
to conduct an accurate rehearsal 
for the eclipse.

First, some background. 
Earth’s axis tilts 23.5° to the pole 
of its orbit around the Sun. This 
orientation explains why we have 
seasons. When the northern tip 

of our planet’s axis points toward 
the Sun, it’s the Northern Hemi-
sphere’s summer. When the 
southern tip points sunward, the 
Northern Hemisphere experi-
ences winter. Spring and autumn 
lie midway between these 
extremes. All seasons reverse in 
the Southern Hemisphere.

Because of the tilt, the Sun’s 
maximum altitude at any location 
changes by 47° in the six-month 
span from June to December or 
December to June. On the June 
solstice (the Northern Hemi-
sphere’s first day of summer),  
the Sun stands as high in the  
sky at midday as it gets all year. 
Conversely, on the December  

I
n all likelihood, the most 
important thing you’ll read 
or hear about the August 21, 
2017, eclipse is that you must 

get to the path of totality. It’s 
true. As I like to say in my talks, 
the difference between viewing 
a partial eclipse and experienc-
ing a total one is the difference 
between almost dying and dying 
— there’s no comparison.

Once you’ve decided to adopt 
this sage advice, consider going 
one step further: Try your best to 
position yourself on the eclipse’s 
center line. Any detailed map 
that shows the path of the 2017 
total solar eclipse will have three 

curved lines on it. The two outer 
ones show the northern and 
southern limits of totality. 
Within their borders is where  
the Moon’s umbra — its dark 
inner shadow — falls on Earth. 
And just like your art teacher 
told you in third grade: Stay 
inside the lines.

But it’s the line midway 
between those two extremes 
that’s most important. Astron-
omers call this the center line for 
obvious reasons. It’s along this 
path that the central part of the 
Moon’s shadow falls, and that’s 
where you should try to be on 
eclipse day.

Observe from 
the center line
An extra minute of totality is worth almost anything 
you have to do to get it.

Rehearse for 
eclipse day
Here’s how to do an actual run-through months 
before August 21, 2017.

SOLAR ECLIPSE 2017

All stories by Michael E. Bakich

A

The Moon slides in front of the Sun 
as the two climb into Australia’s 
early morning sky in this multiple-
exposure shot of the November 14, 
2012, total eclipse. BEN COOPER



Sun

Ecliptic plane

Earth’s orbit

March 
equinox

Earth

S

N

S N

N

S

December 
solstice

23.5°
September 
equinox

June 
solstice

N

S

S
u

n
’s

 d
e

cl
in

a
ti

o
n

0°

–23.5°

23.5°

11°57'

–11°57'

September 22, 2016

December 21, 2016

June 21, 2017

April 21, 2017

August 21, 2017

August 21, 2016

September 22, 2017

March 20,
2017

Southern limit

Je�erson
City

Columbia

St. Louis

Cape Girardeau

Carbondale

I l l inois

Center line

M issouri

Greatest 
duration

Northern limit
150 seconds

150 seconds
120 seconds

120 seconds

90 seconds

90 seconds

60 seconds

30 seconds

30 seconds

60 seconds

50 miles0

0

25

40 80 km

WWW.ASTRONOMY.COM 57

solstice (winter’s first day in the 
Northern Hemisphere), the Sun 
hangs lowest in the sky.

When astronomers give the 
Sun’s position, they use two 
celestial coordinates: right 
ascension and declination. 
These values roughly corre-
spond to longitude and latitude 
on Earth. The Sun’s declination 
varies by 47° from most south-
erly (December solstice) to 
most northerly (June solstice). 
Except at those extremes, then, 
the Sun has the same declina-
tion twice each year.

At eclipse time on August 21, 
2017, the Sun’s declination will 
be approximately 11°57'. It 
probably goes without saying 
that in 2016, the date when the 
Sun’s declination is closest to 
this value is also August 21.  
So, if you want to “practice” 
observing the Sun where it will 
be on eclipse day, head out 
August 21. Maybe you want to 
set up a filtered telescope. 
Maybe you want to take a few 
pictures. Or maybe you just 
want to check out a prospective 
observing site. How far away 

Here’s why. Because the 
Moon is spherical, its shadow  
is round. During a total solar 
eclipse, the round shadow falls 
on Earth’s surface. It’s your 
choice where to stand under 
the shadow.

line through your location than 
you will if it traces the shorter 
one. So, if the duration of total-
ity on the center line you imag-
ined is, say, two minutes, you 
might experience only one 
minute of totality along the 
other line.

If you take this example to 
the extreme, you could select  
a position on Earth that lies 

Imagine for a moment an 
image of the Moon with two 
lines drawn through it — one 
passes through the Moon’s cen-
ter, and the other is parallel to 
it but only half as long. We 
know the shadow cast by our 
satellite has the same shape as 
the Moon itself, so you’ll enjoy 
a longer duration of totality if 
the shadow traces the longer 

along the northern or southern 
limit of the path of totality. The 
duration of totality along the 
path’s edges would be the brief-
est moment, much less than a 
second. And, in fact, some 
intrepid observers will position 
themselves at the umbral shad-
ow’s limit to record irregulari-
ties along the Moon’s limb (its 
visible edge). These observa-
tions are possible because only 
a tiny percentage of the Sun’s 
disk shines through lunar val-
leys or between mountains. It’s 
important work, but it’s a job 
for scientists. You, as a first-
time eclipse viewer, want to 
maximize your time under  
the umbra.

So, get to the center line!

are any trees? Buildings? What-
ever your reasons, you’ll see 
how the Sun will perform on 
eclipse day.

Recall that there are two 
dates during the year when the 
Sun has the same declination. 
The other date in 2017 when 
our star’s declination comes 
closest to 11°57' is April 21. The 
Sun’s path through the sky that 
day will be the same as it will 
be on eclipse day. So, anything 
you want to try during the 
eclipse you can practice August 
21, 2016, or April 21, 2017.

These dates are the closest 
approximations to what you’ll 
see on eclipse day. The Sun will 
rise and set at the same times, 
and it will cross the meridian 
(the imaginary north-south line 
that passes directly overhead) at 
the same time. Here’s some-
thing to consider, however:  
The Sun’s declination doesn’t 
change much from day to day. 
In fact, if you rehearse as many 
as three days before or after 
either date, you won’t see any 
noticeable difference when 
August 21, 2017, rolls around.

Michael E. Bakich is a senior 

 editor of Astronomy who will be 

conducting a huge free public 

eclipse watch at Rosecrans 

Memorial Airport in St. Joseph, 

Missouri, on August 21, 2017.

Why does being on the center line 
matter so much? From there, the 
shadow cast by the Moon delivers 
the maximum amount of totality 
possible (red arrow). Closer to the 
path of totality’s edge, the shadow 
traces a much shorter arc (yellow 
arrow). JOHN CHUMACK

For the August 21, 2017, eclipse, the center line offers 2 minutes and 40 sec-
onds of totality in southern Illinois. But as you move away from this line, your 
time under the umbral shadow shrinks noticeably. ASTRONOMY: ROEN KELLY

Earth’s axis tilts 23.5° to the pole of its orbital plane. That’s why we have 
seasons, and it explains the Sun’s changing declination during the year.  
ALL ILLUSTRATIONS: ASTRONOMY: ROEN KELLY 

The Sun sits at a declination of 11°57' on eclipse day, August 21, 2017. It will 
have the same declination — and thus will follow the same track across the 
sky — on August 21, 2016, and April 21, 2017.
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Y
ou don’t have to be an astrono-
mer to know how eclipses hap-
pen: the Sun, the Moon, and 
Earth line up precisely. But you 

do have to know how these objects move  
to understand the pattern eclipses go 
through — one called the “saros.” This is 
the time period after which nearly identical 
eclipses repeat.

The saros equals 6,585.3211 days. That’s 
how long it takes for four periods related  
to the Moon to once again coincide. The 
first is the sidereal period — our satellite’s 
orbital period with respect to the stars, 
27.32166 days.

The second is the synodic period, 
29.53059 days, the time it takes the Moon 
to go from any phase to the next occur-
rence of the same phase. Because we’re 
talking about solar eclipses, we can sim-
plify this to the time between successive 
New Moons — the phase at which such 
eclipses occur.

We don’t experience a solar eclipse at 
every New Moon, however, because our 
satellite’s orbit tilts with respect to Earth’s 
orbit around the Sun. The Moon’s orbit 
intersects Earth’s twice each lunar month 
at points called nodes. That’s the origin  
of our third period. A draconitic period is 
the time it takes the Moon to go from one 
node back to the same node, 27.21222 days.

Two successive eclipses in a saros have 
essentially the same duration because the 
Earth–Moon distance is nearly the same 
for each. If you guessed that this is because 
of the fourth period, you’re catching on! 
The anomalistic period equals 27.55455 
days. This is the time between two succes-
sive lunar perigees — our satellite’s closest 
approach to Earth.

