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I
have a few welcomes and one farewell to make. First the farewell. Gary Seronik, 
who has been writing about observing and telescope making for 20 years, is 
moving on to become editor of the Canadian magazine, SkyNews. I know that you, 

the reader, and all of us here at Australian Sky & Telescope have benefited greatly from 
Gary’s many years of contributions, and we wish him all the best in his new gig.

Taking over from Gary are two new authors, the first of whom, Mathew Wedel, will 
be writing most of our Binocular Highlights columns. A paleontologist and professor 
of anatomy by day, by night he is what he calls an “adventurous stargazer”. And we 
also welcome Jerry Oltion, who is taking over Gary’s Telescope Workshop column 
under the new title of Astronomer’s Workbench. Jerry’s column will appeal to a wider 
range of DIYers, going beyond telescopes to include homebuilt equipment of all kinds, 
from easy-to-make laser collimators to even easier-to-make custom eyepieces.

Finally, you’ll have been enjoying Con Stoitsis’ meteor observing column for a few 
issues now. It’s great to have Con aboard to share his knowledge of all things meteoric. 
Meteor shower observing is a fun way to get into stargazing — you don’t need any 
equipment, it helps you learn the stars and constellations, and it helps beginners 
grasp some of the basics of night-time observation. I encourage you to use his hints 
and tips to make the most of the showers to which we are regularly treated.

Comings and goings

Australian Sky & Telescope is on Facebook. Complementing our 
website, Facebook helps keep you alerted to astronomy news and 
information about Australian Sky & Telescope.

Jonathan Nally, Editor
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Pluto’s floating hills 
of nitrogen

Brightest supernova baffles astronomers

Within days of New Horizons’ 
historic flyby of Pluto last July 
14, mission scientists released 

snapshots showing unexpectedly tall 
mountains partially rimming a vast and 
very flat plain. The plain, informally 
named Sputnik Planum, is dominated by
frozen molecular nitrogen (N2) and some
frozen carbon monoxide (CO), whereas 
the surrounding uplands are mostly 
frozen water.

But recently the team unveiled an 
image of Sputnik Planum that reveals 
clusters of hills that stick up through
the plain’s surface. The plain is made up
of large, polygonal slabs, and the hills,
which are up to a few kilometres across,
appear to be merrily bobbing along in the
icy floes and getting trapped where the
slabs meet.

Perhaps the mysterious hills are
fragments of water ice from the
mountains that partially surround
Sputnik Planum. Importantly, these
water-ice ‘islands’ appear to be analogous
to ocean-going icebergs here on Earth
— and, as such, they might offer a hint
of the depth of Sputnik Planum’s frozen
nitrogen ‘sea’. So how deep might that
be? Assuming that these hills are truly

free floating and in what geologists call
isostatic equilibrium, something like 90%
of the mass (and thus volume) of each
floating hill lies beneath the surface.

But these Pluto-bergs are unlikely to be
solid throughout. A ‘reasonable’ porosity of
15% would make them significantly more
buoyant, explains Jeff Moore (NASA Ames
Research Center). Even so, he continues,
“We suspect that the N2 deposit of Sputnik
Planum is several kilometres deep —
maybe on order 10 km in places.”

Interestingly, one large cluster,
nicknamed Challenger Colles (honoring
those lost aboard the Space Shuttle
Challenger in 1986; see image above),
measures 60 by 35 km. This grouping
isn’t out in the middle of Sputnik Planum
but rather located near its eastern margin,
near the peaks of central Tombaugh
Regio (another informal name). So
perhaps these hills became ‘beached’
once the nitrogen ice got too shallow.
■ J. KELLY BEATTY

The most luminous supernova ever

discovered, ASASSN-15lh, challenges

popular theories for blazingly bright

exploding stars.

The supernova appeared in June 2015 

in the southern sky in images taken by the

All-Sky Automated Survey for Supernovae 

(ASAS-SN). Its light travelled for 2.8 billion

years to reach Earth, giving it a redshift 

of 0.2326. Due to its distance, its glow 

peaked at only 17th magnitude. 

But its intrinsic luminosity was twice as 

bright as any supernova yet discovered. Six 

months later, this single object continued 

to emit a level of energy that rivalled that of

Clusters and chains of hills on Pluto appear to be blocks of water ice ‘floating’ in a higher-density
‘sea’ dominated by frozen nitrogen. The zoom spans about 500 by 340 kilometres.

all the stars in the Milky Way combined.

