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SPECTRUM by Peter Tyson

Do It Yourself
IN AMATEUR ASTRONOMY, we often think of DIY as synonymous 
with ATM — amateur telescope making. But it’s far broader than 
that. As this issue of S&T demonstrates, our community undertakes 
a wide range of individual pursuits to make the most of our hobby.

Observing is our top do-it-yourself activity, of course. What’s 
more DIY than crouching at the eyepiece in the dark of night? That’s why we 
cover everything from naked-eye and binocular viewing to deep-sky observing, 
plus fl eeting events such as Comet PanSTARRS (C/2017 T2, page 48).

Imaging can be even more DIY than observing, as it usually involves both 
crouching outdoors and processing indoors. In our cover story, astrophotogra-
pher Babak Tafreshi, one of the best in the business, describes how to do what 
he calls “deepscape” photography (page 26). At the other end of the light-pol-
lution spectrum, urban astronomer Ken Pilon gives tips on imaging from his 
9th-fl oor, big-city balcony (page 84).

Sketching, as many S&T readers know, can help 
observers discern details they might otherwise miss. 
Howard Banich takes it a step further. In his impres-
sive collection of sketches depicting Hubble’s Vari-
able Nebula, Banich shows how drawing can reveal 
changes in objects that no one — amateur or profes-
sional — has ever documented before (page 20).

Crafting is an honored tradition among amateurs, 
but it’s not limited to building telescopes. Want to try 
your hand at spectrography? Jerry Oltion describes two 

nifty spectrographs that amateurs can make themselves (page 32).
Collecting is like breathing for amateurs, at least when it comes to photons. 

But Ted Kinsman explains how we can also collect actual bits of the solar sys-
tem that regularly shower down onto Earth’s surface (page 14).

Learning is intrinsic to our hobby. In this issue, brush up on two curious 
types of celestial objects: contact binaries (page 34) and dwarf carbon stars 
(page 58). Into the history of astronomy? See our piece on Johannes Kepler’s 
little-known 17th-century book on spacefl ight (page 62).

Traveling is key to the hobby for many amateurs. From star parties to astron-
omy expos to eclipse tours, our people like to get out there (page 81).

And that brings up sharing, which every issue of S&T is entirely about. It’s in 
our mission statement and that of our parent, the American Astronomical Soci-
ety: to enhance and share humanity’s scientifi c understanding of the universe. And as 
we’re reminded every time we attend a star party, members 
of our community are as much into sharing the wonders of 
the heavens with others as we are.

So do it yourself. We’ll do it with you.
Editor in Chief
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FROM OUR READERS

More About O. M. Mitchel
Trudy E. Bell’s article on Ormsby Mac-
Knight Mitchel (S&T: Nov. 2019, p. 30) 
nailed a subject of growing interest for 
me. In recent years, I have acquired cop-
ies of Mitchel’s old books and started a 
fi le with miscellaneous notes, with the 
object of writing an article to offer Sky 
& Telescope.

Now I don’t need to — Bell’s writing

I really enjoyed Charles Wood’s dis-
cussion of lunar pareidolia (S&T: Oct. 
201 9, p. 52). While working on my 
Astronomical League Lunar 100 award 
and NASA Apollo 50th Anniversary 
award over the summer, one such 
structure really caught my eye: what 
I call the “Lunar Tiki God” near Fra 
Mauro and the Apollo 14 landing site. 
Its elongated, Simpson-esque head was 
immediately evident to me, and the 
lighter material in the “eyes” seemed to 
glow, ready for the lunar luau. Evidence 
of Parrotheads on the Moon? No idea, 
but I check out my new acquaintance 
every chance I get. 

Jim Michnowicz
Holly Springs, North Carolina

Charles Wood’s article brought to mind 
something I’ve experienced a few times 
while observing the Moon through a 
Celestron C-14 with a 26-mm eyepiece. 

is fascinating, and I appreciate the side-
bar about his books and suggestions for 
further research. 

Some aspects of Mitchel’s work 
caught my attention, particularly 
Central High School in Philadelphia. 
Sadly, the school and its observatory 
burned down later in the 19th century, 
and apparently most of its astronomical 
records were lost.

A few years back, during a visit to 
Central High (which now occupies a 
building away from its original site), 
I discovered that the school still has 
a collection of 19th-century physics 
apparatus for demonstration purposes. 
No one there knew anything about 
these devices (including a refractor on 
a tripod, which I could not examine 
because it was in a corner with lots of 
stuff stacked against it). 

The librarian showed me a leather-
bound guest book titled “Autographs 
Observatory Kensington.” It had noth-
ing to do with the school observatory 
but instead had come from the United 
Kingdom. It was the guest book of Sir 
James South — perhaps the preeminent 
gentleman amateur astronomer of the 
day in London. It contained the signa-
ture of Mitchel, who had apparently 
visited South’s observatory during a trip 
to England.

Alas, this autograph book was later 
sold to a private collector (to raise funds 
for Central High), so it is no longer 
available for study.

Robert D. Hicks
Philadelphia, Pennsylvania

I was an assistant professor in the 
physics department at the University of 
Cincinnati for a few years in the early 
1980s and, as its “token astronomer,” 
was put in charge of the observatory. 
Along with Paul Nohr, I kept both tele-
scopes operational and hosted “Astron-
omy Thursday” public viewing sessions. 
But I never got around to learning much 
about the observatory’s history, so Bell’s 
article was especially interesting. 

Nate Krumm
Pearblossom, California

Grateful for Imaging Tutorial
I enjoyed reading Ron Brecher’s 
“Demystifying Image Calibration” 
(S&T: Nov. 2019, p. 36). As I’m a total 
novice interested in astrophotography, 
his explanation and ideas have encour-
aged me to improve my images. Brecher 
put in a nutshell what would otherwise 
have taken me years to fi gure out! 

Colleen Ansley
Toronto, Ontario

Are You Seeing Things?

p Compare this sketch of a tiki-like face on the Moon with the actual terrain seen telescopically.
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I turn away for a minute or two, and 
when I look back I’m astonished to fi nd 
that my brain has “reversed” the con-
tours of topography. Craters no longer 
look depressed but instead seem to rise 
above the lunar plains. Their fl oors now 
look like smooth mesa tops.

The fi rst time this happened I was 
startled and baffl ed, but upon realizing 
what had occurred I was able to main-
tain the “reversed” image. Turning away 
from the eyepiece and then looking 
back returned me to the correct image. 

This has recurred only a few times 
over the past 20 years or so. On a couple 
of occasions, I have been able to “force” 
the transition from crater to mesa, back 
and forth; most times, however, I can’t 
get the reversal no matter how hard I 
try. I’m wondering if others have expe-
rienced this.

Ed Wagner
Olean, New York

Apollo 14+

Fra Mauro

Parry

50 km

MARE COGNITUM
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 Eager Reader
I would like to thank everyone at Sky & 
Telescope for publishing such a won-
derful magazine for both experienced 
astronomers and beginners. I love how 
the articles are not too detailed yet 
still include up-to-date research in an 
easy-to-read style. Reading S&T has 
helped me learn more about astronomy 
and also inspired me to get deeper into 
observing the night sky.

I have always liked watching the night 
sky, especially the Moon. I can’t afford 
to buy a telescope, but I truly enjoy read-
ing about different telescopes in S&T. 
Also, the monthly observing charts for 
stars, planets, and the Moon’s phases 
are extremely helpful. I’m always excited 
about getting the next month’s issue!

Alexandra Zovi
Menomonee Falls, Wisconsin

The Eyes Have It
Don Ferguson’s article about double 
stars (S&T: June 2019, p. 36) reminded 
me of an interesting phenomenon: Our 
eyes have better horizontal resolution 
than vertical resolution. This distinc-
tion only applies when you observe close 
to the resolution limit of your telescope.

Here’s a case in point: Epsilon Lyrae 
consists of two star pairs oriented 90° 
with respect to each other. If observed 
with one pair separated horizontally 
near the threshold of resolution, it will 
be split — but the second pair won’t. 
Rotating your head 90° resolves the 
second pair but not the fi rst.

I suspect this is due to our greater 
need, as hunter-gatherers, to resolve 
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º February 1945
Flower Refractor “W. H. Pickering 

has argued that in 1924 better views 

of Mars were obtained with small 

apertures than with ones exceeding 

20 inches. [W. F.] Denning [believed] 

the optimum aperture for planetary 

work is about 15 inches . . .

“From 1941 to the present, I 

have made some such observa-

tions with the 18-inch Brashear 

refractor at the Flower Observatory 

. . . in suburban Philadelphia. . . .

“Encke’s division [in Saturn’s 

rings] has often escaped skilled 

observers using good telescopes, 

but the Flower refractor usually 

reveals it clearly. . . . The close 

‘canals’ on the northwest inner wall 

of the lunar crater Aristillus have 

been divided when conditions were 

favorable.” 

Author Walter H. Haas went on 

to found the Association of Lunar 

and Planetary Observers in 1947. 

T he Flower 18-inch objective, after 

being mothballed since 1954, has 

been fully restored as part of a new 

observatory dedicated in 2019 near 

Lake Tekapo in New Zealand.

º February 1970
Bad-Seeing Fix “Most astrono-

mers at one time or another have 

wished for a way to sharpen a 

blurred photograph, that is, to undo 

the results of imperfect focus, trail-

ing, optical aberrations, and atmo-

spheric turbulence. Two ways for 

doing just that were described by 

George W. Stroke, State University 

of New York at Stony Brook. . . .

“Dr. Stroke uses a variant of the 

aperture-synthesis techniques of 

radio astronomers. They employ 

high-speed computers to combine 

mathematically the signals from 

many small antennas into one 

signal that has the same resolu-

tion as a big antenna fi lling all of 

the space between the smaller 

ones. But because of the much 

greater amount of information 

contained in an optical image, one 

such aperture synthesis at optical 

wavelengths could take months of 

computer time.”

Astronomers were starting to 

foresee today’s many techniques 

for sharpening their astronomical 

images.

º February 1995
Drinking Gourd “In 1912 an ama-

teur folklorist named H. B. Parks 

accidentally overheard an African-

American singing a folksong in 

North Carolina that was new to 

him. . . . The cryptic lyrics, Parks 

learned, described a sky and land 

map directing slaves [northward] 

out of the South and toward free-

dom. . . . The term ‘Drinking Gourd’ 

is masked language for the Big 

Dipper. . . .

“Escaping slaves . . . concealed 

their awareness of the sky. As a 

result, . . . African-American songs 

and stories on celestial topics are 

scarce. ‘Follow the Drinking Gourd’ 

survives as a beautiful and rare 

exception.”

In 1928 Parks published a few 

stanzas of the song as he knew it, 

based on a sketchy oral tradition. 

The song quickly became a folk 

standard, thanks to the Weavers 

and other artists at the height of 

the civil-rights movement. We may 

never know whether, as author 

Gloria D. Rall contends, it actually 

guided fl eeing slaves northward.

1945

1970

1995

75, 50 & 25 YEARS AGO by Roger W. Sinnott

SUBMISSIONS: Write to Sky & Telescope, 90 Sherman St., Cambridge, MA 02140-3264, USA or email: letters@
skyandtelescope.com. Please limit your comments to 250 words; letters may be edited for brevity and clarity.

detail around the horizon and a lesser 
need for gauging the heights of trees.

Robert Dick
Ottawa, Ontario

FOR THE RECORD

• When Venus was seen and sketched 

with spots on April 17, 1940 (S&T: Sept. 

2019, p. 53), it was near greatest eastern 

elongation, not superior conjunction.

• Regarding the rate of growth of human

knowledge (S&T: Dec. 2019, p. 60), a 

doubling every fi ve years is considered 

exponential growth.

• Date labels in the light curve of T Ursae 

Majoris (S&T: Dec. 2019, p. 10) aren’t quite 

correct. See https://is.gd/T_UMinoris for 

a revised graph.

https://is.gd/T_UMinoris
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FOUR DECADES AFTER its launch 
into the outer solar system, Voyager 2 
exited the heliosphere, the cavity around 
the Sun blown out by the solar wind. It 
crossed over on November 5, 2018, six 
years after that of the speedier Voy-
ager 1 (S&T: Apr. 2019, p. 9).

Voyager 1 returned a surprisingly 
messy view of the outer boundary, 
known as the heliopause, that separates 
the Sun’s domain from the interstellar 
medium. Voyager 2 promises a point of 
comparison. In the November Nature 
Astronomy, fi ve teams of astronomers 
analyze the spacecraft’s report from the 
frontier of the solar system.

Particles at the edge of the heliosphere 
are hot and sparse — a mere 0.002 elec-
tron per cubic centimeter, Donald 
Gurnett and William Kurth (both at 
University of Iowa) report in their study 
of Voyager 2 data. The gas and dust 
between the stars, on the other hand, are 
colder and denser. As Voyager 2 crossed 
over, its plasma instrument noted a 
20-fold increase in plasma density. 

A similar instrument on Voyager 1 
failed in 1980, which made its crossing 
more diffi cult to recognize. However, its 
indirect measurements showed a similar 
jump in plasma density. Both Voyag-
ers crossed the heliopause in under 

SOLAR SYSTEM

Voyager 2’s View of the Solar System’s Frontier

a day, corresponding to a boundary 
0.005 astronomical unit (a.u.) thick.

The two spacecraft saw the density 
change at roughly the same distance 
from the Sun: 121.6 a.u. and 119 a.u., 
respectively. This was unexpected, since 
the heliopause’s exact location ought 
to change with solar activity. Voyager 1 
had crossed the boundary as the Sun 
was reaching a peak in its cycle of mag-

netic activity, but by the time Voyager 2 
crossed, solar storms had quieted. “If 
we take our models at face value, we’d 
expect a difference,” says Leonard 
Burlaga (NASA Goddard Space Flight 
Center), coinvestigator on the Voyagers’ 
plasma and magnetic fi eld experiments.

Another marker of the heliopause 
is a sudden change in the nature of 
the energetic particles measured by 
the spacecraft. As Voyager 2 crossed 
through the heliopause, it saw the low-
energy ions of the solar wind largely 
drop away, replaced by higher-energy 
galactic cosmic rays produced in distant 
and long-ago supernovae. 

However, even an astronomical unit 
beyond the heliopause, Voyager 2 con-
tinued to detect a few lower-energy par-
ticles from the solar wind. This leakage 
from the inside out was the opposite of 
what Voyager 1 saw, says Edward Stone 
(Caltech), the Voyagers’ project scien-
tist. “Even before [Voyager 1] left the 
heliosphere, we had two episodes where 
we were connected to the outside.” How 
and how often particles leak in either 
direction across the heliopause remains 
an open question.

In addition, the Voyagers upended 
expectations when neither one saw a 
sudden shift in magnetic fi eld at the 
heliopause. “We can dismiss this as a 
coincidence in one case, but we cannot 
do that twice,” Burlaga says. “There must 
be some physical process that’s coor-
dinating the magnetic fi eld across this 
region. That process is not understood.”

Scientists will continue to study and 
compare Voyager data as the spacecraft 
zip along at 3 a.u. per year. They’re 
heading toward the bow wave (or per-
haps the bow shock) that forms in front 
of the heliosphere as it plows through 
the interstellar medium. But with only 
about fi ve years or so of power left, nei-
ther one will reach this structure with 
working instruments. Instead, their 
main goal now is simply to measure 
the undisturbed interstellar medium — 
traveling as far from the heliosphere as 
they can in the time they have left.
■ MONICA YOUNG

Read more results from Voyager 2 at 
https://is.gd/voyager2.

p Voyager 1 crossed the heliopause in August 

2012; heading in a different direction, Voyager 2 

crossed in November 2018. The lines mark 

the direction of plasma fl ow both inside and 

outside the heliopause. 

p As they traveled away from the Sun, the Voy-

agers encountered a surge in plasma density, 

thought to mark the boundary between the 

heliosphere and interstellar medium.  
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THE MILKY WAY’S CENTER is relatively 
quiet, but it wasn’t always that way. Two 
new studies shed light on our galactic 
center’s tempestuous past. 

In the fi rst study, Ian Heywood (Uni-
versity of Oxford, UK) and colleagues 
fi nd a pair of outfl ows emanating from 
our galaxy’s center using the MeerKAT 
radio telescope array in South Africa. 

These radio lobes are reminiscent of 
the gigantic Fermi bubbles, but while 
those each span some 25,000 light-years 
above and below the disk (S&T: Apr. 
2014, p. 26), the MeerKAT dumbbell is 
only 1,400 light-years long end to end. 
The researchers estimate that whatever 
blew up the MeerKAT bubbles, it hap-
pened a few million years ago. Perhaps, 
the authors speculate in the September 
12th Nature, the MeerKAT event was 
a miniature version of whatever made 
the Fermi bubbles. Or, perhaps several 
events like the MeerKAT one combined 
to make the larger Fermi structure.

MILKY WAY

Our Galactic Center’s 
Raucous Youth

Heywood’s team is circumspect 
when it comes to naming a culprit for 
the bubble structures. The astronomers 
maintain it could be star formation or 
black hole activity. But in another study, 
which will appear in the Astrophysical 
Journal, Joss Bland-Hawthorn (Univer-
sity of Sydney, Australia) and colleagues 
choose a side: They think gas dumped 
onto the doorstep of our galaxy’s black 
hole, Sgr A*, fueled an outburst.

Bland-Hawthorn and others have 
been studying a ribbon of gas, called 
the Magellanic Stream, that winds itself 
around our galaxy. The team’s ultravio-
let measurements have revealed patches 
in the stream that contain ionized 
hydrogen, carbon, and silicon. These 
patches lie in what would be the direct 
path of a wide hourglass of radiation 
emanating from the galactic center.

By estimating how long the clouds 
have been cooling, the team rules out 
star formation as the cause of the 
patches and instead suggests that Sgr A* 
fl ared dramatically about 3½ million 
years ago. The ultraviolet radiation from 
the blaze then kicked electrons out of 

p The MeerKAT radio bubbles extend vertically 

above and below the Milky Way’s plane. The 

black hole, Sgr A*, is labeled. 

t EROSITA’s fi rst-light image reveals star for-

mation in the Large Magellanic Cloud.
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the atoms in the Magellanic Stream 
some 250,000 light-years away.

Hsiang-Yi Karen Yang (University 
of Maryland) agrees that the new data 
strengthen the case for a prior fl are. 
The bubbles and glowing patches in the 
Magellanic Stream may be relics of our 
black hole’s rollicking past.
■ CAMILLE M. CARLISLE

IN MID-OCTOBER, the German-built 
EROSITA telescope used all seven of its 
X-ray-collecting modules to reveal the 
hot and violent star-formation processes 
in the galaxy next door.

Following its launch in July 2019, the 
telescope fl ew for three months aboard 
the Spektrum-Röntgen-Gamma (Spe-
ktr-RG) satellite before arriving at its 

SPACE OBSERVATORIES

German X-ray Telescope Sees First Light

destination: the Earth-Sun system’s L2
Lagrangian point, 1.5 million kilome-
ters (930,000 miles) from Earth on the 
opposite side from the Sun. There, the 
telescopes aboard Spektr-RG underwent 
commissioning, as engineers turned on 
the instruments and worked out any 
kinks. Despite some hiccups during this 
phase, and after some extensive testing 
to show that everything was operating 
as expected, EROSITA is now seeing the 
universe near and far with X-ray vision.

The Large Magellanic Cloud (LMC) 
is the Milky Way’s largest satellite gal-
axy and hosts prolifi c stellar nurseries, 
whose hot, X-ray-emitting gas is seen in 
the fi rst-light image. The LMC is a close 
and well-studied target, so astronomers 
can compare EROSITA’s image to ones 
taken by other X-ray observatories.

“We have obtained razor-sharp 
images,” says EROSITA’s project man-
ager Thomas Mernik (German Aero-
space Center). “These fi rst impressions 
allow us to anticipate great things over 
the coming years.” 

EROSITA will soon begin its primary 
mission: a four-year program to map 
the entire X-ray sky eight times over, 
in the kind of detail normally reserved 
for zoomed-in views of selected objects. 
EROSITA is expected to detect millions 
of new X-ray sources, including 100,000 
galaxy clusters. Ultimately, astronomers 
hope to use these clusters to shed light 
on the universe’s evolution and the 
nature of dark energy.

The Spektr-RG space observatory 
also hosts the Russian ART-XC instru-
ment, which observes X-rays at higher 
energies. The Russian space agency 
announced ART-XC’s fi rst light on July 
30th, with images of the well-known 
X-ray pulsar Centaurus X-3.
■ MONICA YOUNG

Sgr A*

www.skyandtelescope.com
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FOLLOW-UP OBSERVATIONS of an 
amateur-dis covered planetary system 
show that its planet has Neptune’s mass 
and orbits its star in the region where 
ice giants are thought to form.

On October 25, 2017, Japanese 
amateur astronomer Tadashi Kojima 
was monitoring stars for the sudden 
brightening that might indicate a nova. 
Rescanning a fi eld in Taurus he found 
one particular star that had brightened 
from magnitude 13.0 to 11.7. By Hal-
loween, the star had brightened further 
to magnitude 10.8.

The star was faint in Kojima’s obser-
vations, but calls for follow-up observa-
tions (via the Central Bureau for Astro-
nomical Telegrams and the American 
Association of Variable Star Observers) 
soon showed that the brightening pat-
tern he had observed was characteristic 
of gravitational microlensing.

When one star passes directly behind 
another from Earth’s perspective, the 
foreground star’s gravity bends the 
light from the background star so that 

EXOPLANETS

Observations Confi rm Amateur-Discovered Exo-Neptune

it appears to brighten from Earth’s 
perspective. If the foreground star has a 
planet, the planet’s gravity adds a brief 
fl ash to the overall gleaming.

Astronomers have found several 
dozen exoplanets using this technique, 
but the event that Kojima discovered, 
named Kojima-1, is unique. For one, 
most microlensing events occur toward 
the galactic center, as there are more 
stars in that direction. Kojima’s star 
is in the sparser region opposite the 

p Artist’s concept of an exo-Neptune orbiting a 

red dwarf star

center. It’s also relatively close, at 1,600 
light-years away. 

Because the foreground star is in an 
uncrowded region and closer to Earth 
than the typical microlensing star, 
it made for an easy target for follow-
up observations. Multiple observing 
campaigns ensued, including one led 
by Akihiko Fukui (University of Tokyo). 
His team used 13 ground-based tele-
scopes to repeatedly image the star and 
obtain its spectrum over 2½ months.

In the November issue of the Astro-
nomical Journal, the team confi rms the 
existence of this Neptune-mass planet 
in the outskirts of our galaxy. Desig-
nated Kojima-1Lb, the planet has 20 
times Earth’s mass and follows an orbit 
similar to Earth’s, with an average dis-
tance from its star of 1.1 astronomical 
units. Because the star is less massive 
and less luminous than the Sun, that 
orbit puts the exo-Neptune near its 
system’s snow line, beyond which water 
vapor and other gases condense into 
ice. The discovery hints that Neptune-
mass planets might indeed be common 
outside this boundary.
■ MONICA YOUNG

Refreshing Galactic Wind
Most “normal” or baryonic mass is contained not in stars 
but in gas that extends far beyond any galaxy. This gas is 
thought to fall onto galaxies over time, providing fuel for 
star formation. In turn, stars — or rather, the winds they 
produce as they’re born and as they die — are thought 
to replenish that reservoir. For the fi rst time, David Rupke 
(Rhodes College) and colleagues directly observed evi-
dence of that replenishment using the Keck Observato-
ry’s Cosmic Web Imager, they report in the October 31st 
Nature. The KCWI, an integral fi eld spectrograph, took 
simultaneous images and spectra of a giant wind fl owing 
out of a galaxy into the sparser medium that surrounds 
it. The galaxy, named Makani (“wind” in Hawaiian), has 
probably driven this tempest via bursts of star formation 
ignited during a merger with another galaxy. Makani is 
currently forming 100 to 200 solar masses of stars every 
year. The wind from these stars fi lls a region 260,000 by 
330,000 light-years with hot (10,000 K), ionized gas that’s 
enriched with elements heavier than hydrogen and he-
lium. Galactic winds have been observed before but not 
so far out from a galactic center. 

■  MONICA YOUNG
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IN BRIEF

NASA Announces Lunar 
Rover for 2022 
NASA has announced a robotic mis-

sion, named the Volatiles Investigat-

ing Polar Exploration Rover (VIPER), 

which will hunt for water ice at the 

lunar south pole and characterize the 

lunar regolith there. The rover will be 

about the size of a golf cart and is 

projected to cost $250 million. VIPER 

is scheduled for a late 2022 land-

ing, which would put it on the lunar 

surface before NASA’s ambitious 

“boots back on the Moon” goal for the 

Artemis program, currently set for late 

2024. VIPER is expected to last about 

100 days, so it will forgo nuclear power 

and operate strictly via solar panels 

and battery power. VIPER will carry a 

suite of science instruments, including 

a drill that will go 1 meter down into 

the lunar regolith and bring up samples 

for testing. It will also carry a spec-

trometer to detect potentially water 

ice–rich regions for drilling. The VIPER 

mission would be NASA’s fi rst soft 

landing on the Moon since Apollo 17 in 

1972, and also the fi rst soft landing in 

the Moon’s polar regions. 

■ DAVID DICKINSON
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OBSERVATIONS FROM the Strato-
spheric Observatory for Infrared 
Astronomy (SOFIA) confi rm suspicions 
that dust around BD+20 307, a binary 
star system 390 light-years from Earth, 
came from a recent collision between 
planet-size bodies. The fi ndings appear 
in the April 10th Astrophysical Journal.

The two stars of the BD+20 307 
system are at least a billion years old, so 
any debris left over from their forma-
tion should have cooled down a long 
time ago. But when astronomers fi rst 
imaged the system 15 years ago using 
ground-based telescopes and the Spitzer 
Space Telescope, they found an abun-
dance of warm dust. The presence of 
this dust suggested a collision occurred 
tens of thousands of years ago between 

EXOPLANETS

Monitoring a Planet-Scale 
Collision

COMMUNITY

Well-loved Astronomy 
Expo Comes to an End

two large worlds in the system.
One decade later, astronomers used 

SOFIA, an infrared telescope that fl ies 
aboard a modifi ed Boeing 747, to fol-
low up on the system. Surprisingly, the 
observations revealed that the bright-
ness of the dusty disk had increased by 
10% over the past decade. 

If leftover fragments had continued 
to collide with each other, gradually 
grinding themselves into dust in a 
process known as a collisional cascade, 
the total amount of dust would have 
increased. But a collisional cascade 
alone is not enough to explain the dra-
matic increase in infrared brightness.

One possibility is that the dust 
became warmer as it drifted inward 
toward the binary stars, explains proj-
ect lead Alycia Weinberger (Carnegie 
Institution of Washington). Or, it could 
be the collisional cascade was more of 
a collisional avalanche, producing dust 

p An artist’s concept shows a planet-scale 

collision.