O
bserving the Sun can be dan-
gerous. Solar radiation that 
reaches Earth’s surface ranges 
from ultraviolet to radio waves, 

but only visible and near-infrared light 
concern us. If too much of this radiation 
reaches our light-sensitive retinas, “eclipse 
blindness” or retinal burns may occur.

Intense visible light damages rod and 
cone cells. The light triggers chemical 

reactions within the cells that damage their 
ability to respond to visual stimuli and, in 
extreme cases, can destroy them. Blindness 
— either temporary or permanent — 
results. When someone looks at the Sun 
without proper eye protection, a thermal 
injury also might happen. The high level of 
visible and near-infrared radiation heats 
the exposed tissue and literally cooks it. 
Man, that sounds nasty! This thermal 

injury destroys rods and cones, 
creating a blind spot. And 

what’s worse is that 
retinal injuries 
occur without your 
knowing it — the 
retina has no pain 
receptors, and the 
bad effects don’t 

appear immediately.
The only time you 

can view the Sun safely with 

the naked eye is during totality. Even dur-
ing the late partial phases, when the Moon 
covers 99 percent of the Sun’s visible sur-
face, the slim solar crescent still packs 
enough of a punch to burn the retina. To 
avoid permanent eye damage, use the right 
observing methods.

The safest and least expensive technique 
is projection. Use a pinhole or a small 
opening to form an image of the Sun on  

View the Sun safely
Billions of people have experienced solar eclipses safely. Here’s how.

Decipher the eclipse pattern
Skywatchers have been accurately predicting eclipses for centuries. How do they do it?

Eclipse glasses allow you to view the Sun in 
complete safety during the long stretches 
leading to totality and trailing afterward. 
ASTRONOMY: MICHAEL E. BAKICH

Solar eclipse glasses are an 
inexpensive way to view the 
Sun safely during an eclipse’s 
partial phases.  
ASTRONOMY: WILLIAM ZUBACK

On average, the Moon travels approximately 13° 
relative to the background stars each day. This 
rapid motion allows it to complete one circuit  
(a sidereal period) every 27.32166 days.  
ALL ILLUSTRATIONS: ASTRONOMY: ROEN KELLY 

The Moon’s orbit around Earth intersects the 
apparent path of the Sun (which coincides with 
our planet’s orbital plane) in two spots called 
“nodes.” Our satellite returns to the same node 
(a draconitic period) every 27.21222 days.
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Now let’s see how these periods relate. 
One saros — the next time all four of these 
lunar months align — equals 241 sidereal 
periods, which also equals 223 synodic peri-
ods, 242 draconitic periods, and 239 anom-
alistic periods. After one saros, therefore, 
the positions of the Sun, the Moon, and 
Earth will be nearly identical. It will be New 
Moon, our satellite will lie at the same node, 
and its distance to Earth will be the same.

And consider this: A saros is some  
11 days longer than 18 years. In 11 days, 
Earth travels only 3 percent of its orbit, so 
its position with respect to the stars will be 
nearly the same, too. The second eclipse, 
however, will occur at a much different 
place on Earth.

Here’s why. The saros is not an integer. 
The extra 0.3211 day equals 7 hours 42 
minutes and 23 seconds. So each successive 
eclipse in a saros happens this much later 
in the day, which means the region of vis-
ibility on Earth shifts 115.6° to the west.

Now it gets interesting. After three saros 
intervals — 54 years and 33 days — the 
region of visibility shifts 3 × 115.6°, or 
346.8° — just 13.2° less than a full circle. 
Thus, the eclipse won’t have only the same 
characteristics as one that occurred  

54 years before, it will occur at roughly the 
same location and within an hour of the 
same time of day.

A saros series begins with partial 
eclipses visible at high latitudes in either 
the Northern or Southern Hemisphere. 
Next, a group of annular and then total 
eclipses appears over Earth’s middle and 
equatorial latitudes. The series ends with 
more partial eclipses near the opposite pole 
from where the saros started.

About 238 solar eclipses occur each cen-
tury. So, roughly 42 eclipses occur during a 

saros period of 18 years and thus, at any 
time, approximately 42 different saros 
series must be active.

The August 21, 2017, total eclipse 
belongs to saros 145. It’s the 22nd eclipse in 
the series, which contains a total of 77. The 
first one was a partial eclipse January 4, 
1639. The most recent one, a total eclipse, 
occurred across Europe and Asia on 
August 11, 1999. After 2017, the next one 
will happen September 2, 2035. And the 
last eclipse of saros 145 (a partial) will 
occur April 17, 3009.

a white card lined up with the Sun and the 
opening. Multiple openings in a hat or even 
between crossed fingers will cast a pattern 
of eclipsed Suns on a screen. This effect 
happens more naturally beneath trees 
within the eclipse path. The many “pin-
holes” formed by overlapping leaves create 
hundreds of solar images.

Another projection technique uses bin-
oculars or a small telescope mounted on a 
tripod to project a magnified image of the 
Sun onto a white card. This method is great 
for showing to a group of observers, but 
make sure no one looks through the device.

To view the Sun directly, you need an 
approved solar filter. The ones that look 
like mirrors have atoms of aluminum 
deposited on plastic. Others (that look 
dark) use a thin piece of polycarbonate. 
Each drastically cuts both visible and near-
infrared radiation to a safe level.

One filter many amateur astronomers 
have used for solar viewing is a #12 or #14 
welder’s glass, which produces a light-green 
image. But #14 is a dense filter, and welders 
seldom use it. So, although they aren’t 
expensive, you may still have to special-
order one of these.

A much more available and even 
cheaper alternative is a product usually 
called “eclipse glasses.” Several 
companies, and that includes 
Astronomy magazine, produce 
these cardboard glasses for safe 
solar observing. Visit www.
myscienceshop.com/catalog/
astronomy to buy some for 
yourself, family, and friends.

10 Any “solar” filter that screws into or fits  

  over an eyepiece

10 WAYS NOT TO 
OBSERVE THE SUN

1 Space blankets or telescope covers

2 Black-and-white film that uses dyes  

 instead of silver

3 Medical X-rays or any film with an  

 image on it

4 Compact discs

5 Smoked glass

6 Sunglasses or multiple sunglasses

7 Color film

8 Neutral density filters

9 Polarizing filters
An amateur astronomer uses a small telescope  
to project the Sun’s image onto a white card. 
Such a setup allows viewing of an uneclipsed  
or partially eclipsed Sun. ASTRONOMY: MICHAEL E. BAKICH

Solar eclipse filters come in  
a variety of sizes, including 
ones that fit over binoculars 
or telescopes. ASTRONOMY: MICHAEL 

E. BAKICH

It takes the Moon 2.2 days longer to orbit Earth 
relative to the Sun than it does relative to the 
stars. This interval between successive phases,  
a synodic period, lasts 29.53059 days.

The Moon’s distance from Earth changes 
throughout the month. The time it takes to  
go from one perigee (closest approach) to the 
next (an anomalistic period) is 27.55455 days. 
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FRIENDS AND ACQUAINTANCES 

who have never witnessed a total solar 
eclipse often wonder what drives me to 
travel halfway around the world to spend 
a few minutes in the Moon’s shadow. I try 
to explain the thrill of seeing darkness at 
midday, fiery tongues of gas soaring above 
the Sun’s surface, and delicate streamers 
in our star’s superhot corona.

But those descriptions frequently draw 
blank stares. That’s when I change tactics 
and explain how the fleeting moments of 
totality account for only a piece of the 

whole adventure. Would they turn down a 
total eclipse if nearly three weeks in tropi-
cal Indonesia were wrapped around it?

I daresay that few of the people on 
Astronomy’s March eclipse tour — orga-
nized by the magazine’s travel partner, 
TravelQuest — regretted their decision. Our 
group hopscotched from Bali to Borneo to 
Java and Sulawesi, and then added a few 
stops at smaller islands. Although this made 
only a tiny dent in the vast archipelago’s 
roughly 17,000 islands, we saw a dazzling 
array of people, places, and animals.

Jumping Java
We spent the first two days of our journey 
in Java. Like the rest of Indonesia, the 
world’s most populous island proved to be 
hot and humid, particularly for those of us 
who were escaping late winter back home. 
We arrived the afternoon of February 29 
and quickly settled in at our hotel in Yog-
yakarta, Java’s artistic and cultural hub.

We were up well before dawn the next 
day to witness a spectacular sunrise at 
Borobudur, the largest Buddhist monu-
ment in the world and a UNESCO World 

Our group of intrepid eclipse chasers witnessed a grand view of totality on March 9,  
but it was just one of the remarkable adventures we experienced. by Richard Talcott
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Heritage Site. The temple’s roughly 2 mil-
lion stone blocks are arranged in nine 
 levels — six square terraces beneath three 
circular platforms — and topped by a large 
central dome, or stupa. More than 500 stat-
ues of Buddha and some 27,000 square feet 
(2,500 square meters) of sculpted reliefs 
decorate the structure.