Subo Dong (Peking University, China)

and colleagues released an update in the

January 15 issue of the journal, Science.
ASASSN-15lh was more than 10 times

brighter than Type Ia supernovae (which

come from exploding white dwarfs),

putting it in the class of so-called

superluminous supernovae (SLSNe). The

explosion appears to be much hotter

than normal. Its home is unusual, too: a

bright but otherwise unassuming galaxy

that forms less than one star per year.

Astronomers think SLSNe are the deaths 

of massive stars, which live fast and 

die young. Such stars would be rare in

ASASSN-15lh’s stagnant environment.

Common explanations for SLSNe don’t

work for ASASSN-15lh. The explosion’s

spectrum shows no sign of circumstellar

material, which would boost the glow

when the dying star’s outer layers collided

violently with it. And the supernova

has already emitted more energy than

could be provided if the dying star’s

core became an extremely magnetised,

spinning neutron star called a magnetar.
Astronomers must now explore more

exotic options.

■  MONICA YOUNG
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Giant cloud’s gas came from our galaxy
A massive cloud falling toward our
galaxy’s disk is likely from the Milky Way
itself, not a visitor, a new study shows.
This object, called the Smith Cloud, lies
40,000 light-years away and contains
2 million Suns’ worth of gas, primarily
hydrogen. It’s falling toward the galactic
disk at nearly 102,000 km/h.

The Smith Cloud is one of the best
characterised high-velocity clouds, speedy
wisps that rain down as a light drizzle
onto our galaxy. This shower helps fuel
star formation. But despite these clouds’
importance, astronomers know a paltry
amount about what they’re made of and
where they come from.

Andrew Fox (Space Telescope Science
Institute) and colleagues used the Hubble
Space Telescope and the 91-metre Green
Bank Telescope to better understand the
Smith Cloud’s makeup. The astronomers
took advantage of three distant active

Shedding light on the ‘diamond planet’

New observations are helping characterise

the atmosphere of an exotic exoplanet.

Angelos Tsiaras (University College

London) and his team took an infrared

spectrum of the super-Earth 55 Cancri e

(now called Janssen). It’s the first

successful measurement of a super-Earth’s

atmospheric composition. The team found

tantalising hints of hydrogen cyanide

(HCN). This molecule would only dominate

in a carbon-rich environment, instead of one

based on oxygen-rich silicates as on Earth.

That supports researchers’ suspicion that

this dense world, nicknamed the ‘diamond

planet,’ contains crystallised carbon in its

interior. The team also found no trace of

water vapour, which would form easily if

oxygen were widespread on the planet, the

astronomers report in an upcoming issue of

the Astrophysical Journal.

■  MONICA YOUNG

galactic nuclei (AGN) that lie behind the
cloud from our perspective. With Hubble,
the team observed the AGN through the
cloud to see how well the gas absorbed
certain wavelengths from the accreting
black holes’ light. Which wavelengths
the gas absorbs, and how deeply, reveals
how tainted the cloud is by elements
heavier than helium, known as metals in

astrospeak. The researchers found that
the Smith Cloud contains about half the
concentration of metals that the Sun has.

But metals come from stars — they’re
synthesised in stellar cores or produced
when stars die — and astronomers
don’t know of a single star within the
Smith Cloud. So it’s highly unlikely that
this object is a chewed-up dwarf galaxy
or a pristine, first-time visitor from
intergalactic space.

However, the heavy-element level is
a close match for the gas in the Milky
Way’s own outer disk. The team argues
in the journal Astrophysical Journal Letters
that the cloud’s gas was either spewed
from or torn out of our galaxy. And given
the cloud’s orbit, it either passed through
or came from the outer disk about 70
million years ago. So the Milky Way
might be feeding on itself.
■ CAMILLE M. CARLISLE

This artist’s conception shows the comet-
like Smith Cloud (red) and its current trajec-
tory with respect to the Milky Way’s disk. If 
visible, the cloud would span 30 full Moons.
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WFIRST:  
Next decade’s 
space telescope

After several years of design studies, 

NASA has announced it is commencing 

work on the Wide-Field Infrared Survey 

Telescope (WFIRST), the successor to the 

Hubble and the yet-to-be-launched James 

Webb space telescopes.

WFIRST will incorporate one of the two 

2.4-m mirrors donated to NASA in 2011 by 

the US National Reconnaissance Office. The 

mirror is comparable in size to Hubble’s 

primary but, thanks to its faster focal ratio 

(f/7.8 compared with Hubble’s f/24), will 

have a field of view 100 times larger in area. 

However, its resolution will be less sharp 

than Webb’s, and Webb will peer deeper 

into the universe.

