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SPECTRUM by Peter Tyson

Coming to Terms
IN COSMOLOGY, A CURIOUS RELATION is at play in the naming of 
things: The simplicity of terms used as shorthand for cosmic phe-
nomena tends to be inversely proportional to how puzzling those 
phenomena are. Take the lingo that crops up in our pair of cosmol-
ogy features in this issue, which concern Type Ia supernovae and 

the universe’s expansion rate, respectively.
In her article on page 14, Shannon Hall discusses the single-degenerate sce-

nario and the double-degenerate scenario. Sounds like one bully in a schoolyard 
versus two. We put such terms in italics as red fl ags: Warning, jargon! But those 
two concepts simply refer to whether white dwarfs explode because of inter-
action with a companion star (single scenario) or with a second white dwarf 
(double scenario). 

In his feature on page 22, Govert Schilling mentions the period-luminosity 
relationship. This mouthful just means that the more luminous a Cepheid pul-
sating star is, the more slowly it pulsates.

Metaphor can help us grasp the complex — and 
coin more user-friendly terms. In these articles, you’ll 
read about the tip of the red giant branch. Gravitational 
lenses. Standard candles, which serve as rungs on the 
distance ladder.

It’s when you get to the most baffl ing cosmic stuff 
of all that our sobriquets become the most basic. A 
child might as well have suggested them. Dark energy. 
Dark matter. Big Bang. We don’t italicize those three 
because everyone is familiar with them — even many 
a child — yet cosmologists have more questions about 
them than just about anything else.

As scientists strive to crack such bedrock myster-
ies, they grapple with others along the way. These include the two compelling 
conundrums investigated in these features. Hall wonders: How many ways can 
you skin a Type Ia supernova? That is, how many types of detonators can trigger 
such catastrophic blasts? We don’t know, but it’s more than we’d thought. 

Schilling, for his part, asks: Why do the world’s leading cosmologists come 
up with two entirely different numbers for the Hubble constant, the current 
expansion rate of the universe? It’s as if they watched the same Super Bowl yet 
insist on two different fi nal scores, with each side having every reason to believe 
its conclusion is the correct one.

There are no answers, or only partial answers, to these 
questions. And that’s what fi res up scientists intent on 
unraveling such enigmas — call them what you will.
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Catching the Waves
Thank you for Robert Naeye’s excellent 
article “Pulsar Timing Arrays” (S&T: 
Jan. 2019, p. 22). The illustration on 
page 24 shows a diagram of gravita-
tional waves squeezing space in one 
direction and stretching in the perpen-
dicular direction, then vice versa in the 
next half-cycle. But one question comes 
to mind: Does that mean that gravita-
tional waves are polarized? 

Vad Falcone
Leeds, United Kingdom

Camille Carlisle replies: You have 

an astute eye! I ran your question 

by LIGO’s spokesperson, and he said that 

yes, all gravitational waves are in some 

polarization or another. The general theory 

of relativity permits two polarization states, 

called plus (+) and cross (x) states. The two 

polarizations are 45 degrees apart, rather 

than the 90 degrees for polarized light. In 

general, waves will be a superposition of N
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FROM OUR READERS

“

Expectation Bias
I enjoyed Tom Dobbins’s discussion of 
expectation bias (S&T: Mar. 2019, 
p. 52). His mention of the Heinkel 
He-113 reminded me of Johann von 
Goethe’s famous quote, which sums 
things up: “Man sieht nur, was man 
weiß” or “You only see what you know.”

Mark L. Mitchell
Hockessin, Delaware

According to Scale
Dave Nakamoto’s letter (S&T: Mar. 
2019, p. 7) gave a nice analog for com-
prehending the vast emptiness around 
and within the Local Group. Even more 
locally, if the Sun were the size of a 
poppy seed, the Alpha Centauri system 
(our closest stellar neighbors) would be 
about 9 miles away. Except for our star’s 
own planetary, Kuiper, and Oort debris, 
there’s a lot of space out there.

Mike Douglass
Poolesville, Maryland

Johnny Horne, in his review of Daystar’s Solar Scout (S&T: Mar. 2019, p. 58), men-
tioned that “I experienced slightly better seeing when I used the SS60C outside on 
my lawn,” and in the early morning hours. Long ago, I had to do my PhD observa-
tions of the solar chromosphere at the Sacramento Peak Observatory in the hour or 
so after sunrise, before the atmosphere heated up. And lore has it that seeing was 
better longer there when the lawn was being watered. That led Hal Zirin at Caltech 
to build the Big Bear Solar Observatory in a lake on an artifi cial island, which led 
to much longer periods of good seeing during the day. Great solar movies resulted. 

I’m looking forward to using Big Bear’s 1.6-meter Goode Solar Telescope again 
this November 11 for the transit of Mercury. 
Jay M. Pasachoff • Pasadena, California

plus and cross states. Alternative gravity 

theories predict additional polarization 

patterns to the two that GR permits.

To detect the polarization of gravitational 

waves, scientists need detectors at 

different angles — but the two LIGO sites 

are essentially aligned. It’s only now with 

the addition of Europe’s Virgo detector 

that scientists can start to look at the 

polarization of gravitational-wave signals, 

but they will need at least four sites to 

analyze the polarization comprehensively. 

Fortunately, the Japanese are building the 

KAGRA detector, which is scheduled to 

begin observing in late 2019. Check out 

https://is.gd/WZRapG and https://is.gd/
Bov6fz for more info. 

More Bang 
I enjoyed reading Faye Flam’s “What 
Came Before the Big Bang?” (S&T: Feb. 
2019, p. 16) and found the various 
speculations relating to the Big Bang 
and the multiverse theory very interest-
ing. However, after fi nishing the article 
I wondered whether the physicists 
whose views were presented had perhaps 
stepped outside the bounds of physics 
and into the realm of philosophy.

One problem with the multiverse 
theory is that it implies we can stop 
using science to understand why our 
particular universe exists, because our 
universe had to come about in an infi -
nite number of universes. It also implies 
that there must be an infi nite number 
of universes exactly like ours. To me, 
that is no more satisfying than justify-
ing our universe by simply saying that 
God made it this way. Both scenarios 
are equally not falsifi able and therefore 
not science by defi nition.

Angelo DiDonato
Macomb, Michigan

Dated Material 
In her feature “Secrets of Polaris” (S&T:
Mar. 2019, p. 14), Camille Carlisle 
notes, “In 1912 Henrietta Swan Leavitt 
discovered that the brighter a Cepheid 
is intrinsically, the longer it takes to 
cycle through a pulsation period.” 
Actually, Leavitt discovered the Cepheid 
period-luminosity relation in 1907, not 
the frequently cited 1908 or 1912. In a 

p Located in Big Bear Lake in Southern California, Big Bear Solar Observatory is operated by the 

New Jersey Institute of Technology.
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º June 1944
Cometary Aurora? “[Sylvain] 

Arend, at Uccle, Belgium, noticed 

a nebulous object of 13th mag-

nitude with a nucleus, close to 

Comet Whipple (1942g) on March 

29, 1943. . . . [Not long after,] 

Dr. Brunner-Hagger, at Zurich, 

Switzerland, [recalled] that a fi ne 

aurora had been seen on March 

27.8. Terrestrial aurorae are caused 

by corpuscular radiation from the 

sun. Suppose the diffuse object 

in the comet’s tail had the same 

origin? From the time elapsed . . . 

he deduced that the solar corpus-

cles travel at the rate of about one 

astronomical unit in 30 hours.”

A clever suggestion! In fact, 

coronal mass ejections from the 

Sun put a kink in the tail of Comet 

Ikeya-Zhang in 2002 and blew off 

most of Comet Encke’s tail in 2007.

º June 1969
Phantom Planets “Distant only 5.9 

light-years from us, Barnard’s star 

is traveling across the sky at the 

enormous rate of one degree in 350 

years. This proper motion shows a 

very slight waviness, from which in 

1963 Peter van de Kamp of Sproul 

Observatory deduced the presence 

of an unseen companion. . . . 

“Now Dr. van de Kamp points 

out an alternative interpretation of 

the observations. The measured 

deviations of Barnard’s star may 

result from perturbations by two 

unseen companions, revolving in 

approximately coplanar circular 

orbits with periods of 26 and 12 

years. . . . The deduced masses are 

1.1 and 0.8 that of Jupiter, respec-

tively. These objects may therefore 

be thought of as planets.”

Probably van de Kamp was 

misled by astrometric errors. As far 

as we know today, no exoplanets 

circle Barnard’s Star, but about 

4,000 of them belong to other 

host stars. Most were identifi ed by 

subtle variations in the star’s radial 

velocity, or else by weak dips in its 

light during transits by the planet.

º June 1994
Ida’s Moon “Two instruments on 

the Galileo spacecraft have found 

a small satellite within 100 kilome-

ters of the asteroid 243 Ida. A mere 

1½ km across, the tiny moonlet 

appears in images taken . . . during 

a fl yby of Ida last August 28th. . . .

“Most probably the two objects 

ended in the same vicinity after 

the collision long ago that created 

the Koronis family of asteroids. 

. . . In that case the moon could 

have been captured into a stable 

orbit. . . . Project scientists hope 

to resolve such questions about 

Ida and its companion once the 

remaining Galileo images and 

spectra are in hand.”

Earlier there had been a few 

reports of two dimmings as an 

asteroid occulted a star, suggest-

ing a satellite. But Ida’s moon, later 

to be named Dactyl, was the fi rst 

proven case (not counting Pluto’s 

Charon, spotted in 1978 when Pluto 

was still considered a major planet). 

Almost 400 asteroidal moons are 

now known to exist.

1944

1969

1994

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

1907 paper she writes, “It is worthy of 
notice that . . . the brighter variables 
have the longer periods.” In the library 
at the Harvard-Smithsonian Center for 
Astrophysics, that 1907 paper is bound 
into a volume dated 1906–1908, making 
it impossible to know the exact year 
the paper appeared and explaining why 
the year 1908 often appears instead. 
Imagine, then, my joy when I saw the 
same paper here in the Berkeley library, 
with each individual paper stamped 
with the date on which the library had 
received it!

Ken Croswell
Berkeley, California

Camille Carlisle replies: I cited 

1912 because Leavitt’s 1907 paper 

seemed less defi nitive to me. In the 1912 

work she writes that “In [the previous 

work], attention was called to the fact 

that the brighter variables have the longer 

periods, but at that time it was felt that 

the number was too small to warrant the 

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

FOR THE RECORD

• John Goodricke identifi ed Delta Cephei’s 

periodic pulsations in 1784, not 1794 as 

printed (S&T: Mar. 2019, p. 16). Incidentally, 

although Delta Cep is often reported as 

the fi rst Cepheid discovered, Eta Aquilae 

technically beat it by a few weeks (S&T: 

Oct. 1997, p. 90).

 sk ya nd te l e scope .com • J U N E 2 019 9

drawing of general conclusions.” Thus, I 

considered 1912 to be the year that it all 

came together. But she certainly saw a 

trend earlier, so using the earlier date for 

the discovery makes sense. 

Kept in the Dark
I had an optical mishap similar to Pat 
Plunkett’s (S&T: Jan. 2019, p. 84). 

At a public star party a few years ago, 
I was trying to fi nd M27, the Dumb-
bell Nebula in Vulpecula, using my C8. 
It wasn’t a Go To, but I had nailed the 
object many times before by star-hop-
ping. But for the life of me I couldn’t 
fi nd it that night. When the crowd left, 
I tried again and again just out of stub-
bornness. No luck. I eventually hurt my 
back trying to fi nd the object, which 
was nearly at the zenith.

The next day, as I put away my equip-
ment, I noticed the eyepiece had an 

orange fi lter still screwed into it. I use 
that fi lter for Saturn. At the star party, 
I had been on Saturn before deciding to 
move on to M27, and I forgot to remove 
the orange fi lter. While I know better 
than to use a planetary fi lter on a neb-
ula, I had no idea an orange fi lter would 
make the thing completely disappear. I 
could have spent all night looking for 
that nebula and never found it!

Bill Dellinges
Apache Junction, Arizona

“

www.skyandtelescope.com
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ON FEBRUARY 21ST, the Japanese 
spacecraft Hayabusa 2 grabbed its fi rst 
sample from the asteroid 162173 Ryugu, 
the asteroid it has been orbiting since 
last summer (S&T: Oct. 2018, p. 11). 
Immediately after the craft touched 
down, it fi red a tantalum bullet at the 
asteroid’s surface and knocked away 
material that fl ew up into a sampling 
horn. Then the spacecraft took off 
again. Hayabusa 2 has now sealed the 
sample collection compartment, saving 
the sample for return to Earth. 

Finding the right spot to sample 
Ryugu was more challenging than 
anticipated. When Hayabusa 2 arrived 
at Ryugu on June 27, 2018, it found 
a uniformly rocky asteroid with no 
smooth areas on which it could alight. 
The team had to develop new sampling-
site selection criteria, identifying two 
extremely narrow locations where 
they’d have to navigate the spacecraft 
between boulders. The team tried out 
descending toward those sites twice. 
Back on Earth, they also tested whether 
the bullet-fi ring mechanism would 

liberate enough material from a rocky 
surface. Testing went well, so the team 
proceeded. 

The spacecraft has no way of mea-
suring just how much material made 
it into the collection chamber, so we 
won’t know for sure what Hayabusa 2 
has collected until it returns to Earth. 
However, all the spacecraft telemetry 
are consistent with success. The mission 
allows for two additional attempts at 
sample collection, though the mission 
team still has to decide whether obtain-
ing another one would be worth the 
added risk.

Hayabusa 2 also has one more exper-
iment to perform: its Small Carry-on 
Impactor (SCI), a probe that will carry 
explosives to accelerate a 2-kg copper 
lump at Ryugu’s surface in an attempt 
to create an artifi cial crater. Hayabusa 2 
will shelter from the impact behind 
the asteroid’s bulk, but before it hides, 
it will deploy a camera to watch in its 
place. The spacecraft will then emerge 
to pick up surface debris. Being able 
to directly compare material from the 

asteroid’s weathered surface to its rela-
tively pristine interior would be a boon 
to scientists, who must often determine 
bulk composition from remote observa-
tions of asteroids’ surfaces.

Hayabusa 2 will remain in proximity 
to Ryugu until November or December. 
Its return will take about a year. After 
dropping its sample in the Australian 
desert in December 2020, the spacecraft 
could potentially extend its mission to 
fl y past another asteroid. 
■  EMILY LAKDAWALLA

SOLAR SYSTEM

Hayabusa 2 Touches Asteroid, Collects Sample

MARS

Opportunity Reaches 
the End of the Road

p Hayabusa 2 took this picture of Ryugu as 

the spacecraft began ascending after its brief 

touchdown. Hayabusa 2’s shadow can be seen, 

along with a dark splotch where the space-

craft’s thrusters blew away lighter materials on 

Ryugu’s surface.

t NASA’s Opportunity rover looked back over 

its own tracks on August 4, 2010.

NASA FORMALLY ANNOUNCED the 
end of the Opportunity mission on 
February 13th. The team last contacted 
the rover on June 10, 2018, days before 
a dust storm enveloped the planet and 
likely coated the rover’s solar panels, 
cutting off its power supply. The storm 
was both darker and longer than one 
that Opportunity had weathered in 
2007. The team attempted to make con-
tact over the following eight months, 
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SPACE MISSIONS

Israeli Lander Launches 
for the Moon
A SPACEX FALCON 9 ROCKET car-
ried the lunar lander Beresheet (“in the 
beginning” in Hebrew) to space on Feb-
ruary 21st. It’s headed for a soft landing 
on the Moon in mid-April.

The privately funded lander, built 
by Israeli company SpaceIL, was a 
secondary payload accompanying an 
Indonesian communications satellite 
and a U.S. Air Force satellite. All three 
were placed in geostationary orbit, but 
that only takes Beresheet about a tenth 
of the way to the Moon. The lander 
must propel itself the rest of the way by 
slingshotting around Earth in increas-
ingly elongated orbits. After a seven-
week journey, the mission will target a 
landing in the northern part of Mare 
Serenitatis (“Sea of Serenity”).

SpaceIL and its Beresheet lander were 
born from the Google Lunar XPRIZE, 

Beresheet’s pathEarth

Moon

sending more than a thousand recovery 
commands, but to no avail. 

About 14½ years ago, Opportunity 
bounced to a landing inside Eagle Crater 
on January 25, 2004, ultimately travers-
ing 45.16 km (28.06 miles). Its record-
breaking journey broke new ground in 
both exploration and planetary geology. 

The rover was the fi rst mission to 
identify and characterize a sedimen-
tary rock record on a world other than 
Earth. The layers of sulfate-rich sand-
stone it discovered pointed to a wet past 
for the Red Planet. But as Steve Squyres 
(Cornell University) noted, “It wasn’t 
‘water on Mars, water on Mars!’ It was 
really ‘sulfuric acid on Mars.’” 

In 2008, Opportunity embarked on 
what was essentially a second mission. 
Driving 21 kilometers over three years 
to Endeavour Crater, the rover arrived 
to fi nd older rocks along the crater’s rim 
that were laden with clay minerals. This 
evidence suggested Mars went through 
an earlier era when the water coursing 
through its rocks had been fi t to drink.

The end of the Opportunity mission 
leaves Curiosity as the sole rover on 
Mars, but it should soon have company: 
NASA’s Mars 2020 rover and the Euro-
pean Space Agency’s Rosalind Franklin 
rover are due to head to the Red Planet 
during next year’s launch window.
■  DAVID DICKINSON

which challenged teams to land on and 
explore the Moon. The competition’s 
March 31, 2018, deadline for $30 mil-
lion has passed, so SpaceIL won’t win 
any money. Still, the team did well for 
itself, raising $100 million to fund the 
lander from the Israeli Space Agency 
and private donors.

The solar-powered lander is expected 
to last 2 to 3 days on the lunar surface. 
Although it’s primarily a technol-
ogy demonstrator, Beresheet carries a 
small science package equipped with an 
instrument to measure magnetism in 
Moon rocks, as well as a laser retrore-
fl ector contributed by NASA and several 
cameras. Beresheet also bears a small 
time capsule, including a 30 million-
page archive of human history and 
civilization encoded on nickel discs.

If the mission is successful, Israel 
will become the fourth nation — behind 
the United States, Russia, and China — 
to make a soft landing on the Moon. 
■  DAVID DICKINSON

IN BRIEF

A First Wave of 
Transient Discoveries  
The Zwicky Transient Facility (ZTF) is 

now fully operational, scanning the entire 

northern sky every three days. After fi rst 

light in November 2017, the ZTF began 

science operations in March 2018. Its fi rst 

order, though, was to build an archive of 

“reference images” for comparison against 

new images; now that step is complete. 

The ZTF has already identifi ed nearly 

1,200 supernovae and 50 small near-Earth 

asteroids, including two that zipped past 

Earth at roughly a third of the distance to 

the Moon. Another asteroid, 2019 AQ
3
, 

was discovered on January 4th with the 

shortest known orbital period: It whips 

around the Sun every 165 days, keeping 

it within Venus’s orbit. The ZTF has also 

observed more than a billion stars, spot-

ted new binary star systems, and caught 

two star-shredding black holes in the act. 

Many of these observations are detailed in 

papers to appear in a special issue of the 

Publications of the Astronomical Society 

of the Pacifi c, but this wave of discoveries 

is only a hint of what’s to come. 

■ SHANNON HALL

Gravitational-Wave Alerts 
from LIGO
Now that the Laser Interferometer Gravita-

tional-wave Observatory (LIGO) has 11 de-

tections under its metaphorical belt, the 

team is prioritizing follow-up observations. 

To that end, LIGO is making all gravitation-

al-wave detections public knowledge right 

away during its third observing run (April 

2019 – April 2020). As improvements have 

been made to both the LIGO and Virgo 

detectors in between observing runs, this 

observing run should herald a period of 

enhanced discovery. Scientists expect 

at least a few black hole mergers every 

month, as well as at least one neutron star 

merger per year. The team will be distribut-

ing all gravitational-wave signals via the 

Gamma-ray Coordinates Network (GCN). 

Coordinates of new events will be distrib-

uted via GCN Notices, while announce-

ments of follow-up observations will come 

in GCN Circulars. You can visit the GCN 

website (https://gcn.gsfc.nasa.gov ) to 

subscribe to Notices, Circulars, or both via 

your email. Or, if you prefer to have an app 

for that, citizen scientist Peter Kramer has 

created Gravitational Wave Events for iOS. 

■ MONICA YOUNG

https://gcn.gsfc.nasa.gov
www.skyandtelescope.com
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GALAXIES

Gaia Peeks at Local Group’s 
Past and Future
ASTRONOMERS HAVE USED the 
European Space Agency’s Gaia satellite 
to measure stellar motions in Androm-
eda (M31) and its satellite Triangulum 
(M33) — the largest galaxies in the 
Local Group outside of the Milky Way. 
The results answer some key questions 
about the galaxies’ interactions.

Roeland van der Marel (Space 
Telescope Science Institute) and col-
leagues averaged the motions of 1,084 
and 1,518 stars in the Andromeda and 
Triangulum galaxies, respectively. After 
measuring the galaxies’ rotation and 
their motion across the sky, the team 
then simulated their past and future 
movement, looking billions of years 
backward and forward in time. 

The projections enabled the astrono-
mers to investigate the relationship 
between the two galaxies. Hubble Space 
Telescope images and radio data from 
the Very Long Baseline Array had previ-

p The European Space Agency’s Gaia satellite 

monitored stars (blue dots) in the Andromeda 

Galaxy, shown here at ultraviolet wavelengths. 

Astronomers averaged the stellar motions (ar-

rows) to understand the galaxy’s rotation and 

its movement on the sky. 

ASTRONOMERS MAPPING out lumi-
nous stars across the Milky Way are 
exploring what bent our galaxy’s disk.

We’ve known since 1957 that the 
Milky Way is warped like thrown pot-
tery gone wrong. It’s not alone — at 
least half of all galaxies are warped. 
But the cause remains unclear: Are we 
seeing the collective motions of billions 
of stars that pull on each other, or is 
the cause external, such as gravitational 
interactions with satellite galaxies? 

Using 1,339 Cepheid variable stars 
from the Wide-fi eld Infrared Survey 

ously suggested that they might have 
passed close by each other 6 billion 
years ago and are swinging by each 
other again. But the new Gaia-based 
simulations reveal that Triangulum is 

only now making its fi rst approach to 
Andromeda. This result suggests that 
the galaxies in the Local Group have 
come together relatively recently.

The team’s analysis also recalcu-
lated the Milky Way’s meet-up with 
Andromeda. While astronomers have 
long known that Andromeda is barrel-
ing toward us at about 110 km/s, it has 
been hard to gauge how fast our sister 
galaxy is moving sideways. Hubble data 
had indicated a small sideways motion 
of about 17 km/s, indicating a head-on 
collision. But now, after averaging the 
Hubble results with the new Gaia mea-
surements, van der Marel’s team fi nds 
that Andromeda is sliding sideways 
more quickly, at around 60 km/s. 

The two galaxies are still due for a 
merger, but their fi rst encounter will be 
more of a glancing blow than a head-
on collision, says van der Marel. The 
revised velocity also means the expected 
encounter will occur 600 million years 
later than originally thought, in 4.5 bil-
lion years’ time.
■  BEN SKUSE

Explorer catalog and a number of 
visible-light surveys, Xiaodian Chen 
(Chinese Academy of Sciences) and his 
colleagues have mapped out two-thirds 
of our galaxy’s stellar disk to better 
understand its shape. 

The Cepheids’ pulsations relate 
directly to their luminosity, making 
them reliable markers of distance. The 
scientists thus use the stars to trace the 

warped disk out 65,000 light-years from 
our galaxy’s center. Chen and his col-
leagues replicated the disk’s shape with 
a mathematical model, which they then 
used to probe the source of the warp-
ing. Their results appear February 4th in 
Nature Astronomy.

The team found that the warp within 
the central Milky Way arises naturally, 
as the inner stellar disk pulls on and 
distorts the outer part of the disk. But 
in the outer reaches of the galaxy, more 
than 50,000 light-years from the center, 
the warp’s shape changes. The research-
ers speculate that infalling dwarf 
galaxies might have sculpted the outer 
Milky Way, or the warp might refl ect 
a misalignment between the galactic 
disk and the larger halo of dark matter 
around it.

As infrared surveys continue to fi nd 
more Cepheids on the farside of the 
Milky Way, astronomers will eventually 
be able to map out the whole disk for 
better insight into its structure.
■  MONICA YOUNG

MILKY WAY

What Has Our Galaxy in a Twist?

p Like the Milky Way, the spiral galaxy ESO 

510-G13 has a pronounced warp in its gaseous 

disk, as well as a less pronounced warp in its 

disk of stars. 
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p LOFAR captured radio emission (orange) in 

galaxy cluster Abell 1314, superimposed on 

an inverted visible-light image (grayscale). The 

extended radio emission in this image comes 

from past collisions with other clusters.

SCIENTISTS STUDYING New Hori-
zons images of craters on Pluto and its 
moon Charon have concluded that the 
outer solar system contains fewer small 
objects than expected. 

In the March 1st Science, Kelsi Singer 
(Southwest Research Institute) and 
colleagues tallied up the craters on old, 
smooth surfaces on Pluto and its largest 
moon. If the Kuiper Belt is — or was — 
crowded enough for frequent collisions, 
astronomers ought to have seen many 
more craters formed by small objects 
than by big ones. 

But what Singer’s team found was 
that craters less than 13 km (8 miles) 
across were surprisingly scarce on Pluto 
and Charon. Geological processes such 
as cryovolcanism and glacial activity 
would have erased the bigger craters 
along with the small ones, the scien-
tists say. Moreover, there are no known 
processes that would preferentially erase 
smaller craters. The dearth of small 
craters translates to a lack of Kuiper 

THE LOW FREQUENCY ARRAY 
(LOFAR), which is exploring the sky 
at low radio frequencies, has found 
325,694 new radio sources, most of 
them faraway galaxies.

These results represent the fi rst 
phase of LOFAR’s ambitious Two-metre 
Sky Survey and appeared February in a 
special issue of Astronomy & Astrophys-
ics. The accompanying high-resolution 
mosaic images, which include radio 
emission at frequencies between 120 
and 168 MHz, show details as fi ne as 6 
arcseconds across. Under ideal circum-
stances, LOFAR may return images with 
a resolution of 0.5 arcsecond.

About 70% of the new radio sources 
have visible-light counterparts in the 
Sloan and Pan-STARRS surveys, provid-

SOLAR SYSTEM

Pluto & Charon Missing Small Craters

u Singer and colleagues 

counted craters on the 

smooth, geologically stable 

Vulcan Planitia on Charon, 

shown here.

Belt objects spanning less than 1 to 
2 kilometers.

The fi ndings appear to contradict 
results from a recent star-monitoring 
survey conducted by Ko Arimatsu 
(National Astronomical Observatory 
of Japan) and colleagues, who spotted 
a single stellar occultation and inter-
preted it as a kilometer-size Kuiper 
Belt object passing in front of a back-
ground star (S&T: May 2019, p. 9). 
Since even a single fi nd 
was unexpected, the 
scientists argued that 
the discovery points to 
an excess of kilometer-
size objects in the outer 
solar system. However, 
Arimatsu acknowledges 
that extrapolation from 

a single event is diffi cult; one kilometer-
size object could still be consistent with 
the New Horizons results.

If small objects — and thus colli-
sions — are truly scarce in the Kuiper 
Belt, then its population contains 
isolated and pristine remains of the 
early solar system. Further study of the 
population’s size distribution could help 
scientists distinguish between different 
theories of planet formation.
■  MONICA YOUNG

• Read more about both studies at 
https://is.gd/smallKBO.

ing astronomers with rough distance 
estimates. Most of the sources are dis-
tant galaxies whose central black holes 
power jets.

LOFAR sees jet activity on much 
longer time scales than existing, higher-
frequency radio surveys. The radio 
waves from the galaxies that LOFAR 
has found are primarily generated when 
electrons spiral along magnetic fi eld 
lines that thread the jets. After these 
electrons have been spiraling for a 
while, they slow down and emit lower-
frequency radio waves. 

One intriguing result is that all the 
most massive galaxies appear to exhibit 
long-lasting jet activity close to their 
cores, which suggests that their central 
black holes are feeding more or less 
continuously. The new observations will 
shed light on the evolution of super-
massive black holes over cosmic time. 
Eventually, astronomers’ goal is to fi nd 
the very fi rst supermassive black holes 
in the universe.

There’s much more to come. The fi rst 
phase of the survey covers 424 square 
degrees, centered on the handle of the 
Big Dipper. But that’s only about 2% 
of the eventual survey area, which will 
cover the whole northern sky. 
■  GOVERT SCHILLING

GALAXIES

Radio Survey Finds 
Hundreds of Thousands 
of Galaxies
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“STANDARD” CANDLES by Shannon Hall
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Type Ia supernovae — the cosmic mileposts that helped prove the universe is 
accelerating — are not as uniform as astronomers once thought they were.

pu PINWHEEL LIGHTS UP In August 2011 a white dwarf exploded in 

M101 as a Type Ia supernova. 

