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Article No.

Price in $

Photography Mount for the Northern Hemisphere
WxHxD in mm 210x78x30, weight 15.2-Oz

55040

129.00

Photography Mount for the Northern Hemisphere incl. ball head

7KH3UHVVVD\V
“The resulting star shapes were impressive, showing no sign of trailing
... We would recommend the MiniTrack to users of any experience level
DVDVLPSOHPHDQVRIPRXQWLQJEDVLFLPDJLQJHTXLSPHQWIRUZLGHƬHOG
imaging.” (BBC Sky at Night)

WxHxD in mm 210x78x130, weight 25.8-Oz
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159.00

Photography Mount for the Northern and Southern Hemisphere
WxHxD in mm 250x78x30, weight 17.3-Oz

57993

159.00

Photography Mount for the Northern and Southern Hemisphere incl. ball head
WxHxD in mm 250x78x130, weight 27.9-Oz

Order online at www.omegon.com
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2020 TOTAL
SOLAR ECLIPSE TOURS
– Chile Solar Eclipse Tour
(Dec 9 -16, 2020)

'HGLFDWHGWR

&UDIWVPDQVKLS

– Chile & Easter Island Eclipse
(Dec 3 -15, 2020)

*72

$XWR$GMXVWLQJ
0RWRU*HDUER[HV

$EVROXWH(QFRGHU

– Brazil & Argentina Eclipse
(Dec 6 -18, 2020)

2SWLRQ
9'&

– Argentina Eclipse
(Dec 9 - 18, 2020)
– Argentina & Chile Eclipse
(Dec 9 - 20, 2020)

2021 TOTAL
SOLAR ECLIPSE TOURS
– Luxury Antarctica Eclipse
Cruise (Nov 29-Dec 15, 2021)
*72&3

– Private Jet Antarctica Eclipse
Expedition

&RQQHFWLYLW\

Eclipse Traveler
1-800-276-1168
www.EclipseTraveler.com
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With over forty years of designing and building our vision for
eyepiece and refractor performance, along with photo/visual
accessories to match, Tele Vue
continues its mission to make your
observing ”...even better than
you imagined.” Call for expert
and accurate technical advice.
32 Elkay Drive, Chester, New York 10918 845.469.4551 www.TeleVue.com
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FROM THE EDITOR

It’s elemental
As astronomy enthusiasts, we’re most often focused on astronomy, astrophysics, planetary science, or cosmology. But I’d like you to stop for a
moment and think about chemistry.
Consider the very stuff you’re made from, for example. The average human has
7 octillion atoms in their body. That’s 10 to the 27th power. Put another way, it’s
7 billion billion billion atoms. Suffice to say, it’s a lot. These very same atoms were
created in the early stages of the universe or in the bellies of exploding stars long
ago. As the great astronomer Carl Sagan said, “The nitrogen in our DNA, the
calcium in our teeth, the iron in our blood, the carbon in our apple pies were made
in the interiors of collapsing stars. We are made of starstuff.”
Right now, you have at least traces of 60 chemical elements within you. Oxygen
is the most abundant by mass; carbon follows second, and then hydrogen and
nitrogen. But you also have so-called heavier elements such as calcium, phosphorus,
potassium, sulfur, sodium, chlorine, and magnesium. And yes, you even have
naturally occurring radioactive elements within you — again, all part of nature.
The elements, of course, are the basic atomic building
blocks of the cosmos, from which all normal matter is composed. Consider, just for a moment, our discovery and
“Why
understanding of them. Organized by their properties in the
am I here?”
periodic table, the 118 known elements display a wide range
actually has
of characteristics. Russian chemist Dmitri Mendeleev crean answer.
ated the first detailed periodic table in 1869 to understand
and organize the elements based on those characteristics.
So where did the elements that make up our stars, our
planets, and even us, come from? The creation of the first atomic nuclei took place
immediately after the Big Bang itself, the origin of the universe some 13.8 billion
years ago. That process, called Big Bang nucleosynthesis, resulted in mostly hydrogen and helium, with trace amounts of other elements like lithium and hydrogen’s
heavy cousin, deuterium.
These are incredible facts to ponder as you walk out under a starry sky on a clear,
moonless night. Look deep toward the shimmering glow of the Milky Way, and
you’ll see many twinkling stars and the unresolved light from millions more that
make up the hazy band running across our sky. That oldest of all human questions
— “Why am I here?” — actually has an answer. You’re here because atoms created
in the Big Bang and in the bellies of stars have recombined in a way to make you,
billions of years after their creation — with a big thank you to your
parents as well.
Something to think about under a starry sky.
I also want to introduce you to a new staff member, Editorial
Assistant Hailey McLaughlin. Hailey joins us fresh from her graduation from the University of Wisconsin-Milwaukee with degrees in
creative writing and journalism. She hails from a small community
in central Wisconsin and got her start in astro interests when she
wanted to become an astronaut at age 3. During her time at the
university, she was the editor-in-chief of her school newspaper and
found a love of editing. Please help me welcome Hailey.
Follow the
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Photo: Cristian Fattinnanzi
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Article No.
Price in $
Photography Mount for the Northern Hemisphere
WxHxD in mm 210x78x30, weight 15.2-Oz
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ASTRO LET TERS

Memories from The Outer Limits

What’s normal?

Michael Bakich’s article “The Outer Limits Universe” in
the June 2019 issue brought back memories of what I consider the best television show of all time. I still remember
watching that very first episode in September 1963. As the
credits rolled, the combination of the haunting musical
score and the beautiful astronomical photos (especially
M104) always made me think of what could be out there.

I was amused while reading “Tension at the Heart of
Cosmology” in the June 2019 issue when it pointed out
that the analysis of the Planck data seems to indicate the
universe’s contents as 68.3 percent dark energy, 26.8 percent dark matter, and 4.9 percent “normal” matter. If we
were less biased by our own experiences, “normal” matter
seems to be the least “normal” of these constituents.
Perhaps renaming these would present a more correct
impression. Perhaps we are in a universe of dark and light
matter and dark and light energy, all of these being
“normal.” — Dennis Geake, Orem, UT

— Robert Lindner, Oak Creek, WI

Another eclipse perspective
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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“Ask Astro” in the June 2019 issue posed the question of
how a full eclipse of the Sun would differ from the vantage
point of a Moon observer. The answer, I believe, neglected
to cite the most obvious and glaring difference: the very
large size variation of the occluding bodies. From a practical standpoint, this would mean that a full Earth eclipse of
the Sun would last considerably longer, it would be more
frequent, and it would be much more difficult to see any
of the Sun’s corona (since the latter, at the point when the
eclipse is exactly full, would have to extend more than
1,000,000 miles on either side of the Sun to be visible past
Earth’s circumference). — Chris Skillern, San Diego, CA

ASTRONOMY • OCTOBER 2019

Interstellar chase
I have been intrigued by ‘Oumuamua since I first read
about it. But not until reading Bob Berman’s column in
the May 2019 issue did I know that we could catch up to it.
How is this not being screamed for? To not at least attempt
to catch up to and photograph the first identified interstellar object would be a travesty of science! Who can say
what we will discover? Or it could be just a rock. But that’s
fine. After all, what did we bring back from the Moon?
— Kyle Perkins, Big Stone Gap, VA

QG

QUANTUM GRAVITY

EVERYTHING YOU NEED TO KNOW ABOUT THE UNIVERSE THIS MONTH

SNAPSHOT

A WISPY
TREASURE

NASA, ESA AND F. BAUER. BOTTOM FROM LEFT: ARMY SIGNAL CORPS COLLECTION IN THE U.S. NATIONAL ARCHIVES; NASA/JHUAPL/SWRI; ESO

This small, faint
galaxy sparkles
with stars.

The irregular galaxy IC 10
doesn’t need stunning spiral
arms to show off. IC 10 is part
of our Local Group of galaxies, of which the Andromeda
Galaxy and the Milky Way
are the largest members. And
at only 2.2 million light-years
away, this nearby neighbor is
lighting up with a flurry of star
formation, thanks to its ample
reservoirs of cool hydrogen gas
that collapse to form new suns.
But despite its internal fireworks, IC 10 is faint, and wasn’t
identified by astronomers until
1887. Even with modern instruments, it is challenging for
astronomers to study because of
its location in our sky, behind
the dust and stars of our own
galaxy. — ALISON KLESMAN

HOT
BYTES

REWRITING HISTORY
A Texas State University
astronomer determined
that on June 5, 1944,
the Moon rose before
sunset and was visible
all night. The finding
corrects an oft-repeated
but erroneous account
that the Moon rose late
the night before the
D-Day invasion.

RECENT ACTIVITY
Researchers found
signs of ammonia —
which can’t last long
on Pluto — in the redcolored, ditchlike Virgil
Fossae, indicating
cryovolcanoes erupted
there within the last
few million years.

DOUBLE VISION
The European Southern
Observatory’s SPHERE
instrument caught a
stunning glimpse of
the double asteroid
1999 KW4 on May 25,
2019, when the pair
passed Earth at a mere
14 times the distance
of the Moon.
WWW. ASTRONOMY.COM
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SCIENTISTS READ THE SUN’S HISTORY
FROM MOON ROCKS
Lunar samples reveal our young star was a slower-than-average
rotator, but its outbursts still shaped the early solar system.

FLARING UP. NASA’s Solar Dynamics
Observatory spotted a solar flare and heated
material erupting from our star (lower right)
in October 2014. Although the Sun is active
today, it was even more so in the past. NASA/SDO
As Sun-like stars mature, their
rotation tends to slow. But when
these stars are young, they rotate more
quickly and less predictably. Two stars
of the same mass may rotate at drastically different speeds. And stars that are
fast rotators tend to hurl more powerful
radiation and charged particles into
their systems, often to the detriment of
their planets.
Without other clues, learning how
fast the Sun once spun is difficult.
But researchers led by Prabal Saxena
of NASA’s Goddard Space Flight
Center published a study May 3 in The
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Astrophysical Journal Letters that used
lunar samples to determine how fast our
Sun may have rotated in its early years, a
factor that helped to determine how the
inner planets, including Earth, evolved.

SOLAR BLAST
“After a billion years,” Saxena tells
Astronomy, “[stars with the same mass]
all converge to the same rotation rate.
There’s few clues as to what your state
was before,” based on the star itself. But
Saxena’s team found a workaround in
the amount of potassium and sodium
measured in lunar samples.

Sodium and potassium are volatiles,
meaning they’re easily dispersed from the
lunar surface by strong solar activity or
other violent phenomena. So, the amount
of these elements left on the Moon should
indicate just how active the Sun once was
— and thus how fast it rotated. Saxena’s
team tabulated the quantities of each in
lunar samples and used computer modeling to run the clock backward on three
imaginary Suns: a fast, medium, and
slow rotator. The faster the young Sun’s
rotation, the more coronal mass ejections
and solar flares it gave off, stripping more
volatiles from the Moon.

QUICK
TAKES

CASSINI DIVISION DETAILS

END OF AN ERA

NASA/JPL/SSI/DIAGRAM BY EMILY LAKDAWALLA

Huygens Herschel Russell Jeffreys Kuiper Laplace Bessel Barnard
HIDDEN RINGS.
Through amateur
telescopes,
Saturn’s Cassini
Division looks
like a void. But
from 620,000
miles (1 million
kilometers) away,
the Cassini spacecraft imaged
a number of
faint rings and
gaps within it.
B Ring
Cassini Division
A Ring
In 2009, the
International
FAST FACT
Astronomical Union announced
eight new names for the gaps in the
French astronomer Giovanni Cassini
discovered
the division in 1675 through a 2½-inch
Cassini Division. — MICHAEL E. BAKICH

telescope at the Paris Observatory.

They found that if the Sun had been
a fast rotator, with all the solar activity
that implies, there shouldn’t be any
potassium at all left in lunar samples.
The fact that there is means our Sun
was likely a quiet youngster, rotating
more slowly than the average star. But
the team can’t pinpoint exactly how
slowly the Sun rotated because it’s not

IN THE ROCKS. Samples of the lunar surface,
such as this rock brought back by Apollo 16
astronauts, allow scientists to estimate our
Sun’s activity levels during the solar system’s
early years. NASA/JSC

clear how volatile-depleted the Moon’s
rocks were to begin with. Theories
about the event that formed the Moon
and its effect on volatiles still disagree.

NASA’s Spitzer Space Telescope,
launched in 2003 to study the
infrared sky, will be permanently
retired January 30, 2020.

METEOR CLOUDS
Vaporized space rocks can kickstart cloud formation on Mars,
new research finds. Because
ancient Mars was pummeled by
meteorites, the discovery has
implications for the Red Planet’s
past water cycle.

RING IT IN
ALMA spotted a never-beforeseen ring of cool hydrogen gas
wrapped around the Milky Way’s
central supermassive black hole,
providing fresh insight into how
black holes accrete matter.

WRECKING BALL
A ball of dark matter may have
plowed through a line of stars
streaming around the Milky Way,
disrupting them. If confirmed, this
suggests dark matter is “cold,”
meaning it’s heavy, relatively slow
moving, and clumps together.

MYSTERIOUS MASS
SPIN EFFECT
Regardless, the Sun did rotate faster
— some nine to 10 days per rotation,
instead of today’s 27-day average —
during the solar system’s first few
hundred million years. That means the
young Moon and planets were subject
to more solar activity than they endure
today. That’s likely the period when
Venus lost its hydrogen, and Mars
lost its atmosphere and then water.
Even Earth likely lost its first, thinner
atmosphere, until it made a new one
from volcanic gases, dense enough to
survive the Sun’s harsh activity with the
help of our planet’s magnetic field.
As NASA plans return visits to the
Moon, lunar scientists hope for more
samples from across the surface and
deep underground to learn more about
the early history of the solar system.
— KOREY HAYNES

Scientists have discovered an
enormous mass of dense material,
possibly the remains of an
asteroid, buried a half-mile
(0.8 kilometer) under the Moon’s
largest, oldest impact feature: the
South Pole-Aitken Basin.

BEWARE SUPERFLARES
Data indicate that every few
thousand years, the Sun should
emit “superflares” at least 100
times stronger than the 1859
Carrington Event, which wreaked
havoc on telegraph lines across
North America and Europe.

SALTED MOON
Europa’s underground ocean is
brimming with table salt, finds a
new study. Scars on the moon’s
chaotic Tara Regio could allow
salty water to seep through cracks
in the crust. — JAKE PARKS
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Milky Way still bears scars
The dwarf Antlia 2 may have caused
strange ripples in our galaxy’s outer disk.

LEAVE YOUR MARK.

ESA/C. CARREAU

The Milky Way likely collided with recently
discovered dwarf galaxy Antlia 2 less than
a billion years ago, according to research
presented June 12 at the 234th meeting of
the American Astronomical Society.
The work, led by Sukanya Chakrabarti
of the Rochester Institute of Technology,
supports a prediction she made a decade
ago about how the Milky Way obtained a
unique ripple pattern in its outer disk of
gas. The study has been submitted for publication in The Astrophysical Journal Letters.

COSMIC WHODUNIT
In 2009, Chakrabarti published work that
concluded a collision between a dark
matter-dominated dwarf galaxy and the
Milky Way could explain the curious ripples,
which have no obvious cause. To find the
culprit, her team first rounded up the usual
suspects: known satellites of the Milky
Way, such as the Magellanic Clouds and
the Sagittarius Dwarf Galaxy. However, the
Magellanic Clouds are too distant and the
Sagittarius Dwarf has too little heft to explain
our galaxy’s scars. This led Chakrabarti to
predict that another dwarf galaxy — one that
hadn’t yet been found at the time — was
responsible for the galactic drive-by.
Fast-forward to last year, when researchers used data from the Gaia satellite to
uncover a previously unknown, faint dwarf
galaxy orbiting the outskirts of the Milky
Way: Antlia 2. The galaxy, which is about
400,000 light-years away and is roughly
as wide as the Large Magellanic Cloud, is

12
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almost invisible. According to Chakrabarti,
it’s the galaxy with the lowest-known surface brightness, which measures a galaxy’s
light per area of the sky that it covers.
Chakrabarti set out to determine whether
this newly discovered galaxy could be the
elusive dwarf she had predicted. First, she
calculated the past trajectory of Antlia 2
based on its movement and current location.
Lo and behold, Antlia 2 does appear to have
smashed into the Milky Way in the past. Next,
she compared the Milky Way’s observed ripples with those produced by a simulated collision between our galaxy and Antlia 2. “It’s
almost dead on,” Chakrabarti tells Astronomy
of the match between the two.
Now she and her team are waiting for the
next batch of data from the Gaia mission,
which is working to map over a billion stars
in the Milky Way. More data will allow them
to test their prediction, Chakrabarti says, with
regard to how the stars within Antlia 2 should
currently be moving. If the motions line up
with predictions, it should clinch the case for
Antlia 2 as the cause of our galaxy’s ripples.

TEST SUBJECT
The dwarf galaxy could be used to investigate
dark matter, Chakrabarti says. Based on its
run-in with our galaxy, scientists could determine how dark matter is spread throughout
Antlia 2. With that information, she says, “you
can now start to tell the difference between
different dark matter models.” That would
certainly bring astronomers closer to understanding the elusive nature of dark matter. — J.P.

ESA/HUBBLE, NASA

Our Milky Way,
shown here in an
artist’s concept, has
strange ripples in
its outlying regions.
New research
indicates those
ripples were caused
by a collision with
a dim dwarf galaxy
called Antlia 2.

SMALL
GALAXY,
BIG BLACK
HOLE
At just 3,000 light-years
wide, the dwarf galaxy
ESO 495–21 is only about
3 percent the diameter
of the Milky Way. But
it now seems the pintsized galaxy packs a
supermassive black hole
more than a million times
the mass of the Sun.
That puts ESO 495–21’s
black hole in the same
weight class as our own
galaxy’s central black
hole, Sagittarius A*, which
weighs in at 4.3 million
solar masses. If confirmed,
researchers think such a
big black hole at the heart
of such a petite galaxy
strongly suggests that
black holes formed first
in the early universe, with
galaxies later developing
around them. — J.P.

HOW CUBESATS
STACK UP
4 in
(10 cm)

4U

4 in (10 cm)

4 in (10 cm)
3U

One Unit

Multiple Units

3 lbs (1.33 kg)
23 in (58 cm)

Sputnik
184 lbs (84 kg)

FAST FACT
A single CubeSat Unit is about
the size of a Rubik's cube.

The amount of
radio and optical
telescope data,
in terabytes,
released by
the Search for
ExtraTerrestrial
Intelligence
(SETI)
Breakthrough
Listen project to
the public. It is
the largest SETIrelated data
release to date.

Insight uncovers the mole
A digging instrument called
the “mole” on NASA’s Mars
InSight lander’s Heat Flow and
Physical Properties Package
has been stuck in the martian
soil since February 28. The
mole, which auto-hammers its
way into the ground like a long
spike, may have hit a rock,
halting its forward progress.
But the issue could be that
its sandy surroundings are
too soft for the mole to gain
any friction, which it needs
to burrow into the dirt. On June 28, engineers directed InSight’s robotic arm to lift the mole’s support
structure out of the way, giving a clearer view of the instrument’s progress and the potential problem.
This image, taken with the arm’s Instrument Deployment Camera, shows the arm still holding the mole’s
black support structure; the silver spike is visible in the ground. Based on the view, engineers now think
the soil is to blame. They hope to use the robotic arm’s scoop to press on the dirt near the hole, filling it
in to provide the mole with friction to keep digging. — K.H., A.K.
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SMALL PACKAGES. CubeSats are small,
cost-effective satellites that can be built
quickly and launched with minimal
fuel. A single Unit (U) is about 4 by 4
by 4 inches (10 by 10 by 10 centimeters)
and weighs 3 pounds (1.33 kilograms)
or less. CubeSats can be constructed
with dimensions of 1U, 2U, 3U, or
6U. Most are designed for short-term,
low-Earth-orbit missions. The first
interplanetary CubeSat mission, Mars
Cube One (MarCO), sent two identical
CubeSats to Mars alongside the InSight
lander. Not only did MarCO prove
these devices can be used beyond
Earth orbit, they successfully relayed
information during InSight’s landing
back to Earth before flying by Mars
and ending their mission. — A.K.
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Cold quasars are a new stage
of galaxy evolution

RED VS. BLUE. A luminous blue quasar blows
away the star-forming material (orange-red) from
its host galaxy in this artist’s concept. Over time,
quasars first clear their immediate surroundings
and then their entire galaxy of gas and dust, bringing star formation to a virtual end. MICHELLE VIGEANT

Quasars are the energetic centers of young
galaxies, powered by a supermassive black
hole that is surrounded by a vast disk of hot
material swirling inward. These turbulent
whirlpools energetically fling matter and
radiation outward — allowing us to observe
them — which can be bad news for the host
galaxy. To form stars, a galaxy needs cold
gas that can clump together, not gas that’s
heated up and swept away by a raging black
hole. So, quasars are thought to signal a
downturn in a galaxy’s ability to form stars.
But Allison Kirkpatrick of the University
of Kansas found a set of galaxies that contain
both violent quasars and cold pools of gas,
meaning these galaxies might still be capable
of making new stars. She presented these
“cold quasars” June 12 at the 234th meeting
of the American Astronomical Society.
Kirkpatrick found the cold quasars
when matching quasars seen in the Sloan
Digital Sky Survey to those found by the
X-ray-seeking XMM-Newton telescope
and the infrared-hunting Herschel Space
Observatory. X-rays come from active black
holes, while infrared light traces glowing gas
and dust — prime star-forming regions.