Although the ready-made ‘spy’ mirror 

speeds development, a significant amount 

of time and money will still go into 

instrumentation. The mission is set to 

Learn more about the 
mission and watch a recent 
Google Hangout with some 

of WFIRST’s key players: 
http://is.gd/wfirstago

launch in the mid-2020s.

Originally conceived as the Joint Dark 

Energy Mission, WFIRST was the No. 1 

mission on the astronomy community’s 

decadal survey wish list. The two main 

themes it will address are dark energy 

and exoplanets. Its wide-field imager 

will search for Type Ia supernovae and 

gravitationally lensed galaxies in an effort 

to better understand cosmic expansion, 

complementing the upcoming European 

Space Agency’s Euclid mission.

On the other hand, the telescope’s 

coronagraphic imager will home in on 

large, close-orbiting exoplanets to reveal 

their atmospheres and compositions, 

complementing space- and ground-based 

direct-imaging projects.

■  DAVID DICKINSON
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Discoveries

Tabulating the celestial sphere
For hundreds of years, one set of tables was the backbone of astronomy.

T
his month’s focus reminds us how 
much the modern discipline of 
astronomy (‘the measurement of 

the stars’) is rooted in the older practice 
of astrology (‘the knowledge of the stars’). 
It seems that as long as we have been 
aware of the movements of the night sky, 
most notably the changing positions of 
the Sun, Moon and planets against the 
background of the ‘fixed stars,’ we have 
looked to them to give guidance as to our 
daily lives and our fates. For a great many 
ancient scholars, casting ‘horoscopes’ 
to forecast the future for their 
patrons or other significant people 
was a prominent item on their duty 
statements.

It was therefore important to 
be able to predict where the seven 
classical celestial objects would lie 
among the stars in years to come. 
This required a technique for 
calculating those positions, based 
on some ‘model’ of how the visible 
universe moved. For a thousand 
years or more the system of choice 
was that devised by the ancient 
Greeks and perfected by Ptolemy. 
In it, the Earth was unmoving at 
the centre of all things, and around 
it the rest of the universe (which, apart 
from the fixed stars, contained no more 
than the Solar System, and not even all of
that) moved around the Earth in circles 
that turned on circles that turned on still 
other circles. It was complex and time 
consuming but it seemed to work.

Using this scheme, scholars could 
compile tables of planetary positions 
for years ahead and use them in their 
horoscopes. One of the most famous 
was the Alfonsine Tables, named after 
the enlightened Spanish king who paid 
for their production. We celebrate the 
achievement this month by recalling 
that on July 4, 1483 (nine years before 
Columbus reached the ‘new world,’ if you

need a historical peg) these tables were 
published in printed form, the first such 
to be so published.

The tables themselves had been 
compiled more than 200 years earlier in 
the city of Toledo in southern Spain. They 
had opened with data for January 1, 1272, 
the date of the coronation of Alfonso X; 
this indicates how much he planned to 
rely on them for astrological predictions 
throughout his reign. (The king’s 
patronage of the tables is also recalled by 
the naming of the lunar crater Alfonso.)

al-Zarqali, using data and calculations 
from even earlier Arab scholars. This 
is another reminder that a great deal 
of the stimulus of the development of 
astronomy in Europe came from scholars 
from the Islamic world, which at the 
time stretched from the Middle East to 
southern Spain.

Routinely updated, the Alfonsine Tables 
remained in common use in Europe for 
three hundred years. Nicolas Copernicus, 
whose Sun-centred system would in time 
replace Ptolemy’s Earth-centred one, had 

a copy. (He treasured it so much 
that he had it bound professionally 
in leather and wood.) To be credible 
as an alternative to Ptolemy, his new 
system had to match the predictions 
in the Tables. This it struggled to do 
— Copernicus had to add more circles 
to his initially much simpler system 
to “save the appearances” — that is, to 
match the predictions.

The problem, of course, was that 
Copernicus had his planets orbiting 
the Earth in circles, following the 
belief expounded by Ptolemy (and 
even Galileo) that circular motion 
was perfect and most suited for the 
motion of celestial bodies. Once 

Johannes Kepler found that orbits were 
in fact ellipses, the added complexities 
were no longer needed. In 1627 Kepler 
published his own set of planetary tables 
(called the Rudolphine Tables after his 
patron, the king of Bohemia) based on his 
refinement of Copernicus’. Thus, having 
aided the transition from medieval to 
modern astronomy, the Alfonsine Tables 
passed into history. ✦

The Alfonsine Tables were based on Ptolemy’s 
celestial model, as depicted by Andreas 
Cellarius in 1660.