Stars trail over the 2009 RTMC

faster than expected.
Scientists are still unsure which 

mechanism brightened the system over 
the past decade. Nevertheless, lead 
author Maggie Thompson (University 
of California, Santa Cruz) hopes that 
longer-wavelength data from future 
SOFIA observations will shed light on 
the system’s evolution. Ultimately, the 
system might provide a window into our 
own solar system’s violent early years. 
■ JULIE FREYDLIN

AFTER 50 YEARS, the Riverside 
Telescope Makers Conference (RTMC) 
has ended its annual Astronomy Expo. 
Many factors contributed to the board’s 
decision on October 6th to close off 
what was still one of the largest star 
parties and convocations on the West 
Coast. Even as it averaged 400 to 
500 attendees (600 at its recent 50th 
anniversary), the event could no longer 
compete with its reputation. 

The expo began in 1969 when Cliff 
Holmes, then president of the Riv-
erside Astronomical Society, joined 
other telescope-makers for a confer-
ence at Riverside Community College 
(S&T: Feb. 2018, p. 64). For a while, 
their event was called “Riverside,” and 
it pulled in some 135 attendants. But 
within a few years it outgrew the col-
lege, ending up in Camp Oakes in Big 
Bear to accommodate the attendees and 
their telescopes. The fi rst digital setting 
circles made their debut at the 1978 
expo. And while John Dobson may have 
begun his sidewalk astronomy move-

ment on the streets of San Francisco, it 
wasn’t until he brought those hippie-
fl owered tubes to RTMC that many 
others jumped on board. 

By the conference’s heyday in 1987, 
2,340 people were coming to see the 
event. Attendance had expanded to the 
point that the show outgrew the River-
side Club that founded it and became its 
own corporation in the early 1990s. 

Many other star parties have 
sprouted up in the area over the years; 
we will see if they can fi ll the Astronomy 
Expo’s shoes.
■ ALEX MCCONAHAY

Reminisce about the Astronomy Expo’s 
glory days: https://is.gd/RTMCExpo.
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One man’s search for the tiny cosmic visitors that are just underfoot

Micrometeorite

BLUE MARBLE The micrometeorite shown in this scanning 
electron microscope image is 300 microns across, about 
twice the width of a thick human hair. As the fragment 
entered Earth’s atmosphere, it melted from the heat, and 
the surface tension of the molten metals brought it into a 
spherical shape. The author found this sample on the roof 
of his house, and he considers it to be the most beautiful 
micrometeorite he has ever found. 
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W e are all familiar with the idea that meteorites fall 
to Earth, but most of us probably think our odds 
of fi nding one are rare. Yet tiny meteorites — those 

less than 1 mm wide, or about the size of the periods in this 
paragraph — are actually quite common. Micrometeorites 
make up the bulk of the stuff that Earth collects from outer 
space, and on average, one micrometeorite will land on every 
square meter of our planet’s surface every year.  

This cosmic dust is so common it can literally be found 
under our feet. One study even turned up several dozen 
micrometeorites via an exhaustive search of the rain gutters 
lining city rooftops (S&T: May 2017, p. 10). However, indus-
trial contamination means that such rooftop studies are rare, 
as it takes a lot of sifting to remove possible imposters. 

Instead, most bits of bona fi de cosmic dust have been dis-
covered in hard-to-reach places, such as deep-sea sediments, 
Antarctic ice, and the melt zone of the Greenland ice cap. 
For one of these studies, researchers at the South Pole even 
collected particles from the ice they had melted for drinking 
water. At such remote locations, industrial contamination 
is less likely. Researchers also use the size distribution and 
composition of the fragments they fi nd to determine if they 
truly come from space.

For enthusiasts without the means to become collec-
tors of large meteorites, micrometeorites offer an alterna-
tive — and fi nding them doesn’t necessarily require a visit 
to remote locations. Although smaller meteorites are harder 
to study, they’re in general more numerous. The smaller the 
meteorite you’re looking for, the higher the probability you 

Hunter
might fi nd one. And because micrometeorites are relatively 
easy to fi nd, their collection and study can be just as reward-
ing as the larger variety.   

Collection

There are a number of ways to collect micrometeorites. I fi nd 
that the magnetic ones — even though they are rare among 
meteorites in general — are the easiest to fi nd and identify.

One method is to place magnets on the gutters of your 
home. In New England, I like to place magnets on the down-
spouts of churches that have slate roofs and lead downspouts. 
This ensures that the particles collected are not contami-
nated with asphalt roofi ng debris. 

I’ve also picked up samples by dragging a strong magnet 
along the silty bottom of the shores of the Finger Lakes and 

pCRYSTAL SURFACE This scanning electron microscope image, 80 

microns to a side, shows the crystal structure on the surface of a micro-

meteorite. This meteorite is primarily made of iron, with small amounts of 

other elements. Iron micrometeorites are easy to fi nd with the help of a 

strong magnet. 

qMICKEY MICROMETEORITE The piece of cosmic dust in this false-

color image is 600 microns wide. Its appearance has a distinct quality 

from that of the others because the author utilized a different imaging 

mode that uses back-scattered electrons. 

www.skyandtelescope.com
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the Great Lakes. These samples, though collected far from 
industrial centers, nevertheless probably carry some contami-
nants. To improve my chances of picking up a meteorite, I 
tend to search along cracks in the rocky river bottom. These 
older surfaces act as natural concentration mechanisms for 
cosmic dust. 

I have also used strong magnets to collect micrometeorites 
from the drainage of large parking lots. However, while these 
sites do contain tiny space rocks, they also contain numerous 
bits of metallic debris from cars. Several large parking lots at 
my university are even more complicated strewnfi elds because 
students often run metal chop saws there. Too much contam-
ination fi lls the runoff for these sites to be useful.

Analysis

I sort my samples by several criteria: A fragment has to be a 
magnetic sphere, have a surface melted by passage through 
the atmosphere, and be big enough for me to pick up with 
tweezers, so that I can place it under an optical microscope.

Since I teach scanning electron microscopy, I also have 
access to a number of these microscopes for imaging — which 
I admit makes me an unusual meteorite hunter. Under the 
microscope, magnetic micrometeorites are fairly easy to spot 
by their spherical shape and crystal patterns due to atmo-
spheric wear. If a micrometeorite has sat in the environment 
for a while, though, a layer of rust may cover the surface, 
which complicates identifi cation. 

NUT IN A SHELL This 320-micron-
wide micrometeorite has iron and 
nickel melted around a grain of 
almost pure titanium. (The false color 
helps distinguish between these two 
components.) While other examples 
like this one exist in the literature, the 
author considers this to be one of the 
strangest samples he has collected. 
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BLOWHOLES Many micro-
meteorites, made spherical due 

to atmospheric heating, have 
crater-like holes where hot gases 
or boiling liquid materials erupted 

from the center during reentry. 

www.skyandtelescope.com
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Besides analyzing a micrometeorite’s appearance, I also 
identify space dust by its elemental composition. To do this, 
I use a technique called electron dispersive spectroscopy. After 
placing a sample in the scanning electron microscope, I 
bombard it with electrons, which in turn generate X-rays. 
The wavelengths of the X-ray photons produced depend on 
which atoms the electrons hit, so this technique will tell me 
what elements are in a specimen. A sample containing iron, 
manganese, and aluminum, for example, is likely a micro-
meteorite. The micrometeorites I fi nd are generally made 
of iron, with other elements such as manganese, silicon, or 
nickel mixed in. 

Magnetic micrometeorites represent less than 5% of all 
the meteoritic debris raining down on Earth. But because 
they’re also the easiest to collect and identify, I manage to 
accumulate a lot of them. Dealing with huge numbers of 
micrometeorites means I’m more likely to fi nd relatively 
“large” specimens, with a diameter of at least 0.5 mm.  

Even though you may not have access to the same 
equipment, you can still fi nd micrometeorites with a fair 
degree of confi dence as long as you look in the right places. 
The specks may not look like much to the eye, but it’s still 
rewarding to hold a little piece of the solar system on the tip 
of your fi nger.

¢ TED KINSMAN is a professor and high-speed photogra-

pher at Rochester Institute of Technology. He thanks Bryan 

McIntyre of the University of Rochester for his help in col-

lecting X-ray spectra and for the use of his high-resolution 

scanning electron microscope.

tpMAGNETIC DEN-

DRITES? The circuit 
board-like texture that 
appears in these images 
could represent magnetic 
dendrites, if the fragments 
are from micrometeorites. 
However, this pattern can 
also be found in particles 
associated with indus-
trial contamination. When 
scanning electron im-
ages do not tell the whole 
story, as is the case here, a 
spectrum can be helpful in 
determining the sample’s 
composition.  

q SWEEPING FOR 

COSMIC DUST 

The author searches 

along a crack in the 

rocky bottom of a river-

bed (left), a surface that 

acts as a natural trap for 

micrometeorites. He uses 

a strong magnet (right) to 

aid his search.

The specks may not look like 
much, but it’s still rewarding to 
hold a little piece of the solar 
system on the tip of your fi nger.

www.skyandtelescope.com


pHUBBLE’S VARIABLE 

NEBULA Edwin would be 
proud of this image of his 
namesake nebula taken with 
the orbiting observatory that 
also carries his name!
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The author documents two 

decades of NGC 2261’s variability 

through sketches.

uCHANGING MORPHOLO-

GIES The author’s sketches 
are displayed in chrono-
logical order. Noted are 
the observation dates and 
telescope specs.

SHIFTING SHADOWS by Howard Banich 

March 10, 1999
20-inch f/5 at 413×

February 9, 2005 
28-inch f/4 at 457×
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p THE HALE CAPTURES HUB-

BLE’S NEBULA When Edwin 

Hubble pointed the 200-inch Hale 

Telescope skyward for the fi rst time, 

he snapped a shot of the nebula that 

bears his name. 

A s you might expect, Hubble’s Variable Nebula 

is named after Edwin Hubble, who, as a graduate 
student at Yerkes Observatory, fi rst described the 

nebula’s variability in a paper he wrote in 1916. Hubble went 
on to bigger things, of course: He established that spiral 
“nebulae” were in fact external galaxies; his 
name is attached to the law that describes 
the expanding universe and its associated 
constant; and the Hubble Space Telescope 
is named in his honor. But it’s his work on 
NGC 2261, the variable nebula that would 
also carry his name, that came fi rst.

William Herschel discovered the nebula 
in 1783, and Julius Schmidt noted in 1861 
that R Monocerotis (R Mon), the star 
that illuminates NGC 2261, was variable. 
But Hubble was the fi rst to document the 
nebula’s changes in form (see the sidebar 
on page 24, though, for a curious historical 
twist). As it turns out, NGC 2261 is also the 
correct answer to “what was the fi rst object 
photographed by the 5-meter Hale telescope 
at Palomar Observatory?” As a fi tting tribute 
to his 1916 discovery, Hubble himself took 
that photo on January 26, 1949.

Although Hubble’s Variable Nebula is 
not the only one that varies in apparent 
brightness and shape, it’s by far the bright-
est and most detailed member of the small class of variable 
nebulae. But are its variations obvious enough to be visible 
through an amateur-sized telescope? If so, how long does it 
take to see changes, and how big a scope does one need to see 
them? What causes the changes in the fi rst place? The quick 
answers are yes, 24 hours or less, 8 inches or so, and shadows 
— but let’s examine each in more detail.

Can You See the Changes Visually?

I’ve been tracking the apparent changes in Hubble’s Vari-
able Nebula on and off since 1999 and have accumulated 

21 observations to date. NGC 2261’s small and remarkable 
comet-like shape is quite striking, but the best part is that it 
has looked different every time I’ve observed it.

That’s right, every time. My experience shows it’s not 
only possible to see variations in NGC 2261 with your own 

eyes through a telescope, it’s inevitable if 
you observe it more than once.

My fi rst fi ve observations were spread 
over several years (15, in fact), and even 
though they’re fascinating snapshots 
showing dramatic changes, I couldn’t help 
wondering just how short a time interval 
would show a change. During the winter 
of 2018–2019 I decided to fi nd out and 
observed NGC 2261 every clear night I 
could — that meant most of my observa-
tions were from my home instead of a dark-
sky site. These make up the remaining 16 of 
the 21 observations.

It quickly became evident that despite 
NGC 2261’s small apparent size, its high 
surface brightness means changes can be 
seen under less-than-pristine skies. Some-
times the overall shape of the nebula looked 
different, and sometimes it was the details 
within the nebula that changed, which was 
when steady seeing and higher magnifi ca-
tions — 400× to 600× — were the most 

helpful. At other times it was the apparent brightness of 
R Mon that was the most striking difference, because it var-
ies irregularly between 10th and 13th magnitude. In the end, 
every element of NGC 2261 looked different to some extent 
for each observation. However, it retained its basic form, 
which Hubble described well in his 1916 paper, even when 
the details of its appearance changed dramatically:

“A striking instance of actual change in form has been found 
in the case of the nebula N.G.C. 2261 . . . one of the few real 
examples of cometary form in the sky and easily the fi nest of 

 s k ya nd te l e scope .com • FE B RUA RY 2 0 2 0  21

January 11, 2007
28-inch f/4 at 570×

February 17, 2010
28-inch f/4 at 408×

January 5, 2014
28-inch f/4 at 408×

November 19, 2018
28-inch f/4 at 408×

www.skyandtelescope.com
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them. Photographically it is well defi ned and has almost the 
form of an equilateral triangle with a sharp stellar nucleus at 
the extreme southern point. There are faint extensions from the 
northern portion of it. One long streamer which projects from 
the northern edge extends almost due north.”

During my 20 years of observations, I’ve seen obvious 
variations throughout the body of NGC 2261, but the most 
dramatic changes in form are associated with the north-
curving streamer on the eastern edge of the nebula, which 
has brightened, dimmed, thickened, thinned, lengthened, 
shortened, and shown knots that come and go. It has also 
completely disappeared at times!

Because this streamer becomes increasingly fainter the 
farther it gets from R Mon, the quality of the sky affects 
how long it looks. An apparent change in its length may be 
partially due to observing conditions, and I’m sure that’s 
been true at least a little in every one of my observations. The 
shortest I’ve seen it was on October 2, 2019, and the longest 
were on February 17, 2010, and March 3 and 4, 2019.

Another dramatic change is the constantly morphing 
shape of a dark area that takes a bite out of the western edge 
of the nebula immediately north of R Mon. I once saw that 
bite extend all the way to the eastern edge, seemingly cutting 
off R Mon from the rest of NGC 2261’s nebulosity — take a 
close look at my sketch from February 17, 2010.

One of the more fascinating changes to look for is the 
variability of R Mon itself. When the star is near maximum 
brightness it looks like a star to me, but at its minimum it 
gives an impression of being a bright and very condensed 
nebulous patch. That happens to be exactly what we’re 
seeing, because research has shown that R Mon is heavily 
obscured and truly encased within its nebulosity. We don’t 
see R Mon itself, just the nebula that the star illuminates 
from within. This nonstellar appearance shows well in the 
image on page 20. Even though I’ve glimpsed the fuzzy look 
of this part of NGC 2261 during moments of steady seeing, I 
have yet to see it as the triangular patch that’s so obvious in 
the Hubble Space Telescope image.

Two Decades of Sketches

The series of sketches presented at the bottom of each page 
are my complete collection of Hubble’s Variable Nebula draw-
ings to date and clearly show the changes I’ve seen. Each cap-
tion lists the observation date, scope used, and magnifi cation. 

The sketches represent what I saw without the use of 
nebula fi lters. The unfi ltered view was always the most 
detailed: Because NGC 2261 shines only by refl ected starlight 
from R Mon, it doesn’t respond to nebula fi lters. Most of 
my observations were made under skies that measured 19.4 
to 20.4 with a Sky Quality Meter, with the darkest sky — on 
March 4, 2019 — measuring 21.49. That translates to limiting 
magnitudes of about 5.0 to 6.4.

All but four of my observations were with my 28-inch 
scope. The very fi rst observation on March 10, 1999, was 
with my old 20-inch Dob. I also observed NGC 2261 once in 
January 2019 with my wife’s 8-inch f/3.3 Dob to see if I could 
detect enough detail to notice changes through a wide-fi eld 
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p FINDER CHART Hubble’s Variable Nebula, also known as NGC 2261, 

lies in the northern reaches of Monoceros, just below Gemini and be-

tween Canis Minor to the east and Orion to the west.

December 2, 2018
28-inch f/4 at 408×

December 4, 2018
28-inch f/4 at 408×

December 5, 2018
28-inch f/4 at 408×
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scope. As it turned out, I could. There are also two observa-
tions from October 2019 using my own 8-inch f/4 Dob.

One of the most valuable things I’ve learned from this 
observing project is that getting satisfying observations of 
Hubble’s Variable Nebula doesn’t require a huge telescope and 
freezing all night under the winter sky at a remote dark-sky 
site. Cold winter nights can certainly present a persuasive 
argument to stay inside, but NGC 2261 is one of the best 
reasons to get out there and observe anyway.

How Long?

After looking at an online animation of images taken over 
several months (see https://is.gd/HVNanimation), I had a 
hunch I’d be able to see changes over the course of a few 
nights. Although that turned out to be true, the shortest 
timescale during which I saw defi nite variations was only 
24 hours. That was both unexpected and exciting, because I 
could see at a glance that the nebula had changed its appear-
ance each time I observed it on consecutive nights. Observa-

S Mon

The Cone 
Nebula

HD 47888

Hubble’s 
Variable 
Nebula

~1° × 1¼  °

The 
Christmas 
Tree  
Cluster

t IN NORTHERN MONOCEROS Tiny NGC 2261 is below and right of the 
Cone Nebula and NGC 2264, the Christmas Tree Cluster — the star S Mon 
is the bright star at the base of the upside-down tree. By the way, the 
Cone Nebula is an extremely diffi cult visual target — have you snagged it?

p ZOOMING IN You don’t need a monster of a scope to spot Hubble’s 
Variable Nebula — its small apparent size and relatively bright magnitude 
yield a high surface brightness. Use the HD stars and their magnitudes (in 
parentheses) to estimate the brightness of R Mon. This image is 30′×30′.
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R Mon

HD 261263 (10.3)

HD 261389 (10.5)

HD 261231 (9.7)

HD 261447 (10.3)

HD 261661 (9.1)

HD 261416 (9.3)

December 6, 2018
28-inch f/4 at 408×

January 1, 2019
28-inch f/4 at 408×

January 14, 2019
28-inch f/4 at 408×

January 30, 2019
8-inch f/3.3 at 164×

https://is.gd/HVNanimation
www.skyandtelescope.com
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tions with my 28-inch revealed obvious changes in the nebula 
and R Mon on the nights of December 5 and 6, 2018, March 
3 and 4, 2019, and October 7, 2019, with respect to the pre-
ceding night’s observations.

Observing conditions were different each night, of 
course — darkness, transparency, steadiness of the seeing all 
fl uctuated — but the nightly variations of Hubble’s Variable 
Nebula were obvious enough to transcend the ebb and fl ow 
of our turbulent atmosphere.

I now wonder if changes in NGC 2261 can be detected 
over the course of a single night by observing it as soon as the 
sky gets dark, and then again just before dawn. This would 

have to be attempted during the Northern Hemisphere win-
ter, and if I ever get the chance I’ll give it a shot.

How Big?

Although faintly visible in my 80-mm fi nderscope, the two 
8-inch Dobs were the smallest instruments I used to observe 
NGC 2261. Because the nebula is rather small, I needed to 
boost magnifi cation beyond what I’d normally use on nebulae 
to get enough image scale to see details well. Due to its high 
surface brightness, I think it’s possible to track variations in 
NGC 2261 with a smaller scope under more pristine skies 
than I had, but the only way to fi nd out is to give it a go. Be 
prepared to boost the magnifi cation to around 300× to get a 
large enough image to more easily follow what’s going on.

Why Does Its Appearance Change?

The driver of these apparent changes is a dusty accretion 
disc around the young (less than 300,000 years old), mas-
sive (approximately 10 solar masses), and still-forming star, R 
Mon. It’s classifi ed as a Herbig Ae/Be star with active accre-
tion and has a small companion, R Mon B, which is probably 
a T Tauri star. Both stars are likely the same age and have a 
way to go before joining the main sequence.

A current working model for NGC 2261 invokes a dusty 
envelope surrounding R Mon and its circumstellar accre-
tion disk. As the star and accretion disk rotate, they entrain 
matter from the dusty envelope, which is expelled along with 
disk material in the polar directions by a strong and fast 
(around 300 km/s) stellar wind. The ejected material takes 
the form of bipolar parabolic cones. Interestingly, what we 
see as NGC 2261 is only one half of the bipolar nebula: the 
outfl ow that is pointed in our direction (the accretion disk 
has an inclination angle of some 20°). The other component 
is pointed away from us and is hidden by the dust and gas of 
the envelope and the cone pointed toward us.

Some of the ejected material is thought to be in the form 
of long fi laments that cast shadows inside the cones. These 
fi laments appear to form some 2.2 astronomical units from 
R Mon and may rotate with the help of magnetic fi elds. It’s 

How NGC 2261 Became 

Hubble’s Variable Nebula
It may come as a surprise that Edwin Hubble didn’t 
discover the variability of NGC 2261. Instead, John 
Mellish, an unpaid observer at Yerkes, originally 
mistook NGC 2261 for a comet. Based on Mellish’s 
observations, Edwin Frost, the second director of 
the Yerkes Observatory, sent a telegram to Harvard 
College Observatory, as was customary, announcing 
the “comet” discovery. In its turn, Harvard promptly 
dispatched the usual telegram to observatories 
around the world informing them of this latest dis-
covery, before it became apparent that Mellish had 
observed NGC 2261 instead of discovering a new 
comet. Oops. Mellish subsequently lost credibility 
with Frost. Hence, Frost assigned Hubble the task of 
substantiating Mellish’s original 1915 visual observa-
tions of NGC 2261.

Shortly thereafter, Hubble confi rmed the varia-
tions that Mellish had noted in NGC 2261 and 
wrote his fi rst research paper on the subject in 1916 
(https://is.gd/HubbleNGC2261). The rest is history.

February 6, 2019
28-inch f/4 at 408×

March 2, 2019
28-inch f/4 at 408×

March 3, 2019
28-inch f/4 at 408×

March 4, 2019
28-inch f/4 at 547×

https://is.gd/HubbleNGC2261
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the shadows cast by these streamers as they spiral through 
the cone pointed toward us that are the likely source of 
NGC 2261’s observed variations. Imagine what that might 
look like from inside the nebula!

HVN’s Neighborhood

Hubble’s Variable Nebula is in a fascinating part of the sky. 
It’s located about 1 ° from the open cluster NGC 2264 and 
its associated H II nebulosity, Sh 2-273 (which is home to 
the infamously challenging visual object, the Cone Nebula), 
and, in fact, lies in the outer reaches of this H II region. But 
that doesn’t mean it’s in a less dense environment, only 
that the main illuminating star of Sh 2-273, S Mon, is too 
far away to effi ciently energize Hubble’s Variable Nebula’s 
immediate environment.

See For Yourself

Hubble’s Variable Nebula is about 2,500 light-years away 
and, including the northern streamer, spans about 1.5 light-
years. It has an apparent size of 2′ — or about 2.5 times the 
apparent diameter of Jupiter at opposition — and fl uctuates 
around 9th magnitude. This relatively bright magnitude and 
small apparent size together create a high surface bright-
ness, so don’t shy away from taking a look if you have a 
scope of 8 inches or less. Even though the great 18th- and 
19th-century visual observers like the Herschels or Lord 
Rosse missed their opportunity to discover NGC 2261’s 

More About the Sketches
The 21 sketches presented here were redrawn from the 
originals in my observing notebook at the same scale so 
they could be directly compared to one another.

The sketches that show the most fi eld stars represent 
the best observing conditions with the 28-inch scope, 
while the sketches with bloated stars represent the terrible 

seeing conditions of those nights.
Note that the two sketches of October 6, 2019, shown 

below, illustrate what I saw with 28-inch and 8-inch f/4 
scopes within a few minutes of each other — and confi rm 
that an 8-inch scope can indeed present a good view of 
Hubble’s Variable Nebula at high power.

variability, you can watch the unfolding action through a 
modest-size backyard telescope. You can’t know what you’ll 
see if you don’t look, so do go look.

NGC 2261 is also a terrifi c astrophotography target. There 
are several animations online (my favorite is the one by Tom 
and Jennifer Polakis mentioned earlier), but at best they’re 
composed of images taken months apart. An animation with 
images taken on as many consecutive nights as possible, or 
even more interesting, once every 30 minutes on the same 
long winter night, could be fabulous.

Hubble’s Variable Nebula is well-placed in the northern sky 
from late fall to early spring, so when the cold tempts you to 
stay inside, bundle up anyway, grab your telescope, and watch 
night to night as this exceptional object hurtles through its 
extraordinary youth.

¢ Contributing Editor HOWARD BANICH is enthralled by the 
shifting shadows of Hubble’s Variable Nebula and hopes you 
get hooked on them, too.

OTHER VARIABLE NEBULAE: If Hubble’s Variable Nebula 
inspires you to seek out further examples of this type of object, 
you can also visually follow NGC 1555 (Hind’s Variable Nebula), 
NGC 6729, GM 1-29 (Gyulbudaghian’s Nebula), and McNeil’s 
Nebula. More information can also be found in Ted Forte’s article 
in the February 2018 issue of Sky & Telescope (page 22) and at 
https://is.gd/ReinerVogel.

October 2, 2019
8-inch f/4 at 351×

October 6, 2019
28-inch f/4 at 457×

October 6, 2019
8-inch f/4 at 351×

October 7, 2019
28-inch f/4 at 605×

https://is.gd/ReinerVogel
www.skyandtelescope.com
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SHORT SHOTS: ONE AND DONE by Babak A. Tafreshi

p Photographing deep-sky targets over terrestrial landscapes in a single 
exposure can be a worthy challenge. In this article, the author shares 
tips to capture deep images such as this shot of the Orion hourglass as 
it rises over mountains. The single, 35-second image was taken with a 
modifi ed Canon EOS 6D DSLR and 85-mm lens at f/2.2, ISO 12800.
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P icture an image of the constellation Orion rising above 
a distant mountain, with M42 and the Horsehead 
Nebula displaying vivid colors and wisps of faint gas 

and dust. The reddish crescent of Barnard’s Loop cradles the 
central stars of the Hunter’s belt, spanning from Bellatrix to 
Saiph and back to Rigel. The large glow of Sharpless 2-164, 
the Angelfi sh Nebula, surprises you with its visibility in the 
photograph. Surely this must be a composite — such deep 
images are only possible using complex processing techniques 
to blend the moving sky with a stationary foreground, right?

Not so! While in the past such an image would have 
required hours of Photoshop wizardry, today’s digital sensors 
and fast, high-quality camera lenses make deep-sky night-
scapes such as this possible in a single short exposure. With 
planning, processing the images takes almost no time at all.

While it’s common practice for nightscape photographers 
to blend several exposures to create a smooth, picturesque 
composition or add a foreground to a deep-sky image, I prefer 
the challenge of capturing deep nightscapes in a single expo-
sure by coupling old-school photography techniques with 
the latest digital cameras. The results give me the satisfac-
tion and sense of accomplishment that just don’t come from 
composites. Here are some tips on shooting your own single-
exposure “deepscapes.” 