Quasars are sometimes seen enshrouded
in a cloud of material. Researchers think
this is an intermediate phase, when the quasar has turned on but hasn’t yet had time to
blow away the dust and gas around it. Such
dust-obscured quasars appear red because
as their light shines through the surrounding material, it picks up a reddish hue, similar to the way a sunset appears red when
light from the setting Sun travels through
progressively more of Earth’s atmosphere.
But Kirkpatrick spotted bright blue,
luminous quasars within galaxies with cold
gas signatures. That implies the quasars
have blown away the material immediately
around them but haven’t swept the gas
and dust entirely out of the galaxy yet. She
theorizes that cold quasars are yet another,
shorter intermediate phase lasting 10 million to 100 million years. This cosmically
brief period could explain why cold quasars
seem novel: They’re simply not around long
enough to show up in big numbers.
To find out just how many galaxies go
through this stage, Kirkpatrick is seeking
more cold quasars, which will reveal whether
this phase is common or rare. — K.H., J.P.

1,800

SpaceX’s ambitious Starlink project could
put more than 10,000 satellites into orbit
and rewrite the future of the internet. After
a May launch released the first sixty 500pound (227 kilograms) satellites, they were
clearly visible in the night sky.
But CEO Elon Musk had repeatedly said
on Twitter that the satellites wouldn’t be
seen. Astronomers now worry the satellites
could increase light pollution, interfere with
radio signals, and contribute to the growing
issue of space debris. This image of galaxies,
captured May 25 from Lowell Observatory in
Arizona, is marred by reflected light from more than 25 Starlink satellites passing overhead.
In early June, several astronomical groups, including the American Astronomical Society (AAS), issued
statements expressing concern about Starlink’s potential to damage research. The AAS and other groups
are now in discussions with SpaceX about mitigating impacts of future satellite launches. — K.H.
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Astronomy groups concerned about
Starlink satellites

The number of
new supernovae,
or exploding
stars, captured
by the Subaru
Telescope,
including nearly
60 objects more
than 8 billion
light-years away.
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STRANGE UNIVERSE

The media’s
universe

promoted. It raises a simple issue: Does a term like
Super Moon do more harm or more good?
When I took over the Almanac’s pages long ago, I
decided never to list penumbral lunar eclipses or minor
meteor showers happening near Full Moon. Yet this
past April, Earth and Sky — which I normally consider
How do we popularize astronomy responsibly?
an excellent radio show — urged listeners to go out to
watch a skimpy Lyrid meteor shower during a very
bright Moon. I knew observers would be lucky to catch
one or two meteors even if they stared for half an hour.
Such overselling is exactly the kind of thing that turns
people off from astronomy.
Another concern is how pop culture perception often
gets set in stone. For example, until the 1950s hit “Rock
Around the Clock,” the public had correctly pronounced
Comet P1 “HAL-ee’s comet.” But Bill Haley and His
Comets established a pronunciation — HAY-lee — that
has become permanent even though it’s wrong.
Another example: If you ask people the first words
spoken from the Moon, they’ll invariably mention Neil
Armstrong’s “one small step” line. Actually, the first
lunar words were, “OK, engine stop.” Soon after came,
“Houston, Tranquillity Base here. The Eagle has landed!”
Only seven hours later did Armstrong say those
famous words. Maybe you’d argue that those alone
should count because he was then standing on the surface. But that’s not how life works. When you land at
The first image
of a black hole is
Science journalists are confronting an odd
JFK and the plane’s crew says, “Welcome to New York,”
conspicuously
new trustworthiness challenge. I’m not too
no one thinks, “I’m not in New York because I’m still
missing the black
worried about how it affects this magazine’s
on the plane.” Similarly, as soon as the lunar module
hole. At the center,
the dark blob is
readers, who are mostly sky-savvy. But as astronomy
landed, the astronauts were on the Moon.
actually the silhouette
editor of The Old Farmer’s Almanac for
You could argue this either way; my
of a region about 100
times larger than
more than a quarter-century, I’ve watched
point is merely that the media-declared
the black hole itself.
with growing discomfort as its million
reality became the sole permanent truth.
If we want
EVENT HORIZON TELESCOPE
Commentators had speculated for days
general readers acquired strange, new
COLLABORATION
astronomy to
notions about the cosmos.
what Armstrong would choose to say when
catch
on
and
One example: the Super Moon busihe stepped out, so only his out-the-hatch
grow, we do
ness. Astronomers have a perfectly fine
words were catnip to the press corps when
want to stir
word for when the Moon comes close:
the time came.
perigee. For centuries, the published lunar
Such media-driven astro-facts still hapup excitement.
perigee date mostly elicited yawns. But
pen. Remember earlier this year when the
But we also
when the term Super Moon caught on a
press ran the first image of a black hole?
mustn’t
oversell
few years ago and the mass media ran
Well, that black circular glob was actually
celestial
events
headlines like, “Don’t miss tonight’s Super
not the black hole. It was a false-color
Moon!,” confusion arose.
depiction of an inky area 100 times larger
that we know
The main problem is that a perigee Full
than the black hole: the zone where backwill fall far
Moon looks just like any other Full Moon,
ground radio waves had been disturbed by
short
of
what’s
whereas “super” suggests something very
the black hole’s presence. But even if incorpromoted.
BY BOB BERMAN
special is afoot. Photographers soon
rect, once this “fact” (and others like it)
Join me and Pulse
gains enough repetitions, it becomes our
obliged by publishing photoshopped
of the Planet’s
permanent model of the cosmos — which
images of an unnaturally huge Moon,
Jim Metzner
and the highway to hype was now open to traffic.
is why the vast majority of people think orbiting astroin my podcast,
If we want astronomy to catch on and grow, we do
nauts can see the Great Wall of China unaided or
Astounding Universe,
want to stir up excitement. But we also mustn’t oversell
believe that births and crimes increase around the time
at www.astounding
universe.com
celestial events that we know will fall far short of what’s
of the Full Moon. It’s why people think professional
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FULL MOON

SUPER MOON

January 18, 2011

March 19, 2011

Is the Super Moon really that super? This image compares a “regular” Full Moon (left) to the Super Moon that appeared in March 2011. Although
the Super Moon is slightly bigger and brighter, it’s not the major difference some media outlets might report. KAREN ROE

astronomers physically look through telescopes, believe
radio telescopes capture sounds, or think the Moon has
a permanent dark side. Fitting into vox pop reality is
probably why Alex Trebek calls our second-to-last
planet “yur-AY-nus” on Jeopardy!, even though he’s
normally a stickler for pronunciation.
Science programs habitually repeat the silly claim
that astronauts have “escaped Earth’s gravity,” even
though gravity at the International Space Station is just
a barely noticeable 10 percent weaker than in the Mall
of America. Few explain that the floating is solely due
to the crew being in free fall.
At risk of sounding like a curmudgeon, it’s weird to
watch our beloved astronomy get reimagined, with the
hyped version permanently established as the sole
truth. But at heart, this is about trustworthiness. Which
brings the issue back to whether we should ever use
“Super Moon” on these pages. What do you think:
Would doing so be current and colloquial, or selling out
to astro-hype?

By the time Buzz
Aldrin descended the
ladder toward the
lunar surface, he was
already on the Moon.
He’d landed, along
with Neil Armstrong,
the moment the
Apollo 11 lunar module
touched down. NASA

BROWSE THE “STRANGE UNIVERSE” ARCHIVE
AT www.Astronomy.com/Berman
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InSight took this selfie December 6, 2018, with its
Instrument Deployment Camera. The probe’s two
solar panels dominate the scene, with the deck and
its science instruments, weather sensor booms,
and UHF antenna between them. The camera,
which resides on the elbow of the spacecraft’s
robotic arm, took 11 images that scientists on
Earth stitched together to create this mosaic.
ALL PHOTOS BY NASA/JPL-CALTECH UNLESS OTHERWISE NOTED

Although dozens of spacecraft
have explored Mars’ surface, InSight is
the first to target the planet’s interior. BY JIM BELL

DIGGING DEEP
18
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INTO MARS
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Is Mars a dead world like the Moon,
or an active, living terrestrial planet like Earth?
That’s the $830 million question that an
international team of scientists and engineers
are trying to answer with the latest robotic
inhabitant of the Red Planet. NASA selected
the InSight mission in 2012 from a pool of
nearly 30 proposals for exploring the solar
system that had been submitted to the space
agency’s Discovery program competition two
years earlier. InSight — short for “Interior
Exploration using Seismic Investigations,
Geodesy, and Heat Transport” — is, as the
name implies, a mission designed to study
the deep interior of Mars from the vantage
point of a single station on the surface.
Dreaming deep
Planetary scientist Bruce Banerdt, the
mission’s principal investigator, has been
studying the formation and evolution of
Mars and other planets at Caltech’s Jet
Propulsion Laboratory (JPL) since 1983.
For decades, he and scores of other planetary geophysicists from around the
world have been thinking about ways
to learn whether Mars is dead or alive.
They knew that seismology — the
study of earthquakes and related phenomena — was the key to understanding
Earth’s interior. But to do similar research
on Mars meant that they’d have to figure
out how to build and deploy seismometers

An Atlas V rocket carrying NASA’s InSight spacecraft rises above a fog bank
shortly after launch from Vandenberg Air Force Base in California the morning
of May 4, 2018. NASA/CORY HUSTON

and other geophysical sensors that could
handle the stresses of a launch from Earth
and the harsh environment of Mars’ surface. And they knew that it wouldn’t be
possible to deploy a global network of
thousands of seismometers like we have
on our planet. At best, they could contemplate setting up a small network of at least
a few seismometers and other instruments, like the Apollo astronauts had
done at six landing sites on the Moon,
using spacecraft similar to those that had
already successfully landed on Mars. At
worst, they could deploy only one.
And indeed, one it would have to be.
The costs, complexity, and risks of

InSight captured this panorama of its landing site December 9, 2018, the 14th martian day (sol) of its planned
two-year mission. This 290°-wide field of view comprises 30 individual images and shows the rim of the
degraded crater the spacecraft landed in, nicknamed Homestead Hollow.
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attempting multiple landings on Mars
simply didn’t fit within the constraints of
NASA’s “faster, better, cheaper” Discovery
program line, and no larger-class missions to study martian geophysics were
scheduled for the foreseeable future. So,
Banerdt began lining up a team to make
the best possible pitch to NASA for a mission to study Mars’ interior.
To reduce risk, the team proposed to
leverage JPL’s experience in designing
and operating Mars surface missions,
and to use essentially the same Lockheed
Martin lander that had successfully carried the Phoenix mission’s experiments
to the surface in 2008. And to reduce
cost, the team relied on space agencies
from other countries to contribute a
major percentage of the instruments.
This rather gutsy decision would come

LEFT: NASA’s InSight
spacecraft landed in
Elysium Planitia, a
relatively flat and
rock-free plain not
far north of Mars’
equator. In this
view from the Mars
Reconnaissance
Orbiter, the lander,
its heat shield, and
its parachute and
backshell spread
across about a half
mile (less than 1 km)
of martian terrain.

back to haunt — but fortunately not kill
— the mission.

Is Mars alive?
Prior to InSight, planetary scientists had
a rudimentary understanding of what
the interior of Mars was probably like,
and some crude hypotheses about its
level of activity. Based on general similarities among our solar system’s terrestrial planets, and on basic physical,
compositional, geologic, and other information about Mars provided by previous
missions, researchers also deduced that
Mars was differentiated — with an interior segregated into a core, mantle, and
crust like Earth’s.
NASA’s Mars Global Surveyor orbital
mission in the mid-1990s provided a key
piece of information supporting this
hypothesis. The spacecraft’s magnetometer measured strong magnetic fields in
the rocks on certain parts of the planet’s
surface. Scientists presume these signatures are remnants of what was once a
global magnetic field, perhaps similar

10 kilometers

InSight set down within a landing ellipse that
stretched 81 miles (130 km) wide in a largely eastwest direction and 17 miles (27 km) in a north-south
direction. The red dot marks the spot where the
spacecraft landed. NASA’s 2001 Mars Odyssey
orbiter captured this background image in 2015.

Parachute and
backshell

NASA/JPL/UNIVERSITY OF
ARIZONA

BELOW: The probe
set down about
375 miles (600 km)
north of the
Curiosity rover.

InSight
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Heat shield

Viking 2

in some ways to Earth’s. Our planet’s
magnetic field arises in the core. This
partially melted, spinning ball of highly
conductive iron creates a strong magnetic field that extends from the core well
out into space. The field helps shield the
surface from harmful radiation and
allowed life to emerge and thrive here.
Did Mars once have a partially molten
core that gave rise to a similarly beneficial global magnetic field?
Another key piece of evidence suggesting that Mars is differentiated comes
from tracking the radio signals Mars
Pathfinder and subsequent missions sent
from the surface. Landers and rovers
transmit their radio signals from a spinning planet that wobbles slightly. Those

ELY
PLA SIUM
NIT
IA

InSight
Curiosity

Spirit

tiny wobbles stem from the fact that Mars
is not a uniform sphere, but instead has
internal variations in mass and density.
By modeling the minuscule changes in
radio signal frequency associated with
those wobbles, planetary geophysicists
can deduce the nature of the interior variations. Scientists tracking the Pathfinder
radio signals, for example, inferred that
Mars has a denser, and presumably ironrich, core that extends from the center of

NASA/JPL-CALTECH/ARIZONA STATE UNIVERSITY
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Peering beneath the surface
Geologists have mapped out the interiors of Earth and the
Moon quite well, thanks to an array of seismometers on our
planet and a handful left on our satellite by Apollo
astronauts in the late 1960s and 1970s. Although
Mars’ interior remains more enigmatic,
scientists hope InSight will change that.

The Moon
Mantle

ASTRONOMY: ROEN KELLY, AFTER NASA/JPL
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the world out to somewhere between
40 and 60 percent of the planet’s radius.
But is that core still at least partially
molten? Does Mars have enormous
quantities of internal heat — high heat
flow, in geophysical terms — like Earth,
and does that heat drive contemporary
geologic processes? Mars has no global
magnetic field today, which is one argument that the core has solidified and the
interior is no longer active.
Other arguments against high heat
flow include the absence of any proof for
recently active volcanoes or hotspots, as
well as no convincing evidence for past
or present plate tectonics. Earth’s crust is
divided into a dozen or so large tectonic
plates. These plates move relative to one
another, causing most of our planet’s
earthquakes and volcanoes, and play a
role in helping our planet release its internal heat. But from orbit, Mars appears to
be a one-plate planet with no obvious
internal geologic activity. Could surface
observations verify this supposition?
22
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The view from Elysium
The InSight mission team worked frantically for four years to design, build, and
test the lander and its instruments in
time to meet the planned 2016 launch.
The task proved challenging because a
number of technical and management
problems cropped up along the way. The
most serious of these was a small leak in
the housing for the seismometer, which
needs to operate in a vacuum to achieve
its required sensitivity, discovered several
months before the scheduled launch.
The instrument, built by a European
consortium led by the French Space
Agency (CNES), could not be repaired
in time and the launch was delayed for
two years. NASA estimated the cost
of this delay at around $150 million,
canceling out the hoped-for savings
from relying on a heavily international
science payload.
The delay also had ramifications
within NASA. The space agency realized
that highly technical international

771 to 1,168 miles
(1,240 to 1,880 km)

6 to 31 miles
(10 to 50 km)

2,106 miles (3,390 km)

collaborations can be exceedingly difficult to manage and decided to tighten
the rules on how much outside countries
could contribute to instruments on future
missions. The new limit is now one-third
the total cost of all instruments.
The delay did give JPL, Lockheed,
and their international partners time
to diagnose and repair the problems,
and to test the full system in a giant,
Mars-simulating vacuum chamber
at Lockheed’s facility in Colorado.
Technicians then packaged the spacecraft
into its protective cruise-stage aeroshell
and heat shield and shipped it to
Vandenberg Air Force Base in California,
where it would become the first interplanetary mission launched from the U.S.
West Coast. NASA chose Vandenberg
over the usual Cape Canaveral Air Force
Base launch facility in Florida because it
could better handle the spacecraft’s large
mass and gave more flexibility in timing
the launch. In the wee hours of May 5,
2018, an Atlas V rocket lit up the skies

north of Los Angeles and set InSight on
its way to Mars.

Doing the dirty work
The InSight lander carries two cameras
— one mounted below the deck and the
other on the robotic arm — three main
sets of geophysical experiments, and one
set of meteorological instruments. The
geophysical experiments include the
CNES-led seismometer package called
the Seismic Experiment for Interior
Structure (SEIS). The science team
designed it to detect potential marsquakes with up to 300 times the sensitivity of typical terrestrial seismometers,
and to measure the strength of the
magnetic field at Mars’ surface.
The German Aerospace Center built
the Heat Flow and Physical Properties
Package (HP3), which will measure the
planet’s heat flow and conductivity by
hammering a small probe nicknamed
“the mole” as deep as 16 feet (5 meters)
into the subsurface. The JPL-led radio
transmitter experiment, called the
Rotation and Interior Structure
Experiment (RISE), will improve upon
the experiments on previous landers that

LEFT: InSight’s Instrument Context Camera (ICC), which is mounted below the lander deck, snapped the
probe’s first image of Mars within hours of landing November 26, 2018. The camera’s transparent lens cover
was still in place to protect the lens from dust kicked up during the landing.
RIGHT: InSight flipped open the lens cover on its ICC on November 30. Although some dust still clings to the
lens, this much clearer view reveals a nearby rock at bottom center as well as one of the spacecraft’s footpads at bottom right. The camera’s fisheye lens creates the curved horizon.

helped deduce the nature of the planet’s
interior, including the size of the core.
The Temperature and Winds for InSight
(TWINS) meteorology package consists
of several temperature, pressure, wind
speed, and wind direction sensors placed
at various heights on the lander.

IDA

IDC
Grapple

TWINS
RISE antenna

TWINS

UHF antenna

RISE antenna

HP3
ICC
WTS/SEIS

Once InSight gets fully
deployed, its instrument
array should look like
this. As of early July, a
problem has kept the
heat flow probe from
reaching its target
depth. See text for
instrument details.
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Heat flow probe

In addition, the lander carries a passive retroreflector that will allow future
Mars orbiters to shoot laser beams at the
device and accurately track their range to
the surface. Apollo astronauts left similar
devices on the Moon that let scientists
precisely monitor the distance between
Earth and its satellite. Finally, the probe
carries two tiny silicon wafer chips upon
which NASA microscopically etched the
names of more than 2.4 million people
who signed up to have their names sent
to Mars.
During the years prior to launch, the
InSight science and engineering team
worked to identify the perfect landing
site for the mission. This team’s idea of
perfection differed greatly from that of
most previous mission teams, however.
The InSight seismometers and other geophysical instruments need to be in good
contact with the planet’s solid surface to
sense seismic waves and to measure heat
flow accurately. This meant avoiding
rocks, loose sand, and piles of dust.
In addition, the heat shield-parachuteretrorocket landing system, inherited
from the Phoenix lander, did not have
the sophisticated obstacle-avoidance systems that have allowed other missions to
target specific small areas. In fact, the
mission’s landing ellipse — the region
of uncertainty where the spacecraft was
most likely to set down — stretched a
robust 81 by 17 miles (130 by 27 kilometers). Compare that with the Curiosity
WWW. ASTRONOMY.COM
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The lander’s Temperature and Winds for InSight (TWINS) meteorology
package has been producing daily weather reports from the martian
surface since February 19. The instrument takes temperature, wind
speed and direction, and atmospheric pressure measurements every
second, then downloads the data to Earth every martian day, or sol.
To see the daily weather report from Mars, visit https://mars.nasa.gov/
insight/weather. The site gives the high, low, and average temperatures

rover’s landing ellipse, which spanned
just 12 by 4 miles (20 by 7 km).
Thus, the InSight team wanted the
spacecraft to land in a big, flat, rock-free,
sand-free, low-dust parking lot. Indeed,
it was almost the exact opposite of what
most planetary geologists seek — exotic
minerals, sedimentary layers, hills, valleys, water-related landforms — when
they want to land on Mars. Luckily for
the InSight team, Mars has an abundance of flat, relatively boring places.
One particular site — in Elysium Planitia
near 4.5° north latitude and 135.0° east
longitude — also satisfied the mission’s
additional requirements: a low elevation
for the parachute to work well and an
equatorial region so the mission could
operate under solar power.
After a speedy and relatively uneventful six-and-a-half-month cruise to Mars,
InSight team members and millions following online experienced their own
“seven minutes of terror” as the spacecraft autonomously executed its carefully
choreographed set of entry, descent, and
landing activities November 26, 2018.
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The weather on Mars has been chilly since InSight landed. In late June, the temperature averaged
around –94 degrees Fahrenheit (–70 degrees Celsius), with daytime highs rising to near –12 F (–24 C)
and nighttime lows plummeting to –154 F (–103 C). InSight’s meteorology station provides daily
updates of the temperature, wind, and surface pressure in Elysium Planitia. NASA/JPL-CALTECH/CORNELL/CAB
Air temperature (C)

Air temperature (F)

BABY, IT’S COLD OUTSIDE

(in both Fahrenheit and Celsius) and pressures in pascals (1,000 pascals
equals 0.01 bar, or about one-hundredth of the atmospheric pressure at
Earth’s surface). The station reports wind speed in both miles per hour
and meters per second and gives the most common direction of the wind
that day. In the three-day plots the website provides, the wind directions
appear as barbs extending from the speed data point, with due south
angled straight down and due east to the right. — Richard Talcott

Scientists on the ground monitored
many of these activities in near-real
time, delayed only by the eight-minute
light travel time from Mars, as the
lander relayed its radio signals back
to Earth through two CubeSats. These
small satellites, each about the size of a
cereal box, had been launched with the

main spacecraft back in May. Called
Mars Cube One (MarCO) A and B and
nicknamed Eve and Wall-E by their JPL
engineering creators, the satellites did
their job perfectly. They relayed telemetry and eventually the first dusty
InSight photos from the surface as they
sped past Mars, performing flawlessly

InSight’s robotic arm places its copper-colored
seismometer onto Mars’ surface December 19, 2018.
The seismometer records seismic rumbles caused
by marsquakes and nearby meteorite strikes.