The complexity of the Ptolemaic 
system, with its dozens of interlocking 
circles, and the resulting intricacy of 
the calculations based on it, gave rise 
to this probably apocryphal quotation 
attributed to Alfonso: “If the Lord 
Almighty had consulted me before 
embarking on creation thus, I should 
have recommended something simpler”.

The Alfonsine Tables in turn were 
based on another set of tables compiled 
two hundred years earlier still, also in 
Toledo (and thus known as the Tables of 
Toledo), by the Arabic mathematician Abu 

DAVID ELLYARD
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J
upiter reigns supreme among the worlds of our
Solar System: it’s the largest, most massive,
fastest rotating, most strongly magnetised, and
has the greatest number of known satellites (67).

Moreover, Jupiter’s importance extends far beyond
the Sun’s realm. It’s the archetype for hundreds of
similarly massive planets found around other stars.

Yet despite an exterior of pretty, swirling clouds
that get all the public’s attention, Jupiter harbours
many secrets. Some of the prime issues of planetary
science are hiding inside this planet. Does Jupiter
have a core? How do the stirrings inside generate
such a strong magnetic field? And perhaps the most
important question: how much water lies hidden
below those colourful clouds?

We took our first step to gain firsthand answers on
December 7, 1995, when NASA’s Galileo probe — a
339-kilogram, 1.3-metre-wide craft — hurtled into
Jupiter’s atmosphere at 48 km per second. Slowed by
parachutes and protected by a heat shield, the probe
and its seven scientific instruments measured the
properties of the atmosphere for a little under an hour
as the ensemble descended nearly 160 km to pressures
exceeding 23 Earth atmospheres.

Revealing
Jupiter’s

inner Secrets
NASA scientists hope their Juno orbiter will get the 
‘inside story’ on our Solar System’s largest planet.

FRAN BAGENAL

EARLIER EXPLOR ATIONS
Juno will be the 10th spacecraft to study Jupiter at close range. The others 

were: Pioneer 10 (1973), Pioneer 11 (1974), Voyagers 1 and 2 (1979), Ulysses 

(1992), Galileo probe and orbiter (1995–2003), Cassini (2000) and New 

Horizons (2007).

Juno at Jupiter

Everyone expected the probe to pass through three 
dense, distinct layers of clouds: ammonia (NH3) at the 
top, ammonia hydrosulfide (NH4SH) in the middle, 
and water clouds (H2O) below. The temperatures, 
pressures and winds recorded weren’t far from 
scientists’ predictions, but the big surprise was a lack 
of clouds — especially the water layer. Did the probe 
just hit a dry, cloudless spot? Or is there really much 
less water than expected? Jupiter’s apparently dry 
weather had enormous implications.

Why care about water?
Conventional thinking holds that the giant planets 
began as small grains of rock, metal and ice. As 
they bumped into each other, the grains grew bigger 
— first to boulders and then to kilometre-sized 
planetesimals — eventually forming Earth-sized 
planetary embryos.

Since the giant planets formed beyond the ‘snow 
line,’ a hypothetical boundary in the primordial solar 
nebula beyond which water turned to ice, the snowball 
embryos could continue to grow until they reached 
10 to 15 Earth masses. These became the cores of the 
giant planets.

Such large cores then had enough gravity to pull 
in the most volatile gases — mainly hydrogen, plus 
helium and neon — from the surrounding nebula. 
Most of Jupiter’s 318-Earth-mass bulk comprises these 
light gases, with the remaining ‘heavy elements’ — 
astrophysicists’ shorthand for any atoms more massive 
than helium — dominated by oxygen, likely in the 
form of water.
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Theoretical models give a range for Jupiter’s 
combined heavy-element abundance of somewhere 
between 3% and 13% by mass. This is a huge 
uncertainty, and frankly, to have up to 20 Earth 
masses of oxygen unaccounted for is a bit of an 
embarrassment. Pinning down the Jovian water 
abundance has major compositional implications not 
just for Jupiter but also for all planetary systems.

Befuddled by the Galileo probe’s dry descent, 
planetary scientists initially clamoured to have NASA 
send more probes into Jupiter’s atmosphere to find 
out where the water could be hiding. Scott Bolton 
and colleagues at the Jet Propulsion Laboratory had a 
better idea. Microwaves are absorbed by water (that’s 
how a mug of tea gets heated in a microwave oven), 
and Jupiter emits microwave radiation from its hot, 
deep interior. So, Bolton thought, why not just fly a 
spacecraft with a microwave receiver above the clouds 

of Jupiter to map the distribution of water? Flying 
close enough to Jupiter to do that would also enable 
detailed mapping of the planet’s gravitational and 
magnetic fields.