Here’s how to capture striking photographs of deep-sky objects above landscapes 

in a single exposure.

Shooting



q High-quality, fast lenses 
such as Sigma’s Art lens 
series combined with the lat-
est sensors will produce your 
best results.
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A Good Plan

The fi rst thing needed to capture deep images of nebulae, gal-
axies, and star clusters over an attractive foreground is a fi rm 
knowledge of the night sky. Sure, the Orion Nebula, Androm-
eda Galaxy, or Magellanic Clouds are obvious deepscape 
targets, but there are many other objects that can expand your 
subject matter and add variety to your work. Virtually every 
major constellation offers something to focus on. 

Knowing where an object will rise above the horizon can 
help you plan a composition before it’s ready to photograph. 
A planetarium app can help give you a general idea of where 
an object is going to rise, but placing the sky in context to the 
landscape you intend to shoot requires more specialized tools.

Several apps are available to aid in planning your composi-
tion. The Photographer’s Ephemeris (photoephemeris.com), 
PhotoPills (photopills.com), and PlanIt! (yingwentech.com) 
are some of the powerful tools available online or download-
able as Apple and Android apps that can help you to plan 
exactly where to position yourself so that your subject rises 
precisely above the foreground as you envisioned it. Most of 
these apps use built-in planetariums that combine a night sky 
map and a Google Earth view of your chosen location. 

Transient objects such as comets require you to moni-
tor astronomy websites to get up-to-date information about 
where these moving targets will be in your sky as they 
brighten enough to photograph in a single exposure.

Choosing a Lens

Deepscape photography is more challenging than typical 
nightscapes in that you often use telephoto lenses with nar-
rower fi elds of view. This means that you can only shoot for a 
short time before your subject becomes noticeably trailed. But 
a good choice for starters is a high-quality, fast prime-focus 
35-mm or 50-mm f/1.4 lens that produces sharp star images 
when used at its widest aperture. I recommend that you stop 
the lens down to f/2 to reduce aberrations in the corners of 
the frame. Stopping down the lens also reduces vignetting 
to nearly imperceptible levels. Most recent full-frame DSLR 
and mirrorless cameras have decent noise characteristics. 
But the newest models tend to incorporate the latest sensors, 
which produce excellent images 
at the extremely high ISO speeds 
needed to “freeze” the motion of 
your target over a landscape in 
short exposures.

A handy rule of thumb for 
nightscape photography is known 
as “the rule of 500.” This states 
that for a fi xed (non-tracking) 
camera, 500 divided by the focal 
length of your lens in millimeters 
gives the length of an exposure 
in seconds before stars appear 
trailed in your image. (And that 
also applies to the appearance 

p Apps such as The Pho-

tographer’s Ephemeris help 
you plan your deepscape 
images by plotting the 
direction where specifi c tar-
gets will rise or set above 
the horizon based on your 
exact location.

www.skyandtelescope.com
www.photoephemeris.com
www.yingwentech.com
www.photopills.com
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of your foreground when the camera is tracking the sky.) For 
example, when shooting with a 35-mm lens, you can expose 
for about 14 (500/35 = 14.29) seconds before stars are visibly 
trailed in a photo. This is not an exact rule, as the trailing will 
depend somewhat on the pixel size in your camera, what part 
of the sky you are shooting, and whether you use a full-frame 
or crop-sensor camera. But it should be close enough that 
stars and deep-sky objects will appear relatively sharp and 

stationary. 
A lens with a large maxi-

mum aperture (small f/ratio) 
delivers more light to your 
sensor and reduces the needed 
exposure time, especially when 
using a telephoto lens to image 
deep-sky objects. Most zoom 
lenses aren’t well-suited for 
extreme low-light photography, 
because they are often not as 
fast as a prime (fi xed-focus) 
lens and often not as sharp at 
the ends of their zoom range.

With lens speed and the 
rule of 500 in mind, portrait 
lenses are excellent optics for 
capturing single-shot deep-
scapes. These lenses range from 
focal lengths of 85 to 135 mm. 
Canon, Nikon, and several 

other manufacturers produce excellent portrait lenses, and 
don’t be afraid to shop for older, manual-focus lenses on the 
used market. I recommend Sigma’s Art lens series as my most 
frequently used lenses for short deepscape images. They work 
quite well at full aperture. 

Portrait lenses can reveal a surprising amount of detail in 
deep-sky targets. Nearby spiral galaxies start to display their 

spiral arms in exposures of as short as 20 seconds at high ISO. 
Many of the nebulae in Orion, including everything within 
Barnard’s Loop, can be comfortably framed with a foreground 
object with a 135-mm lens on a full-frame camera. 

For more resolution, you can step up to a 200-mm f2.8 
lens or even longer. At this focal length, the Andromeda Gal-
axy (M31) shows its dust lanes, and larger globular clusters 
like Omega Centauri begin to resolve into individual stars.

Bending the Rule

As mentioned above, the 500 rule gives you the maximum 
exposure to avoid trailing stars. But this rule isn’t set in stone. 
A silhouetted mountain peak against the sky won’t look 
noticeably blurry in a short, tracked exposure, so you can track 
at full speed and go four to fi ve times longer than the 500 rule 
recommends without losing foreground detail.

When shooting fi elds far from the celestial equator, you can 
increase the exposure because stars don’t appear to move as 
much. For instance, midway between the celestial equator and 
poles, you can increase the exposure length by about 40% and 
still have acceptable stars. And you can expose areas near the 
celestial poles, such as the Big and Little Dipper asterisms, up 
to 70% longer.

Without tracking, you’ll quickly realize the 500-rule 
exposure limit is too short with a telephoto lens to adequately 
record most deep-sky objects. Take the 85-mm lens, for 
example. The rule of 500 limit with this lens is only about 
6 seconds. The obvious solution is to attach the camera to a 
tracking mount to follow the target as the landscape moves 
below. In normal deep-sky astrophotography, this allows you 
to expose as long as you can to improve an image’s signal-
to-noise ratio. However, our goal is to capture both the sky 
and objects here on Earth, so tracking for long periods blurs 
the foreground. The challenge is to reveal the celestial object 
in only a few seconds at extremely high ISO settings such as 
6400 or more. One solution is to use a tracking mount that 
includes a ½ sidereal speed tracking rate. This trick splits 
image trailing between stars and the landscape. Using this 
tracking rate, you can effectively double the exposure limit. 
Our new rule of thumb for exposure then becomes 1,000 
divided by the lens focal length. 

Even so, this may be still too short to record dim objects, 
particularly when the foreground has interesting details to 
capture. One trick to overcome landscape blurring on nearby 
foreground objects is to illuminate them with a fl ashlight 
briefl y at the start or end of the exposure. They only need to 
be lit for a moment or so and then remain dark for the rest of 
the exposure, freezing their motion in a tracked exposure. 

One issue with shooting at full aperture on a fast lens is 

p Longer exposures are pos-
sible when adding a tracking 
head to your camera and tripod. 
Models that include a ½ sidereal 
rate (0.5×) will double the expo-
sure time you can achieve before 
stars appear trailed in a photo.

t Balancing colorful deep-sky objects with lots of detail (such as the 
Carina Nebula, NGC 3372, seen here) with interesting foreground ob-
jects requires advanced planning. This shot was taken from the Atacama 
Desert in Chile using a 200-mm lens at f/3.5 paired with a Nikon D810a 
DSLR camera and tracked with the Vixen Polarie mount seen above. 
Total exposure was 25 seconds at ISO 12800.
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q This group of ALMA radio telescopes below the Coal Sack and 
Southern Cross was taken by fi rst focusing on the telescopes, quickly 
illuminating them with a fl ashlight, then changing the focus to infi nity to 
record the stars and constellations all in the same exposure.

u “Painting” in foreground objects at the start of an exposure using a 
fl ashlight will help balance your composition, as was done with the ALMA 
radio telescopes seen beneath the Large Magellanic Cloud in this photo.

a shallow depth of fi eld — objects closer than the point at 
which a lens is set to focus will be noticeably blurred.

There’s a great old-school technique you can use to 
overcome this issue. It works best with lenses that include a 
marked focal distance scale as well as a manual aperture ring. 
First, focus the lens on the foreground object of interest and 
illuminate it with a fl ashlight briefl y at the beginning of the 
exposure. Then quickly but gently turn the focus ring of the 
lens manually to the marked infi nity point on the lens, and 
let the exposure fi nish up. In the resulting image, both the 
stars and the illuminated foreground will appear sharp. If 
your camera is mounted on a sturdy tripod, you can experi-
ment with stopping down the aperture of the lens at the start 
of the exposure to ensure the nearby subject is as sharp as 
possible, briefl y light it up, then open the aperture and move 
the focus to infi nity. 

www.skyandtelescope.com
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This focus-ramping technique is tricky to perform, par-
ticularly in the dark, so you’ll need to practice it few times to 
ensure you get it right. 

Camera and ISO Speed

This type of complex nightscape photography requires a 
detector suitable for low-light imaging regardless of the ISO 
setting used. Changing the ISO setting in your camera ampli-
fi es the signal recorded, increasing noise as well as the signal 
recorded, and is not a replacement for a high-sensitivity 
detector. The true sensitivity of a CMOS sensor is directly 
related to the size of its individual pixels. These tiny wells 
collect photons like buckets collect raindrops — larger pixels 
collect more photons before fi lling up (saturating) than small 
pixels do. Cameras using APS-sized detectors with more than 
30 megapixels sound astounding but use tiny pixels that 
saturate quickly, which translates into white, colorless stars 
after post-processing. Full-frame cameras are better suited for 
deepscape imaging because they incorporate larger pixels in a 
bigger detector, and thus saturate at a much higher threshold.

Recent camera models designed for astrophotography such 
as the Nikon D810A and the Canon EOS Ra both utilize 30+ 
megapixel full-frame sensors with about 5-micron pixels. 
Although 5-micron pixels are a bit small, they are paired 
with powerful internal processors that fi nely control noise in 
images taken at high ISO speeds. 

The benefi t of these Canon and Nikon cameras is their 
spectrally enhanced internal fi lters which, compared to stan-
dard cameras, pass a larger percentage of the hydrogen-alpha 
(Hα) light that most nebulae emit. Since most deepscape 
targets include a lot of Hα, a spectrally enhanced camera 
will produce your best results. You can shop for one of these 
newer cameras, though several companies offer services to 
modify older DSLR and mirrorless cameras to pass more of 
this astronomically important wavelength. 

Challenging Skyglow 

Deepscape photography by its very nature often requires 
shooting your subject close to the horizon where distant 
skyglow is more evident. Even in a totally dark sky, an 
atmospheric phenomenon known as airglow may visibly 
brighten the background sky, imparting an orange or greenish 
glow that obscures your intended subject. Skyglow or light-
pollution fi lters can suppress the sky brightness and increase 
nebulae contrast, but keep in mind the image will need more 
exposure to overcome the reduced signal. Skyglow fi lters are 
more impactful with modifi ed cameras. 

Using additional fi lters can also impart a color cast to 
your photos that is best corrected by setting a custom white 
balance in your camera. This is accomplished by setting your 
camera color setting to auto (AWB) and photographing a gray 

t Some foreground subjects will not detract from your fi nal image even if 
they are blurred. The cloud deck below the peaks on the Canary Islands 
adds a mystical quality to this tracked photo of nebulosity in Sagittarius 
and Scorpius.
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card or a piece of white paper in daylight with your intended 
fi lter in place. Make sure the card or paper completely fi lls the 
frame. Then simply change the color setting to Custom White 
Balance and select this photo as the calibration image. Be 
sure to keep this photo on your memory card when shooting 
deepscapes, and to use the custom white balance setting.

Processing the Results 

Once you’ve shot your images, a little post-processing is 
necessary to achieve the best results. It’s important that you 
shoot in RAW mode to get the most out of your night’s work. 
I prefer to use Adobe Lightroom and Adobe Camera Raw (ACR), 
though Nikon and Canon offer their own processing pro-
grams that can accomplish much of the same enhancements. 

My fi rst step is to reduce noise in the image by opening it 
in ACR and fi rst lowering the Texture slider by around 20. I 
select the Detail tab in the right column. Rather than adjust-
ing the Luminance slider in the Noise Reduction area, I prefer 
to lower the Sharpening setting. Masks can also be applied 
to target certain areas for additional noise reduction after 
applying ACR, adding a layer mask over the areas you’d like to 
target and repeating the ACR process. Next I change the color 
profi le in the Basic tab to Adobe Standard, which slightly 
increases contrast and saturation. If necessary, I’ll increase 
the Contrast and Vibrance sliders.

If I shot my deepscape at maximum aperture, I’ll select the 
Lens tab and fi nd the lens I used from the extensive pulldown 
menu, which corrects for vignetting and chromatic aberra-
tion in many lens designs. Other settings that can improve 
an image are the Shadow and Highlight sliders, which help to 
bring out faint nebulosity or suppress bright areas in a picture 
if necessary. The Dehaze slider is very powerful in increas-
ing contrast in an image but requires restraint so as to not 
“overcook” the result.

If you shot under light-polluted conditions, you can correct 
the white balance in the Basic tab. Keep in mind that shift-
ing the color slider to low temperatures in order to remove 
the orangish cast of light pollution from the sky background 
will also shift the colors of the stars, Milky Way, and other 
celestial objects. 

Using these tips, you too can shoot captivating deepscapes 
that bring your favorite deep-sky objects down to Earth.

¢ Contributing Photographer BABAK A. TAFRESHI captures 
the beauty of the Earth and sky from exotic locations world-
wide. See more of his work at babaktafreshi.com.

p Depending on the subject you are shooting, the stars don’t always 
need to be in focus. In this case, these nightscape photographers are the 
focus of the composition.

q Left: Unilluminated foregrounds  like the mountains seen here below nebulosity in Scorpius won’t display much blurring in longer exposures, so you 
can expose a deepscape for roughly four times as long. This image was captured with a Nikon D810a camera and a 105-mm lens, and tracked for 25 
seconds at ISO 12800. Right: Slight illumination on the arc limited this exposure to 15 seconds at ISO 6400 with a 50-mm lens at f/2.8.

www.skyandtelescope.com
www.babaktafreshi.com


ASTRONOMER’S WORKBENCH by Jerry Oltion

Two Simple Spectrographs 
Homebrew science for a sunny day

JUST ABOUT EVERYTHING we know 
about stars comes from observing 
the light they emit. For centuries, our 
observations were limited to examin-
ing the brightness and color of those 
distant suns, but that changed in 1814 
when Joseph von Fraunhofer split the 
incoming light into a wide spectrum 
and noticed dark gaps within it. Later, 
Gustav Kirchhoff and Robert Bunsen 
realized that those lines corresponded 
to the emission/absorption spectrum 
of specifi c chemical elements, and 
with that discovery we were able to 
determine the chemical composition of 
stars. A new element, helium, was even 
discovered spectroscopically in the Sun 

p David Britz’s spectrograph uses a polished metal rod in place of the 
more traditional slit. Light enters on the left, bounces off the rod in back, 
and illuminates the diffraction grating in front right. The camera (not 
mounted here) slides left and right to capture the entire spectrum. Dif-
ferent diameter rods, visible on the right, provide different resolutions.

p The slitless spectrograph produces a sharp, detailed solar spectrum.

p Joseph Gerencher’s spectrograph uses a traditional slit but a decid-
edly non-traditional CD or DVD for a diffraction grating. Light enters on 
the left, bounces off the grating at the junction on the right, and goes 
through a lens at the white coupling partway up. The resulting spec-
trum reaches the camera body (without lens) on top.

p A CD or DVD produces a curved spectrum due to the spiral lines 
that create the diffraction.
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before it was found here on Earth.
Later still, we learned how to mea-

sure a star’s velocity by studying the 
Doppler shift of those elemental lines. 
The thickness of the lines can tell us 
things about the strength of the star’s 
magnetic fi eld and its rotational speed. 
We know the age of the universe and 
its rate of expansion largely through 
spectrographic studies. And so on.

Because this column is about ama-
teur telescope making, you probably 
already suspect where this is going: Yes, 
you can indeed build your own spec-
trograph and measure your own stellar 
spectra. Here are two different designs 
for you to consider.

First a word on nomenclature: A spec-
troscope is something you look through 
or which projects an image on a screen 
that you observe by eye. A spectrograph 
is a device that allows you to record the 
spectrum. We’ll be looking at spectro-
graphs here, in part because the easiest 
star to obtain a spectrum of is the Sun. 
It’s bright enough that you don’t need 
a long exposure, so you don’t need to 
worry about tracking, but you really 
don’t want to be looking directly into 
it without a specially designed spectro-
scope that’s beyond the purview of this 
column. So these spectro-gadgets use 
cameras — hence they’re spectrographs.

A spectrograph consists of three 



p The glint of sunlight off a polished rod is 
squeezed down to a line. Just as with a tradi-
tional slit, that line is only as long as the Sun’s 
angular diameter — about half a degree.P
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simple parts: something to split the 
incoming light into a spectrum, some-
thing to narrow the light source enough 
to prevent blurring of that spectrum, 
and something to record that spectrum 
with. Let’s look at each element in turn.

Splitting light into its component 
colors was fi rst done with a prism. 
When light passes through a wedge-
shaped piece of glass, the shorter 
wavelengths (blue) bend more than 
the longer wavelengths (red), and the 
light beam disperses. You can still use 
a prism and get a decent spectrum, 
but a simpler, lighter, and often better 
choice is a diffraction grating. Diffrac-
tion gratings have thousands of fi ne 
lines etched into them, which causes 
light that passes through or bounces 
off them to interfere with itself in such 
a way that it spreads out just as if it 
had passed through a prism. Diffrac-
tion gratings used to be very diffi cult to 
make, but nowadays they’re everywhere. 
You know them as CDs and DVDs.

That’s right, a simple CD or DVD 
has enough lines etched into it, at close 
enough spacing, to act as a diffraction 
grating. And that’s exactly what Joseph 
Gerencher (Moravian College profes-
sor of Earth Science, emeritus) uses in 
his spectrograph. David Britz (research 
consultant for AT&T Labs), on the other 
hand, uses a commercially available dif-
fraction grating. The CD/DVD version 
is called a refl ection grating, producing 
spectra by refl ecting light, while the 
more traditional one is a transmission 
grating, which light passes through. 
Both do the job admirably. 

When you’re pointing your spec-
trograph at an extended object like the 
Sun, which is ½° across, the spectrum 
that the diffraction grating produces 
is smeared out. Each spot on the Sun 
produces its own spectrum, and those 
multiple spectra blend together to pro-
duce a wide smear. Your spectrograph 
needs something to narrow down the 
width of the incoming light beam so the 
sample size is thin enough to not blur 
the absorption lines. The usual way to 
do this is by making the sunlight pass 
through a slit before reaching the dif-
fraction grating, and that’s what Joe has 

done, using two razor blades 
to create a sharp-edged, 
narrow opening.

Dave came up with 
another solution. Recogniz-
ing that a shiny ball bearing 
refl ects the Sun as a tiny 
point, he reasoned that a shiny cylinder 
would refl ect sunlight as a long, slender 
line. He uses a highly polished metal 
rod instead of a slit, and its cylindri-
cal shape produces a perfectly straight 
and narrow refl ection line. And there’s 
an advantage to this method: The thin 
refl ection samples the entire face of 
the Sun, compressing it down into a 
line, rather than simply selecting a slice 
of the Sun. That makes for a brighter 
image. And you can use different 
diameter rods to get wider or narrower 
refl ections, which in turn affects the 
resolution of the fi nal image. (Dave 
says, “I will never look at chrome strip-
ping the same way again.”)

The difference between a CD and 
a DVD is much the same. A DVD has 
much fi ner line spacing so produces a 
much more detailed spectrum . . . at the 
cost of spreading it out about 3× as far 
(requiring more overlapping photos to 
assemble a full spectrum).

So the incoming sunlight passes 
through the slit or bounces off the rod, 
hits the diffraction grating/CD/DVD, 
and scatters into a spectrum. If the light 
goes through the grating, then you place 
your sensor (a digital camera) behind 
that grating; if it bounces forward, then 
you place your sensor in front of it. 
Tilting the CD or DVD will sweep dif-
ferent sections of the spectrum across 
your sensor, but tilting a transmissive 
diffraction grating doesn’t do that. You 
need to move the camera’s aim instead.

Joe took the lens off his camera and 
uses one part of an inexpensive close-up 
lens set mounted inside the spectro-
graph to focus the image directly onto 
the camera’s sensor, but you can still 
use the camera’s normal lens and focus-
ing system if you want. Dave’s system 
does just that.

Both of these spectrographs are set 
up for solar observing. To photograph 
stellar spectra, you don’t need a slit or 
a polished rod, since stars are already 
effectively point sources. You do need 
tracking, however, and a very sensitive 
astronomical camera. There’s also some 
question of whether a CD or a DVD 
would provide enough signal for distant 
stars. But for solar work, these two 
designs work beautifully!

For more information on these two 
spectrographs, and on a star spectro-
graph that Joe also built, visit Joe’s 
website at https://is.gd/CDspectro, and 
contact Dave at briswold@gmail.com.

■  Contributing Editor JERRY OLTION 
keeps a diffraction grating in his eye-
piece case to examine bright stars with, 
and another to play soft music with while 
he observes.

u Joe’s CD diffraction grating can 
be tilted to sweep the full spec-
trum across the camera’s sensor. 
At right you can see the slit made 
from two opposing razor blades.

https://is.gd/CDspectro
mailto:briswold@gmail.com
www.skyandtelescope.com


SEEING DOUBLE by Jeff Hecht
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Binary
Worlds

PRIMITIVE WORLD The Kuiper 
Belt object 2014 MU69 (now offi cially 
named Arrokoth) is a contact binary, 
each lobe a hodgepodge of smaller 
regions. Scientists think this is the 
most unchanged object from the 
solar system’s formation that a 
spacecraft has so far encountered.

Mercury Asteroid beltVenus Earth Mars Jupiter

127
near-Earth asteroids

(55 are contact 
binaries)

28
Mars

crossing
asteroids

180
main-belt 
asteroids 

(1 co-classified 
as a comet, 

11 are contact 
binaries)

3
Jupiter Trojan

asteroids (at L4 )
(1 is a contact binary)

4
Jupiter Trojan

asteroids (at L5 )
(1 is a contact binary)

1
contact binary 

inside Earth’s orbit

6
contact binary

comets
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A stronomers had hoped to see something interest-
ing when they steered the New Horizons spacecraft 
on course to visit a Kuiper Belt object soon after it 

fl ew past Pluto. They chose the object 2014 MU69 because its 
nearly circular orbit beyond Neptune marked it as among the 
most primordial objects known in the solar system, and its 
path put it within reach for New Horizons. They nicknamed 
it Ultima Thule, “beyond the known world.” On November 
8, 2019, its offi cial name became Arrokoth, meaning “sky” in 
the Powhatan Algonquian language.

All Hubble recorded was a tiny spot in the sky, but when 
astronomers watched Arrokoth occult a distant star, the little 
world’s silhouette hinted at a pair of objects orbiting close to, 
or even touching, each other. So controllers were both hope-
ful and anxious as the spacecraft bore down on Arrokoth for 
its close encounter early on New Year’s Day 2019.

Our fi rst close-up view of Arrokoth bore out those hints: 
It showed a contact binary shaped like a giant snowman. The 
two lobes seem to have bumped very slowly into each other 
sometime early in their history and stuck together. Subse-
quent images revealed that the two reddish lobes are fairly 
oblong, joined on their long ends, with brighter stuff spread 
around the junction almost like glue.

Arrokoth is not alone in its strange shape. Observers 
have found many binaries in the solar system, both contact 
binaries like Arrokoth and ones in which the members don’t 
touch but orbit each other. They appear in the Kuiper Belt, 
the main asteroid belt, and even among comets and the 
objects that come near Earth. Some scientists wonder if bina-
ries might have been a standard stage of planet formation.

Yet just 30 years ago, most astronomers doubted these 
binary worlds existed.

Discovering Binaries

The fi rst hints came in the 1970s, when observers recording 
the light curves of stars occulted by asteroids saw unexpected 
variations before or after the asteroid passed in front of the 
star. Geologists found a few terrestrial craters that appeared 
to have formed in pairs. And in August 1989, Steven Ostro 
(Jet Propulsion Laboratory) and colleagues used the 305-
meter (1,000-foot) Arecibo radio telescope to reveal the 
peanut shape of the potentially hazardous near-Earth asteroid 
4769 Castalia (1989 PB). His team suspected the 1.4-kilometer 
asteroid might be a contact binary rotating every four hours.

The wide variety of binary objects in the solar 

system not only surprised astronomers but is 

now also helping us understand the birth of 

planetary systems.

pDOUBLE CRATER The shared rim and plume-like ejecta of this 

Martian double crater formed when two objects hit simultaneously. The 

impactor may have consisted of two loosely connected objects of the 

same mass.

Saturn NeptuneUranus Kuiper Belt

115
trans-Neptunian

objects
(14 are contact 

binaries)

Binaries are everywhere and come in varied forms. Some pairs are 
touching; others have widely separated orbits. Some pairs are equal 
size; others differ widely in size.

500 meters

www.skyandtelescope.com
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The fi rst convincing evidence of a pair of asteroids orbiting 
each other, however, was a byproduct of NASA’s Galileo mis-
sion to Jupiter. The spacecraft had to pass through the main 
asteroid belt, so planners arranged fl ybys of two asteroids. The 
second, on August 28, 1993, revealed that the 60-km oblong 
asteroid 243 Ida was orbited by a 1.5-km moon, later dubbed 
Dactyl. The images of little Dactyl moving along with the 
much larger Ida were fi nally enough to convince Brian Mars-
den, the long-time director of the Minor Planet Center at the 
Harvard-Smithsonian Center for Astrophysics, that binary 
asteroids existed.

More discoveries followed. Some have involved radar, 
others were made using ground-based telescopes with adap-
tive optics or the Hubble Space Telescope, which can resolve 
separate bodies if their orbits take them far enough from each 
other. Often the best data come from spacecraft exploring 
objects up close, like Galileo’s visit to Ida and New Hori-
zons’ fl ybys of Pluto and Arrokoth. The Rosetta mission to 
famous “rubber duck” Comet 67P/Churyumov-Gerasimenko, 
for example, showed us spectacular close-ups of a contact 
binary nucleus (S&T: May 2017, p. 14). But extremely precise 
measurements from far away of how an object’s brightness 
changes over time have identifi ed more than half of known 
binaries.

As of November 2019, astronomers had identifi ed 375 
asteroids and trans-Neptunian objects with at least one 
companion: 359 have one, 15 have two, and the record holder, 
Pluto, has fi ve. These objects are spread throughout the solar 
system: 72 near-Earth asteroids, 28 Mars crossers, 169 objects 
in the main asteroid belt (one of them a comet), fi ve Jupiter 
Trojans, and 101 beyond Neptune. An additional 67 inner 
solar system and main-belt asteroids, two Jupiter Trojans, 14 

trans-Neptunian objects, and six comets are contact binaries, 
including Arrokoth.