The dome-shaped Wind and Thermal Shield covers
InSight’s seismometer. The shield protects the
sensitive seismometer from background noise that
could drown out the weak seismic whispers it seeks.

as the world’s first deep-space interplanetary CubeSats.

Unpacking for a long stay
Although the cameras started taking pictures and TWINS began collecting Mars
weather data soon after landing, it took
more than three months to truly complete
the landing process. That’s because many
of InSight’s key geophysics instruments
were packed on the lander’s deck during
the journey to Mars. To work properly,
the Instrument Deployment Arm (IDA)
had to carefully unpack and then set
them in contact with the rocky surface.
The InSight team deployed SEIS first,
on December 18, or sol 22. (Mars scientists typically express time on the planet’s
surface in sols. One sol is the length of
a martian day, and equals 24 hours
39 minutes 35 seconds.) It would take
until sol 66 (early February 2019) to complete the adjustments of the seismometer’s
tether back to the rover and to cover the
instrument with its protective Wind and
Thermal Shield (WTS) designed to lower
background noise that the sensitive
instrument would otherwise pick up.
HP3 was deployed to the surface on
sol 76 (February 12), and it began hammering the mole into the subsurface on
sol 92 (February 28). After a long wait,
the mission team could finally begin to
collect all the different kinds of measurements it had set out to make.
In a sense, then, the InSight mission
has only just started. The SEIS team
detected its first probable marsquake on
sol 128 (April 6), but as of early July, it

InSight’s deck bristles with science instruments December 4, 2018, before controllers on Earth had the robotic
arm deploy the devices. The copper-colored hexagonal structure in the foreground is a cover to protect the
seismometer. The gray dome behind it is the Wind and Thermal Shield, which would be placed over the
seismometer February 2.

has yet to pick up a second. The quake
had a magnitude between 2.0 and 2.5
— a quiver, really, that a human would
not have felt if it had occurred on Earth.
Despite the apparent calm on Mars, the
seismometers are operating beautifully,
detecting ground motions on the scale
of 25 picometers — just 20 percent the
diameter of a hydrogen atom! SEIS’s
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InSight’s seismometer detected its first probable marsquake April 6 (sol 128). The instrument recorded three
distinct types of ground vibrations: Noise from the martian wind came first, followed by the seismic event
itself, and finally the motion of the spacecraft’s robotic arm as it swung around to take pictures.
NASA/JPL-CALTECH/CNES/IPGP/IMPERIAL COLLEGE LONDON

high sensitivity has also recorded the
effect of what team members presume to
be numerous dust devils as well as other
kinds of low-frequency atmospheric turbulence, known as infrasound, passing
over the seismometer.
The scarcity of detected marsquakes
in SEIS’s first few months of operations
already rules out the possibility that Mars’
interior is as seismically active as Earth’s.
Although not unexpected, the team is
eager to see if continued monitoring will
reveal Mars to have as little activity as the
Moon, or whether it slots in somewhere
between Earth and the Moon. InSight
should have plenty of time to sort this out
— its primary mission lasts a full martian
year, or just over two Earth years.
HP3’s mole hasn’t fared as well.
Shortly after hammering began, the mole
became stuck some 12 inches (30 centimeters) below the surface, perhaps
because the soil is not providing enough
friction or because the instrument
encountered one or more rocks. The
team continues to diagnose the problem
and hopes to devise a strategy that will
allow the instrument to do its work. The
WWW. ASTRONOMY.COM

25

The spacecraft’s robotic arm deployed the Heat Flow and Physical Properties
Package (HP3) on February 12. Scientists designed this probe to measure how
much heat currently escapes from the Red Planet’s interior, as a way to learn
more about its early evolution.

On June 28, InSight’s robotic arm moved the HP3 instrument’s support structure
(far left) to give scientists a better look at its digging tool, informally known as
the “mole,” to see why it couldn’t burrow deeper. Controllers lifted the structure
in three small steps to make sure they didn’t pull the mole out of the soil.

The multiple footprints seen around the HP3 instrument’s support structure reveal that it was moving slightly
as the instrument attempted to hammer its “mole” into Mars’ subsurface. Scientists think soil properties or a
rock are preventing the mole from going deeper, and are working on ways to get it operating.

mole needs to move deeper to make
higher-quality heat-flow measurements.
Meanwhile, TWINS has been generating outstanding daily Mars weather
reports. It discovered a small dust storm
starting around sol 42 and has detected
dozens of smaller atmospheric disturbances passing over the lander every sol.
The instrument’s pressure sensors
have observed many of the same
infrasound-producing small-scale atmospheric vortices that the seismometer has
26
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detected. Most of these atmospheric vortices have not produced visible dust devils in camera images, however, indicating
that a whole new class of atmospheric
disturbances — “dustless devils” —
apparently exists, and InSight’s instruments will be able to study them for
the first time.
Scientists have even taken simultaneous weather measurements and images
when Mars’ larger moon, Phobos,
eclipses the Sun. The moon’s shadow

produces tiny drops in temperature and
light levels during these events, which
last less than 30 seconds.
And, of course, the lander and IDA
cameras continue their imaging to monitor the instruments as well as to understand the geologic context of the Elysium
site. The rocky rims of several small, distant impact craters dot the landscape, and
dusty material fills smaller nearby craters
that scientists have dubbed hollows. The
team got the pretty flat and rock-free site
they were hoping for — rocks cover less
than 4 percent of the surface.
Even though InSight carries no mineralogy or geochemistry instruments, the
images alone are consistent with a bedrock surface of volcanic origin fractured
and pulverized to depths of many tens to
hundreds of meters by eons of countless
impacts. This material is probably basaltic, like most of Mars and the typical
lava flows seen in Hawaii and Iceland.
Geologically, InSight’s landing site in
Elysium Planitia turns out to have a lot
in common not only with the Spirit rover’s landing site in Gusev Crater but also
with the Phoenix mission’s landing site
in the high-latitude northern plains.

A legacy in the making
Although InSight’s full payload became
operational only a few months ago, the

ABOVE: A thin coating of dust covered InSight when
it took its second selfie a few months after the first
(see page 19). This mosaic combines 14 images
taken March 15 and April 11. At this stage, the lander
has removed the seismometer and heat probe from
its deck and placed them on the surface.
RIGHT: NASA’s Mars Reconnaissance Orbiter
regularly monitors the area where InSight landed
so it can look for new impact craters or landslides
that might trigger the surface probe’s seismometer.
InSight appears as a bluish dot near the top of this
image. NASA/JPL/UNIVERSITY OF ARIZONA

mission is already making important
meteorological discoveries about the
current martian climate. And with the
successful deployments of all the main
instruments except for the mole, the
stage is now set for the mission to make

InSight’s Instrument Deployment Camera captured
the rising Sun on April 24 (sol 145). The camera took
this image around 5:30 A.M. local Mars time.

historical geophysical discoveries as well.
Now, it’s time for Mars to cooperate.
With the first marsquake now in the
books, how many more will be found?
And will these turn out to be the results
of nearby impacts, some deep, internal

InSight also caught sunset on sol 145, when earthly
calendars had flipped to April 25. The same camera
took this image around 6:30 P.M. local Mars time.

churning of a still-active mantle or core,
or both? Is Mars as dead as the Moon, or
does it still experience some internal
activity? Over the coming years, scientists expect to record many seismic
events. What will they reveal about
the planet’s internal structure, and what
can scientists glean from this about the
timescale over which the planet’s onceabundant volcanism and strong magnetic
field waned?
And ultimately, what other new
insights will come from InSight? Stay
tuned — the latest round of excitement
and discovery on the Red Planet has only
just begun.
Jim Bell is a professor in Arizona State
University’s School of Earth and Space
Exploration, and president of The Planetary
Society. He throws left, bats right, and has
been heavily involved in the surface and
orbital robotic exploration of Mars since the
mid-1990s.
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NASA’s Dawn spacecraft provided
astronomers with up-close images
to study the dwarf planet’s surface
in great detail. The massive, bright
Occator Crater takes center stage
in this false-color image of Ceres’
surface, which shows clear
differences in composition across
its face. NASA/JPL-CALTECH/UCLA/MPS/DLR/IDA

Explore Ceres’
icy secrets

Take a trip to
the dwarf planet
where minerals
and water blanket
the surface, flung
there by volcanoes
that spew ice. BY
MICHAEL CARROLL

OUR SOLAR SYSTEM SHIMMERS with
a host of volcanoes. Its erupting menagerie
includes forms familiar to us, like the cinder
cones and graceful shields of the martian
landscape. The mountains of Venus take on
more alien shapes, given the planet’s dense
atmosphere and unique rock chemistry:
pancake domes, spiderwebs, and ticks. Farther
out, the volcanoes on Jupiter’s moon Io display
violent natures, blasting material hundreds of
miles above the moon’s pizzalike face.
Some volcanoes, called cryovolcanoes,
even spew icy slush instead of rock: The
ice worlds Europa and Enceladus have
their own versions of Vesuvius, sending
jets of freezing water into the void. At
Neptune, the moon Triton flaunts unique
eruptions, with chilled nitrogen columns
wafting into dark skies. We even see
hints of cryovolcanism at Pluto’s cratertopped Wright and Piccard Mons.
We thought we’d seen it
all. Then came Ceres.

One of a kind

telescopes, and even those instruments
resolve its face as a handful of pixels.
Earth-based observations showed hints of
water in its spectrum and noted a mysterious white spot on one hemisphere,
which astronomers guessed might be an
outcropping of water ice. Some researchers speculated that Ceres was a rocky ball
with hidden ice deposits. Others theorized
that the dwarf world was covered with a
smooth, young surface
— perhaps a Europa-like
cue ball hiding an ocean
beneath a dust-spattered
skating-rink crust.
In fact, a visiting
spacecraft revealed that
Ceres is none of these,
but instead encrusted
with the chemistry of
ancient seas, with salty
mineral deposits scattered across its face.
Although Ceres is a
rocky body, it holds
between 20 and 30 percent water, the majority
of which is probably frozen. The icy dwarf is an in-between world,
inhabiting a twilight zone between terrestrial, rocky planets and the water-ice
globes of the Sun’s outer realm.

The icy dwarf is
an in-between
world, inhabiting
a twilight zone
between terrestrial,
rocky planets
and the water-ice
globes of the Sun’s
outer realm.

Ceres is part of the main
asteroid belt, a doughnutshaped band of rocks circling the Sun between the
orbits of Mars and Jupiter.
As the largest member,
Ceres is roughly spherical:
It’s 588 miles (945 kilometers) across and constitutes
nearly one-third of the mass
of the entire belt. It was the
first dwarf planet — and
the first object in the main
belt — ever discovered.
However, when Giuseppe Piazzi first
spotted it in 1801, the object appeared
merely as a point of light, similar to a
star. Hence, Ceres and its main-belt siblings were given the name “asteroids,”
from the Greek word for “starlike.”
Although closer than any other dwarf
planet or icy moon, Ceres is too small
to study for all but the most advanced

Dawn at Ceres
Much of what we know about Ceres
comes from NASA’s Dawn mission,
which arrived at the icy world in spring

Ceres’ surface is subject to viscous relaxation,
which causes topographic features to sink
into the surrounding landscape and leaves it
largely smooth and devoid of mountains or
steep crater walls. Dawn snapped this image
of a partly illuminated Ceres in 2015, from a
distance of about 8,400 miles (13,600 km).
NASA/JPL-CALTECH/UCLA/MPS/DLR/IDA

2015. Dawn first settled into a high,
slow, mapping orbit. As the mission progressed, flight engineers commanded the
craft to spiral closer.
Like the traditional planets, Ceres is
differentiated: Heavier rock and metal
settled into a core while lighter ices and
rock rose to the mantle and crust. Today,
the dwarf planet’s surface is a mix of
rock, water ice, and hydrated minerals
such as clay and carbonates (salts). Most
of Ceres is as dark as asphalt, but its spots
range from a dull gray (akin to driveway
concrete) to the glaring luster of the sea
ice at Earth’s poles. In all, Dawn charted
some 300 bright spots similar to the largest one seen from Earth.
Although astronomers originally speculated that the dazzling areas were icy
outcroppings, Dawn revealed the blemishes instead consisted of hydrated magnesium sulfate, similar to Epsom salts, and
sodium carbonate, which is typically left
behind as seasonal terrestrial lakes evaporate. The salts within Ceres’ bright regions
make it one of only three worlds whose
surfaces are known to contain carbonates,
which are considered markers for habitable conditions; the other two carbonaterich worlds are Earth and Mars.
WWW. ASTRONOMY.COM
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engineer and project manager, Marc
Rayman, “In southern hemisphere summer there is greater heating on the floor
of that crater, so that warms the ground
and releases water vapor. The vapor
comes up and condenses on the cold
north wall.” Researchers charted one area
of ice that grew by hundreds of acres: “It’s
water molecules being transported from
one location to another,” Rayman says.
Ice has been observed all across Ceres.
But Ceres is too close to the Sun for ice to
remain stable on the surface. So, when
ice is observed, it’s a strong indication of
some kind of activity. “Ceres is clearly a
geologically active world,” Rayman says.

A leaky world?

Dawn took this detailed look at the western portion of Cerealia Facula as it flew just 21 miles (34 km)
over Occator Crater. The bright deposits are sodium carbonate, a water-soluble salt. The darker areas
reveal signs of past landslides. NASA/JPL-CALTECH/UCLA/MPS/DLR/IDA

Liquid brine
37 miles (60 km) thick
(water, salts)

Crust
25 miles (40 km) thick
(ice, salts, hydrated minerals)

Mantle
(rock, clay)

Inside Ceres
Based on observations
from Dawn, astronomers
believe Ceres has a
differentiated structure,
with lighter crust materials
atop a heavier interior. The
surface of the dwarf planet
is about 25 miles (40 km)
thick and composed of
minerals, ices, and salts;
a thin layer of briny liquid
may lie below, and beneath
that, rock and clay. It is
unclear how deep the
liquid layer goes, or
whether the dwarf planet
has a heavy metal core,
because Dawn could not
observe deeper than
62 miles (100 km).
ASTRONOMY: ROEN KELLY

Ceres’ briny regions prove that water
still exists near the surface: The majority
of spots are associated with craters, so they
may be the result of impacts that freed
subsurface water. Exposed liquid would
sublimate (change directly from liquid to
vapor) into space. Ceres’ spots may also
point to a primordial ocean that existed
for some time beneath its dusty surface.
30
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Gravity studies show that a thin sea —
perhaps a mixture of water and mud —
may exist under the crust even today.
Dawn detected expanding patches of
ice on the walls or floors of several craters attributed to a seasonal ice cycle.
Astronomers watched one such cycle in
Juling Crater, located in the southern
hemisphere. According to Dawn’s chief

Geysers are one mode of transporting
salts or condensing water from Ceres’
interior to its surface. The brilliant deposits may represent sites of ancient cryovolcanism, where water vapor leaked or
exploded through the crust, forcing out
material from subsurface aquifers or seas.
Some activity may continue even now.
In 2014, the European Space Agency’s
(ESA) Herschel Space Observatory
detected clouds of vapor escaping from
two distinct spots on Ceres at a rate of
13 pounds (6 kilograms) per second. This
observation was the first confirmation of
water plumes in the asteroid belt. Scientists
theorized the vapor came from ice sublimating on the dwarf planet’s surface.
But the Herschel observations are quite
difficult to interpret. Revised assessments
have called the results into question. For
its part, Dawn did not see enough surface
ice to account for what Herschel detected.
But if there is subsurface ice, some of it
could be a source of water that makes its
way up through the ground.
Another possibility is that increased
solar activity produced the transient water
vapor that Hershel detected. “Say the Sun
produces a coronal mass ejection, so a
large number of energetic solar particles
impinge on the surface and themselves
liberate water molecules,” Rayman says.
Dawn carried an instrument to detect
such high-energy particles from the Sun
to investigate this possibility. Astronomers
set up a coordinated international campaign between Earth-based telescopes and
Dawn, but solar activity was simply too
low to demonstrate whether the Sun’s
activity freed water from the surface.

The search continues. “It’s a hard
problem because Dawn wasn’t made to
study that sort of thing,” Rayman says.
Not only was Herschel’s detection a tentative one, but astronomers aren’t sure
how such a haze could stick around without an atmosphere to hold water in. In
2016, Dawn changed its orbit to search
for any indication of water vapor. It
examined Juling Crater’s ice and looked
at Occator Crater when it was on the
dwarf planet’s limb, but failed to find
evidence of water vapor. Researchers later
directed the spacecraft to take a second
look, but again were left with no results.

Vinalia Facula on
the eastern floor of
Occator Crater is
speckled with white
deposits. The arrow
points to an area
where liquid may
have flowed, leaving
behind brighter salts.
The squarish feature
at center is similar to
volcanic structures
seen on other
planets. NASA/JPL-CALTECH/
UCLA/MPS/DLR/IDA/ASI/INAF

One lonely mountain
Nevertheless, the picture we are left with
is a rocky world with a wet subsurface
that periodically seeps or explodes into
space in clouds and plumes. If this is the
case, Ceres should be peppered with cryovolcanic features. But Dawn’s initial survey of the dwarf planet revealed only one
large mountain, christened Ahuna Mons.
Ahuna Mons is a strange feature. It
rises sharply from the cratered landscape,
towering some 3 miles (5 km) on its
steepest side. Pointing to a combination of
characteristics, researchers are convinced
that Ahuna Mons is volcanic. Its summit
is cracked like those of volcanic domes
seen on other worlds, such as Mars,
Venus, and Earth. The mountain’s flanks

appear to have been scored by rockfalls.
Volcanic domes on terrestrial planets tend
to form a brittle shell at the summit,
which fractures and produces similar
debris trails on their flanks.
Everything about Ahuna Mons indicates that the mountain is geologically
young. Ceres has no atmosphere to protect it from meteor impacts, so much of
its surface is weathered by the constant
drizzle of micrometeorites, resulting in
rounded hills and valleys. But Ahuna

Mons shows sharp definition with few
craters, suggesting it hasn’t experienced
as much weathering. A final clue to its
youth is its color: Ice and rock surfaces
tend to darken over time thanks to constant solar radiation, but the dome is one
of the brightest regions on Ceres.
Researchers estimate the age of the
summit to be between 70 million and
This view of the bright Cerealia Facula region
combines an image mosaic overlaid on a
topography model to create an accurate
three-dimensional view of the area. The
images and the data used to generate
the model were obtained by Dawn.
NASA/JPL-CALTECH/UCLA/MPS/DLR/IDA/PSI

CERES’ BRIGHTEST CRATERS
Fifty-six-mile-wide (90 km) Occator Crater plays host to the brightest and
most extensive of Ceres’ bizarre deposits, Cerealia Facula, at the center of
the 2-mile-deep (3 km) crater floor. In the heart of this region, white
deposits appear atop structures similar to the buttes and mesas found in
some desert regions on Earth. Occator itself is young, probably blasted out
by a space rock some 80 million years ago.
Oxo Crater — second only to Occator in brightness — spans some
6 miles (10 km). Bright deposits overflow its odd, irregular rim, which
slumps into a sunken trough along one side.
Another of the brightest craters is the relatively young Haulani, about
21 miles (34 km) across. Extensive deposits of salty material stream down
its walls and accentuate lines on the crater’s central peak. — M.C.
NASA/JPL-CALTECH/UCLA/MPS/DLR/IDA/PSI

Haulani Crater
Occator Crater

Oxo Crater

240 million years old. The massif may
have risen quite quickly, building to its
current altitude of 13,000 feet (3,965 m) in
just a few hundred to a few hundred thousand years. The idea that it might have
reached that height so quickly inspires
scientists like Rayman. “Even a few hundred thousand years for a structure that’s
13,000 feet high, that’s pretty fast,” he
says. “Not only that: The structure is more
than 70 million years old, and it’s still
standing with impressively steep slopes.”
It is unclear whether Ahuna Mons still
erupts cryolavas (most likely thick, muddy
water). In light of its potential for geologic
activity, researchers began searching
Ceres’ surface for other evidence of past
volcanism, but the search was difficult.
Most of the world’s volcanic activity seems
to have occurred hundreds of millions of
years ago, and it may stretch back as far as
32
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2 billion years. Time,
impacts, radiation, and
micrometeorites have nearly
erased many of the ancient eruptions’ fingerprints.
But they are there. Researchers have
identified at least 21 other cryovolcanic
domes ranging from 10 to 53 miles (16 to
86 km) across. To find them, investigators
compared computer-modeled domes with
Dawn’s stereo images of the surface to
reveal candidate sites that have gradually
settled and sunk into the cratered landscape over eons. Temperatures on Ceres
are not low enough to make ice sufficiently strong to support a massive structure like a mountain. Thus, ridges,
canyons, and peaks tend to relax and sink
in a process called viscous relaxation.
Surface features flow slowly, like a glacier,
eventually fading into the neighboring

landscape. Researchers played a game of
hide-and-seek, searching out rises that fit
a model of a tall mountain that had lapsed
into its surroundings. “[The candidate
sites] are all a kilometer or more in height,
and that really stands out on a body like
Ceres,” Rayman says.
Data indicate that new eruptions of
cryovolcanoes have broken out, on average, every million years over the span of
the past billion years. But the rate at which
new material is deposited onto the surface

Astronomers have observed the growth of an icy
region in Juling Crater, located in Ceres’ southern
hemisphere. Many of the crater floor’s characteristics
share similarities with areas on Earth affected by
rock glaciers. NASA/JPL-CALTECH/UCLA/MPS/DLR/IDA/ASI/INAF

These cracks in the floor of Occator Crater stretch
about 9 miles (15 km) across. Scientists believe
upward pressure from cryomagma may have
caused them, creating the canyons. NASA/JPL-CALTECH/
UCLA/MPS/DLR/IDA/ASI/INAF

The floor of Occator Crater contains the brightest
area on Ceres. Briny deposits stand out in stark
contrast from the dwarf planet’s darker surface
at many angles, including when the crater
appears on the world’s limb. NASA/JPL-CALTECH/UCLA/
MPS/DLR/IDA
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a rough average rate of cryovolcanic formation over the past billion years.
And what of the future? “Making predictions for Ceres’ future activity is definitely difficult,” says ESA researcher
Ottaviano Ruesch, whose areas of interest
include geology on Ceres and Dawn’s first
target, the main belt asteroid Vesta. “What
we can say is only on a speculative basis,
but if we consider that cryovolcanism was
persistent throughout Ceres’ history until
geologically recent times [from a few billions of years ago up to a few hundred million years], there is no reason to exclude
events in the upcoming million years.”