Cosmıc Fuse
P

eter Nugent knew he had to act 
fast. It was a little past noon 
on August 24, 2011, and he was 

sifting through images of the previ-
ous night’s sky when he discovered a 
new point of light: a young supernova 
explosion. While the explosion was 
only 12½ hours old, it was already so 
bright that it outshone the nearby stars 
in its galaxy and so large that its bal-
looning debris cloud would easily fi ll 
the orbit of Saturn.

Nugent checked the time of the 
image and saw that another 16 hours 
had already passed. He dashed to the 
phone. 

Some 20 minutes later, a colleague 
swung a telescope in the Canary Islands toward the blast and 
shot a spectrum. The speedy observations told Nugent (Uni-
versity of California, Berkeley) that the supernova had surged 
in brightness: It was now fi ve times more luminous than it 
was in the discovery images. It had also doubled in size, the 
debris cloud now large enough to fi ll the orbit of Uranus. 

But perhaps the most exciting characteristic of the “new 
star” was that it sat within the spiral arms of the Pinwheel 
Galaxy, a mere 21 million light-years away. Catching a super-
nova so soon after the explosion was rare, but catching an 
early supernova so close was the chance of a lifetime. 

Nugent spent the next 36 hours awake, convincing those 
running space- and ground-based telescopes to observe the 
supernova. As night’s shadow swept from the Atlantic across 
North America, Lick Observatory and the CARMA radio array 
peered at the new star. Then, as darkness continued farther 
west and hit the Pacifi c Ocean, the Gemini North Observa-
tory and the Keck Observatory in Hawai‘i swung their mirrors 
in its direction. In all, seven observatories imaged the super-
nova that fi rst night. In the days and weeks that followed, 

SN 2011fe became the most studied 
supernova yet. 

And it wasn’t just any supernova: SN 
2011fe was a special kind of supernova, 
called Type Ia. These outbursts each 
explode with a near-identical luminos-
ity, brightening and fading in a predict-
able pattern that allows astronomers to 
calculate their cosmic distance — mak-
ing them a crucial tool in cosmology. 
In an advance that secured the 2011 
Nobel Prize in Physics, for example, 
they helped prove that the universe is 
expanding at an ever-increasing rate. 

But just what causes these identical 
fl ares? Astronomers have long thought 
that Type Ia supernovae are like fi re-

works built in a cosmic assembly line, each set off by the cata-
clysmic death of a white dwarf (the stellar remnants that cram 
the mass of the Sun into the volume of Earth). Indeed, the 
immense amount of data enabled Nugent’s team to confi rm 
that the star that went bang was the size of a white dwarf.

But there’s one problem: White dwarfs can’t explode on 
their own. They are remarkably stable, so something else 
has to trigger their eruptions — and astronomers don’t agree 
on what that something is.

“It’s crazy that these are some of our fundamental cos-
mological probes and we don’t know what causes them,” says 
Ryan Foley (University of California, Santa Cruz). 

But thanks to that fateful observation in 2011 and others 
since, many astronomers have come to accept what they have 
long denied: that there might be more than one way to create 
a Type Ia supernova. That means that the standard candles 
cosmologists depend on are anything but standard. 

Lighting a
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“Standard” Candles

u SCENARIO #1: SINGLE DEGENERATE 

A white dwarf paired with a much larger 
star — such as an aged red giant — can 
siphon gas from the companion star and 
skirt itself in a disk (A). As the disk gas falls 
onto the white dwarf, the temperature and 
density build until carbon fusion ignites and 
the white dwarf explodes with a standard 
luminosity (B). 

u SCENARIO #2: DOUBLE DEGENERATE 

Over billions of years, two white dwarfs 
will inspiral toward each other by emitting 
gravitational waves (A). Eventually they 
will collide and be destroyed (B). Because 
the white dwarfs don’t have to reach a 
critical density and temperature in order 
to explode, the resulting fl ash could have 
a range of luminosities depending on the 
white dwarfs’ masses.

A Tale of Two Supernovae

A Type Ia supernova is easy to pick out from the crowd. It 
increases in brightness in a matter of hours, before fading 
over the course of hundreds of days. Its spectrum contains 
silicon, calcium, and iron, but no hydrogen or helium. 
Because Type Ia explosions look radically similar to one 
another, astronomers long assumed that they originated from 
an identical physical process, one in which white dwarfs play 
a starring role.

The problem is, something has to push them over the edge. 
“You have a mysterious agent — some kind of hidden assas-
sin — who came along and caused this white dwarf to explode 
but did so in such a way that it left very little evidence that it 
was ever there,” says Stuart Sim (Queen’s University Belfast, 
UK). That assassin is likely a companion star, but astrono-
mers are unsure if it’s another white dwarf, a star like the 
Sun, or a giant bloated star that ran out of hydrogen fuel in 
its core long ago. 

It’s a crucial question because the nature of the compan-
ion determines the exact cause of death. If the companion is 
a white dwarf, then the two stars will spiral in toward each 
other and collide in a violent explosion. But if the compan-
ion is a larger star, either like the Sun or a red giant, then 

the white dwarf will siphon matter from it until it ignites a 
runaway thermonuclear reaction in the core and blows itself 
to smithereens. 

Researchers have long argued over which scenario is true. 
The thinking throughout most of the 20th century was that 
the “hidden assassin” is a comparatively larger star, which 
could feed the dwarf until it reaches a critical limit. The 
dwarf actually scrunches down in size as it siphons mate-
rial from its companion star, which causes its density and 
temperature to skyrocket. Eventually, conditions become so 
extreme that there is no longer space for the atoms’ electrons, 
which are forced into the nuclei, igniting a runaway thermo-
nuclear reaction that forces the star to explode. Because that 
reaction always occurs when the star hits the same density 
and temperature, it explodes with an identical brightness — 
explaining why all Type Ia supernovae look alike. 

Or so we thought. Then in 1991, two supernovae were 
discovered that did not explode at their expected luminosi-
ties — one was fainter and one was brighter. “That meant 
they were not standard candles and you really had to worry 
about this,” says Alexei Filippenko (University of California, 
Berkeley). Luckily, astronomers soon discovered that the 
brightest supernovae fade more slowly than their dimmer E
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THE MASS LIMIT
Astronomers often speak of Type Ia supernovae as the 

explosions of white dwarfs that hit a specifi c mass limit 

of 1.4 Suns, called the Chandrasekhar mass. But in fact the 

dwarf never reaches that limit: If it did, gravity would force 

it to collapse, not explode. Instead, as the dwarf approaches 

the Chandrasekhar mass, it contracts, causing the internal 

temperature and density to spike. At a certain point — which 

is incredibly close to the Chandrasekhar mass — carbon 

fusion ignites and blows the white dwarf apart.  

16 J U N E 2 019  •  S K Y & TELESCO PE



 s k ya nd te l e scope .com • J U N E 2 019 17

“You have a mysterious agent — some kind 

of hidden assassin — who came along and 

caused this white dwarf to explode but 

did so in such a way that it left very little 

evidence that it was ever there.”

 —Stuart Sim

kin, meaning that astronomers could correct for the dif-
ference and continue to use the objects in cosmology. As 
many scientists say, they’re not standard candles, but they’re 
standardizable candles.

Still, scientists did not know why some Type Ia supernovae 
reached different brightnesses, causing many to reconsider 
an alternate possibility: White dwarfs were instead dancing a 
deadly waltz with their own kind. 

Because the dwarfs collide in this scenario, the fi nal sys-
tem won’t necessarily hit the same critical conditions every 
time. White dwarfs in a binary can vary in weight from 0.3 
to 1.4 times the mass of the Sun, so the fi nal system could 

theoretically vary from 0.6 to 2.8 Suns (although having two 
massive white dwarfs paired up is highly unlikely). Convert 
that to energy and you have a wide range of luminosities, 
thus explaining the oddities discovered in 1991. 

By 2011, the pendulum had swung toward this so-called 
double-degenerate scenario, where “degenerate star” refers 
here to a white dwarf (as opposed to the single-degenerate 
scenario, where there is only one dwarf and a large star). Not 
only can low-mass companions explain the range of bright-
nesses, but they also explain why astronomers had failed to 
spot bereaved companion stars within the debris of ancient 
supernova remnants. 

Indeed, when Nugent discovered the nearby supernova, 
he was able to scour previous images to search for signs of a 
companion. But Hubble images of the Pinwheel Galaxy taken 
before the blast revealed no trace of a star at SN 2011fe’s loca-
tion, leaving him to argue that the culprit could be no larger 
than a second white dwarf.

More Than One Pair Can Tango

The case, however, was far from closed. Consider another 
stellar blast also detected by Nugent and his colleagues in 
2011. At fi rst, the supernova, known as PTF 11kx, looked like G
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a typical Type Ia. But then, roughly 60 days after it exploded, 
its spectrum started to shapeshift, revealing bright hydrogen 
emission lines. The ballooning cloud of debris had slammed 
into shells of circumstellar gas that had almost certainly been 
expelled from a companion red giant star.

It was quite the surprise: Astronomers had generally 
favored one scenario or the other. Instead, they had copycat 
killers on their hands. “I think this is a case where Occam’s 
razor has failed us,” says Andrew Howell (University of Cali-
fornia, Santa Barbara). 

Still, scientists only had one clear example of a Type Ia 
supernova sparked by a large star. In 2010, Daniel Kasen 
(University of California, Berkeley) suggested a way to fi nd 
more. He predicted that when the white dwarf explodes, the 
fi reball of expanding ejecta will slam into the surviving com-

panion star — a run-in that heats up the ejecta and causes 
it to brighten. That event should produce an abnormal blue 
bump in the supernova’s early light curve. 

Astronomers searched for this signal in existing data sets 
but found no defi nite examples — until 2017. On March 
10th, David Sand (University of Arizona) discovered a Type Ia 
supernova on the outskirts of the spiral galaxy NGC 5643. 
With help from the Las Cumbres Observatory, a network of 
(then) 18 telescopes around the world that monitors objects 
continuously, he and his colleagues observed the supernova 
every 6 hours for 5 days. The resulting chart of its chang-
ing luminosity revealed a temporary jump in brightness that 
matched the prediction for what would happen as the super-
nova blast struck a companion star. It was further evidence 
that Type Ia supernovae can form with the help of a large star. 

And it was not the only one. Last year, astronomers also 
spotted evidence for this elusive blue bump within a Type Ia 
supernova’s light curve that had been closely monitored by 
NASA’s planet-hunting Kepler space telescope. Unlike previ-
ous observations, which often miss the supernova’s earliest 
moments, Kepler imaged the star before it exploded and every 
30 minutes thereafter — providing the best evidence yet that 
a star can explode with the help of a large companion.

With a growing number of observations supporting each 
scenario, many astronomers now suspect that doomed white 
dwarfs tango with a variety of companions, large and small. 
That has caused researchers to move on to the next game: 
determining how often single-degenerate and double-degen-
erate scenarios each produce Type Ia supernovae. Ryan Foley’s 
studies of sodium in supernova remnants, for example, indi-
cate that roughly 25% have the telltale outfl ows of gas they’d 
expect from the winds blowing off red giants or other non-
degenerate stars. As such, he argues that roughly a quarter of 
Type Ia supernovae are triggered by larger companions. 

Melissa Graham (University of Washington) thinks the 
number is much lower, however. She recently conducted a 
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p THE BLUE BUMP Type Ia supernovae brighten and fade in a pre-

dictable pattern. Usually, their ultraviolet brightness follows the purple 

curve. But SN 2017cbv was abnormally bright its fi rst two days, a boost 

astronomers think comes from the explosion’s debris slamming into a 

companion star.

u SCENARIO #2½: DOUBLE DETONATION 
In a twist on the double-degenerate scenario, one 
white dwarf may steal from the thin layer of helium 
enveloping a second, less massive (but wider) 
dwarf (A). Eventually enough gas piles up on the 
more massive dwarf to trigger an explosion (B). 
This surface explosion sends a shock wave deep 
into the dwarf that kicks off a detonation in the 
carbon core, producing a supernova (C).
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survey with the Hubble Space Telescope that took a second 
look at the locations where Type Ia supernovae had once 
exploded. Because SN 2011kx only displayed hydrogen — 
and hence proof of a gaseous companion — roughly 60 days 
after its explosion, she worried that astronomers might 
have missed that signature in other supernovae that weren’t 
observed for so long. But after observing 70 different super-
novae that exploded one to three years ago, she found only 
one that contained those telltale hydrogen emission lines. 
Assuming that such lines come from a large star that trig-
gered the Type Ia supernovae, such scenarios occur less than 
5% of the time. 

Moreover, Graham notes that the fi nding only proves a 
large star is nearby, not that it pushed the star to explode. 
“It’s like a guilt-by-association situation,” she says, “which 
isn’t a strong case.” It appears that, while possible, the single-
degenerate scenario may be rare.

Twists and Turns

Now that astronomers have determined that both scenarios 
are at play, there are still a number of other questions — 
mostly about how the explosion occurs. Does it start at the 
center of the white dwarf, for example, or does it start at the 
interface between the core and the envelope? Could there be 
two explosions, one that starts on the surface that sparks an 
explosion below?

The possibilities have caused many scientists to argue that 
perhaps a number of scenarios — each a variant on the single- 
and double-degenerate scenarios but with a unique explo-
sion mechanism — produce Type Ia supernovae. “I would be 
surprised if there were just two paths, actually,” says Saurabh 
Jha (Rutgers).

Take a new twist on the double-degenerate scenario. Typi-
cally, models suggest that the two white dwarfs spiral toward 
each other and merge. But Ken Shen (University of Califor-
nia, Berkeley) has been honing a slightly different idea for 

DIFFERENT DWARFS
White dwarfs are the dense, naked cores of dead 

stars, exposed when the aging star shed its outer 

layers. They’re primarily carbon and oxygen. Many 

have outer helium envelopes, while others have a thin 

layer of hydrogen. Some show no signs of either. But 

when they explode, there’s usually no sign of hydrogen 

or helium in their spectra — that’s one of the ways 

astronomers distinguish Type Ia supernovae from 

other kinds of stellar explosions. 

roughly a decade, one that relies on an often-overlooked ele-
ment within white dwarfs: helium. White dwarfs are mostly 
composed of carbon and oxygen, but a thin layer of helium 
often overlies the bulk. Shen thinks that one white dwarf may 
steal enough of the other’s helium to ignite its outer layer. 
This detonation squeezes the white dwarf, sending a shock 
wave deep below that ignites a second explosion — the Type Ia 
detonation — in the star’s core. 

With the primary white dwarf annihilated, the compan-
ion — which until now had been orbiting the dwarf at rapid 
speeds — has nothing to hold it in place and shoots off into 
space. Shen even published a study in 2018 that shows three 
such white dwarfs speeding through the galaxy. Not only are 
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they quick-moving, but they possess bizarre characteristics 
that can be perfectly explained if they underwent such a cata-
strophic event (S&T: Dec. 2018, p. 30). 

Stuart Sim says this model is his personal favorite. 
Although other theories also suggest that a white dwarf can 
siphon matter from a second, less massive dwarf, the scenar-
ios still require that the primary dwarf reaches critical mass 
in order to detonate its core. But because the helium model 
relies on an explosion on the surface to squeeze the core, the 
explosion can occur well before the star hits that mass. Given 
that there should be more low-mass white dwarfs than high-
mass white dwarfs in the universe, which might create duos 
that never reach critical mass, that’s an attractive feature. 

These scenarios might sound wild, and they are: None 
of these ideas is exactly natural. “If you were to talk to a 
17th-century physicist about all the things that happen in 
the universe, I doubt any of these things would have come 
to mind,” Sim says. “They have been thought up by people 
who are scratching their heads thinking about how we can 
arrange conditions for this rather spectacular but strange 
thing to occur.”

Blazing Forward

Although scientists do not fully understand the various chan-
nels that lead to Type Ia supernovae, the explosions’ role as 
cosmic milestones is on solid ground. “No one needs to give 
back their Nobel Prize or anything like that,” Foley says.

That’s because empirically-speaking, astronomers know 
the brightness of every Type Ia supernova’s fl ame fairly well. 

A better understanding of what ignites that fl ame will only 
improve the precision of those measurements — especially if 
those systems change over time. 

Currently, astronomers think that double-degenerate 
systems might take longer to explode than single-degenerate 
systems, because it can take billions of years after the white 
dwarfs form for them to spiral in close enough to each other 
for something explosive to happen. That could explain why 
so many Type Ia supernovae in today’s universe seem to 
come from double-degenerate systems, not single-degenerate 
ones. It also suggests that a larger fraction might have come 
from single-degenerate systems in the early universe. If one 
pairing explodes at a slightly different luminosity than the 
other, then it could affect the precision of our cosmological 
measurements. 

And that precision is crucial in illuminating dark energy, 
the poorly understood phenomenon that propels the expan-
sion of the universe (S&T: May 2018, p. 14). A precise 
measurement of the expansion rate throughout cosmic 
history will help astronomers discover whether or not dark 

pWIDE-FIELD VIEW Technical lead Roger Smith inspects one of three wide-fi eld optical fi lters in the Zwicky Transient Facility’s camera. The survey 

scans the entire visible sky over three nights with a fi eld of view equivalent to 247 full Moons. Astronomers expect it to fi nd tens of thousands of 

cosmic explosions of various types each year.

Although scientists do not fully understand 

the various channels that lead to Type Ia 

supernovae, the explosions’ role as cosmic 

milestones is on solid ground.
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The Weirdos

While most Type Ia supernovae look strikingly similar 

to one another, astronomers occasionally stumble 

upon one of what they call “the weirdos.” Some we’ve 

discussed in the story — such as the super-luminous 

and under-luminous supernovae discovered in 1991, and 

Type Iax — but here are a few more:

Calcium-Rich Supernovae In 2001, astronomers dis-
covered an odd supernova — it was the fi rst in a 
class of objects that astronomers later realized had 
a huge amount of calcium in their ejecta. These 
explosions may occur when a low-mass white dwarf 
steals enough helium from its binary companion to 
boost its surface temperature and pressure, igniting 
a thermonuclear explosion. The blast would blow off  
at least the outer layers of the white dwarf star — 
and half of that lost material is calcium. 

02es-like Supernovae Similar to Type Iax supernovae, 
these objects explode with less energy than normal. 
They’re also much cooler. “There aren’t that many 
examples of these, but they are clearly something 
weird and diff erent, and they almost certainly come 
from white dwarfs,” Foley says. 

06bt-like Supernovae These supernovae are true 
weirdos. They look similar to normal Type Ia events 
except for some subtle diff erences, like the fact 
that their temperatures seem inconsistent with 
their brightnesses. “Those are the ones that actu-
ally trouble me for cosmology,” Foley says. That’s 
because with minimal information, they perfectly 
resemble Type Ia supernovae. 

energy has changed over time. If the rate is stable, 
then a model that relies on the cosmological con-
stant — which suggests that dark energy arises from 
the short-lived virtual particles and antiparticles 
within empty space — might be the best explana-
tion. But if it does change, then a model that 
relies on quintessence — which suggests that 
dark energy results not from the vacuum of 
space but from a fi eld that pervades spacetime 
— might be more appropriate (see page 22). 

A better understanding of Type Ia superno-
vae will help scientists pin down not only dark 
energy and our cosmic past but also the fate 
of our universe, which is determined by dark 
energy’s true nature. 

Filippenko argues that one way forward is 
to study the extreme cases. Consider a lesser-
known class dubbed Type Iax. These explosions 
look like Type Ia supernovae but move slower, fade 
faster, and have less energy overall. You can almost 
think of them as a miniature stellar blast. 

“They’re sort of like this different beast,” Foley 
affi rms. “But they’re similar enough that we know some 
of the physics has to be shared.” 

The data scientists have gathered suggest that Type Iax 
supernovae occur in single-degenerate systems. But in this 
situtation, the companion star has already lost its outer 
layer of hydrogen, meaning that the white dwarf accumu-
lates helium instead. Jha speculates that perhaps that’s the 
difference between normal Type Ia supernovae and Type Iax 
supernovae — one accretes hydrogen and the other helium. 

Unfortunately, scientists have very few examples of odd-
ball Type Ia supernovae (see sidebar at right for three types). 
So they’re scouring the skies in search of every system that 
might soon explode. 

Among those efforts is the Zwicky Transient Facility in 
California, which reached fi rst light in late 2017 (S&T: Mar. 
2018, p. 13). Like its predecessor, the Palomar Transient Fac-
tory (which caught both of the game-changing supernovae 
in 2011), the ZTF scans the skies nightly and alerts astrono-
mers if any object’s brightness has changed. Meanwhile, in 
the Southern Hemisphere, the future Large Synoptic Survey 
Telescope in Chile is expected to detect at least half a million 
supernovae over its lifetime. 

But the key isn’t simply to fi nd new supernovae; it’s to 
catch them early and then observe them often. In the past, 
supernovae were often imaged once every 3 or 4 days — time 
gaps that meant astronomers might miss crucial details. But 
observatories like the Transiting Exoplanet Survey Satellite 
(S&T: Mar. 2018, p. 22) enable astronomers to observe these 
explosions every 30 minutes. Follow-up will be done from the 
ground, including by those in Andrew Howell’s Global Super-
nova Project, a collaboration of 150 astronomers around the 
world who will gather light curves and spectra when superno-
vae are discovered.

With so many surveys online or in the works, astrono-
mers are optimistic that they’ll soon have enough data to 
pin down what sets these explosions in motion and how 
often. “No supernova can hide from us now,” Nugent says. 
“We’re going to fi nd it during the night or the next night 
every single time.”

¢ SHANNON HALL is an award-winning science journal-

ist based in the Rocky Mountains. Her favorite supernova 

remnant to observe is the Crab Nebula, created by a star that 

exploded in AD 1054. E
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Astronomers and cosmologists can’t agree on the value of the Hubble 
constant — the number that describes the current expansion rate of 
the universe. A solution to the problem is nowhere in sight.

Constant
Controversy

www.skyandtelescope.com
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I
n the 1980s, when people in 
East and West Berlin still 
lived in two very different 

universes, politically speak-
ing, Checkpoint Charlie was 
an intimidating and heavily 
guarded crossing point between 
communist oppression and lib-
eral democracy. Today, it is one of 
the most popular tourist attractions 
in the capital of united Germany. But 
29 years after the Berlin Wall opened 
in 1989, another insuperable barrier, 
this time scientifi c in nature, mani-
fested itself just 600 meters commie-
ward of Checkpoint Charlie, in the 
Auditorium Friedrichstrasse. On a 
drizzly Saturday in November 2018, 
this unadorned Soviet-style building 
served as the intellectual battleground 
for a cosmological Cold War.

Some 130 scientists fl ocked to a 
one-day symposium here to discuss an 
unnerving crisis in our understanding 
of the universe. It was a diverse bunch 
from all over the world: astrophysi-
cists and cosmologists, observers and 
theorists, young postdocs and emi-
nent professors. Some of them had 
spent more time on the plane than 
they would in the lecture room. Their 
mutual worry: The universe appears 
to be expanding too fast, and no one 
knows why. At the end of the meeting, 
Brian Schmidt (Australian National 
University, ANU), co-recipient of the 
2011 Nobel Prize in Physics, said: “I’m 
even more puzzled after today.”

Here’s what astronomers and 
physicists alike scratch their heads 
about: Detailed observations of the 
cosmic microwave background (CMB, 
the cooled-down “afterglow” of the 
Big Bang) yield a very precise value for 
the current expansion rate of the uni-
verse, with an error margin of just 1%. 
However, measurements of objects 
in the “local” universe arrive at a 
number that is also fairly precise, but 
a whopping 9% higher. “And neither 
side has obvious weak points,” says 
Matthew Colless (ANU), one of the 
organizers of the Berlin symposium.

According to co-organizer Matthias 
Steinmetz (Leibniz Institute for Astro-

physics Potsdam, Germany), 
the determination of the 
universe’s current expansion 
rate “has a history of crisis 
and controversy.” Indeed, 
the earliest guesstimates for 
the Hubble constant (H0, a 

measure of the present-day 
expansion rate) seemed to indi-

cate that the universe was much 
younger than Earth. And 30 years 

ago, you’d be offered values that dif-
fered by a factor of two, depending on 
whom you asked.

“The good news is that the con-
troversy was much larger when I 
started to work in cosmology” than it 
is now, quips theorist Abraham Loeb 
(Harvard University). “So in a sense, 
there’s progress in the fi eld.” 

But Loeb is worried, too. Cosmol-
ogy has become a high-precision 
science, and never before has the gap 
between two different estimates of 
the Hubble constant been so statisti-
cally signifi cant.

Climbing up the 

Distance Ladder

In March 1929, American cosmologist 
Edwin Hubble published observations 
that, for the fi rst time, revealed that 
our universe is expanding. According 
to Hubble’s measurements, distant 
galaxies appear to be receding from us 
at a higher velocity than nearby galax-

How Fast Does the 
Universe Expand?

The expansion of the universe cannot be 

expressed as a simple velocity. Galaxies 

are not receding from each other through 

some imaginary static space. Instead, 

space itself is expanding, thereby pushing 

the galaxies away from one another. As a 

result, the distance between two galax-

ies increases over time. The more space 

there is between the two galaxies, the 

faster their mutual distance is growing, 

in kilometers per second. In other words, 

there’s no single “velocity value” for the 

expansion of the whole universe – it all 

depends on the scale you consider. It’s 

like monetary infl ation: The infl ation rate 

for 2018 cannot be expressed in dollars 

(that would only work for a particular sum 

of money), but must always be given as a 

percentage, or a proportionality constant.

Not that the universe is expanding that 

fast. In fact, cosmic distances increase 

by only some 0.01% in 1.4 million years. 

In other words: If the current distance 

to a remote galaxy is 100 million light-

years, it will increase by one light-year 

every 140 years or so. A “recession” 

velocity of one light-year per 140 years 

corresponds to about 2,150 kilometers 

per second (4.8 million mph). But a galaxy 

at a distance of 200 million light-years 

appears to “recede” twice as fast, at 

some 4,300 kilometers per second. Thus, 

the “recession” velocity is growing by 

21.5 kilometers per second for every ad-

ditional million light-years, or by some 70 

kilometers per second for every addition-

al megaparsec (Mpc; 1 parsec equals 3.26 

light-years). There’s your proportionality 

constant, H
0

: 70 km/s/Mpc.

Distance: Astronomers spot a standard 
candle star or supernova in a distant 
galaxy. They calculate how far away the 
galaxy has to be in order for the star to 
look as faint as it does.

How Astronomers Calculate 
H
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ies — something that (unknown to Hubble at the time) had 
been predicted to hold in an expanding universe by Belgian 
cosmologist and Jesuit priest Georges Lemaître two years ear-
lier. The Hubble-Lemaître Law describes this linear relation-
ship between distance and “recession” velocity; the propor-
tionality constant became known as the Hubble constant, or, 
more precisely, the Hubble parameter, because its value slowly 
changes with time.

However, the true value of the Hubble constant, measured 
in kilometers per second per megaparsec (km/s/Mpc, see box 
“How Fast Does the Universe Expand?”), turned out to be 
elusive. To determine it, you need to know both the cosmo-
logical “recession” velocity of a galaxy and its distance. In 
principle, the recession velocity (the rate at which a galaxy’s 
distance is increasing due to the expansion of the universe) 
can be found by measuring the redshift: The more time 
the galaxy’s light waves spend traveling through expanding 
space on their way to Earth, the more they are stretched to 
longer (redder) wavelengths. But for a nearby galaxy — one 
for which it’s relatively easy to measure the distance — the 
redshift measurement is compromised by the galaxy’s real 
motion through space. These spatial velocities can be as high 
as a few hundred kilometers per second. And for remote 
galaxies — the ones for which any spatial motion is negligibly 
small compared to the cosmological recession velocity — it’s 
frustratingly hard to measure their distances.

Over the decades, astronomers have set up an elaborate 
distance ladder to establish distances to other galaxies. 
Cepheid variables — luminous pulsating stars — are a key 
ingredient of this technique. The more luminous a Cepheid 
is, the slower it pulsates. Henrietta Swan Leavitt at Harvard 
College Observatory discovered this period-luminosity relation-
ship in the early 1900s, and it’s now known as the Leavitt 
Law. So if you fi nd a Cepheid in a remote galaxy, its observed 
period tells you how luminous it is, and the star’s apparent 
brightness then reveals the galaxy’s distance.

Laboratory reference Redshift

Distant galaxy
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Rate: A plot of the galaxies’ distances versus 
redshifts shows that farther galaxies recede faster. 
(Simulated data shown.) The slope of the line is the 
universe’s expansion rate. 

Velocity: The expansion of the universe shifts the 
standard candle’s light to longer, redder wavelengths. 
The amount of redshift tells astronomers the galaxy’s 
apparent recession velocity.