That adds up to quite a diverse bestiary. Binaries are every-
where and come in varied forms. Some pairs are touching; 
others have widely separated orbits. Some pairs are equal size; 
others differ widely in size. Some rubble piles spin off chunks 
that orbit the main body for a while, then slowly return to 
merge with it. Astronomers think their differences refl ect 
where they formed and where they have wandered since.

To sort through the bestiary, we will start with near-Earth 
binaries and move outward through the solar system to Arro-
koth and other objects in icy orbits beyond Neptune.

Near-Earth Binaries and the YORP Effect

Radar has discovered about three-quarters of the multi-
member near-Earth asteroids, says Patrick Taylor (Lunar and 
Planetary Institute). Maximum size is a few kilometers. He 
says that one-sixth of near-Earth asteroids wider than 200 
meters are binaries; another one-sixth are contact binaries 
like Castalia and Arrokoth, with two similar-size lobes touch-
ing each other and rotating jointly.

The separate members of near-Earth binaries generally 
orbit only a few kilometers from each other, or a few times 
the size of the primary. The bigger objects tend to spin fast, 
with “days” lasting only 2.2 to 4.5 hours. The smaller compo-
nents typically are 4% to 58% the sizes of the primaries.

Near-Earth orbits are chaotic, and objects normally stay in 
them for only around 10 million years before colliding with 
a planet or the Sun or being ejected out of the region. Most 
near-Earth objects are “rubble piles,” accumulations of mate-
rial held together loosely by gravity, which makes them vul-
nerable to three processes that can break them apart before 
they are lost. Collisions can knock pieces out of the rubble 
pile, which then drift back to form binaries with their parent 
bodies. Close gravitational encounters with planets can tear 
apart both asteroids and comets, as happened when Comet 
D/Shoemaker-Levy 9 passed near Jupiter on July 7, 1992.

The third process relies on far weaker forces, but over 
time it is far more effective because it is powered by sun-
light. Light carries momentum that it can transfer to objects 
when refl ected or absorbed and reradiated, and the induced 
torque can change the spin of an irregularly shaped object. 
The process is called the YORP effect, and depending on the 
object’s rotational orientation it can either speed up or slow 
down its rotation. “It’s very weak, a measurable force but not 
a huge force,” says Daniel Scheeres (University of Colorado, 

The YORP effect can spin up a rubble-
pile asteroid enough for the centrifugal 
force at its equator to exceed the body’s 
gravitational attraction, and pieces can 
dri t away.

q IDA AND DACTYL This mosaic shows asteroid 243 Ida and its moon, 

Dactyl, as seen by the Galileo spacecraft en route to Jupiter. The moon’s 

discovery shocked much of the planetary science community when an-

nounced in 1994.
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Boulder). Over long periods, the YORP effect can spin up a 
rubble-pile asteroid enough for the centrifugal force at its 
equator to exceed the body’s gravitational attraction, and 
pieces can drift away.

The strength of the effect depends on the intensity of the 
incident light. It’s stronger for near-Earth objects and much 
weaker in the main belt, which lies farther from the Sun. 
Also, the smaller the object, the more a given amount of sun-
light can increase its spin. “This means that these effects are 
only active on small bodies,” Scheeres says. His students have 
measured the YORP effect as it spun up small defunct artifi -
cial satellites in geostationary orbit within months to years. 
Asteroids are more massive, so it takes hundreds of thousands 
to hundreds of millions of years to spin them up. But the 
Sun shines relentlessly. Many single near-Earth asteroids are 
spinning nearly fast enough to start shedding material, and 
all the near-Earth binaries have close orbits, both outcomes 
expected from the YORP effect.

Asteroid rubble that has spun off may drift away, but it 
generally does not escape permanently. Instead, it goes into 
orbit around the asteroid, where in theory escaped pieces 

might accrete to form a smaller, stable companion for the 
original asteroid. Details are unclear, including how much 
material would escape, how much would stay to form the 
resulting binary companion, and how large it would be. 
However, Scheeres says, formation of a new object in orbit 
could in theory trigger the related “binary YORP effect,” 
which can cause the pair to either spiral in or out depending 
on details. If the two spiraled out, they could become sepa-
rate objects. But if they spiraled in, they could merge with 
each other to re-form a single object, even though some mass 
would be lost.

Main Belt and Comets

The YORP effect is much weaker farther out in the main 
asteroid belt, so other effects are likely responsible for most 
of its 169 orbital binary asteroids. Estimates of the fraction of 
binaries in the main belt vary widely because few have been 
observed closely enough to detect whether these are multiple 
objects. Main-belt binaries include a wide variety of relative 
sizes and orbital spacings, and many are much larger and 
more widely spaced than objects with orbits near Earth’s.

Sunlight

qASTEROID BREAKUP Main belt object P/2013 R3 disintegrated unexpectedly in 2013. Each piece has its own comet-like dust tail. Researchers 

suspect the YORP effect might have spun the asteroid up until it fl ew apart.

The asteroid reradiates the 
light as heat. The photons 
act like little thrusters fi ring 
off from every square meter 
of surface.

THE YORP EFFECT

Sunlight warms an irregularly 
shaped asteroid.

Because of the asteroid’s 
odd shape, the tiny thrusts 
don’t cancel out. Instead, 
they create a net torque. The 
torque spins the asteroid up 
or down, depending on the 
orientation of the spin axis 
with respect to the torque.

Y
O

R
P

 E
F

F
E

C
T
: 

G
R

E
G

G
 D

IN
D

E
R

M
A

N
 /

 S
&

T
; 

A
S

T
E

R
O

ID
 

B
R

E
A

K
U

P
: 

N
A

S
A

 /
 E

S
A

 /
 D

. 
J

E
W

IT
T

 (
U

C
L

A
)

Oct. 29, 2013 Nov. 15, 2013 Dec. 13, 2013 Jan. 14, 2014

www.skyandtelescope.com


Seeing Double

38 FE B RUA RY 2 0 2 0  •  S K Y & TELESCO PE  

Collisions are known to happen in the main belt, a region 
of space that is much more stable and densely populated than 
the region of near-Earth orbits. Collisions could form widely 
separated pairs with a large primary and a very small second-
ary, like Ida and Dactyl.

Only about 10 contact binaries have been spotted in the 
main belt, most detected by radar. That number includes a 
peculiar object among the Trojan asteroids that share Jupi-
ter’s orbit, 624 Hektor. It’s a large contact binary orbited by a 
smaller moon. Ground-based adaptive optics show the larger 

body is a peanut-like contact 
binary measuring about 400 
by 200 km, orbited by a 12-km 
moon. That makes Hektor both 
a contact binary and an orbital 
binary. In 2014 Franck Marchis 
(SETI Institute) and colleagues 
calculated that the moon’s orbit 
is stable. They proposed that two 
200-km components had collided, 
forming a contact binary and 
ejecting a fragment that became 
the moon.

Although we think of asteroids 
as rocky objects, some two dozen 
objects originally designated 
main-belt asteroids have been 
reclassifi ed as comets after they 

began spouting comas or tails. One, P/2013 R3, broke up into 
several pieces that went their separate ways in 2013. Another, 
initially designated asteroid 2006 VW139 and later numbered 
300163, has now been recognized as the fi rst orbital binary 
comet. In 2017, a team led by Jessica Agarwal (Max Planck 
Institute for Solar System Research, Germany) published 
Hubble images showing two roughly kilometer-size objects 
in an elongated orbit around each other that spanned 100 
kilometers. No binary asteroid has the same combination of 

wide separation, similar-size members, 
high orbital eccentricity, and cometary 
emissions. Agarwal says the binary may 
have formed either when the two pieces 
split from a single collision fragment, 
or when two fragments from a colli-
sion hooked up gravitationally in the 
aftermath. Intriguingly, it is one of 11 
objects in main-belt orbits traced to the 
breakup of a 10-km object 7.5 million 
years ago. Yet none of the others has 
shown similar cometary emissions.

Contact binaries are common in 
comets. Four of the six comets imaged 
by spacecraft have two distinct lobes. 
The most impressive images are from 
Comet Churyumov-Gerasimenko, 
which show that ices began eroding 
from both lobes of the rubber duck after 
the incoming comet passed Jupiter’s 
orbit. Close-ups near the “neck” show 
networks of cracks where the two lobes 
meet, a sign of weakening that might be 
linked to stress or ice sublimation.

How such an object forms remains 
a big question. Comets are thought to 
have formed 20 to 30 astronomical 
units from the Sun, then to have been 
pushed far beyond Neptune’s orbit dur-

Contact binaries are 
common in comets. Four 
of the six comets imaged 
by spacecra t have two 
distinct lobes.

p 624 HEKTOR Artist’s 

concept of the Trojan contact 

binary Hektor and its 12-km 

moon. The primary body is 

about 400 km long and may 

be a porous mixture of rock 

and ices.

uBINARY COMET This series of Hubble im-

ages reveals that the nucleus of 2006 VW
139

 

is made of two objects revolving around each 

other. Astronomers think that the main-belt 

object has only been a binary for about 5,000 

years. (The tail’s changing orientation is due to 

the change in the Sun-Earth-object alignment 

between observations.)

UP CLOSE Spacecraft have imaged six 
comet nuclei up close. Four of these 
have a bilobe shape, including Comet 
Churyumov-Gerasimenko (above right).

Aug. 22, 2016

Sept. 1, 2016

Sept. 9, 2016

Sept. 20, 2016

Sept. 29, 2016

1P/Halley
Vega 2, 

1986



 s k ya nd te l e scope .com • FE B RUA RY 2 0 2 0  39

ing the time of planetary migration. They stay there until per-
turbations send them inward to the planetary region, where 
encounters with the giant planets make them the periodic 
comets we see in the inner solar system. Comet Churyumov-
Gerasimenko, for example, now has a 6.44-year orbit that 
takes it just beyond Jupiter.

David Nesvorný (Southwest Research Institute) says 
mergers like those that produced Arrokoth in the Kuiper Belt 
might produce an object shaped like Comet Churyumov-Ger-
asimenko. But he doubts that the process could occur often 
enough to explain why two-thirds of the nuclei imaged so far 
are contact binaries.

Primordial Planetesimals on Ice

The New Horizons spacecraft launched in January 2006 to 
explore Pluto and the other objects in the Kuiper Belt that 
stretches beyond the orbit of Neptune. So far it has delivered 
spectacular close-up images of two Kuiper Belt binaries: Pluto 
with its fi ve moons and the contact binary Arrokoth. The two 
share many features that come from having spent billions 
of years in the icy fringes of the solar system. However, even 
before New Horizons reached Arrokoth, we had learned that 
the Kuiper Belt is a refuge for a diverse range of objects that 
differ in their orbits, origins, and early histories.

Discovered 90 years ago this month, Pluto is the exem-
plar of a class of objects called plutinos that formed closer to 
the Sun, were scattered when Neptune migrated outward, 
and became locked into an orbital resonance with Neptune. 
Pluto’s largest moon, Charon, was discovered in 1978 and 
is so large that the duo’s center of mass lies outside Pluto 
entirely — the two bodies orbit a common center. The system 
likely formed when a giant impact on proto-Pluto blasted 
debris into orbit that accreted to form Charon. 

Hubble spotted two small new moons in the spring of 
2005, soon before the New Horizons launch. The discovery of 
two more followed in 2011 and 2012. The four small moons 
are neatly spaced with orbital periods about three, four, fi ve, 

and six times Charon’s. Nesvorný says how they formed 
remains “a big puzzle.”

David Jewitt (then University of Hawai‘i) and Jane Luu 
(then University of California, Berkeley) discovered the 
second of more than 2,000 known Kuiper Belt objects in 
1992. Initially called 1992 QB1 — and recently renamed 15760 
Albion — it is smaller and fainter than Pluto. Albion’s orbit 
is also more circular and lies almost fl at in the plane of the 
solar system. Many more such bodies have been found in 
similar orbits and are called cold classical objects because their 
orbits are more planet-like than Pluto’s.

Cold classical objects are thought to have formed directly 
from the outer part of the protoplanetary disk and remained 
unaltered for the past 4.6 billion years. That makes them the 
most pristine planetesimals we’ve found. Astronomers wanted 

pCOMET CHURYUMOV-GERASIMENKO This post-perihelion Rosetta 

image reveals the linear, rugged terrain of the southern neck region, 

called Sobek. Cracks in this region might be due to the two lobes strain-

ing against each other. The nucleus is a couple of kilometers wide.
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New Horizons to visit one, but Albion was out of its path so 
they searched for another and found Arrokoth in 2014. The 
images showed their choice was right. Arrokoth “is as primor-
dial as it gets,” says William McKinnon (Washington Univer-
sity in St. Louis). “It has not been disturbed and was not part 
of any large-scale rearrangement or orbital scattering.”

When initial images revealed Arrokoth was a contact 
binary, observers fi rst assumed the two lobes were round. As 
more photos gave better perspective, Audrey Thirouin (Lowell 
Observatory) recalls, the squashed shapes “kind of surprised 
all of us.” Two fl attened oblong disks, 22 kilometers and 14 
kilometers long, respectively, had collided end to end with no 
obvious deformation. They’re spinning around an axis that 
passes through the larger one, close to the contact point. They 
also show several distinct topographic regions, which may be 
remnants of smaller pieces that accreted to form each lobe. 
Astronomers saw similar units on comets Churyumov-Gera-
simenko and 9P/Tempel 1.

Scientists had predicted that about a third of all trans-
Neptunian objects should be contact binaries. By studying 
light curves, Thirouin and Scott Sheppard (Carnegie Insti-
tution for Science) found that 10% to 25% of cold classical 
objects may be contact binaries made of equal-size members, 
lower than the 40% to 50% they found for plutinos. But 
we are still in the early days; observations are diffi cult and 
uncertainties are large. 

The fraction of objects with companions in this region 
is high. Most of the largest objects found have at least one 
moon. “Binaries are much more common in the Kuiper Belt 
than anyone had appreciated,” says McKinnon. 

Curiously, more binaries have been found among 100-kilo-
meter cold classical objects than had been expected. “We are 
talking about the majority of 100-kilometer objects being 
binaries,” says Nesvorný. “That’s really interesting.”

The result shows intriguing similarities to computer 
models of the solar system’s formation, which predict build-
ing blocks of the same size range. The models show that, 
as gas and dust collapse under their own gravitation into 
100-kilometer-class bodies, an effect called the streaming 
instability mixes the stuff in a way that helps it stick together. 
Conditions in the collapsing cloud cause the clumps to form 
binaries with similar-size components.

Barycenter

Plane
crossing

Spacecraft
trajectory

Pluto Nix

Styx

Charon

Hydra

To
Sun

Kerberos

In both the model and for real trans-Neptunian bina-
ries, 80% of the time the two bodies circle each other in the 
same direction as the pair revolves around the Sun. Nesvorný 
says the theory applies over a wide range of conditions, so 
the streaming instability could seed planetesimal formation 
around other stars, too.

More painstaking measurements and analysis are needed 
to identify binaries and to extract information on their 
orbits. Theoretical models need further analysis and more 
computer power. And more is on the way from New Horizons, 
which will not fi nish sending its Arrokoth data until Septem-
ber 2020 and may yet fl y by a third Kuiper Belt object. Yet the 
dramatic close-ups of Arrokoth in the Kuiper Belt and Comet 
Churyumov-Gerasimenko closer to us have already shown us 
the richness of the minor planets that not too long ago were 
just faint dots in even our best telescopes. 

¢ JEFF HECHT writes about science and technology and 

is a fellow of the Optical Society. His most recent books are 

Understanding Lasers and Lasers, Death Rays, and the Long, 

Strange Quest for the Ultimate Weapon. 

p SEXTUPLE SYSTEM Pluto and its fi ve moons orbit the barycenter 

(center of gravity) of the Pluto-Charon binary. The outer four moons’ 

shapes suggest they assembled from smaller fragments.

u STRANGELY FLAT Backlit 

views of Arrokoth (left) pro-

vided an outline of the part 

hidden in shadow during New 

Horizons’ fl yby. The profi le 

helped scientists estimate the 

contact binary’s shape (right). 

Redder colors indicate steeper 

slopes, with the steepest at 

the neck. Black arrows show 

which direction is downslope 

— basically, which way a ball 

set on the surface would roll. P
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OBSERVING
February 2020

DUSK: The month opens with Venus 
blazing above the southwestern horizon. 
Watch throughout the month as the 
Evening Star climbs higher along the 
ecliptic. Can you spot Mercury far lower 
right of Venus? It’s best visible between 
the 6th and the 14th.

EVENING: Algol shines at minimum 
brightness for roughly two hours centered 
at 9:21 p.m. PST (see page 50).

EVENING: Algol shines at minimum 
brightness for roughly two hours centered 
at 9:10 p.m. EST.

DUSK: Mercury reaches greatest 
eastern elongation from the Sun, and half 
an hour after sunset it’s still more than 
10°° above the west-southwestern horizon. 
Catch the tiny world before it sets.

DAWN: The Moon is in Scorpius, a 
mere degree or so from Beta (β) Sco, also 
known as Graffi as.

DAWN: The waning crescent Moon 
occults Mars for most viewers in North and 
Central America (see pages 47 and 50).

10

DAWN: The thinning Moon and 
Jupiter sit some 3° to 4° apart left of 
the Teapot in Sagittarius.

DAWN: An even more slender lunar 
crescent lies some 2° lower right of 
Saturn. Catch the pair in the southeast 
before the Sun rises.

DUSK: Watch as the waxing lunar 
crescent and Venus, 5° or more apart, sink 
toward the western horizon.

EVENING: Algol shines at minimum 
brightness for roughly two hours centered 
at 7:55 p.m. PST (10:55 p.m. EST).
— DIANA HANNIKAINEN

p Provided skies are clear this month, most of 
North America will see Mars gradually disappear 
behind the Moon’s limb, then reappear. This time-
lapse image is from the 2003 Mars occultation 
(south is down). 
RON DANTOWITZ
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USING THE NORTHERN HEMISPHERE MAP

Go out within an hour of a time listed to the 
right. Turn the map around so the yellow 
label for the direction you’re facing is at the 
bottom. That’s the horizon. The center of the 
map is overhead. Ignore the parts of the map 
above horizons you’re not facing.

Yellow dots indicate 

which part of the 

Moon’s limb is tipped 

the most toward Earth 

by libration.
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FIRST QUARTER FULL MOON

February 2 February 9

01:42 UT 07:33 UT

LAST QUARTER NEW MOON

February 15 February 23

22:17 UT 15:32 UT

DISTANCES

Perigee February 10, 20h UT

360,461 km Diameter 33′ 09″

Apogee February 26, 12h UT

406,278 km Diameter 29′ 25″

FAVORABLE LIBRATIONS

• Baade Crater February 9

• Hausen Crater February 10

• Drygalski Crater February 11

• Schomberger Crater February 12

10
11 12

February 9
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WHEN TO 
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Binocular Highlight by Mathew Wedel

I ’m sure I’m not the only stargazer who is frequently 

arrested by the sight of the constellation Orion 

striding across the night sky. In fact, the celestial 

Hunter ensnared my attention so successfully that 

it took me years to discover the riches of the nearby 

constellation Monoceros, the Unicorn. Monoceros 

has few bright stars, but since it lies squarely in the 

winter Milky Way it contains an almost unbelievable 

density of star clusters and nebulae.

On one of my fi rst “unicorn hunts,” I stumbled 

across something remarkable. Right on the celestial 

equator and about halfway between Beta (β) and 

Epsilon (ε) Monocerotis (the latter is also known as 

8 Mon) , I found a fi eld so rich that I assumed it must 

have a name. The group is anchored by a double arc 

of bright stars that curves to the west like a pair of 

open parentheses. Many dimmer lights pad out the 

fi eld, fi lling almost 4 ° of sky with more stars than you 

can shake a stick at.

I didn’t fi nd a name for this wonderfully rich fi eld 

in any of the atlases I had at the time, so I called it the 

Fertile Crescent. Years later, I learned that I hadn’t 

been the fi rst to catch this particular unicorn. Brazilian 

astronomer Bruno Alessi got there fi rst, and at least 

the central portion of my Fertile Crescent is Alessi 48 

in his catalogue of asterisms and possible star clus-

ters. I strongly suspect that Al-48 will turn out to be an 

asterism rather than a cluster, since the bright stars 

seem to be scattered at many different distances. 

Whatever it turns out to be and whatever we call it, it’s 

worth tracking down. And if you end up off the beaten 

path in the hinterlands of Monoceros, I recommend 

that you stop and have a look around.

¢ MATT WEDEL likes bright, easy targets on cold 

winter evenings, so that’s what he’s serving.

Cornucopia in 
Monoceros
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Planetary Almanac

The Sun and planets are positioned for mid-February; the colored arrows show the motion of each during the month. The Moon is plotted for evening dates in the Americas when it’s waxing (right side 
illuminated) or full, and for morning dates when it’s waning (left side). “Local time of transit” tells when (in Local Mean Time) objects cross the meridian — that is, when they appear due south and at 
their highest — at mid-month. Transits occur an hour later on the 1st, and an hour earlier at month’s end.

The table above gives each object’s right ascension and declination (equinox 2000.0) at 0h Universal Time on selected dates, 
and its elongation from the Sun in the morning (Mo) or evening (Ev) sky. Next are the visual magnitude and equatorial diameter. 
(Saturn’s ring extent is 2.27 times its equatorial diameter.) Last are the percentage of a planet’s disk illuminated by the Sun and 
the distance from Earth in astronomical units. (Based on the mean Earth–Sun distance, 1 a.u. is 149,597,871 kilometers, or 
92,955,807 international miles.) For other dates, see skyandtelescope.com/almanac.

PLANET VISIBILITY Mercury: low in the west-southwest at dusk through the 17th •

Venus: high at dusk, sets mid-evening • Mars: rises around 4 a.m., reasonably high in the south-

southeast b y dawn • Jupiter: low at dawn • Saturn: very low at dawn starting on the 7th

PLANET DISKS have south up, to match the 
view in many telescopes. Blue ticks indicate the 
pole currently tilted toward Earth.
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Date Right Ascension Declination Elongation Magnitude Diameter Illumination Distance 

Sun 1 20h 55.0m –17° 23′ — –26.8 32′ 28″ — 0.985

29 22h 44.6m –7° 58′ — –26.8 32′ 18″ — 0.991

Mercury 1 21h 53.6m –14° 05′ 14° Ev –1.0 5.6″ 85% 1.192

10 22h 40.0m –7° 48′ 18° Ev –0.7 7.0″ 55% 0.965

20 22h 48.4m –4° 14′ 12° Ev +2.1 9.4″ 11% 0.712

29 22h 16.6m –6° 55′ 7° Mo +4.2 10.7″ 3% 0.630

Venus 1 23h 30.7m –4° 07′ 40° Ev –4.1 15.3″ 73% 1.090

10 0h 08.9m +0° 35′ 42° Ev –4.2 16.2″ 70% 1.030

20 0h 50.5m +5° 47′ 43° Ev –4.2 17.4″ 67% 0.960

29 1h 27.5m +10° 17′ 44° Ev –4.3 18.6″ 63% 0.896

Mars 1 17h 12.7m –22° 59′ 52° Mo +1.4 4.8″ 93% 1.948

15 17h 54.4m –23° 37′ 57° Mo +1.3  5.1″ 92% 1.835

29 18h 36.5m –23° 34′ 61° Mo +1.1  5.4″ 91% 1.721

Jupiter 1 18h 58.2m –22° 43′ 28° Mo –1.9 32.5″ 100% 6.067

29 19h 22.7m –22° 05′ 51° Mo –2.0 34.1″ 99% 5.780

Saturn 1 19h 46.8m –21° 09′ 17° Mo +0.6 15.1″ 100% 10.972

29 19h 59.5m –20° 37′ 42° Mo +0.7 15.5″ 100% 10.745

Uranus 15 2h 03.4m +12° 02′ 67° Ev +5.8  3.5″ 100% 20.171

Neptune 15 23h 14.8m –5° 57′ 22° Ev +8.0  2.2″ 100% 30.847

February Sun & Planets
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T here are tens of thousands of them 
in the Milky Way Galaxy. Given a 

good, dark night sky you can see some 
of them — with your telescope, your 
binoculars, even your unaided eyes — 
in any season. Yet we shouldn’t take 
these objects for granted. And there’s a 
season, even a particular month, that’s 
arguably the best for viewing them.

The month I’m talking about is Feb-
ruary. The objects I’m talking about are 
open star clusters.

Open season on open clusters.
The entire February evening Milky Way 
— from the last peek of Cygnus in the 
northwest to Puppis low in the southeast 
— is splashed with open star clusters.

If we count the Double Cluster 
of Perseus as a single attraction, the 
number of open clusters marked on 
our all-sky map for February is 18. This 
includes two pairs of clusters that are 
a little bit outside the gently luminous 
band of the Winter Milky Way: the Ple-
iades (M45) and the Hyades in Taurus, 
and M44 and M67 in Cancer. The other 
14 clusters are closer to the galactic 
equator, the central line in the equato-
rial plane of the Milky Way. In order, 
from low in the northwest across the 
celestial vault to low in the southeast 
at the hour indicated on the chart, they 
are: M39 in Cygnus; M52 in Cassiopeia; 
the Double Cluster and M34 in Perseus; 
M38, M36, and M37 in Auriga; M35 in 
Gemini; M50 in Monoceros; M48 in 
Hydra; M41 in Canis Major; and M47, 
M46, and M93 in Puppis.

February’s Messier open clus-
ters by number. Let’s now say a thing 
or two about each of the abovemen-

A Month 
for Open 
Clusters
February’s night sky is awash 

with sparkling targets.

tioned Messier open clusters in order of 
increasing Messier number.

We begin our numbered tour with 
M34, a good low-magnitude telescopic 
sight and intriguing naked-eye fuzzy 
spot of light near Algol, or Beta (β) Per-
sei. M35 in the feet of Gemini is huge, 
easy for the unaided eye in a dark sky, 
and also so near the ecliptic that it’s a 
prime target for the Moon and planets. 
M36, M37, and M38 in Auriga are all 
wonderful yet all different. While M36 
and M38 are within Auriga’s pentagon, 
the brightest of the three, M37, is just 
outside the lines of that pattern. M39, 
one of the last outliers of summer in 
Cygnus, was likely observed by Aristotle 
around 325 BC. M41 is a really bright 
(magnitude 4.5) and handsome cluster 
about 4° south of Sirius — why don’t 
people observe it more? It’s certainly 
plainly visible to the naked eye on a 
dark, transparent night.

M44 and M45, the Beehive Clus-
ter and the Pleiades, respectively, are 
already so renowned we’ll skip over 
them here (don’t skip over them in 
the sky, though!). M46 and M47 are 
a delightful odd couple a little more 
than 1° apart. M47 is brighter but with 
stars of very different brightnesses 

irregularly distributed. M46, on the 
other hand, comprises faint stars of 
similar brightness arranged in a spheri-
cal gathering (a gathering that has a 
planetary ne bula shining through from 
behind it!). M48 was a “missing Mess-
ier” until it was identifi ed with the fi ne 
open cluster NGC 2548 in Hydra near 
Monoceros. M50 is in Moncoceros 
and is a bright cluster with ill-defi ned 
edges. M52 is a beautiful open cluster 
in Cassiopeia.