Ahuna Mons towers above the
landscape as Ceres’ tallest — and
only — mountain. These images
from Dawn show the dormant
cryovolcano, which averages
2.5 miles (4 km) high and is 12 miles
(20 km) across, and its immediate
surroundings at a resolution of
120 feet (35 m) per pixel. NASA/JPL-CALTECH/
UCLA/MPS/DLR/IDA/PSI

Feeding the fires

is small compared
with terrestrial
planets — on the
order of 100 to
100,000 times
less. Each year, the average volume of cryolavas on Ceres
is about 13,000 cubic yards (9,940 cubic
meters), or enough to fill four Olympicsized swimming pools. This is tiny compared with Earth’s volcanic activity, which
generates 1 billion cubic yards (765 million
cubic meters) of molten rock annually.
Scientists calculate the flow by comparing
some 20 other domes on Ceres, each in
various degrees of erosion, to Ahuna.
Estimating their ages, researchers then get
34

ASTRONOMY • OCTOBER 2019

On the terrestrial planets, the leftover heat
of planetary creation can be enhanced by
heat produced in their cores when radioactive elements like uranium decay. The
larger the planet, the more radioactive
material gathered during its formation
process; larger planets also retain heat for
longer periods. In the case of Earth and
possibly Venus — the two largest terrestrials — volcanism is still alive today. Mars’
volcanic era ended roughly 500 million
years ago, although ESA’s Mars Express
and NASA’s Mars Odyssey orbiters have
located several hotspots that may indicate
residual low-level activity.
Smaller objects like moons and asteroids did not have as much radioactive
material to start with. Yet Ceres’ cryovolcanoes appear young enough that core
radioactive heating on its own is not to
blame. Something else is afoot.
Voyager revealed that volcanism can be
triggered by forces other than radioactive
heating. Tidal friction, that gravitational
taffy-pull between planets and moons, can
generate prodigious amounts of internal

The dome of Ahuna Mons stands about
3 miles (5 km) high on its steepest side. A
combination of characteristics, including its
height, shape, and color, indicate it was an
active cryovolcano in the recent past.
Researchers created this simulated view,
which exaggerates Ahuna Mons’ height by a
factor of two, using enhanced-color images
taken by Dawn from an altitude of 240 miles
(385 km). NASA/JPL-CALTECH/UCLA/MPS/DLR/IDA

The 21-mile-wide (34 km) Haulani Crater reveals
its unique composition in this false-color image.
Bluer regions are associated with younger
material, possibly brought up from beneath
the surface. NASA/JPL-CALTECH/UCLA/MPS/DLR/IDA

heat. But not at Ceres. The lonely world is
too far from other objects to be significantly affected by gravitational tugging.
Another possibility has to do with what’s
in the water. Materials like ammonia,
methane, and various salts can lower the
melting point of water ice — which any
cryolava on Ceres could contain —
enabling water to flow and cryovolcanic
eruptions to take place even in the chilly
temperatures of the asteroid belt. Since
Dawn found evidence of carbonates and
ammonia-rich clays on the dwarf planet’s
surface, its observations hint at a subsurface sea laced with these materials.
The cause of the alien volcanism on
Ceres remains a mystery, but the Dawn
team has put forth several possibilities.

One possible explanation is that a large
impactor struck the primordial Ceres after
it had differentiated. The impact could
have pulled hot rock and radioactive
material up from the deep layers of Ceres’
mantle, placing pockets of geologically
warm material close to the surface.
Whatever their origin, the bizarre
sludge volcanoes of Ceres put the small
world in good company with exotic
Enceladus, Europa, Pluto, and the other

cryovolcanic worlds of our solar system.
What we do know is that Ceres challenges
our preconceptions of what a volcanic
world should look like, and how it should
arise. But challenging our preconceptions
is one of the great values of science.
Michael Carroll is a frequent contributor
to Astronomy. He is not only an experienced
science writer, but also an award-winning
space artist.
WWW. ASTRONOMY.COM

35

SKY THIS MONTH

Visible to the naked eye
Visible with binoculars
Visible with a telescope

THE SOLAR SYSTEM’S CHANGING LANDSCAPE AS IT APPEARS IN EARTH’S SKY.
BY MARTIN RATCLIFFE AND ALISTER LING

Uranus’ blue-green color
shows up through amateur
instruments, but you won’t
see the clouds and rings
the Keck Telescope
reveals. LAWRENCE SROMOVSKY
(UW-MADISON)/KECK OBSERVATORY

October 2019

Uranus rides high in the Ram
Jupiter and Saturn
continue their reign
during October, shining
brightly in the southwestern sky
as darkness falls. Mercury and
Venus present a bigger challenge
— the inner planets hug the
horizon after sunset and will be
hard to see without optical aid.
Uranus takes center stage during the overnight hours. The ice
giant world reaches opposition
and peak visibility this month,
climbing higher in our sky than
it has in more than 50 years.
And for those of you who have
missed Mars these past few
months, it returns to view
before dawn in late October.
You’ll need to look low in the
southwest after sunset to see
Mercury and Venus. Venus
shows up more easily because
it gleams at magnitude –3.8 in
mid-October. It then stands
36
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only 2° high a half-hour after
sundown, however, so you’ll
need a haze-free sky and unobstructed horizon to spot it.

Use Venus as a guide for
finding Mercury. At greatest
elongation October 19, the
innermost planet lies 25° east

An ice giant reaches its peak
N

A RI ES

E

Uranus
j

CETUS

j

1°
k

j
PISCES

Uranus peaks at opposition the night of October 27/28, when it resides in a
fairly desolate part of Aries the Ram. ALL ILLUSTRATIONS: ASTRONOMY: ROEN KELLY

of the Sun and 7° to Venus’ left.
If you place Venus at the right
edge of the field through your
binoculars, you should see its
magnitude –0.1 neighbor near
the field’s left edge.
The two planets approach
each other as the month progresses. On the 29th, Mercury
slides 3° due south (lower left)
of Venus. You can find the pair
with the aid of a two-day-old
crescent Moon. Our satellite
stands 8° high a half-hour after
sunset with Venus 5° to its
lower right and Mercury 6°
directly below the Moon.
While you may struggle to
locate the two inner planets,
the solar system’s gas giants
pose no problem. Jupiter shows
up as a brilliant point of light in
the gathering darkness. On
October 1, the magnitude –2.0
world stands 20° above the

RISING MOON I Stalking death in the Moon’s far north
THE BEST TIME TO MEET LACUS MORTIS

OBSERVING
HIGHLIGHT
URANUS reaches its 2019 peak
October 27/28, when the planet
glows at magnitude 5.7 and
spans 3.7" through a telescope.

southwestern horizon an hour
after sundown and doesn’t set
until 10 p.m. local daylight
time. Unfortunately, it dips
lower with each passing day,
and drops below the horizon
at 8:30 p.m. by month’s end.
Jupiter resides among the
background stars of Ophiuchus.
Although none of the Serpentbearer’s stars rivals Jupiter’s
luster, the waxing crescent
Moon gives it a run for its
money twice this month. On
October 3, Luna appears 2°
to the planet’s upper left; one
lunar month later, on the 31st,
a noticeably skinnier crescent
stands 5° to Jupiter’s upper left.
Jupiter’s low altitude leaves a
narrow window in late twilight
and shortly after nightfall to get
crisp telescopic images. Any
scope delivers pleasing views
of the world’s dynamic atmosphere. The gas giant’s disk
spans 35" in mid-October.
That’s plenty big enough to
reveal two dark equatorial belts,
one on either side of a brighter
zone that coincides with the
planet’s equator. Any instrument also reveals Jupiter’s four
bright moons, which change
positions from night to night.
Saturn lies against the backdrop of Sagittarius the Archer.
It trails more than 90 minutes
behind Jupiter as they cross the
sky, giving observers that much
extra time to enjoy the solar
system’s most beautiful world.
Saturn stands 30° high in the
— Continued on page 42

is during the late evening hours of October 17,
when the lunar night is just about to swallow
this lake and the prominent crater Bürg near its
center for two weeks. Although most people
observe the Moon when it is waxing, October’s
earlier sunsets and longer nights allow us to view
the waning gibbous Moon conveniently. Shining
from the west instead of the east, the low Sun
literally puts the terrain in a different light.
The lengths of shadows provide our eye-brain
combination with cues to judge the heights
of lunar features. Although little remains
of Lacus Mortis’ eastern wall, the rather
jumbled block of higher ground to the
west (on the sunward side) casts a nice
shadow. The rough texture comes from
ejecta sprayed out from many previous
impacts that overlay one another. Lava later
welled up through the floor of Lacus Mortis and
provided a clean slate for future hits.
Bürg Crater is much younger and sports a
well-defined rim with a single central peak. At
25 miles across, it is big enough that its inner
walls slumped down to form a relatively simple
terrace. The two similarly sized craters on Lacus
Mortis’ south rim show signs of more advanced
age: Long-term bombardment has battered and
softened their rims.
After rigor mortis froze the Lake of Death’s
lava plain, the Moon continued to heave and
subside underneath, leaving a fascinating set of

Lacus Mortis and Bürg
Lacus Mortis
Bürg

Rimae Bürg
N
E
These prominent features appear on the
waning gibbous Moon October 17.
CONSOLIDATED LUNAR ATLAS/UA/LPL; INSET: NASA/GSFC/ASU

fractures. The most prominent of these, Rimae
Bürg on the lake’s southwestern side, is a rille
(channel) formed when the terrain pulled apart.
The scarp (cliff) to the south developed as the
ground to its west collapsed. Another rille lies
immediately east of this scarp. And if you head
to the north, you’ll spot a wrinkle ridge created
where the surface was pushed together.
Re-examine these features when sunrise
returns to this strip the evenings of November 1
and 2. By then, Luna will show a crescent phase
resplendent with sharply defined features along
the day-night terminator.

METEOR WATCH I The Hunter battles a waning Moon
THE ORIONID METEOR SHOWER

Orionid meteor shower
Aldebaran

TAURUS

Radiant

G EMI N I

ORION

Castor
Betelgeuse

Pollux

Rigel
L E P US

Procyon
Sirius

10°

CA N IS M AJOR

October 22, 2 A.M.
Looking southeast
A waning crescent Moon
splays quite a bit of light into
the predawn sky on the 22nd,
reducing the number of
meteors you’ll see.

ORIONID METEORS
Active dates: Oct. 2–Nov. 7
Peak: October 21/22
Moon at peak: Waning crescent
Maximum rate at peak:
20 meteors/hour

peaks the night of October 21/22, less
than 24 hours after Last Quarter Moon.
Although Luna wanes to a fat crescent
by the time it rises around 12:30 A.M.
local daylight time, its presence will
drown out fainter meteors during the
peak observing hours after midnight.
The Orionids typically produce up to
20 meteors per hour, but the Moon will
cut that number in half. Your best bet
is to find a site where you can place the
Moon behind a building or trees.
As with May’s Eta Aquariid meteor
shower, the Orionids derive from debris
Comet 1P/Halley ejected during its
countless trips through the inner solar
system. Although Halley last visited
more than 30 years ago, its debris
spreads evenly along its orbit. The
Orionids appear to radiate from a point
in the right arm of Orion the Hunter.
WWW. ASTRONOMY.COM
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Pluto is stationary, 5 P.M. EDT
Venus passes 3° north of Spica, 9 P.M. EDT

3

The Moon passes 1.9° north of Jupiter, 4 P.M. EDT

5

First Quarter Moon occurs at 12:47 P.M. EDT
The Moon passes 0.3° south of Saturn, 5 P.M. EDT

6

The Moon passes 0.1° south of Pluto, 5 A.M. EDT

10

The Moon is at apogee (252,214 miles from Earth), 2:29 P.M. EDT
The Moon passes 4° south of Neptune, 7 P.M. EDT

13

Asteroid Amphitrite is at opposition, 9 A.M. EDT
Full Moon occurs at 5:08 P.M. EDT

14

The Moon passes 4° south of Uranus, 8 P.M. EDT

19

Mercury is at greatest eastern elongation (25°), midnight EDT

21

Last Quarter Moon occurs at 8:39 A.M. EDT
Orionid meteor shower peaks

25

Asteroid Metis is at opposition, 5 P.M. EDT

26

The Moon is at perigee (224,508 miles from Earth), 6:39 A.M. EDT
The Moon passes 5° north of Mars, 1 P.M. EDT

d

c

OPH

`

SER
CA PENS
UD
A

b A
QU
c
IL
A

2

b

_

HUS g

_

W

b

+

_
L A M57
LY R A

A
VULP
ECU

SA

GI

TT

_

`

a

¡

ga
Ve

`

i

`

` _
a

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

_

CO

RA

a

NA
RO
CO EALIS
R
BO

D

`

Ö

TE

S

f
16

d

U

G
SA

I

_

RI

h

c

b

US

M

e

tu
Sa m

o

A
TT

+

M

¡

_
NA L I S
O
R RA
` CO ST
AU

a
d

SW

rn

8

j

22

M

/

20

M

17

SC

M

M

M

11

i

h

_

d

TU

ILLUSTRATIONS BY ASTRONOMY: ROEN KELLY

a

6

27

New Moon occurs at 11:38 P.M. EDT

28

Uranus is at opposition, 4 A.M. EDT

29

The Moon passes 4° north of Venus, 10 A.M. EDT
The Moon passes 7° north of Mercury, 11 A.M. EDT

30

Mercury passes 3° south of Venus, 4 A.M. EDT

31

The Moon passes 1.3° north of Jupiter, 10 A.M. EDT
Mercury is stationary, 4 P.M. EDT

`
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To locate the Moon in the sky, draw a line from the phase shown for the day straight up to the curved blue line.

THE PLANETS
IN THEIR ORBITS

Uranus
Opposition is
October 27/28

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

Jupiter

Neptune

THE PLANETS IN THE SKY
These illustrations show the size, phase,
and orientation of each planet and the two
brightest dwarf panets at 0h UT for the dates
in the data table at bottom. South is at the top
to match the view through a telescope.

Saturn

Venus
Mercury

Mars

Pluto

MERCURY

VENUS

Oct. 15

Oct. 31

Magnitude

–0.1

–3.8

Angular size

6.1"

10.6"

Illumination

71%

94%

Distance (AU) from Earth

1.097

1.569

Distance (AU) from Sun

0.448

0.727

Right ascension (2000.0)

14h47.2m

15h40.4m

–18°46'

–19°50'

PLANETS
Earth

Mars

Mercury
Greatest eastern elongation
is October 19/20
Venus
Ceres

Jupiter

Date

Declination (2000.0)
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Ceres

10

OCTOBER 2019

This map unfolds the entire night sky from sunset (at right) until sunrise (at left). Arrows
and colored dots show motions and locations of solar system objects during the month.
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SKY THIS MONTH — Continued from page 37
Iapetus glows at its brightest
S
Rhea

Tethys

Dione
W

Saturn
Iapetus

Titan

October 1, 11:30 P.M. EDT

2'

Saturn’s outermost major moon reaches 10th magnitude in early October,
when it lies farthest west of the planet and its bright hemisphere faces Earth.

south as darkness falls in early
October and nearly as high in
the south-southwest as the
month closes.
The ringed planet shines
at magnitude 0.5, besting the
Archer’s brightest star by a factor of three. Saturn’s yellow
glow stands out nicely between
the constellation’s Teapot and
Teaspoon asterisms, just east of
the Milky Way’s star-studded
bulge. The scene looks magnificent with the naked eye or binoculars from under a dark sky.
But make sure to target
Saturn through a telescope.
Any instrument shows the
planet’s 16"-diameter disk surrounded by a majestic ring system that spans 37" and tips 25°
to our line of sight. The large
tilt provides an exquisite look
at the rings’ structure, revealing the dark Cassini Division
that separates the outer A ring
from the brighter B ring.
Speaking of viewing angles,
Saturn reaches quadrature
October 7. If you were to draw a
line from the Sun to Earth and
then to Saturn, it would form a
90° angle. To an observer,
quadrature means the shadow
cast by Saturn falls as far east of
the planet as possible and hides
a noticeable section of the rings’
farside. The effect gives the
planet a distinct 3D look that
lasts for several weeks.
Saturn boasts several
moons within reach of amateur telescopes. The brightest
42

ASTRONOMY • OCTOBER 2019

is 8th-magnitude Titan, which
shows up through any scope.
You can find it north of Saturn
on October 1 and 17 and south
of the planet on the 9th and
25th.

57

A 4-inch instrument pulls
in four more satellites. Tethys,
Dione, and Rhea are the easiest
to find. All three lie closer to
Saturn than Titan and circle
the planet in less than a week.
Iapetus proves a bit trickier.
This outer moon glows at 10th
magnitude when its bright
hemisphere faces Earth at greatest western elongation the night
of October 1/2. It then lies 8.5'
from Saturn and has no nearby
landmarks to point you in its
direction. It dims to 11th magnitude by the time it passes 1.3'
north of the planet on the 22nd.
The solar system’s outermost
major planet is visible nearly all

The number of years since Uranus appeared
so high in the Northern Hemisphere sky.

WHEN TO
VIEW THE
PLANETS
EVENING SKY

Mercury (southwest)
Venus (southwest)
Jupiter (southwest)
Saturn (south)
Uranus (east)
Neptune (southeast)

MIDNIGHT

Uranus (southeast)
Neptune (southwest)

MORNING SKY
Mars (east)
Uranus (west)

night. Neptune stands 30°
above the southeastern horizon
as twilight ends in mid-October
and climbs halfway to the
zenith in the south around
10:30 p.m. local daylight time.
Although the ice giant dips low

COMET SEARCH I Swimming with the Fish
COMET AFRICANO (C/2018 W2)

Comet Africano (C/2018 W2)

peaked around 9th magnitude
when it came closest to Earth
N
c
g
on September 27, and it should
Oct 1
PISCES
d
maintain this brightness into early
October. Although not a good
a
target for suburban observers, it
is ripe for viewing from dark-sky
g
sites through a 4-inch telescope.
3
q
Once you home in on the comet,
h
crank up the power as much as the
night and your scope will allow
Path of Comet Africano
to get a close-up view. In early
E
5
October, its fan-shaped dust tail tilts
nearly edge-on, so it looks like a
narrow slice of pizza instead of a
o
formless round blob. Its southern
7
edge should appear concentrated
AQUA RI US
b
and contain a nearly pointlike false
nucleus. Imagers likely can capture
9
a greenish or bluish glow on the
2°
comet’s eastern flank where
sunlight ionizes escaping gas.
Astronomers Brian Africano
This visitor from the distant Oort Cloud should glow at 9th magnitude
in early October as it crosses from Pisces and Aquarius.
and Hannes Groeller first spotted
this comet within minutes of
each other November 27, 2018. During October’s first week, it passes from Pisces the Fish into Aquarius
the Water-bearer. This region lies due south and about halfway to the zenith in late evening. You can find
Africano 2° southwest of 5th-magnitude Kappa (κ) Piscium the evening of October 1 and the same
distance northwest of 3rd-magnitude Delta (δ) Aquarii on the 7th.

LOCATING ASTEROIDS I

A rocky world traverses the celestial sea
Mars returns to view before dawn
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ASTEROID 29 AMPHITRITE takes center stage in October. This
main-belt object reaches opposition and peak visibility on the
13th, when it glows at magnitude 8.7 among the background stars
of Pisces the Fish. Although this region remains on view all night,
the asteroid shows up best once it climbs two-thirds of the way to
the zenith in the southern sky around midnight local daylight time.
It takes just minutes to find Amphitrite by star-hopping from
the 4th-magnitude stars Delta (δ) and Epsilon (ε) Piscium. Unlike
the uniformly rich star fields of the Milky Way, the sparser splattering of stars of different magnitudes in the Fish makes it easier to
identify the asteroid. Several nights this month, Amphitrite forms a
simple pattern with background stars. A quick sketch of the area
containing four or five objects will make it easy to see the asteroid’s
movement from night to night.
German astronomer Albert Marth first detected this wanderer
from a private London observatory in 1854. Although this was his
only asteroid discovery, keen deep-sky observers should recognize
his name from the faint NGC galaxies he discovered and his skill at
logging precise positions for many more.

Amphitrite reaches its peak

Lost in the Sun’s glare for the past few months, the Red Planet emerges
from the predawn twilight in late October.