We didn’t see any of this as we climbed 
the steep stairs in the dark. Arriving at the 
top well before dawn, the temple and sur-
rounding countryside slowly emerged as 
twilight started to paint the sky. With mist 
clinging to the valleys below and massive 

volcanoes looming in the distance, the 
atmosphere must have mimicked what the 
Buddhists experienced when they built  
this structure some 1,200 years ago. The 
leisurely walk back down the monument 
took us by the intricate carvings covering 
the temple’s walls, depicting Buddhist 
beliefs and eighth-century Javanese life.

The next morning we visited a second 
UNESCO World Heritage Site: the Pram-
banan temple compound. Construction of 
this Hindu complex began about 50 years 
after Borobudur. It features three large 
temples dedicated to Brahma the Creator, 
Vishnu the Preserver, and Shiva the 
Destroyer, as well as several smaller ones. 
Prambanan and Borobudur are equally 
impressive visually and architecturally, but 

2
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1. At sunrise, mist clings to the valleys 
 surrounding the Buddhist temple complex  
at Borobudur on Java. The structure dates  
to the ninth century. RICHARD TALCOTT

2. The Borobudur temple consists of nine 
stacked platforms, six square ones topped 
by three circular ones. EVELYN TALCOTT

3. The totally eclipsed Sun hangs above 
our observing site on a soccer field in Palu, 
Sulawesi. RICHARD TALCOTT

4. The vice president of Indonesia, Jusuf 
Kalla, views the partial phases of the March 9 
total eclipse with our group. RICHARD TALCOTT

5. A baby orangutan clings to its mother  
as they swing through the trees of the 
rainforest in southern Borneo. EVELYN TALCOTT

6. Our group felt like royalty on Sulawesi. 
Here, the locals put on a parade in our honor 
after the eclipse. EVELYN TALCOTT

Richard Talcott is an Astronomy senior 

 editor and author of Teach Yourself Visually 

Astronomy (Wiley Publishing, 2008).



62 ASTRONOMY  •  AUGUST 2016

volcanoes. In our six days there, we sam-
pled this relatively small island’s culture 
and scenery in equal measure.

While Indonesia is largely Muslim, Bali 
is predominantly Hindu. We visited several 
of that faith’s most important temples, 
including Taman Ayun, Ulun Danu, and 
the Pura Besakih complex, the largest and 
holiest Hindu temple on Bali. But the most 
picturesque temple has to be the one at 
Tanah Lot, which sits in the Indian Ocean 
just off Bali’s southwestern coast. Although 
people can walk to the temple at low tide, 
the pounding surf at high tide makes  
this impossible.

You didn’t have to go to the coast for 
dramatic scenery, however. The terraced 
rice fields of Jatiluwih seem to go on forever 
— a good thing because the Balinese eat 
rice with every meal. The region has been 
named a UNESCO Cultural Landscape, 
which means it combines elements of 
nature and people to guarantee and main-
tain biological diversity. The rice fields use 
a traditional irrigation system developed in 

Bali in the ninth century, and the entire 
area functions as a single ecosystem.

We also visited Mount Batur, Bali’s 
most active volcano. This mountain has 
endured more than 20 eruptions in the past 
200 years, and a vast field of solidified lava 
covers much of its western flank. A series 
of smaller volcanic cones runs down the 
side of the big peak. From a wider perspec-
tive, however, it’s obvious that the moun-
tain and neighboring Lake Batur sit inside 
a giant caldera, evidence that the volcano 
long ago blew off its top in an eruption 
rivaling that of its better-known Indone-
sian cousin, Krakatoa.

Another highlight of our week on Bali 
was the chance to witness preparations for 
Nyepi, the Balinese Hindu New Year that 
occurred this year on March 9. Part of the 
festivities includes the construction of huge 
demonic effigies known as ogoh-ogoh, 
made from wood, bamboo, and paper. 
Residents parade their creations through 
village streets on the eve of Nyepi and  
then burn them.

the former has a more accessible feel to it 
while the latter seemed more mystical.

Beautiful Bali
The next leg of our trip took us to Bali, an 
island brimming with sandy beaches, lush 
forests, verdant rice fields, and towering 

7. A Komodo dragon eyes us as we visit 
the lizard’s home on Rinca Island. EVELYN TALCOTT

8. Only finishing touches await this 
ogoh-ogoh, a demonic effigy that would be 
 paraded through the streets and then 
burned on March 8. EVELYN TALCOTT

9. Baily’s beads peek through valleys along 
the Moon’s limb below a vivid-red solar 
prominence just before second contact 
 during the March 9 eclipse. JUDY ANDERSON

10. The Hindu temple of Ulun Danu sits in 
the waters of Bali’s Lake Bratan. EVELYN TALCOTT

11. The Hindu temple of Tanah Lot lies a few 
hundred feet off Bali’s coast. RICHARD TALCOTT

12.  A group of Sulawesian dancers 
 entertains our group after the March 9 
eclipse festivities. EVELYN TALCOTT

13. Intricate carvings of people and animals 
cover the walls at the Borobudur temple on 
Java. EVELYN TALCOTT

14. The terraced rice fields of Jatiluwih 
stretch across the hilly terrain of central Bali. 
RICHARD TALCOTT

8 9
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FACT  

SHADOW 

CHASERS FROM 

AROUND THE 

WORLD VIEWED 

THE TOTAL 

ECLIPSE FROM 

INDONESIA.

Eclipse extravaganza
Nyepi always occurs at New Moon, and 
this year it coincided with the eclipse. 
Because Bali would experience only a 
 partial eclipse (not to mention that Nyepi 
requires people to stay indoors), our group 
flew out on the 8th and headed 
north to Sulawesi and the path 
of totality. We got to bed early 
that night, awaiting a 4 a.m. 
wake-up call designed to get  
us to our observing location 
with plenty of time to spare.

The day dawned bright and 
clear at the site on a soccer field 
in the city of Palu. First con-
tact, when the Moon takes its 
initial bite of the Sun, arrived 
right on schedule at 7:28 a.m. 
For the next 70 minutes, we 
watched the Moon devour growing chunks 
of the Sun’s disk.

As it always does, the time between first 
and second contact (when totality begins) 
seemed eternal. Although clouds started to 

build on the mountains surrounding the 
valley after sunrise, they began to dissipate 
as the eclipse progressed. A welcome diver-
sion took place during the early partial 
phases, when Indonesia’s vice president, 
Jusuf Kalla, arrived so he could view the 

eclipse with our group.
A thin layer of clouds per-

sisted throughout the 2 min-
utes and 45 seconds of totality, 
but they enhanced rather than 
detracted from the view. The 
first diamond ring lasted for a 
few seconds before the Sun’s 
beautiful corona blossomed 
into view. Venus blazed above 
the eclipsed Sun with fainter 
Mercury between the two. But 
the most impressive aspect  
of totality was an enormous 

prominence soaring from the Sun’s surface. 
It was the largest prominence I had seen 
since the July 11, 1991, eclipse.

After totality, local residents joined  
us on the field, where everyone snapped 
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pictures of one another. Palu isn’t much of 
a tourist town, and our large contingent of 
mostly North Americans and Europeans 
was clearly something they had rarely, if 
ever, seen. Each tour member must have 
posed for dozens of photos, making this 
eclipse a truly unforgettable experience.

The warm hospitality continued 
throughout the day. In the afternoon, the 
local government closed the city’s major 
bridge to take pictures of our group and 
then threw a parade in our honor. And in 
the evening, Palu’s mayor joined us at our 
celebratory dinner.

Animal adventures
For many people on the tour, March 10 
marked their final day in Indonesia. After 
flying back to Bali, they boarded planes and 
headed for home. But a few of us continued 
our adventure. My group’s next stop was in 
Borneo, where we got to watch orangutans 
in the wild. Our destination was Tanjung 
Puting National Park, an area set aside in 
1980 to preserve habitat for this great ape 
and other species native to the tropical for-
ests in the southern part of the island.

To get there, we had to navigate up the 
Sekonyer River on wooden “klotoks,” small, 
motorized boats that hold about a dozen 
people each. After reaching the park, we 
came ashore several times to see the orang-
utans up close. And did we ever. While 
trekking along paths through the forest, 
the great apes swung through the trees and 
even walked among us on occasion.