But there was a catch: the dense equatorial belt 
of energetic charged particles trapped in Jupiter’s 
magnetic field. To sound Jupiter’s interior, a spacecraft 
would need a polar orbit that ducks under the 
radiation belt as it skims above the atmosphere. Thus, 
the mission concept that became Juno was born.

In 2005 NASA managers selected Juno as the 
second mission in the space agency’s New Frontiers 
program. Competing with other missions for NASA 
funding meant that the Juno scientists (led by Bolton, 
now at the Southwest Research Institute) had to limit 
their appetite and focus attention on three main 
objectives: Jupiter’s interior, its atmosphere and its 
polar magnetosphere.

BIG AND 
BRAVE  Three 
giant solar-cell 
panels, each 9 
metres long, 
power NASA’s 
Juno spacecraft. 
Once it begins 
orbiting Jupiter 
on July 4, Juno 
will have a limited 
lifetime before its 
electronics absorb 
a lethal dose 
of high-energy 
charged particles.
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Core: What’s stirring inside?
Despite close-up explorations of Jupiter by several
previous spacecraft, the planet’s interior remains a
mystery. Not only do we not know what quantities of
heavy elements it contains, we also don’t know if these
elements remain concentrated in a central, solid core.

For decades textbooks have shown Jupiter with
a small central core of solid rock and ice and an
outermost layer of molecular hydrogen. In the large,
central volume in between, the pressure is sufficient to
allow the protons and electrons of atomic hydrogen to
move past each other freely, enabling strong electrical
currents to flow. Circulating flows within this large
volume of so-called metallic hydrogen give rise to the

planet’s strong magnetic field.
Jupiter has the second most powerful magnetic

dynamo in the Solar System (after the Sun’s). It
probably bears little more than superficial resemblance
to the one operating in Earth’s small, iron core, but is it
necessarily like the Sun’s dynamo?

Computer modeling can simulate swirling flows
driven by primordial internal heat and wrapped up in
Jupiter’s rapid rotation (the planet’s spin period is just
shy of 10 hours). But such models depend on knowing
how an unknown mix of hydrogen and heavy elements
behaves at the ultrahigh pressures (some 50 million
atmospheres), high temperatures (20,000 Kelvin —
four times hotter than the Sun’s photosphere), and
high density (somewhere between those of rock and
lead) present in the metallic-hydrogen layer.

Scientists gain insight into the properties of
hydrogen compressed to such an extreme state by
zapping it with lasers in laboratory experiments,
as well as from sophisticated quantum-mechanical
models. Recent studies suggest that the heavy
elements could be completely dissolved in the metallic
hydrogen and stirred up into a relatively uniform
mixture. So, contrary to the standard textbook picture,
Jupiter might not have a distinct core after all.

But these lab studies and computer models can
only take us so far. Ultimately, our knowledge of
Jupiter’s interior will require three key measurements:
(1) a determination of the bulk abundance of heavy
elements, (2) mapping the planet’s gravity field, and (3)

Molecular
hydrogen

Metallic
hydrogen

Heavy elements
dissolved in
metallic hydrogen

Rock-metal
inner core

Core? No Core?

Volatile
outer core
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PICK  Planetary 

scientists hope 

Juno will enable 

them finally 

to determine 

whether Jupiter 

has a solid core 

of metal, rock and 

ice (left cutaway) 

or essentially no 

core at all (right 
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THERMAL PROBE Left: By recording Jupiter’s emissions at six microwave wavelength ranges, Juno will map the global abundances of water and ammonia 
in and below its three distinct cloud layers. Right: When viewed at the infrared wavelength of 5 microns, Jupiter’s familiar belts and zones are replaced with a 
pattern of heat escaping from deep within its cloud layers. Astronomers Thomas Momary and Glenn Orton recorded this view on April 4, 2016.
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mapping the planet’s magnetic field. To achieve 
the necessary accuracy and spatial resolution, these 
measurements need to be made as close as possible to 
the planet.

Atmosphere: Where’s the water?
The surprisingly clear ‘hot spot’ into which the 
Galileo probe plunged was so dry that, even at 
pressures four times greater than where we expected 
to encounter the water clouds, water was still greatly 
depleted. Images of Jupiter taken from Earth at the 
time of the Galileo probe’s entry show that it dropped 
into a region between the cloud bands in what was 
apparently a fierce downdraft of dry gas from the 
upper atmosphere.