N
PISCES

in the west well after midnight,
it doesn’t set until 4 a.m.
Magnitude 7.8 Neptune
glows too dimly to see with
the naked eye, but it shows up
nicely through binoculars. The
planet lies in eastern Aquarius,
in the same field of view as 4thmagnitude Phi (ϕ) Aquarii.
This star lies about 15° southeast of Aquarius’ distinctive
Water Jar asterism.
Neptune appears 0.7° westsouthwest of Phi on October 1.
The planet’s westward motion
carries it to a position 1.3°
west-southwest of the star by
month’s end. If you target
Neptune through a telescope,
you’ll see its 2.3"-diameter disk
and subtle blue-gray color.
Uranus lies opposite the
Sun in our sky the night of
October 27/28. At opposition,
the planet rises around sunset
and sets near sunrise, so it
remains a tempting object all
night. Opposition also brings
Uranus closest to Earth, so it
shines brightest and looms
largest when viewed through

a telescope. Still, Uranus
changes appearance slowly — it
remains at magnitude 5.7 and
its disk spans 3.7" all month.
The ice giant glows brightly
enough to spot with the naked
eye from a dark viewing site.
The key is knowing precisely
where to look. Unfortunately,
the faint background stars of
southern Aries the Ram don’t
offer much help, so it’s best to
start with binoculars.
Uranus resides along a line
connecting Aries’ brightest star,
magnitude 2.0 Hamal (Alpha
[α] Arietis), with magnitude 3.8
Alpha Piscium in neighboring
Pisces. The two stars lie 21°
apart, and the planet appears 1°
closer to Alpha Psc. Don’t confuse Uranus with the similarly
bright star 19 Ari, which stands
3° north and slightly east of the
planet. Once you find the ice
giant with binoculars, try to
see it without optical aid.
A telescope delivers splendid
views of Uranus because it lies
high in the sky. From 40° north
latitude on opposition night,

GET DAILY UPDATES ON YOUR NIGHT SKY AT
www.Astronomy.com/skythisweek.
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This 9th-magnitude solar system interloper jogs westward against the
starry backdrop of Pisces the Fish during October’s long nights.

the planet climbs 63° above the
southern horizon at its peak
shortly before 1 a.m. local daylight time. This is the highest
it has appeared at opposition
since February 1962. Even small
scopes show the planet’s modest
disk and distinctive blue-green
color. For more on viewing
Uranus and Neptune this
autumn, see “Observe the ice
giants” on page 52.
After a three-month hiatus,
Mars returns to view before
dawn in late October. On the
31st, it appears 7° high in the
east an hour before sunrise.

Shining at magnitude 1.8, the
Red Planet should be obvious
to the naked eye among the
background stars of Virgo the
Maiden. This marks the start
of an excellent apparition for
Mars, which will peak at opposition a year from now.
Martin Ratcliffe provides
planetarium development for
Sky-Skan, Inc., from his home
in Wichita, Kansas. Alister
Ling, who lives in Edmonton,
Alberta, has watched the skies
since 1975.
WWW. ASTRONOMY.COM
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The Fireworks Galaxy
(NGC 6946), a prodigious
supernova factory, is a
face-on spiral galaxy with
a small yet bright nucleus.
TONY HALLAS

Hidden treats in the

GOLDEN TRIANGLE
Three double stars
trace the border of this
celestial wonder, which
harbors a treasure-trove
of beautiful targets.
BY STEPHEN JAMES O’MEARA

EARTH HAS SEVERAL GOLDEN TRIANGLES, three points
of great interest between which we find a cornucopia of natural
wonders. In the night sky, autumn brings us a triad of popular attractions, three golden double stars — Athebyne (Eta [η]
Draconis), Albireo (Beta [β] Cygni), and Almach (Gamma [γ]
Andromedae) — that encapsulate a rich assortment of celestial
gems for your viewing enjoyment.
I’ve trisected the Golden Triangle into three smaller triangles
of roughly equal area centered on Alderamin (Alpha [α] Cephei).
Region 1 covers the area within the triangle formed by
Athebyne, Alderamin, and Albireo. Region 2 covers the area
within the Triangle formed by Albireo, Alderamin, and Almach.
And Region 3 covers the area within the triangle formed by
Almach, Alderamin, and Athebyne.
I’ve selected about a dozen targets (excluding Messier objects)
in each region, along with some bonus objects. We’ll begin at
Athebyne and work our way clockwise through the regions.

W REGION 1
Athebyne is a challenging binary system.
The 3rd-magnitude yellow primary has a
9th-magnitude pip of light 5" to the southeast. Try magnifications ranging from
200x to 300x in late twilight. A 2˚ sweep
eastward brings us to the 12th-magnitude
galaxy NGC 6223. While this highly concentrated (3.5' by 2.5') system may appear
desolate, in high-resolution images it’s a
mystifying concoction of warped spiral
arms, a double nucleus, and an extended
and misshapen outer elliptical halo.
Let’s return to Athebyne and look 6˚
east-southeast to find the binary star
Struve 2155. The 7th-magnitude yellow
primary has a 10th-magnitude blue companion 10" to the east-southeast. This dim
cousin to Albireo shares the same field of
view with the mystifying orange giant star
VW Draconis. In 1911, this star was listed
as variable, ranging in photographic magnitude from 6.0 to 7.0 every 170 days, but
it has since been “demoted” to a star of
constant brightness. Take a look at it once
a month for three or four months and see
what you think. Now move about 10˚ eastsoutheast to 4.5-magnitude Omicron (ο)
Draconis, a pumpkin orange star with an
8th-magnitude lavender companion some
34" to the southwest.
A phenomenal pairing of deep-sky
objects lies about 2˚ southwest of 3.5magnitude Eta Cephei: 9.5-magnitude
NGC 6946, known as the Fireworks
Galaxy in Cygnus; and 8th-magnitude
NGC 6939, an open cluster just less than
a degree to the north-northwest, in
Cepheus. NGC 6946’s ghostly pale
10'-wide disk is a fitting match for its cluster companion, which appears as an orb of
similarly bright scintillating points against
a smoldering background of dimmer suns.
Reversing direction, we drop our gaze
to 4th-magnitude Iota (ι) Cygni, and look
nearly 3˚ west-southwest for Struve 2486
— near twin yellow stars (magnitudes 6.6
and 6.8) separated by 8". Its “big brother,”
16 Cygni, performs only 4½˚ to the east
and slightly north, displaying two yellow
6th-magnitude stars separated by 40".
What’s more, the 9th-magnitude Blinking
Planetary (NGC 6826) lies in the same
field of view ½˚ to the east-southeast. The
30"-wide nebula displays a pale blue-green
disk and appears to blink (swell and
contract) as you alternate between
averted and direct vision, respectively.
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ABOVE: Three golden double stars — Athebyne,
Albireo, and Almach — mark the vertices of the
Golden Triangle. For our purposes, we’ll divide the
area into three roughly equal regions, all of which
are ripe for further exploration. ASTRONOMY: ROEN KELLY
MIDDLE: Open cluster NGC 6811 is packed with
about 1,000 stars, but a relative void near the center
explains why it’s commonly referred to as the Hole
in the Cluster. ANTHONY AYIOMAMITIS
BELOW: At about 8 billion years old, open cluster
NGC 6791 in the constellation Lyra is one of the
oldest (and largest) open clusters in the night sky.
CHUCK KIMBALL

Let’s now center 4th-magnitude R
Lyrae (also known as 13 Lyrae) in our
telescopes and move 2˚ northeast to the
11th-magnitude face-on lenticular galaxy
NGC 6703. This tiny glow with a bright
core has a magnitude 13 elliptical companion, NGC 6702, about 15' to its northnorthwest; through an 8-inch telescope at
moderate power, I first mistook the latter
for a star because it’s so tiny (1.8').
Zigging east-southeast to 3rdmagnitude Delta (δ) Cygni, we now look
about 1¾˚ northeast for the 7th-magnitude
open cluster NGC 6811. Popularly known
as the “Hole in the Cluster,” this aptly
named visual enigma looks, at a glance,
like an amorphous smoke ring. But with
more power, the smoke dissolves into a
sparkling annulus of twinkling starlight.
The cluster’s unusual distribution of stars
— including a dense corona of brighter
stars around the cluster’s center —
explains the visual hole.
Returning to Delta Cygni, we slip about
5˚ south-southwest for a lovely Caroline

Herschel discovery: the 7th-magnitude
Fox Head Cluster (NGC 6819). This rich
and highly concentrated (5') spangle was
once mistakenly listed as a globular cluster.
We end our tour of Region 1 by centering 4th-magnitude Theta (θ) Lyrae in our
telescopes and looking about 1˚ eastsoutheast for the magnitude 9.5 open cluster NGC 6791. This galactic phantom’s
pale and paltry stars span 16' of sky. But
don’t let that dissuade you from looking;
German astronomer Friedrich Winnecke
discovered this cluster using only a 3-inch
telescope in 1853.
WWW. ASTRONOMY.COM

45

Campbell’s Hydrogen Star is a planetary
nebula with a rare [WC] star at its core.
The object is named after its discoverer,
American astronomer William Campbell.
ANTHONY AYIOMAMITIS. INSET: ESA/NASA/HUBBLE

W REGION 2
Our journey into Region 2 begins with
a visual punch: beautiful Albireo, twin
jewel of the north. This 3rd-magnitude
golden gem has a 5th-magnitude
emerald-blue companion 34" to the
northeast. Visual astronomers have
adored it ever since they first turned their
telescopes to it.
Sweeping 2½˚ north-northeast of
Albireo, we encounter a hidden 9thmagnitude wonder: Campbell’s
Hydrogen Star. So tiny (5") and compact
is this planetary nebula that it appears
virtually stellar until you boost the magnification to 200x and beyond. At its core
is another treat — HD 184738, an 11thmagnitude [WC] star — a rare Sun-like
star that recently ejected much of its
original mass and continues to lose mass
at a high rate.
Once again we return to Delta Cygni,
but hop 3½˚ east-southeast to another
Caroline Herschel discovery: the Frigate
Bird Cluster (NGC 6866). Shining at
magnitude 7.5, this dynamic stellar aggregation displays about 130 stars of 10th
magnitude or fainter across 16' of sky.
Splayed out in avian form (like its namesake), this long-tailed celestial “bird” even
has a throat pouch of glittering stars.
Now look 3˚ to the north-northeast of
NGC 6866 to 4th-magnitude Omicron1
Cygni, which has a 5th-magnitude lineof-sight companion 5.6' to the northwest,
making a great naked-eye test. But only
1.2˚ southwest of ο1 lies another small
(7.5") planetary nebula that glows at 11th
magnitude. In a 3-inch refractor, it
requires high magnifications to perceive
its pale blue disk well; try 225x.
46
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We now turn our attention about 8˚
north-northeast of Deneb (Alpha Cygni)
to the “other” coalsack of Cygnus, Le
Gentil 3. Near the northern shore of this
5˚-wide black lagoon we find the delightful Coatbutton Nebula (NGC 7008). At
low power, the 10th-magnitude planetary
nebula looks like a wide (100") skirt of
light dangling from a 9th-magnitude
star. Use moderate magnification to spy
its dark eyes at the core, which makes
the nebula look like a button sewed onto
the velvet sky.
Continuing our northeastward trek,
we come to the stunning 4th-magnitude
star Mu (μ) Cephei, otherwise known as
Herschel’s Garnet star — one of the most
brilliant of all the red giants and arguably
the reddest star visible to unaided eyes.
Less than 1½˚ south and slightly west is
the 4th-magnitude Misty Clover Cluster
(Trumpler 37) and its associated emission
nebula IC 1396 (170' x 140'), which
together form the core of the Cepheus
OB2 Association. This celestial delight
has one more prize: 5.5-magnitude
Struve 2816, a striking triple star system
at the center of Tr 37. All the components
reveal themselves admirably at 72x.
Our next treasure, Delta Cephei, is
most popularly known as the prototype
of the Cepheid class of variable star.
But it’s also a neglected double star of
unsung glory, consisting of a yellow primary (magnitude 3.5 to 4.4) and a 6thmagnitude green companion 41" distant
— a beautiful sight through any telescope.
The Wizard Nebula (NGC 7380) and its
associated open cluster lie just 2˚ to the
east. Yet another Caroline Herschel discovery, this appears as a “coarsely

scattered” array of stars in a patchy
cocoon of fragmented nebulosity, filigreed
with veins of dark nebulosity. It’s also a
roughly 3 million-year-young upstart near
the core of the old and extensive Cepheus
OB1 Association star-forming region.
Returning to Delta Cephei, head
about 3¼˚ north-northeast to the 12thmagnitude planetary nebula NGC 7354.
At 60x, the nebula appears as a 20" glow
with a bright core and a ghostly, somewhat
elongated outer halo. Moderate- to largeaperture telescopes and magnifications
beyond 200x may reveal the collection of
bright knots that girdle the nebula.
Our next object, Caroline’s Spiral
Cluster (NGC 7789), lies 3˚ southwest of
2nd-magnitude Caph (Beta Cassiopeiae)
and was discovered by — who else? —
Caroline Herschel. Binoculars show it as
a circular “cloud of minute stars” that
sparkle in and out of view with averted
vision. Telescopically, this magnitude 6.5
cluster spans 25' of sky and is one of the
finest and richest open clusters. The challenge is to see it with your unaided eyes.
Returning to Caph, we slide about 30'
south-southeast to find the tiny (5')
reflection nebula van den Bergh 1. This
pale breath of light is illuminated primarily by three roughly 9th-magnitude
stars, burning through the haze like
streetlights seen through fog.
Now glide about 1¾˚ east and slightly
north of vdB 1 to the 10th-magnitude
dwarf irregular galaxy IC 10, a member
of the Local Group of galaxies, and the
closest known starburst galaxy. Knowing
that it lies 2.2 million light-years away
(closer than the Andromeda Galaxy) will
help you to appreciate its tiny size (7').

W REGION 3
We begin our final region with our third
golden double star, Almach. A gem for
telescopes of all sizes, the 2nd-magnitude
primary sports a 5th-magnitude sapphire companion 10" away. Jumping
northwestward to 5th-magnitude Phi (φ)
Cassiopeiae, we arrive at the adorable
Owl Cluster (NGC 457), one of the most
popular showpieces at amateur gatherings and an object named by Astronomy
Editor David J. Eicher. The magnitude 6
cluster has two prominent stars (Phi1
and Phi2) as its eyes, a roughly T-shaped
arrangement of dimmer stars, and two
isolated suns marking the owl’s feet.
Now let’s center Eta Cassiopeiae in
our telescopes. Dubbed the Easter-Egg
Double, the 3.5-magnitude topaz primary
shares the field with a magnitude 7.5 lilac
companion 13" to the northwest. A short
1½˚ hop to the southeast brings us to
another treasure: the irregularly shaped
Pacman Nebula (NGC 281). The
comma-shaped, 30' glow contains a
4'-wide open cluster (IC 1590) at its core.
Next up is a triad of disparate clusters.
We begin with the Widow’s Web Cluster
(NGC 7790) about 2½˚ northwest of
Caph. Although the cluster shines dimly
at magnitude 8.5, its two dozen or so
stars are compacted into a 5'-wide region
of sky and appear as a highly concentrated east-west-trending Y-shaped web
of starlight against a rich Milky Way
backdrop. NGC 7788, a 9th-magnitude,
9'-wide cluster, lies only about 15' to the
northwest, while the 10th-magnitude
open cluster Berkeley 58 is about 20' to
the southeast, looking like a 5'-wide
ghostly gathering of minute stars.
Moving northward to 3rd-magnitude

The bright and beautiful Lost-in-Space Galaxy
(NGC 6503) occupies an empty region of space
known as the Local Void, which spans some
150 million light-years. ADAM BLOCK/NOAO/AURA/NSF

Emission nebula NGC 281 — commonly called the Pacman Nebula due to its resemblance to the classic
video game character — features a dark dust lane cutting across its face. FABIAN NEYER

Gamma Cephei, we look about 5½°
southeast for the 35"-wide disk of the
Bow-tie Nebula (NGC 40). The 12thmagnitude planetary’s magnitude 11.5
central star overpowers the surrounding
glow. Magnifications greater than 150x
are required to perceive the dark cavity
between the central star and its shell.
Let’s slip over to 3rd-magnitude Alfirk
(Beta Cephei), then about 3° southwest to
the 8th-magnitude Iris Nebula (NGC
7023) — a high-surface-brightness reflection nebula surrounding a 7th-magnitude
star. Here is one of the first regions where
astronomers found direct evidence of
dust grains in molecular clouds.
Another 3˚ sweep toward the southwest brings us to the small (4') 11thmagnitude barred spiral galaxy NGC
6951 also in Cepheus. This overlooked
extragalactic wonder was discovered by

American astronomer Lewis Swift with
a 4½-inch refractor. Images show it as
seen through galactic cirrus, or clouds
of interstellar dust.
Returning to Draco, we head to 4thmagnitude Phi Draconis and look about
2¾˚ northeast for the 10th-magnitude
Lost-in-Space Galaxy (NGC 6503).
German astronomer Arthur von Auwers
discovered this 6'-long dwarf spiral with
a 2.6-inch refractor. Seen only 16˚ from
edge-on, it somewhat resembles a glowing meteor train.
We end our tour just 4˚ south and
slightly east of NGC 6503 at one of the
sky’s finest planetary nebulae: the 8thmagnitude Cat’s Eye Nebula (NGC
6543). Lying just 3' east of an 8thmagnitude star, this sizable 23"-wide
nebula shines with a pale green color
even at low power. High powers will
separate well its sharp 11th-magnitude
central star from its luminous inner
ring. A tenuous outer shell of nebulous
matter surrounds these features, giving
the planetary a slightly elongated
appearance.
I hope you enjoyed exploring the
Golden Triangle. The objects we reviewed
are but a sampling of the wonders in the
region. But, as with any journey, it’s
always best to leave some things unseen
for when we next return.

The core of the elegant and magnificent Cat’s Eye
Nebula (NGC 6543) is encapsulated by a series of
concentric shells, formed when the nebula’s dying
star ejected material at regular 1,500-year intervals.

Stephen James O'Meara is a
contributing editor of Astronomy and the
author of numerous books on observing.

ADAM BLOCK/MOUNT LEMMON SKYCENTER/UNIVERSITY OF ARIZONA
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Observe the deep

SOUTHERN SKY
A trip to Costa Rica can deliver the
lifelong dreams of a night sky you have
to see to believe. BY DAVID J. EICHER

BACK IN MY YOUTH, one of the
astronomers I had the good fortune to
befriend was the great Bart Bok (1906–
1983). This was near the end of his life,
long after he had revolutionized our
understanding of the Milky Way Galaxy.
Bart and his wife Priscilla studied the
Milky Way from the 1920s onward, the
journey stretching from Bart’s native
Netherlands to Harvard University,
Mexico, South Africa, Australia, and to
their final home, Tucson and the
University of Arizona.
Bart and Priscilla really became masters of the Milky Way, understanding our
galaxy better than anyone else at the
time, and wrote their famous book The
Milky Way, which went through five editions, beginning in 1941. My inscribed
copy of the book is a prized possession.
In the late 1970s and early 1980s, when
you would talk to Bart about deep-sky
observing, he would periodically interject, with a twinkle in his eye, “Just
remember that all the good stuff is in
the southern sky.”
His statement wasn’t terribly far off
from reality. Despite the fact that only
about 15 percent of the human population lives in the Southern Hemisphere,
more than half of the brightest, largest,
and most dazzling clusters, nebulae, and
galaxies are in the southern sky. And so
they can only be seen best, or at all, on a
trip to the south. That conundrum has
set up one of the great pilgrimages in
amateur astronomy — traveling to the
Southern Hemisphere at least once, or
maybe a few times, in one’s observing life.
As it turns out, Astronomy magazine
conducts regular trips for our readers,
often to eclipses, but to other astronomical and historically interesting places. For
the past two years, we’ve put on a southern sky observing trip to Costa Rica in
partnership with our colleagues at
TravelQuest International. It is a spectacular journey. Our last such venture
took place in late February and early
March 2019, and we will take a group of
intrepid observers to Costa Rica again in

LEFT: Centerpiece of the deep southern sky, Crux
the Southern Cross is visible at center in this widefield image. Below and left of the cross are the bright
stars Alpha (left) and Beta Centauri. Alpha and its
red dwarf companion, Proxima Centauri, make up
the closest star system to the Sun. The Carina
Nebula edges into this image on the right. LUKE DODD

The Carina Nebula (NGC 3372) is perhaps the greatest showpiece of the Southern Hemisphere sky. Far
larger and brighter than the Orion Nebula, it is a spectacle for anyone who sees it for the first time. This
image shows the nebula’s inner sanctum. R. JAY GABANY

early spring 2020. I’m the regular trip
astronomer on these journeys, and so I
can tell you about what a great experience
it is to see the southern sky’s best objects
and also to enjoy an amazing place.
What makes Costa Rica such an
incredible base for southern stargazing?
Our observing site is a large, magnificent
plantation far from city lights that serves
as a comfortable station. We are the only
group on its 800 acres, are dedicated to
stargazing, and have comfortable lodge
units of our own. The site rests on the
Gulf of Nicoya, north of Punta Arenas, at
a latitude of 10° N. This places us 15° farther south than the Florida Keys and situates us at a great latitude to see all of the
magnificent treasures of the deep southern sky. Our ventures to the site of course
coincide with the New Moon, giving us
dark-sky gazing opportunities for

nebulae and galaxies. And Costa Rica, in
Central America, is easily reached for
Americans — it’s only a two-and-a-halfhour flight from Miami, for example.
The plantation also hosts incredible
wildlife. More than 150 species of birds
inhabit the area, making it a world-class
birding location. And we have critters on
the plantation ranging from monkeys in
the trees to crocodiles in the lagoon.
Each morning, guides take us around the
plantation on birdwatching and creatureviewing forays. Daytime recoveries from
late night observing feature a who’s who
of amazing animals that would make
David Attenborough smile.
Next year’s foray into the Costa Rican
wilderness, with stars glimmering
overhead, will take place February 23–
March 1. See the sidebar on page 51 for
information on how to join us there.
WWW. ASTRONOMY.COM
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Just north of Omega Centauri lies one of the sky’s most incredible interacting galaxies, Centaurus A
(NGC 5128). This peculiar system is the result of a galactic merger, and may presage what the Milky Way
and Andromeda galaxies will look like 5 or 6 billion years from now. MICHAEL SIDONIO