After two days on Borneo, we ventured 
east to Komodo National Park. From our 
base on Flores Island, we took a three-hour 
cruise to Rinca Island on a traditional 
Indonesian two-masted sailing ship called 
a phinisi. Rinca is one of three major and 
many smaller islands that make up the 
park, which is home to the world’s only 
population of Komodo dragons. About 
5,000 of the reptiles, which can reach up  
to 10 feet (3m) long, live on the islands. 
Although the dragons were mostly seden-
tary while we were there during the heat of 
the day, none of us tempted fate by ventur-
ing too close.

Despite spending nearly three weeks in 
Indonesia, the time passed quickly. In a 
journey filled with highlights, however, the 
total eclipse stood out. I know several in 
our group caught eclipse fever and now 
can’t wait to see another. At least they 
won’t have to travel far — the next one 
crosses the United States from Oregon to 
South Carolina on August 21, 2017. I hope 
to see you there. 
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EQUIPMENT REVIEW

Stellarvue’s SV70T 
2¾-inch refractor is  
lightweight and gorgeous 
— with a bonus of  
high-quality images.  
by Jon Talbot

D
o you like the idea of wide-
field views through the eye-
piece? Does shooting highly 
corrected large astroimages 
with modest size sensors 

appeal to you? If yes, then the SV70T, a 
new offering from Stellarvue, may fit  
your needs. I had the opportunity to test 
this new scope recently, and I wasn’t  
disappointed.

Initial impressions
The SV70T is a 2¾-inch (70 millimeters) 
f/6 apochromatic triplet refractor made 
with an FPL-53 fluorite center element, 
and triple-tested by Vic Maris and the 
team at Stellarvue. It provides sharp views 
and excellent color in a small package.

When I first opened the padded carry-
ing case, I was surprised at the small size of 
this scope. It measures a scant 14¾ inches 
(37.5 centimeters) long with the dew cap 
extended and 12 inches (30.5cm) long 
when it’s retracted. I was pleasantly sur-
prised when I looked at the focuser. Instead 
of the typical 2" focuser found on most 
small scopes, a larger Stellarvue 2.5" dual-
speed focuser comes standard. You can 

The focal length of the SV70T measures 
420mm. Using a 2" star diagonal and a 
7mm eyepiece (which yielded 60x), features 
on the Moon’s face looked sharp with the 
tops of peaks popping out of the blackness 
and no hint of false color along the limb. 
Switching to a wider field 20mm eyepiece 
(21x), the winter Milky Way showed myr-
iad stars — each a sharp pinpoint.

The view snapped to a sharp focus 
nicely with the Stellarvue focuser and its 
action was buttery smooth. Both the 
coarse- and 11-to-1-reduction fine-focusing 
knob worked perfectly with no slip.

Imaging
According to Stellarvue’s website, the 
optional field flattener/focal reducer (FF/
FR) the company sells is designed to work 
with a modest size (APS-C) chip in mind. 
The Canon line of APS cameras (like the 
60Da, which is popular with astroimagers) 
should work great with the SV70T.

Being an imager at heart, I was anxious 
to connect my QSI 583wsg CCD camera to 
the scope using the optional 0.8x FF/FR 
and see how the scope performed as an 
astrograph. With the FF/FR, the focal 

manually rotate and lock the end of the 
focuser into place. The company also 
includes a nice set of machined rings and a 
Vixen-style dovetail plate.

If, on the other hand, you use a 
Losmandy-style dovetail plate, Stellarvue 
offers a set of 1.5" riser blocks that attach to 
the rings. The blocks raise the scope, 
allowing some added space between it and 
the dovetail plate. This comes in handy 
when attaching cameras or accessories to 
the scope and when you’re balancing it.

Finish and optics
Stellarvue dubbed the finish on the SV70T 
“Instrument White.” It appears durable 
and blemish-free. The inside of the tube 
is flat black and contains two knife-edge 
baffles to reduce the possibility of scat-
tered light. The part of the focuser’s draw-
tube that’s inside the scope is grooved and 
also flat black to suppress any reflections.

Externally, the dew shield is of a sliding 
design and was pleasantly snug. The lens 
cap is a slip-on design. The older Stellarvue 
SV80 model carried the motto “built like a 
tank.” I think it now has a baby brother, 
given the robust feel of the SV70T.

The Stellarvue SV70T is an 
apochromatic refractor in a 
small package. The telescope 
measures 14¾ inches (37.5 
centimeters) fully extended 
and weighs only 4.4 pounds 
(2 kilograms). ALL EQUIPMENT SHOTS: 

ASTRONOMY: WILLIAM ZUBACK
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Jon Talbot, a meteorologist by trade, is an avid 

astroimager who resides in southern Mississippi 

and flies into hurricanes for kicks.

Stellarvue SV70T
Type: Apochromatic refractor

Aperture: 2.75 inches (70 millimeters)

Focal length: 420mm

Focal ratio: f/6

Focuser: 2.5" Stellarvue dual-speed, 

threaded for field flatteners

Weight: Optical tube: 4.4 pounds (2 kilo-

grams); 5.6 pounds (2.5kg) with dual 

rings and Vixen rail

Length: 14¾ inches (37.5cm) with 

dew shield extended 

Price: $799

Contact: Stellarvue 

11820 Kemper Road 

Auburn, CA 95603 

[t] 530.823.7796 

[w] www.stellarvue.com

PRODUCT INFORMATION

provide even higher resolution and be a 
great match with the SV70T.

My first goal was to test the flatness of 
the field and the vignetting (light loss) pro-
duced by the optics and the FF/FR combi-
nation. I targeted a fairly dense star field 
and measured the curvature with CCD 
Ware’s CCD Inspector software. Using 525 
stars, the curvature measured a respectable 
9 percent with star profiles looking excel-
lent into the corners.

Shooting a flat field using my lumi-
nance filter allowed me to measure the 
vignetting, which measured a paltry 5 per-
cent. This figure is excellent, and probably 
can be attributed to the larger 2.5" focuser 
supplied with the scope.

I used my CCD camera attached to the 
SV70T and FF/FR to image the Andro-
meda Galaxy and another winter show-

length drops to 336mm and the focal ratio 
becomes a fast f/4.8.

The FF/FR comes with a spacer to let 
you connect it directly to a DSLR 
T-adapter. The back focus on my CCD 
camera stood 5mm farther back, so I added 
another 5mm spacer to the one supplied to 
get the camera to the correct position from 
the FF/FR. Because there are so many CCD 
camera manufacturers with different back 
focus requirements, it’s probably a good 
idea to contact Stellarvue with your par-
ticular camera’s specs to ensure you have 
the correct spacing.

The other design feature at the end of 
the focuser that I feel is critical to imagers 
is the ability to thread the FF/FR directly 
onto the back of the scope. The SV70T 2" 
eyepiece adapter unthreads from the back 
of the focuser and the FF/FR threads in. 
This eliminates the problems of tip and tilt, 
which sometimes occur when using com-
pression rings to hold in external optics 
attached to a camera. I give Stellarvue an 
A+ for adding this awesome feature typi-
cally only available on larger instruments.

How did it work?
The SV70T along with the FF/FR provided 
a field of view of roughly 3° by 2°, which is 
wide enough to fully cover large objects like 
the Andromeda Galaxy (M31), the Rosette 
Nebula (NGC 2237–9/46), and the Orion 
Nebula (M42). The sensor in my CCD cam-
era has 5.4-micron pixels, which provided a 
resolution of 3.29" per pixel. Other cameras 
using sensors with small pixels, such as the 
new generation Sony ICX834 detector, will 

piece, the Rosette Nebula. Both are large 
objects that fully fit into the field of view of 
the camera’s sensor. The system worked 
great on both objects, providing a wide 
field of view and excellent resolution.

Just for grins, I also tried the scope 
using a Canon 6D, which contains a full-
format (35mm) chip. I shot an image of the 
area from the Orion Nebula to the 
Horsehead Nebula. This setup produced an 
amazingly large field of view of 6° by 4° 
with a resolution of 4" per pixel and cap-
tured both objects.

That said, the FF/FR did not fully cor-
rect the stars to the corners of this 
extremely large detector. It did, however, 
correct about 80 percent of the field of view 
extremely well. When I cropped the image 
a bit and showed it at a slightly reduced 
size, the final picture looked excellent — 
one I’d hang on my wall. Although 
Stellarvue didn’t design the SV70T for the 
size of a full-frame detector, this test 
showed that the scope with the FF/FR did 
offer exciting possibilities for those willing 
to sacrifice a small part of the field of view.

My overall impression of the SV70T is 
that this scope is an exciting addition to 
the Stellarvue line. It offers excellent value 
for those wanting a lightweight setup that 
produces great views at the eyepiece. But it 
also promises well-corrected images over a 
wide field using modest size detectors 
available in a variety of cameras. 