Using the eagle-eyed vision of the Hubble Space Telescope, 
which was designed in part for this work, a team led by 
Wendy Freedman (now at the University of Chicago) suc-
ceeded in identifying Cepheid variables in spiral galaxies at 
distances of hundreds of millions of light-years. “The fi nal 
results of our Key Project, published in 2001, yielded a Hubble 
constant of 72 km/s/Mpc,” she says, “but the uncertainty in 
that value was some 10%.” Still, this was a huge achievement: 
Before the launch of Hubble in April 1990, the best estimates 
for H0 ranged from 50 to 100 km/s/Mpc. Moreover, the Hub-
ble results enabled astronomers to calibrate other distance 
indicators that could be used farther out, where individual 
Cepheids can’t be seen anymore.

One of those standard candles are Type Ia supernovae — 
the catastrophic detonations of white dwarf stars that become 
too massive to resist their own gravity, either by accreting 
matter from a companion star or by merging with another 
white dwarf (see page 14). Since the temperature and density 
at which a white dwarf succumbs to gravitational collapse 
is usually the same, Type Ia supernovae explode and fade in 
a standard pattern, and from these light curves it’s pretty 
straightforward to deduce their true luminosity. Once cali-
brated, a comparison with the observed apparent brightness 
yields a distance estimate. (Some other ways of determining 
cosmic distances are described in the box on page 27.)

Using Type Ia supernovae as standard candles, two inde-
pendent teams of astronomers made a startling discovery 
in 1998: Even though the value of H0 was not yet known to 
a high level of precision, the observations of really remote 
galaxies revealed that the cosmic expansion rate isn’t slowing 
down, as had always been assumed, but is actually speeding 
up, despite the mutual gravitational attraction of all matter 
in the universe. This momentous discovery, for which Saul 
Perlmutter (University of California, Berkeley), Adam Riess 
(Johns Hopkins University), and Brian Schmidt received the 
2011 Nobel Prize in Physics, is now seen as evidence for a 

=
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mysterious dark energy, the true nature of which is one of the 
biggest mysteries in science (S&T: May 2018, p. 14).

Cosmology Crisis

No one realized it at the time, but the discovery of the accel-
erated expansion of the universe germinated the current cri-
sis in cosmology that was the topic of the Berlin symposium. 
Not because the concept of dark energy is somehow defi cient, 
but because it works too well.

Over the past 20 years, astronomers have come to realize 
that we live in a weird universe, dominated by dark energy 
(denoted by the Greek letter lambda, Λ) and (cold) dark 
matter (CDM), which is every bit as mysterious (S&T: Aug. 
2017, p. 28). But although we don’t know the true nature 
of these enigmatic components, the ΛCDM model of the 
universe successfully accounts for all kinds of cosmological 
observations, including the large-scale clustering properties 
of galaxies.

In particular, the ΛCDM model appears to be the only 
one that is compatible with the observed properties of the 
cosmic microwave background. The statistical distribution 
of the “hot” and “cold” spots in the CMB (in fact, tempera-
ture differences of less than a ten-thousandth of a degree), 
as observed in fi ne detail by the European Planck spacecraft, 
can only be understood if the universe is largely made up of 
dark energy and dark matter (S&T: July 2015, p. 28). From 
the 2018 fi nal Planck data release, cosmologists conclude 
that 68.4% of the matter-energy density of our universe is 
accounted for by dark energy; 26.5% by dark matter (probably 
some as-yet-undiscovered type of elementary particle), and 
no more than 4.9% by ordinary matter, consisting of atoms 
and molecules. (These fractions don’t quite add up to 100% 
because of rounding and the still-uncertain neutrino mass, 
among other reasons.) 

As Antony Lewis (University of Sussex, UK) told the Berlin 
audience, these cosmological parameters have now been 
derived so precisely that it’s easy to deduce what the current 
value of the Hubble constant should be: 67.4 km/s/Mpc, with 
an error margin of less than 1%. (This deduction takes into 
account the fact that the cosmic expansion rate fi rst slowed 
down because of the universe’s self-gravity but is now speed-
ing up again, because dark energy started to prevail some 
6 billion years ago.) And there appears to be very little wiggle 
room, says Colless. “It’s hard to get rid of [this result] without 
running into all kinds of other problems.”

The same value is arrived at by completely independent 
results from the Dark Energy Survey (DES). Carried out at 

the Cerro Tololo Inter-American Observatory in Chile, DES 
looked at the clustering properties of galaxies and at weak 
lensing — the tiny “shape-shifting” of remote galaxies due to 
the light-bending gravity of foreground galaxies and clusters 
(S&T: Sept. 2016, p. 34). These results have an error margin of 
about 2%, says DES theoretical cosmologist Dragan Huterer 
(University of Michigan).

But the lack of wiggle room in these results is causing 
a problem of its own: They don’t jibe with updated “local” 
measurements of H0 from Cepheids and supernovae. The 
2001 result from Freedman’s Hubble Key Project had a large 
enough range of uncertainty that, at fi rst, there didn’t seem 
to be cause for concern. But over the past years, a team led 
by Riess has arrived at a much more precise calibration of 
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Angular separation

Step 1: Astronomers measure the patchiness of 
the cosmic microwave background. (Data from 
Planck shown.)

How Astronomers Calculate H
0

 from the CMB

Step 2: The map gives them the power spectrum, 
which plots how large the temperature diff erences 
are between two locations on the sky, depending on 
how far apart those locations are.

No one realized it at the time, but the discovery 

of the accelerated expansion of the universe 

germinated the current crisis.

H
0
 F

R
O

M
 C

M
B

: 
G

R
E

G
G

 D
IN

D
E

R
M

A
N

 /
 S

&
T,

 P
L

A
N

C
K

 D
A

T
A

 (
2

):
 E

S
A

 /
 P

L
A

N
C

K
 C

O
L

L
A

B
O

R
A

T
IO

N
, 

G
A

L
A

X
Y

 

W
E

D
G

E
: 

L
E

A
H

 T
IS

C
IO

N
E

 /
 S

&
T;

 E
X

P
L

O
S

IO
N

 G
R

A
P

H
IC

: 
T

A
T

IA
N

A
Z

A
E

T
S

 /
 I

S
T

O
C

K
 /

 G
E

T
T

Y
 I

M
A

G
E

S
 P

L
U

S



 s k ya nd te l e scope .com • J U N E 2 019 27

the cosmological distance ladder, and at a correspondingly 
much more precise value for the Hubble constant. The result: 
73.5 km/s/Mpc, with an uncertainty of just 2.2%. “The value 
hasn’t changed very much,” he says, “but the uncertainty has 
come down signifi cantly.”

To achieve this high level of precision, Riess’s “Super-
nova, H0, for Equation of State of Dark Energy” (SH0ES) 
team determined the parallax, and thus the distance, of 50 
Cepheid variables in our own Milky Way Galaxy — a neces-
sary step in accurately calibrating the Leavitt Law. Subse-
quently, they studied Cepheids in 37 galaxies in which Type 
Ia supernovae had also been observed. Using the Cepheid 
distances of these 37 galaxies, the team then calibrated the 
standard candle properties of Type Ia’s. Finally, they derived 
the Hubble constant from observations of some 300 super-
novae in more distant galaxies, for which the redshift is a 
reliable measure of the cosmological recession velocity.

“Our data set has been re-analyzed by many, many 
independent groups,” Riess says, “and they all arrive at the 
same value” of 73.5 km/s/Mpc. That’s about 9% higher than 
the value obtained by Planck. Given the precision of both 
estimates, the statistical signifi cance of this discrepancy is 3.8 
sigma, according to Riess. That means the chance of the mis-
match being some statistical fl uke is about 1 in 7,000. Clearly, 
there’s something amiss. 

Huterer agrees. “The Hubble tension is real,” he says.

Now What?

While some scientists still think there may be an undiscov-
ered error in either one of the two approaches (or maybe in 
both!), most believe that the results are solid. But that doesn’t 

Keep Your Distance
There are various ways to determine the distance to 
another galaxy:

Variable stars The pulsation period of Cepheids – a 
particular and easy-to-recognize type of variable 
star – is related to their peak luminosity. Measur-
ing a Cepheid’s period reveals its luminosity; 
comparing that to its apparent brightness reveals 
its distance. Similar period-luminosity relation-
ships hold for other types of variable stars, most 
notably RR Lyrae stars. The relationships need to 
be calibrated by measuring distances to Milky Way 
variables by means of the parallax method.

Eclipsing binaries By spectroscopically measuring 
the orbital speeds of the two components of an 
eclipsing binary star (a close binary in which the 
stars mutually eclipse each other), and combining 
this information with the observed light curve, it 
is possible to geometrically calculate the physical 
dimensions of the two stars. Comparing this with 
their observed temperature and apparent bright-
ness yields a distance. Eclipsing binaries were 
used in 2013 to determine the distance to the 
Large Magellanic Cloud to a precision of 2%.

Red giant stars At the end of their lives, Sun-like 
stars turn into bloated red giants, slowly in-
creasing in size and luminosity. Just before they 
experience the so-called helium fl ash, they all 
produce the same amount of energy. By observing 
a large number of red giants in another galaxy, it 
is possible to derive the apparent brightness of 
this so-called tip of the red giant branch (TRGB). 
Comparing that to the known absolute brightness 
yields the distance. The TRGB method has been 
calibrated by observing red giants in the Large 
Magellanic Cloud, which is at a precisely known 
distance.

Megamasers Excited by X-rays from a supermassive 
black hole, water molecules in orbiting gas clouds 
can be stimulated to emit maser light (just like 
laser, but at microwave frequencies). These maser 
regions can be seen orbiting the black hole as 
a disk through very long baseline interferometry 
(VLBI). Combining the apparent size of the mega-
maser disk with the actual size that would match 
the clouds’ velocities, derived from spectroscopic 
observations, yields a precise distance, to within 
some 3% in the case of M106. Unfortunately, water 
megamasers are not extremely common, but the 
technique has proved to be useful in calibrating 
other “standard candles.”

Step 3: Astronomers then deduce the properties the primordial 
plasma had to have in order to produce this spectrum, including the 
speed of sound in the plasma and the density of diff erent types of 
matter. From those, researchers work out what the CMB patterns’ 
true physical size must be. Since they know the apparent size, the 
comparison provides the distance, which depends on the history of 
cosmic expansion.

Earth

Distance

H0 = 67.4 km/s/Mpc
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Gravitational lensing The light from remote galaxies and quasars 

can be split into multiple images by the gravity of a massive 

foreground object, such as a huge elliptical galaxy or a galaxy 

cluster. Brightness changes in the lensed object (for example, 

a supernova explosion in a galaxy, or the temporary fl ickering 

of a quasar core) arrive at Earth at different epochs, because 

each light path has its own associated travel time. From the 

time differences — and a precise model of the mass distribu-

tion of the foreground lens — it is possible to calculate the dis-

tances traveled, measuring the Hubble constant to a precision 

of some 3%, according to Sherry Suyu (Max Planck Institute 

for Astrophysics, Germany). Her team’s latest results yield a 

value for H
0
 between 70.2 and 74.6 km/s/Mpc, in fair agree-

ment with the “local” Cepheid/supernova method.

Baryon acoustic oscillations (BAOs) Some 370,000 years after 

the Big Bang, free electrons combined with atomic nuclei, 

and the universe became transparent to radiation. Large-

scale pressure waves in the primordial gas, produced by the 

earlier photon pressure, suddenly froze out. As a result, every 

high-density lump of matter was surrounded by a sphere with 

a higher-than-average density at a characteristic distance of 

something between 400,000 and 500,000 light-years. Conse-

quently, the chance of two galaxies forming at this mutual dis-

tance was higher than average. According to Matthew Colless 

(Australian National University), it’s a small effect, invisible to 

the eye, but statistical studies of the current three-dimensional 

distribution of 1.5 million galaxies do reveal it, albeit at a much 

larger characteristic scale, thanks to the expansion of the 

universe (S&T: Apr. 2016, p. 22). The “peak” now appears at a 

mutual distance of 147 megaparsecs (480 million light-years), 

and from this value, a Hubble constant of 67 km/s/Mpc can be 

derived, in accordance with the “cosmological” method.

mean they know how to explain the discrepancy. Even very 
creative theorists like Harvard’s Loeb are stumped. “I tried 
to come up with a solution to present at the symposium,” 
he says, “but I have nothing new to report. It’s not a simple 
problem to solve.”

One thing’s for sure: The suggestion that our Milky Way 
Galaxy may sit in a huge local void, which would have a 
higher-than-average expansion rate (S&T: Oct. 2017, p. 12), 
doesn’t work. “That effect is much too small,” says Loeb. 
“Moreover, it would also leave an imprint on the cosmic 
microwave background.” 

Riess agrees. “If caused by a local void, the difference 
between the two estimates of H0 would be less than a percent, 
not 9%,” he says. Riess is very confi dent about the high-H0 
results of the SH0ES team, partly because some alternative 
methods of determining the Hubble constant arrive at a 
similar value (see box below). “Maybe we’re just not creative 
enough” to solve the riddle, he says.

One far-fetched possibility might be that dark matter has 
been destroying itself over time, weakening its ability to slow 
the universe’s expansion. But coming up with viable models 
of decaying dark matter has turned out to be diffi cult. In 
Berlin, theoretical physicist Lisa Randall (Harvard Univer-
sity) presented her very preliminary ideas on what she calls a 
“quintessential solution to the Hubble puzzle,” in which dark 
matter would become less massive over time. “But,” she said 
at the conference, “if the gap remains as large as 9%, this 

can’t be the fi nal solution. It’s a very challenging problem to 
address.” Since then she’s been able to revise the model to 
provide “a rather good fi t to existing data.” 

Another potential solution would be a slow change in the 
“density” of dark energy over cosmological time. Recent X-ray 
observations of 1,600 distant quasars appeared to indicate just 
that (S&T: May 2019, p. 8). However, “the jury is defi nitely 
still out,” acknowledges team leader Guido Risaliti (University 
of Florence, Italy). “We’ll have to look at many more models 
in great detail before we can solve this cosmic conundrum.”

Both Randall and Loeb are reluctant to consider specula-
tive theories on modifi ed gravity that might somehow explain 
away the problem. “That would be unwarranted by com-
mon sense,” says Loeb. “It would be like killing a fl y with an 
atomic bomb.” 

Still, according to Freedman, an informal vote amongst 
scientists during a cosmology conference in Chicago in early 
October 2018 revealed that the vast majority thought that 
some form of “new physics” will be needed to solve the mys-
tery. “It’s what cosmologists really hope,” says Huterer. “Who 
knows,” comments Schmidt, “there might be something 
fundamentally wrong with our interpretation of the cosmic 
microwave background.”

Other Ways to Measure the Hubble Constant
The current expansion rate of the universe can be derived from precise measurements of distances and “recession” velocities of 

remote galaxies, or calculated from cosmological models and the observed properties of the cosmic microwave background — both 

approaches are discussed in the main story. But there are other ways to measure the Hubble constant, H0:

u THE WALL Measurements of the cosmic expansion rate bifurcate, 

with studies that use distance scales set in the early universe favoring 

lower values than those that use phenomena such as supernovae. H
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BOSS
(baryon acoustic

oscillations)

Dark Energy Survey
(cosmic structure + 

lensing + baryon density)

Planck
(CMB)

Expansion rate (km/s/Mpc)

65 70 75 8060

SH0ES 
(Type 1a + Cepheids)

Type Ia 

Lensed quasars

Gravitational waves

Cepheids

Hubble Constant Measurements

Primordial imprints Phenomena

Clarity Will Come

In the closing session of the symposium, Schmidt stoically 
observed that “clearly, we have not solved things today.” The 
hope is that new and better observations will shed light on 
the Hubble constant controversy. Astronomers look forward 
to more precise parallax data from the European astromet-
ric satellite Gaia, to detailed supernova observations by the 
James Webb Space Telescope, to high-precision measurements 
of the CMB by the future Simons Observatory in northern 
Chile, and to planned surveys of the large-scale structure of 
the universe at various look-back times in cosmic history.

By far the best, however, would be a direct measurement of 
the expansion of the universe. “It’s hard, but worth it,” says 
Rachel Webster (University of Melbourne, Australia). The 
idea would be to precisely measure the redshift (and, thus, 
the recession velocity) of a distant quasar, and then to repeat 

the measurement ten years later, to determine how much it 
has increased. The expected change in redshift would be on 
the order of one part in a billion, but with future facilities 
like the European Extremely Large Telescope (ELT) or the 
Square Kilometre Array (SKA), this is “potentially doable,” 
according to Webster.

Colless, like most of his colleagues, remains optimistic. 
“The nice thing about this fi eld is that many outstanding 
questions will be answered in due time, unlike the situation 
with cosmic infl ation or string theory,” he says. “Five years 
from now, we’ll have a much clearer view.”

¢ S&T Contributing Editor GOVERT SCHILLING writes about 

astronomy and space science from his hometown of Amers-

foort, The Netherlands. Since he was born, the universe has 

expanded by about 0.00000044%. 0
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“That would be 

unwarranted by common 

sense,” says Loeb. “It would 

be like killing a fl y with an 

atomic bomb.”

Clustering and weak lensing Combined with baryon acoustic 

oscillations and the density of baryons, observations of the 

clustering properties of galaxies over time and measurements 

of so-called weak lensing yield an independent, pretty precise 

value of the Hubble constant. This approach has been fol-

lowed by the Dark Energy Survey — a comprehensive survey 

of the positions, redshifts, and shapes of a few hundred million 

galaxies, carried out with the 520-megapixel Dark Energy 

Camera on the 4-meter Blanco Telescope at Cerro Tololo, 

Chile. Preliminary results, published in November 2018, arrive 

at a value for H
0
 of 67.4 km/s/Mpc — again, in good agree-

ment with the “cosmological” estimate.

Gravitational waves In August 2017, astronomers and physicists 

detected a burst of gravitational waves — minute ripples in 

spacetime — from a pair of colliding neutron stars (S&T: Feb. 

2018, p. 32). From the detected wave patterns, it was possible 

to deduce the masses of the colliding stars and the correspond-

ing energy that was emitted in the form of gravitational waves. 

Because the waves’ amplitude shrank as they traveled, measur-

ing the amplitude in the detectors here on Earth then provided 

an independent distance estimate for the host galaxy of the 

merger (NGC 4993): 143 million light-years, with an error margin 

of 15%. Combining this with the known redshift of the galaxy 

yields a (rather imprecise) value for the Hubble constant of 70 

km/s/Mpc, smack in the middle of the “local” and “cosmologi-

cal” values. However, according to Bernard Schutz (Cardiff Uni-

versity, UK), future gravitational-wave detectors like the Einstein 

Telescope and the Cosmic Explorer will be able to “see” every 

binary neutron star merger in the observable universe, and 

eventually, the precision of this method may improve to 0.1%.

www.skyandtelescope.com
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ElusıveElusıveHunting

GALAXY AND STARS 

You might not be able to resolve 
NGC 4030’s spiral arms when 
you observe it, but this galaxy 
is pleasing nevertheless. It’s 
delightfully bracketed by two 
11th-magnitude stars.
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Face-on spiral galaxies are 

among the most graceful 

objects to behold and thus are 

totally worth the bit of effort 

they require to observe.

You’ve probably marveled at the gr and spiral structure 
in the Whirlpool Galaxy, teased out the ethereal pin-
wheel of M101, and traced the delicate branches of 

Triangulum’s grandest showpiece, M33. Few deep-sky objects 
elicit as much awe as these open-faced spiral galaxies with 
their spectacular arching arms. The Messier list contains 
several other examples, and you’ve no doubt enjoyed at least 
the brightest of them. 

Are there more of these majestic marvels lying just off 
the well-worn track? The challenging targets on our tour of 
open-faced spirals from the New General Catalogue of Nebulae 
and Clusters of Stars might reward the patient and careful 
observer with some delightful surprises. They are all well 
placed in the June sky. 

Learning to eke out faint spiral structure is a useful skill 
to cultivate. First, of course, one should employ all of the 
tried-and-true techniques for pushing the envelope of visual 
detection. You’ll want the darkest site you can fi nd on a night 
of decent sky conditions. Dark adaptation is paramount; take 
the time to achieve it and take precautions to preserve it. 
Large aperture will be a plus, but don’t discount your chances 
just because your telescope is of modest aperture. Experiment 
with magnifi cation; fi nding the optimum contrast is essen-
tial. Most important, however, is simply learning to consider 
that there may be faint structure visible beyond what is 
initially evident. You’re apt to miss what you don’t look for. 
And, as with any faint deep-sky object, the longer you look 
the more you’ll see.

Some observers like to view a photograph of an object fi rst. 
It’s quite helpful to know exactly where to look for the fainter 
components of a galaxy. The danger, of course, is in imagin-
ing you see something just because you know it’s there. I 
prefer to check the photographs after noting these fainter 
features to confi rm that what I suspected was really there.

NGC 3310 (Arp 217) lies about 4.5° southwest of the Big 
Dipper’s bowl and about 10′ south-southwest of a 5.6-mag-
nitude star (HD 92095). A fi rst impression is of an abruptly 
bright core within a much fainter halo. Further study reveals 
a more mottled appearance, and eventually a small north-
reaching arm becomes visible. A southern arm is less contin-
uous, comprising a string of bright knots, or stellarings.

The term stellaring was probably coined by Brian Skiff 
and Christian Luginbuhl in their 1990 publication, Observ-

M97

M106

M108

M109
33103631

3938

HD 92095

4051

β

ψ

χ

γ

67

δ

U R S A  M A J O R

+45°

+50°

+55°

3893

11h 00m11h 30m12h 00m

p STELLAR NURSERY NGC 3310 in Ursa Major is an example of a 

starburst galaxy, where stars are being born at a prodigious rate, espe-

cially along the spiral arms. 
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ing Handbook and Catalogue of Deep-Sky Objects. It perfectly 
evokes the image of the dense, starlike knots that populate 
some nebulous objects. The arms of NGC 3310 are short, 
barely more than stubs, but studying the galaxy until they 
become detectable will establish the technique you’ll employ 
for the rest of this tour. Owners of large-aperture scopes 
might pull even more out of this small galaxy, as some very 
faint and wispy outer arms extend out to the northwest. 

Often one has the unmistakable impression of stellar struc-
ture even without being able to trace out and separate the indi-
vidual arms of an object. NGC 3521 in Leo is a good example. 
Located in the same fi eld as 6th-magnitude 62 Leonis, this is 
a rather large spiral tilted at an oblique angle to our line of 
sight. NGC 3521 is often described as a fl occulent galaxy — its 
multiple branching arms give the halo a fl eecy appearance. 
The arms seem to blend together, becoming distinct only at 
their extreme ends. This is a remarkable object with a great 
deal to offer the persistent observer, so give it some time. A 
very subtle dust lane can be detected on its western edge with 
the faintest hint of nebulosity beyond it.

We might think of the spiral arms as a population of 
stars orbiting a galaxy as a structured group, but that’s not 
the case. One theory proposes that the arms are essentially 
density waves that orbit the galactic core independent of the 
stars within them. Stars move through the arms as they orbit 
the galaxy. Orbiting gas clouds also move through the arms, 
where they get squeezed and compressed by the denser grav-
ity there, leading to star formation. Indeed, most of a spiral 
galaxy’s starbirth occurs in the arms, and it’s this starburst 
activity that highlights them.

Also situated below the bowl of the Dipper, NGC 3631 is 
a bright face-on spiral with a small bright core and loosely 
wound spiral arms. At least two major arms wrap around 
the core counterclockwise. One arm fl attens out into a 
straight band that stretches to the east. The arms can be 
traced out rather easily by the numerous stellarings that 
highlight their mottled form. These dense knots suggest 
regions of star formation where we are seeing the combined 
light of illuminated or radiating clouds of gas and dust and 
the hot young stars within them. Regions of star formation 
in our own neighborhood, like M42 or M17, would likely 
appear similar to an observer in a far-off galaxy.

About 1° northeast of Chi 
(χ) Ursae Majoris, NGC 3893 
isn’t quite face-on to us. It 
has one large arm that wraps 
around its southern edge and 
stands out prominently to the 
east of the core. NGC 3893 is 
smaller than our Milky Way 
and about 49 million light-
years distant. It’s likely inter-
acting with tiny NGC 3896, 
which is in the same fi eld 
of view. Photographs of the 

pWOOLLY GALAXY Some galaxies, such as NGC 3521 in Leo, are 

members of a class of objects known as fl occulent galaxies. They are so 

named for their soft, woolly appearance. 

p TAKE A LONG LOOK The graceful spiral NGC 3938 in Ursa Major re-

quires deeper examination to tease out its structure — but you’ll be richly 

rewarded by the galaxy’s delicate spiral arms with their brighter knots.  
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graceful galaxy show a smaller northern arm that isn’t at all 
apparent in the eyepiece.

NGC 3938 deserves a very long look. This remarkable 
face-on spiral will stingily hide its structure from the casual 
observer, who will see only a rather faint round object with 
a brighter center. A much deeper examination will enable 
its branching arms to emerge. A delicate network of brighter 
knots defi nes this graceful grand spiral’s swirling arms. Per-

haps no other object on our tour is better proof of the effec-
tiveness of careful, prolonged study. It’s located 2° northwest 
of 5th-magnitude 67 Ursae Majoris.

The spiral structure in NGC 4030 may elude you as well, 
but this galaxy is worth the effort to fi nd. Look for it 3° 45′ 
southeast of Beta (β) Virginis. It lies pleasingly nestled 
among a number of stars, including two of 11th magnitude 
that border its west side, one north and one south of the 
extended halo. In the eyepiece, I detect some faint mottling 
that extends beyond the obvious central core and gives the 
unmistakable impression of spiral arms, but I’m not sure we 
actually resolve them.

MAGNIFICENT SPIRAL Another splendid 

example of a fl occulent galaxy, NGC 4414 

in Coma Berenices highlights how these 

objects have older and more red and yellow 

stars at their centers. New stars are con-

stantly being born in the spiral arms, which 

is why these outer regions look bluish.
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qUMBRELLA GALAXY Likely interactions with a smaller galaxy re-

sulted in the stream of material seen emanating to the right of NGC 4651. 

The stream won’t be visible in backyard telescopes, but when you spot 

the galaxy in your eyepiece, bear in mind this extraordinary structure.

www.skyandtelescope.com
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Common in spiral galaxies, including our own Milky Way, 
are elongated central features we call bars. As many as two-
thirds of spirals have bars. The cores of barred spirals can 
appear as bright bands that taper off into their largest spiral 
arms. You might detect such a bar in NGC 4051, lying 1.5° 
north of 67 Ursae Majoris and about 2° east-northeast of 
NGC 3938, which we visited earlier. A faint arm emerges from 
the southern end of the elongated core and sweeps north along 
the east side of the galaxy. A few bright knots appear on the 
opposite end of the bar hinting at a northern arm. The north 
arm doesn’t stand out as separate from the core, however.

NGC 4414, a fl occulent galaxy in Coma Berenices, sits 
on the border with Canes Venatici about 3° north of 4th-

magnitude Gamma (γ) Comae Berenices. It’s a bright, tightly 
wound spiral that gives just a hint of swirling arms wrapping 
around its bright core.

The Umbrella Galaxy is the nickname by which NGC 4651 
(Arp 189) in Coma Berenices is known. The name refers to an 
oddly shaped remnant of a long-ago interaction with another 
galaxy that manifests itself as a faint stream of material. This 
tidal stellar stream is likely the remains of a dwarf companion 
shredded by the larger galaxy’s gravity. As with many nick-
names, it refers to structures that are not visible in backyard 
telescopes. Instead, in the eyepiece, NGC 4651 appears like a 
bright oval core surrounded by several patchy arms that com-
prise its mottled halo. A denizen of the Virgo-Coma Cluster, 
it has eluded reliable determinations of its distance, with esti-
mates ranging from 35 to 75 million light-years. It’s located 
at the end of an arc of 4th- and 5th-magnitude stars leading 
westward about 6.5° from Alpha (α) Comae Berenices.

Large, bright, and impressive, NGC 4725 adorns northern 
Coma Berenices about 5° east of the bright cluster that lends 
its ancient identity to its parent constellation. The galaxy’s 
sole spiral arm winds tightly around a bright oval core. It 
shares the fi eld with several stars and two 13th-magnitude 
companion galaxies, NGC 4712 and NGC 4747. NGC 4747 
may be at a similar distance to NGC 4725 and thus a true 
neighbor, but NGC 4712 is very much farther away. A few 
of the galaxies on our list are Seyfert galaxies, and NGC 4725 
is among them. Seyfert galaxies are powered by supermas-
sive black holes just like quasars, but unlike quasars, their 
host galaxies are detectable. Visually, it’s comparable to M94, 
similar in size, and only a little less bright, but I fi nd its spiral 
structure easier to discern.