What’s all this excitement and all of
the bold statements about the southern
sky about? I’ve been an observer for 40
years and have spent many thousands of
hours at the eyepiece. But there’s something really special about seeing the
Orion Nebula high in the sky, gleaming
in all its glory. And then swinging your
head around toward the south, in the
same sky and at the same moment, and
seeing the Carina Nebula, immensely
larger and brighter. What an incredible
thing! And all I need do for some to
remind them of how special Crux the
Southern Cross is to see, is to recall a
certain song by Crosby, Stills, and Nash.
But the rubber really hits the road for
deep-sky observers when it comes to a
whole gang of bright, southern objects
that most northerners don’t even know
about. Early in the evenings, Orion lies
overhead, and you can trace the Milky
Way southward through Sirius and Canis
Major down to Canopus, and toward the
horizon. The early period provides an
50
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opportunity to see many objects you
might see from your American backyard,
but placed much higher in the sky. And
looking through one atmosphere rather
than many — the attenuated fog of particles and water vapor when objects are
low in the sky — makes a huge difference.
The late evening really cranks up the
excitement. Now we have the mainline
deep south rising. We can see the
Southern Cross, the Carina Nebula, and
many other objects in the area. There’s
the Southern Pleiades (IC 2602) and its
neighbor NGC 3532, two of the finest,
largest open clusters in the sky. What
about Alpha and Beta Centauri? How
cool is it to look at Alpha Centauri in a
telescope and know that it, along with its
little companion Proxima, makes up the
closest star system to the Sun, just 4.3
light-years away?
The early morning hours ratchet up
the excitement even further, for those
hardy enough to stay up really late. How
about seeing Centaurus lead Scorpius

The largest and brightest globular cluster in the sky
is Omega Centauri (NGC 5139), visible to the naked
eye. Its million suns stand out spectacularly through
medium and large telescopes. TONY HALLAS

and Sagittarius on a majestic rise, bringing the direction of the center of the galaxy far higher in the sky than you’ve ever
seen? Centaurus itself hosts a long list of
treasures, highlighted by the sky’s greatest globular cluster, Omega Centauri. A
medium-size telescope will show its great
ball of stars resolved so nicely that it
brings to mind images of orbiting this

2020: JOIN US IN
COSTA RICA!
Astronomy magazine’s editor,
David Eicher, will lead an observing
trip to Costa Rica February 23–
March 1, 2020, in conjunction with
TravelQuest International, the
magazine’s tour partner. We invite
you to come along and discover the
incredible splendor of the deep
southern sky.
For complete information on the
tour, see www.astronomy.com/
magazine/trips-tours.
On this unique trip, you’ll be able
to join Dave to enjoy five nights of
private, southern sky stargazing
from the grounds of our exclusive
Star Lodge. We will also experience
daily morning and evening birding
and nature walks with an expert
guide.
On this trip, you can leave it all
behind, with no TV, telephone, or
in-room Wi-Fi. Enjoying the splendor
of nature is what it’s all about.
The trip also features a special
day excursion to a scarlet macaw
sanctuary, a birding opportunity and
boat tour through the Abangares
River Mangrove, and the opportunity
to view targets in the southern sky:
the Southern Cross, the Carina
Nebula, and Milky Way gems.

cluster of a million suns. Nearby lies the
spectacularly disturbed, interacting galaxy Centaurus A, one of the sky’s great
treats. The list goes on and on.
And seeing the deep-sky treasures of
Scorpius and Sagittarius high in the sky
is really incredible. You can follow the
galactic mainline here, all of the bright
Messier clusters and nebulae, and see
them more clearly than ever before. The
Lagoon Nebula, the Trifid Nebula, the
Omega Nebula, the Eagle Nebula, M6,
M7, NGC 6231, M22, M4, M11 — a
treasure trove in perpetuum, and you
can see these objects with unprecedented
clarity and resolution.
Those are some of the reasons why
our southern sky trips to Costa Rica are
so special. I suggest that if you have never
been to the Southern Hemisphere, this
Costa Rican experience could change
your astronomy life. I hope to see you
there this coming spring, under the
spectacle of the Milky Way as it arches
overhead.

ABOVE: Sometimes
called the Southern
Pleiades, brilliant star
cluster IC 2602 in
Carina lies south of the
Carina Nebula. It is
bright and large enough
to make a thrilling view
even in binoculars, and
wide-field telescopes
show it as a brilliant
array of gleaming suns.
MARCO LORENZI

LEFT: Another monster
open cluster that would
be far better known if it
lay in the northern sky,
NGC 3532 in Carina
offers a mesmerizing
field of multicolored
stars that leaves
observers bedazzled.
DARRYN LAVERY

DAVID J. EICHER is Editor of Astronomy, author of 23 books on
science and history, and a devotee of the southern sky.
WWW. ASTRONOMY.COM
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Observe the

ice giants

Cross Uranus and Neptune off your
bucket list this month — and then go
for their moons. BY MICHAEL E. BAKICH
FOR UNTOLD THOUSANDS OF
YEARS, humanity knew of only five
planets. But on March 13, 1781, Friedrich
Wilhelm Herschel discovered what he
initially thought was a comet, altering
the celestial landscape.
Soon after his discovery, astronomers
realized that Herschel had discovered the
first new planet since antiquity: Uranus.
The astronomical community was
delighted. With one observation through
a 6½-inch reflector, Herschel had doubled the radius of the solar system.
In 1820, French astronomer Alexis
Bouvard compiled position tables for
Uranus. He set out to define, from observations made since its discovery, the planet’s orbit. But the orbit he deduced didn’t
match either pre-discovery positions of
Uranus (when it had been spotted without
knowing its true nature) or those made
after its discovery. And its deviation from
the older ones was striking.
Urbain Jean Joseph Le Verrier, an
astronomer at the Paris Observatory,

reduced the problem to a single question:
“Can the anomaly be explained by the
supposed action of a foreign and hitherto
unknown body on Uranus?” After lengthy
calculations, he sent the presumed object’s
position to several observatories. At the
Berlin Observatory, Johann Gottfried
Galle discovered Neptune on the day he
received the letter from Le Verrier —
September 23, 1846 — less than 1° from
the predicted position.
Astronomers call these two worlds the
ice giants. This term refers to their compositions and distinguishes them from
the gas giants Jupiter and Saturn, which
are mainly hydrogen. Uranus and
Neptune contain much less hydrogen
and feature other elements, such as carbon, nitrogen, oxygen, and sulfur.
Uranus, which lies an average of
1.8 billion miles (2.9 billion kilometers)
from the Sun, and Neptune, 2.8 billion
miles (4.5 billion km) away, are on every
amateur astronomer’s “life list.” Just seeing the ice giants through binoculars or
ABOVE: Uranus, named for the
Greek god of the sky, orbits the
Sun once every 84 years and
7.5 days. It has 63 times the
volume of Earth and 14.5 times
our planet’s mass. Uranus’ axis
tilts 97.77°, so, in effect, it rolls
around the Sun on its side. NASA

Oberon

Ariel
Umbriel
Titania
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LEFT: This amateur image of
Uranus, taken October 13, 2017,
through a 12½-inch Newtonian
reflector, shows the planet and
four of its five largest moons.
MARC DELCROIX

a small telescope is a score for beginners.
But what can you see if you look carefully and through a medium or large
scope? This is the month to find out.

Where to look
Uranus reaches opposition October 28.
When an outer planet is at opposition, it
lies on the side of Earth opposite the Sun.
It rises at sunset, stands highest in the
south at midnight (which may be 1 a.m.
if Daylight Saving Time is in effect),
and sets at sunrise. The planet also is
closest to Earth around opposition, so
its apparent size is largest. Finally, the
Sun is behind us, so the planet’s entire
sunlit side is in view. Add these factors
together, and you’ll get a planet that’s at
its brightest. Uranus will reach magnitude 5.7 on the 28th, when its disk will
measure 3.7" across.
Neptune reached opposition
September 10, when it shone at magnitude 7.8 and its disk was 2.4" in diameter.
However, Neptune’s brightness doesn’t
vary much, so it will only be a few hundredths of a magnitude fainter by the
time Uranus reaches opposition.
The orbit of Uranus tilts less than 1°
from the plane of the ecliptic, so you’ll
always find it close to that line. Uranus’
average apparent motion (against the
background stars) is approximately 42"
per day. It takes Uranus about 44 days to
move the width of the Full Moon.
Uranus currently lies in front of the stars
of Aries the Ram. To find it, look 10.5°
south-southeast of magnitude 2.0 Hamal
(Alpha [α] Arietis).

For three months, three stars that glow at magnitude 4.3 will get you to
Uranus’ vicinity: Xi1 (ξ1) and Xi2 (ξ2) Ceti and Omicron (ο) Piscium. The planet,
which glows at magnitude 5.7 throughout this period, will lie 3.8° north of ξ1.
ALL CHARTS: ASTRONOMY: RICHARD TALCOTT AND ROEN KELLY

Use magnitude 4.2 Phi (ϕ) Aquarii to locate Neptune. On September 6, the
planet will lie a scant 0.5' southwest of the star. The greatest separation
between the two objects comes November 30, when Neptune lies 1.5°
west-southwest of the star.

The distant planets Uranus and Neptune reach peak visibility this year in late summer and autumn. You can find their locations in the constellations Aries and
Aquarius, respectively, east and south of the Great Square of Pegasus (the four bright stars at the upper right of this map).
WWW. ASTRONOMY.COM
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S
2.5 days
3.0 days
2.0 days
3.5
days

Triton

1.5 days

Neptune
4.0
days
1.0
day

W
4.5 days

0.5
day
5.0 days

0.0 day
5.5 days

5"
Track Neptune’s Triton this autumn by calculating
how far it has progressed along its orbit since its
previous greatest eastern elongation.

TRITON

Neptune

Triton

Neptune, with an average apparent
motion against the background stars of
only 22" per day, takes approximately 85
days to traverse a distance equal to the
width of the Full Moon. Currently,
Neptune is in Aquarius, the same constellation it was in when Galle discovered
it. (On June 8, 2011, the planet completed
its first orbit since discovery.) Because of
the lack of nearby bright stars, Neptune’s
a bit harder to locate than Uranus. First
find magnitude 3.3 Skat (Delta [δ]
Aquarii). You’ll find the planet not quite
11° north-northeast of that star. In fact,
Neptune was less than 10' from magnitude 4.3 Phi (ϕ) Aquarii at opposition.
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ABOVE: Neptune, named for the
Roman god of the sea, is the only
planet whose predicted position
led to its discovery. It takes 164
years and 292 days to revolve
around the Sun. Neptune has
nearly 58 times Earth’s volume
and 17 times its mass. Its largest
moon, Triton, was discovered just
17 days after Neptune. NASA
LEFT: This amateur image of
Neptune, taken October 10, 2017,
through a 12½-inch reflector and
a near-infrared filter, captured a
bright spot on the planet along
with Triton, Neptune’s largest
moon. The star to the lower right
glows at 12th magnitude in
Aquarius. MARC DELCROIX

Observing Uranus
The visible atmosphere of Uranus is generally a featureless haze. But throughout
the planet’s history, many observers have
seen its details. The first such observer,
British astronomer William Buffham,
noticed two round bright spots and a
bright zone in 1870. In 1883, American
astronomer Charles Augustus Young
reported markings, along with both
polar and equatorial belts. These details,
unfortunately, have one thing in common: They were exceedingly faint.
Even the Voyager 2 mission that flew
past Uranus in January 1986 showed a
nearly featureless globe. The best recent

Date

Greatest
eastern
elongation

Date

Greatest
eastern
elongation

Sep. 6

6 P.M. EDT

Oct. 17

10 P.M. EDT

Sep. 12

3 P.M. EDT

Oct. 23

7 P.M. EDT

Sep. 18

12 P.M. EDT

Oct. 29

4 P.M. EDT

Sep. 24

10 A .M. EDT

Nov. 4

12 P.M. EST

Oct. 6

4 A .M. EDT

Nov. 10

9 A .M. EST

Oct. 12

1 A .M. EDT

Nov. 16

6 A .M. EST

detail-bearing images of Uranus have
come courtesy of the Hubble Space
Telescope. The visible-light images reveal
a bright south polar zone, dark clouds,
and several faint light and dark bands.
Viewed through almost any telescope,
Uranus appears as a greenish (greenishblue through large apertures), featureless
disk. At high power, you might detect
that it’s slightly elliptical because of its
rapid rotation. However, because the disk
is so small and most of us don’t enjoy
perfect seeing, it’s difficult to see any of
the planet’s details.

Observing Neptune
Neptune isn’t hard to find for an amateur
astronomer with a medium-size telescope.
It presents a small bluish disk that’s always
out of the range of naked eyes. Locating it
is more problematic through small optics.
If you have a 3-inch or smaller scope or
are using binoculars, first verify the planet’s position against the background stars
by using the chart on page 53.

A telescope won’t reveal much in the
way of surface features on Neptune’s tiny
disk, although you should be able to see
its largest moon, Triton. Basically, an
amateur astronomer can’t do much better than identifying the planet among
countless background stars. The thrill to
observing Neptune is simply finding it.

Observing outer moons

TITANIA
Date

Greatest
eastern
elongation

Sep. 4

7 P.M. EDT

Sep. 13

12 P.M. EDT

Sep. 22

5 A .M. EDT

Sep. 30

10 P.M. EDT

Oct. 9

3 P.M. EDT

S
7 days

6 days
5 days

4 days

Oberon

OBERON
Date
Sep. 11

Greatest
eastern
elongation
8 A .M. EDT

Oct. 18
8 A .M. EDT
Merely spotting the ice giants may be
Sep. 24 8 P.M. EDT
enough satisfaction for some novice
Oct. 27
1 A .M. EDT
Oct. 8
7 A .M. EDT
observers, but if you’re in the mood for
Nov. 4
5 P.M. EST
Oct. 21 6 P.M. EDT
something a bit more difficult, why not
Nov. 13 10 A .M. EST
Nov. 4
4 A .M. EST
try to spot one of these worlds’ satellites?
Nov. 22 3 A .M. EST
Nov. 17 4 P.M. EST
Plan to spend some serious time on this
task. Although the planets are relatively
easy to find, their moons are quite hard
to pick out from the starry background.
in Earth’s atmosphere will cause planMost amateur astronomers have a
etary images to appear mushy and wash
realistic hope of spotting two satellites of out these faint moons entirely.
Uranus — Titania and Oberon — and
You’ll also want to avoid glare from
Neptune’s Triton. The first two glow at
Earth’s Moon. Try to observe within
magnitudes 13.2 and 13.4, respectively,
three or four days of a New Moon, which
when Uranus comes to opposition.
occurs September 28, October 28, and
Triton shone at magnitude 13.0 when
November 26.
Neptune reached its peak, and it won’t
The orbital diagrams above will help
change from that value appreciably until
you figure out where the moons reside
mid-November. To see any of these
when you plan to observe. For Uranus,
moons, you’ll need a 10-inch or larger
the adjacent tables list the times of
telescope and an eyepiece that
Titania’s and Oberon’s greatest
magnifies at least 150x. And
northern elongations durto answer your question,
ing September, October,
yes, 200x or 300x
and November. The
would be even better.
current geometry of
NEPTUNE ISN’T
These moons’
the uranian system
HARD
TO
FIND
faintness is only
places the satellites
FOR AN AMATEUR
part of the problem,
farthest from
however: None
Uranus when they
ASTRONOMER WITH
strays far from its
are either north or
A
MEDIUM-SIZE
host. Oberon never
south of the planet.
TELESCOPE.
appears more than
After you decide
44" from Uranus
when you want to look
(about 12 planetary
for the moons, calculate
diameters away) while
for each moon how much
Titania maxes out at 33" (nine
time has elapsed since the pretime Uranus’ diameter). Triton is the eas- vious elongation. For example, if you
iest of the three to see, even though it
plan to observe at 10 p.m. EDT the night
always remains within 17" of Neptune
Uranus reaches opposition (October 28),
(not quite 7.5 Neptune diameters). It leads you’ll find Titania’s previous northern
because it glows slightly (20 percent)
elongation occurred on the 27th at 1 a.m.
brighter than the others and Neptune
EDT, so one day and 21 hours have
produces much less glare than Uranus.
elapsed. Similarly, seven days and four
The key to finding any of these
hours have passed since Oberon was at
moons is knowing how, when, and
its greatest elongation.
where to look. First, choose a dark
Then use the diagram to figure out
observing site where the seeing (atmoapproximately where on its orbit each
spheric steadiness) is good. Turbulence
moon lies. The farther from Uranus a

4 days

8 days

5 days
3 days

9 days

Uranus

6 days

Titania
W

2 days

3
days

10
days
7 days

1 day

2 days

8 days
0 day
1 day

11 days

12 days
0 day 13 days

15"

Uranus’ moons Titania and Oberon never stray far
from the planet’s glare. Plot their positions on this
chart based on the time since they last reached
greatest northern elongation.

moon appears, the easier it will be to
see. The illustration shows south at top
to match the view through most telescopes when the planet lies highest in
the south.
The same technique works for Triton.
For it, the table lists greatest eastern elongations because the moon lies farthest
from Neptune at that point and at the
opposite side of its orbit. If you observe
on October 28 at 10 p.m. EDT, the moon
will be five days and three hours along its
orbit. If you see a faint speck in this position, you’ve found Triton.
If these moons don’t offer enough of a
challenge, Uranus has two harder-to-see
satellites that will really test your observing acumen. With a 16-inch telescope, an
eyepiece that gives a magnification above
250x, and excellent viewing conditions,
you just might glimpse the smaller satellites Ariel and Umbriel. Ariel glows at
magnitude 13.2 but remains within 14" of
Uranus (3.75 diameters). Magnitude 14.0
Umbriel never appears more than 20"
from the planet (5.5 diameters). Use
planetarium software to pinpoint their
positions before you begin your search.
Whether you want to hunt down the
ice giants for the first time through binoculars or haul out your big scope and
closely examine these worlds searching
for faint moons, you’ll get an observing
thrill that’s hard to beat. Good luck!
Michael E. Bakich is a senior editor of
Astronomy.
WWW. ASTRONOMY.COM
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by Phil Harrington

F

or the
ninth time,
Astronomy’s
editors have searched
the marketplace for
new, unique, and
exciting telescopes,
eyepieces, and other
equipment designed
to help all of us enjoy
our hobby a little
more. Arranged
alphabetically, here
are the best of
the best: Our 2019
Star Products.

Phil Harrington is a contributing
editor and columnist of Astronomy as
well as a dedicated equipment junkie.
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AstroHutech SS-One
1KODO
controller
Designed in Japan and brought to the
U.S. by Hutech, the SS-One KODO
controller is an all-in-one unit designed
for advanced astrophotographers. When
attached to a compatible mount, the
KODO can control an autoguider,
motorized focusing, and the shutters of
two DSLRs; it can even aid with polar
alignment. The latter requires an
optional polar axis camera. You can control all this
from your smartphone — no computer required.

$495 • www.astrohutech.store

2

Astronomy Backstage Pass:
Northern Arizona DVD

If there is an astronomical nirvana in the United States, it’s in
northern Arizona. There’s the 60,000-year-old Meteor Crater, the
historic Lowell Observatory and its many famous instruments,
and the U.S. Naval Observatory Flagstaff Station’s 51-inch and
61-inch telescopes. Plus there’s the U.S. Geological Survey
Astrogeology Science Center, which was home to Eugene
Shoemaker, who conducted landmark research in astrogeology.
This two-hour behind-the-scenes tour is guided by Astronomy
Editor David J. Eicher and Senior Editor Michael E. Bakich.

$29.95 • www.MyScienceShop.com

5

AstroTech 6-inch
AT6CC F/12
Classical
Cassegrain

3

Astronomy Europa Globe

No single moon captures the imagination like
Jupiter’s Europa. Astronomy’s globe combines
images from Galileo, Voyager 1, and Voyager 2 to
create this intricately detailed 12-inch-diameter
replica. Get up close and personal with icy Europa
and identify 110 exotically named surface features,
such as Conamara Chaos and Cilix Crater. The
globe comes with a clear acrylic display base and
an informational flyer.

$99.95 • www.MyScienceShop.com

4

Astropixels Road Atlas for
the Total Solar Eclipse of 2024

The Moon had
barely slipped off the
Sun after the August
2017 eclipse before
many of us started
planning where we
will be on Monday,
April 8, 2024. That’s
the date for the next
Great American
Eclipse. Mr. Eclipse,
Fred Espenak,
already did some of
our homework by publishing the Road Atlas for the
Total Solar Eclipse of 2024. Like his 2017 atlas, the
2024 atlas intricately details the umbra’s path as it
sweeps across the Rio Grande near Elm Creek,
Texas, to Littleton, Maine, and into New Brunswick
in Canada. Where will you be?

$14.99 (black and white);
$19.99 (color) • www.mreclipse.com

Few amateurs know the benefits of a classical Cassegrain reflector, but AstroTech is trying to change that. Working with Guan Sheng Optical, it has introduced this 6-inch f/12 optical tube assembly that promises great views,
especially of the Moon and planets. To boost image brightness and contrast,
the quartz parabolic primary and hyperbolic secondary mirrors are coated
with enhanced aluminum and then overcoated with a protective layer. The
primary is aligned and fixed in place at the factory, while the secondary is held
in a four-vane collimatable spider. Top it off with eight internal baffles to
improve image contrast and a dual-speed Crayford focuser that accepts both
1¼" and 2" eyepieces, and the AT6CC is a great buy.

$499 • www.astronomics.com

6

Astro-Tech AT92 F/5.5 Triplet
APO Refractor OTA

For telescope viewing on the go,
it’s tough to beat a compact apochromatic refractor. And one of
the best at a reasonable price is
Astro-Tech’s AT92, a 3.6-inch
compact powerhouse. Measuring
only about 16.5 inches (42 centimeters) long with the focuser and dew shield
retracted, the AT92 is small enough to fit into carry-on luggage for those looking to get away to a dark site. Its multicoated triplet objective lens, designed by
the late Thomas Back, combines an extra-low-dispersion (ED) center element
with a rear lanthanum element to yield sharp, contrasty images that are free of
chromatic aberration. It includes a dual-speed 2.5" rotating rack-and-pinion
focuser, a Vixen-style dovetail plate, and a carrying case.