This image of the Rosette Nebula (NGC 2237–9/46) shows intensely red hydrogen clouds and pinpoint 
stars, a testament to the high quality of the SV70T’s optics. JON TALBOT

Stellarvue’s photographic field flattener/focal 
reducer (SF/FR-70 APO) is an option ($295) 
that will allow you to capture wide fields 
with your camera.
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ASTROSKETCHING
 B Y  E R I K A  R I X

Perseid meteor shower
This time of year, the Perseid 

meteor shower delights sky-

gazers with peak views in 

mid-August. One of the finest 

showers of the year, it occurs 

when Earth passes through a 

debris trail left by Comet 109P/

Swift-Tuttle. Tiny fragments 

from the comet fall into our 

atmosphere and light up the 

sky with fiery streaks of light, 

displaying a brilliant celestial 

scene for sketching.

The shower should gener-

ate close to 100 meteors per 

hour during its peak, which 

occurs this year on August 12. 

As a bonus, the Moon will set 

shortly after 1 a.m. that morn-

ing, treating us to dark skies 

until daybreak for optimal 

viewing.

You can use a number of 

techniques to draw a meteor 

shower. For instance, you can 

depict the starfield and sur-

rounding landscape as Perseus 

(from which the Perseids appear 

to radiate) hovers above the 

horizon. But keep in mind that 

the constellation will continue 

to rise, so try to complete the 

sketch in under an hour, before 

the scene changes too much.

Another method, as 

shown in my examples, is to 

omit the landscape and use 

a gnomonic chart for the 

starfield. Gnomonic maps 

depict “great circles” — such 

as those that meteors traverse 

— as straight lines, which 

will simplify your sketching 

efforts. As Perseus rises, you 

can continue with the sketch. 

Charts from Gnomonic Atlas 

Brno 2000.0 are available 

on the International Meteor 

Organization’s website at www.

imo.net/visual/minor/gnomic/

atlas. I printed the chart that 

centers on the constellations 

Perseus and Cassiopeia  

(brno-01.pdf) and then attached 

it to my sketch board along with 

a dimmable red light.

I arranged my observing 

area for sketching, meteor 

watching, and comfort. In 

addition to my prepared sketch 

board, I included a zero-gravity 

lounge chair with a pillow and 

blanket, a small table to set my 

supplies on, a thermos of hot 

cocoa, and a sketch kit sport-

ing only the bare essentials: a 

protractor (clear and easy to 

handle), several sharpened #2 

pencils, a pencil sharpener, and 

a large blending stump.

Before you begin, familiarize 

yourself with the chart until 

you can quickly match its stars 

with the sky above. Next, rub 

the tip of your blending stump 
through a patch of graphite and 
use it to draw the Milky Way 

and naked-eye objects (if you 

observe any) on the chart.

Record the date and time, 

and then begin your meteor 

watching. With each flash, 

you’ll want to concentrate on its 

starting and ending points, its 

estimated magnitude on a scale 

of 1 through 5, and its color. 

Use the protractor and pencil 

to draw an arrow onto the chart 

marking its direction, position, 

and length, followed by the 

number and letter represent-

ing its magnitude and color. Be 

sure to include relevant notes 

along the way and record the 

time your observation ended.

Afterward, using the origi-

nal sketch as a reference, use 

a new sheet of paper to draw a 

clean version that sports only 

the stars and meteors (plus 

the Milky Way and any other 

naked eye objects you spotted). 

After scanning the new sketch, 

you can invert it to reveal a 

striking rendition of your night 

under the fiery sky. 

A clear protractor is easy to handle 
and allows you to view the chart below 
while plotting the meteors. ALL IMAGES 

BY ERIKA RIX FROM THE 2015 PERSEID METEOR SHOWER

The original sketch on August 13, 2015, 06h0m–10h0m UT 
(peak morning for the shower), used a gnomonic 
projection to show the meteor paths as straight lines.

The clean version of the sketch from August 13 shows 
sporadic meteors and ones from minor showers, in addi-
tion to the Perseids, for a complete picture of the event.

This sketch from August 14, 05h20m–09h20m UT, 
shows the day after maximum. The top half of the sketch 
shows more meteors because Perseus was still low 
in the sky when the observing session began. 
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The gentle glow of the Milky 

Way wafts across the midsum-

mer sky. If we follow it southward 

toward the horizon, we come to 

the constellation Sagittarius and 

the center of our galaxy. 

Myriad binocular targets lie in 

this quarter of the sky. Let’s take 

a look at a few of my favorites.

We begin at M8, the Lagoon 

Nebula. You’ll find it 6° north of 

Gamma (γ) Sagittarii at the tip 

of the Sagittarius Teapot’s spout; 

just follow the “steam.” In fact, 

with dark skies you will prob-

ably be able to see it without any 

optical aid as a soft fuzz of star-

light adrift in the Milky Way.

Binoculars reveal this soft 

fuzz to be an expansive emission 

nebula. Here, hydrogen is being 

ionized by energy from stars that 

are embedded within. As power-

ful radiation bombards the 

hydrogen atoms, the orbiting 

electron is ripped away, only to 

mate with an orphaned proton 

to reform a hydrogen atom. This 

back-and-forth process of ioniza-

tion causes the cloud to glow in 

much the same way as the neon 

gas in signs glow.

In photographs, ionized 

hydrogen displays a vibrant red. 

But our eyes, which are nearly 

BINOCULARUNIVERSE
 B Y  P H I L  H A R R I N G T O N

Treasures of 
Sagittarius

FROM OUR INBOX

Tribute

I so enjoyed Jeff Hester’s tribute to Jim Westphal — p. 14, April 

2016. Clearly Jim Westphal was one of those few people who 

inspire and influence others in positive ways long after they are 

gone. I will share this well-written tribute with others. Thanks. 

— Jim Zabcik, Houston, Texas

colorblind in dim light, see only 

varying shades of gray. 

Close examination through 

binoculars reveals great intrica-

cies in the Lagoon’s form. The 

namesake “lagoon” is an 

opaque cloud of dust that cuts a 

swath across the brighter back-

ground. It runs nearly north-

south. While the lagoon itself 

may prove elusive, it serves as a 

dividing line. The western por-

tion of M8 appears brighter 

than the eastern.

The eastern half contains 

many stars bright enough to 

crack the binocular barrier. 

Most were spawned from M8 

and collectively form open 

cluster NGC 6530. Those same 

stars generate strong stellar 

winds that create funnel-

shaped clouds resembling tor-

nadoes here on Earth. Images 

from the Hubble Space Tele-

scope show these interstellar 

twisters in amazing detail.

Many patches of dark nebu-

losity float silhouetted in front 

of the Lagoon’s bright clouds. 

For instance, take a look 

toward the northeastern corner 

of M8 for a small dark cloud 

shaped like a comet, oriented 

north-to-south. That’s Barnard 

88, the 88th entry in Edward 

Emerson Barnard’s 1919 catalog 

of dark nebulae. B88 appears so 

small that it may be easily over-

looked through 7x to 10x bin-

oculars. Higher magnifications 

and larger apertures, however, 

go a long way to making its 

presence known.

M8 lies just over a degree 

south of another well-known 

Messier target, M20, the Trifid 

Nebula. Photographs show a 

pansy-shaped cloud of red 

emission and blue reflection 

nebulae interlaced with ribbons 

of opaque dust. 

Many observers, however, 

are surprised by how difficult it 

is to see the Trifid through bin-

oculars. Like M8, M20 is a 

combination of an open star 

cluster surrounded by faint ten-

drils of nebulosity. The open 

cluster portion of M20, cata-

loged separately as NGC 6514, 

is a tight collection of 70 stars 

spanning half a degree. It’s the 

collective glow of these stars 

that many misinterpret as the 

Trifid Nebula. In reality, they 

are really only seeing the Trifid 

Cluster. Again, from dark skies 

you’ll be able to see both.

I have never spotted the 

intertwining lanes of dark neb-

ulosity that give rise to the 

“Trifid” nickname through my 

10x50 binoculars. They are, 

however, fairly evident through 

my 16x70s. What is the smallest 

binocular that will show them? 

I would be interested in hearing 

your results.

Open cluster M21 is just half 

a degree northeast of M20. Its 

70 stars are packed into an area 

spanning less than a quarter of a 

degree, so things are tight. Most 

shine below binocular thresh-

old, although a few individual 

points of light shine through the 

soft glow formed from the rest.

I’d love to hear about your 

binocular conquests. Email me 

at binophil@outlook.com.

The area around M8, M20, 

and M21 is lovely for just idly 

stargazing on a warm August 

night. I hope you’ll get out and 

enjoy all there is to see here the 

next opportunity you get. And 

as you do, remember that two 

eyes are better than one. 

BROWSE THE “BINOCULAR UNIVERSE” ARCHIVE AT www.Astronomy.com/Harrington.