Australian Sky & Telescope readers are familiar with 
Jupiter’s white and tawny orange cloud bands and its 
enigmatic, slowly shrinking Great Red Spot (AS&T: 
Apr. 2016, p. 16). Visible-light spectra show that the 
bright zones are clouds of ammonia droplets. But 
the colouring agent of the darker belts and the GRS 
has puzzled astronomers for many decades. Current 
thinking is that irradiation of atmospheric gases 
produces long-chain sulfur compounds that are mixed 
in with ammonium hydrosulfide.

When we view Jupiter at longer, infrared 
wavelengths, the energy we see is not light reflected 
from the Sun but instead emitted from hotter gases 
below the planet’s upper cloud decks. This shows 
clearly in the 5-micron image at left (facing page): cold,
high-altitude ammonia clouds look black, and the 
bright bands record infrared energy from deeper down
that’s escaping between the clouds. If we look at even 
longer wavelengths in the microwave region, we probe
deeper into the atmosphere.

Juno’s microwave radiometers (MWR) will record 
six bands at wavelengths from 1.37 to 50 cm, chosen 
to detect water down to pressures of at least 100 bars 
and to ensure that we obtain oxygen’s elemental 
abundance. The MWR observations should also yield 
the abundance of nitrogen (derived from ammonia). 
These findings, added to results from the Galileo 
probe, will be crucial to understanding how Jupiter 
formed, how it acquired its atmosphere and how it 
evolved over time.

While the radiometers map the abundance and 
distribution of materials below the clouds, the 
JunoCAM, UVS and JIRAM instruments will make 
complementary observations of what’s happening 
topside at visible, ultraviolet and infrared wavelengths, 
respectively. Thanks to Juno’s highly inclined orbit, 
we’ll get our first pictures looking directly down on the 
poles of Jupiter. Does the alternating pattern of belts 

JunoCAM and you
Although taking pretty pictures isn’t one of Juno’s main goals, the team 

added JunoCAM to increase public involvement in the mission. Even 

better: you can vote on which pictures you want it to take. The JunoCAM 

website (missionjuno.swri.edu/junocam) also solicits images of Jupiter 

you’ve taken with your own telescope, and hundreds are already posted. 

These images will enable scientists studying Jupiter’s cloud structures 

with Juno’s instruments to get the context of those observations. What’s 

happening in those cloud bands? Where are the dark spots? Where are 

the winds blowing strongest before, during and after each Juno orbit?
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A sense of pressure comes from the 

force of gravity you feel through the 

area of your feet due to the weight 

of your body. Stand on one foot and 

you halve the area, doubling the 

pressure. The pressure of the gas in 

the atmosphere you are breathing 

is equivalent to the force you’d 

experience through your feet with four 

people stacked on your shoulders. 

This seems incredible, but we’re used 

to it. The pressures at the centre of 

Jupiter are some 50 million times 

greater. That’s like 1,000 elephants 

stacked up with the bottom elephant 

standing on one foot — and balancing 

on a stiletto heel!

and zones persist all the way to the poles? We’ll soon 
have the answer!

Magnetosphere:  
What drives Jupiter’s intense aurorae?
Jupiter’s powerful dynamo generates a huge 
magnetosphere — it’s the largest object within the 
Solar System. On the planet’s sunward side, this 
magnetic bubble typically extends to distances of 3½ to 
7 million km — 50 to 100 times Jupiter’s radius. On the 
nightside, Jupiter’s magnetotail stretches beyond the 
orbit of Saturn.

Astronomers first detected the magnetosphere 
of Jupiter in 1954, four years before Explorer 1’s 
discovery of the Van Allen radiation belts around 
Earth, via bursts of radio emission. These early radio 
measurements showed that Jupiter has a strong 
magnetic field with an axis tilted about 10° from the 

How much pressure?
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didn’t understand Io’s role until another spacecraft’s 
brief visit in 1979.

That’s when Voyager 1 revealed Io’s prodigious 
volcanic activity and found that more than 1 tonne of 
sulfur dioxide (SO2) escapes from this moon’s tenuous 
atmosphere per second. These neutral molecules are 
soon dissociated into sulfur and oxygen atoms, which 
in turn become ionised and trapped by the magnetic 
field. The resulting torus of plasma — a huge 
doughnut of charged particles — roughly co-rotates 
with Jupiter’s 10-hour spin period. The ions of sulfur 
and oxygen become excited during their frequent 
collisions with the magnetosphere’s trapped electrons, 
and consequently they radiate about 1½ terawatts of 
ultraviolet energy.