$1,795 • www.astronomics.com

7

Baader Planetarium
Sky-Surfer III
binocular adapter

I’m not the first to say how
wonderful binoculars are for viewing the night sky. But
if you own a high-powered model, then you know aiming at a specific target can be a chore. Baader Planetarium’s Sky-Surfer III binocular adapter is here to help. Made of ABS plastic, the Sky-Surfer III
can be attached to any binocular that has a front tripod mount built into the
hinge. Once in place, slip a red-dot unity finder — like Baader’s own SkySurfer III — onto the adapter’s dovetail plate, and you’re ready to surf the sky.

7.5 euros • www.baader-planetarium.com/en
W W W.ASTR ONOMY.COM
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9

Celestron NexYZ 3-Axis
Universal Smartphone
Adapter
Today’s smartphones can take some incredible
images of the Moon and planets through telescopes. The biggest challenge is aiming them
squarely through the eyepiece and holding them
steadily during the exposures. Celestron’s NexYZ
smartphone adapter meets those challenges head on. Unlike other adapters,
which move along two axes, the NexYZ moves in three — X (left-right), Y (updown), and Z (in-out) — as you turn its directional knobs. The adapter’s quickrelease eyepiece clamp fits eyepieces with outside diameters between 1.4 and
2.4 inches (35 to 60 mm). The phone clamp accepts a wide range of models,
including larger models from Apple, Samsung, and others.

8

Celestron CGX
Equatorial Mount and Tripod

Recently redesigned, the CGX German equatorial
mount is Celestron’s most advanced to date. All
mechanical components are enclosed, creating a
polished design with sleek lines and sculpted
edges. Inside, belt-and-pulley drive systems on
both axes minimize backlash and gear slap. The
CGX includes optical sensors on both axes to
make sure the mount doesn’t swing too far during
operation. While this isn’t as important when the
observer is standing next to the instrument,
Celestron recognizes that many imagers prefer
remote operation, especially during colder nights.
The sensors will stop the motors before the scope
runs into the mount, all while maintaining alignment. There are mechanical hard stops on each
axis should a sensor fail.

$2,299 • www.celestron.com

11

$59.95 • www.celestron.com

10

Amazing astroimages are possible using today’s
latest DSLR and mirrorless cameras. But one
thing inherent to CCD and CMOS imaging
chips plagues them all: electronic noise. It results
in “snow,” which diminishes image quality. The
problem can be reduced dramatically by lowering the temperature of the chip. CentralDS offers modified Canon, Sony, and
Nikon camera bodies that do just that — by moving the chip into an external
cooling unit for both passive cooling and active thermoelectric cooling. Up front,
the cooler has a standard lens mount to accept normal camera lenses, while an
integrated drop-in filter makes it possible to install filters without removing the
lens or detaching the camera from the telescope.

$1,450 to $4,950 • www.centralds.net

Daystar SS60-ds Solar Scout

Daystar is well known for its premier filters, both for night viewing and daytime solar studies. One of its latest innovations is the SS60-ds Solar Scout, a
dedicated 2.4-inch achromatic refractor with a built-in, electronically regulated
QUARK Hydrogen-alpha filter specifically built for viewing the Sun’s chromosphere and prominences. The optical system is designed to better accentuate
details than traditional single-stack filtering systems. Two versions of the
SS60-ds are available. The base unit includes the scope, QUARK system, a
power cable, wall charger, Solar Bullet finder, and a Vixen-style dovetail plate. The SS60-ds bundle adds an international power
adapter, a 25mm Plössl eyepiece, a 1¼" mirror diagonal, and a 10,000-mAh battery and
mounting strap.

$695 (base); $875 (bundle)
• www.daystarfilters.com
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CentralDS cooled DSLRs

12

Farpoint
Bahtinov Focus
Mask

Focusing a telescope for the eye alone is easy, but
achieving a sharp focus when viewing through a
camera viewfinder can be quite another matter. To
ensure a sharp focus the first time, use Farpoint’s
Bahtinov Focus Mask. Angled slots in the mask
create a diffraction pattern with three spikes. Two
create an X, while the third lies in between. By
adjusting the focus, the central spike moves side to
side within the legs of the X. When it is positioned
centrally, the telescope is properly focused.

$13 to $30 • www.farpointastro.com

13

Gondwana Telescopes 12-inch
Marana Compact Dobsonian

Hailing from Australia, Gondwana Telescopes makes ultralight Dobsonians
designed to maximize portability. Like other Gondwana scopes, the 12-inch
f/5 Marana uses mirrors made by Sky-Watcher. Customers can supply their
own optics, if desired, for a $1,000 discount. The Marana is constructed from
finished marine-grade plywood for a sturdy feel and an attractive look. Ebony
Star and Teflon bearing materials promise smooth sailing across the sky.
Standard accessories include a red-dot finder, carbon-fiber truss poles, highresolution magnetic encoders on both axes, and a customized KineOptics
HC-2 focuser with 1¼" adapter. When stowed, the Marana’s components
break down and nest together to make everything as compact as possible, an
important factor if you have big-scope dreams but small-world limitations.

$8,500 • www.gondwanatelescopes.com

14

Great American Eclipse
21st-century eclipse map
The August 2017 Great American Eclipse whetted
many an appetite for total solar eclipses. To answer
the questions of when and where to see the next,
Michael Zeiler has created this poster showing the
paths of every total solar eclipse crossing North
America this century, from August 2017 to September
2099. Each path gives the eclipse date, maximum
duration of totality, and maximum eclipse-path
width. Measuring 22 by 28 inches (56 by 71 cm),
the map is printed on glossy card stock and shipped
rolled in a tube for framing.

$19.95 • www.greatamericaneclipse.com

15
Hubble Optics 24"
f/3.3 Premium Ultra Light
Dobsonian Telescope
Hubble Optics’ UL16 16-inch Dobsonian
was recognized as a Star Product in 2012.
It’s back this year with an even bigger aperture, the 24-inch f/3.3 UL24, whose compactness and weight set it apart from much of the
competition. The telescope’s open truss design,
“sandwich” mirror, and all-metal components
cut the total weight to 154 pounds (70 kg).
Everything disassembles and fits together so
neatly that this huge instrument can fit into a
compact car. Once the scope is assembled, the fast f/3.3 focal ratio keeps the
eyepiece height to only 77 inches (1.96 meters) when pointed at the zenith.
The UL24 includes 96 percent enhanced coatings on both the primary and
secondary mirrors, and features a dual-speed 2" Crayford-style focuser.

$9,500 • www.hubbleoptics.com

16

Hyperion
Astronomy ALPHEA 6CW
AllSky Camera
The 6CW from Hyperion Astronomy gives a full-color horizon-to-horizon
view of the day and night sky in real time. The weatherproof dome over
the camera’s fisheye lens protects it from the harsh elements. Several models are available, with the 6CW capable of delivering full-sky coverage at
2.7-megapixel resolution. Camera operation is controlled using the Alcor
System Windows AllSky software, which is supplied. The camera’s shutter
speed ranges from 32 microseconds to many hours. The camera can create
wonderful views of the Milky Way with exposures of 30 to 60 seconds. Its
output can be either AVI video or individual images.

$1,999 • www.hyperion-astronomy.com
W W W.ASTR ONOMY.COM
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17

MallinCam
SkyRaider DS10cTEC
The first of two new imagers introduced by
MallinCam in 2018, the SkyRaider DS10cTEC
is aimed at photographers who want highresolution, wide-field images of celestial targets. To achieve that, the DS10cTEC uses Sony’s
10.7-megapixel IMX294 Class 1 CMOS color
sensor. Fan-assisted passive cooling and a
unique active convective cooling system combine to cool the sensor without
physically contacting it, avoiding the damage CMOS sensors can suffer from
conventional active cooling systems commonly used in CCD imagers.

$1,399.99 • www.mallincam.net
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MallinCam
SkyRaider DS287c

MallinCam’s second new imager, the DS287c, is
designed for real-time viewing, making it perfect
for outreach programs at schools, planetaria, and
public star parties. It uses Sony’s IMX287 CMOS
color sensor. The sensor’s superb sensitivity means
that even moderately bright deep-sky objects can
be viewed on a computer screen with exposures of
less than five seconds. The DS287c’s aluminum
body fits into any 1¼" focuser using the supplied
adapter. Also included are a 78-inch (2 m) guiding
cable and a heavy-duty 15-foot (5 m) USB 3.0 cable.

$439.99 • www.mallincam.net
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Meade LX85 Series —
70mm Astrograph
Meade’s LX85 German equatorial mount is sold with
several different optical tube assemblies, including the
impressive 2.8-inch f/5 apochromatic refractor. The
heart of this refractor is a fully multicoated quadruplet
objective lens constructed from FPL53 ED (extralow-dispersion) glass. The quadruplet design offers
remarkable contrast and sharpness, while correcting for spherical and chromatic aberrations,
astigmatism, and coma. An oversized
dual-speed focuser is threaded for attaching a standard T-mount camera adapter. For
advanced astrophotography, the LX85 drive
system includes permanent periodic error
correction and an integrated autoguider port.
A polar alignment scope is sold separately.

$1,899 • www.meade.com
60
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Meade LX65
Series —
8-inch ACF

Last year, Meade unveiled a
new series of four catadioptric
telescopes in its LX65 series.
Like the others, the 8-inch model
comes secured to the one-armed
LX65 go-to alt-azimuth mount
and matching stainless steel
adjustable tripod. The mount
incorporates built-in GPS and
has a unique dual saddle for
attaching a second scope weighing up to
7 pounds (3 kg). The included go-to hand controller comes preprogrammed with over 30,000
celestial objects, along with Meade’s AudioStar
system. The scope features Meade’s Advanced
Coma-Free optical system to deliver coma-free
pinpoint star images and a flatter field than traditional Schmidt-Cassegrains. The company’s
Ultra-High Transmission Coatings further
enhance images.

$1,199 • www.meade.com
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Omegon
Mount Mini Track
LX2
Thanks to modern digital
imaging technology, amazing
detail in Milky Way star clouds
can be captured with just a
camera lens. But the old-school
problem of tracking the sky to
counteract Earth’s rotation still exists. Of the
many skytrackers sold today, the Omegon Mini
Track LX2 is unique in that it requires no electrical power. Simply place it on a tripod, secure
your camera to a ball-head mount (sold separately), and align the Mini Track to the North
Celestial Pole following the instructions. Then
pull the cord to wind it up, and the mount’s
internal clockwork movement will start accurately tracking the sky for up to 60 minutes. Need
more time? Just pull the cord again to start over.
The Mini Track LX2 is strong enough to hold
cameras weighing up to 4.4 pounds (2 kg), yet it
weighs less than a pound (0.5 kg).

$129 • www.omegon.eu
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Orion Premium Linear
BinoViewer for Telescopes
Binoviewers are popular add-ons for visual observers
who prefer a more relaxed two-eyed look at objects. But
not all telescopes, especially Newtonians, have enough
focuser range to accommodate the long path that light must
follow inside a binoviewer. That usually requires adding a Barlow or
compensator lens into the system. While those work, they also increase magnification
by up to a factor of four. Orion addresses this issue with its Linear BinoViewer, whose
optical design requires no additional back-focus distance. Any telescope-eyepiece
combination that focuses correctly on its own will also focus correctly with the viewer
in place without any increase in magnification.

$499.99 • www.telescope.com
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Pentax XW20
Eyepiece

Pentax’s XW premium eyepieces
come in focal
lengths from
3.5mm to 20mm.
Like the rest, the
XW20 has a 70°
apparent field of
view, 20 mm of
eye relief, and fits into a 1¼" focuser.
The proprietary optical design uses
extra-low-dispersion lanthanum
glass elements that are treated with
multilayer coatings to create images
that are crisp right to the edge.
Considered moderately priced among
high-end eyepieces, the Pentax XW20
outperforms some others costing
twice as much.

$299
• www.us.ricoh-imaging.com
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Orion StarShoot
G10 Deep Space Color
Imaging Camera

Orion
15mm Ultra Flat Field
Eyepiece, 1.25"

Orion Telescopes’ line of StarShoot imagers
has been around for years, but this latest
addition is especially noteworthy. The G10
uses Sony’s IMX294CJK Type 4/3 14-bit
CMOS chip for one-shot color imaging,
while a USB 3.0 interface promises fast frame
rates and downloads. A two-stage regulated
thermoelectric cooler with a fan keeps things
cool. The G10 comes with control and
image-acquisition software compatible with
Windows 7, 8, and 10. It is also ASCOM
compatible, so it will also work with most
third-party astroimaging software.

Looking for a high-performance midrange eyepiece that won’t break the
bank? Orion’s 15mm Ultra Flat Field is
a great choice. Its eight fully multicoated lens elements with blackened
edges come together to produce highcontrast, tack-sharp star images all
the way to the edge of the 65° apparent
field of view. The barrel fits all 1¼"
focusers and is threaded to accept
standard filters. The UFF lineup
includes 10mm and 24mm focal
lengths, the latter with a 2" barrel.

$1,099.99 • www.telescope.com

$129.99 • www.telescope.com
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PixInsight
video series
Veteran astroimagers will immediately recognize the name PixInsight
as a premier image-processing platform. And as with any advanced
software, there is a steep learning
curve to maximize results from all it
has to offer. After honing his craft for years, astroimager extraordinaire Adam Block now
offers two series of instructional videos designed to flatten that curve. The Fundamentals
collection gets you going with a core set of skills needed to unlock PixInsight’s many features. The second series, Horizons, shows how to creatively use the skills and the tools demonstrated in Fundamentals.

$180 (Fundamentals); $250 (Horizons) • www.adamblockstudios.com
W W W.ASTR ONOMY.COM
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Revolution Imager
Fine Finger Feather Focuser

One of the most daunting tasks faced by anyone who
uses a portable German equatorial mount (GEM)
for astrophotography is aligning it to the celestial
pole. QHYCCD’s PoleMaster helps ease this stress.
Designed to work with today’s most popular GEMs,
the PoleMaster attaches in front of the polar axis, in
place of an optical polar scope. To use it, roughly aim the
mount toward Polaris. The PoleMaster’s integrated camera then captures images of Polaris as well as the surrounding field of fainter stars. Based on the location of
those stars, the included Windows-based software calculates the position of the North Celestial Pole and
determines where the right ascension axis is aimed. The
software then displays a screen showing the locations of
both points. Polar alignment is achieved by adjusting the
mount until they overlap. Visit the company’s website to
find a dealer near you.

I love simple, inexpensive gadgets that solve
long-standing challenges. For years, owners of many popular
catadioptric telescopes
have lamented their
inability to focus perfectly using the stock
focuser knob, especially
at high magnifications.
Many have spent hundreds on aftermarket
focusers to fix the problem. Revolution Imager has introduced a simpler, cheaper solution: the
tongue-twisting Fine Finger Feather Focuser. Press the fine focus lever
over the telescope’s standard focusing knob. Then, with the touch of a
finger, gently push the end to make fine adjustments. Afterward, slide the
focus lever off and use the integrated 1¼" dust cap to store it in the back
of the telescope or in your eyepiece tray. Four sizes are available: two for
different Celestron SCTs and two for Meade ACFs.

$269 • www.qhyccd.com

$19.99 • www.revolutionimager.com

QHYCCD
PoleMaster
Electronic
PolarScope
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Sky-Watcher
AZ-GTi Mount

Sky-Watcher
Evostar 150DX

A multipurpose mount, Sky-Watcher’s
AZ-GTi is designed for anyone looking
for a compact go-to travel mount for
small scopes weighing up to 11 pounds
(5 kg) or a camera-tracking platform for
creating video time-lapse sequences. The
AZ-GTi features an integrated intervalometer for triggering a DSLR’s shutter
at a preset 60-second exposure setting.
The mount’s built-in Wi-Fi allows wireless
control with a smartphone or tablet using the
free SynScan app (iOS and Android).

Sky-Watcher’s 5.9-inch f/8 Evostar 150DX
refractor is a great example of a midpriced
refractor that delivers top-notch performance.
One of the two elements in the apochromatic
objective lens is made of extra-low-dispersion
glass to help muffle unwanted chromatic aberration while enriching contrast and clarity.
The resulting images are tack sharp with
excellent contrast and plagued by minimal
false color. Sky-Watcher includes a dual-speed
3.4" rack-and-pinion focuser, rotatable tube
rings, a Losmandy D-style dovetail plate, and
more with the 150DX.

$379 • www.skywatcherusa.com
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$3,200 • www.skywatcherusa.com
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Stellarvue
13.5mm 100° 1.25"/2"
Optimus Eyepiece

We profiled Stellarvue’s 9mm Optimus
eyepiece last year. Since then, the family
has grown by one, with a 13.5mm version joining the lineup. It perfectly fills
the gap between the 9mm and 20mm
Optimus eyepieces. Fully sealed against moisture and with multicoated
optics, the 13.5 Optimus delivers well-defined images across an expansive
100° apparent field of view. Its 15 mm of eye relief and foldable rubber eyecup lets everyone enjoy the spectacular views comfortably. Best of all, it does
all this at a cost 40 percent less than the competition.

$349 • www.stellarvue.com
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Stellarvue SVX080T-3SV Premier
Apochromatic Triplet Refractor
Stellarvue’s
SVX080T-3SV
refractor produces remarkable results,
whether it is
used as a photographic instrument or for
visual observations. Those exceptional views are thanks to a state-of-the-art 3.1-inch f/6
triplet objective lens that is hand figured in Stellarvue’s California optical
shop to ensure zero astigmatism, spherical aberration, and coma. It’s then
enhanced with the company’s extreme broadband coatings. Accessories
include a 3" dual-speed rack-and-pinion focuser, adapters, riser blocks, and
a Losmandy-style dovetail mounting plate.

$1,995 • www.stellarvue.com

35

33

Vanguard BA-185
Binocular Tripod
Adapter

L-shaped tripod binocular adapters are
common, but most share the same problem: Space
is usually so limited that it’s difficult to get a good
grip on the adapter’s thumb knob and tighten it
into the binocular’s threaded socket. Vanguard’s
BA-185 Binocular Tripod Adapter solves that problem with a longer, slimmer knob that can also be
extended for a better grip. It works well on my
16x70 binoculars, which are difficult to secure
with more traditional L-brackets.

$16.99 • www.vanguardworld.us

34

Vixen
HR 2.4mm
eyepiece

Many of today’s
top-end telescopes have such
precisely crafted
optics that the old
“60x per inch of
aperture” rule can be readily violated on nights of
steady seeing. For those special circumstances, Vixen
Optics’ series of 1.6mm, 2mm, and 2.4mm HR (high
resolution) eyepieces are perfect accomplices. Of
those, the 2.4 has the widest appeal. The view of the
lunar surface through it is especially breathtaking.

$279 • www.vixenoptics.com

Vixen Sphinx SXP2 Mount with PFL Polar Scope

Vixen’s Sphinx SXP2 German equatorial mount is the product of more than three decades of
research and development that began with the company’s Polaris and Super Polaris mounts.
Incorporating the latest 21st-century technology, the Sphinx SXP2 is designed with astroimagers in mind. The heavy-duty design can carry 50 pounds (23 kg) and deliver perfect tracking
results for astroimaging or 60 pounds (27 kg) for visual observing. Inside the sculpted mount,
the dual-axis tracking system uses pulse motors to drive 180-tooth wheels mated to
worm gears. Best of all, the SXP2 comes with the latest Star Book Ten hand controller
and the Polarie PF-L II polar alignment scope. The full-color LCD screen displays a
detailed star chart that serves as a go-to guide as well as a controller for the mount’s
tracking. Users also can add an optional autoguider.

$4,299 • www.vixenoptics.com
W W W.ASTR ONOMY.COM
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SECRET SK Y

The propeller’s
mysterious move
Starlight can play tricks on a dark figure in Hercules.

ABOVE: The three
dark rifts of M13
are quite apparent
in this sketch by
19th-century observer
Bindon Stoney. He
used the 72-inch
Leviathan reflector
at Birr Castle in
Ireland. North is up.
STEPHEN JAMES O’MEARA

ABOVE RIGHT:
The three dark rifts
in M13 were drawn
by H.C. Markham
in 1887, based on
observations made
through 6- and
12-inch refractors
at powers between
500x and 600x.
STEPHEN JAMES O’MEARA
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Michigan. The astronomer did so with the aid of H.C.
Markham, an artist whose sight Harrington found to
be remarkably keen.
At first, they found the rifts “somewhat difficult
objects.” As Harrington notes in an 1887 issue of The
Astronomical Journal, “They are so elusive that I sometimes almost doubted their existence, but I found that
with patience I could always see them.” High powers
(500x to 600x) produced the best results.
But Harrington noted a curiosity: In Stoney’s drawing, the radiating point of the rifts is nearly central; in
Markham’s, it is southeast of the cluster’s core. “Whatever
the rifts are,” Harrington concluded, “it seems certain
that they have shifted their position slightly” since
Stoney’s drawing was made. But did they actually move?
In the mid-19th century, the observing assisStudies over the following decades revealed no evitants of William Parsons, Third Earl of Rosse,
dence of further shifting. That’s because the shift is
noticed three dark rifts crossing the interior
illusory. If we look at Stoney’s and Markham’s drawings
of the Hercules Cluster (M13). They spied the feature
carefully, we’ll see that the propeller’s position is essenthrough Lord Rosse’s 72-inch Leviathan
tially the same relative to a “hook” of stars
reflector at Birr Castle in Ireland, but the
to the south. What’s different in the two
Look for the drawings is not the propeller’s location, but
feature — now popularly known as “the
propeller” — can be seen through much
the intensity and number of recorded stars
hook of
smaller instruments. Yet the elusive detail
stars to the to the east and northwest of the propeller in
continues to challenge and mystify visual
the cluster’s core region.
south
of
the
observers today.
No astronomical artist accurately plots
core and
the positions of tens of thousands of stars in
Dissecting an enigma
a globular cluster’s core. Instead, we see an
work from
A sketch by Rosse’s assistant, Bindon Stoney,
artist’s interpretation of the view. In Stoney’s
there.
shows the propeller’s position, which at a
representation, the stars east of the propelglance appears to lie near the cluster’s center.
ler’s center are brighter and more numerous
But does it?
than those in the Markham drawing. Furthermore, the
In 1887, Mark W. Harrington spent a month visually
outer stars in the region northwest of the propeller’s
studying these dark lanes through the 6- and 12-inch
radiant are fewer in Stoney’s representation than those
refractors at the Detroit Observatory in Ann Arbor,
depicted in the Markham drawing.
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ABOVE: This image of
the Hercules Cluster
(M13) shows the dark
“propeller” feature,
to the upper left of
center in this image.
RODNEY POMMIER

LEFT: This Hubble
Space Telescope
image of M13’s core
region reveals the
position of the
propeller. NASA/ESA/
THE HUBBLE HERITAGE TEAM
(STSCI/AURA)

To figure out what was going on, I used Photoshop
to add stars to the Stoney drawing to enhance the core’s
outer region northwest of the propeller’s radiant. Then
I darkened the core region east of the propeller’s center.
The result: The propeller’s position in Stoney’s drawing
better resembles that in the Markham drawing. Any
confusion, then, boils down to artistic impression of
starlight, not the movement or misrepresentation of the
dark propeller’s position.