The Lagoon Nebula (M8) in Sagittarius is one of the sky’s great stellar birthplaces. 
You can spot its misty glow easily through good binoculars. R. JAY GABANY

Just north of the Lagoon lies another great nebula, the Trifid (M20). This region shows 
both bluish reflection nebulosity, caused by light scattering off dust grains, and ruddy 
emission nebulosity. JOHN A. DAVIS

Phil Harrington is 

a longtime contributing editor 

who loves writing about 

binocular astronomy.
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Field flattener
Orion Telescopes & Binoculars
Watsonville, California
Orion’s Variable Field Flattener 

for Short Refractors corrects 

field curvature to produce an 

optically flat imaging field. The 

company designed this product 

for use with f/5 or f/6 scopes 

with focal lengths between  

400 and 660 millimeters.

Price: $199.99
[t] 800.447.1001
[w] www.telescope.com

3.4-inch scope
Orion Telescopes & Binoculars
Watsonville, California
Orion’s EON 85mm ED-X2 f/6.6 

Triplet APO Refractor Telescope 

employs a triplet objective in 

which two elements are extra-

low-dispersion glass. It features 

a rotatable 2" hybrid-drive 

focuser with an 11:1 reduction.

Price: $2,699.99
[t] 800.447.1001
[w] www.telescope.com

Eyepiece series
Stellarvue, Auburn, California
Stellarvue’s new Optimus eye-

pieces feature an immersive 

apparent field of view of 100° 

or 110°. Each eyepiece utilizes 

either eight or nine fully  

multicoated elements. The 

company seals the outer 

lenses to prevent moisture 

from seeping in. Available  

in focal lengths of 3.6mm, 

4.7mm, 9mm, and 20mm.

Price: starting at $419
[t] 530.823.7796
[w] www.stellarvue.com

Video kit
MallinCam
Ottawa, Ontario, Canada
MallinCam’s SkyRaider 

NetBook Kit includes every-

thing you need to get into 

video astronomy: a SkyRaider 

1.2-megapixel color USB  

camera/guider, 15 feet  

(4.6 meters) of premium  

USB cable, a 1¼" filter-

threaded adapter, and a 10.1" 

HL-PC1066 NetBook computer 

running Windows 10.

Price: $299.99
[t] 613.749.7592
[w] www.mallincam.com

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

NEW
PRODUCTS

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

SUBSCRIBE ONLINE TODAY

EXCLUSIVE 
Benefi ts for Subscribers

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

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

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

•  Ask Astro archive: Expert answers to 
reader questions.

•  Picture of the Day archive: Stunning 
celestial images.

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

Astronomy.com

Not yet a subscriber? 

domesales@astrohaven.com

949.215.3777  www.astrohaven.com

Keeping it “Beautifully” Simple

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

Almost Zero Maintenance... Very little to go wrong 
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COMING IN OUR

NEXT ISSUE

General relativity
 •

Discovery of Pluto
 •

Quasars and pulsars
•

The Kuiper Belt and
Oort Cloud

•
 Hubble’s discovery of 
the nature of galaxies

And hundreds more!
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NO PURCHASE NECESSARY TO ENTER OR CLAIM 
PRIZE. A PURCHASE WILL NOT INCREASE 
YOUR CHANCE OF WINNING. VOID WHERE 
PROHIBITED.

1. Eligibility. The Astronomy 2016 Summer 
Sweepstakes (the “Sweepstakes”) is open to 
residents of the United States and Canada (except 
Quebec) only, who are age 18 years or older 
and have reached the age of majority in their 
state/province of residency at the time of entry. 
Employees (and their dependents and immediate 
household members) of Kalmbach Publishing 
Co., (“Sponsor”), and of Celestron Acquisition, LLC 
(“Celestron”), their advertising and promotional 
agencies and sponsoring companies are not 
eligible to participate. Void in Quebec and where 
prohibited by law. Sweepstakes is subject to all 
applicable federal, state and local laws.

2. Sweepstakes Period. The Sweepstakes begins 
on May 18, 2016 at 12:00:00 a.m. Central Time, and 
all entries must be transmitted online no later than 
Sept. 1, 2016 at 11:59:59 p.m. Central Time.

3. How to Enter. To enter, complete the  
Sweepstakes Oicial Entry Form online at  
www.Astronomy.com/sweeps with your name, 
address, city, state or province, and ZIP or postal 
code, and then click on the SUBMIT MY ENTRY 
button. You may submit only one entry through 
the Sweepstakes Online Entry Form during the 
Sweepstakes Period. However, when you submit 
your entry online, you will receive a link that you 
can share on Facebook, Twitter, Google Plus or 
by email; you will automatically receive three 
additional entries for each person who enters the 
Sweepstakes using that link. The online entry form 
must be �lled out completely to be eligible. This 
Sweepstakes is in no way sponsored, endorsed, 
administered by, or associated with, Facebook, 
Twitter or Google Plus. Entries from any person 
submitting more than the stated number will be 
disquali�ed.

4. Prizes/Approximate Retail Value (“ARV”) in 
U.S. Dollars. One (1) Grand Prize consisting of a 
NexStar Evolution 6. (ARV of Grand Prize: $1,199.95). 
One (1) First Prize consisting of an Inspire 100AZ 
Telescope (ARV of First Prize: $289.95). One (1) 
Second Prize consisting of a SkyMaster Pro 15x70 
Binoculars (ARV of Second Prize: $199.95). One (1) 
Third Prize consisting of a PowerTank Lithium 
Battery Pack (ARV of Second Prize: $139.95). Five (5) 
Fourth Prizes consisting of a one-year subscription 
to Astronomy magazine (ARV $42.95 each).

5. Drawing/Odds/Noti�cation. A random 
drawing for the Grand Prize, the First Prize, the 
Second Prize, the Third Prize, and the Fourth prizes 
will be held on or around September 2, 2016. 
Odds of winning depend on the number of entries 
received. Limit one prize per person. The average 
total circulation for Astronomy magazine is 102,934. 
Winners will be noti�ed by email on or before 
October 6, 2016.

6. Prize Restrictions. No cash equivalent or prize 
substitution permitted. All prizes subject to the 
guarantees/warranties of the manufacturer. Any 
applicable federal, state, and/or local taxes are 
the responsibility of the winner. For prizes of $600 
or more in value, winner’s Taxpayer I.D. will be 
required to issue a Form 1099-MISC showing prize 
ARV as income.

7. Validation and Acceptance. Winner(s) in 
the Astronomy 2016 Summer Sweepstakes will 
be selected in a random drawing. The potential 
winner(s) may be required to sign and return an 
Aidavit of Eligibility, publicity release, and Release 
of Liability within fourteen (14) days of noti�cation. 
If a potential winner cannot be contacted within 
a reasonable time period, if the potential winner 

is ineligible, if any noti�cation is undeliverable, 
or if the potential winner otherwise fails to fully 
comply with these Oicial Rules, he/she will forfeit 
that Prize, and if time permits, an alternate winner 
will be randomly drawn from among all remaining 
Sweepstakes entries. Canadian prize winners 
subject to skill test requirement.

8. Winners List. For a list of winners, see the 
Astronomy website (www.Astronomy.com) after 
November 21, 2016, or send a stamped, self-
addressed envelope to: Astronomy 2016 Summer 
Sweepstakes Winners List, P.O. Box 1612, Waukesha, 
WI 53187-1612. (Residents of FL, VT, and WA may 
send a self-addressed envelope without the stamp.) 
Requests for Winners List must be received by Sept. 
5, 2016.

9. Limitations of Liability. Sponsor and Celestron 
Acquisition, LLC are not responsible for and 
shall not be liable for: (i) telephone, electronic, 
hardware or software program, network, Internet, 
or computer malfunctions, failures, or diiculties 
of any kind; (ii) failed, incomplete, garbled, or 
delayed computer transmissions; (iii) any condition 
caused by events beyond the control of Sponsor 
that may cause the Sweepstakes to be disrupted 
or corrupted; (iv) any injuries, losses, or damages 
of any kind arising in connection with or as a result 
of the prize, or acceptance, possession, or use/
misuse of the prize, or from participation in the 
Sweepstakes; (v) any printing or typographical 
errors in any materials associated with the 
Sweepstakes; (vi) any change in participant›s 
telephone number, mailing address or email 
address. Sponsor reserves the right, in its sole 
discretion, to suspend or cancel the Sweepstakes 
at any time if a computer virus, bug tampering, 
unauthorized intervention, or other technical 
problem of any sort corrupts the administration, 
security, or proper play of the Sweepstakes. 
Sponsor also reserves the right to disqualify, in 
its sole discretion, any person tampering with 
the entry process, the operation of the website, 
or who is otherwise in violation of the rules. By 
participating in the Sweepstakes, each participant 
agrees to release and hold Sponsor, Celestron 
Acquisition, LLC, their employees, oicers, and 
directors, their advertising and promotional 
agencies, and sponsoring companies harmless 
from any and all losses, damages, rights, claims 
and actions of any kind in connection with the 
Sweepstakes or resulting from acceptance, 
possession, or use/misuse of any prize, including 
without limitation, personal injury, death, and 
property damage, and claims based on publicity 
rights, defamation, or invasion of privacy.