This plasma couples to Jupiter’s rotating 
atmosphere (specifically, to its ionosphere) via electric 
currents, and this coupling dominates the dynamics of
the magnetosphere. One consequence is that energetic
electrons bombard hydrogen molecules in the upper
atmosphere, triggering intense auroral emissions that
span the spectrum from X-ray to radio wavelengths.

Dramatic images from the Hubble Space Telescope’s
ultraviolet cameras show that Jupiter’s intense
aurorae are always active. Meanwhile, ground-based
observations of infrared emissions from the unusual
molecular ion H3

+ have revealed an auroral spot at the
foot of the magnetic field lines connected to Io. Aha!
This Jupiter-Io connection must be the source of the
radio bursts that astronomers have been monitoring
all these decades. Hubble images also show auroral
spots associated with Europa and Ganymede, indicating
further electrical current systems.

These various auroral emissions tell us that beams
of energetic electrons and ions are shooting into
Jupiter’s atmosphere. We suspect that these charged

SOPHISTICATED
SCIENCE Juno’s

seven scientific
instruments,

combined with
radio tracking

to map Jupiter’s
gravity field and its
ride-along imager,

should answer
many longstanding

questions about the
King of Planets.

spin axis and with a polarity opposite that of Earth’s.
The magnetosphere’s most energetic electrons,
pumped to more than a million electron volts (1 MeV),
are trapped near the equator and close to the planet.
These very energetic particles pose a formidable hazard
for spacecraft exploring close to Jupiter.

Ground-based radio observations in 1964 revealed
that Io plays a peculiar role, in that the bursts of radio
emission were modulated by the position of this moon
along its 42-hour orbit around Jupiter. When Pioneers
10 and 11 flew past Jupiter in the mid-1970s, their
magnetometers and particle detectors revealed the
vastness of Jupiter’s magnetosphere and made direct
measurements of energetic ions and electrons. But we

Orbit 1

Orbit 16

Orbit 31

Perijove
(4,200 km

above clouds)

Trapped
charged particlesJupiter’s magnetosphere

LIGHT SHOW Left: The complex aurorae at Jupiter’s north pole stand out clearly in this ultraviolet image obtained with the Hubble Space
Telescope’s Imaging Spectrograph (STIS) on November 26, 1998. Auroral ‘hot spots’ mark where electric currents magnetically tied to Io, Europa 
and Ganymede intersect the planet’s upper atmosphere. Right: Juno’s orbit is the key to this mission’s success. By moving in a highly eccentric polar 
orbit, the spacecraft minimises its exposure to high-energy charged particles yet gets near enough to study the planet at close range. But orbital 
precession due to Jupiter’s gravity will eventually drag the orbit through those intense radiation zones, dooming the spacecraft.
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particles become accelerated via processes like those 
involved with Earth’s aurorae. Yet despite seven flyby 
spacecraft and Galileo’s 33 orbits around Jupiter, no 
spacecraft has yet flown directly over Jupiter’s poles.

So Juno’s scientists and engineers loaded the 
spacecraft with instruments that can measure charged 
particles, magnetic fields and electric waves as it flies 
for the first time through the magnetic field lines 
where we think the auroral particles are generated. 
At the same time, UVS, JIRAM and JunoCAM will 
look down on the aurorae where those same field lines 
intersect the planet.

I must admit that I’m a bit nervous for Juno — 
those field lines carry millions of amps of electrical 
current. It’s a scary place to explore.

Juno’s imminent arrival
For the first time, we have sent a spacecraft to 
the outer Solar System that’s not powered by the 
radioactive decay of plutonium. Instead, Juno 
generates electricity via three huge solar-cell panels, 
each 9 metres long. At Jupiter, where sunlight has 1/25 
its intensity at Earth, these panels generate 400 watts 
of power. Roughly half of this keeps the spacecraft 
warm, while the rest powers Juno’s electronics, radio 
transmitter and science instruments. The spacecraft 
slowly cartwheels, once every 30 seconds. That’s a plus 
for gathering charged-particle and electromagnetic 
data, but even this slow rotation makes snapping 
pictures tricky.

Juno rode an Atlas V rocket into space on August 5, 
2011. After using a gravity boost from a flyby of Earth 
in October 2013, it will finally arrive at Jupiter  
on July 4. Firing its main engine for 30 minutes when 
at its closest to the planet, the spacecraft will slow 
enough to achieve a polar orbit. The first couple  
of orbits are planned to last 53 days each, enabling  
the Juno team to get used to operating the spacecraft 
at Jupiter.