Virgo’s NGC 5147 lies in front of Abell 1733, a galaxy 
cluster that is about four times more distant. Initial impres-
sions of the galaxy are skewed by a foreground star that sits 
near and outshines the galactic core. An irregularly bright 
halo is the evidence of stellar structure in this example of a 
nearly face-on spiral. Involved stars make for a pretty view 

qONE-ARMED SPIRAL NGC 4725 is an odd galaxy in that it only has 

one spiral arm that loops around the core and then itself. As with other 

spiral galaxies, the yellowish central bar region contains older stars, while 

bluer star-forming regions dot the winding arm.

p TWO FOR ONE A medium-power eyepiece will help you catch this 

pair of barred spirals in the same view. NGC 5595 and NGC 5597 lie in 

Libra at similar distances and may be interacting.
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but may distract the eye from noticing the variations in 
brightness that trace out its hidden structure.

You may know NGC 5248 in Boötes as Caldwell 45. 
Famed British astronomer Sir Patrick Caldwell-Moore (better 
known as Patrick Moore) compiled a catalog of non-Messier 
objects in the December 1995 issue of Sky & Telescope. The 
109 objects in that article have become a popular target list of 
many amateur deep-sky sleuths and the subject of a popular 
observing program of the Astronomical League. It’s large, 
bright, and easily visible in small apertures. The spiral struc-
ture may require larger instruments. Two bright arms, one to 
the east arching north and one to the west tending south, are 
outlined in numerous bright stellarings — in this case, bright 
H II regions that dot the arms along their entire length. It’s 
located in a rather blank area on the border between Boötes 
and Virgo almost 14° southwest of Arcturus and a little more 
than 9° north of Zeta (ζ) Virginis.

The barred spirals NGC 5595 and NGC 5597 are two very 
similar galaxies in the same medium-power fi eld in Libra that 
make for a very interesting view. They’re at similar distances 
from us, and they may even be interacting. NGC 5595 is 
irregular looking with a small bright core and one fairly 
bright arm that loops over its north end. NGC 5597 is just 4′ 
to the southeast and appears a bit fainter and mostly round. 
It has a small, bright, almost rectangular core and a faint 
outer halo that’s challenging to resolve into its discrete parts 
but that leaves the unmistakable impression of spiral struc-

ture. They’re found near 
Libra’s border with Virgo, 
about 6.5° west of Alpha 
Librae. 

NGC 6384 is a barred 
spiral in Ophiuchus situated 
about 3° 40′ northwest of 
Beta Ophiuchi, lying among 
many superimposed stars. 
A faint outer halo leads the 
observer to just suspect its 
delicate spiral arms. If we 
accept its distance of 86 million light-years, it would span 
150,000 light-years in diameter, half again as large as the 
Milky Way!

There are so many more! To varying degrees, the majority 
of open-faced spirals in our sky have the potential to yield 
up their delicate, swirling structure to visual detection. To 
be successful at seeing it, both the eye and the mind must be 
trained to pick it up. Observers who develop the habit of con-
sidering the existence of features beyond the obvious bright 
core and faint halo will be richly rewarded.

¢ Contributing Editor TED FORTE maintains a backyard ob-
servatory outside of Sierra Vista, Arizona, and is the operations 
director at another observatory on the Sierra Vista campus of 
the University of Arizona.

Face-On Spiral Galaxies

Object Constellation Surface 
Brightness

Mag(v) Size/Sep PA (°) Distance 
(million l-y)

RA Dec.

NGC 3310 UMa 12.8 10.8 3.1′ × 2.4′ 156 50 10h 38.8m +53° 30′

NGC 3521 Leo 13.3 9.0 11.0′ × 5.5′ 163 32 11h 05.8m –00° 02′

NGC 3631 UMa 13.4 10.4 5.0′ × 3.7′ 114 59 11h 21.0m +53° 10′

NGC 3893 UMa 13.1 10.5 4.5′ × 2.8′ 165 49 11h 48.6m +48° 43′

NGC 3938 UMa 13.8 10.4 5.4′ × 4.9′ 0 41 11h 52.8m +44° 07′

NGC 4030 Vir 13.2 10.6 4.2′ × 3.0′ 27 65 12h 00.4m –01° 06′

NGC 4051 UMa 13.3 10.2 5.2′ × 3.9′ 135 36 12h 03.2m +44° 32′

NGC 4414 Com 12.8 10.1 4.4′ × 3.0′ 155 35 12h 26.5m +31° 13′

NGC 4651 Com 13.2 10.8 4.0′ × 2.6′ 80 35–75 12h 43.7m +16° 24′

NGC 4725 Com 14.0 9.4 10.7′ × 7.6′ 35 58 12h 50.4m +25° 30′

NGC 5147 Vir 12.8 11.8 1.9′ × 1.5′ 120 50 13h 26.3m +02° 06′

NGC 5248 Boo 13.8 10.3 6.2′ × 4.5′ 122 54 13h 37.5m +08° 53′

NGC 5595 Lib 12.9 12.0 2.2′ × 1.2′ 50 127 14h 24.2m –16° 43′

NGC 5597 Lib 13.3 12.0 2.1′ × 1.7′ 95 126 14h 24.5m –16° 46′

NGC 6384 Oph 13.8 10.4 6.2′ × 4.1′ 30 86 17h 32.4m +07° 04′
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.
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The Dawes Limit 
Distinguishing the binary nature of a star at 

the Dawes limit is a stringent test of visual 

acuity at the telescope’s limit of resolution, with 

atmospheric conditions playing no small role. 

Phillip Kane’s “Find Your Dawes Limit” (S&T: 

Sept. 2016, p. 30) provided the catalyst for me 

to fi nd closure on unresolved double star issues 

that had accumulated for decades. His “grand 

list of test stars” is outstanding and was almost 

up-to-date. I decided to accept his challenge.

The Dawes and 
Sparrow Limits
Observers use the ability to separate double 

stars as a proxy for a telescope’s resolving 

power. Enlarged images of close double stars as 

seen in a telescope without a central obstruction 

at decreasing separations are simulated at right. 

According to the Dawes criterion, resolution is 

predicated on the perception of a drop in the 

light intensity (dark notches) fl anking the closely 

merged star images. In his Catalogue, Dawes 

concludes this is the closest that two stars can 

overlap and still be recognized as individual 

objects. The criterion culminates in his famous 

Dawes’ limit equation

The author fi nds that two of his telescopes have somewhat different — lower! — 
Dawes’ limits than what theory predicts.
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Selecting the Targets

Some of the closely merged 6th-magnitude stars I observed 
resembled the elongated image representing stars at the Spar-
row limit (bottom image, see sidebar). Others, which had 
components of unequal magnitudes (Δ mag ≤ 1.0), present ed 
ovate or peanut-shaped images. These forms can also be dis-
tinguished (as opposed to resolved) since:
• One can infer two stars are involved by the irregularity of 

the image.
• The shape of the fi rst diffraction ring usually mimics the 

inequality of the merged stars and provides a recognizable 
signature.

• The fainter star of the image generally points toward the 
requisite position angle.

So, in addition to establishing a personal Dawes’ limit for 
my telescopes (a 3½-inch and a 7-inch), I also addressed a 
lower limit of distinguishability. I included this feature, hop-
ing to bring attention to the practice of claiming a Dawes’ 
limit resolution for an elongated shape (meaning the stars 
aren’t resolved at all) that in fact falls within the purview 
of the Sparrow criterion. I observed stars with separations 
progressively smaller than the conventional Dawes’ limit, to 
a point where I could no longer detect any elongation, and 
recorded the components’ separation (fi fth column in the 
tables overleaf). There was nothing to measure; everything 
was subjective and limited to specifi c telescopes. In the end, I 
chose 18 sixth-magnitude double stars, each meeting at least 
some of the specifi cs mentioned.

and Beyond

where r is the resolution of a telescope, 4.56″ is 

Dawes’ empirically derived constant, and a is the 

aperture of the telescope in inches. If a is given in 

millimeters, the constant is 116″.

Double stars are just separated if they meet the 

Rayleigh criterion. In this scenario, the centers of the 

two stars’ Airy disks (the bright central source of the 

star’s diffraction pattern) are exactly one disk radius 

apart. The more stringent Dawes criterion was devel-

oped from “fi ve and thirty” years of observations and 

embodies Dawes’ concept of resolution. The centers 

of the Airy disks at the Dawes limit are separated by 

about 0.84-disk radii, as shown in the middle panel.

J. B. Sidgwick’s Amateur Astronomer’s Handbook 

describes overlapping stars with separations closer 

than the Dawes limit. These appear in the eye-

piece as a single elongated star with no drop of 

light intensity (see bottom image). Sidgwick adds 

that the normal eye can detect this elongation 

when the separation is more than about r/2. This 

leads to the Sparrow criterion, which describes 

the appearance of the merged stars as prolate or 

rodlike, with centers about 0.78-disk radii apart. 

This form shows no notching and the stars can’t be 

considered resolved. The separation of the stars in 

arcseconds where the elongation can no longer be 

visually detected with a given telescope comprises 

the Sparrow limit.

SOURCES
I relied on the U.S. Naval Observatory (USNO) for double 
star data. The ephemerides of the Sixth Catalog of Orbits 
of Visual Binary Stars (https://is.gd/usno_orb6) generally 
matched those data provided by the Washington Double 
Star Catalog (https://is.gd/usno_wds), but there were 
exceptions.

t SIMULATING DOUBLE STARS In order to describe what close 
double stars look like through a telescope, simulations such as the 
one at left can be generated. The top panel shows two Airy disks, 
fully separated. The middle panel is representative of the Dawes 
limit, while the bottom panel simulates the Sparrow limit. 

https://is.gd/usno_orb6
https://is.gd/usno_wds
www.skyandtelescope.com
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I used my venerable 3½-inch and 7-inch Questar tele-
scopes for this project. Working high power for the instru-
ments is 160× and 320×, which I can double using internal 
Barlow lenses if conditions permit. The conventional separa-
tion at the Dawes limit for each telescope is 1.3″ and 0.65″; 
these values are approximately the separations of 53 Aquarii

and STF 2244 (Σ2244), respectively.

Putting My Telescopes to the Test — 

the 3½-inch

In 2016, since 53 Aquarii approximated the separation 
encountered at the Dawes limit for a 3½-inch telescope, 
the star pair should have presented a notched, elongated 
Airy disk. Instead, I saw two stars separated by ample dark 
sky. Ditto for its doppelgänger, Kappa1 Sculptoris. With a 
separation of 1.1″, STF 749 (Σ749) also showed an expanse 
of darkness between its components. These stars gave me my 
fi rst evidence that a sub-Dawes-limit resolution was possible 
with this telescope.

There are doubts on the binary nature of 24 Ophiuchi. 
It doesn’t have a calculated orbit and probably is an optical 
double, but its bluish components certainly invite inspection. 
Early in this study, I saw 24 Oph as two touching stars.

On the other hand, HWE 28 (Howe 28) is a bona fi de
physical double and showed a darkly notched, oblong image 
at 260× during moments of better seeing at its declination of 
almost –36°. The WDS separation was listed at about 1.0″.

One of the rare doubles whose attributes (6th-magnitude 
components with Δ mag = 0.04) almost exactly meet the 
Dawes criterion is 52 Orionis. It displayed the symmetrical, 
notched, oblong entity associated with Dawes’ limit at an 
estimated separation of about 1.0″.

p THE TELESCOPES The author determined the Dawes limit of two 

telescopes, a 3½-inch and a 7-inch Questar.

Separations Using a 3½-inch Telescope

Object RA Dec. Mag(v) Size/Sep PA (°) Year Observed Comments

53 Aqr 22h 26.6m –16° 45′ 6.3, 6.4 1.33″ 78 2016 Separated

Kappa1 Scl 00h 09.4m –27° 59′ 6.1, 6.2 1.31″ 258 2017 Separated

STF 749 05h 37.1m +26° 55′ 6.5, 6.6 1.11″ 319 2017 Separated

24 Oph 16h 56.8m –23° 09′ 6.2, 6.3 1.02″ 304 2015 Touching stars

HWE 28 13h 53.5m –35° 40′ 6.3, 6.4 1.01″ 315 2017 Classic, notched

52 Ori 05h 48.0m +06° 27′ 6.0, 6.0 0.99″ 222 2015 Classic, notched

14 Ori 05h 07.9m +08° 30′ 5.8, 6.7 0.95″ 286 2017 Peanut-shaped

STF 2 00h 09.3m +79° 43′ 6.7, 6.9 0.92″ 15 2017 Ovate

STT 410 20h 39.6m +40° 35′ 6.7, 6.8 0.87″ 4 2016 Elon gated

16 Vul 20h 02.0m +24° 56′ 5.8, 6.2 0.85″ 127 2016 Round image

Angular sizes and separations are from recent catalogs. When necessary, the author interpolated to refl ect closest observation year. Right ascension and declination are 

for equinox 2000.0.

While not separable with this telescope, 14 Orionis (Δ mag 
= 0.9) gave a peanut-shaped image while STF 2 (Σ2; Δ mag = 
0.2) presented an ovate image. Both were easily distinguished.

The lower distinguishable limit for the 3½-inch telescope 
may well have been defi ned when I compared STT 410 
(OΣ410) and 16 Vulpeculae. The pale blue, elongated image 
of STT 410 (0.87″ separation) was distinctive at 260×, while 
the image of 16 Vul with 0.85″ separation remained mostly 
round and showed only an occasional hint of duality.
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Putting My Telescopes to the Test — 

the 7-inch

The 7-inch telescope showed STF 2244 (Σ2244) with dark 
sky between its components instead of a fused dumbbell of 
merged stars. Similarly, STF 2173 (Σ2173; September 2016 
observation) and BU 395 showed darkness in their inter-
stices. These three stars mirrored the sub-Dawes-limit resolu-
tion trend established by the 3½-inch telescope.

However, in September 2017 I decided there was no dark 
sky between the stars of STF 2173. Instead, they appeared to 
be just touching. I may have witnessed the two star images 
merging during the six-week observation period, as initially I 
imagined that I could see a small gap between them. Try as I 
might, there was no relating these stars (0.54″ separation) to 
the Rayleigh criterion.

Another matched (Δ mag = 0.02) 6th-magnitude double 
star that fi ts the Dawes criterion nicely is 52 Arietis. My 
observation from January 2017 with the 7-inch telescope 
yielded a classic Dawes’ resolution image at an estimated 
separation of 0.5″. An observation by another astronomer 
from approximately the same time undertaken using a 
10-inch f/5 refl ecting telescope on a Dobsonian mount dis-
tinctly showed two separate components (see https://is.gd/
Dawes52Ari). Unlike in the image from the 10-inch scope, 
I didn’t see any space between the symmetrical pair. The 
notching convinced me it represented Dawes’ limit.

The effect a small difference in magnitude has on star 
images is also demonstrated by ovate 51 Aquarii (Δ mag = 
0.2) and peanut-shaped 59 Hydrae (Δ mag = 0.6). Again, both 
were easily distinguished.

BU 311 had a listed separation of 0.43″ and was deemed 
close to the lower distinguishable limit. At times, its image 
seemed ovate but kept regressing to a round image. Hav-
ing identical separation, BU 932 yielded the same spotty 
results. Each suggested a lower limit of distinguishability 
for the 7-inch telescope.

 Separations Using a 7-inch Telescope

Object RA Dec. Mag(v) Size/Sep PA (°) Year Observed Comments

STF 2244 17h 57.1m +00° 04′ 6.6, 6.9 0.64″ 101 2017 Separated

BU 395 00h 37.3m –24° 46′ 6.2, 6.6 0.60″ 118 2018 Separated

52 Ari 03h 05.4m +25° 15′ 6.2, 6.2 0.50″ 258 2017 Classic, notched

51 Aqr 22h 24.1m –04° 50′ 6.5, 6.6 0.46″ 31 2016 Ovate

59 Hya 14h 58.7m –27° 39′ 6.2, 6.8 0.46″ 14 2016 Peanut-shaped

BU 311 04h 26.9m –24° 05′ 6.7, 7.1 0.43″ 157 2016 Ovate?

BU 932 13h 34.7m –13° 13′ 6.3, 7.3 0.43″ 66 2016 Peanut-shaped?

Angular sizes and separations are from recent catalogs. When necessary, the author interpolated to refl ect closest observation year. Right ascension and declination are 

for equinox 2000.0.

STF 2173: Separations Using a 7-inch Telescope

Object RA Dec. Mag(v) Size/Sep PA (°) Year Observed Comments

STF 2173 17h 30.4m –01° 04′ 6.1, 6.2 0.63″ 142 Sept 2016 Separated

0.54″ 139 Sept 2017 Just touching

0.50″ 138 Mar 2018 Classic, notched

0.44″ 134 Oct 2018 Elongated

0.40″ 130 Mar 2019 Round image

Angular sizes and separations are from the author’s interpolations. The last value is a projection.  Right ascension and declination are for equinox 2000.0.

It is a point of considerable interest to determine 
the separating power of any given telescopic aperture. 
Having ascertained about  ve and thirty years 
ago, by comparisons of the performance of several 
telescopes of very dif ferent apertures . . . I examined 
with a great variety of apertures a vast number of 
double stars . . . in order to ascertain the separating 
power of those apertures, as expressed in inches of 
aperture and seconds of distance.
—Rev. W. R. Dawes, Catalogue of Micrometrical 
Measurements of Double Stars (1867)

https://is.gd/dawes52ari
www.skyandtelescope.com
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pOBSERVATIONS OF STF 2173 The author has been 

observing STF 2173 since September 2016, when the two 

components were fully separated. He has been following their 

ever-decreasing separation and projected the March 2019 

result to be of a fully round image. 

p PERSONAL DAWES’ LIMITS The graph above summa-

rizes the author’s fi ndings. The open square is the average of 

the separations of HWE 28 and 52 Ori, while the open circle 

is the average of 52 Ari and STF 2173. The solid square and 

solid circle represent the Sparrow limit for the two telescopes, 

derived from STT 410 and BU 311.

Separations for this study were, by necessity, obtained 
piecemeal from various double stars at various positions in 
their orbits. But in 2016, the companion of STF 2173 was 
positioned in its 46.4-year, grade-1 orbit (https://is.gd/usno_
orb6) to offer a seamless investigation from fully separated 
stars to Dawes’ limit to unseparable in a three-year period.

I observed STF 2173 in September 2016 as two stars with 
visible dark sky (0.63″) between the components. A year later, 
the yellow stars were just touching with an interpolated gap 
of 0.54″. The pair reached a separation of 0.50″ in March 2018 
and, when observed one frosty morning before dawn, displayed 
a notched, gold infi nity symbol with the smaller lobe pointing 
towards the vicinity of 140°. In early October 2018, I could still 
distinguish an elongated image with the components separated 
by about 0.44″. Soon, the fast-moving stars will merge beyond 
the distinguishable limit of my 7-inch telescope, then pass into 
the daylight sky. At the time of writing, the next available view-
ing of the round image of STF 2173 will be in March 2019.

I called this endeavor “The Lazy Astronomer’s One-Star 
Dawes Limit and Beyond Determination.”

Summary

The double stars that showed Dawes’ limit resolutions 
signifi cantly less than 4.56″/a were HWE 28 and 52 Orionis 
with the 3½-inch and 52 Arietis and STF 2173 (March 2018 
observation) with the 7-inch telescope.

I couldn’t discern elongation or other image irregularities 
with smaller separations than those of STT 410 and BU 311. 
Their separation values were at the lower limits of distinguish-
ability for the 3½-inch and 7-inch telescopes, respectively. 
Neither value approached the r/2 established by Sidgwick.

Not only did the larger telescope halve the Dawes resolu-
tion of the small er telescope (0.5″ vs. 1.0″), but this effect 
was replicated when investigating the strictly subjective lower 
distinguishable limits, the Sparrow limit (0.43″ vs. 0.87″). 

My personal Dawes’ limit (rp) for both telescopes is

When a is given in millimeters, the constant is 89″. My 
value of Dawes’ constant is considerably (23%) smaller than 
the conventional 4.56″. The signifi cance is debatable.

Next August, I will celebrate my eighty-fourth birthday. 
Perhaps it’s time to note at what point stars are nicely sepa-
rated and enjoy the images and not worry about egg shapes 
or fused nuclei or other subtleties. There are few sights 
lovelier than a double star that looks like matched diamonds 
suitable for a Bond fi lm. The star STF 3050 (Σ3050) in 
Andromeda comes to mind.

¢ DON FERGUSON is a retired chemist whose interests in-

clude planetary nebulae, the history of astronomy, Enceladus, 

and — his fi rst love — double stars. S&T published his article 

on planetary nebulae in April 1995. You can email Don at  

dferg28571@aol.com. D
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telescope halve the Dawes 

resolution of the small er 

telescope, but this effect was 

replicated when investigating 

the strictly subjective lower 

distinguishable limits, the 

Sparrow limit. 
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OBSERVING
June 2019

p Noctilucent clouds are most often seen at 
twilight during summer months at latitudes 
between 50°° and 70° (in both hemispheres). 
They lie very high up, at around 80 km, and 
are composed of water-ice crystals. 
P.-M. HEDÉN

DAWN: Look toward the east-
northeast before sunrise to see 
Venus. Can you spot the slim sliver 
of the waning lunar crescent som e 6° 
right of the planet?

DUSK: As twilight deepens, the 
Moon, one day past new, sets in the 
west-northwest with Mercury 6° to 
its right. Find Mars upper left of the 
Moon, deep in Gemini.

DUSK: A thicker waxing lunar 
crescent, Mars, and tiny Mercury are 
all in Gemini and form a line 17° long 
before sunset.

EVENING: The Moon is now in 
Cancer. Wait for it to get dark enough 
to spot the Beehive Cluster (M44) 
some 4° from the fattening crescent.

ALL NIGHT: Jupiter arrives at 
opposition. Throughout the month, 
the majestic planet will be somewhat 
bigger and brighter than it has been in 
the past fi ve years.

NIGHT: The waxing gibbous 
Moon, Jupiter, and Antares form a 
triangle in the southeast shortly after 
sunset. The following evening, the 
almost-full Moon has moved to the 
other side of Jupiter, and the trio is 
now arranged in a shallow arc some 
14° from tip to tip. You can follow them 
as they wheel across the sky and set 
in the southwest at dawn.

DUSK: Look toward the west-
northwest after sunset and tease 
Mercury and Mars out of the gloaming 
— they’ll be a mere ½° apart. The two 
planets are less than 2° from each 
other for a couple of evenings prior 
and several evenings after.

EVENING: After Mercury and 
Mars have set, turn to the southeast 
to see the Moon, one day past full, 
and Saturn rise in tandem 1° apart.

THE SHORTEST NIGHT OF THE 
YEAR in the Northern Hemisphere. 
Summer begins at the solstice, 15:54 
UT (11:54 a.m. EDT).

DAWN: Taurus rises in the east 
shortly before sunrise, cradling the 
Moon in the Hyades, directly below 
the Pleiades. See if you can spot 
Aldebaran some 3° from the waxing 
lunar crescent.
— DIANA HANNIKAINEN
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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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Lunar Almanac

Northern Hemisphere Sky Chart 

Planet location 
shown for mid-month
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NEW MOON FIRST QUARTER

June 3 June 10

10:02 UT 05:59 UT

FULL MOON LAST QUARTER

June 17 June 25

08:31 UT 09:46 UT

DISTANCES

Perigee June 7, 23h UT

368,504 km Diame ter 32′ 26″

Apogee June 23, 08h UT

404,548 km Diameter 29′ 32″

FAVORABLE LIBRATIONS

• Neumayer Crater June 11

• Abel Crater June 17

• Repsold Crater June 27

• Ulugh Beigh Crater June 30

June 11

17

27

30
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USE THE MAP
Late April 2 a.m.*
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Early June 11 p.m.*
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*Daylight-saving time
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Binocular Highlight by Mathew Wedel

T his month’s target is nearby galaxy NGC 5128, 

also known as Centaurus A, in the heart of 

the celestial centaur. The fi rst recorded observa-

tion of the galaxy was by Scottish astronomer 

James Dunlop, who discovered it in 1826 from his 

observatory in New South Wales, Australia. In 1949, 

NGC 5128 was determined to be the host of the 

“Centaurus A” radio source. That discovery was 

made by a team led by John Gatenby Bolton, who, 

like James Dunlop a century earlier, was British-born 

but living and working in Australia.

To observe NGC 5128 yourself, you too will need 

to go south — minimally in the sky, and possibly also 

geographically. At declination –43°, NGC 5128 is 

pretty darned far south, and that makes it a challeng-

ing object for observers at mid-northern latitudes. 

If you’ve poked around in that part of the sky, it was 

probably to have a look at Omega Centauri (NGC 

5139), which lies another 4° south of NGC 5128. 

Omega Centauri has been observed from as far 

north as southern Canada, but at magnitude 3.9 it’s 

many times brighter than 7th-magnitude NGC 5128. 

I’ve observed NGC 5128 with 50-mm binoculars 

from Texas and southern California, but I’ve never 

tried from farther north. I assume there’s a tipping 

point, at which the thickening atmosphere near the 

horizon dims NGC 5128 to invisibility even though it’s 

still above the horizon. But I don’t know where that 

point might lie. I encourage you to try for it, wherever 

you might be, and if you catch the galaxy in binocu-

lars from farther north than the 34th parallel, I’d be 

grateful for a report (mathew.wedel@gmail.com). 

Good hunting!

¢ MATT WEDEL loses  almost as much sleep thinking 

about objects just below the southern horizon as he 

does observing the ones above it. 

Elusive Giant
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Mercury

Saturn

Uranus

Neptune
10"

June 1 11 21 30

1 3016

301 16

16

16

Venus

Jupiter

Mars
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Planetary Almanac

The Sun and planets are positioned for mid-June; 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: visible at dusk  all month • Venus: visible at dawn all month • 

Mars: visible at dusk through the 29th • Jupiter: rises very early evening, visible until dawn • 

Saturn: rises before midnight, visible until dawn

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 4h 33.4m +21° 57′ — –26.8 31′ 33″ — 1.014

 30 6h 33.5m +23° 13′ — –26.8 31′ 28″ — 1.017

Mercury 1 5h 26.0m +25° 00′ 12° Ev –1.1 5.5″ 87% 1.231

 11 6h 45.9m +25° 04′ 21° Ev –0.4 6.4″ 64% 1.058

 21 7h 44.4m +22° 22′ 25° Ev +0.2 7.7″ 45% 0.875

 30 8h 15.5m +19° 06′ 24° Ev +0.9 9.2″ 29% 0.732

Venus 1 3h 11.3m +16° 29′ 20° Mo –3.8 10.5″ 94% 1.588

 11 4h 00.8m +19° 38′ 17° Mo –3.8 10.3″ 95% 1.625

 21 4h 52.1m +21° 56′ 15° Mo –3.8 10.1″ 97% 1.656

 30 5h 39.5m +23° 08′ 12° Mo –3.9 9.9″ 98% 1.680

Mars 1 6h 43.7m +24° 13′ 30° Ev +1.8 3.9″ 98% 2.428

 16 7h 25.4m +23° 10′ 25° Ev +1.8 3.7″ 98% 2.502

 30 8h 03.4m +21° 37′ 21° Ev +1.8 3.7″ 99% 2.560

Jupiter 1 17h 18.5m –22° 30′ 170° Mo –2.6 45.8″ 100% 4.302

 30 17h 03.0m –22° 15′ 159° Ev –2.6 45.5″ 100% 4.330

Saturn 1 19h 24.0m –21° 40′ 141° Mo +0.3 18.0″ 100% 9.249

 30 19h 16.3m –21° 57′ 170° Mo +0.1 18.4″ 100% 9.047

Uranus 16 2h 11.9m +12° 45′ 49° Mo +5.9 3.4″ 100% 20.491

Neptune 16 23h 19.1m –5° 30′ 96° Mo +7.9 2.3″ 100% 29.815

June Sun & Planets
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G ood things sometimes take a 
while. And it’s well to keep that in 

mind as we astronomers at mid-north-
ern latitudes wait through the longest 
days of the year — and the longest 
evening twilights, t oo — for the starry 
night to arrive.

By the way, if you’re more than about 
50° north of Earth’s equator in June, 
you’ll have to wait weeks for full night 
to come. The darkest you can get is 
astronomical twilight, when the solar 
depression angle is between 12° and 
18° (that is, the Sun is between 12° and 
18° below the horizon). At least you can 
look for noctilucent clouds!

In any case, if your sky gets reason-
ably dark by the times listed on the 
all-sky map on pages 42–43, you’ll see 
beauties well worth waiting for.

From Arcturus to Vega. The fi rst 
stars to come out in the June dusk are, 
of course, the brightest of this sky — 
Arcturus and Vega. Arcturus is usually 
classifi ed as a spring star — yet as spring 
formally ends and most of us are already 
experiencing summer weather and 
culture, it’s barely past the meridian on 
our map. In the month most associated 
with roses, Arcturus is a star that an old 
friend of mine once said shines with the 
hue of “champagne shot with roses.” 
Most remarkably, Arcturus may be — 
cue up the old sci-fi  thriller movie music 
— “the star from another galaxy.” The 
highly inclined orbit of Arcturus with 
respect to our galaxy’s equatorial disk 
was the fi rst clue that the star may have 
belonged to a galaxy that collided with, 
and was cannibalized by, our Milky Way.