10. Additional terms. By entering the 
Sweepstakes, participants agree to be bound by 
these oicial rules and all decisions of Sponsor. 
Except where prohibited, each entrant agrees that: 
(1) any and all disputes, claims and causes of action 
arising out of or connected with this Sweepstakes 
shall be resolved individually, without resort to 
any form of class action, and exclusively by state 
or federal courts situated in Wisconsin, (2) any and 
all claims, judgments and awards shall be limited 
to actual out-of-pocket costs incurred, but in no 
event attorneys’ fees, (3) no punitive, incidental, 
special, consequential or other damages, including, 
without limitation, lost pro�ts, may be awarded 
(collectively, “special damages”), and (4) entrant 
hereby waives all rights to claim special damages 
and all rights to such damages multiplied or 
increased. Wisconsin law, without reference to 
choice of law rules, governs the Sweepstakes and 
all aspects related thereto.

11. Sponsor. Sponsored by Kalmbach Publishing 
Co., P.O. Box 1612, Waukesha, WI 53187-1612.

2016 SUMMER SWEEPSTAKES 

OFFICIAL RULES

P28075
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1. THE COMET 

MEETS THE CLUSTER 

Greenish Comet LINEAR (252P) 
passed close to globular cluster 
M14 in Ophiuchus on April 5, 2016. 
An outburst caused the icy traveler’s 
coma to expand to a diameter of 1°.
• José J. Chambó 

2. COLORFUL ECLIPSE 

A flash spectrum shows individual 
images at different wavelengths of 
light during the total solar eclipse on 
March 9, 2016. The brightest line (Iron 
XIV at 530.3 nanometers) is revealed 
by the distinct green solar image.
• Robert Slobins 

READER
GALLERY

1

2
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3. NOT THAT NEBULA 

Open cluster M46 in Puppis is famous 
for its fortuitous lineup with planetary 
nebula NGC 2438, which lies 2,000 
light-years closer to us. But notice 
at the far right of this image, another, 
much fainter planetary: Minkowski 
1–18. • Philippe Barraud 

4. SPIRAL MASTERPIECE 

NGC 2903 is a barred spiral galaxy in 
Leo some 20 million light-years away. 
In fact, it ranks as that constellation’s 
second-brightest galaxy, outshining 
four of the five Messier objects Leo 
contains. • Jeffrey Weiss 

5. THE FENRIR NEBULA 

The dark nebula designated Sandqvist 
and Lindroos 17 does, indeed, look like 
a giant wolf like the one from Norse 
mythology. It lies in the constellation 
Scorpius, just south of the double star 
Zeta (ζ) Sco. • Fred Herrmann 

6. THE MASK NEBULA 

PN G321.6+02.2 is a bipolar planetary 
nebula in the far-southern constel-
lation Circinus. When a Sun-like star 
blew off its outer atmosphere, rapid 
expansion in opposite directions 
formed this object. • Don Goldman

5

3

6

4
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7. STELLAR SPHERE

Globular cluster M15 in Pegasus 
is an object that certainly deserves 
a common name, but it doesn’t have 
one. This wonder is visible without 
optics to sharp-eyed observers 
at a dark site. • Adam Block/Mount 
Lemmon SkyCenter/University of 
Arizona 

8. LUNAR LIGHT 

Montes Caucasus is a rugged range 
of lunar mountains in the northeastern 
part of the Moon, just northwest of the 
Sea of Serenity. The largest crater in 
this image is Aristoteles, to the upper 
right. Eudoxus crater lies below it.  
• John Chumack 

9. BLUE CRUSH 

Magnitude 2.6 Ruchbah (Delta [δ] 
Cassiopeiae) isn’t quite bright enough 
to hide open cluster M103 to its lower 
left. The stellar grouping lies some 
8,500 light-years away. • 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.8

7

9
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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
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$25,000.00 

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

 no purchase necessary

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

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

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

*REWARD*
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Hidden gem 
in Lynx
When Johannes Hevelius 
invented the northern 
constellation Lynx in  
1690, he claimed that only 
someone with the eyes of 
this feline could trace its 
shape. But you need much 
bigger and sharper eyes to 
capture planetary nebula 
Purgathofer-Weinberger 1 
(PuWe 1), which lurks in 
Lynx’s northwestern cor-
ner. PuWe 1 ranks among 
the largest and faintest 
planetaries known. Like  
all such objects, it repre-
sents the death throes of  
a Sun-like star that has 
cast off its outer layers. 
Astronomers captured this 
image of PuWe 1 with the 
wide-field Mosaic camera 
attached to the 4-meter 
Mayall Telescope on Kitt 
Peak, Arizona. T. A. RECTOR 

(UNIVERSITY OF ALASKA, ANCHORAGE) AND  

H. SCHWEIKER (WIYN AND NOAO/AURA/NSF)

BREAK
THROUGH



 

Don’t forget to follow us on Facebook and Twitter for exclusive offers!

Traditionally, doublet refractors are not considered adequate 

for astrophotography, but the Sky-Watcher ProED is uniquely 

suited for imaging thanks to its precisely matched lens 

elements. Most companies charge a premium for extra-low 

dispersion glass but at Sky-Watcher USA, we do things a little 

differently. Our ProED refractors deliver remarkable contrast 

with rich, coal-black skies while eliminating color fringing to 

give users an exceptional imaging experience, all while being 

extremely gentle with your wallet.  

Whether you’re a seasoned astrophotographer or looking to 

capture your first image of Saturn, consider Sky-Watcher USA 

for the pinnacle in value, quality and service.

All Sky-Watcher USA ProED refractors come with an 8x50 

right angle finderscope, a 20mm and 5mm long eye relief 

eyepieces, 2 inch dielectric diagonal, dual-speed Crayford-

style focuser, rings, V-style dovetail plate and aluminum  

case. An optional field flattener/focal reducer is available  

separately. A complete package for the serious astronomer  

or astrophotographer.

For more information about the Sky-Watcher USA 

line of ProED Apo refractors, just visit  

www.skywatcherusa.com.
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The Sky-Watcher ProED apochromatic doublets.
An elegant balance of value and performance.

TAKING GREAT ASTROPHOTOS

DOESN’T MEAN SPENDING

GREAT AMOUNTS OF CASH

ProED 80 .................$649
ProED 100 ............... $749
ProED 120 ............ $1,549

 Imager:  Austin Grant

 OTA:  Sky-Watcher ProED 120/Hotech field flattener 

 Mount:  Paramount MX+

 Guiding:  Off-axis with a TSOAG9 and Lodestar 

 Camera:  QHY9 monochrome 

 Exposure:  4-panel mosaic. Each panel consists of:

  9 x 20-minute Ha (6nm, binned 1x1)

  9 x 10-minute OIII   (12nm, binned 2x2)

  9 x 10-minute SI     (12nm, binned 2x2)

  25 x Darks, Flats, Flat Darks

  Stacked in Images Plus. Processed in Photoshop.



OPT Telescopes – 800.483.6287 – opttelescopes.com

B&H Photo – 800.947.9970 – bhphotovideo.com

Astronomics – 800.422.7876 – astronomics.com

Adorama – 800.223.2500 – adorama.com

High Point Scientific – 800.266.9590 – highpointscientific.com

Optics Planet – 800.504.5897 – opticsplanet.com

Focus Camera – 800.221.0828 – focuscamera.com

Woodland Hills – 888.427.8766 – telescopes.net

WHEN WE EXPLORE SPACE 

WE DISCOVER EARTH

CPC AND CPC DX EDGEHD COMPUTERIZED TELESCOPES

Part of NASA’s ISERV mission, Celestron’s 9.25” CPC 

telescope is mounted aboard the International Space Station 

and tasked with taking pictures of Earth to test efficiency in 

data gathering and file sharing from space.  They also produce 

breathtaking images used by US agencies and the United 

Nations to “enhance their environmental decision-making 

process in the developing world.”

Whether from space or your own backyard, CPC and 

CPC DX EDGEHD telescopes offer the best views.