Then the Messier catalogue almost 
runs out of open clusters. The last by 
number on our map are rich M67 near 
Alpha (α) Cancri (Acubens) and M93 in 
Puppis. M103 in Cassiopeia is appar-
ently a bit too faint for the map.

Globulars, anyone? This month’s 
central sky chart in Sky & Telescope is 
the only one of the year that doesn’t 
display even a single globular star clus-
ter. If you feel compelled to see one at 
the hour of our map, you can check out 
the rather dim M79 in Lepus. But wait a 
few hours and one bright globular after 
another will start coming up. The fi rst 
will be the great M3 in Canes Venatici.

¢ FRED SCHAAF welcomes your letters 

and comments at fschaaf@aol.com.

Under the Stars by Fred Schaaf
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The oft-overlooked open cluster M41 lies around 
2,300 light-years away in Canis Major.

mailto:fschaaf@aol.com
www.skyandtelescope.com
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Sun, Moon & Planets by Fred Schaaf

A t nightfalls this month, Venus 
keeps appearing higher in the 

west-southwest, while Mercury peaks 
far lower than Venus in the same direc-
tion at dusk during the fi rst part of the 
month. Before and during dawn, there’s 
a parade of three planets — Mars, then 
Jupiter, and fi nally Saturn — rising 
and getting farther away from the Sun 
as the month progresses. The Moon 
occults one of these planets — Mars 
— for most of North America on the 
morning of February 18th (though after 
sunrise for some observers). Interest-
ingly, all fi ve bright planets cross the 
ecliptic this month.

Five Ecliptic Crossings
All fi ve bright planets arrive at  either ascending or descending node this month, but the 

highlight for some lucky viewers might be the Moon’s occultation of Mars.

DUSK AND EVENING

Venus continues to appear higher at 
each sunset, climbing from almost 35° 
to a bit more than 41° in sunset altitude 
during February as seen from around 
latitude 40° north. At sunset, or even 
earlier, is the best time to get a sharp 
telescopic view of Venus, for its illumi-
nated part begins to dazzle against the 
darker sky later in dusk. The angular 
diameter of Venus increases from about 
15″ to 19″ in February, while its illumi-
nated percentage decreases from about 
73% to 63%. If you want to admire 
the naked-eye spectacle of Venus in 
a darker sky, you can fi nd its beacon 
brightening from magnitude –4.1 to 
–4.3 in February and, at mid-twilight, 
hanging 30° high as the month begins 
and about 35° as the month ends. 
Venus doesn’t set until about 311/3 hours 

after the Sun on February 1st and about 
3¾ hours after on February 29th.

Even better days are ahead for view-
ers of Venus, for next month it reaches 
the highest it ever does in its 8-year 
cycle of recurring appearances. Then 
in the fi rst few days of April the bright 
planet skims along the southern edge of 
the lovely Pleiades.

Mercury appears far lower than 
Venus at nightfall in the fi rst two weeks 
of February yet stands a satisfying 10° 
above the west-southwestern horizon 
shortly after sunset. From February 1st 
to 14th, Mercury dims from magnitude 
–1.0 to +0.2. The highlight of this fi ne 
evening apparition of Mercury comes 
on the 10th when the little planet 
reaches a greatest eastern elongation of 
18.2° from the Sun, and its 7″-wide disk 
is almost exactly half-lit.
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To fi nd out what’s 

visible in the sky 

from your location, 

go to skypub.com/
almanac.
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Between February 14th and 17th, 
Mercury fades from magnitude +0.2 
to 1.6. It’s lost soon after as it dims by 
about one magnitude or more every two 
days on its way to inferior conjunction 
with the Sun on the American evening 
of February 25th. On the American 
evening of the 15th, Neptune is a mini-
mum of 5.8° east of Mercury before 
the latter starts moving away from 
it. Neptune becomes lost in the Sun’s 
afterglow on its way to conjunction 
with the Sun on March 8th. Uranus
is much higher for observation at dusk 
(and right after dusk) than Neptune is 
this month. Detailed fi nder charts for 
Uranus and Neptune are in the Septem-
ber 2019 issue and can also be accessed 
at https://is.gd/urnep.

PRE-DAWN AND DAWN

Mars rises about three hours before the 
Sun in February, its brightness improving 
from magnitude 1.4 to 1.1. Watch the 
orange-gold planet as it marches above 
the Teapot of Sagittarius in the second 
half of February. The greatest morning is 
that of the 18th when viewers in most of 
North America get a rare opportunity to 
see an occultation of Mars by the Moon. 
Will the event be before or after sunrise 
from your location? See page 50 for more 
information on this occultation. The 
angular diameter of Mars increases from 
4.8″ to 5.5″ this month, still very small 
for detecting any telescopic detail.

Jupiter starts the month rising more 
than 1½ hours before the Sun and ends 
the month coming up about 2½ hours 
before the Sun. Saturn’s lead on the 
Sun increases from less than one hour 
to about two hours during February. 
Jupiter shines east of the Teapot of 
Sagittarius and is slowly gaining ground 
on Saturn, which in turn is nearing the 
borderline of Sagittarius and Capricor-
nus. Follow as the two gas giants trek 
eastward relative to the background 
stars. Mars is gaining ground much 
more swiftly on Jupiter and Saturn, and 
next month will pass close to the pair.

During February, Jupiter brightens 
from –1.9 to –2.0, while Saturn dims 
from +0.6 to +0.7. The globe of Jupiter 

grows ever so slightly, from 32″ to 34″, 
the globe of Saturn even less so, from a 
bit wider than 15″ to 15½″. These usu-
ally well-defi ned worlds are unlikely to 
appear sharp in the telescope because 
they’re still quite low in the southeast 
as dawn brightens.

By the way, Saturn is at its descend-
ing node (crossing the ecliptic, the plane 
of Earth’s orbit) on the 13th, just two 
days before Venus is at ascending node 
and only 13 days before Jupiter itself 
reaches descending node. The last two 
classic planets also pass through the 
ecliptic this month: Mars is at descend-
ing node on February 1st and Mercury 
is at ascending node on February 7th.

MOON PASSAGES

The Moon, waxing gibbous, is in the 
Hyades at dusk on February 3rd. The 
next evening, it’s some degrees right or 
upper right of Zeta (ζ) Tau. The waning 
crescent Moon occults Mars above the 
Teapot of Sagittarius for many observers 
before or at sunrise on February 18th. At 
dawn on the 19th, the thinning lunar 
crescent has moved to a few degrees right 
of Jupiter, while on the 20th viewers will 
see the crescent some 2 ° to 3° lower 
right of Saturn. The waxing lunar cres-
cent is well to the left, some 5° or more, 
of Venus at dusk on February 27th.

¢ FRED SCHAAF lives on the edge of 

the New Jersey Pinelands Reserve, with 

no lights for about 10 miles to his east.
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ORBITS OF THE PLANETS
The curved arrows show each planet’s movement during February. The outer planets don’t 

change position enough in a month to notice at this scale.
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Celestial Calendar by Bob King

A Comet on 
the Move
Viewers in the Northern 

Hemisphere have ample 

opportunities to spot a comet 

high in the northwestern sky.

Comet PanSTARRS (C/2017 T2) hurtled past M36 in Auriga on October 28, 

2019. It’s now on course to swing by the Double Cluster in Perseus at the 

end of January, then rush through Cassiopeia on its way to perihelion.

Mobile, mutable, and subject to 
surprise fl uctuations. These are 

some of the reasons amateurs so enjoy 
observing comets. I’ve nothing against 
the “fi xed” stars and deep-sky treasures 
but give me a comet and I’ll follow it 
anywhere. While many look like blurry 
glows, once a comet grows a tail it can 
become one of the most singularly 
beautiful objects in the night sky.

Enter Comet PanSTARRS (C/2017 
T2), discovered by the PanSTARRS 1 
telescope in Hawai‘i on October 2, 
2017. It knocked around for months 
— no, years — as a faint blip visible in 
only the largest amateur telescopes. 
Not anymore. Assuming the comet 
follows its predicted brightening trend, 

it should be an easy target for small 
instruments this month.

Comet T2 starts the month off as a 
creamy, 9.5-magnitude fuzzy patch with 
a well-condensed inner coma. It’s fresh 
off a close conjunction with the iconic 
Double Cluster in Perseus that occurred 
on January 26–28. Owners of 6-inch or 

larger telescopes should have little dif-
fi culty spotting it just 1° northwest of 
the glittery duo on February 1st.

From Perseus it creeps westward into 
Cassiopeia and steadily brightens to 
around magnitude 8.8 by month’s end. 
Northern Hemisphere observers have 
a corner on Comet T2 because it’s cir-

Earn Loyalty 
Points
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p Asteroid 37 Fides, indicated by short lines, traveled between Atlas 
and Pleione in the Pleiades on the night of November 7–8, 1967.

u The ticks (every fi ve days) on Fides’s path are plotted for 0h UT (late 
afternoon or evening of the previous date in the Americas).

ASTEROID 37 FIDES, named for the Roman goddess of 
loyalty, will be plying the star-poor byways of eastern 
Cancer this month. Fides is a large S-type, or stony, 
asteroid 108 kilometers across that spins once every 
7.33 hours. Based on its unusual light curve, which dis-
plays three minima and three maxima, some astrono-
mers think it might be a binary object. 

At opposition on February 2nd and brightest at mag-
nitude 10.1, Fides will slowly fade thereafter as it moves 
west in retrograde, almost reaching the Beehive Star 
Cluster (M44) by the end of the month.
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cumpolar all month from many locales 
and ideally placed high in the north-
western sky at nightfall. Moonlight will 
compromise the view through February 
10th, but the remainder of the month 
will be open for business.

As the comet plunges toward a May 
4th perihelion, it will continue to 
brighten and attract attention through-
out the winter and spring. Depending 
on the source, Comet T2 could reach 

5th magnitude during the fi rst half of 
May, bright enough to discern with the 
naked eye from the countryside. Or 
it might only manage 8th magnitude, 
which would still make it a fi ne target 
for binoculars and smaller scopes from 
suburban or better skies.

As the comet sails across the far 
northern constellations over the 
next several months, moving from 
Perseus to the Big Dipper’s Bowl by 

June, it will pass several prominent 
deep-sky objects, including the bright 
galaxy pair of M81 and M82 on 
May 21–23, and the rich Coma Cluster 
of galaxies (Abell 1656) on July 16–19. 
Interestingly, Comet T2 drew closest 
to Earth last December 28th (when it 
was 1.5 astronomical units away) but 
stood 2.3 a.u. from the Sun at the time, 
or 105 million kilometers more distant 
than it will when it’s at perihelion.
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Mars and Moon Meet
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MOVING ON TO MARS, the waning 
crescent moon will occult the planet for 
much of the continental United States, 
Canada, and parts of Central America 
during the pre-dawn hours on February 
18th. For the East Coast the occultation 
will take place after sunrise with the 
Moon well-placed in the southern sky. 
Because Mars will shine at magnitude 
1.2 at the time, it should be visible in 
a small telescope hovering along the 

Moon’s eastern (celestial direction) 
edge. Locations farther west will see the 
Moon cover the planet in twilight or 
darkness and reappear along the dark 
limb about 90 minutes later.

Unlike most stellar occultations, 
in which a star suddenly disappears at 
immersion and reappears at emersion, 
Mars will gradually disappear and reap-
pear due to its much larger apparent size 
of 5.2″. If the seeing allows it, use high 
magnifi cation to best appreciate Mars-
set during immersion and the especially 
dramatic Mars-rise along the opposite 
lunar limb at emersion. Skywatchers in 
some parts of Central America will be 
able to watch a grazing occultation with 
the Red Planet fading and rebrightening 
as it slides behind mountain peaks pro-
truding from the Moon’s southern limb.

THAT’S PHI as in Phi (φ) Aquarii, a 
4th-magnitude star that sits squarely 
in Neptune’s path as the planet treks 
eastward across Aquarius this month. 
On February 10th the 8th-magnitude 
planet practically brushes up against the 
star, passing 2.3′ to its north with the 
duo about 10° high in the southwestern 
sky in late evening twilight. Steadily 
held 10× binoculars will show the two 
as a temporary, unequal double star. A 
modest 6-inch scope will highlight the 
strong color difference between blue 
Neptune and its stellar companion, an 
M-type red giant with a distinctively 
warm hue.

Neptune 
Flies By Phi

Action at Jupiter
JUPITER REEMERGED from behind 
the Sun in January, and it’s readily 
observable at or before dawn in Febru-
ary. Although it rises while the sky is 
still fully dark, you’re likely to get the 
best telescopic views when it’s highest, 
just before sunrise.

Any telescope shows the four big 
Galilean moons, and binoculars usually 
show at least two or three. In binocu-
lars, the moons are all but indistin-
guishable from one another. They orbit 
Jupiter at different rates, changing posi-
tions along an almost straight line from 
our point of view on Earth. Use the 
diagram on the facing page to identify 
them by their relative positions on any 
given date and time.

All the February interactions 
between Jupiter and its satellites and 
their shadows are tabulated on the 
facing page. Find events timed shortly 
before sunrise in your time zone, when 
Jupiter is at its highest.

Features on Jupiter appear closer to 
the central meridian than to the limb 
for 50 minutes before and after transit-
ing. Here are the times, in Universal 
Time, when the Great Red Spot should 
cross Jupiter’s central meridian. The 
dates, also in UT, are in bold. (Eastern 
Standard Time is UT minus 5 hours).

January 1: 1:10, 11:06, 21:02; 2: 
6:57, 16:53; 3: 2:49, 12:45, 22:41; 4: 
8:37, 18:32; 5: 4:28, 14:24; 6: 0:20, 
10:16, 20:11; 7: 6:07, 16:03; 8: 1:59, 
11:55, 21:51; 9: 7:46, 17:42; 10: 3:38, 
13:34, 23:30; 11: 9:26, 19:21; 12: 5:17, 
15:13; 13: 1:09, 11:05, 21:00; 14: 6:56, 
16:52; 15: 2:48, 12:44, 22:40; 16: 8:35, 
18:31; 17: 4:27, 14:23; 18: 0:19, 10:14, 
20:10; 19: 6:06, 16:02; 20: 1:58, 11:53, 
21:49; 21: 7:45, 17:41; 22: 3:37, 13:33, 
23:28; 23: 9:24, 19:20; 24: 5:16, 15:12; 
25: 1:07, 11:03, 20:59; 26: 6:55, 16:51; 
27: 2:46, 12:42, 22:38; 28: 8:34, 18:30; 
29: 4:25, 14:21; 30: 0:17, 10:13, 20:09; 
31: 6:04, 16:00 

February 1: 1:56, 11:52, 21:48; 2: 
7:43, 17:39; 3: 3:35, 13:31, 23:27; 4: 
9:22, 19:18; 5: 5:14, 15:10; 6: 1:06, 
11:01, 20:57; 7: 6:53, 16:49; 8: 2:45, 
12:40, 22:36; 9: 8:32, 18:28; 10: 4:24, 

  

Jan. UT Feb. UT

2 19:29 3 8:31

5 16:18 6 5:21

8 13:08 9 2:10

11 9:57 11 22:59

14 6:46 14 19:49

17 3:36 17 16:38

20 0:25 20 13:27

22 21:14 23 10:17

25 18:03 26 7:06

28 14:53 29 3:55

31 11:42

These geocentric predictions are from the 

recent heliocentric elements Min. = JD 

2445641.554 + 2.867324E, where E is any 

integer. For a comparison-star chart and 

more info, see skyandtelescope.com/algol.

Minima of Algol
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t The Moon will occult Mars (just seen 

here) for most viewers in North America 

on February 18th.



The wavy lines represent Jupiter’s four big satellites. The 

central vertical band is Jupiter itself. Each gray or black 

horizontal band is one day, from 0h (upper edge of band) 

to 24h UT (GMT). UT dates are at left. Slide a paper’s edge 

down to your date and time, and read across to see the 

satellites’ positions east or west of Jupiter. 
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Jupiter’s Moons
14:19; 11: 0:15, 10:11, 20:07; 12: 6:02, 
15:58; 13: 1:54, 11:50, 21:46; 14: 7:41, 
17:37; 15: 3:33, 13:29, 23:24; 16: 9:20, 
19:16; 17: 5:12, 15:08; 18: 1:03, 10:59, 
20:55; 19: 6:51, 16:46; 20: 2:42, 12:38, 
22:34; 21: 8:30, 18:25; 22: 4:21, 14:17; 
23: 0:13, 10:08, 20:04; 24: 6:00, 15:56; 
25: 1:52, 11:47, 21:43; 26: 7:39, 17:35; 

27: 3:30, 13:26, 23:22; 28: 9:18, 19:13; 
29: 5:09, 15:05

These times assume that the spot will 
be centered at System II longitude 324°. 
If the Red Spot has moved elsewhere, it 
will transit 12/3 3  minutes earlier for each 
degree less than 324° and 12/3 3  minutes 
later for each degree more than 324°.

Phenomena of Jupiter’s Moons, February 2020

Every day, interesting events happen between Jupiter’s satellites and the planet’s disk or shadow. The fi rst columns give 
the date and mid-time of the event, in Universal Time (which is 4 hours ahead of Eastern Daylight Time). Next is the satellite 
involved: I for Io, II Europa, III Ganymede, or IV Callisto. Next is the type of event: Oc for an occultation of the satellite behind 
Jupiter’s limb, Ec for an eclipse by Jupiter’s shadow, Tr for a transit across the planet’s face, or Sh for the satellite casting its 
own shadow onto Jupiter. An occultation or eclipse begins when the satellite disappears (D) and ends when it reappears (R ). 
A transit or shadow passage begins at ingress (I) and ends at egress (E ). Each event is gradual, taking up to several minutes. 
Predictions courtesy IMCCE / Paris Observatory. 

Feb. 1 2:26 II.Sh.I
 3:37 II.Tr.I
 5:06 II.Sh.E
 5:29 IV.Ec.D
 6:20 II.Tr.E
 8:05 IV.Ec.R
 11:02 IV.Oc.D
 14:01 IV.Oc.R
 14:44 I.Ec.D
 17:36 I.Oc.R

Feb. 2 11:52 I.Sh.I
 12:29 I.Tr.I
 14:06 I.Sh.E
 14:44 I.Tr.E
 20:36 II.Ec.D

Feb. 3 0:33 II.Oc.R
 9:12 I.Ec.D
 12:06 I.Oc.R
 15:01 III.Sh.I
 17:34 III.Tr.I
 17:59 III.Sh.E
 20:38 III.Tr.E

Feb. 4 6:20 I.Sh.I
 6:59 I.Tr.I
 8:35 I.Sh.E
 9:14 I.Tr.E
 15:43 II.Sh.I
 17:01 II.Tr.I
 18:24 II.Sh.E
 19:44 II.Tr.E

Feb. 5 3:41 I.Ec.D
 6:36 I.Oc.R

Feb. 6 0:49 I.Sh.I
 1:29 I.Tr.I
 3:03 I.Sh.E
 3:44 I.Tr.E
 9:53 II.Ec.D
 13:58 II.Oc.R
 22:09 I.Ec.D

Feb. 7 1:06 I.Oc.R
 5:11 III.Ec.D
 11:03 III.Oc.R
 19:17 I.Sh.I
 19:59 I.Tr.I
 21:32 I.Sh.E
 22:14 I.Tr.E

Feb. 8 5:01 II.Sh.I
 6:25 II.Tr.I
 7:42 II.Sh.E

 9:09 II.Tr.E
 16:38 I.Ec.D
 19:36 I.Oc.R

Feb. 9 12:38 IV.Sh.I
 13:46 I.Sh.I
 14:29 I.Tr.I
 15:17 IV.Sh.E
 16:00 I.Sh.E
 16:44 I.Tr.E
 19:23 IV.Tr.I
 22:28 IV.Tr.E
 23:10 II.Ec.D

Feb. 10 3:22 II.Oc.R
 11:06 I.Ec.D
 14:06 I.Oc.R
 18:59 III.Sh.I
 21:58 III.Sh.E
 21:58 III.Tr.I

Feb. 11 1:04 III.Tr.E
 8:14 I.Sh.I
 8:59 I.Tr.I
 10:29 I.Sh.E
 11:14 I.Tr.E
 18:19 II.Sh.I
 19:49 II.Tr.I
 21:00 II.Sh.E
 22:32 II.Tr.E

Feb. 12 5:35 I.Ec.D
 8:36 I.Oc.R

Feb. 13 2:43 I.Sh.I
 3:29 I.Tr.I
 4:57 I.Sh.E
 5:44 I.Tr.E
 12:28 II.Ec.D
 16:46 II.Oc.R

Feb. 14 0:03 I.Ec.D
 3:06 I.Oc.R
 9:10 III.Ec.D
 12:11 III.Ec.R
 12:22 III.Oc.D
 15:29 III.Oc.R
 21:11 I.Sh.I
 21:59 I.Tr.I
 23:26 I.Sh.E

Feb. 15 0:14 I.Tr.E
 7:36 II.Sh.I
 9:13 II.Tr.I
 10:17 II.Sh.E
 11:56 II.Tr.E

 18:31 I.Ec.D
 21:36 I.Oc.R

Feb. 16 15:40 I.Sh.I
 16:29 I.Tr.I
 17:54 I.Sh.E
 18:44 I.Tr.E

Feb. 17 1:45 II.Ec.D
 6:10 II.Oc.R
 13:00 I.Ec.D
 16:06 I.Oc.R
 22:57 III.Sh.I
 23:25 IV.Ec.D

Feb. 18 1:57 III.Sh.E
 2:14 IV.Ec.R
 2:21 III.Tr.I
 5:28 III.Tr.E
 7:18 IV.Oc.D
 10:08 I.Sh.I
 10:35 IV.Oc.R
 10:59 I.Tr.I
 12:22 I.Sh.E
 13:14 I.Tr.E
 20:54 II.Sh.I
 22:36 II.Tr.I
 23:35 II.Sh.E

Feb. 19 1:20 II.Tr.E
 7:28 I.Ec.D
 10:36 I.Oc.R

Feb. 20 4:36 I.Sh.I
 5:29 I.Tr.I
 6:51 I.Sh.E
 7:44 I.Tr.E
 15:03 II.Ec.D
 19:34 II.Oc.R

Feb. 21 1:57 I.Ec.D
 5:06 I.Oc.R
 13:08 III.Ec.D
 16:10 III.Ec.R
 16:44 III.Oc.D
 19:53 III.Oc.R
 23:05 I.Sh.I
 23:58 I.Tr.I

Feb. 22 1:19 I.Sh.E
 2:14 I.Tr.E
 10:11 II.Sh.I
 11:59 II.Tr.I
 12:53 II.Sh.E
 14:43 II.Tr.E
 20:25 I.Ec.D

 23:36 I.Oc.R

Feb. 23 17:33 I.Sh.I
 18:28 I.Tr.I
 19:48 I.Sh.E
 20:43 I.Tr.E

Feb. 24 4:20 II.Ec.D
 8:57 II.Oc.R
 14:53 I.Ec.D
 18:06 I.Oc.R

Feb. 25 2:55 III.Sh.I
 5:57 III.Sh.E
 6:42 III.Tr.I
 9:51 III.Tr.E
 12:02 I.Sh.I
 12:58 I.Tr.I
 14:16 I.Sh.E
 15:13 I.Tr.E
 23:29 II.Sh.I

Feb. 26 1:22 II.Tr.I
 2:10 II.Sh.E
 4:06 II.Tr.E
 6:36 IV.Sh.I
 9:22 I.Ec.D
 9:27 IV.Sh.E
 12:35 I.Oc.R
 15:31 IV.Tr.I
 18:52 IV.Tr.E

Feb. 27 6:30 I.Sh.I
 7:28 I.Tr.I
 8:45 I.Sh.E
 9:43 I.Tr.E
 17:37 II.Ec.D
 22:21 II.Oc.R

Feb. 28 3:50 I.Ec.D
 7:05 I.Oc.R
 17:07 III.Ec.D
 20:10 III.Ec.R
 21:05 III.Oc.D

Feb. 29 0:15 III.Oc.R
 0:59 I.Sh.I
 1:58 I.Tr.I
 3:13 I.Sh.E
 4:13 I.Tr.E
 12:46 II.Sh.I
 14:44 II.Tr.I
 15:27 II.Sh.E
 17:28 II.Tr.E
 22:19 I.Ec.D 
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Prospecting and Landing 
The Moon may hold the fuel for future energy production.

F or thousands of years we’ve relied 
on coal and more recently on oil for 

civilization’s energy needs. Other power 
sources such as solar, wind, and nuclear 
fi ssion have entered the energy market 
in recent decades. An additional poten-
tial energy source is nuclear fusion, 
which has the advantage that it pro-
duces no radioactive byproducts, though 
estimates have continually put fusion 
“about 20 years in the future” for the 
past half century.

The goal of fusion is to merge deute-
rium (2H) with tritium (3H) to create 
helium-4 (4He) and one neutron, while 
releasing prodigious amounts of energy. 
This process powers the Sun and other 

stars. Two problems we’ve yet to sur-
mount are the technical requirements 
to build a reactor able to contain the 
immense heat and pressure that fusion 
reactions produce and the extremely 
limited availability of helium-3 (3He), 
the ideal fuel. After hydrogen, helium is 
the most abundant element in the uni-
verse, but nearly all helium found on 
Earth is 4He, with 3He being only about 
one-millionth as abundant. 

However, the Moon is a veritable 3He 
goldmine. Billions of years of solar wind 
has deposited 3He in the lunar regolith. 
On the Moon, 3He is available in the 
order of parts per billion, compared 
to the parts-per-trillion paucity here N

A
S

A
 /

 G
S

F
C

 /
 A

R
IZ

O
N

A
 S

T
A

T
E

 U
N

IV
E

R
S

IT
Y

52 FE B RUA RY 2 0 2 0  •  S K Y & TELESCO PE  

on Earth. Thus, the lunar-exploration 
programs of China, Korea, and other 
nations are partially focused on fi nding 
safe landing sites that have mineable 
concentrations of 3He. Kyeong Kim 
(Korea Institute of Geoscience and 
Mineral Resources) and colleagues have 
created a global map of lunar 3He abun-
dances to determine potential landing-
site locations that maximize mining 
opportunities and minimize landing 
danger. The most favorable of these sites 
are visible in backyard telescopes. 

Soil samples brought back during 
NASA’s Apollo missions show that the 
abundance of lunar 3He is related to 
titanium dioxide (TiO2) content, soil 
maturity, and solar wind fl ux. The ele-
ment is found in the iron-rich mineral 
ilmenite, which effi ciently traps 3He 
carried by solar wind. Lunar lavas are 
classifi ed as having high, medium, or 
low concentrations of TiO2, with the 
high titanium lavas having greater-
than-average 3He concentrations. Since 
3He occurs in the regolith or lunar soil, 
those maria peppered with recent small 
impact craters have churned the soil 
more, reducing the concentration of 
3He. The third variable, solar wind fl ux, 
or the amount of solar wind that hits a 
particular area of the Moon, corrects for 
the fact that the Earth’s magnetic fi eld 
shields various areas of the Moon from 
solar wind and hence 3He deposition.   