Islands 
of Night
As spring gives way to 

summer, you may have to 

stay up later to catch celestial 

delights. But it’s worth it.

While Arcturus is high in the south 
on our map, the ever-so-slightly less 
bright Vega is already well up the 
eastern sky. The other two members 
of the Summer Triangle, Altair and 
Deneb, are much lower now — certainly 
part of their heyday (or should we say 
“heynight”?) is in late summer or even 
early autumn. If you’re observing in 
early June, our map portrays the sky at 
11 p.m. and hopefully your personal — 
real-life! — version of that sky is dark 
enough for you to enjoy two major stops 
on the journey between Arcturus and 
Vega: the semi-circle of Corona Borealis 
and the Keystone of Hercules.

These asterisms are 11/3 of the way 
and 2/3 of the way, respectively, along 
the line from Arcturus to Vega. Corona 
Borealis is adorned with its 2nd-magni-
tude gem of a star, known as Gemma or 
Alphecca. The Northern Crown offers 
us legendary variable stars to keep an 
eye on and double stars for us to split. 
It doesn’t offer us something that the 
Keystone does, though: a spectacular 
globular cluster. In fact, Hercules holds 
the most famous and most-observed 
globular cluster of all, M13.

Globulars and galaxies — and so 
much more. Three of the four great-
est globular clusters visible from 
mid-northern latitudes — M13, M3 
of Canes Venatici, and M5 of Serpens 
— are now all rather near the merid-
ian. (The fourth of the globular greats, 
M22, is barely above the horizon as 
Sagittarius rises in the southeast.) 
But most of us forget that as we begin 
the season of globular clusters most 
of spring’s bounty of galaxies is still 
pretty high (the Virgo Galaxy Cluster, 
in particular, is well up in the south-
west, not that far from Arcturus).

Ursa Major is still fairly high, the 
front half of Scorpius is creeping 
towards the meridian, underappreci-
ated Libra, the Scales, is balanced on 
the meridian, and Draco is coiling 
(back-half fi rst) towards the meridian. 
They’re all part of the start of your visit 
to June’s wonderful island of night in 
the midst of the ocean of long days. And 
this island vacation called June nights is 
well worth the wait.

¢ FRED SCHAAF welcomes your letters 

and comments at fschaaf@aol.com.

Under the Stars by Fred Schaaf

 sk ya nd te l e scope .com • J U N E 2 019  45

pANCIENT CLUSTER Messier 5 (M5) is one of the Milky Way’s oldest globular clusters, with most 

of its stars clocking in at 12 billion years old or even older. However, astronomers have spotted 

young, blue stars in M5, which they think may have arisen through stellar collisions or mass transfer 

between binary stars. While scanning the June skies, see if you can spot this globular in Serpens.  

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

F our bright planets adorn the sky 
during evening twilight in the lat-

ter half of June. Mars hangs low in the 
west-northwest in evening twilight this 
month, with much brighter Mercury 
passing close by. Jupiter reaches opposi-
tion on June 10th and so is visible all 
night at its brightest and biggest. Saturn 
trails Jupiter by about two hours and 
rises as little as 30 minutes after the 
Sun sets at month’s end. Venus gives 
us a last good look in the brightening 
dawn sky before the Morning Star fades 
from view in late July.

DUSK

Mars and Mercury are a fascinating 
pair in the west-northwest at evening 
twilight in June. Mars remains at mag-
nitude 1.8 all month, and the interval 

Plentiful Planets
All fi ve bright planets are on display this month — four accompany us 

during the evening hours, and one greets us at dawn.

between sunset and Mars-set shrinks 
from about 2¼ to 1¼ hours during June. 
As Mars appears a little lower at any 
given time in dusk with each passing 
day, Mercury appears higher. The tiny 
world starts the month far below Mars, 
setting about 65 minutes after the Sun 
but shining at magnitude –1.0. Mercury 
fades to magnitude +0.1 by June 17th 
when it appears just ¼° from Mars. The 
next evening, Mercury is even closer to 
Mars. By the 19th, the gap between the 
planets has increased to ¾°. On these 
dates, Mercury is about half-lit and a bit 
more than 7″ across. 

Find Mercury about 6° lower left 
of much dimmer Pollux on June 20th 
(Mars is the same distance lower left of 
Pollux on June 22nd). Mercury reaches 
a greatest eastern elongation of 25° 

from the Sun on June 23rd. You’ll no 
doubt need binoculars near month’s end 
to spot Castor and Mars as the latter 
moves into a nearly horizontal line with 
Mercury (magnitude 1.0 as June ends), 
Pollux, and Castor.

DUSK TO DAWN

Jupiter reaches opposition on June 
10th and so rules the entire night with 
its brilliance and, in telescopes, its size 
this month. Throughout June, Jupiter 
burns at magnitude –2.6 and its globe 
measures about 46″ wide. This is a little 
brighter and bigger than the king of the 
planets has been in fi ve years.

The only negative factor in this 
month’s (and year’s) display of Jupiter 
for observers at mid-northern latitudes 
is the extreme southerliness of the 
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To fi nd out what’s 

visible in the sky 

from your location, 

go to skypub.com/
almanac.

Regulus

Denebola

L E O

Moon
June 7

Moon
June 8

Moon
June 9

June 7– 9
Around 10 pm

Looking West, halfway up

S i c k l e10°

Antares
Jupiter

Moon
June 14

Moon
June 15

Moon
June 16

Looking Southeast

Dusk, June 14–16
1 hour after sunset

S C O R P I U S S A G I T TA R I U S

Saturn

Moon
June 17

Moon
June 18

Looking South-Southeast

June 17–18
Late, toward midnight
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tqu These scenes are drawn for near the 

middle of North America (latitude 40° north, 

longitude 90° west); European observers 

should move each Moon symbol a quarter of 

the way toward the one for the previous date. 

In the Far East, move the Moon halfway. The 

blue 10° scale bar is about the width of your fi st 

at arm’s length. For clarity, the Moon is shown 

three times its actual apparent size.

planet. At its highest in the middle of 
the night, Jupiter is barely high enough 
for its image to likely be steady and 
sharp. Even so, there is so much to look 
for in Jupiter’s cloud features — and 
the events of its large Galilean satel-
lites. (For the timings of Great Red Spot 
central passages and Galilean moon 
phenomena, see pages 50–51.)

Jupiter spends June retrograding just 
above the body of low Scorpius. At least 
this is a rich and beautiful section of 
the heavens. Also, we can enjoy watch-
ing Jupiter’s separation from Antares 
shrink from about 12° to less than 
9° during June. Meanwhile, Jupiter’s 
retrograde is much faster than Saturn’s, 
so the former increases its separation 
from Saturn by 2° in June, carry-
ing Jupiter out to almost 31° from its 
splendor-ringed rival.

Saturn rises about 2½ hours after 
sunset as June opens but very early in 
evening twilight as the month closes. 
The deep-gold-colored world brightens 
from magnitude +0.3 to +0.1 (rivaling 
Vega) during June. Saturn shines left 
or upper left of the large Teapot aster-
ism of Sagittarius and just below the 
little Teaspoon asterism. Saturn is at 
its highest several hours after midnight 
(daylight-saving time), so that’s the best 
time to observe its globe and rings in 

the telescope. The globe of Saturn grows 
to an apparent equatorial diameter of 
more than 18″ during June. Saturn will 
arrive at opposition on July 9th.

START OF DAWN

Neptune and Uranus are best seen in 
the sleepy hours during this month’s 
long morning twilights (if you live 
around latitude 40° north or far 
enough south to even have full night at 
any time in June). Neither is yet well-
placed for observation, but if you want 
to take a crack at them check out fi nder 
charts at https://is.gd/urnep.

DAWN

Venus rises less than an hour before 
the Sun this month. On June 18th 
Aldebaran will be about 5° lower right 
of the magnitude –3.8 planet. Even with 
binoculars this is a hard catch, but it’s 
well worth a try.

SUN AND MOON

The Sun arrives at the June solstice at 
11:54 a.m. EDT June 21st, making this 
the longest day of the year in North 
America. The June solstice marks the 
start of summer in the Northern Hemi-
sphere and the start of winter in the 
Southern Hemisphere.

The Moon is a slender waxing 
crescent some 6° upper left of Mars at 
nightfall on June 5th and at the end of 
a long arc with Castor and Pollux the 
next night. A thicker lunar crescent 
hangs less than 4° above Regulus on the 
evening of June 8th. A heavily gibbous 
Moon forms a fairly large, nearly equi-
lateral triangle with Jupiter and Antares 
on the evening of June 15th. The next 
night, the Moon is closer to Jupiter, to 
the brilliant planet’s lower left or left. 
Late on the evening of June 18th, the 
night after full Moon, the round lunar 
orb is less than 2° below Saturn. On the 
last day of the month, the waning lunar 
crescent is in the Hyades.

¢ FRED SCHAAF teaches astronomy at 

Rowan University and Rowan College at 

Gloucester County.
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Uranus
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equinox

Sun

ORBITS OF THE PLANETS
The curved arrows show each planet’s movement during June. The outer planets don’t change 

position enough in a month to notice at this scale.
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Dusk, June 28
30 minutes after sunset

Castor

Pollux

Mercury
Mars

Looking West-Northwest

Dawn, June 30 – July 1
30 minutes before sunrise

Aldebaran

TA U R U S

Venus

Moon
June 30

Moon
July 1

Looking East-Northeast

Pleiades

https://is.gd/urnep
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The Last 
Rites of 
Spring
Ignore the call of summer 

to explore the spring’s best 

galaxy cluster.

This deep-sky image reveals the complex structure of the spiral galaxy 

NGC 4647. Seemingly on the verge of touching the brilliant elliptical galaxy 

M60, NGC 4647 shows few signs of interaction with its  galactic “neighbor”.
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Celestial Calendar by S. N. Johnson-Roehr

NGC 4647

M60

I t’s true that June is the month of 
solstice, when summer begins for 

the Northern Hemisphere, but I often 
spend the month fi nishing up my spring 
observing plans. Yes, the temptations of 
summer are rising in the east, but the 
vernal constellations haven’t yet disap-
peared in the west. And since spring 
weather often cuts short my observing 
sessions — or eliminates them alto-
gether — I’m willing to postpone sum-
mer to spend a few more hours with 
the Virgo Cluster (sometimes called the 
Virgo-Coma Cluster).

Just a glance at a star chart covering 
the sky between Gamma (γ) Virginis 
and Gamma Comae Berenices shows 
the potential of this celestial hunting 
ground. The Virgo Cluster contains as 
many as 2,000 galaxies, of which about 
150 fall within range of small scopes. 
My 5-inch f/5 refl ector does a solid 
job picking out the cluster’s brightest 
members (and under very dark skies I 
can nab some with the 90-mm refrac-
tor and averted vision), but the 10-inch 
f/4.5 refl ector makes the pursuit notice-
ably less strenuous.

The brightest galaxies in the Virgo 
Cluster are those included in the 
Messier catalog. Most of these can be 
found in the stretch between Epsilon (ε) 
Virginis and Beta (β) Leonis; a notable 
exception is M64, which lies deep in 
Coma Berenices. If this is your fi rst dive 

into the cluster, the Messiers are a good 
place to start.

A few caveats. First, though the chart 
on the facing page makes it seem as if 
the sky is lousy with galaxies, it takes 
a careful star-hop to land one of these 
beasts in the eyepiece. Randomly point-
ing your scope toward a populous patch 
seems as if it should turn up something, 
but keep in mind that your eyepiece 
fi eld of view is small compared to the 
amount of sky covered in our chart.

Second, magnitude can be a little 
misleading when it comes to galax-
ies — surface brightness (brightness per 
unit area) can be a better indicator of 
visibility. If a galaxy’s light is spread out 
over a large area, its surface brightness 
is lower. All other things being equal, if 
you’re looking for two 10th-magnitude 
galaxies, the one with the more favorable 
surface brightness (lower number) will 
probably be easier to fi nd. It’s not a per-
fect system, but if your atlas lists both 
magnitude and surface brightness, use 
them to guide your observing choices.

Third, most of these galaxies aren’t 
showpieces. While the Virgo Cluster 

offers its share of spirals (M90 in Virgo, 
M88 and M64 in Coma Berenices) and 
lenticulars (M104, south of Gamma 
Virginis on the Virgo-Corvus border), 
most of what you’ll be chasing are ellip-
ticals, which look like blurry rice puffs 
in the eyepiece. But it’s the number of 
galaxies gathered near the cluster’s core 
that’s important, not the aesthetics.

There are several ways to approach 
the Virgo Cluster. Beta Leonis is a sen-
sible starting point for a star-hop to 6 
Comae. The edge-on spiral galaxy M98 
is about ½° west of this 5th-magnitude 
star, and the pair shares a fi eld of view 
at low magnifi cations. The face-on 
spiral M99 lies less than 1° southeast of 
6 Comae. A line drawn from 6 Com to 
M99, then extended about 21/3° beyond 
the galaxy takes you right to the M84–
M86 galaxy pair. These two ellipticals, 
which form the western end of the “gal-
axy asterism” known as Markarian’s 
Chain, make ideal jumping-off points 
for star-hops to most of the remaining 
Messier and not a few NGC galaxies.

Since M60 is my favorite galaxy in 
the area, I prefer to start my observing 
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session at Epsilon Virginis and move 
west into the cluster. To fi nd M60, move 
5° west-southwest from Epsilon to 5th-
magnitude Rho (ρ) Virginis. M60, with 
M59 in the same low-power fi eld of 
view, is 11/3° north-northeast of Rho.

Discovered in 1779 by Johann Gott-
fried Koehler, M60 is the third brightest 
galaxy in the Virgo Cluster. Studying it 
in his 18-inch refl ector, Contributing 
Editor Steve Gottlieb described M60 
as “very bright, fairly large, [with a] 
diffuse halo, slightly elongated approxi-
mately east-west.” M60’s bright core is 
certainly detectable in the 10-inch, but 
it appears to be surrounded by a circle 
of fl uff that thins at the edges but oth-
erwise lacks distinguishing features.

This lackluster description notwith-
standing, the reason M60 gets my favor 
is its context: In the eyepiece, M60 
looks as if it’s being trailed by a shadow 
of itself. That fainter ball of fuzz is 
NGC 4647, a spiral galaxy that doesn’t 
give up much detail in a scope. It’s just 
a more diffuse version of its neighbor. 
Deep-sky images make it appear as if 
M60 is preparing to get lost in NGC 
4647’s spiraling embrace, but there’s lit-
tle evidence to indicate the two galaxies 
are interacting, no matter how pretty 
a picture they paint. It’s possible some 
very early tidal interactions have begun, 
but star formation due to mutual dis-
turbance is still in the future tense.

Space-based observations of M60 
reveal it to be an elliptical galaxy with 
a central supermassive black hole, dark 
matter halo, and X-ray halo. Recently, a 
team led by Vincenzo Pota (University 
of California Observatories) released 
a new catalog of the globular clusters 
associated with the galaxy — all 431 of 
them. The distribution, rotation, and 
velocities of the globulars helped lead 
the team to the conclusion that M60 
formed via a merger between two gas-
poor galaxies, followed by a period of 
satellite accretion.

The Virgo Cluster is well-placed for 
observation through June from mid-
northern latitudes — if you’re willing 
to stay up late, that is. For example, on 
June 5th, when the Moon is just two 
days old, M60 is comfortably placed 

more than halfway up the sky for 
observers near latitude 40° north when 
true darkness falls near 10:30 p.m. 
daylight-saving time. It takes a good 
three hours for the galaxy to drop to an 
altitude of 20° on that night. Around 
June 20th, three nights after full Moon, 
M60 stands 10°–11° lower at the end 
of astronomical twilight, so descends 
to an altitude of 20° in only two hours. 
Observers around latitude 30° north 
will have longer observing hours (add 
an additional hour to the windows for 
the dates mentioned above) with the 
target higher in the sky, while observers 
to the north will have to hustle to do 

their galaxy-hopping. At latitude 50° 
north, darkness won’t arrive until mid-
night, and even on June 5th, M60 will 
only stand 38° high at that time. By the 
20th, you’ll have 30 minutes at most to 
catch M60 in a dark sky, and that’s only 
if you have a very clear horizon and 
excellent seeing.

However long you get to spend with 
the Virgo Cluster, you’ll fi nd yourself 
wanting more. One galaxy inevitably 
leads to another, and even if you fi nd 
your favorite, the pull toward further 
exploration will keep you coming back 
to these spring sights even as the calen-
dar invites you to turn toward summer.

www.skyandtelescope.com
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Jupiter Goes Big
JUPITER REACHES OPPOSITION — 
opposite the Sun in the sky from our 
vantage point on Earth — on June 10th, 
when it will be easily spotted with the 
naked eye from dusk to dawn. Appear-
ing low in the southeast out of evening 
twilight, Jupiter rises with Ophiuchus 
to shine at its highest in the south an 
hour after local midnight on that date. 
Admittedly, high isn’t very high for 
northern observers, since Jupiter’s path 
is following a southern line at declina-
tion –22°. At opposition, Jupiter climbs 
only to a peak altitude of 28° above the 
horizon. Finding the steady skies needed 
for observing could be a challenge.

p Citizen-scientist Kevin M. Gill created this image of Jupiter’s South Equatorial Belt brown barge 

(a bar-shaped cloud) from data returned by NASA’s Juno spacecraft. N
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But at least the Planet King is a 
showoff, already shining at magni-
tude –2.6 when the month opens and 
sporting an apparent diameter of 46″. 
Jupiter’s moons, too, show their best — 
or at least their largest — selves when 
the parent planet is at opposition.

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 
positions along a 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 
time and date.

In a telescope, variations between 
Jupiter’s natural satellites in color and 
apparent diameters are more obvious. 
Io and Europa are the brighter of the 
tetrad. Callisto has the darkest surface; 
this becomes particularly obvious when-
ever Callisto transits (passes across 
the face of) Jupiter. The differences in 
the moons’ sizes are subtle but can be 
detected under magnifi cation. At oppo-
sition, Io will appear 1.2″ wide, Europa 
1.0″, Ganymede 1.7″, and Callisto 1.6″.

All of the June interactions between 
Jupiter and its satellites and their shad-
ows are tabulated on the facing page. 
Find events timed for when Jupiter is at 
its highest in the early morning hours.

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 
Daylight Time is UT minus 4 hours.)

May 1: 2:37, 12:33, 22:28; 2: 8:24, 
18:20; 3: 4:15, 14:11; 4: 0:06, 10:02, 
19:58; 5: 5:53, 15:49; 6: 1:44, 11:40, 
21:36; 7: 7:31, 17:27; 8: 3:22, 13:18, 
23:13; 9: 9:09, 19:05; 10: 5:00, 14:56; 
11: 0:51, 10:47, 20:43; 12: 6:38, 16:34; 
13: 2:29, 12:25, 22:20; 14: 8:16, 18:12; 
15: 4:07, 14:03, 23:58; 16: 9:54, 19:50; 
17: 5:45, 15:41; 18: 1:36, 11:32, 21:27; 
19: 7:23, 17:19; 20: 3:14, 13:10, 23:05; 
21: 9:01, 18:57; 22: 4:52, 14:48; 23: 
0:43, 10:39, 20:34; 24: 6:30, 16:26; 25: 
2:21, 12:17, 22:12; 26: 8:08, 18:03; 27: 
3:59, 13:55, 23:50; 28: 9:46, 19:41; 29: 
5:37, 15:33; 30: 1:28, 11:24, 21:19; 31: 
7:15, 17:10.

June 1: 3:06, 13:02, 22:57; 2: 8:53, 
18:48; 3: 4:44, 14:40; 4: 0:35, 10:31, 
20:26; 5: 6:22, 16:17; 6: 2:13, 12:09, 
22:04; 7: 8:00, 17:55; 8: 3:51, 13:47, 
23:42; 9: 9:38, 19:33; 10: 5:29, 15:24; 
11: 1:20, 11:16, 21:11; 12: 7:07, 17:02; 
13: 2:58, 12:54, 22:49; 14: 8:45, 18:40; 
15: 4:36, 14:32; 16: 0:27, 10:23, 20:18; 
17: 6:14, 16:10; 18: 2:05, 12:01, 21:56; 
19: 7:52, 17:48; 20: 3:43, 13:39, 23:34; 
21: 9:30, 19:26; 22: 5:21, 15:17; 23: 
1:12, 11:08, 21:04; 24: 6:59, 16:55; 25: 
2:50, 12:46, 22:42; 26: 8:37, 18:33; 27: 
4:28, 14:24; 28: 0:20, 10:15, 20:11; 29: 
6:07, 16:02; 30: 1:58, 11:53, 21:49.



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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These times assume that the spot will 
be centered at System II longitude 302°. 
If the Red Spot has moved elsewhere, it 
will transit 12/3 minutes earlier for each 
degree less than 302° and 12/3 minutes 
later for each degree more than 302°.

Features on Jupiter appear closer to 
the central meridian than to the limb 
for 50 minutes before and after transit-
ing. It’s good advice to use a fi lter oppo-

site in color to the feature you’re trying 
to highlight in the eyepiece. A light blue 
or green fi lter slightly increases the con-
trast and visibility of Jupiter’s reddish 
and brownish markings, like the Great 
Red Spot and the equatorial belts. Red 
fi lters can make Jupiter’s bluish features 
easier to distinguish, while yellow or 
yellow-green fi lters can enhance con-
trast at the planet’s polar regions.

Phenomena of Jupiter’s Moons, June 2019

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. 

June 1 9:42 III.Ec.D
 11:32 I.Sh.I
 11:46 I.Tr.I
 12:53 III.Oc.R
 13:44 I.Sh.E
 13:57 I.Tr.E

June 2 8:41 I.Ec.D
 11:05 I.Oc.R
 15:25 II.Ec.D
 18:15 II.Oc.R

June 3 6:01 I.Sh.I
 6:12 I.Tr.I
 8:13 I.Sh.E
 8:23 I.Tr.E

June 4 3:10 I.Ec.D
 5:31 I.Oc.R
 9:38 II.Sh.I
 9:57 II.Tr.I
 12:05 II.Sh.E
 12:22 II.Tr.E
 23:35 III.Sh.I

June 5 0:13 III.Tr.I
 0:29 I.Sh.I
 0:38 I.Tr.I
 1:55 III.Sh.E
 2:23 III.Tr.E
 2:42 I.Sh.E
 2:49 I.Tr.E
 21:38 I.Ec.D
 23:57 I.Oc.R

June 6 4:43 II.Ec.D
 7:23 II.Oc.R
 18:58 I.Sh.I
 19:04 I.Tr.I
 21:10 I.Sh.E
 21:15 I.Tr.E

June 7 16:06 I.Ec.D
 18:23 I.Oc.R
 22:55 II.Sh.I
 23:04 II.Tr.I

June 8 1:22 II.Sh.E
 1:29 II.Tr.E
 13:26 I.Sh.I
 13:30 I.Tr.I

 13:41 III.Ec.D
 15:39 I.Sh.E
 15:41 I.Tr.E
 16:10 III.Oc.R

June 9 10:35 I.Ec.D
 12:48 I.Oc.R
 18:01 II.Ec.D
 20:30 II.Oc.R

June 10 7:55 I.Sh.I
 7:56 I.Tr.I
 10:07 I.Tr.E
 10:07 I.Sh.E

June 11 5:03 I.Oc.D
 7:15 I.Ec.R
 12:11 II.Tr.I
 12:12 II.Sh.I
 14:36 II.Tr.E
 14:40 II.Sh.E

June 12 2:22 I.Tr.I
 2:24 I.Sh.I
 3:28 III.Tr.I
 3:33 III.Sh.I
 4:33 I.Tr.E
 4:36 I.Sh.E
 5:40 III.Tr.E
 5:54 III.Sh.E
 23:29 I.Oc.D

June 13 1:44 I.Ec.R
 7:12 II.Oc.D
 9:47 II.Ec.R
 20:48 I.Tr.I
 20:52 I.Sh.I
 22:59 I.Tr.E
 23:05 I.Sh.E

June 14 17:55 I.Oc.D
 20:13 I.Ec.R

June 15 1:18 II.Tr.I
 1:30 II.Sh.I
 3:43 II.Tr.E
 3:57 II.Sh.E
 15:14 I.Tr.I
 15:21 I.Sh.I
 17:14 III.Oc.D
 17:25 I.Tr.E

 17:33 I.Sh.E
 20:02 III.Ec.R

June 16 12:21 I.Oc.D
 14:41 I.Ec.R
 20:20 II.Oc.D
 23:05 II.Ec.R

June 17 9:40 I.Tr.I
 9:49 I.Sh.I
 11:51 I.Tr.E
 12:02 I.Sh.E

June 18 6:47 I.Oc.D
 9:10 I.Ec.R
 14:25 II.Tr.I
 14:47 II.Sh.I
 16:50 II.Tr.E
 17:15 II.Sh.E

June 19 4:06 I.Tr.I
 4:18 I.Sh.I
 6:17 I.Tr.E
 6:30 I.Sh.E
 6:44 III.Tr.I
 7:31 III.Sh.I
 8:57 III.Tr.E
 9:53 III.Sh.E

June 20 1:13 I.Oc.D
 3:38 I.Ec.R
 9:27 II.Oc.D
 12:24 II.Ec.R
 22:32 I.Tr.I
 22:47 I.Sh.I

June 21 0:43 I.Tr.E
 0:59 I.Sh.E
 19:39 I.Oc.D
 22:07 I.Ec.R

June 22 3:32 II.Tr.I
 4:04 II.Sh.I
 5:57 II.Tr.E
 6:32 II.Sh.E
 16:58 I.Tr.I
 17:15 I.Sh.I
 19:10 I.Tr.E
 19:28 I.Sh.E
 20:31 III.Oc.D

June 23 0:02 III.Ec.R

 14:05 I.Oc.D
 16:35 I.Ec.R
 22:35 II.Oc.D

June 24 1:42 II.Ec.R
 11:24 I.Tr.I
 11:44 I.Sh.I
 13:36 I.Tr.E
 13:56 I.Sh.E

June 25 8:31 I.Oc.D
 11:04 I.Ec.R
 16:40 II.Tr.I
 17:22 II.Sh.I
 19:05 II.Tr.E
 19:50 II.Sh.E

June 26 5:50 I.Tr.I
 6:13 I.Sh.I
 8:02 I.Tr.E
 8:25 I.Sh.E
 10:02 III.Tr.I
 11:30 III.Sh.I
 12:15 III.Tr.E
 13:53 III.Sh.E

June 27 2:57 I.Oc.D
 5:33 I.Ec.R
 11:43 II.Oc.D
 15:00 II.Ec.R

June 28 0:16 I.Tr.I
 0:41 I.Sh.I
 2:28 I.Tr.E
 2:53 I.Sh.E
 21:23 I.Oc.D

June 29 0:01 I.Ec.R
 5:48 II.Tr.I
 6:40 II.Sh.I
 8:13 II.Tr.E
 9:08 II.Sh.E
 18:43 I.Tr.I
 19:10 I.Sh.I
 20:54 I.Tr.E
 21:22 I.Sh.E
 23:49 III.Oc.D

June 30 4:02 III.Ec.R
 15:49 I.Oc.D
 18:30 I.Ec.R 

www.skyandtelescope.com


T he cloudscape of Jupiter is divided 
into alternating bright zones and 

dusky belts that run parallel to its 
equator, giving the planet its char-
acteristic striped appearance. The 
contrast between the zones and belts 
arises from localized differences in the 
vertical motion and temperature of the 
planet’s upper troposphere. Jupiter’s 
upper troposphere is cooler in zones and 
warmer in belts. Zones are sites where 
atmospheric upwelling of ammonia-
rich air expands and cools, forming 
a dense layer of brilliant white clouds 
of frozen ammonia crystals at high 
altitudes. Within the belts air warms 
as it descends, causing the ammonia 
clouds to evaporate and exposing lower 
cloud layers that display a rich palette of 
warm colors imparted by compounds of 

phosphorus, sulfur, and carbon.
Late last year, a team led by Arrate 

Antuñano (University of Leicester, U.K.) 
published a study that revealed a cycle 
of large-scale meteorological changes in 
Jupiter’s Equatorial Zone, or EZ (S&T: 
May 2019, p. 10). Based on more than 
three decades of data acquired using 
NASA’s 3-meter infrared telescope atop 
Mauna Kea in Hawai‘i, the work sheds 
new light on a recurring phenomenon 
that has captivated Jupiter observers for 
a century and a half. 

The broad EZ, which extends from 
latitudes 7°S to 7°N, occupies almost a 
third of Jupiter’s visible disk. For visual 
observers it is usually the brightest and 
whitest part of the planet. However, at 
wavelengths of several microns (μm) 
in the thermal-infrared region of the 
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spectrum, the EZ normally appears 
dark because its overlying canopy of 
cold ammonia ice clouds insulates and 
obscures Jupiter’s warm internal glow. 