How to see the propeller
The propeller is a low-contrast feature about 3' across,
whose radiant lies just southeast of the cluster’s core.
Through my 8-inch reflector, the propeller shows up
best when using magnifications ranging from 244x to
300x. I find the two southern blades more apparent

than the northern one, owing to the increased contrast
of starlight near the core.
Look for the hook of stars to the south of the core and
work from there. I find using averted vision, then relaxing my gaze, works best. In other words, while using
averted vision, I set my mind at ease by thinking of
something pleasant. I do not focus on the stars, but
rather let my eyes relax while keeping my mind alert as
to where I want to look. By softening my gaze, I become
less aware of minute details and more aware of greater
shades of contrast. So give the propeller a whirl.
As always, report what you see, or don’t see, to
sjomeara31@gmail.com.
BROWSE THE “SECRET SKY” ARCHIVE AT
www.Astronomy.com/OMeara

BY STEPHEN
JAMES O’MEARA
Stephen is a globetrotting observer who
is always looking
for the next great
celestial event.
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OBSERVING BASICS

A night dedicated
to the Moon
Prepare yourself

Children look up in
wonderment at a
display of the Moon
during a public event
hosted by NASA’s
Goddard Space Flight
Center. This event took
place during the fifth
anniversary of
International Observe
the Moon Night, which
encourages everyone
across the world to
gaze upward and
appreciate our nearest
celestial neighbor.
NASA/GSFC/BILL HRYBYK/FLICKR

BY GLENN CHAPLE
Glenn has been an
avid observer since
a friend showed
him Saturn through
a small backyard
scope in 1963.
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• The lunar maria really are seas — seas of lava.
Billions of years ago, volcanic activity allowed molten
material from the Moon’s interior to flow to the surface
and fill in lowland regions. These lava oceans eventually
cooled to form dark basaltic plains. Little of the Moon’s
surface has changed since. For that reason, the naked-eye
by brushing up on your lunar trivia.
Moon looks essentially the same to us as it did to the dinosaurs — albeit a little smaller.
• That’s because the Moon is slowly ditching
Earth. Each year, the Moon drifts about 1.5 inches
(3.8 centimeters) away from us. About 170 million years
ago, during the middle of the Jurassic Period, the Moon
was some 4,000 miles (6,400 km) closer to Earth. But you
wouldn’t notice the difference.
• From Apollo landers to Moon buggies to
unmanned lunar probes, humans have left about 200 tons
of material on the Moon. But they’ve also brought pieces
of the Moon back to Earth. From 1969 to 1972, Apollo
astronauts collected 842 pounds (382 kg) of Moon rocks
and soil for return to Earth.
• The footprints left behind by the Apollo 11
astronauts are still there after a half century. Because the
Moon lacks an atmosphere, there is no wind or rain to
erase them. Micrometeorites do slowly erode the surface;
however, unless a significant meteorite obliterates the
landing site with a direct hit, the footprints will remain for
International Observe the Moon Night
millennia to come.
(InOMN) will occur on the evening of Saturday,
• The Moon smells! But it doesn’t smell like the
October 5. Held annually since 2010 — tradifabled green cheese. Apollo 11 astronaut Buzz Aldrin
tionally on a Saturday in September or October during the
noted that fresh regolith (Moon dust and dirt) smelled
First Quarter Moon, when the Moon is at its best for tele“like burnt charcoal or similar to the ashes that are in a
fireplace, especially if you sprinkle a little water on them.”
scopic viewing — InOMN encourages people around the
world to observe and learn about the Moon. Below are
Astronaut and geologist Harrison Schmitt of Apollo 17
some interesting facts that you might want to
concurred, noting that the lunar soil left the
share with your guests should you take part in
cabin air smelling like spent gunpowder.
The
Moon
a public InOMN event.
• A telescopic view of the Moon can be
an life-altering sight to young eyes. So here’s a
• The Moon is one-quarter the diamsmells! But
eter of Earth and roughly a quarter million
motivational fact to share with any schoolit doesn’t
miles (400,000 kilometers) away. If Earth were
aged children: Their next close-up view of the
smell
like
the
shrunk to the size of a basketball, on average,
Moon could be from its surface. By studying
fabled green hard, they might be able to join a scientific
the Moon would be the size of a tennis ball
about 25 feet (7.5 meters) away.
team stationed at a future Moon base!
cheese.
• Lunar daytime (sunrise to sunset) lasts
The bad news: Manned exploration of
about 14¾ days. Same with a lunar night. For
the Moon has been dead for decades. The
this reason, and because the Moon has no atmosphere, the
Apollo era ended with the Apollo 17 lunar lift-off on
sunlit half of the Moon reaches a temperature of around
December 14, 1972. The good news: We’re going back
250 degrees Fahrenheit (120 degrees Celsius), while the
soon. This March, Vice President Mike Pence announced
night side is a chilly minus 290 F (minus 180 C). That’s a
Americans will aim to return to the lunar surface by 2024.
Stay tuned.
day-night difference of 540 F (300 C).
• The Moon’s gravity is about one-sixth that of
Questions, comments, or suggestions? Email me
gchaple@hotmail.com. Next month: Watch Mercury cross
Earth’s. A world-class weightlifter capable of lifting
the Sun! Clear Skies!
450 pounds (200 kilograms) on Earth could hoist
2,700 pounds (1,225 kg) on the Moon. A golfer who can
smack a 350-yard drive would launch a golf ball more than
BROWSE THE “OBSERVING BASICS” ARCHIVE
AT www.Astronomy.com/Chaple
1.2 miles (1.9 km) at the Sea of Tranquility Country Club.
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The modeled
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magnetic pole
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Will Earth’s
magnetic
poles flip?
QI

OUR MAGNETIC POLES SHIFTED
IN THE PAST. ARE WE OVERDUE
FOR ANOTHER SHIFT, AND HOW WILL
THAT AFFECT OUR ELECTRONICS, THE
CONTINENTS, AND THE SUN’S EFFECT
ON US WHILE THE POLES SHIFT?
Alan L. Strzemieczny
Riverside, California

ASTRONOMY: ROEN KELLY,
AFTER NOAA

AI

The geomagnetic field is generated by fluid
convection in Earth’s core. How this dynamo
works is complicated, and the field that the core produces
is not symmetric. This has been something of a nuisance
to navigators for centuries — a compass needle does not
point exactly north almost everywhere. In the Arctic
Ocean, at a location known as the north magnetic dip
pole, the needle of a compass held in the horizontal plane
has no preferred orientation. At this location, if a compass needle were allowed complete freedom of orientation, it would point straight down. Correspondingly, off
the coast of Antarctica, at the south magnetic dip pole, a
freely orienting compass needle would point straight up.
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Earth’s magnetic field changes over time. In particular, over thousands of years, the locations of the magnetic dip poles tend to wander around in the vicinity of
the geographic north and south poles. Occasionally, the
field’s intensity will diminish, and the dip poles will
stray far from the geographic poles. Sometimes the dip
poles will even swap hemispheres — in which case the
polarity of Earth’s magnetic field will have reversed.
This does not happen periodically; in some ways, reversals occur randomly, the result of chaotic dynamics in
Earth’s core. The last time Earth’s geomagnetic polarity
reversed was about 780,000 years ago.
For a geomagnetic polarity that is reversed compared
with the present polarity, compasses would tend
(roughly) to point south!
Lately, scientists have noted that the north dip pole,
presently located off the coast of northern Canada, has
been migrating toward Siberia at about 34 miles
(55 kilometers) per year. Compared with the rate at
which the north dip pole has moved in the previous
couple hundred years, the present rate is relatively fast.
To top it off, the intensity of the field has decreased by
about 10 percent over the past 150 years. This has led to
speculation that Earth’s magnetic field is about to
reverse its polarity.
But let’s step back and consider a few more facts.
While the north dip pole is, for now, moving rather
rapidly, the south dip pole is not. And although geomagnetic intensity has been decreasing lately, we know
from paleomagnetism (magnetization preserved in
rocks) that the present intensity is about equal to the
long-term average.

Considering all this evidence together and recognizing that the behavior of Earth’s dynamo is difficult to
predict, we cannot confidently say that our planet’s
magnetic field will soon reverse. We also know from
paleomagnetism that reversals don’t happen periodically.
They occur rather randomly in time — about once every
half-million years or so (on average) — and, typically, a
reversal takes a few thousand years to be completed.
Reversals haven’t had any apparent effect on the
global environment, they don’t affect the motion of the
continents, and they are not affected by the Sun.
If humankind survives into the distant future and
finds itself amid a reversal, the impact on compass-based
navigation will likely be accommodated by technological
progress. Beautiful displays of aurorae, usually seen only
at high latitudes at night and during magnetic storms,
might be visible at lower latitudes. Unfortunately, I don't
think I’ll live long enough to enjoy such a spectacle.

CURVED
SPACE-TIME,
CURVED
PATHS

Jeffrey J. Love
Research Geophysicist, U.S. Geological Survey, Denver

QI

HOW DOES GRAVITY AFFECT
PHOTONS (THAT IS, BEND LIGHT)
IF PHOTONS HAVE NO MASS?
Robert Arrington
Butner, North Carolina

AI

While it is true that photons have no mass, it is
also true that we see light bend around sources
with high mass due to gravity. This is not because the mass
pulls on the photons directly, but instead because the mass
warps the space-time through which the photons travel.
Imagine a bowling ball on a mattress. The ball is a
massive object — say, the Sun — and the mattress represents space-time, in which it sits. (Of course, spacetime is four-dimensional, but it’s a bit harder to imagine
that!) When you place the bowling ball on the mattress,
it deforms the surface. If a grid were drawn on the mattress, you would see the grid deform, so the straight lines
of the boxes were no longer straight. The same is true for
a star sitting in space-time — the star deforms spacetime around it, causing it to curve toward the star.
Now imagine a marble; this represents a photon. If
you roll the marble in a straight line on the mattress and
it comes too close to the bowling ball, the marble will
curve because the mattress it’s traveling on dips and
curves around the bowling ball. This is what happens to
light traveling through space: When it comes too close
to a massive object, it encounters warped space-time and
curves not because it’s being pulled by gravity, but
because the space-time it’s traveling through is curved,
so its “straight” path becomes a curved, bent one.

QI

DO BLACK HOLES AND
DARK MATTER INTERACT
GRAVITATIONALLY? DOES DARK MATTER
FALL INTO BLACK HOLES?
James Smith
San Jose, California

AI

Dark matter does interact gravitationally with
normal matter and, yes, that includes black
holes. So dark matter can absolutely fall into black holes.
But there’s a catch. Matter, both dark and normal,
can orbit a black hole without falling in, provided it’s
beyond the event horizon, the black hole’s point of no
return. But as normal matter clumps together and interacts with other (normal) matter, friction causes that
matter to lose energy through heat. This causes the
matter to slow down and lose angular momentum,
which it needs to stay in orbit. If the matter loses enough
angular momentum and slows down enough, it will fall
into the black hole.
Dark matter is different. By nature, dark matter
rarely interacts either with other dark matter or with
normal matter, and therefore it isn’t likely to experience
friction or lose angular momentum. Because it can
maintain its angular momentum, most dark matter
orbiting a black hole tends to stay in orbit around the
black hole without falling in.

Alison Klesman

Alison Klesman

Associate Editor

Associate Editor

All objects with mass
warp space-time
around them; the
more massive an
object, the more
pronounced the
warping it causes.
When photons travel
through the region
near a massive object
that has caused
significant warping,
they follow curved
paths because the
space-time through
which they are
moving is curved.
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astronomy questions
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write to Ask Astro,
P.O. Box 1612,
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Be sure to tell us
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where you live.
Unfortunately, we
cannot answer all
questions submitted.

WWW. ASTRONOMY.COM

71

READER GALLERY

Cosmic portraits

1
1. SPOOKY ENCOUNTER
The Ghost Nebula (Sh 2–136) is a
reflection nebula in the constellation
Cepheus. It lies 1,200 light-years
away, spans 2 light-years, and sits
at the edge of the Cepheus Flare
molecular cloud complex.
• Rodney Pommier

2. ZOOM!
An Eta Aquariid meteor passes the
Milky Way in this spectacular shot
taken from Utah’s West Desert, the
morning of May 5, 2019, at 5:17 A .M.
MDT. Jupiter is the bright object
near the center. • Brett Barson

2
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3. STELLAR NURSERY
The core of the Lagoon
Nebula (M8) is a turbulent
star-forming region. Its dark
namesake is the result of that
region being sculpted by
ultraviolet radiation from
nearby stars. M8 lies in the
constellation Sagittarius,
some 5,000 light-years away.
• Chuck Ayoub

4. RED SKY AT NIGHT
The Northern Trifid Nebula
(NGC 1579) resembles the
well-known Trifid Nebula
(M20) in Sagittarius. Here,
though, the red glow is
not emission nebulosity,
but light that has been
intensely reddened by dust.
NGC 1579 lies in Perseus
some 2,100 light-years away.
• Richard Hammar

5. UP AGAINST THE WALL

3

The nearly full Moon rises at
sunset above Jiayu Pass at
the west end of the Great Wall
of China. The wall, now a
World Heritage Site, was the
largest military structure ever
built. The pinkish band is the
belt of Venus, and below it is
Earth’s shadow. • Jeff Dai

6. ENGAGE!

4

5

Barred spiral galaxy NGC 3718
has been warped from a
cosmic dance with a galactic
neighbor. Such interactions
often spark new star
formation, seen here as the
blue clumps toward the top
of the galaxy. NGC 3718 lies
53 million light-years away.
The cluster of five galaxies
above it, Hickson 56, is more
than eight times more distant,
with its light having traveled
425 million years before
reaching Earth. • Kent Wood

SEND YOUR IMAGES TO:

6

Astronomy Reader Gallery,
P. O. Box 1612, Waukesha,
WI 53187. Please include
the date and location of the
image and complete photo
data: telescope, camera,
filters, and exposures.
Submit images by email
to readergallery@
astronomy.com.
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BREAKTHROUGH

WORTHY OF A KING’S RANSOM
Many of the Milky Way’s stars — and most of the clouds of gas and dust that serve
as raw material for future stellar generations — reside in a disk that is barely
1,000 light-years thick. This crowded province cuts through the southern part of
the constellation Cepheus the King, where the pictured clouds glow brightly in the
infrared. Massive newborn stars illuminate the bright spot at the tip of the nebula on
the image’s left-hand side. To the right, another nebula seems to cradle the star
cluster Cepheus B just above it. This young stellar group lies about 2,400 light-years
from Earth. Scientists captured this four-color mosaic with NASA’s infrared-sensitive
Spitzer Space Telescope. NASA/JPL-CALTECH
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Setting a New
Standard
SVX102T-R

Stellarvue Dark Sky Star Party (DSSP) telescope field, Likely, CA. Image © Tony Hallas

Stellarvue SVX102T-R Premier Apo Refractor, shown with dielectric diagonal, Optimus 20 mm eyepiece, M2C Alt-Azimuth Mount, and new American made Stellarvue “SOLID” Tripod built from rocksolid furniture grade AppleplyC. The “SOLID” features a heavy-duty adjustable column to alter its
height. Our SVX telescopes use optics that are hand-figured in our optical shop in Auburn, California.
After machine polishing we map the optical wavefront and then make fine corrections by hand and
machine to eliminate optical defects. We measure the accuracy of each apochromatic triplet objective
with our own Zygo phase shifting laser interferometer. Every SVX model comes with its unique Zygo
test report measuring the objective at full aperture, and documenting an extremely high Strehl ratio
(.98 – .996) for world class performance.
The mission of Stellarvue is to inspire a healthy interest in science
and astronomy by handcrafting the finest telescopes on the planet.

STELLARVUEC
WWW.STELLARVUE.COM
11802 Kemper Rd. Auburn CA 95603

530.823.7796
SVTELESCOPES

SVTELESCOPES

STELLARVUETELESCOPES

SOUTHERN SKY
December 2019

Say farewell to the gas giants
December begins with
a fine view of three
bright planets strung across
the early evening sky. Jupiter
anchors this impressive gathering from its perch in western
Sagittarius the Archer.
Although twilight surrounds
the gas giant world, it stands
out because it shines brightly
at magnitude –1.8.
Unfortunately, the show
doesn’t last long. Jupiter sinks
closer to the Sun’s glow with
each passing day and becomes
lost in the glare during
December’s second week on its
way toward solar conjunction
on the 27th. The planet’s low
altitude means its light passes
through thick layers of Earth’s
atmosphere, so it doesn’t look
impressive through a telescope.
Venus appears much more
prominent. Our neighboring
planet shines at magnitude –3.9
and stands out like an airplane’s landing light. Venus
starts the month one binocular
field to Jupiter’s upper right
and within 1° of Lambda (λ)
Sagittarii, the 3rd-magnitude
star that marks the top of
Sagittarius’ Teapot asterism.
Unlike Jupiter, however,
Venus draws away from the
Sun during December. At
month’s end, it resides in central Capricornus and sets two
hours after our star. When
viewed through a telescope, it
then shows a disk that measures 13" across and appears
distinctly gibbous.
Returning to the twilight
scene in early December,

Saturn marks the top end of
the pretty planetary lineup. You
can find it glowing at magnitude 0.6 against the backdrop
of eastern Sagittarius some 11°
to Venus’ upper right. Like
Jupiter, Saturn pulls closer to
the Sun this month and gets
swallowed by the twilight. As
it drops lower, it passes near
Venus heading in the opposite
direction. The two planets
slide within 2° of each other
December 11.
You can still get a decent
view of Saturn through a telescope early this month. On the
1st, the planet’s globe appears
15" across while the ring system
spans 35" and tilts 24° to our
line of sight.
Two other planets lurk in
the early morning sky. Mars is
easy to spot in the east before
dawn, particularly later in the
month as it climbs into a dark
sky. Although the magnitude
1.6 planet is not prominent, it
does outshine the background
stars of Libra the Scales. A telescope reveals a featureless disk
that spans just 4".
Mercury poses more of a
challenge. You might glimpse
it some 5° high in the eastsoutheast a half-hour before the
Sun rises in early December.
Look for its magnitude –0.6
glow through binoculars.
An annular solar eclipse
occurs December 26. Although
the path of annularity — the
narrow track on Earth’s surface where the Moon passes
directly in front of the Sun and
leaves a sunlit ring around its

silhouette — resides solely in
the Northern Hemisphere, it
does dip within 1° of the equator. This means people across
a wide area of the Southern
Hemisphere, including most
of northern and western
Australia, can see a partial
eclipse. From Darwin, the
eclipse lasts from 5h14m to
7h42m UT, and the Moon
obscures 31 percent of the
Sun’s area at maximum. As
with any non-total eclipse, be
sure to protect your eyes by
viewing only though a safe
solar filter.

The starry sky
Astronomers officially divided
the sky into 88 constellations
about a century ago. Many
depict figures, creatures, or
objects that skywatchers
throughout the ages have
wanted to commemorate.
Unfortunately, only a relative
handful of these star groups
come close to resembling the
subject they are meant to
celebrate.
But many asterisms — collections of stars within a constellation or spanning multiple
constellations — really do look
like their namesakes. For
example, Southern Hemisphere
observers refer to Orion’s Belt
and several stars to its south as
the Iron Pot or Saucepan.
To me, one of the most
striking asterisms is a giant
pattern that strongly resembles
the Greek letter epsilon (ε). The
figure spans 1 hour 20 minutes
of right ascension and 35° of

declination and comprises stars
belonging to the constellations
Eridanus the River and Fornax
the Furnace. This region passes
nearly overhead after darkness
falls on December evenings.
And for what it’s worth, I find
it easier to see the epsilon by
gazing at the real night sky
rather than at a star chart.
It’s easiest to start at Gamma
(γ) Eridani, which marks the
asterism’s southeastern end. To
continue the pattern, shift your
gaze to the west (left). The
lower half of the epsilon follows
the curve of the River clockwise, with the letter’s central
bar formed by the nine stars
Tau1 (τ1) to Tau9 (τ9) Eri.
Now return to Tau3. The
epsilon’s upper left section
traces a path from there across
Fornax, picking up Gamma2
and Beta (β) Fornacis, the
Furnace’s three tightly grouped
Eta (η) stars, and then diving
back into the River to Theta (θ)
Eri. When viewed through a
telescope, Theta proves to be
a delightful double star with
magnitude 3.4 and magnitude
4.5 stars separated by 8.3".
Finally, the asterism’s top
section curves more to the east
(right) and ends with the three
stars h, g, and i Eri. While
you’re snaking through this
area, sidetrack a bit to the north
and locate Chi1 (χ1), Chi2 (χ2),
and Chi3 (χ3) For. A telescope
delivers wonderful views of
two nearby spiral galaxies:
NGC 1316 just to these stars’
southwest and NGC 1365 to
their east.
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