Kim and colleagues used data from 
the Clementine, Lunar Prospector, 
and Chandrayaan-1 lunar orbiters to 
construct high-resolution maps of TiO2, 
and to correct for soil maturity as well 
as solar wind variations to create their 
3He map. They found that the highest 
abundances occur in the mare patches 
inside Grimaldi and Riccioli craters, 
as well as part of Oceanus Procella-

rum. Similar abundances were detected 
in Mare Moscoviense, but that lunar 
farside location would make control of 
mining operations diffi cult. 

One additional parameter is needed 
to identify which area of high 3He 

FEBRUARY 2020 OBSERVING  

Exploring the Moon by Charles Wood

t Located on the western limb, Riccioli and 

Grimaldi are both mare-fl ooded craters visible 

after full Moon.

Riccioli

Grimaldi
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abundance is best for safe landings (as 
is necessary for commercial use), and 
that is a site’s topographic slope. This 
was estimated by determining the aver-
age slope of the surface at each potential 
target location using the 2-meter-resolu-
tion images from NASA’s Lunar Recon-
naissance Orbiter narrow-angle cam-
eras. Surfaces sloping less than 10° are 
considered level enough for safe landing. 
One fi nal factor affects the site selection. 
The high 3He abundance must occur 
over a wide enough area so that landing 
errors of up to 10-15 km still result in 
getting the miner into a rich 3He zone. 
Considering all these requirements, and 
the fact that crater interior geology is 
more interesting than mare geology, Kim 
and coworkers state that Grimaldi and 
Riccioli are the most promising sites for 
a future mining operation. 

From the point of view of the back-
yard observer, these two depressions are 
relatively easy to fi nd. When the Sun 
is high over this area, dark patches of 
mare lavas on the crater fl oors are quite 
visible against the bright background of 
surrounding highlands material. More 
details can be seen just after sunrise, 
when the grazing illumination reveals 
Grimaldi’s dark fl oor to be relatively 

smooth, unbroken by detectable craters, 
with a fl attish dome near the north end 
of the 145-km-wide mare patch. The 
highest 3He region is near the southern 
edge of the dark mare. 

Riccioli crater’s rim is about the 
same diameter as the mare material 
covering most of Grimaldi’s fl oor. But 
unlike that smooth surface, the major-
ity of Riccioli’s fl oor is covered by ejecta 
emplaced during the impact formation 
of the Orientale Basin to the south-
southwest. Only a 40-km-long “pond” 
of dark lava fi lls a low area in the north-
ern half of Riccioli’s fl oor — the greatest 

concentration of 3He is at the southern 
end of this small mare patch. The fact 
that the dark lavas in these two craters 
are not defaced by ejecta demonstrates 
that they were volcanically emplaced 
after that basin’s formation about 3.85 
billion years ago. The dark fl oors of 
Riccioli and Grimaldi show no surface 
manifestation of the great isotopic 
wealth that we may someday harvest 
from those lavas. 

¢ Contributing Editor CHUCK WOOD 
has shared his lunar insights with S&T 

readers for more than 20 years.

pThe global map of 3He shows the element to 

be concentrated in several locations mostly on 

the lunar nearside.  

Seen from above, 
both Riccioli (left) and 
Grimaldi (right) con-
tain dark mare lavas 
mostly unperturbed 
by large impacts. 
Areas with the highest 
concentrations of 
3He are circled on the 
inset maps.
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Deep-Sky Wonders by Sue French

Orion’s 
Golden 
Shield 
Remarkable clusters 

and nebulae encircle 

the giant’s torso.

 His sword hung gleaming by his side,
And, on his arm, the lion’s hide
Scattered across the midnight air
The golden radiance of its hair.
 — Henry Wadsworth Longfellow,

The Occultation of Orion

In this column, we’ve explored some 
of the amazing deep-sky wonders in 

the environs of Orion’s gleaming sword. 
Now let’s set our sights a bit farther 
north, starting in the mighty Hunter’s 
shield, which is often portrayed as a 
golden lion pelt draped over Orion’s 
outstretched arm.

We fi nd an aptly seasonal Valentine’s 
Day treat 1.8° west-northwest of Pi1 
(π1) Orionis, atop Orion’s shield. The 
open cluster NGC 1662 is a heart-
shaped beauty you could share with 
someone special.

My 130-mm (5.1-inch) refractor at 
23× shows 22 stars in NGC 1662, all 
but four outlining a stylized heart with 
a loop where the lobes meet. The clus-
ter’s two brightest stars have a yellow 
hue; one ornaments the loop and the 

other shines at the top of the heart. The 
four loop stars belong to the multiple 
star h684, and a dimmer, fi fth compo-
nent becomes visible at high powers.

The light from this Valentine heart 
has traveled about 1,400 years to reach 
your eyes, starting approximately two 
centuries after the feast of St. Valentine 
was established.

Just southeast of NGC 1662, we 
fi nd the possible open-cluster remnant 
Alessi 29, discovered by Brazilian 
amateur Bruno Sampaio Alessi. Open-
cluster remnants are the residue of 
clusters that lost their gravitational grip 
on most of their original members and 
have been pared down to more stable 
multiple systems. Such remnants are 
diffi cult to identify unless they have 
enough members to show a telltale 
spectral sequence indicating their for-
mer glory as part of a larger group.

Visually through my 130-mm scope 
at 63×, Alessi 29 is a teardrop of 13 stars 
magnitude 9.7 and fainter. The glisten-
ing teardrop is 9½′ long and appears to 
be falling from the northeast.

The bright, eye-catching asterism 
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Elosser 1 sits halfway between Pi2 
and Pi3 Orionis and just east of an 
imaginary line connecting them. In the 
mirror-reversed view of my 130-mm 
refractor, Elosser 1 is a J of 13 stars 
hooked around a golden 9th-magnitude 
star. The brightest stars in the top and 
bottom of the J glow yellow and orange, 
respectively. At 63×, 15 faint stars are 
visible within the J, fi lling it out into an 
egg shape 21′ long.

North Carolina amateur David 
Elosser chanced upon this group while 
observing with his 4-inch refractor. It’s 
now listed in the Deep Sky Hunters’ 
asterism catalog at https://is.gd/deep-
skyhunters. Elosser points out that the 
two star-triangles at the southern end 
of the group seem to form “an old-fash-
ioned rocket ship.”

Let’s work our way away from the 
shield to the pretty double star Rho (ρ) 

Orionis. My 105-mm refractor at 87× 
shows a bright, golden primary with a 
much dimmer companion 6.9″ to the 
east-northeast.

The more equal and tighter pair 32 

Orionis is pinned to Orion’s western 

NGC 1662

Alessi 29

https://is.gd/deep-skyhunters.Elosser
https://is.gd/deep-skyhunters.Elosser
https://is.gd/deep-skyhunters.Elosser
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pThe bright stars of Collinder 69 make up the 

head of Orion and lie at the center of the huge 

nebula Sharpless 2-264. Note also the nebulos-

ity around Betelgeuse in the lower-left corner 

and the small, bright nebula van den Bergh 38 

near the right margin.
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shoulder. Both stars look white through 
my 130-mm refractor, the attendant 
watching its 4.4-magnitude primary 
from the northeast. Separated by only 
1.3″, the components are split by a hair 
at 164× and nicely split at 234×.

The position of Orion’s head is 
marked by Lambda (λ) Orionis and the 
other bright stars of the loose cluster 
Collinder 69. Lambda is a double star 
with blue-white, 3.5- and 5.5-magni-
tude components separated by 4.9″ and 
split in my 105-mm refractor at 87×. At 
low power, Collinder 69 covers about 1° 
and shows about 45 bright to faint stars 

in the 105-mm scope and 55 in the 
130-mm scope.

If you visualize Collinder 69 as 
Orion’s head, then the giant is a 
pinhead. But Sharpless 2-264, the 
6½°-wide emission nebula surrounding 
the cluster, gives him a swelled head. 
Although Sh 2-264 is quite faint, Lowell 
Observatory’s Brian Skiff found it 
“straightforward” with the unaided eye, 
and California amateur Robert Ayers 
has spotted it through 7×42 binocu-
lars. Also in California, Kevin Ritschel 
observed the nebula with fi lter-aided 
eyes. Ritschel mounted a pair of 2-inch 
hydrogen-beta fi lters in holes cut into 
a shallow box, and he held the box up 
to his face like a mask. This not only 
helped him combat light pollution, but 
also kept stray light from refl ecting off 
the back of the fi lters.

Sh 2-264 is too big to fi t in the fi eld 
of my refractors, even at lowest power. 
But I’ve been able to detect the nebula 
by sweeping a telescope across it and 
watching for edge effects, where the 
brightness of the nebula ends and gives 
way to a darker, nebula-free back-
ground. This works best with a hydro-
gen-beta fi lter, but a narrowband nebula 
fi lter can also help.

Collinder 69 is an extremely youthful 
cluster — only 5 million years old — and 
just 1,400 light-years distant. The clus-

ter and its surrounding nebula are part 
of the Orion Complex, a vast array of 
nebulae and youthful stars that engulfs 
most of the constellation.

Now we’ll leap over to a few open 
clusters in eastern Orion. The fi rst is 
NGC 2186, found two-fi fths of the 
way from 8 Monocerotis to Betelgeuse. 
My 130-mm refractor at 37× dis-
plays a small hazy patch fl ecked with 
two stars. At 117× the southern star 
becomes a close pair, the northern one 
gleams yellow, and a half-dozen faint 
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stars emerge. NGC 2186 is an attrac-
tive cluster in my 10-inch refl ector. 
At 70× the brighter stars are crowded 
by many sparkly pinpoints of light. 
At 118× the yellow star closely guards 
a distinctive line of stars trailing 
northward from the pair. Together they 
dominate the northeastern region of a 
20-star wedge tapering southwest for 
4½′. The yellow star is thought to be 
a giant of spectral type G0 and a true 
member of the cluster.

At low power, NGC 2186 shares the 
fi eld of view with the open cluster NGC 

2180. Through the 130-mm refractor 
at 23×, I see an 8th-magnitude star sur-
rounded by a bunch of faint suns in a 
starry fi eld. At 63× the faint stars seem 
to form a hook wrapped around the 
bright one, as though they were trying 
to yank it offstage to the east. The hook 
is about 8½′ long and 4½′ wide, but it’s 
only the south-southwestern part of a 
splashier group of 55 stars spanning 20′.

The split personality of NGC 2180 
is refl ected in the various catalogs and 
atlases that include it. Some show the 
cluster as a small group centered on the 
8th-magnitude star, while others have it 
as a much larger group centered farther 
northeast. Our table refl ects the size 
and position from the 2005 Catalog of 
Open Cluster Data (Kharchenko et al.).

Our fi nal target, NGC 2184, is 
larger and showier than its neighbors 
to the north. It lies 8.4° south of NGC 
2180 and 34′ west-northwest of a deep-
yellow, 5.8-magnitude star. The 130-
mm scope at 23× shows a loose col-
lection of 30 stars, magnitude 7.8 and 
fainter, splashed across 32′. A lopsided 
pie wedge of four bright stars domi-
nates the southeastern side of the clus-
ter, all but the faintest one in shades 
of yellow. The middle star in the arc of 
the pie crust is the lovely double Struve 
874 (Σ874), its 8th-magnitude primary 
closely attended on the north- northwest 
by a 9th-magnitude companion. Some 

of the cluster’s lesser gems also glitter 
with yellowish hues.

In the 1973 Revised New General 
Catalog (Sulentic et al.), NGC 2184 
was deemed nonexistent because Jack 
Sulentic couldn’t verify it on the 1950s 
National Geographic Society – Palomar 
Observatory Sky Survey prints. How-

 Clusters, Doubles, and a Nebula 
in Northern Orion

Object Type Mag(v) Size/Sep RA Dec.

NGC 1662 Open cluster 6.4 20′ 4h 48.5m +10° 56′
Alessi 29 Cluster remnant? — 10′ 4h 49.4m +10° 41′
Elosser 1 Asterism — 21′ 4h 50.9m +7° 51′
Rho Ori Double star 4.6, 8.5 6.9″ 5h 13.3m +2° 52′
32 Ori Double star 4.4, 5.8 1.3″ 5h 30.8m +5° 57′
Cr 69 Open cluster 2.8 70′ 5h 35.0m +9° 56′
Sh 2-264 Emission nebula 4.0 6.5° 5h 36.3m +9° 58′
NGC 2186 Open cluster 8.7 5.0′ 6h 12.1m +5° 28′
NGC 2180 Open cluster — 22′ 6h 09.8m +4° 49′
NGC 2184 Open cluster 5.8 33′ 6h 11.7m –3° 36′
Angular sizes and separations are from recent catalogs. Visually, an object’s size is often smaller than 

the cataloged value and varies according to the aperture and magnifi cation of the viewing instrument. 

Right ascension and declination are for equinox 2000.0. 

ever, clusters are sometimes over-
whelmed by fi eld stars on deep images, 
while our eyes do a better job of sorting 
them out.

¢ Contributing Editor SUE FRENCH 

wrote this column for the February 2012 

issue of Sky & Telescope.
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The 2020 Sky & Telescope  
Observing Calendar combines 
gorgeous astrophotography and 
special monthly sky scenes that 
illustrate the positions of the 
Moon and bright planets. It also 
highlights important sky events 
each month, including eclipses, 
meteor showers, conjunctions, 
and occultations.
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pCARBON DWARF The slightly orange star at the center of this image 

is G77-61, the fi rst carbon dwarf discovered. The image spans half a 

degree in Taurus. G77-61 remains the brightest and nearest known 

example of a carbon dwarf. 
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O
f the many chemical elements that stars create, none 
is more vital to terrestrial life than carbon. About half 
the carbon in your body arose from red giants, which 

minted the element in their interiors and then dredged it up 
to their surfaces, transforming themselves into carbon stars. 
They cast the element away when they ejected their carbon-
coated atmospheres and became white dwarfs.

As if beckoning their progeny on Earth, carbon stars 
boast beautiful ruby hues that have long attracted observers: 

“the most intense crimson, resembling a blood-drop,” wrote 
19th-century astronomer John Russell Hind of the carbon 
star R Leporis. Although this stellar gem is known as Hind’s 
Crimson Star, William Herschel spotted it fi rst, calling it 
“A bright garnet star . . . a most beautiful colour” four years 
after discovering the planet Uranus.

Giant carbon stars look even redder than ordinary red 
giants for two reasons. First, carbon compounds soak up the 
stars’ blue and violet light. Second, the stars are shedding 

Stars that shouldn’t even exist may soon 
offer new clues to both the ancient universe 
and the galaxy’s birth.

THE STARS THAT SHOULDN’T BE by Ken Croswell

Dwarf 



B
O

B
 F

R
A

N
K

E

qR LEPORIS Hind’s Crimson Star (left) blazes with a blood-red glow 

that puts G77-61’s shine to shame. R Leporis and its other giant breth-

ren are more deeply tinted than the dwarf because dust clouds surround 

their atmospheres and redden their starlight.
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their carbon-rich atmospheres, enshrouding themselves in 
dust that further reddens their light.

Most of the galaxy’s carbon stars, though, are not the 
crimson giants glistening through your telescope. Instead, 
they’re mere red dwarfs, much smaller than the Sun. 

“There are far more dwarf carbon stars than giant carbon 
stars,” says Bruce Margon (University of California, Santa 
Cruz), who nevertheless admits that few astronomers have 
heard of the stars. “If you go to any assemblage of astrono-

Dahn later gave a talk about G77-61. “This just can’t be 
— it cannot be a carbon star,” he remembers one astronomer 
saying. “There has to be a misidentifi cation.” Yet today G77-
61 is the prototype for the entire class of stars.

“The phrase ‘dwarf carbon star’ should be an oxymoron,” 
Margon says. That’s because a red dwarf generates energy by 
converting hydrogen into helium and produces no carbon. 
A carbon-smothered red dwarf is therefore akin to a kinder-
gartner carrying handwritten calculus equations to school.

Just as you might suspect that the kindergartner didn’t 
write those equations but instead had help from an older 
sibling, so Dahn’s team attributed the carbon atop G77-61 to 
a companion star, whose light no one had ever seen. In this 
scenario, the companion was born more massive than the 
red dwarf and eventually expanded into a red giant, when it 
fused helium nuclei together to forge carbon. Some of this 
carbon then reached the star’s surface. The giant showered 
carbon onto its red dwarf neighbor and soon shrank into a 
hot white dwarf. The white dwarf then cooled and faded so 
that the red dwarf now outshines it, which is why no one can 
see the white dwarf’s light.

A decade later, a wobble in the red dwarf signaled an orbit-
ing star with just the right mass to be a white dwarf, con-
fi rming this theory for the red dwarf’s carbon. The red and 
white dwarfs orbit each other every 245 days.

But G77-61 was still unique, a stellar freak, the only 
dwarf carbon star ever seen. Further confi rmation for the 

mers and say ‘What’s a dwarf carbon star?’, you just get 
blank stares.”

Yet these little red stars tell two intriguing tales. The 
fi rst is one of stellar evolution: How can a red dwarf, which 
doesn’t create carbon, get so much of this element as to 
become a carbon star? The second is a promise for the future: 
possible new insight into the universe’s fi rst years, because 
many and maybe most carbon dwarfs belong to the galaxy’s 
ancient stellar population, its halo.

They Might Not Be Giants

Astronomers found the fi rst carbon dwarf in the 1970s, a 
red star in Taurus named G77-61. “G77-61 had extremely 
peculiar colors,” says Conard Dahn (U.S. Naval Observa-
tory, Flagstaff), who measured its brightness at different 
wavelengths. The star was fairly nearby — about 255 light-
years from Earth, according to modern measures — but was 
as dim as Pluto, which meant the star was a red dwarf, not 
a red giant. At a 1975 Christmas party, Dahn told another 
astronomer how the star was redder than other red dwarfs of 
the same luminosity.

That conversation prompted astronomers at Lick Observa-
tory to obtain the star’s spectrum in January 1976. One of 
the observers, James Liebert (University of Arizona), phoned 
Dahn. “He says, ‘You’re not going to believe this, but it looks 
like a carbon star,’” Dahn recalls. “Knowing that carbon 
stars were giants, I said: ‘Come on, what are you talking 
about here?’” The little red star in Taurus had the same car-
bon compounds as “normal” carbon stars: diatomic carbon 
molecules (C2), methylidyne (CH), and cyanogen (CN).

THE PROTOTYPE

Name: G77-61

Constellation: Taurus

Distance from Earth: 255 light-years

Apparent Visual Magnitude: 13.9

Absolute Visual Magnitude: 9.4

www.skyandtelescope.com
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scenario explaining the star’s odd nature came later, 
when Ulrich Heber (University of Erlangen-Nurem-
berg, Germany) and colleagues discovered a hot 
white dwarf in Cancer named PG 0824+289 that 
had a carbon dwarf companion. The pair presum-
ably was a younger version of G77-61.

Meanwhile, in Seattle, a graduate student named 
Paul Green, whom Margon was advising, hoped to 
determine the Milky Way’s mass by fi nding carbon 
giants in the outer halo and measuring their speeds. 
Because these stars are luminous, Green reasoned 
that those that look dim should be far away, possibly 
more than 100,000 light-years distant.

Instead, Green was shocked to fi nd that three 
faint, previously known carbon stars had detect-
able proper motions, a sign the stars weren’t bright 
giants at the edge of the galaxy but instead dim 
dwarfs much nearer to the Sun. “So right away,” he 
says, “I got scared that my thesis was in jeopardy.”

And indeed it was. Thwarted by the scarcity of 
carbon giants in the distant halo, he devoted his dis-
sertation to dwarf carbon stars instead. After moving 
to the Harvard-Smithsonian Center for Astrophysics, 
he spent years mining the Sloan Digital Sky Survey. 
In 2013, he reported 729 new carbon dwarfs, far 
outnumbering all previous discoveries put together.

Stellar Time Capsules
With so many carbon dwarfs now known — “The 
carbon dwarfs vastly, vastly outnumber the carbon 
giants,” says Jay Farihi (University College London) 
— astronomers can explore them further. For one 
thing, all carbon dwarfs seem to have white dwarf 
companion stars, just as theory predicts. In 2018, 
Lewis Whitehouse (also University College London), 
Farihi, Green, and their colleagues reported detect-
ing companion stars orbiting 21 of the 28 carbon 
dwarfs the scientists monitored. “Our results are 
consistent with a 100% binary fraction,” Farihi says.

Ironically, many carbon dwarfs belong to the very 
population Green had originally wanted to study: 
the stellar halo, whose oldest members date back to 
the Milky Way’s birth. Although the stellar halo con-
stitutes a pittance of the galaxy’s total stellar mass, 
it carries an enormous amount of information about 
the distant past.

Because we live in the Milky Way’s disk, most 
nearby stars are disk stars. But halo stars stand out 
by their kinematics — that is, their motions relative 
to us. The Sun and the other disk stars revolve fast 
around the galactic center, whereas halo stars don’t. 
As we pass them by, they therefore appear to move 
fast relative to us. Dahn’s team recognized from the 
start that G77-61 had the kinematic hallmarks of 
the halo.

MAKING A CARBON DWARF Little red dwarfs become car-
bon stars when a companion showers them with the element.
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5. Over billions of years, the white dwarf cools and fades so 

that observers can no longer see it. 

1. Long ago, a blue star a few times as massive as the Sun and 

a red dwarf were born together. Both stars fuse hydrogen 

into helium at their centers. (Stars are not to scale.)

4. The giant star casts off its atmosphere, exposing its hot core:  

a white dwarf.  

3. Some of the carbon enters the giant’s atmosphere. (The 

carbon might turn the star into a carbon giant like R Leporis.)  

During this stage the star sheds lots of mass. Some falls onto 

the red dwarf companion, changing it into a carbon dwarf.

2. The blue star runs out of hydrogen at its core and expands 

into a red giant. The helium at its core eventually ignites to 

make carbon and oxygen.

H      He

He       C       O
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Nor is G77-61 a fl uke. “Carbon dwarfs give us the poten-
tial for a lot of clues on the birth of the Milky Way,” Farihi 
says. In 2018, his team analyzed the kinematics of more than 
600 carbon dwarfs. Whereas only about 0.1% of stars near 
the Sun belong to the halo, a whopping 30% to 60% of car-
bon dwarfs are halo members and most of the rest belong to 
another old stellar population, the thick disk.

“They are waving a fl ag at you saying, ‘I am a very old 
star,’” Margon says. But why should carbon dwarfs favor the 
halo? First, Margon says, it takes a long time for a star to 
become a red giant, then a white dwarf, and then a white 
dwarf so cool and faint that a mere red dwarf outshines it.

Second, Farihi says, halo stars possess little oxygen, having 
formed before supernova explosions shot much oxygen into 
the galaxy. In most stars, oxygen outnumbers carbon and 
soaks up the carbon by making carbon monoxide. To create 
a carbon star, “you need to fl ip the carbon-to-oxygen ratio,” 
Farihi says, so that carbon is free to form carbon compounds 
other than carbon monoxide. Because the halo has little oxy-
gen, a halo star can convert a companion into a carbon star 
by giving it just a small amount of carbon, explaining why so 
many carbon dwarfs occupy the galaxy’s oldest population.

Moreover, the prototype carbon dwarf seems to be espe-
cially old. The typical halo star’s iron-to-hydrogen ratio is 2% 
solar. But in 2005 Bertrand Plez (University of Montpellier, 
France) and Judith Cohen (Caltech) reported they had found 
that G77-61’s iron abundance is just 0.009% solar. That’s 
shockingly low, even by halo standards, and suggests the star 
arose near the dawn of time.

And the other carbon dwarfs? Alas, no one knows. “It’s 

Carbon dwarfs are challenging amateur targets at best. Here we’ve listed a few that are well-placed during 
January, February, and/or March for Northern Hemisphere observers. We’ve also listed several carbon giants 
for comparison, but note that these are variables so their magnitudes are approximate.

hard work,” Green says. The stars are faint, which impedes 
extracting elemental abundances from their spectra. Further-
more, deriving such numbers for carbon-rich stellar atmo-
spheres is diffi cult. Nevertheless, Margon’s team recently 
obtained spectra that suggest not all carbon dwarfs are as 
extreme as the prototype.

Still, G77-61’s meager iron abundance hints that some of 
its carbon dwarf peers could offer insights into the primor-
dial era when the fi rst stars shone and exploded, catapulting 
chemical elements into space. Although those stars have died, 
the elements they forged survive on the surfaces of ancient 
long-lived stars like G77-61, which means that carbon dwarfs 
could help reveal the nature of the fi rst stars and in particu-
lar how massive they were. 

Thus, the little red stars that most astronomers have never 
even heard of may preserve fossil records of the short-lived 
superstars that lit the early universe and ended the cosmic 
dark ages more than 13 billion years ago.

¢ KEN CROSWELL, who earned his PhD at Harvard Univer-

sity for studying the Milky Way’s halo, has written for National 

Geographic, New Scientist, and Scientifi c American. He is the 

author of eight books, including The Alchemy of the Heavens 

and The Lives of Stars.

Select Carbon Stars
Object Type Mag(v) RA Dec. Approx. distance (l-y)

G77-61 dwarf 13.9 03h 32.6m +01° 58′ 255

2MASS J0933-0031 dwarf 14.6 09h 33.4m −00° 32′ 487

2MASS J0818+2234 dwarf 16.2 08h 18.1m +22° 34′ 1,320

2MASS J0742+4659 dwarf 16.7 07h 43.0m +46° 59′ 482

UU Aur giant 5.3 06h 36.5m +38° 27′ 1,600

BL Ori giant 6.0 06h 25.5m +14° 43′ 2,280

W Ori giant 6.1 05h 05.4m +01° 11′ 3,290

X Cnc giant 6.4 08h 55.4m +17° 14′ 2,930

W CMa giant 6.6 07h 08.1m –11° 55′ 1,800

R Lep giant 7.8 04h 59.6m –14° 48′ 1,360

Right ascension and declination are for equinox 2000.0.

“So right away, I got scared that my thesis 
was in jeopardy.” 
—PAUL GREEN

www.skyandtelescope.com
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We live in a world made of our ancestor’s dreams, 
where extraordinary feats have become com-
monplace. Most people alive today have never 

witnessed a time when we did not capture exquisite images of 
planets, stars, and galaxies; when we did not regularly shuttle 
members of our species to a residence orbiting 250 miles 
above Earth; when we did not plunge spacecraft into the 
depths of the cosmos, scattering them throughout the solar 
system and beyond. In the ages before these feats, launching 
anything into space was mere fantasy, a collaboration of the 
mind and the pen. Firmly earthbound, we looked up, told 
stories about far-off worlds, and imagined what it might be 
like to visit them.