Every six or seven years the ammonia 
clouds that top the EZ suddenly dissi-
pate for a period of a year or more, caus-
ing the entire region to appear bright in 
thermal infrared but dark and colorful 
in visible light. As Jupiter emerged from 
solar conjunction in the closing days 
of 2018, dedicated predawn observers 
reported signs that the clearing was 
already underway.  

John Rogers, director of the Brit-
ish Astronomical Association’s Jupiter 
Section, coined the term “EZ coloration 
events” to describe these episodes. 
His summary of their appearance and 
evolution is an excellent guide to the 

 Old Wine in New Bottles
A recurring change in Jupiter’s Equatorial Zone brings color to the historical record.

JUNE 2019 OBSERVING  

Exploring the Solar System by Thomas A. Dobbins

Christopher Go’s images capture the normal pearly white 
Equatorial Zone in May 29, 2017 (left) and its intensifying color 
this year on February 21st. South is up in both photos.
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developments that Jupiter observers may 
witness in coming months:

The color typically develops over a 
few months, simultaneously at all 
longitudes . . . Sometimes the color 
begins as a pure yellow, but evolves 
within a few months to a darker, less 
pure color such as ochre or tawny or 
merely brown. Sometimes the evolution 
continues as the colored material 
concentrates over a year or two into a 
massive dark belt, passing from yellow/
orange through brown to grey. However, 
some episodes have begun with dull grey 
or brown color and only later become 
more vivid. And some episodes end with 
a gradual brightening back through 
yellow to white.

While the colors may be more pro-
nounced at some longitudes, they never 
show any distinct structure. Rogers 
notes that the fading of the adjacent 
South Equatorial Belt usually accompa-
nies EZ coloration events. Conversely, 
the intensity of the North Equatorial 
Belt seldom diminishes and sometimes 
even increases.

About 11/3 of EZ coloration events 
produce intense displays of color. The 
spectacular EZ coloration event of 
1961–65 was unusually prolonged and 
arguably the darkest on record. In 1964 
Sergei Vsekhsviatskii, then director of 
Kiev Observatory, reported that Jupiter’s 
overall brightness in visible light had 
decreased by almost 15%. This estimate 
was based on careful visual compari-
sons with naked-eye reference stars at 
the same apparent sky elevation. 

The fi rst well-documented EZ 
coloration event occurred during the 
years 1869–73. In October 1869 John 
Browning, a prominent English maker 
of scientifi c and medical instruments, 
reported that Jupiter’s EZ had taken on 
an extraordinarily deep-yellow tint. The 
vivid descriptions of these intensifying 
hues of the EZ by Browning and a host 
of observers during the following years 
included amber, orange, ochre, salmon, 
ruddy, rosy, coppery, faint chocolate, 
and rich dark brown.

In 1920 Arthur Stanley Williams, 

a British solicitor who was the leading 
Jupiter observer of his era, published 
a review of the sparse observational 
record prior to 1869 that uncovered 
unmistakable evidence of EZ coloration 
events dating back as far as the late 
18th century. Four drawings of Jupiter 
made by Charles Messier in 1767 depict 
a single dark broad band at Jupiter’s 
equator. William Herschel reported that 
the Equatorial Zone displayed “a yellow 
cast” in 1790 and appeared “brownish 
grey” in 1792. The Bavarian physician 
Franz von Paula Gruithuisen recorded a 
reddish-brown EZ in the spring of 1839 
and a bright, colorless EZ the following 
year. Williams suggested that EZ color-
ation events occur at 12-year intervals 
(about half the frequency derived from 
the recent thermal-infrared data), but 
he cautioned that there were many gaps 
in the record and that “the observations 
are seldom suffi cient to fi x exactly either 
the beginning or end of the period of 
visibility or the real time of maximum 
intensity of the tawny coloration.”

Well into the 20th century many  
astronomers imagined that EZ color-
ation events were caused by upwelling 
dark material spreading over the bright 
white clouds. Yet even as the EZ color-
ation event of 1870 was unfolding, the 
English astronomer Richard Anthony 
Proctor correctly interpreted them as 
clearings rather than obscurations. In 
his popular 1870 book Other Worlds 
Than Ours he wrote: 

Suppose we regard the ordinary white 
light of the equatorial belt as indicative 
of the existence of enormous masses 
of cloud refl ecting ordinary solar 
light to us, then we should regard the 
appearance of any other color over 
this region as an indication that these 
cloud masses had been, through some 
unknown cause, either wholly or in part 
swept away.

Jupiter has been called “the ama-
teur’s planet” because amateur observ-
ers discovered the planet’s principal 
atmospheric currents and have system-
atically monitored its ever-changing 
appearance since the Victorian era. The 
long-term data they have amassed will 
continue to play a vital role in unlock-
ing the secrets of weather patterns and 
climate variations on the solar system’s 
largest and most dynamic planet.

¢ THOMAS A. DOBBINS observes the 

denizens of the solar system from his 

home in Gainesville, Florida.

qJohn Browning produced many impressive 

Newtonian refl ectors like the instrument shown 

below. He extolled the superiority of refl ectors 

over the era’s achromatic refractors for discern-

ing the true colors of planetary features.

pBrowning’s depiction of Jupiter’s distinctly 

yellow EZ on the evening of July 31, 1870. 

www.skyandtelescope.com
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Clusters
Look beyond the pages of 

the classic catalog to fi nd 

these star clusters.

M ost of the star clusters we amateur 
astronomers observe are included 

in the famed New General Catalogue of 
Nebulae and Clusters of Stars (NGC), 
but that compilation includes no object 
discovered after 1887. Since then many 
more clusters have been found that 
are well within the reach of backyard 
scopes, so let’s visit some of these oddi-
ties in the world of open clusters and 
learn who found them.

Our featured deep-sky wonders dwell 
within the realm of the all-sky chart 
at the center of this magazine, but 
since we’re just entering the celestial 
bailiwick of open clusters in June, they 
congregate east of the centerline. I’ll 
introduce our quarry from west to east 
so that each succeeding cluster climbs 
higher as you eyeball the one before. 
In case you prefer to stalk clusters by 
constellation, that info is given in the 
table on page 56.

In 1961 Madona Dolidze published 
lists of possible clusters noted during 
her spectral studies at the Abastumani 
Astrophysical Observatory. These groups 
seemed to hold either stars with a 
cluster-like distribution of spectral type 
versus brightness or else hot young stars 
with similar magnitudes.

Dolidze 27 in Ophiuchus is a sparse 
cluster, but I’m fond of it anyway. It 
brings to mind a simplifi ed version 
of the Gemini stick fi gure drawn on 
many charts. My 105-mm refractor 
at 17× shows a shallow curve of three 

stars that’s easy to 
spot 1.6° north of 
Zeta (ζ) Ophiuchi 
in the same fi eld 
of view. At 76× the 
northernmost star in 
the curve glows orange 
and lies just outside the 
northwestern border of the 
group’s nominal 25′ span. The other 
two stars belong to Do 27 and mark the 
heads of the mini-Gemini twins, the 
western one yellow and the eastern one 
orange. The sketch illustrates the fi gure 
as seen in my mirror-reversed view.

Robert Trumpler published a study 
of open clusters in 1930, including 
37 anonymous groups that were later 
named for him. The following year Per 
Collinder produced a catalog of open 
clusters. The vast majority were previ-
ously known, but all now bear Collinder 
designations.

Our next two objects come from 
these catalogs. The overlapping clusters 
Collinder 316 and Trumpler 24 are 
fascinating to skygazers mostly because 
they make up the curved tail of the 
False Comet. This remarkable object is 
nicely visible to the unaided eye when 
gazing across the ocean from the Florida 
Keys, but various observers interpret it 
in different ways. For some the bright 
and tight cluster NGC 6231 forms the 
pseudo-comet’s head, while others see 
it as Zeta1 and Zeta2 Scorpii. No matter 
which strikes your fancy, you’ll fi nd 
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the tail fanning out to the northeast. 
With binoculars I’ve been able to enjoy 
the “comet” brushing the horizon even 
from the northern Adirondack Moun-
tains at a latitude of 44.4°N.

The origin of the term False Comet is 
something of a mystery. Some propose 
that it was so dubbed by John Herschel, 
largely to commemorate his ship’s 
landing in False Bay, South Africa, near 
which he conducted observations of 
the southern sky. Others claim a more 
recent origin by amateur astronomers 
based solely on appearance. There’s 
some evidence S&T Contributing Edi-
tor Alan Whitman inspired the name 
by pointing out the “comet-like Milky 
Way patch in southern Scorpius” at the 
1983 Texas Star Party. Others think the 
term may have been coined by Southern 
Hemisphere observers.

Resting 27′ northeast of the 4th-
magnitude star 45 Ophiuchi, Trum-
pler 26 is a fi ne cluster through my 
130-mm refractor. At 23× four brighter 
suns, laid out like the hub and tips of a 
three-bladed propeller, overlay a grainy 
backdrop of threshold stars. At 164× 

JUNE 2019 OBSERVING  

Deep-Sky Wonders by Sue French

tpThe open cluster 

Dolidze 27 seems almost 

bereft of stars, but its 

brighter members form 

a Gemini-like asterism. 

The sketch illustrates the 

fi gure as shown in the mirror-

reversed view through the 

author’s 105-mm refractor.
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the hub star is a nice double, and I can 
pick out 20 stars in a 7′ gathering with 
indefi nite borders.

Much farther north in Ophiuchus, 
IC 4665 is centered 1.3° north-north-
east of yellow-orange Beta (β) Ophiu-
chi. Seen through the 105-mm scope 
at 28×, it’s a loose but obvious bunch 
of stars 7th magnitude and fainter. 
About 22 stars occupy the main bunch, 
which spans 40′. Stars wrapped more 
sparsely around those double the count 
and extend the cluster to a diameter 
of 70′. My 10-inch scope at 43× reveals 
a mixture of 60 bright and faint stars 
spattered across 45′. The brightest pose 
in oddly deliberate-looking lines, arcs, 
and geometric shapes. The cluster’s IC 
designation springs from the second 
Index Catalogue, a supplement to the 
New General Catalogue.

Dolidze-Dzimselejsvili 9 is a pretty 
aggregation of loosely strewn stars 
perched 40′ west of the orange star 104 
Herculis. Its coordinates differ from 
source to source, but visually it seems 
to lie at those in the table. Through the 
105-mm scope at 17×, about 25 stars, 
8th magnitude and fainter, assemble in 
a ½° collection widely framed by three 

bright fi eld stars. Many cluster members 
roughly outline a fi ve-pointed star with 
its center nearly barren and most of its 
southeastern point snapped off. At 36×
about 40 stars bedeck the group, some 
colorful. The bright pair in the north 
shines yellow-orange and pale yellow. 
The dimmer star of a similar pair south 
of center glows yellow-orange, as do 
the middle star in a line of three to its 
west and a bright star near the cluster’s 
northwestern edge.

The 11 Dolidze-Dzimselejsvili objects 
appeared in a 1966 Astronomicheskii 
Tsirkulyar paper by Madona Dolidze 
and Galina Jimsheleishvili, a better 
transliteration of the second author’s 
name than the one commonly adopted 
in catalogs.

Although discovered by Jean-Philippe 
Loys de Chéseaux circa 1745–46, 
Messier 25 wasn’t included in the New 
General Catalogue, which gives me an 
excellent excuse to include this spec-
tacular cluster in our non-NGC tour. 
My latest visit to M25 was with the 
105-mm scope. At 36× this 30′ beauty 
fl aunts 55 mixed bright and faint stars 
displayed in arms fl ung out in all direc-
tions. It also boasts several colorful 
stars. The brightest one in the northeast 
glows yellow-orange, and the one in the 

t The region near Zeta1 and Zeta2 Scorpii 

makes for good observing. The tight open 

cluster NGC 6231 shines almost directly north 

of the stars, while the overlapping clusters 

Trumpler 24 and Collinder 316 stretch to the 

northeast. Together, these objects combine to 

mimic a comet, with NGC 6231 or the Zetas 

forming its head and Trumpler 24 and Collinder 

316 shaping an imaginary tail. Deep-sky im-

ages reveal the emission nebula IC 4628, which 

envelopes Trumpler 24.

qLeft: IC 4665 forms an obvious grouping 1.3º north-northeast of Beta Ophiuchi. Despite being an easy sight to see, it wasn’t included in either 

Messier’s lists or the NGC. In fact, it wasn’t even included in the 1895 update to the NGC, the Index Catalogue (IC), but had to wait until the second IC 

was issued in 1908. Right: The open cluster DoDz 9 lies 40′ west of 104 Herculis. Look for the two yellow-orange star pairs, one at the cluster’s north, 

one south of center.

Tr 24

Scorpius

IC 4665 DoDz 9

Cr 316

NGC 6231

ζ1ζ2

www.skyandtelescope.com
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northwest gleams yellow. The luminous 
star just east of center shines yellow, 
and the next brightest to its east wears 
a yellow-orange hue. Two stars smolder 
orange: one in the southeastern edge, 
and another of similar brightness 8′
south-southwest of the cluster’s center. 
Besides the color, number, and diversity 
of its stars, M25 holds another charm — 
a cute little D of seven faint stars rests 
at its heart.

Pointing the 130-mm scope to the 
bright double star 5 Aquilae, the granu-
lar haze of Berkeley 79 shares the fi eld 
of view and sports one faint star at 37×. 
At 117× four dim stars emerge: three in 

 Beyond the NGCs

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

Dolidze 27 Oph 6.3 25′ 16h 36.5m –08° 56′
Collinder 316 Sco 3.4 105′ 16h 55.5m –40° 49′
Trumpler 24 Sco 8.6 60′ 16h 55.8m –40° 43′
Trumpler 26 Oph 9.5 7′ 17h 28.5m –29° 30′
IC 4665 Oph 4.2 70′ 17h 46.2m +05° 43′
Dolidze-Dzim 9 Her 6.2 34′ 18h 08.8m +31° 32′
Messier 25 Sgr 4.6 30 ′ 18h 31.8m –19° 07′
Berkeley 79 Aql — 10′ 18h 45.0m –01° 09′
Stephenson 1 Lyr 3.8 40′ 18h 54.5m +36° 54′
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.

a southward-pointing triangle and one 
to its east. The northwestern triangle 
star looks elongated at this power, but 
going to 164× proves it to be a pair. 
Some extremely faint stars also pop 
into view. In the 10-inch at 68×, I see a 
fairly large patch of mist sprinkled with 
very faint stars, and 5 Aquilae exposes 
three components in a little arc. At 
187× Berkeley 79 reluctantly surrenders 
a central clump of 10 stars plus perhaps 
20 corralled into a 10′ halo around it. 
Berkeley clusters debuted in a two-part, 
1962 paper by Arthur Setteducati and 
Harold Weaver of the University of Cali-
fornia, Berkeley.

We’ll fi nish our tour with Stephen-
son 1, the fetching splash of stars sur-
rounding Delta2 (δ2) Lyrae. This orange 
star pins the cluster’s heart and offers a 
pretty contrast with bluish-white Delta1

to the west-northwest. About 30 to 40 
mixed bright and faint stars embellish 
a patch of sky at least ½° across. The 
group was proposed as a possible cluster 
in a 1959 paper by Charles Stephenson.

Although some of these clusters may 
ultimately prove to be mere asterisms of 
unrelated stars, stargazers usually judge 
their worth by how interesting they 
appear. I hope a few of them will catch 
your attention and add bit of variety to 
your observations of the sky we love.

¢ Contributing Editor SUE FRENCH
would like to thank everyone for the kind 

farewells, and she hopes to meet you 

under the stars.

A line drawn from 
Omicron (ο) Sgr 
to Xi2 (ξ2) Sgr in 

the Teaspoon 
asterism points 

toward M25. Under 
magnifi cation, the 

open cluster reveals 
an abundance of 

colorful stars.

pTop: The 6th-magnitude star 5 Aquilae 

shares a fi eld of view with the somewhat dim 

Berkeley 79, which resembles a meek pile of 

caster sugar in the eyepiece. More aperture 

and higher magnifi cation reveals individual 

stars. Look for the central gathering of about a 

dozen suns. Bottom: Many of us have probably 

looked at Stephenson 1 without realizing it was 

a star cluster. The orange Delta2 Lyrae, which 

shines at the cluster’s center, is surrounded by 

30 to 40 stars as dim as 9th magnitude. Blue-

white Delta1 is also a cluster member.

M25

5 Aql

Berkeley 79

Sagittarius Stephenson 1

ξ2

ο

δ2 Lyr

δ1 Lyr
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BOOK REVIEW  by S. N. Johnson-Roehr

Step by Step to Success
100 THINGS TO SEE IN THE NIGHT SKY
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Dean Regas, Astronomer at the 
Cincinnati Observatory, co-host of the 
television program Star Gazers, and S&T 
Contributing Editor, has written a book 
that ticks all the boxes. 100 Things to See 
in the Night Sky is more than a lengthy 
list of interesting celestial objects. It’s 
also a step-by-step guide to decipher-
ing the constellations and a primer for 
observing the Sun, Moon, and planets. 
Many of these objects can be viewed 
with the naked eye, but Regas also 
includes suggestions for using small 
telescopes and binoculars for lunar and 
planetary observing. Safe solar observ-
ing habits are also emphasized.

In addition to the introduction, the 
book has three parts. Part One covers 
the Sun, Moon, and naked-eye planets. 
Part Two is dedicated to the stars and 

constellations, and is fur-
ther subdivided by season. 
Basic diagrams show and 
connect the constellations’ 
brightest stars; if you’re 
giving this book as a gift, 
consider pairing it with a 
planisphere or an all-sky 
chart to give more context 
to the stick fi gures. Part 
Three goes “beyond star-
gazing” to discuss artifi cial 
satellites, meteor showers, 
eclipses, northern lights, 
and other celestial phe-
nomena. Regas ranks each 
sight in terms of diffi culty 
(easy, moderate, diffi cult), 
guiding the reader to 
improvement from night 
to night.

The design of 100 
Things to See in the Night 
Sky is clean and sharp. The 
constellation diagrams are 
easy to read, the table of 

Dean Regas
Adams Media, 2017
224 pages, ISBN 9781507205051
$15.99, soft cover.

Southern Edition
Adams Media, 2018
224 pages, ISBN 9781507207802
$15.99, soft cover.

I’M OFTEN ASKED ABOUT resources 
for novice amateur astronomers. More 
and more, my replies center on the 
digital — stargazing apps, websites, 
planetarium programs, and so on. But 
nothing fosters interest in observing 
more than a good book written specifi -
cally for the beginner. By good, I mean 
a book that’s not just well written 
and free from errors, but 
organized in a way that 
systematically builds skills 
and knowledge without 
overwhelming the reader. 
Ideally, observing should 
leave us feeling content 
much more often than it 
leaves us feeling frustrated. 
(Let’s save the frustration 
for those 12th-magnitude 
faint fuzzies that just 
won’t be found.) A strong 
introductory observ-
ing manual should also 
include more advanced 
material to challenge the 
curious and expanding 
mind. A well-considered 
bit of history that places an 
object or constellation in 
its cultural context and/or 
a lucid summary of a sci-
entifi c study of a particular 
target makes a book even 
better.

contents detailed, and the index com-
prehensive. The use of blue ink on white 
paper adds a touch of jazziness to the 
page, but perhaps higher-contrast black 
ink would have been a better choice. 
There’s plenty of white space, so bring a 
pencil to scribble notes in the margins 

while observing. The book is lightweight 
but sturdy, meant to be taken outside 
and perhaps thrown in the bin of camp-
ing equipment. The book’s corners are 
rounded to avoid unnecessary paper 
stabs in the dark.

Regas has thoughtfully prepared two 
editions of this book. 100 Things to See 
in the Night Sky is intended for observ-
ers in most of North America, Europe, 
northern Africa, and most of Asia 
(roughly between latitudes 25° and 55° 
north). 100 Things to See in the Southern 
Night Sky is written for viewers in Aus-
tralia, New Zealand, South Africa, and 
South America (la titudes 15° to 45° 
south). A few constellations and aster-
isms have been added to (or inverted in)
the southern edition, and the seasons 
reversed between editions, but most of 
the content is identical, so you won’t 
be missing out if you only purchase the 
book for your local sky.

¢ Associate Editor S. N. JOHNSON-
ROEHR suggests taking your book 

outside.

 sk ya nd te l e scope .com • J U N E 2 019  57

Dean Regas, Astronomer at 
the Cincinnati Observatory 
and co-host of the television 
program Star Gazers, has 
written a book that ticks all 
the boxes.
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CROSSING THE BORDER The Waterton-Glacier International Peace 

Park comprises Waterton Lakes National Park (Canada) and Glacier 

National Park (U.S.). Glacier’s West Entrance, near Kalispell, Whitefi sh, 

and Columbia Falls, provides access to Lake McDonald, the Apgar 

Visitor Center, and the western end of Going-to-the-Sun Road, which 

leads to Logan Pass Visitor Center. The St. Mary, Two Medicine, and 

Many Glacier Entrances are closest to Browning. The St. Mary Entrance 

provides access to the eastern end of Going-to-the-Sun Road.
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Glacier International Peace Park in 1932. In 2017, the joint 
park received a provisional Gold Tier designation from the 
International Dark-Sky Association (IDA) as the fi rst trans-
boundary International Dark Sky Park, and it’s well on its 
way to complying with the requirements.

“We have until 2020 to get our lighting to 67% IDA 
compliance,” explains Mark Biel, Natural Resources Program 
Manager for Glacier National Park. “We are anticipating 
meeting, and exceeding, the 67% compliance requirement 
by the end of 2019 if anticipated funding is received and 
employees can be hired to install the lighting.”

Dark skies are an increasingly precious resource, but they 
weren’t priorities until recently.

“No National Park, yet, has ever been set aside for the 
dark skies,” says Mark Wagner, retired Interpreter for the 
Hudson Bay District in Glacier, as well as one of the found-

GOING-TO-THE-SUN AURORA Headlights and 
taillights outline Glacier’s historic Going-to-the-

Sun Road as the Big Dipper rises above the 
northern lights. This 180º east-to-west panorama, 
composed of 18 images taken between midnight 

and 1 a.m., includes (left to right) McDonald 
Creek, the Loop, Oberlin Bend, and the Logan 

Pass Visitor Center. 

Stunning” and “breathtaking” fall short as descriptors 
when talking about the majesty of towering mountains 
and sweeping vistas in Montana’s Glacier National 

Park. But as gorgeous as the daylight hours are, Glacier truly 
shines at night. Mountain peaks frame the view of the north-
ern lights or the Milky Way, and the surrounding silence, 
without the din of human existence, makes every night feel 
like a once-in-a-lifetime experience.

Going to Dark Places

It’s a given that viewing the night sky without extraneous 
light enhances the experience, and, fortunately, Glacier and 
its sister park, Waterton Lakes National Park in Alberta, 
Canada, are doing their best to protect this resource for 
future generations. Though administered separately, the two 
parks were brought together under the moniker Waterton-

“

Seeing Stars 
The fi rst cross-border 
International Dark Sky Park 
offers everything a stargazer 
needs for a fulfi lling night 
under the stars.

n Glacier

WATERTON-
GLACIER 
INTERNATIONAL 
PEACE PARK

www.skyandtelescope.com
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ers of the park’s astronomy program. Rather, parks have been 
established to preserve natural or cultural landmarks, with 
dark-sky designations awarded later by organizations such as 
the IDA. He points out that when Glacier was established in 
1910 administrators didn’t recognize the value of the night 
skies because light pollution wasn’t an issue. Fortunately, we 
still have dark skies at Glacier to show the next generation.

Join the Party

“The key thing in Glacier is it’s one of the truly dark sky 
places in America,” says John Donovan, chairman of the 
board of the Glacier National Park Conservancy, the non-
profi t arm of the park that funds a multitude of programs 
and projects. Because they recognize the importance of the 
night sky, they enthusiastically fund the astronomy efforts.

“The astronomy programs are among the most popular 
things the park does,” notes Donovan. Each season, nearly 
30,000 people attend either daily solar viewing or nighttime 
stargazing, as well as special star parties. The Conservancy 
understands the need to do more.

Jewel in the Crown of the Continent

Building on this realization, Glacier will reveal its new-
est addition to the astronomy program in the early sum-
mer of 2019. With the blessing of the National Park Service 
and funding by the Glacier National Park Conservancy, a 
12.5-foot-diameter SkyShed POD Max dome observatory was 
set up just beyond the parking lot boundary at the St. Mary 

Visitor Center.
Lee Rademaker, lead Interpreter 

in the Hudson Bay District based 
out of St. Mary, is a fi xture of 
the astronomy programs and is 
equally enthusiastic about the new 
equipment. “Our telescope is a 
PlaneWave 20-inch CDK,” he says, 
“and that will tour around the 
night sky on top of a Paramount 
ME II robotic telescope mount. We 
will use a MallinCam SkyRaider 
DS10c to feed two 55-inch moni-
tors mounted on the outside of the 
observatory with high-resolution 
images of the night sky.”

“People are going to be awe-
struck with it,” enthuses Russ 
Lucas, a volunteer park astrono-
mer and member of the Big Sky 
Astronomy Club who has been 
with the program since its incep-
tion. “None of us can wait. This is 
going to be the jewel.”

The telescope will be powerful 
enough to see into deep space, 
and the plan is to focus on more 

THE MAGIC HOUR The Milky Way stretches across 
a darkening sky above Logan Pass.

Blackfeet Star Stories
Long before we could peer into deep space, the indigenous 
people who have called Glacier home for generations 
looked at the sky with a unique vision. Members of the 
Blackfoot Confederacy were, and still are, intertwined with 
the world above us, and their daily lives honor and renew 
these connections when they are retold.

Helen Augare Carlson and Melissa Weatherwax of the 
Blackfeet Community College in Browning, Montana, 
share these stories as part of Glacier National Park’s star 
parties, where attendees have the opportunity to immerse 
themselves in the night sky and ancient lessons.

“[Glacier National Park] is all part of the territory,” says 
Carlson. “We see it all as special. All of our land has a 
purpose.”

Carlson explains that star stories are part of their oral 
tradition, therefore there is no set “right” way to tell them. 
They’re often told using different details depending on the 
storyteller, audience, and the context of what needs to be 
taught in that particular instance.

“One story connects to the rest,” she says. “It’s connect-
ed on [the theme of] how to learn to live a good life. It’s not 
a religion. It’s a way of life. The knowledge is still there. All 
these stories of how indigenous people understood their 
environment go back to the energy of the place.”

Melissa Weatherwax shares a 
story of Ursa Major:

Naatosi (the Sun) and Ko-
komiikiisom (the Moon) had a 
falling out. Kokomiikiisom was 
angry with Naatosi and their 
seven sons, who ran from their 
mother in her anger. To slow 
Kokomiikiisom, Naatosi gave 
each son a special gift. Each time 
Kokomiikiisom drew near, they 
could use that gifted power to 
escape. As a result, they created 
the canyons, rivers, lakes, moun-
tains, weather, and forests. When 
Kokomiikiisom came close to the 
youngest brother, he propelled 
himself and his brothers into the 
sky, forming what is now called 
Ishkitsi-kammiks, or Ursa Major.

To fully appreciate these sto-
ries, attend one of the star parties 
where members of the Blackfoot 
Confederacy share their history 
and lessons, bringing us all togeth-
er under the night sky.
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advanced scientifi c projects. Wagner says educational oppor-
tunities will be available to students of all levels throughout 
the world.

The observatory will also offer a completely different 
experience for park visitors. “Now we have this amazing tool 
where we can show off the night sky in St. Mary,” says Rade-
maker. As the camera projects images on screens for visitors, 
it allows them to see well beyond the capabilities of the naked 
eye looking through an eyepiece. “Our astronomers will be 
able to talk in detail about the events being displayed.” 

More Opportunities

While the new telescope will offer an unparalleled experi-
ence, dedicated volunteers, including members of the Big Sky 
Astronomy Club in nearby Kalispell, will continue to share the 
night sky through the lenses of multiple telescopes, including 
solar, in order to introduce people to the world above.

“The astronomer in me loves this,” says Lucas. “I meet 
people in Glacier from all over the world. We live in different 
parts of the world, but we all see the same sky.” 

Lucas says the programs, which are held multiple times per 
week at the Apgar and St. Mary Visitor Centers, usually begin 
by the fi rst half of July (depending on when Going-to-the-Sun 
Road is plowed open). He recommends that visitors check 
the bulletins at the information kiosks or ranger stations for 
specifi c details.

Although the evening programs often don’t begin until 
nearly 10 p.m., the early-to-late evening hours offer excel-
lent opportunities to observe the brightest planets and stars 
until the sky is dark enough to gain a better view of deeper 
objects. Dark skies fi nally settle fully upon the landscape 
closer to midnight.

In July, August, and early September, special star par-
ties are held at Logan Pass, which, situated at an altitude 
of 6,647 feet, feels within reach of the stars. Tickets to 
the event are free (although a $5 donation to the Glacier 
National Park Conservancy is welcomed), and can be picked 
up at the Apgar or St. Mary Visitor Centers the day before, or 
even the day of, the event.