CPC DX EDGEHD 925 ISERV Camera Image of Golfo de Montijo, Panama 

Photo Credit: NASA/ISERV

+  Compatible with Celestron’s latest accessories: 

StarSense AutoAlign for quick, completely 

automatic alignment and SkyPortal WiFi Module 

for wireless control with your smart device

+  Rock-solid dual fork arm mount with precision 

drive base and mechanics

+  Celestron’s signature Schmidt-Cassegrain or 

EdgeHD optics in 8”, 9.25”, and 11” apertures

+  StarBright XLT optical coatings 

+  Add the optional HD Pro Wedge for long 

exposure astroimaging, also Fastar compatible 

for widest-field imaging

+  Internal GPS + SkyAlign technology so you are 

aligned in minutes without having to know the 

name or location of any star

+  NexStar+ hand control with 40,000+ object 

database

+  Heavy-duty steel tripod with accessory tray, 

captive mounting screws, manual clutches on 

both axes, and large drive gears



SOUTHERN
SKY

MARTIN GEORGE describes the solar system’s changing landscape 
as it appears in Earth’s southern sky.

October 2016: Venus pairs with Saturn
Brilliant Venus improves 

steadily during October as it 

climbs higher in the western 

evening sky. On the 1st, it 

stands approximately 15° above 

the horizon an hour after sun-

down; by month’s end, it has 

soared to nearly 25° high at the 

same time. The planet begins 

October against the faint back-

drop of western Libra, but it 

doesn’t stay put. Its eastward 

motion carries it into Scorpius 

after midmonth and then 

Ophiuchus during October’s 

final week. It passes 3° north  

of 1st-magnitude Antares, 

Scorpius’ brightest star, on the 

26th, and 3° south of Saturn on 

the 30th. At magnitude –4.0, 

however, Venus shines far 

brighter than its neighbors.

The view of Venus through 

a telescope improves more 

slowly. The planet’s disk grows 

from 12" to 14" across during 

October while its noticeably 

gibbous phase wanes slightly. 

Both trends will accelerate 

throughout the spring and 

summer months.

Although Venus’ brilliance 

dominates the western sky after 

sunset, no world rivals Saturn 

in terms of sheer beauty. The 

ringed world spends October  

in the southwestern corner of 

Ophiuchus. It forms a pretty 

pair with Antares, which 

appears a bit more than 5°  

to the planet’s left. At mag-

nitude 0.5, yellowish Saturn 

shines about a half-magnitude 

brighter than the ruddy star.

Don’t pass on the oppor-

tunity to observe Saturn 

through a telescope. October  

is the last time this year you’ll 

see the planet in a dark sky at  

a reasonable altitude. Its disk 

measures 16" across at mid-

month while the rings span 35" 

and tip 26° to our line of sight. 

The large tilt affords wonderful 

views of the ring system’s struc-

ture, including the dark gap of 

the Cassini Division that sepa-

rates the outer A ring from the 

brighter B ring.

Shift your gaze higher in the 

west and you can’t miss Mars. 

The Red Planet stands out 

among the background stars of 

Sagittarius both for its color 

and brightness. In early Octo-

ber, Mars shines at magnitude 

0.1 against the backdrop of the 

Milky Way’s central regions.  

By month’s end, it has faded  

to magnitude 0.4 and drifted 

eastward close to the border 

with Capricornus.

Unfortunately, the planet 

continues to move away from 

Earth and thus appears smaller 

and less attractive through a 

telescope. Mars spans 8" in 

mid-October, less than half the 

size at its peak this past May.  

It still may show a few subtle 

surface markings thanks to  

its high altitude in the early 

evening sky.

Although Mercury lies 18° 

west of the Sun on October 1, it 

appears just 2° above the east-

ern horizon a half-hour before 

sunrise. It’s best to skip the 

innermost planet this month 

and wait for its much better 

evening apparition starting in 

late November.

By the end of October, 

Jupiter starts to emerge in the 

morning twilight. It rises about 

an hour before the Sun on the 

31st and appears nearly 10° high 

in the east a half-hour before 

sunup. Observers with a clear, 

flat horizon should be able to 

spot the giant planet thanks to 

its magnitude –1.7 brilliance.

The starry sky
One of the many pleasures in 

observing the sky from mid-

southern latitudes is watching 

the antics of Scorpius the 

Scorpion as it moves across  

the sky. When seen rising on 

autumn evenings, the arach-

nid’s body stretches out almost 

parallel to the horizon. At this 

time of the year, however, the 

Scorpion’s body and tail reach 

high into the evening sky as if 

it were diving toward the west-

southwestern horizon. Its verti-

cal orientation makes it look 

like a reversed question mark.

With the tail of the Scorpion 

well above its head and still 

quite high in a dark sky, I often 

take a last evening look on 

these spring evenings. At the 

end of the tail lies one of the 

constellation’s most striking 

features — the pair of blue-

white suns Lambda (λ) and 

Upsilon (υ) Scorpii known 

 collectively as the “stinger.”

As you gaze on these stars, 

consider for a moment that the 

two lie 0.6° (36') apart, which is 

slightly greater than the Moon’s 

maximum angular diameter. 

Most skywatchers can’t imag-

ine that a Full Moon could fit 

between this pair.

Magnitude 1.6 Lambda is 

also named Shaula, from the 

Arabic al-Shaula, meaning  

“the Stinger.” Interestingly, 

astronomers originally applied 

this name to the pair of stars 

because they form this feature 

together.

Magnitude 2.7 Upsilon is 

also called Lesath, and its name 

has followed a contorted his-

tory. A modern interpretation 

of the name suggests that it 

came originally from a Greek 

word that described nebulous 

objects in the Milky Way. This 

naturally makes us think of the 

nearby open star cluster M7, 

which appears nebulous to the 

naked eye and once was consid-

ered a part of the stinger. After 

some mistranslations, science 

historians now link the final 

name, Lesath, with the Arabic 

al-Las’ah, which is a version of 

al-Shaula and thus also means 

“the Stinger.”

To make matters even more 

confusing, the famous English 

astronomer Admiral Smyth 

(1788–1865) marked M7 as 

Gamma (γ) Scorpii. But it is 

not: Gamma forms part of the 

Scorpion’s southern claw, which 

resides at the other end of the 

constellation and officially 

belongs to neighboring Libra!

Scorpius’ tail is a delight  

for users of small and large 

 telescopes alike, though many 

observers often ignore the sting-

er’s immediate vicinity because 

the delightful clusters M6 and 

M7 lie just a few degrees away.

Still, it’s worth exploring the 

stinger. In 10-centimeter or 

larger instruments, open star 

clusters litter the region, though 

they don’t stand out well in this 

rich area. I enjoy observing 

Harvard 16, which forms a 

roughly equilateral triangle 

with the stinger’s two stars. This 

delightful cluster lies 0.5° north 

of Lesath and contains about 70 

stars. Its members stand out 

best at higher magnifications. 
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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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Calendar of events

 1 New Moon occurs at 0h11m UT

 3 The Moon passes 5° north of 
Venus, 17h UT

 4 The Moon is at apogee  
(406,096 kilometers from Earth), 
11h03m UT

 6 The Moon passes 4° north of 
Saturn, 8h UT

 8 Asteroid Pallas is stationary,  
2h UT

  The Moon passes 7° north of 
Mars, 12h UT

 9 First Quarter Moon occurs at 
4h33m UT

 11 Mercury passes 0.9° north of 
Jupiter, 4h UT

 13 The Moon passes 1.2° north of 
Neptune, 6h UT

 15 Uranus is at opposition, 11h UT

 16 The Moon passes 3° south of 
Uranus, 2h UT

  Full Moon occurs at 4h23m UT

  The Moon is at perigee  
(357,861 kilometers from Earth), 
23h34m UT

 19 The Moon passes 0.3° north of 
Aldebaran, 7h UT

 21 Asteroid Ceres is at opposition, 
5h UT

  Orionid meteor shower peaks

 22 Last Quarter Moon occurs at 
19h14m UT

 23 Asteroid Melpomene is at 
 opposition, 23h UT

 26 Venus passes 3° north of Antares, 
4h UT

 27 Mercury is in superior 
 conjunction, 16h UT

 28 The Moon passes 1.4° north of 
Jupiter, 10h UT

 29 Mars is at perihelion (206.6 
 million kilometers from the Sun), 
13h UT

 30 Venus passes 3° south of Saturn, 
8h UT

  New Moon occurs at 17h38m UT

 31 The Moon is at apogee  
(406,662 kilometers from Earth), 
19h29m UT

STAR COLORS: 

Stars’ true colors 

depend on surface 

temperature. Hot 

stars glow blue; slight-

ly cooler ones, white; 

intermediate stars (like 

the Sun), yellow; followed 

by orange and, ulti mately, red. 

Fainter stars can’t excite our eyes’ 

color receptors, and so appear white 

without optical aid.

Illustrations by Astronomy: Roen Kelly

HOW TO USE THIS MAP: This map portrays 

the sky as seen near 30° south latitude. 

Located inside the border are the four 

directions: north, south, east, and 

west. To find stars, hold the map 

overhead and orient it so a 

direction label matches the 

direction you’re facing. 

The stars above the 

map’s horizon now 

match what’s  

in the sky.

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