The pathbreaking 17th-century astronomer Johannes 
Kepler (S&T: Aug. 2019, p. 58) authored such a story — a trav-
elogue, an amalgam of science and fi ction, detailing a voyage 

from Earth to the Moon. His work relates what a journey 
of this kind entails as people traverse the expanse of space 
between the two worlds and the discoveries that await them 
on the other side. It’s titled Somnium (The Dream).

The origins of Somnium trace back to Kepler’s early life. As 
a student in 1593, he composed a dissertation in which he 
speculated about the appearance of Earth from the vantage 
of the Moon. An advocate of the controversial Sun-centered 
universe, Kepler intended to support one of the theory’s 
assertions: a rotating Earth. Those who opposed heliocen-
trism maintained that such dramatic movements would be 
felt or otherwise obvious to the senses. Kepler hypothesized 
that the apparent motionlessness of Earth is an illusion; the 
planet spins unbeknown to terrestrial observers because 
they partake in the rotation. Meanwhile, those same observ-
ers witness the Moon traversing the nighttime sky. Kepler 

TRANSGENERATIONAL SPACEFLIGHT by Jake Rosenthal

The great astronomer Johannes 
Kepler played a central role in the 
evolution of spacefl ight.
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p Left: Johannes Kepler was 

the fi rst scientist to explore in 

detail how the universe would 

appear to an observer on the 

Moon. In this diagram, he 

shows how a total solar eclipse 

on Earth would appear from 

outer space. Right: On August 

21, 2017, NOAA’s Deep Space 

Climate Observatory fulfi lled 

Kepler’s prophecy by photo-

graphing a total solar eclipse 

crossing North America.

u This posthumous portrait of 

Johannes Kepler was engraved 

by the 19th-century British il-

lustrator Frederick Mackenzie.

Johannes Kepler was one of the most 
original scientifi c thinkers of all time. It 
seems likely that he invented the idea of 
stationing an observer on the Moon all on 
his own. But he later encountered some 
similar ideas in the Greco-Roman authors 
Plutarch and Lucian, which he ended up 
referencing extensively in Somnium.

Plutarch is best known as a biographer, 
but he also wrote an infl uential treatise 
titled On the Face Which Appears in the 
Orb of the Moon. It dissented from the 
mainstream Greco-Roman theory that the 
Moon is a perfect sphere — a theory that 
struggled mightily to explain the Moon’s 
familiar dark splotches. Instead, Plutarch 
suggested that the Moon is a complex, 
irregular world much like Earth and is very 
likely inhabited.

Two or three generations later, the 
satirist Lucian of Samosata wrote two 
works describing journeys to the Moon. 
His True History is a sequence of ever-
more-whopping tall tales culminating 
with the hero’s ship being swept up by 
a whirlwind to the Moon, where he joins 
the lunar army in a war with the Sun for 
the right to colonize Venus. In Lucian’s 
Icaromenippus, the hero fl ies to the Moon 
by strapping bird wings to his arms. There 
he encounters the goddess Selene, who is 
indignant with all the scientists who claim 
that she is a spherical body orbiting high 
above Earth and shining by the refl ected 
light of the Sun. The hero then proceeds 
on to Heaven, where he is stripped of his 
wings and escorted back to Earth by the 
messenger-god Mercury.

Lucian created delightful farces by 
juxtaposing contemporary science with 
traditional religion and mocking both. He 
didn’t really care about exploring the cos-
mos; his genius was for exploring human 
foibles. But Icaromenippus does have one 
strikingly modern scene in which the hero 
looks down from the Moon onto Earth 
and sees how petty we all are in the grand 
scheme of the universe.
—TONY FLANDERS
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imagined what someone would experience if 
uprooted from our planet and planted on the 
lunar surface: The motions of the Moon go 
undetected, while those of Earth are revealed.

Kepler’s dissertation challenged the prevail-
ing Earth-centered model of the universe, and 
unfortunately for him, the professor in charge 
of dissertations was deeply entrenched in the 
geocentric worldview. Typically, a dissertation 
would have been the subject of public debate, 
but Kepler’s writing was denied an audience. 
Wary of protesting this ruling, Kepler fell silent 
on the matter. He shelved the work, awaiting a 
time when circumstances would swing in his favor.

When Kepler returned to the dissertation 16 years later, 
he decided to reframe it as a dream. He believed that in this 
context, geocentrists could dismiss objectionable material as 
inventions of his imagination. Thus, if portrayed as fi ction, 
his thoughts on astronomy might evade censorship.

During this period of revision, Kepler also introduced a 
passage that addresses lunar fl ight itself. In telling this stage of 
the journey, he harks back to the ancient Greeks, with whom 
literary voyages beyond Earth originated. The stories of antiq-
uity were facetious in their treatment of space travel, recount-
ing humans being lofted into the heavens by whirlwinds or 
transported across space by gods (see the boxed text on the 
previous page). Kepler follows this precedent; his explorers 
require the services of a spirit to convey them between worlds. 
However, amidst this homage to the ancients, Kepler breaks 
new ground with an earnest discussion of the practical prob-
lems of spacefl ight.

Kepler speculated that space is permeated 
with a deadly barrage of solar radiation. There-
fore, Moon fl ights must be scheduled for a lunar 
eclipse, when Earth is situated between the Sun 
and Moon, generating a shroud of darkness in 
which the voyagers fi nd safe passage.

The rigors of launch are compared to the 
detonation of explosives. The ascent so jars the 
explorer that he requires sedation. His body 

must be fastened and protected, lest his limbs be horrifi -
cally torn away. But at the end of this torturous episode, the 
explorer coasts peacefully to the Moon without any further 
application of force.

A close inspection of the Moon reveals perilous terrain. 
Here, Kepler indulges in what he called lunar geography. 
In Somnium, he describes the Moon’s features as dwarfi ng 
those of Earth. Mountains tower above all earthly peaks, and 
chasms plummet to depths far below the greatest terrestrial 
trenches. The climate is no more tame. Each day and night on 
the Moon causes huge swings in temperature, blistering heat 
giving way to severe cold.

In time, Kepler proved correct in his assessment of the 
climate; however, he was wrong about the size of lunar 
mountains and many other matters, including the presence 
of life. Kepler populated the lunar landscape with a diverse 
community of bizarre creatures. He even included a detailed 
description of how intelligent beings might have built the 

While Johannes Kepler was working on the fi rst version 
of Somnium, his great contemporary Galileo Galilei heard 
of a new device that made distant objects appear bigger. 
Galileo built his own telescope (as we now call it), turned 
it to the night sky, and in one year he discovered that the 
Milky Way comprises innumerable faint stars, confi rmed 
Petrarch’s theory of complex lunar topography as shown 
in the sketches on the facing page, discovered Jupiter’s 
four bright moons, and observed their changing patterns. 
That was a severe blow to the geocentric theory, because 

it proved that at least four objects orbit something other 
than Earth! He published these results in 1610 in a short 
pamphlet entitled Sidereus nuncius (Starry Message or 
Messenger) that electrifi ed the scientifi c community. 

Kepler was thrilled by the pamphlet. He wrote an 
open letter to Galileo titled Conversation with the Starry 
Messenger that discusses the new revelations in detail. 
Toward the end, he mentions the possibility that both 
the Moon and Jupiter are inhabited and proceeds to say, 
“But as soon as somebody demonstrates the art of fl ying, 

t The title page of Somnium reads as follows: “By Joh. 

Kepler, formerly Imperial Mathematician, Somnium, or 

Posthumous Work on Lunar Astronomy,” followed by 

publication information.
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settlers from our species of man will not be lacking.” And 
then he proposes that he and Galileo prepare the charts 
to be used by these explorers.

This appears to be the very fi rst time that anyone wrote 
about colonizing other worlds not as a fantasy or satire, 
not even as an interesting possibility, but rather as some-
thing that is destined to happen.

Many people wrote about spacefl ight and alien life after 
Sidereus nuncius, drawing parallels with the New World 
discovered 118 years earlier by Christopher Columbus. 
It’s a testament to Kepler’s unique genius that he was 
thinking about visiting alien worlds when he was a stu-
dent, 14 years before the telescope was invented.
—TONY FLANDERS

Kepler correctly stated that 
the most beautiful sight on 
the Moon’s nearside is Earth, 
which rotates, waxes, and 
wanes, but always stands 
in the same spot in the sky. 
In this photograph, NASA’s 
Lunar Reconnaissance Or-
biter captured Earth appear-
ing around the curve of the 
Moon’s surface.
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lunar craters which, he thought, were too perfectly circular 
to have been formed by nature. He was unaware of the rocky 
debris bombarding the Moon, excavating the circles.

He speculated that the inhabitants shelter in caves to pro-
tect themselves from extremes of heat and cold, especially on 
the Moon’s farside, where the long lunar night is unrelieved 
by Earth’s glow.

Recalling the hostility that he encountered in his youth, 
Kepler entrusted the manuscript of Somnium to various col-
leagues for review. He sought to understand how his writing 
would be received. This decision, he believed, prompted the 
hardships that soon visited his family.

Kepler’s mother, Katharina, was argumentative and tem-
peramental. She quarreled with neighbors and local authori-
ties. Elderly, alone, and the object of public contempt, Katha-
rina was susceptible to the storms of superstition that raged 
in 17th-century Europe (and America). She was arrested on 
charges of witchcraft — taken in the night and whisked away 
in a linen chest.

Kepler came to his mother’s defense, entangling himself 
in a grueling campaign to prove her innocence. He worked 
diligently to reveal the natural forces underlying the sup-
posed evidence of witchcraft. After six long years, Katharina 
was acquitted and exiled, warded off by the promise that her 
return would mean her death.

A grief-stricken Kepler refl ected on his mother’s arrest 
and the ordeal that followed. He imagined that a copy of 
Somnium had escaped his colleagues and had been read by 
one of his mother’s enemies. Parts of the text are blatantly 
autobiographical; for instance, the explorer, like Kepler, was 
apprenticed to the Danish astronomer Tycho Brahe. Kepler 
suspected that his mother was, correspondingly, likened to 
the explorer’s mother — a mysterious vendor of drugs and a 
friend to spirits. So, Kepler feared, it was Somnium that had 
aroused suspicions of sorcery and cries of witchcraft.

The case for Kepler’s culpability is tenuous. It seems much 
more likely that Katharina was just another innocent victim 
of the paranoia and fear that were rampant in her time. How-
ever, Kepler blamed himself, convinced that he had penned 

Like almost all scholarly works of the 17th century, 
Kepler’s Somnium was written in Latin, making it 
inaccessible to the general public. But the small 
community of scientists interested in alien life and 
spacefl ight took note of the book from the moment 
that Kepler fi rst circulated his manuscript among 
his colleagues.

John Wilkins’s 1638 book The Discovery of a 
World in the Moone is sprinkled with references to 
Kepler, including a short discussion of spacefl ight 
at the end. Internal evidence suggests that he 

heard about Somnium sec-
ondhand rather than reading 
one of the rare copies that 
had been published just four 
years earlier.

In 1640 Wilkins expanded 
his brief note about space-
fl ight into a discussion of its 
problems and possible solu-
tions, far more detailed and 

sophisticated than anything Kepler attempted. It 
ends with a clarion call to fl y to the stars “despite 
those who choose to crawl on their bellies like 
reptiles.” Written in nontechnical terms for a lay 
audience, The Discovery of a World in the Moone
provoked a brief and wildly premature burst of 
spacefl ight enthusiasm.

Jules Verne and H. G. Wells, the fathers of mod-
ern science fi ction, both mention Kepler’s theory 
of an inhabited Moon. And an offhand reference 
to “Kepler’s sub-volvani” in Wells’s 1901 book 
The First Men in the Moon makes it clear that 
Wells took the idea of selenites sheltering from 
extremes of heat and cold in a 
honeycombed Moon directly from 
Somnium, though he channeled 
Kepler’s vision into a much deep-
er and more disturbing narrative.

All the early rocket pioneers 
cited Verne or Wells as hav-
ing inspired them to investigate 
spacefl ight, so the causal chain 
linking Kepler to real-life space 
rockets is surprisingly short. And 
through Verne and Wells, Kepler’s 
infl uence on popular culture is 
incalculably huge.
—TONY FLANDERS

Appropriately enough, the bright young lunar craters Kepler and Copernicus have overlap-
ping ray systems. Johannes Kepler thought that craters were artifi cial constructs.

Kepler
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the very evidence that locked her away. 
He assumed a responsibility that was 
never his and was plagued by guilt for 
the rest of his life.

When Kepler returned to Somnium, 
he set out to dispel the misrepresenta-
tion of his work and mischaracteriza-
tion of his mother. Accordingly, he 
supplemented the manuscript with 
footnotes containing elucidations of lunar geography, discus-
sions of telescopic observations, and rebukes of those who 
(he believed) had weaponized his words against an innocent 
woman. The remarks — 223 in all — are many times longer 
than the main text, and required a decade to complete.

Kepler’s Somnium was a lifelong exercise in scientifi c inves-
tigation, imagination, and patience. But illness struck Kepler 
down before the manuscript made it to print. His son Ludwig 
took charge of the manuscript, which was fi nally published in 
1634, four years after Kepler’s death. 

Combining a mystical framework, a weak narrative, and 
a profound but rambling scientifi c treatise, Somnium is not 
an easy read. While the book had a deep effect on some of 
Kepler’s contemporaries (see the discussion on the facing 
page), others were confused, and most were probably unaware 
of its existence. Not until the mid-20th century was Somnium 
studied in earnest. We now recognize it as the fi rst modern 
contemplation on lunar geography and spacefl ight.

A far cry from the doctoral dissertation from which it 
sprang, the completed Somnium is more than an effort to 
promote and popularize the Sun-centered universe. It’s a 
prophecy about the potential of science and the promise of 
our species. Kepler believed that space travel was indeed pos-
sible, that someday humanity would construct ships suited to 
the cosmic seas and sail for uncharted worlds.

More than three centuries elapsed after Kepler’s death 
before humans attained spacefl ight — before they propelled 
themselves into the heavens, braving that dangerous expanse, 
destined for the Moon. Then, far from home, those voyagers 
beheld Earth from aloft — its lands adorned by vibrant hues, 
its oceans peeking through wispy clouds — and darkness 
stretching in every direction. But marooned in a time long 
past, Kepler was never to know of humanity’s rendezvous 
with the Moon and the bootprints impressed in its surface.

While our capabilities and technologies far surpass those 
of Kepler’s time, our fundamental situation remains the 
same. We reckon with the blank regions on our maps — all 
that lies outside our line of sight and beyond our reach. We 
stare out at the universe through a pinhole, fated to know 
hardly any of it — just our little corner, perhaps, and a few 
remote fragments, here and there. We try mightily to force 

a retreat of the boundary separating 
knowledge and ignorance. Yet when we 
cross one frontier, we discover a new 
one. So we do what we can, in the time 
we have, to light up the darkness in 
which we live, and bequeath a universe a 
little less unknown.

Each generation that follows us will 
gaze up with wide eyes and see the 
universe for the fi rst time. Our succes-
sors will access perspectives yet unseen, 
behold wonders yet unimagined, and 
reveal the cosmos as it has never been 
known to us nor any human before. And 

we, islanded in our own time, reach into theirs, helping to 
create a future that we cannot live to experience directly.

Space travel is an endeavor owed to the labor of multi-
tudes — to the generations past who developed the technology 
and garnered the scientifi c know-how to propel us into the 
universe. Now, the time is ours to carry on this remarkable 
undertaking. Today, it is we, the most recent iteration of 
humankind, who make the unthinkable plausible and the 
extraordinary commonplace. We are the next chapter in a 
story far greater than ourselves — a story spanning from the 
distant past to distant worlds. With every voyage beyond 
Earth, we fulfi ll the dreams of our ancestors and set the stage 
for our descendants to venture farther than we ever will.

¢ JAKE ROSENTHAL is an aerospace engineer at NASA’s 

Goddard Space Flight Center. He was born a quarter-century 

too late to witness humankind’s fi rst “giant leap,” but at the 

right time to take part in the next. 

FURTHER READING: The standard English translation of Ke-

pler’s Somnium, with ample commentary, is by Edward Rosen, 

Dover Publications, 2003. Marjorie Hope Nicolson’s Voyages to the 

Moon (Macmillan Co., 1948), sadly long out of print, is a superb 

synopsis of spacefl ight stories from ancient Greece to the fi rst bal-

loon fl ight in 1783. 

u The Kepler spacecraft, shown here launching 

in 2009, discovered more than 2,600 exoplanets 

in its nine-year lifespan. Carl Sagan, among oth-

ers, insisted on naming it after the great 17th-

century advocate for exploring alien worlds.

After a gravity assist 
in 1992, NASA’s 
Galileo probe 
photographed Earth 
and the Moon as it 
sped on to its 1995 
rendezvous with 
Jupiter.
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Sky-Watcher’s Esprit 
150mm APO Refractor 
Here’s a large apochromat that produces a big bang for your buck. 

WHEN I WAS MUCH YOUNGER than 
I’d care to relate, I spent lots of time 
eyeing those S&T back cover ads for 
6-inch Unitron refractors. Surely, I 
thought, that large (and long) refrac-
tor would be the perfect telescope. On a 
cloudy night I could kick back and just 
gaze at the scope itself. While I’ve had 
glimpses through large APO refractors 
at star parties, the lure of these classical 
instruments always was just beyond my 
grasp. When I was presented the oppor-
tunity to review the Sky-Watcher Esprit 
150mm ED triplet refractor, I fi nally had 
the chance to realize my expectations.

The Esprit 150ED on loan from Sky-
Watcher USA arrived this past summer. 
It was shipped in a single, large box, 
and when removed from its rugged, 
fi tted carrying case the scope is com-
pelling just to look at. Though 2 mm 
shy of a 6-inch aperture, its smooth, 
glossy white fi nish and massive 3.4-inch 
focuser immediately convey that this is 
a quality instrument.

Fit and Finish

The Esprit 150ED comes with a top-
notch carrying case, although “foot-
locker” might be a better description. 
The hinged 41 × 16½ × 13-inch case 
is covered in plastic laminate with 
metal-reinforced edges and corners. 
One end has two permanently mounted 
3-inch-diameter hard rubber wheels, 
while the opposite end includes sturdy 
handles allowing a single person to roll 
the case across smooth surfaces. Inside 
is custom-fi tted, high-density foam to 
accommodate the Esprit 150ED tube 
with its mounting rings and dovetail bar 
attached. A row of seven additional cut-
outs provide storage for the fi nderscope, 
fi eld fl attener, and other accessories. The 
case alone weighs 37 pounds. With the 
scope and accessories within, it tips the 
scales at more than 70 pounds, so those 
wheels are certainly useful.

Since the Esprit 150ED with its sup-
plied 2-inch diagonal, fi nderscope, and 
a 2-inch 28-mm  eyepiece weighs 32 
pounds, it is a hefty load that may tax 
some medium-duty mounts. The tube 
assembly is rather front-heavy even 
with its massive 3.4-inch focuser. The 
three-element objective has two lenses 
made of BK7 glass and one of extra-low 
dispersion (ED) glass to eliminate color 
fringing. A metal lens cap slips onto the 
objective cell to protect the lens when 
not in use.

The scope includes a pair of heavy, 
cast-aluminum mounting rings, each 
with four ¼×20 threaded holes on their 
top side. The rings are spaced 12 inches 
apart when attached to the supplied 
dovetail bar. These threaded holes allow 
mounting additional accessories such as 
a guidescope or even a small computer 
(S&T: Sept. 2019, p. 66). 

Sky-Watcher Esprit 
150mm ED Triplet 
Refractor 
U.S. Price: $6,399 (includes case, rings, 

dovetail bars, 2-inch dielectric star diagonal, 

fi nderscope, and 2-inch fi eld fl attener)

skywatcherusa.com

What We Like
Imaging performance with 

included fi eld fl attener

Excellent optics

What We Don’t Like
Mounting plate (dovetail bar)

Finder mount
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p The Sky-Watcher Esprit 150mm ED Triplet 

Refractor is the largest aperture offered in the 

company’s Esprit line of premium apochromatic 

telescopes. This hefty piece of glass will require 

a solid, medium-to-heavy-duty mount to fully 

realize its imaging potential.

www.skywatcherusa.com
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I was looking forward to using the 
scope with my 25-year-old Losmandy 
G-11 German equatorial mount but 
encountered a problem. The Esprit 
150ED’s Losmandy-style D-rail dove-
tail bar was too narrow for my G11’s 
saddle. Tightening the clamps all the 
way down still allowed the dovetail bar 
to slide freely in the saddle. The D-rail 
was almost a millimeter narrower than 
the Losmandy mounting bars I had on 
hand. I switched the Esprit 150ED’s 
tube rings to one of my Losmandy 
plates and was back in business. Note 
that users with Sky-Watcher and other 
mounts with the Losmandy D-system 
may not experience this issue. 

The large 3.4-inch focuser of the 
Esprit 150ED is rotatable by loosen-
ing a large metallic “captain’s wheel” 
collar with four ¾-inch machined pegs 
spaced 90° apart to help your grip. A 
mounting shoe for the supplied 8×50 
right-angle fi nder attaches to the left 
side of the focuser. 

The Esprit’s dual-speed, rack-and-
pinion focuser has very smooth motion 
with almost no backlash. A 2-inch 
compression-ring accessory adapter 
threads onto the end of the drawtube. 
Locking the focus position is done by 
pulling out a small lever located on the 
front of the focuser’s gearbox, which 

was a little awkward in practice. 
 The supplied 2-inch dielectric mirror 

star-diagonal, as well as the 2-to-1¼-
inch adapter, also incorporate non-
marring compression rings secured with 
a thumbscrew. 

One nice feature of the Esprit 150ED 
package is that the purchase price 
includes a zero-power, two-element fi eld 
fl attener to correct for fi eld curvature 
when imaging with large-sensor cam-
eras. It attaches to the scope in place of 
the 3.4-to-2-inch adapter on the focuser 
drawtube. A camera connects to the 
fl attener using M48 threads.  

This rigid, threaded connection 
between the focuser, fl attener, and 
camera virtually eliminates potential 
weak points that can tip the camera and 
distort stars across the imaging plane. 
However, orienting the camera around 
the optical axis isn’t as convenient as 
it would be with thumbscrews and a 
compression-ring-secured coupling. 
The desired camera orientation can be 
achieved by rotating the focuser or the 
telescope within its mounting rings, but 
doing either rotates the fi nder position. 
In some positions the fi nderscope’s 
view was blocked by the guidescope I 
had mounted on the tube rings. Several 
times when imaging with the Esprit 
150ED I wished that the fi nder wasn’t 

p The telescope’s 150-mm f/7 (1,050-mm focal 

length) air-spaced, three-element objective 

incorporates one element made with FPL-53 

extra-low-dispersion glass and two BK7 ele-

ments. Its retractable dewshield is secured with 

two thumbscrews.

q Left: A heavy-duty case included with the scope uses high-density foam with several recessed holes containing blue rubber balls. These nestle the 

telescope tube on all sides and allow room to reach around the scope to lift it from the case. Right: Weighing in at about 70 pounds with scope and 

accessories in tow, the case’s hard rubber wheels allow one person to transport the scope over most surfaces. 

mounted directly to the focuser, or the 
bracket could at least be moved to the 
other side of the focuser. 

While the scope’s $6,399 price tag 
is very attractive for such a large triplet 
apochromatic refractor, the fi nderscope 
fell a little short of my expectations. It’s 
an inexpensive 8×50 right-angle fi nder 
with a solid mounting bracket, but it 
has a narrow fi eld of view and lacks any 
provision for illuminating its crosshairs. 

Visual Impressions 

The Esprit 150ED is an outstanding 

www.skyandtelescope.com
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visual performer on a variety of objects. 
Star images were tiny and sharp to 
the edges of the fi eld using a variety of 
eyepieces. There were no bluish or violet 
halos around bright stars, and the sky 
background was very dark, producing 
high-contrast views on deep-sky objects 
and double stars. Stellar Airy disks 
were clearly surrounded by an unbro-
ken fi rst diffraction ring and stood out 
vividly during periods of good seeing. 
With a Barlow to increase the scope’s 
effective focal length, both Jupiter and 
Saturn revealed lots of fi ne detail and 
no distracting false color. Even pushing 

p Left: The telescope’s solid 3.4-inch rack-and-pinion focuser and mounted 8×50 right-angle fi nderscope are rotatable by loosening the large metallic  

“captian’s wheel” ring with machined spokes. Right: A millimeter scale to aid in repeating focus positions is printed on the focuser drawtube. Also 

visible is the 10:1 fi ne-focus knob.

q A 2-inch dielectric mirror star-diagonal with non-marring compression rings is included with the 

scope, as is a 1¼  -inch adapter (not shown).

the magnifi cation above 50× per inch 
of aperture with short-focal-length Tele 
Vue Nagler and Delos eyepieces, plan-
etary views were still sharp and con-
trasty. Views of both planets riding low 
in my southern sky were consistently 
better than those I saw in my 11- and 
14-inch Schmidt-Cassegrain telescopes. 

Lunar views were equally impressive. 
The scope was free of any troublesome 
off-axis scattering or refl ections no mat-
ter if the Moon was placed in the center 
of the fi eld or near the edge. The Esprit 
150ED’s tube uses six internal baffl es, 
which no doubt contributed to the lack 

of contrast-robbing scattered light. 
White-light views of the Sun with 

a Baader Astro-Solar Safety Film fi lter 
gave great views of the photosphere’s 
surface granulation that easily snapped 
into sharp focus, though no sunspots 
were visible during my testing period.

With all my visual tests, the focuser’s 
movement was smooth and positive. All 
eyepieces I used during my tests reached 
focus with the included dielectric mir-
ror star diagonal without the need for 
any extension tubes. 

Imaging Performance

Many purchasers will see the Esprit 
150ED as an imaging scope with 
included fi eld fl attener and relatively 
fast f/7 focal ratio. 

Sky-Watcher included a T-ring 
adapter with M48mm threads for me to 
use with my Nikon D750 camera, and 
I was really looking forward to how the 
combination performed. The scope is 
advertised as having a corrected image 
circle 43-mm across, and my Nikon 
D750 full frame DSLR camera body with 
its 24 × 36-mm sensor has a diagonal 
measurement slightly greater than 43 
mm. Even so, star images in the extreme 
corners were still tiny and round. There 
was some vignetting in the very corners 
and also a narrow strip of mirror-box 
vignetting along the bottom edge of the 
D750 frame, though fl at-fi eld calibra-
tion easily corrected these minor issues. 
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u The Esprit 150ED includes a dedicated 

fi eld fl attener to improve star images 

near the edges of the fi eld of view on 

full-frame cameras. The fl attener replaces 

the focuser’s 2-inch accessory adapter, 

screwing onto the exposed threads. 

p With the included fi eld fl attener, stars 

appeared about as round and sharp in 

the corners of the author’s Nikon D750 

DSLR frame as they were in the center 

of the fi eld, as revealed by this image of 

the Lagoon Nebula with blowups of the 

extreme corners.

www.skyandtelescope.com
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Users with smaller detectors shouldn’t 
experience vignetting at all.