Attendees should be at th e parking lot at Logan Pass 
around 9–9:30 p.m. and plan to remain there until midnight 
since the headlights of any cars leaving will spoil the stargaz-
ers’ night vision. After an introduction, visitors are broken 
into groups where an astronomer offers a laser-guided tour of 
the night sky as it darkens, before everyone fi lters out to vari-
ous telescopes for an up-close view. Star enthusiasts can even 
bring their own scopes for a front-row seat.

“It’s about the experience of seeing things in the truly dark 
sky,” explains Wagner. “We try to get people to make per-
sonal connections.”

Backcountry Seats

Offering views not every park visitor can witness, backcoun-
try campgrounds are some of the best places to stargaze, 
whether you pack a telescope or opt for a pair of binoculars. A 

BRAVING THE ELEMENTS Comet Lovejoy (C/2013 R1) crosses the 
winter skies above the fi re lookout on Mount Brown on December 
7th, 2013. It took four nights in subfreezing temperatures before 
Moon phase (new), cloud cover (none), and comet all aligned. On 
this night the air temperature was –9ºF, not counting the wind chill.

LIFE GOALS At latitude 48.6º north, Lake McDonald lies south of 
the typical auroral oval, but in times of elevated geomagnetic activ-
ity, Waterton-Glacier is a top spot for viewing the northern lights.
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Volunteers Make It Happen
The amazing programs within Glacier don’t come without 
challenges — primarily a lack of knowledgeable people 
to help keep them going. The Big Sky Astronomy Club 
members are an integral part of the program, and the 
park is always looking for more volunteers.

“The numbers are growing more and more,” says 
Lucas. “It’s hard to find people to help. It’s the most 
challenging thing the park has to do. We could expand 
this program and make it even better than it is. It’s really 
tough for us when we get 90 people (per night at the 
Apgar or St. Mary stargazing events) and there are two of 
us running the telescopes,” he says. 

Wagner shared the sentiment. “I love the volunteers. 
They are great. If you take the volunteers out, you have 
zero programs.” 

For those who wish to step up and into this rewarding 
role, specific information is available at https://is.gd/
GlacierAstro.

good portion of the backcountry campgrounds have excellent 
views of the sky, and aligning geographical features with the 
celestial ones creates a one-of-a-kind experience.

Spaces are limited in the backcountry sites, but there are 
a couple options for securing a spot. Potential backpackers 
can apply for a permit via the backcountry advanced reserva-
tion system, which opens on March 1st for large groups (9–12 
campers) and March 15th for standard groups (1–8 camp-
ers) (https://is.gd/GlacierAdvance). As the date is sometimes 
referred to as “IT Armageddon” because the system occasion-
ally crashes due to the high volume of requests, have your 
application ready to submit, with several itinerary choices 
for the best chance of securing a site. Applicants are typically 
notifi ed by mid-April whether their application was successful.

If planning ahead isn’t an option, or a reservation wasn’t 
obtained, showing up in person at one of the backcountry 
offi ces can sometimes secure a site since there are a certain 
number held for walk-in backpackers. Line up early (some 
begin the wait as early as 5 a.m.) for the 7 a.m. opening, and 
talk to the helpful rangers to see what spaces are available. 
This can be done a day in advance or the same day.

Living the Night Life

If spending the night under the stars isn’t in the cards, 
another option is to be strategically positioned for the dark 
hours. John Ashley, biologist, photographer, and author of 
Glacier National Park After Dark: Sunset to Sunrise in a Beloved 
Montana Wilderness, spends innumerable days coordinat-
ing astronomical events with the weather and the scenes he 
envisions in his mind. To obtain these shots he notes when 
comets, Moon phases, or a particular meteor shower will 
be visible and where he wants it in relation to the landscape 
before venturing into the darkness.

“I never just go out with a camera and hope to fi nd 
something,” he says. “There are some alignments I’ve chased 
unsuccessfully for multiple years and they’re still on my 
calendar.”

While not everyone will snowshoe up a ridge to line up a 
perfect shot of the full Moon, astronomically minded visi-
tors can often drive to suitable viewpoints, especially along 
Going-to-the-Sun Road where the best visibility is above the 
treeline. Use the pullouts on the east side of Logan Pass, par-
ticularly above Siyeh Bend, or higher than the hairpin curve 
known as “The Loop” on the west side.

Hiking to less accessible vantage points is also an effec-
tive way to gain a better perspective of the night sky, but it’s 
not necessarily advised. Glacier, besides having a reputation 
for amazing scenery, is also one of the largest strongholds of 
grizzly bears in the lower 48. While hiking up to Siyeh Pass, 
for example, will undoubtedly offer exceptional night view-
ing, it’s probably not worth the risk of bumping into a bear. 
Surprise encounters are the number-one reason for human-
bear confl icts within the park, and hiking at night increases 
the probability dramatically. On a practical note, no matter 
when you’re hiking, day or night, always bring bear spray 

p PUBLIC PROGRAMS Nearly 30,000 people attend stargaz-

ing or solar parties in Glacier National Park each year. Because 

of the northerly location of the park, summertime darkness 

doesn’t fall until around 10 p.m. local time, but once it arrives, 

the skies are pristine, barring bad weather and smoke. Darkness 

arrives earlier in winter, but cold-season observing requires 

dedication and planning. J
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and know how to use it, make noise as you 
travel down the trail, and preferably hike in 
groups of at least four.

For those who don’t want to venture out 
very far at night, they needn’t hike into the 
wild areas in order to gain a phenomenal 
perspective of the night sky. Standing at 
the southern edge of Lake McDonald near 
Apgar offers amazing views of the north-
ern lights (when they’re active), as well as 
a large swath of the night sky. Kintla and 
Bowman Lake are equally stunning in the 
North Fork valley, and standing at the base of Rising Wolf 
Mountain in Two Medicine is just as remarkable. It’s not dif-
fi cult to fi nd a good place to look up. 

Be Ready for Anything

Just because Glacier is blessed with dark skies doesn’t mean 
stargazing is a sure thing.

“Trying to stargaze in the mountains is a delicate dance 
between starlight, moonlight, and clouds,” says Ashley. But 
stargazers can use the Moon to their benefi t at times. “If you 
want to learn the constellations, go out with a lot of moon-
light. It washes out the dimmer stars and makes the brighter 
ones stand out,” he says.

In more recent years smoke from wildfi res 
has been increasingly problematic. “Smoke 
can make an astronomical event exceptional 
or keep you from even seeing it,” Ashley says. 

“It can add a reddish color, or it might make (stars) invisible.”
Ashley believes that the smoke from western fi res is going 

to be the new reality for stargazing in the park, particularly 
later in the summer. There have been fi res in Glacier nearly 
every year since 1910, but the magnitude of the fi res has 
increased over the past several years. It’s a consideration visi-
tors need to understand when they’re planning their trip. 

Regardless of the season, Glacier National Park is a special 
place at night. You might have to contend with the extended 
sunlight during the glorious summer days, brave the brisk but 
long winter nights, or visit in the shoulder seasons when the 
weather is a wild card. But every visit brings a new perspective 
and greater appreciation of the spectacular scenery above us. 

¢ AMY GRISAK is a freelance writer and photographer special-

izing in gardening, cooking, and sustainable lifestyles, as well 

as anything to do with the beautiful Montana outdoors.

tDANGEROUS REALITY Forest fi res are a fact 

of life in Glacier National Park, and the threat and 

presence of fi re has only increased in recent years. 

Wildfi res often cloak the landscape in dense smoke, 

but occasionally their glow can lend an unplanned 

element to the scene, as in this view captured of the 

2015 Thompson Fire from Hidden Lake Nature Trail 

at Logan Pass.

qOPTICAL ILLUSION The night sky appears to circle around Polaris, 

the North Star, in this time-lapse image over Lake McDonald. But it’s 

really the Earth’s rotation that creates the circular star trails.
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W e all marvel at gorgeous pictures of galaxies, nebu-
lae, and star clusters, and strive to make our own 
astrophotos just as inspiring. But many things can 

go amiss during the long exposures needed to make them. 
Some things we can’t control — atmospheric seeing, variable 
sky transparency, or gusty winds, for example. But other fac-
tors that affect our images we can control. One is mechani-
cal jerkiness in our mounts that can cause every star to look 
like streaks or even double stars. Another is poor collimation 
of our optics. This can produce weird star images in different 
parts of the fi eld, indicating a problem that can sometimes be 
diffi cult to diagnose. 

Great deep-sky imaging begins with 
well-tracked exposures.

The stars in our images serve as excellent diagnostic tools 
to help us identify and correct problems in our imaging tech-
niques. Capturing stars that are as round as our setups will 
permit makes post-processing easier and improves our overall 
results. Here are some common problems and how we can 
deal with them on an off night.

Collimation

Perhaps the fi rst thing to check with any imaging setup is its 
collimation. A system is collimated and performing at its best 
when everything is properly aligned and the light coming 
into the center of the telescope or lens reaches the center of 

Quest forThe
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PERFECT GUIDING Perhaps the most critical step in deep-
sky astrophotography is ensuring well-tracked images. 
This detailed image of NGC 7000 (left) and IC 5067 (right) 
includes more than 16 hours of perfectly tracked, unguided 
exposures using a Takahashi FSQ-106ED astrograph and a 
Moravin G3-16200 CCD camera. Unless otherwise noted, all 
photos are courtesy of the author.

p POOR COLLIMATION Ensuring your collimation is spot-on is 

an important step, particularly when shooting with fast Newtonian 

astrographs with coma correctors. This image of van den Bergh 15 

displays comatic stars along the right side. These are particularly 

visible in the top right.

pUNWANTED TRAILS While some star elongation doesn’t detract 

from wide-fi eld nightscape images, the same can’t be said for deep-

sky astrophotography. If your results look like the image above, plan 

on spending some time identifying the cause of the tracking problem.

pHALF IN FOCUS Diagnosing the source of sensor tilt — seen in 

this image as the right half of the frame is out of focus, while the 

other side is not — can be tricky. Take an exposure pointed at the ze-

nith then another pointed about halfway towards the horizon to make 

sure the problem isn’t due to a sagging focuser drawtube.

the sensor. Fast optics (those with a low f/ratio) are 
particularly sensitive to imperfect collimation.

In astrophotography, not only must the optics be 
aligned, but the camera’s sensor must be properly 
positioned. Heavy cameras and fi lter wheels can cause 
some focuser drawtubes to sag, introducing misalign-
ment. One clue that a focuser on a refractor or Casseg-
rain telescope is sagging is when stars appear round 
across a photo only when the telescope is pointed 
straight up towards the zenith and gravity is pulling the 
focuser holding a heavy camera square to the optical axis. You 
can solve this sagging issue by tightening up any loose rails or C
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bearings in the focuser, or by replacing it with an after-market 
model that can better support the camera’s weight.

You can distinguish the effects of miscollimation from 
other problems by comparing the stars in short and long 
exposures. Its appearance in images is unaffected by exposure 
length, which can help to eliminate other issues such as poor 
tracking or fi eld rotation. 

An additional concern with deep-sky imaging is ensur-
ing a camera’s sensor isn’t tipped within the focal plane of 
the imaging telescope. Large sensors are more sensitive to 
these tiny misalignments that mimic the effects of poor 
collimation but aren’t corrected by adjusting the optics or 
the focuser. Images affected by sensor tilt appear the same 
regardless of where the telescope is pointed. Some astronomi-
cal cameras equipped with large detectors include a push-pull 
adjustment plate on the front of the camera that permits you 
to tweak the alignment of the sensor.

Most refractors and Maksutov-Cassegrains are collimated 
at the factory and don’t require collimation by the user 
(although the camera and focuser may require adjustment as 
noted above). See articles on collimating a Schmidt-Casse-
grain (S&T: Feb. 2018, p. 28) and Newtonian refl ectors (S&T: 
April 2019, p. 68). Specialized collimating tools such as those 
offered by Hotech (hotechusa.com) permit collimation of 
Newtonian and Cassegrain optics during the day. 

Polar Alignment

Even the fi nest equatorial mount won’t produce images with 
round stars if it isn’t properly aligned. Polar alignment is 
when the polar axis of the telescope is made parallel with 
the rotational axis of Earth. Our planet rotates around this 
axis, making stars appear to spin around the north or south 
celestial pole. As an object moves 
through the sky from east to west, a 
properly aligned mount will cancel 
out this movement, keeping the 
object centered in the telescope. 
Misaligned equatorial mounts (and 
alt-azimuth Go To mounts) can 
keep an object centered for visual 
observation but will slowly intro-
duce fi eld rotation, which makes 
such setups unsuitable for long-
exposure astrophotography.

So how accurate does polar 
alignment need to be for tracked 
images to have round stars? The 
answer depends on several factors, 

such as the length of the exposure, the target’s location in the 
sky, the telescope’s focal length and pixel scale, and even the 
difference in pointing angle between the guide star and the 
imaging target. Richard Hook published equations concerning 
polar alignment in the February 1989 issue of The Journal of the 
British Astronomical Association. One of these equations tells us 
how well-aligned a mount needs to be for a given setup: 

In the equation, E is the maximum permitted polar align-
ment error in arcminutes, and S represents the tolerance for 
fi eld rotation in microns. D is the declination of the target, 
while T is the exposure duration in minutes. Focal length (in 
millimeters) is represented by F, and A is the angle in degrees 
between the guide star and the opposite edge of the fi eld.

This equation confi rms that short exposures and short 
focal lengths combined with larger pixels are more tolerant of 
imperfections in polar alignment. In other words, the higher 
your pixel-per-arcsecond ratio is, the longer you can expose 
with less-than-perfect polar alignment.

If you know how accurately polar aligned your mount 
is, the equation can be rearranged to answer the question 
“Given my current polar misalignment and equipment, 
what’s the longest exposure I can achieve before stars appear 
elongated?” like this:

When shooting with an image scale of 1 to 4 arcseconds 
per pixel, polar misalignment by as much as 3 arcminutes is 
adequate for exposures up to about 15 minutes long.

Some telescope-control soft-
ware and autoguiding software 
programs include tools that make 
precise polar alignment relatively 
simple. Hardware tools such as 
the QHYCCD PoleMaster are also 
available (S&T: July 2018, p. 62). 
The tried-and-true manual method 
of drift alignment takes longer but 
works well even if you don’t have 
a clear view of the celestial pole. 
Numerous drift alignment tutorials 
are available online.

Autoguiding 

While good polar alignment, track-
ing, and collimation can improve 
the roundness of the stars in our 
images, many telescope mounts 
require a little help staying on tar-
get. This is because most mounts use 
gears that produce a repeating error 
known as periodic error (PE), which 

uAUTOGUIDING Most astrophotogra-

phy rigs require autoguiding to keep the 

telescope pointing exactly at the target 

throughout the entire exposure. This setup 

includes a 10-inch ASA f/3.8 Newtonian 

astrograph that has a piggybacked 80-

mm refractor for autoguiding.

E = 
45,000 × S × cosD

T × F × A

T = 
45,000 × S × cosD

E × F × A

.

.
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causes a slight oscillation of the fi eld. This 
often is represented in the technical speci-
fi cations of your mount as, for example, 
a PE of +/- 3 arc seconds. Some high-end 
mounts reduce this error to near-imper-
ceptible levels below one arcsecond, which 
permits long, unguided exposures at mod-
erately long focal lengths. For most of us, 
though, long-exposure imaging requires 
guiding on a fi eld star near your target and 
correcting these small periodic errors. 

Guiding used to be performed manu-
ally using a reticle eyepiece, your own 
eye, and copious amounts of both time 
and patience. Thankfully, technology eliminated the need for 
manual guiding almost three decades ago. Autoguiders are 
small, inexpensive CCD or CMOS cameras that you use to 
monitor a star and make the corrections necessary during a 
long exposure.

You can use an autoguider in either of two confi gurations: 
through the imaging telescope equipped with an off-axis 
guider, or attached to a separate telescope mounted on the 
side of your imaging scope. The autoguider checks the posi-
tion of a single star (the guide star) every few seconds and 
sends pointing corrections to the mount as needed to keep 
the guide star centered.

Most camera-control software has autoguiding capabili-
ties, including TheSkyX’s camera control add-on (bisque.
com), MaxIm DL (diffractionlimited.com), and PHD2 (stark-
labs.com, reviewed in S&T: Dec. 2017, p. 64). Lots of good 
documentation can be found online explaining how to use 
autoguiding software and how to troubleshoot any issues.

One common problem encountered when autoguiding 
through a guidescope is known as differential fl exure. This 
generally occurs when the guidescope isn’t attached securely 
enough to prevent slight differences in movement between 
the guidescope and imaging scope. A device called an off-axis 
guider, or OAG, can mitigate this problem by eliminating 
the guidescope entirely. Placed between the telescope and 
main camera, an OAG contains a small pick-off prism that 
directs light from the telescope to the guide camera’s sen-
sor. When correctly positioned, this prism protrudes only 
far enough into the light path to capture star images for 
guiding and should not cast a shadow on the main camera’s 
sensor. The small fi eld provided by the prism should contain 
an adequately bright guide star. If not, the position of the 
telescope can be adjusted slightly to bring a suitable star into 
the autoguider’s fi eld of view.

An OAG takes up some of the physical space between your 
camera and any fi eld fl attener or coma corrector in your opti-
cal path, so check that you have adequate room between the 
two before using one.

While autoguiding can help immensely, it isn’t always 
suffi cient to produce round stars. I recommend that you con-
sider autoguiding only after optimizing the mechanical and 

t SENSOR COLLIMATION Cameras with large 

CCD and CMOS detectors are highly sensitive 

to having the sensor square to the telescope’s 

optical axis. Some (such as the Starlight Xpress 

camera at left) include a push/pull adjustment 

plate at the front of the camera that allows users 

to fi ne-tune the squareness of the detector.  

q FIELD ROTATION This photo of the Double Cluster (NGC 869 and 

NGC 884) suffers from fi eld rotation, where all the stars appear to arc 

around a point outside the top-left side of the image frame. The cause 

may be either inaccurate polar alignment or differential fl exure between 

the imaging telescope and guidescope. 

optical aspects of your setup. If you have 
an excellent mount, or if you’re shooting 
at short focal lengths or limiting your 
exposures to only how long your mount 
can go before PE becomes noticeable, you 
may not need to autoguide at all.

Balance

Another consideration for improving tracking is making sure 
the weight on your mount is evenly distributed. This mini-
mizes the load that the motors need to bear, reducing wear 
and tear on one of the most crucial parts of an imaging rig. 
Having the payload and counterweights balanced well can go 
a long way toward reducing tracking errors.

To balance equipment on a German equatorial mount, 
start by balancing the declination axis fi rst. Throughout this 
process, be sure to hold the equipment steady to prevent sud-
den rotation due to extreme imbalance. Orient the mount 
so that the counterweight shaft is horizontal, and the scope 
with all the gear you intend to use (include any anti-dew 
straps, and remember to remove any lens caps) is also pointed 
horizontally. Loosen the clutch on the declination axis and 
gently nudge the scope up and down. If it moves easily in 
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tt A MATTER OF

BALANCE Ensuring your 

equipment is balanced proper-

ly on your mount will go a long 

way toward reducing tracking 

errors. Adjust the weight of 

the telescope tube fi rst on the 

declination axis, then check 

the right ascension by sliding a 

counterweight on the shaft.

tCABLE MANAGEMENT Se-

cure any dangling cables close 

to the telescope and mount so 

that they don’t snag during an 

exposure or while slewing to 

another target.

both directions, your scope is in balance in that axis. If not, 
then adjust the position of the scope forward or backward 
in its tube rings or along the dovetail plate to balance it. 
Tighten everything up and then move to the right ascension 
(RA) axis. Loosen the RA clutch and simply slide the counter-
weights on the shaft to balance the scope in RA. 

Balancing on a fork mount is similar, though you may 
need to add counterweights to a rail attached to your tele-
scope tube if there aren’t accommodations to shift the posi-
tion of the tube.

Once you have your payload properly balanced, be sure 
everything is locked down and then test the mount’s perfor-
mance in a guided image. You should also repeat the test with 
a target on the opposite side of the meridian.

Some mount manufacturers recommend that you keep 

the RA axis very slightly unbalanced towards the east side for 
long exposures. This ensures that the RA worm gear is always 
engaged as the mount tracks the motion of your target. If 
you fi nd unbalancing the mount helps, fi rst fi nd perfect bal-
ance as described above. Then use a very small weight (just 
an ounce or two will usually do) that can be attached to the 
telescope or the counterweight shaft as needed, depending on 
where your target lies.

Ensure any cables connecting your equipment to the 
control computer are bundled neatly and secure them to the 
telescope in a manner that minimizes any stresses that could 
change as the telescope tracks the sky. 

If You Don’t Succeed

The best-laid plans don’t always work as expected, so if you still 
end up with slightly trailed stars in your exposures, you can 
turn to tools that can repair misshapen stars after the fact.

For example, PixInsight’s Deconvolution tool has a Motion 
Blur PSF mode that can signifi cantly reduce star elongation 
when you input the length and angle of the trailing in your 
image. There’s also a powerful plug-in script for Maxim DL 
that can repair elongated stars (https://is.gd/trailfi x). Just 
be aware that no after-the-fact fi x will produce as high a 
resolution in your image as does preventing the problem from 
happening in the fi rst place. Remember that if stars are elon-
gated, any non-stellar objects in the image are also smeared, 
and they can’t be repaired as easily as the stars.

You may have heard it said that “Good data never goes 
bad.” You can always reprocess good images as your process-
ing skills improve and your artistic tastes change over time. 
Unfortunately, the reverse is also true: Bad data never gets 
better. That’s why it’s worth spending the time to get your 
imaging system performing at its best before your next clear, 
moonless night. There’s nothing quite as satisfying as sitting 
at the computer on a perfect night watching while each sub-
exposure downloads and displays tight, round stars.

¢ RON BRECHER images the night sky from his backyard 

observatory in Guelph, Ontario. 

q PERFECT EVERY TIME Once you’ve solved all your guiding issues, 

you’re more likely to produce a steady stream of excellent data ready for 

processing. The author recorded this colorful image of IC 410 (left) and 

IC 405 through the same equipment as the photo on pages 64-65.  

https://is.gd/trailfix
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coast of Argentina and much more: 
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Meade’s DSI-IV Camera
Could this be the best astronomical camera yet offered by Meade? 
The answer depends on your imaging interests. 

DIGITAL IMAGING HAS BEEN part 
of amateur astronomy for more than 
three decades. It’s a sobering thought 
for those of us who’ve been there since 
the beginning. Over the years, Meade 
has introduced a number of astronomy 
cameras, but the newest — the DSI-IV — 
might be the best one yet. It all depends 
on your imaging interests.

The DSI-IV is a highly versatile cam-
era capable of recording high-resolution 
video of the Moon and planets as well 
as quality long exposures of faint deep-
sky objects. It’s built around a cooled, 
16-megapixel Panasonic CMOS detec-
tor with 3.8-micron-square pixels in a 
4,640-by-3,506-pixel array. The sensor’s 
imaging area measures 17.6 by 13.3 mil-
limeters, making it slightly smaller than 
the APS chips in today’s crop-sensor 
DSLR cameras.

For this review we borrowed a 
monochrome version of the DSI-IV 

What We Like
Highly versatile 

astronomical camera

Excellent thermoelectric 

cooling system

Rugged design and 

construction

What We Don’t Like
Included software 

has excellent video-

capture features, but 

long-exposure imaging 

controls could be 

improved 

from Meade. A one-shot color version 
is also available for a little less money. 
The camera is roughly 3½ inches (about 
90 mm) in diameter, 4 inches long, and 
is very well made. It weighs 25 ounces 
(0.7 kg) and is supplied with a 2-inch 
nosepiece. It will reach focus on any 
telescope that has a focal point extend-
ing at least 18 millimeters outside of 
the focuser drawtube. With the proper 
adapters, it will easily work with focal 
reducers, tele-extenders, and most fi eld 
fl atteners, leaving enough room for a fi l-
ter wheel or low-profi le off-axis guider.

The DSI-IV’s regulated thermoelec-
tric cooling easily dropped the CMOS 
sensor to the specifi ed maximum 40°C 
below ambient temperature, with suf-
fi cient overhead to maintain accurate 
temperature regulation — an important 
feature for deep-sky imaging. There are 
eight small heating elements bonded to 
the perimeter of the CMOS chamber 
window that were effective at keeping 
the window free from fog. While I never 
needed to use it, there’s also a threaded 
port on the side of the camera for 
attaching a supplied desiccant module 
that offers added fogging protection.

A single USB 3.0 cable between 
the camera and your computer is all 
that’s needed to connect and power the 
camera. The 12-volt adapter that comes 
with the DSI-IV, with its additional 
cable connection to the camera, is only 
needed for the cooling system, and is 
thus really only mandatory for long-

Meade DSI-IV 
Monochrome Camera 

U.S. Price: $1,099 

(one-shot color version $999)

meade.com
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t Meade’s new DSI-IV camera comes as a 

complete package with a 2-inch nosepiece, 

USB 3.0 computer cable, 12-volt adapter and 

cables (needed only for the camera’s cooling 

system), operating software on a CD-ROM, 

and rugged, waterproof case. The little, sealed 

plastic bag at right contains a desiccant mod-

ule that attaches to the camera to help prevent 

fogging of the CMOS chamber window. The 

author never had to use it. 



exposure imaging. It’s worth noting 
that the supplied USB 3.0 cable is only 
5 feet long. I was able to keep my laptop 
close enough to my telescopes to work 
with a cable this short, but others may 
need some form of extension such as an 
active USB 3.0 cable or the addition of a 
powered USB hub.

There are two USB 2.0 ports on the 
DSI-IV for connecting fi lter wheels, 
focusers, and guide cameras. But 
note that although these ports are 
powered, they still draw their power 
from the USB 3.0 connection. I suc-
cessfully tested two small cameras on 
these ports, but your mileage may vary 
depending on how much power your 
auxiliary equipment requires.

Getting Started

Following instructions in the DSI-IV’s 
quick-start guide, it was a breeze install-
ing the camera’s supplied operating 
software (called Meade SkyCapture), 
ASCOM drivers (needed for operating 
the camera with third-party software), 
and a copy of the user’s manual on 
my aging laptop with an Intel i7 Core 
processor running Windows 7. At fi rst 
blush, the manual I installed from 
the CD-ROM sent with the camera 
appeared to be the same as the one that 
opens from the Help menu in SkyCap-
ture, but it was actually an older version 
that had not been updated for the 
DSI-IV — stick with the version that’s 
displayed by SkyCapture’s Help menu.

Using my own adapters, I attached a 
conventional camera lens to the DSI-IV 
and began bench-testing the camera. 
The ASCOM driver worked fi ne, allow-
ing me to connect the DSI-IV with 
the software I typically use, including 
MaxIm DL for long-exposure imaging, 
and FireCapture for recording astro-
nomical video clips. But for the sake of 
the review I wanted to work with the 
supplied software.

SkyCapture is a slick-looking pro-
gram with a user interface that I found 
relatively easy to navigate. It works with 
a variety of Meade cameras, and it has a 
number of features for Meade’s one-
shot color cameras that I couldn’t test 
with the monochrome DSI-IV. Never-

theless, within minutes I was capturing 
video clips and snapping still images, 
although my “long” exposures were 
limited to only a few seconds because 
of the bright workshop environment 
(more about this later). There are always 
bumps on the road to learning any new 
software, and I certainly encountered 
my share, but nothing struck me as 
being due more to the software than 
my own inexperience using it. Much of 
my time was spent learning the video 
controls. Once comfortable with them 
it was time to get outside. 

Going for the Moon

With the exception of Mars, which 
at the time was way too small for my 
imaging setups, all the major planets 
were in the morning sky, so my video 

tests were all done shooting the Moon. 
Mead claims The DSI-IV is capable of 
video frame rates as high as 23 per 
second at full resolution, but most users 
will experience lower rates, especially 
when running the camera in the pre-
ferred 12-bit, rather than 8-bit, mode. 
The issue is not so much the camera 
as it is how fast your computer can 
transfer and save images. The solid-state 
drive in my laptop isn’t as fast as the 
latest models. You can certainly speed 
frame rates up by reducing the area of 
the CMOS that’s being recorded (using 
cropped frames or what SkyCapture 
calls ROI for “region of interest”). This 
is especially true when imaging planets 
since there’s little advantage to record-
ing the blank sky that typically appears 
in the frame. Even with the Moon I 
reduced the size of the recorded frame 
to isolate lunar features rather than the 
large sweeps of lunar landscape seen in 
full-frame videos. Using a small region 
of interest, I typically captured between 
40 and 50 frames per second.