To see how fl at the fi eld is, I focused 
a star near the center of my camera’s 
fi eld by evaluating the star’s full width 
at half maximum (FWHM) diameter 
using Backyard Nikon software. Moving 
the star from the center of the frame to 
near the edge produced very little differ-
ence in the FWHM value, attesting to 
the Esprit 150ED’s well-corrected fi eld. 

No focus change due to temperature 
variations was evident during my imag-
ing tests. The 3.4-inch focuser had no 
problem keeping my camera aligned to 
the imaging plane no mater where in 
the sky the scope was pointed, and the 
focuser’s locking mechanism, though 
a little awkward to access, held focus 
throughout every exposure.

In Conclusion

It’s hard to imagine a purchaser being 
disappointed with any performance 
aspect of the Sky-Watcher Esprit 150ED. 
Visual observers will enjoy textbook star 
images across a wide fi eld, and imagers 
will delight in its tight corner-to-corner 
star images across large imaging chips.

The weight and length of the scope 
will be an important consideration for 
mounting the scope. The scope worked 
well with my Losmandy G11, but one 
should probably consider this the 
minimum in mounting options for the 
heavy Esprit 150ED, especially if one 
adds on a large camera, fi lter wheel, 
and guidescope.

The scope gave me many memorable 
views of deep-sky objects, the Moon, 
and planets. Hooking a camera to the 
scope with the included fi eld fl attener 
resulted in exciting images of deep-sky 
objects with textbook star images across 
the entire fi eld.

■ Contributing Editor JOHNNY HORNE 
still fantasizes about owning a large 

apochromatic refractor. 

t Views of the Moon in the Esprit 150ED are 

sharp, with neither a hint of color fringing 

visible on the lunar limb, nor any scattered 

refl ections even when placing the Moon out-

side of the fi eld of view. This image centered 

on Sinus Iridium was recorded with a ZWO 

ASI290 high-speed video camera at the 

telescope’s native f/7 focal ratio.

q This uncalibrated image of M31 — taken 

with a full-frame Nikon D750 and a 48-mm 

T-adapter — displays minor vignetting in the 

extreme corners of the fi eld. Flat-fi eld calibra-

tion reduces this to imperceptible levels.

u The Esprit 150ED excels at imaging nebulous 

deep-sky objects and handles bright stars well. 

This shot of the Pleiades (M45) is a stack of 

thirty 5-minute exposures with a Nikon D750 

DSLR camera showing bright stars free of 

refl ections or large, distracting halos.  
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p BINOCULAR COMPENDIUM

Retired Navy Chief Opticalman William J. Cook releases 

new book for binocular afi cionados: Understanding & At-
taining 3-Axis Binocular Collimation ($19.95). Cook, whose 

previous book Binoculars: Fallacy & Fact we reviewed in 

the August 2018 issue on page 57, dispels common myths 

and misconceptions about binocular collimation prevalent 

online today. He delves into the nuances of true binocular 

collimation and what is required to achieve it with any set 

of fi eld glasses currently available. Paperback, 68 pages, 

ISBN 978-1790983780.           

William J. Cook

Available on amazon.com

u GEAR CONTROLLER

Software Bisque announces TheSky Fusion ($1,695), a compact, mountable 

control computer for your imaging system. TheSky Fusion simplifi es imaging 

setups by powering and controlling a broad range of astro-imaging cameras, 

fi lter wheels, focusers, and other devices using a Linux operating system 

that eliminates the need for Microsoft Windows and its disruptive updates. It 

includes a pre-installed 64-bit professional edition of TheSkyX software con-

fi gured for imaging. As a complete embedded system, TheSky Fusion draws 

much less power than a normal computer, and its fast performance shouldn’t 

degrade over time. The unit includes a 64-bit Hex-Core 1.8 GHz CPU with 

256 GB of mass storage space and 4 GB of RAM. A status display panel 

reports current operations and includes built-in GPS, eight Ande rson Pow-

erpole ports, four USB 3.0 ports, and an HDMI 2.0 monitor output. It can be 

controlled using any web browser through its built-in WiFi or its Ethernet port. 

Software Bisque

862 Brickyard Circle, Golden, CO 80403

303-278-4478; bisque.com

p BIG OFF-AXIS GUIDER 

Optec now offers the Sagitta Off-Axis Guider for large-

format cameras (starting at $595). Optimized for large 

cameras, this guider features a 3-inch clear aperture that 

can accommodate large CCD or CMOS detectors. Its body 

thickness requires 1¼ inches of back focus, and its large 

12.5-mm clear aperture pick-off prism can be independently 

focused with plenty of range to guarantee bright, sharp 

guide stars in most fi elds. The Sagitta Off-Axis Guider can 

be upgraded with a focus motor to permit remote operation, 

and a completely motorized version is available for $895. 

Optec

199 Smith St., Lowell, MI 49331

888-488-0381; optecinc.com

New Product Showcase is a reader service featuring innovative equipment and software of interest to amateur astronomers. The descriptions are based largely on 

information supplied by the manufacturers or distributors. Sky & Telescope assumes no responsibility for the accuracy of vendors’ statements. For further information 

contact the manufacturer or distributor. Announcements should be sent to nps@skyandtelescope.com. Not all announcements can be listed.

mailto:nps@skyandtelescope.com
www.bisque.com
www.optecinc.com
www.amazon.com
www.skyandtelescope.com


GALLERY

74 FE B RUA RY 2 0 2 0  •  S K Y & TELESCO PE

WOLF-RAYET BUBBLE

Douglas Struble
The colorful gas shell of WR 134 in Cygnus is 
the result of an energetic Wolf-Rayet star at the 
center of the image emitting intense radiation.
DETAILS: Explore Scientifi c ED152 refractor with 
ZWO ASI1600MM-Pro CMOS camera. Total 
exposure: more than 19 hours through Hα and
O III narrowband fi lters. 



t CYGNUS LOOP

Chuck Manges

This wide-fi eld image of the Veil Nebula complex, 
a large supernova remnant, displays the two main 
segments of NGC 6992/6995 (top left) and NGC 
6960 at right. At upper right is a fainter segment 
known as Pickering’s Triangular Wisp.
DETAILS: Celestron EdgeHD 11 with Hyperstar and 
QHY163M CMOS camera. 12-panel mosaic with a 
total of 8 hours exposure through both color and nar-
rowband fi lters. 

q AIRGLOW IN ANDROMEDA

Jeff Dai

Strong greenish bands of airglow light up the sky 
over Lake Mugecuo in Sichuan, China, though they 
prove no match for the brightness of spiral galaxy 
M31 seen at the center of the image. 
DETAILS: Canon EOS 6D DSLR with 16-to-35-mm 
zoom lens at 16-mm, f/2.8. Total exposure: 15 seconds 
at ISO 12800.
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Gallery showcases the fi nest astronomical images that our readers submit to us. Send your best shots to gallery@skyandtelescope.com. See
skyandtelescope.com/aboutsky/guidelines. Visit skyandtelescope.com/gallery for more of our readers’ astrophotos.

mailto:gallery@skyandtelescope.com
www.skyandtelescope.com
www.skyandtelescope.com/aboutsky/guidelines
www.skyandtelescope.com/gallery
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w NEBULA AND GARNET

Philipe Moussette

This colorful region is IC 1396, a 
large H II region in Cepheus ionized 
by the blue star HD 206267 near its 
center. At top left is the red supergi-
ant star Erakis (Mu Cephei), also 
known as Herschel’s Garnet Star. 
This star is estimated to be roughly 
1,000× larger than our Sun. If it were 
to replace our Sun in the solar sys-
tem it would envelop all the planets 
up to and including Jupiter.
DETAILS: Takahashi FSQ-106 astro-
graph at f/3.6 with Canon EOS 6D 
modifi ed DSLR. Total exposure: 40 
minutes at ISO 1600. 

DESCENDING ECLIPSE

Wang Letian
The Moon and Sun meet low in the 
western sky over Puclaro Dam near 
Vicuña, Chile, during the July 2, 
2019 total solar eclipse.
DETAILS: Canon EOS 6D DSLR 
camera with 24-mm f/1.4 lens. Com-
posite of 28 images shot at 5-minute 
increments. The partial phases were 
imaged through Baader Planetarium 
AstroSolar Safety Film.



t SETTING TRANSIT

Tunç Tezel

In this image taken over Lake Uluabat in western Tur-
key, transiting Mercury appears as a tiny dot near the 
center of the Sun, just above the cloud that covers half 
the face and just left of center.
DETAILS: Canon EOS 6D DSLR with 100-to-400-mm 
lens and 2× teleconverter. Total exposure: 1/800800 second at 
ISO 800, f/16.

q THE HUNTER’S BELT

Gabriel Santos

Several popular objects surrounding the belt stars of 
Orion are visible in this deep image, including M78 
at lower left. The Flame Nebula (NGC 2024) is a little 
left of center, and IC 434 notched by the Horsehead 
Nebula is seen just right of the Flame Nebula. To the 
right is the Orion Nebula, M42, with smaller, comma-
like M43. The entire fi eld is awash in faint brownish 
dust with other areas of bluish refl ection nebulosity. 
North is at left.
DETAILS: Modifi ed Canon EOS Rebel T5 DSLR with 135-
mm lens at f/2.4. Total exposure: 100 minutes at ISO 800.
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Market Place
ads@skyandtelescope.com

Much, much more than just a field guide. 
Annals is the observer’s travel guide to 
the most recent scientific findings told 
with deep historical context and captivat-
ing illustrations.

VOLUME 7
CORONA BOREALIS

CORVUS
CRATER

CRUX

Volume 7 — $24.95

New
!
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shopatsky.com
Get a globe!

mailto:ads@skyandtelescope.com
www.willbell.com
www.farpointastro.com
www.lunatico.es
www.preciseparts.com
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BYERS SERIES III TELESCOPE MOUNT: 
Fully reconditioned by Software Bisque with 
their latest-generation control system. This 
massive, timelessly elegant mount can handle 
telescopes up to the 0.6-0.7-meter class, deliv-
ering exceptional stability and pinpoint go-to 
accuracy. Installed at Rocky Hill Observatory 
in California in 2001, this Byers Series III may 
be seen in action in the fi lm Seeing in the Dark, 
at 49:26. Price new was $135,000 in 2016 
dollars. Offered for immediate sale at $35,000. 
Buyer pays shipping from Golden, CO. Con-
tact: tf@timothyferris.com

NEW SOLAR HOME on 20 acres, 4 miles from 
Portal, Arizona. Quality PV system. 16” wide 
masonry construction. 1,134-sq-ft home plus 
350-sq-ft guest house. 360-degree views. 
Dark skies. Privacy. $236,000. Phone: 505-
470-3014; E-mail slushymeadows@gmail.com.

NEW MEXICO DREAM HOME: Beautiful 3,700 
square foot, 3 bed/3 bath on 22.5 acres at 8,880 
feet. Includes domed observatory with pier 
and C-14. Enjoy 1 arc second seeing. Property 
offered at $489,500. Contact realtor Randy 
Everett:  (575) 682-2583, everett.team@gmail.
com

DARK SKY: Development opportunity adjoins 
Arizona Sky Village. 140+ acres; $85,000 with 
terms; SoldieCreekRanch

1990@gmail.com  530-279-2757

FOR RENT: 3BR/2BA furnished home in ARI-

ZONA SKY VILLAGE PORTAL, AZ. Spectacu-

lar observing/birding!   irkitzman@gmail.com 

www.arizona-dreaming.com 520-203-8500

Classifi ed ads are for the sale of noncommercial 

merchandise or for job offerings. The rate is $1.75 

per word; minimum charge of $28.00; payment 

must accompany order. Closing date is 10th of 

third month before publication date. Send ads to: 

Ad Dept., Sky & Telescope, 90 Sherman Street, 

Cambridge, MA  02140.

BYERS SERIES III TELESCOPE MOUNT: 

Fully reconditioned by Software Bisque 

with their latest-generation control 

system. This massive, timelessly elegant 

mount can handle telescopes up to the 

0.6-0.7-meter class, delivering exceptional 

stability and pinpoint go-to accuracy. 

Installed at Rocky Hill Observatory in 

California in 2001, this Byers Series III may 

be seen in action in the fi lm Seeing in the 

Dark, at 49:26. Price new was $135,000 in 

2016 dollars. Offered for immediate sale 

at $35,000. Buyer pays shipping from 

Golden, CO. Contact: tf@timothyferris.

com

NEW SOLAR HOME on 20 acres, 4 miles 

from Portal, Arizona. Quality PV system. 

16” wide masonry construction. 1,134-

sq-ft home plus 350-sq-ft guest house. 

360-degree views. Dark skies. Privacy. 

$236,000. Phone: 505-470-3014; E-mail 

slushymeadows@gmail.com.

NEW MEXICO DREAM HOME: Beauti-

ful 3,700 square foot, 3 bed/3 bath on 

22.5 acres at 8,880 feet. Includes domed 

observatory with pier and C-14. Enjoy 1 

arc second seeing. Property offered at 

$489,500. Contact realtor Randy Everett:  

(575) 682-2583, everett.team@gmail.com

DARK SKY: Development opportunity 

adjoins Arizona Sky Village. 140+ acres; 

$85,000 with terms; SoldieCreekRanch

1990@gmail.com  530-279-2757

FOR RENT: 3BR/2BA furnished home 

in ARIZONA SKY VILLAGE PORTAL, 

AZ. Spectacular observing/birding!   

irkitzman@gmail.com www.arizona-

dreaming.com 520-203-8500

Classifi ed ads are for the sale of noncom-

mercial merchandise or for job offerings. 

The rate is $1.75 per word; minimum charge 

of $28.00; payment must accompany order. 

Closing date is 10th of third month before 

publication date. Send ads to: Ad Dept., Sky 

& Telescope, 90 Sherman Street, Cam-

bridge, MA  02140.
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REVOLUTION IMAGERREVOLUTION IMAGER
Revolut ionImager.com

Just insert this camera into where your 
eyepiece normally goes, and you’ll 
soon be “seeing” objects that are 
impossible to see the same way in 
your eyepiece! Works in cities too.

No computer required. Battery-powered 
7-inch color monitor included.

The best $299
eyepiece you’ll
ever buy.

M16
 E

ag
le

 N
e

b
ul

a

Agena AstroProducts
High Point Scientifi c

Oceanside Photo & Telescope
Skies Unlimited
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REVOLUTION IMAGER

Visit our website to see lots of cool new 
accessories that let you do even more!

C A M E R A S

www.flicamera.com

Melotte 15 image  
courtesy Tolga Gumusayak
 (Kepler KL4040 camera)

2019Gary Walker’s work in milli-mag photometry using the 
Kepler KL400 camera is setting new standards for 
precision.  According to Gary, “The Kepler is 3x better 
than my previous $38K camera.  I have more than 85,000 
CCD observations in the AAVSO data base, including the 
first by an amateur, and none of those observations had 
errors as low as .0008 mags [like the KL400].”  

Kepler sCMOS Cameras
The New Standard of Excellence

HOME-DOME AND PRO-DOME
OBSERVATORIES

PROFESSIONAL DESIGN — AMATEUR PRICE

Call or write for a FREE Brochure 

www.homedome.com
TECHNICAL INNOVATIONS

6', 10' and 15' Diameter
Stand-alone or On Building
All Fiberglass
Easy Assembly
Manual/Computer Automated
Full Height/Handicap Access
Priced from $3,295

CloudWatcher
Low cost, accurate 
system to detect 
cloud cover, light levels 

HOME-DOME AND PRO-DOME 
OBSERVATORIES

PROFESSIONAL DESIGN ---- AMATEUR PRICE

$3,750

cloud cover, light levels
and  rst traces of rain.
With DDW interface.

Low cost, accurate
system to detect

www.clouddetec  on.com

O B S E R VAT O R I E S / D O M E S

domesales@astrohaven.com
949.215.3777  www.astrohaven.com

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

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

Almost Zero Replacement... Robust quality for a Professional life cycle 

O P T I C S

M O U N T S

skyandtelescope.com

Our dynamic universe is constantly 
undergoing change that you can help 
monitor — from a star’s variable 
brightness to observing the bright-

cosmic distances.

Visit our website and learn more 
about how you can contribute — we 
could really use your help!

AAVSO.ORG

Help unravel the  
mysteries of the  
universe.

O R G A N I Z AT I O N S

www.darksky.org

can save
the night

only you

THE BEST ALT-AZ MOUNT
“THE FASTER & EASIER WAY OUTSIDE”

• Extremely Rigid

• Silky Smooth even at 300 power

• No counterweights or locks

• Designed from the start to use 
 DSCs (no external cables or encoders)

• Change eyepieces without rebalancing

WWW.DISCMOUNTS.COM
Tom@discmounts.com

1.954.475.8574
~SINCE 2003~

O B S E R VAT O R I E S / D O M E S  (cont.)

ADVERTISE IN
SKY & TELESCOPE MAGAZINE

CALL 773-551-0397
ADS@SKYANDTELESCOPE.COM

O R G A N I Z AT I O N S  (cont.)
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publication date. Send ads to: Ad Dept., Sky & Telescope, 90 Sherman Street, Cambridge, MA  02140.

SOUTHWEST NEW MEXICO: Casitas 
de Gila Guesthouses. Dark skies, great 
accommodations; power, wifi , and pads 
available. casitasdegila.com/astronomy.html. 
575-535-4455.

FOR RENT: 3BR/2BA furnished home in 
ARIZONA SKY VILLAGE PORTAL, AZ. 
Spectacular observing/birding!   irkitzman@
gmail.com www.arizona-dreaming.com 
520-203-8500

FOR SALE: 2 Building Lots in Portal, AZ next 

to Arizona Sky Village. Spectacular views 

day and night. https://www.landandfarm.

com/property/7_6_Acres_in_Cochise_

County-9630605/ and 

https://www.landandfarm.com/

property/8_45_Acres_in_Cochise_

County-9630608/ Contact Joan: 520-203-

0459 JOANGALANIS@TIERRAANTIGUA.COM

T R AV E L

800-830-1998
TravelQuestTours.com

The leader in  
astronomy-themed  

travel  

T E L E S C O P E S

Dedicated to
    Craftsmanship!

Mach2GTO

www.astro-physics.com
Machesney Park, IL   USA

Ph: 815-282-1513

12-24V DC12-24V DC

GTOCP5Connectivity:

Absolute Encoders
Power & Go

Auto-Adjusting 
Gear Mesh

350-piece Mars
from Viking 1 orbiter photos

350-piece Moon
from Lunar Reconnaissance 
Orbiter imagery

504-piece 
Mystic Mountain
from Hubble images

Celestial Delights, Piece by Piece

shopatsky.com

http://www.arizona-dreaming.com
https://www.landandfarm
https://www.landandfarm.com/
mailto:JOANGALANIS@TIERRAANTIGUA.COM
http://www.astro-physics.com
www.tonopahnevada.com
www.travelquesttours.com
www.shopatsky.com
www.eclipsetraveler.com


As you travel in comfort from Rome to Florence, Pisa, and 

Padua, visit some of the country’s great astronomical sites: the 

Vatican Observatory, the Galileo Museum, Arcetri Observatory, 

and lots more. Enjoy fine food, hotels, and other classic Italian 

treats. Extensions in Rome and Venice available.

See all S&T tours at skyandtelescope.com/astronomy-travel

Astronomy Across Italy
May 1–10, 2021

S&T’s 2020 solar eclipse cruise offers 2 

minutes, 7 seconds of totality off the 

coast of Argentina and much more: 

Chilean fjords and glaciers, the 

legendary Drake Passage, and four days 

amid Antarctica’s waters and icebergs.

skyandtelescope.com/chile2020

2020 Eclipse Cruise: Chile, Argentina,
and Antarctica

Nov. 27–Dec. 19, 2020

Join a      Astronomy Tour
Join astronomer Stephen James 

O’Meara in wildlife-rich Botswana 

for evening stargazing and daytime 

safari drives at three luxury field 

camps. Only 16 spaces available! 

Optional extension to Victoria Falls.

African Stargazing Safari
July 17–23, 2020

skyandtelescope.com/botswana2020
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African Stargazing Safari
July 17–23, 2020

Come along with Sky & Telescope to view this celestial 

spectacle in the lakes region of southern Argentina. 

Experience breathtaking vistas of the lush landscape by 

day — and the southern sky’s incomparable stars by 

night. Start and finish in cosmopolitan Buenos Aires.

Total Solar Eclipse in Patagonia
December 9–18, 2020

skyandtelescope.com/argentina2020

skyandtelescope.com/italy2021

www.skyandtelescope.com/botswana2020
www.skyandtelescope.com/chile2020
www.skyandtelescope.com/argentina2020
www.skyandtelescope.com/italy2021


This Issue
Specialty astronomy equipment dealers and manufacturers 

are an important resource for amateur and professional 

astronomers alike — patronize our advertising dealers in this 

issue and enjoy all the benefi ts of their expertise.INSIDE
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Order an Orb

shopatsky.com

Choose from our constellation of globes.

Mercury

Moon

Mars
Topo

Explore the solar  
system with detailed,  
12-inch globes from  
Sky & Telescope!

Celestial

Earth

Mars

Moon
Topo

CCelC

M

Each has labels of surface features and uses actual hi-res imagery. 

Own all eight S&T 12˝ globes! $99.95 each (except topos, $109.95)

Venus

diffractionlimited.com
(613) 225-2732  At leading astronomy retailers

Aluma 47-10 —Premium 13 m Back-illuminated CCD
Aluma 77-00 —Back-illuminated 24 m 93% QE CCD

ACQUIRE 

OUTSTANDING RESULTS

AD INDEX

www.diffractionlimited.com
www.shopatsky.com
www.skyandtelescope.com


FOCAL POINT by Ken Pilon

color cameras. They also have a wide 
spectral response that includes stellar 
wavelengths not produced by artifi cial 
lighting. Taking multiple exposures of 
1 to 10 seconds each, totaling 10 to 20 
minutes, reduces any tracking issues. 
Software then removes fi eld rotation 
and sky brightness while at the same 
time enhancing my targets.

I can now image faint magnitudes. 
The telescope’s limiting magnitude 
went from 12.5 visually to 15.5 on the 
live-image laptop and, after process-
ing, to 18 with the full Moon and 
greater than 19 when moonless. My 
observing sessions are now longer, and 
they go much deeper into space. I’ve 
gained 7 magnitudes by switching to 
mono-imaging and lose just 1.3 magni-
tudes compared to a dark-sky site. 

I have discovered many advantages 
of a balcony over a distant dark-sky 
location. Travel time from home to 
observing site is only seconds, and my 
set-up time is under 15 minutes. Nine 
fl oors up means no dew or mosquitoes, 
ever. I can “observe” from my living 
room, and, barring a blackout, I’ll 
never run out of power. Maintaining 
dark adaptation is unnecessary, and I 
can easily see my way around the bal-
cony site. Forgetting to bring critical 
items to a distant viewing site can be 
a big deal. With the balcony, I simply 
step inside to retrieve them.

A balcony also has full site secu-
rity. No strangers, curiosity seekers, 
animals, property owners, or police 
with fl ashlights will ever show up. The 
balcony’s concrete fl oor is fl at, hard, 

Imaging 
Nine 
Floors Up
You might be surprised at all the 
advantages over a dark-sky site.

THE NIGHT SKY IS NOW CLEAR and 
dark. With a limiting magnitude of 
3.5, it’s a good night. I set up the tele-
scope for some deep-sky imaging.

My site is not ideal. I’m imaging 
from my 9th-fl oor, northwest-facing 
balcony in heavy light pollution amidst 
Toronto’s population of fi ve million. 
Having no convenient access to a dark 
sky, I work with what I have. Other 
amateurs who live in cities might not 
even try urban astronomy, fi guring 
what’s the point.

I used to observe in the usual way, 
eyeball to eyepiece, using my 20-cm 
Schmidt-Cass Go To telescope. Finding 
targets in a washed-out sky proved 
diffi cult, but I didn’t give up. I wanted 
more. So I set the eyepieces aside and 
invested in an astronomical camera 
and a laptop. I then learned the best 
targets to image with my equipment 
and light-polluted skies without using 
fi lters. It changed everything.

Monochrome CCD/CMOS sen-
sors are about three times faster than 
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and rigid. Equipment theft is not an 
issue, so my suitably protected tele-
scope and equipment can stay on the 
balcony year-round.

Lastly, observing from a dark-sky 
site can involve costs for gas, vacation 
time, even hotels and restaurants. A 
balcony site’s cost is effectively zero 
every time. I also know when it’s clear 
for each balcony observing session. 
This contrasts with a distant dark-sky 
site, which might have clouded over 
by the time you reach it, or, worse, 
remains cloudy throughout your 
expensive cottage rental period. Ouch!

They say the best telescope to buy is 
the one you’ll actually use. Well, the 
same is true for observing sites! This 
city astronomer can now smile.

¢ KEN PILON, an urban astronomer 

for more than half a century, is a former 

editor of ’Scope, the newsletter of the 

Royal Astronomical Society of Canada’s 

Toronto Center.
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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

Stellarvue SVX102T Premier Apo Refractor,

shown with dielectric diagonal, Optimus 4.7 mm

eyepiece, M2C Alt-Azimuth Mount, and new

American-made Stellarvue Denali Tripod built

from rock-solid furniture-grade AppleplyC. All 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 ma-

chine to eliminate optical defects. We measure

the accuracy of each apochromatic triplet objec-

tive with our own Zygo phase-shifting laser inter-

ferometer. 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. Order yours Now!

NGC 6888 Image © Jeremy Parker

SVTELESCOPES SVTELESCOPES

STELLARVUETELESCOPES

SETTING A NEW 
STANDARD
SETTING A NEW 
STANDARD
STELLARVUEC

SVX102T Premier 
Apo Refractor

www.stellarvue.com


Rosette Nebula
PC: Will Burns

Optional LX85 
Mount is available.
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Agena AstroProducts  |  agenaastro.com

High Point Scientific  |  highpointscientific.com
Adorama  |  adorama.com  
Optics Planet  |  opticsplanet.com
Woodland Hills Camera  |  whcamera.com
Helix Camera  |  helixcamera.com
Mile High Telescopes  |  milehighastro.com 

MeadeInstrumentsh Point Scientific  |  highpointsc
| adorama.com  

opticsplanet.com
ra |  whcamemerraa
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The Series 6000 Triplet Apochromatic (APO) Refractors are 
some of the best crafted refractors on the market.  Each 
telescope is individually constructed and tested, ensuring 
the highest of standards both optically and mechanically.  
With each APO, false color is virtually eliminated   yielding 
astonishing color correction, contrast, and sharpness.  
These three-element optical designs are available in 
80mm, 115mm, and 130mm apertures.  

Series 6000
Apochromatic Refractors

70MM Astrograph
Quadruplet APO 
Refractor

WITH MEADE TELESCOPES ASTRO-IMAGING IS

www.optcorp.com
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www.highpointscientific.com
www.adorama.com
www.opticsplanet.com
www.whcamera.com
www.helixcamera.com
www.milehighastro.com