Frame rates aside, what really caught 
my attention with the DSI-IV is the 
enormous fi les generated with even 
short videos, often exceeding four giga-
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p Left: The DSI-IV only needs its USB 3.0 (it’s backwards compatible for USB 2.0 as well) con-

nection to a computer to capture images. The 12-volt input is just for the thermoelectric cooling 

system and is really needed only for long-exposure imaging. See the text for details about the two 

USB 2.0 ports. Right: Eight small heating elements bonded to the perimeter of the CMOS chamber 

window were 100% effective at keeping the window fog-free during all of the author’s testing. 

t The DSI-IV is an excellent performer when 

shooting astronomical video clips, even if 

the author’s results were less than stunning 

because of his winter seeing conditions living 

in New England under the jet stream. This view 

of Schröter’s Valley was processed from 200 

frames selected from a 1,600-frame, 30-sec-

ond video clip captured last February 16th.  

www.skyandtelescope.com
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bytes for a 30-second clip made with 
a small region of interest. The manual 
does warn about this, but it was still an 
eye opener to fi ll more than 50 giga-
bytes of disk space recording about a 
dozen video clips my fi rst night out.

These videos were later processed with 
third-party software including RegiStax 
and the freeware AutoStakkert!3. 

On to the Deep Sky

Once the Moon was out of the eve-
ning sky it was time to try the DSI-IV 
for deep-sky imaging. It’s here where 
I found room for improvement with 
SkyCapture that I hadn’t noticed when 
shooting still images during my bench 
testing in a relatively bright environ-
ment. For example, when framing faint 
deep-sky targets, I usually make short 
exposures of 20 to 60 seconds and 
stretch them to extremes to see what’s 
in the fi eld. With SkyCapture, the image 
that appears at the end of each expo-
sure can’t be stretched on screen as is. 
You can examine a histogram of the 
displayed image and make adjustments 
to set the black and white points for 
displaying a stretched image, but these 
settings do not take effect until you 
make the next exposure.

The best workaround, apart from 
making multiple exposures or guessing 
at the correct histogram settings before 
shooting the fi rst one (something that 
is possible with experience), is to fi rst 
save the image and then re-open it with 
SkyCapture and use the Range function 
in the Process menu to actively stretch 
the image on screen. It’s a bit clumsy, 
not to mention time-consuming, espe-
cially if you’re typing fi le names and the 
like in the dark with gloves on.

There were also features of the 
software that I couldn’t get to work, 
including the automatic functions for 
dark-frame subtraction and fl at-fi eld 
correction. These issues may be unique 
to the DSI-IV update of the software, 

since I noticed that the 
fl at-fi eld function isn’t 
even discussed in the 
older user’s manual 
that I mentioned ear-
lier. Regardless, I don’t 
like using automatic 
calibration routines 
during image capture, 
since I prefer having 
unmodifi ed raw data 
that can be processed 
later with various 
calibration methods. As 

such, I simply made standard dark and 
fl at-fi eld exposures with the DSI-IV and 
processed my light frames with third-
party software.

Despite my nit-picks with SkyCap-
ture, I did use the software exclusively 
for all the imaging I did with the 
DSI-IV, and I’m happy with my results. 
Indeed, most astronomical cameras 
come with only the most rudimentary 
image-capture software (and some don’t 
come with any), so getting a package as 
decent as SkyCapture included with the 
purchase of the DSI-IV is really a plus.

In the end I found the DSI-IV to 
be a very versatile camera that can 
satisfy the needs of many of today’s 
astroimagers.    It’s a camera that can 
shoot excellent astronomical video and 
seamlessly transition to shooting decent 
long-exposure deep-sky images.     It can’t 
quite match the deep-sky performance 
of a cooled, 16-bit, astronomical CCD 
camera, but the DSI-IV is still a big step 
up from the astrophotography that can 
be done with DSLRs. And it comes with 
a very attractive price tag, especially 
given the software that’s included.

■ DENNIS DI CICCO has been reviewing 

astronomical equipment in the pages of 

Sky & Telescope for more than 45 years.

p Switching the DSI-IV from shooting astronomical videos to making long exposures of deep-sky 

objects involves only a few mouse clicks with the camera’s included Meade SkyCapture software 

and, for optimum results, connecting the 12-volt power supply for the cooling system. These 

views of the Cone Nebula and Christmas Tree Cluster in Monoceros (left) and Horsehead Nebula 

in Orion (right) were each assembled from fi fteen 10-minute exposures through a hydrogen-alpha 

fi lter with an 8-inch f/3 telescope.

q During his testing, the author exclusively 

used the SkyCapture software supplied with 

the DSI-IV for his astronomical imaging. As 

explained in the accompanying text, he feels 

the software’s long-exposure mode could 

stand some improvement but was still effective 

for capturing images. The screen grab seen 

here displays one of the 10-minute exposures 

used for the image above and was made while 

the camera was in the process of running the 

automated exposure sequence.  
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ASTRONOMER’S WORKBENCH by Jerry Oltion

A 3D-Printed Binoscope
No workshop? No problem.

 WHEN ROBERT ASUMENDI looked 
through Frank Szczepanski’s binocular 
telescope (S&T: Apr. 2019, p. 72), he 
realized several things at once: 
• Binocular vision is vastly more 

comfortable and pleasurable than 
monovision. (So much so that   Hans 
Lippershey had to build a binocular 
before the patent offi ce would even 
consider his patent application for 
the telescope in 1608.)

• Binocular vision helps to compensate 
for Robert’s severe astigmatism.

• Despite wanting a binocular scope, 
he also wanted grab-and-go portabil-
ity, wide fi elds, and enough aperture 
to provide satisfying views of deep-
sky objects.

Robert searched for a scope that would 
satisfy all his requirements but came 
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up empty. “There’s no commercial 
scope that delivers all those things,” he 
reports. “So I made it.”

Robert faced two simple challenges: 
He had never built a telescope before, 
and he didn’t have any shop space. He 
did, however, have a couple decades of 
experience with computers. “So my com-
puter became my workshop,” he says. 
“I designed everything in a parametric 
computer-aided-design (CAD) program.”

And because we’re now living in the 
21st century, 3D-printing the parts 
became a natural outcome of the design 
process. That allowed Robert to test 
aspects of his design without building 
the entire thing at once. He could exam-
ine a real physical object, modify its 
parameters in the computer, and print 
another to see how it worked. He didn’t 
have a 3D printer at fi rst, so he jobbed 
out his designs on 3DHubs (3dhubs.
com), an online printing service. That 
worked nicely, but he quickly realized he 
wanted a 3D printer of his own. Besides 
eliminating shipping costs, it made 
unit-testing of small components more 
practical and allowed him to optimize 
settings for each part, which made for 
fantastic, repeatable results. 

He started with the focusers. He 
wanted to use 2-inch eyepieces, but he 
couldn’t fi nd any commercial focus-
ers that would put the drawtubes close 
enough together for most people’s 
   interpupillary distance (the spacing 
between eyes). He settled on a modifi ed 
Crayford design that allows the draw-
tubes to nearly contact each other. And 
once he’d started designing, he just 
kept going. Could he 3D-print a fi lter 
wheel? Could he 3D-print the second-
ary mounts? Could he design channels 
in those secondary mounts to run 

wires for dew sensors and heaters? 
He could, and did. It was an iterative 

process, each step building on the previ-
ous, both intellectually and physically. 
Robert says, “The resulting parts would 
have been extremely diffi cult, costly, or 
heavy to machine. The unique honey-
comb structure of 3D prints lets you 
design lightweight, sturdy components 
that just wouldn’t work in other materi-
als. And, of course, with a binoscope 
you need two of everything, and several 
of the components are mirrored. With 
3D printing, you just use the mirror 
command and print another one.”

t Robert Asumendi’s “Drifter” binocular tele-

scope is a marvel of design and execution.

p Top: The eyepiece adapter fi ts solidly into 

the focuser thanks to neodymium magnets 

embedded in each part. Bottom: The 3D printer 

generates an eyepiece adapter. This piece took 

about 20 minutes to print and cost about $1.65 

in materials.
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Most of the upper end is 3D-printed. 
Robert used a carbon-fi ber-infused 
nylon material that’s lightweight, 
durable, and stiff. The interior space of 
most pieces is honeycombed rather than 
solid, so they’re considerably lighter 
than wood, and they have almost zero 
fl ex. The biggest challenge with binocu-
lar scopes — keeping the images merged 
as you move the scope around the sky — 
is a non-issue in Robert’s scope.

The bottom end is 
more conventional, with 
aluminum trusses and 
plywood mirror box 
and rocker box. Why 
didn’t he 3D-print all 
that, too? “Because all 
that stuff is best real-
ized in other materials 
using other processes,” 
he explains. “Plus 3D 
printing is relatively 
expensive over large 
volumes.” However, the 
parts of the scope that 
aren’t 3D-printed were 
CNC-routed or laser-
cut, so all the design 
could still be done in 
one piece of software. 

Robert bought his 
mirrors but designed 
his own cells to support 
them. And rather than fi ne-tune the 
image merging by tilting the primaries, 
as most binocular scopes do, he chose 
to do his image merging at the tertia-
ries, where the adjustment knobs are 
easy to reach.

Given the stiffness of the carbon-
fi ber-infused nylon building material 
and the telescope’s overall rigid design, 
there’s very little adjusting necessary. 
A tweak after setup and the view is 
often good all night. The scope can 
move from horizon to zenith without 
the images separating, and switching 
eyepieces doesn’t affect merging until 
Robert gets to his highest magnifi ca-
tion. Even then, it’s a simple matter to 
re-merge.

One of the biggest bugaboos of 
binocular scopes is their complexity in 
setting up. Setting up Robert’s scope 

takes about a minute: Place the scope 
and base on the ground, slide the top 
end upward and lock it into place, pop 
a couple of eyepieces in, fi ne-tune the 
merging, and you’re ready to go.

The eyepiece holders are another 
great innovation that neatly solves a 
common frustration with binocular 
scopes. Set screws and compression 
rings tilt the eyepieces, especially when 
the eyepieces have safety undercuts. In 

a binoscope, that   plays 
hob with image merg-
ing. Robert solved that 
by printing individual 
collars for each eyepiece. 
The collars incorporate 
neodymium magnets 
that click them neatly 
into place — exactly the 
same place every time, 
completely eliminating 
set-screw tilt.

Robert also designed 
fi lter cartridges so he 
can pop various fi lters 
in and out of the light 
path without remov-
ing eyepieces. Those, 
too, are held in place 
magnetically.

That’s the beauty of 
designing the scope dig-
itally and 3D-printing 

it: the ability to refi ne the user experi-
ence. Robert says, “With my binoscope, 
I wanted people to be able to just walk 
up to it and use it intuitively.” He has 
largely succeeded. I’ve watched people 
use it at star parties, and they fi gure it 
out within seconds. To adjust the eye-

piece separation for their own eyes, they 
just grab the eyepieces and push them 
together or pull them apart. The focus 
knobs are right where you expect them 
to be. You grab the top end of the scope 
to move it around the sky.

Robert calls his scope the “Drifter” 
because it’s supremely suited to simply 
scanning the sky in search of beauti-
ful sights. In a wide-fi eld binocular 
scope, every view is a stunning view, 
but there’s a sense of special delight in 
sweeping across, say, the Double Cluster 
or the Dumbbell Nebula without spe-
cifi cally looking for them.

That sense of delight is what it’s all 
about. As Robert says, “I didn’t build 
a telescope because I wanted to try 3D 
printing. I started 3D printing because I 
wanted to build a binoscope that never 
existed before.”

We’re on the threshold of a new 
design revolution. I’m convinced that 
Robert’s experience, both the build-
ing method and the end result, will get 
more people into amateur astronomy. 
And there are still a million unique 
scopes waiting to be imagined and built.

For more information, contact Robert 
Asumendi at robert@analogsky.co.

■  Contributing Editor JERRY OLTION is 

a big fan of binocular scopes, 3D-printed 

or otherwise.

p The top end of the Drifter is mostly 3D-

printed. One side is uncovered to show interior 

hollows and secondary spider design.

p Robert’s computer is his workshop.

p The focuser design can be dis-

played as a wire-frame drawing or 

as a solid object.

mailto:robert@analogsky.co
www.skyandtelescope.com


u  DEEP-SKY RISING

Jeff Dai

Several observers watch as Orion rises over the 
Pamir Mountains in the Xinjiang province of 
western China. The famous Orion Nebula, M42, 
is visible above the mountain peak at right, with 
the equally popular Horsehead Nebula to its left. 
Even more remarkable for an untracked photo-
graph is the fainter, diffuse hydrogen nebulae 
visible, including Barnard’s Loop appearing as a 
U-shaped cradle below M42 and the large Angel-
fi sh Nebula (Sh2-264) seen at upper left.
DETAILS: Canon EOS 6D DSLR camera with 
35-mm f/1.4 lens. Total exposure: 30 seconds at ISO 
10,000 through an Astronomik CLS fi lter.

q ARC OF SPRING

Sérgio Conceição

The dark rifts of the Milky Way spanning from 
Lacerta (left) through Scorpius (right) rise in the 
early morning hours above the glow of the village 
of Campinho, Portugal.
DETAILS: Canon EOS 6D DSLR camera with 
14-mm f/1.8 lens. Panorama assembled from several 
frames, each totalling 15 seconds at ISO 6400.

GALLERY
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Gallery showcases the fi nest astronomical images submitted to us by our readers. 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/aboutsky/guidelines
www.skyandtelescope.com/gallery
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BLUE ROSE

Wanda Conde
The Rosette Nebula, NGC 2237, takes 
on an unusual color palette of blues, 
yellows, and oranges when imaged 
through narrowband fi lters.
DETAILS: Orion ED80T Triplet Apo-
chromatic refractor with ZWO 
ASI1600MM CMOS camera. Total 
exposure: 12 hours through Astronomik 
Hα, S II, and O III fi lters.

www.skyandtelescope.com
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ADVERTISE IN SKY & 
TELESCOPE MAGAZINE

CALL 773-551-0397 OR 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 6 — $24.95

VOLUME 6
CHAMAELEON

CIRCINUS
COLUMBA

COMA BERENICES
CORONA AUSTRALISNew
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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.
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Agena AstroProducts
High Point Scientifi c

Oceanside Photo & Telescope
Skies Unlimited

Woodland Hills Telescopes
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REVOLUTION IMAGER

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

shopatsky.com
Get a globe!

C A M E R A S

mailto:ADS@SKYANDTELESCOPE.COM
www.lunaticoastro.com
www.shopatsky.com
www.willbell.com
www.revolutionimager.com
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C L A S S I F I E D S

C L A S S I F I E D S

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.

One-sixth page horizontal

4.750 x 2.31

ADVERTISE IN MARKET PLACE • 617 758-0243 OR ADS@SKYANDTELESCOPE.COM

SHOP @ SKY: www.ShopatSky.com
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E Y E P I E C E S

Legendary Brandon Eyepieces

Brandon eyepieces offer 

exceptional contrast 

against an extremely  

dark background. 

Two reasons why every 

Questar sold since 1971 

has included Brandon 

eyepieces. All are parfocal 

and every one of them is 

tested before being shipped. 

You’ll be very pleased with 

these fine instruments!

1.25” 16mm
$235

Vernonscope.com | 919-810-7168

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

M I S C E L L A N E O U S

Market Place
ads@skyandtelescope.com

Simplicity 
of structure 
& ease of 
operation

www.ashdome.com

ASH-DOME

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

www.flicamera.com

Finally, CMOS that outperforms CCDs.
1.6 e- noise.  95% peak QE. 

KL400 image of NGC 3372 
courtesy Wolfgang Promper

C A M E R A S  ( continued)

domesales@astrohaven.com
949.215.3777  www.astrohaven.com

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

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

Almost Zero Replacement... Robust quality for a Professional life cycle 
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www.observa-dome.com
371 Commerce Park Drive, Jackson, MS 39213

Phone (601) 982-3333 • (800) 647-5364 • Fax (601) 982-3335
Mail@observa-dome.com

O P T I C S

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

Observe variable stars and other 

us your data. We’ll process and add 
what you’ve seen to our interna-

community of professional astrono-
mers uses to aid their research.

Visit our website and learn more 

could really use your help! 

AAVSO.ORG

Space is a dynamic 
and ever-changing 
mix of objects.

mailto:ADS@SKYANDTELESCOPE.COM
http://www.ashdome.com
http://www.clouddetec%ED%AF%80%ED%B6%9F
mailto:ADS@SKYANDTELESCOPE.COM
mailto:tf@timothyferris.com
mailto:slushymeadows@gmail.com
mailto:1990@gmail.com
mailto:irkitzman@gmail.com
http://www.arizona-dreaming.com
mailto:slushymeadows@gmail.com
mailto:everett.team@gmail.com
mailto:1990@gmail.com
mailto:irkitzman@gmail.com
http://www.arizona-dreaming.com
http://www.arizona-dreaming.com
http://www.arizona-dreaming.com
mailto:ADS@SKYANDTELESCOPE.COM
http://www.ShopatSky.com
http://www.homedome.com
mailto:ads@skyandtelescope.com
http://www.flicamera.com
mailto:domesales@astrohaven.com
http://www.astrohaven.com
http://www.observa-dome.com
mailto:Mail@observa-dome.com
www.vernonscope.com
www.nineplanetsring.com
www.opticwavelabs.com
www.skyandtelescope.com
www.aavso.org
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T E L E S C O P E S

S O F T WA R E

O R G A N I Z AT I O N S  ( continued)

C L A S S I F I E D S

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  

NEW eBOOK: Interested in solar system imaging 
and science? Shallow Sky: Imaging the Solar 
System with the Masters profi les the world’s 
leading amateur solar system imagers, the 
passions that motivate them, the technologies 
they use, and the contributions they’ve made to 
solar system science.  Available from Amazon/
Kindle and Apple Books. 

Classifi ed ads are for the sale and purchase of noncommercial merchandise, one-of-a-kind items, 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. We cannot acknowledge classifi ed ad orders or send checking copies 
to prove insertion.  Sky & Telescope assumes no responsibility for statements made in classifi ed ads, nor for the 
quality of items advertised. Send ads to: Ad Dept., Sky & Telescope, 90 Sherman Street, Cambridge, MA  02140.

www.darksky.org

can save
the night

only you

TOURS

2019
MAY  
Arizona Astronomy Tour

JUNE  
Peru/Chile Total Eclipse
South Pacifi c Eclipse Cruise

SEPTEMBER
Norway Scenery, Culture & Aurora 

2020
FEBRUARY  
Costa Rica Star Party

SEPTEMBER 
Iceland Aurora

DECEMBER 
Argentina & Brazil Total Eclipse
South Pacifi c Eclipse Cruise
Chile Total Eclipse

2021 
FEBRUARY 
Costa Rica

DECEMBER 
Antarctic Total Eclipse

800-830-1998
TravelQuestTours.com

Share in the 

WONDER

shopatsky.com

Sky & Telescope’s 
6-in Mars Globe

Sky & Telescope’s 
6-in Moon Globe

SRN: R5293
Price: $24.99

This globe uses a  
surface map based  
on more than 15,000 
photographs.

S&T collaborated 
with specialists at the 
USGS to produce a 
detailed  
base map.

SRN: R5294
Price: $24.99

http://www.darksky.org
http://www.arizona-dreaming.com
www.hubbleoptics.com
www.knightware.biz
www.astro-physics.com
www.shopatsky.com
www.travelquesttours.com


We’ve all had nights when we just can’t lie down 
in bed and sleep, whether it’s from heartburn, 
cardiac problems, hip or back aches – it could be a 
variety of reasons. Those are the nights we’d give 
anything for a comfortable chair to sleep in, one that 
reclines to exactly the right degree, raises feet and 
legs to precisely the desired level, supports the head 
and shoulders properly, operates easily even in the 
dead of night, and sends a hopeful sleeper right off 
to dreamland.

Our Perfect Sleep Chair® is just the chair to do it 
all. It’s a chair, true – the finest of lift chairs – but this 
chair is so much more! It’s designed to provide total 
comfort and relaxation not found in other chairs. 
It can’t be beat for comfortable, long-term sitting, 
TV viewing, relaxed reclining and – yes! – peaceful 
sleep. Our chair’s recline technology allows you to 

pause the chair in an infinite number 
of positions, including the lay flat 
position and the zero gravity position 
where your body experiences a 

minimum of internal and external 
stresses. You’ll love the other 
benefits, too: It helps with correct 
spinal alignment, promotes back 

pressure relief, and encourages 
better posture to prevent 
back and muscle pain. 

And there’s more! The overstuffed, oversized biscuit 
style back and unique seat design will cradle you in 
comfort.  Generously filled, wide armrests provide 
enhanced arm support when sitting or reclining. The 
high and low heat settings along with the multiple 
massage settings, can provide a soothing relaxation 
you might get at a spa – just imagine getting all that 
in a lift chair! It even has a battery backup in case of a 
power outage. Shipping charge includes white glove 
delivery. Professionals will deliver the chair to the 
exact spot in your home where you want it, unpack 
it, inspect it, test it, position it, and even carry the 
packaging away! You get your choice of bonded stain 
and water repellent leather or plush microfiber in a 
variety of colors to fit any decor. Call now!

The Perfect Sleep Chair®

1-888-280-0151
Please mention code 111401 when ordering.
Because each Perfect Sleep Chair is a custom-made bedding product, 

we can only accept returns on chairs that are damaged or defective.

DuraLux II Microfi ber

Long Lasting DuraLux Leather 
Tan Chocolate Burgundy Black Blue

Burgundy Cashmere Fern Chocolate Indigo

46
50

4

Easy-to-use remote for 
massage, heat, recline and lift

Sit up, lie down — 
and anywhere 

in between!

NEW Footrest 
Extension for even 
more head to toe 

support.

“To you, it’s the perfect lift chair. To me, 
it’s the best sleep chair I’ve ever had.”  

                          — J. Fitzgerald, VA

© 2019 fi rst STREET for Boomers and Beyond, Inc.

This lift chair puts you 
safely on your feet! 
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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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To advertise on this page, please contact Tim Allen at 773-551-0397, or Ads@skyandtelescope.com

Product Locator
BINOCULARS

Meade Instruments Corp. (Cover 4)

Meade.com

800-919-4047 | 949-451-1450

CAMERAS

Meade Instruments Corp. (Cover 4)

Meade.com

800-919-4047 | 949-451-1450

EYEPIECES

Meade Instruments Corp. (Cover 4)

Meade.com

800-919-4047 | 949-451-1450

Tele Vue Optics, Inc. (Cover 2)

TeleVue.com 

845-469-4551

FILTERS

Astro-Physics (Page 80)

Astro-Physics.com

815-282-1513

Meade Instruments Corp. (Cover 4)

Meade.com

800-919-4047 | 949-451-1450

FILTERS (continued)
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FOCAL POINT by Robert Vanderbei

I’d never before seen a star totally disap-
pear like that.

I uploaded the earlier photo show-
ing the star to astrometry.net to get 
an astrometrically annotated version 
of the picture in FITS, the widely used 
digital fi le format. I loaded that into my 
planetarium program and determined 
the mysterious star’s right ascension 
and declination. Finally, I entered these 
coordinates into the SIMBAD website. 
The database revealed that the star is a 
known Mira-type variable star.

Although a thrill for me, my acciden-
tal rediscovery pales in interest next to 
the unusual manner of the original iden-
tifi cation, which occurred as recently 
as 1990. While creating a map of M27, 
Czech amateur astronomer Leos Ondra 
consulted the covers of that year’s May 
issue of Astronomy and Autumn issue 
of Deep Sky, both of which, by chance, 
featured photos of the Dumbbell Nebula. 
To his astonishment, Ondra noticed a 
red star on the Astronomy cover that was 
altogether missing from the Deep Sky 
image. After the star was confi rmed as a 

Blink and You’ll See It 
The author’s serendipitous rediscovery of a Mira variable recalls the decidedly 
singular way the star was originally found.

THE DUMBBELL NEBULA, also known 
as Messier 27 and NGC 6853, is one of 
my favorite nebulae, and over the years 
I’ve taken many pictures of it. I like to 
joke to my friends that it’s named after 
me — the dumbbell. 

Last October, I invited my fresh-
man seminar astronomy class to my 
home to show them how to do some 
astrophotography. Eight students came. 
We snapped images of stars and other 
objects before I suggested we take a 
sequence of pictures of M27. They 
agreed, and over the next few hours 
my telescope and camera did just that 
while my students and I enjoyed tea and 
brownies inside and talked astronomy.

The resulting photo came out pretty 
nicely — almost as nicely as one I’d 
taken two years earlier with the same 
telescope and camera. Seeing the 
similarity between the two, I thought 
it’d be fun to combine the pair, thereby 
achieving a better picture. So I loaded 
both photos into a stacking program 
and set about aligning the images. 

As I flipped back and forth between 
the two photos, I noticed that a fairly 
prominent star in the 2016 image was 
entirely missing from the 2018 one. 
This caught me completely by surprise. 

newly identifi ed Mira star, he dubbed it 
the Goldilocks Variable.

Prior to my own “discovery,” I was 
unfamiliar with Mira stars, though I’ve 
long had an interest in RR Lyrae vari-
ables and the globular clusters in which 
they lie. Noticeably blue, RR Lyrae stars 
have a period that’s typically shorter 
than a day, and they vary in brightness 
by only a modest amount. Mira vari-
ables, on the other hand, are red giants 
with long periods — on the order of a 
year — and dramatic dips in brightness.

It is this last property that astonished 
me the most after my fi nd. It means 
that, as my two pictures above show, 
a Mira star can seemingly disappear 
and then return, phoenix-like, from 
the sidereal ashes. A few days after my 
revelation, I blinked the two pictures 
for my class, and they were as dumb-
founded as I’d been.

¢ ROBERT VANDERBEI is a professor at 

Princeton University affi liated with sev-

eral departments, including Astrophys-

ics. He coauthored, with J. Richard Gott, 

Sizing Up the Universe: The Cosmos in 

Perspective (National Geographic). A 

mathematician by training, he’s inter-

ested in variables of all sorts.
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p Messier 27, aka the Dumbbell Nebula, with 

the Goldilocks Variable visible in 2016 (left, see 

arrow) and invisible in 2018 (right)



The Mission of Stellarvue is to inspire a healthy interest in science
and astronomy by handcrafting the finest telescopes on the planet.

STELLARVUEC

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

530.823.7796

SVTELESCOPES SVTELESCOPES STELLARVUETELESCOPES

Each SVX130T refractor telescope is individually assembled and tested using our advanced equip-

ment to ensure it meets our highest optical and mechanical standard. Our SVX130T telescopes use

optics that are hand-figured in our optical shop in Auburn, California. After machine polishing we map

the optical wavefront and then make fine corrections by hand and machine to eliminate zones and

other optical defects. We measure the accuracy of each apochromatic triplet objective with our very

own Zygo Phase Shifting Laser Interferometer. Each SVX130T is accompanied with its unique Zygo

test report, boasting an extremely high Strehl ratio with a smooth figure. 

Shown with Stellarvue Dielectric Star Diagonal, Optimus
20-mm 100 Degree eyepiece, M002C Mount - Dual Vixen &
Losmandy Style Shoe, and MEC003 Extension Column.

www.stellarvue.com


LX200 SERIES
A SOPHISTICATED & VERSATILE OPTICAL SYSTEM

Meade's LX200 was first introduced in 1992 and over the 
years, it has become the benchmark for research-grade 
telescope systems. The LX200 brings superior optics within 
reach of aspiring astronomers everywhere! With included
features like GPS, Primary Mirror Lock, SmartDrive™, Smart 
Mount™ and more, the LX200 is tried and true.

Standard with all LX200 models is Meade’s premium Advanced 
Coma-Free (ACF™) optics and Ultra-High Transmission Coatings 
(UHTC™) that deliver a wide coma-free field, perfect for viewing 
the night sky. This telescope sits on top of an ultra-stable tripod 
and features a solid GoTo fork mount for added rigidity. This 
telescope features Meade’s AutoStar® II hand box controller, 
which contains a database of over 140,000 objects in the night 
sky. This simple to use hand box provides complete control over 
every aspect of the telescope’s operation. You can even operate 
the LX200 wirelessly using Meade's optional Stella WiFi device.

Capture images of the night sky with accessories like Meade’s 
new line of Deep Sky Imaging cameras, X-wedge, or color 
filters! With advanced optics and high end features, Meade’s 
LX200 is the most versatile astronomical system available.
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LX200 10”

F/10 ADVANCED COMA FREE (ACF™) OPTICAL SYSTEM

• Delivers bright, high-contrast images

OPT  Telescopes | optcorp.com
B&H Photo Video | bhphotovideo.com 
Agena | agenaastro.com
Optics Planet | opticsplanet.com
Adorama | adorama.com

High Point Scientific | highpointscientific.com
Astronomics | astronomics.com
Focus Camera | focuscamera.com 
Woodland Hills Camera | whcamera.com

8”, 10”, 12”, 14”, AND 16” SIZES!

•

• Oversized, low expansion primary mirrors

• High focal lengths ideal for Planetary,
Lunar, and Deep Sky imaging

• Includes Meade’s proprietary Ultra-High
Transmission Coatings (UHTC™)

AVAILABLE IN
• Eliminates coma, providing a flatter

imaging field
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www.opticsplanet.com
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www.highpointscientific.com
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