Then, in mid-October, more engine firings will 
drop Juno into a sequence of 14-day-long orbits. 
During each of these, the spacecraft will make a 
2-hour dash over the north pole, duck under the potent
radiation belt as it speeds (at 60 km per second) just 
4,200 km above the cloudtops, and then zoom back 
out over the south pole. For the rest of each elliptical 
circuit, which will carry the spacecraft out to about 
2.7 million km, Juno will transmit the data gathered 
during its most recent close-in dash and sample the 
magnetospheric environment far from the planet.

Such an orbit would be just great if we could keep 
it that way. But Jupiter’s 10-hour rotation makes its 
equator 6% fatter than the poles. The bulge’s gravity 

will continually tug on the spacecraft, altering its 
trajectory and precessing (tilting) the orbit by about 1° 
per circuit. Sooner or later Juno will plunge through 
the equatorial radiation belt. We’ve protected the 
electronics as best we can by encasing them in a 
titanium vault. But quite likely bathing those sensitive 
electronics in 10 MeV electrons will cause significant 
damage. We’re hoping for 35 orbits — even a handful 
would revolutionise our understanding of Jupiter — 
and, who knows, perhaps the spacecraft will survive 
much longer.

Get ready, Juno — the fun’s about to begin! ✦

Fran Bagenal is a planetary researcher at the 
University of Colorado, Boulder, and co-chairs Juno’s 
Magnetospheric Working Group. She thanks Sushil 
K. Atreya (University of Michigan) for assistance with 
this article. For more information about Juno and its 
mission, visit missionjuno.swri.edu and nasa.gov/

mission_pages/juno.

  What Juno’s scientific instruments will be looking for

 Instrument Acronym Description

Gravity Science GS Detects Doppler shift of radio broadcasts from Juno to Earth 

  to derive small motions of Juno due to Jupiter’s uneven gravity 

  field and its internal mass distribution.

Jovian Auroral JADE Measures the distribution, energy, and Distribution velocity  

  of ions (5 eV to 50 KeV) and Experiment electrons  

  (100 eV to 100 KeV) in auroral regions of Jupiter.

Jovian Energetic JEDI Measures fluxes of high-energy ions (20 Particle Detector 

  keV to 1,000 keV) and electrons (40 keV to 500 keV) in the polar  

  magnetosphere of Jupiter.

Jovian Infrared JIRAM Maps upper layers of the atmosphere to depths of 50 to

Auroral Mapper  70 km (5 to 7 bars); images aurorae at 3.4 μ (H3
+ ions);  

 detects CH4, H2O, NH3, PH3.

JunoCAM  Visible-light telescopic camera to facilitate  

  education and public outreach.

Magnetometer MAG Measures the strength and direction of the magnetic field;  

  Advanced Stellar Compass (ASC) monitors orientation of  

 MAG sensors.

Microwave MWR Measures electromagnetic waves in six ranges (600 MHz 

Radiometers  to 22 GHz) to map H2O and NH3 abundances to pressures  

  of up to 200 bars (depths of 500 to 600 km).

Ultraviolet UVS 1024-by-256-channel detector provides spectral images of 

Spectrometer  the ultraviolet auroral emissions in Jupiter’s polar ionosphere.

Radio & Plasma Waves Measures spectral energy distribution of  

Wave Sensor  radio and plasma waves in auroral regions.
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BULAWARS
ALAN HIRSHFELD

More than a century ago, a clash between two pioneer sky photographers deepened
the growing split between amateur and professional astronomy.

I
n 1890, astronomy was the enterprise of a scattered
coalition of amateur and professional scientists
working on a roughly equal basis. Both camps

conducted essential observations, innovated
with new technology, published important
papers, attended conferences, joined
scientific organisations and received
awards of merit.

But as that crucial decade
progressed, distinctions between
the two groups rapidly began to
widen — in terms of academic
credentials, mathematical acumen,
and, most devastating to the amateurs,
the scientific value of their work.
Disruptive new technologies — photography
and spectroscopy — were fast overtaking
traditional visual observation. Productivity
imperatives, and the escalating
cost of leading-edge equipment,
increasingly displaced gentlemens’
private observatories in favour of
externally funded institutions with
professional staffs. By the decade’s
end, amateur researchers found
themselves effectively sidelined by their
institutional brethren.

Then as now, disagreements among
astronomers over physical theories, working
methods and interpretation of data were routine,
whether through correspondence, at conferences
or in the pages of research journals. But of all the
disputes during this period, by far the longest and
most fractious was the battle between two pioneers of

celestial photography: Isaac Roberts, a wealthy English
amateur, and Edward Emerson Barnard of the Lick
and Yerkes observatories. Their exchange spawned a

debate over the nature of diffuse nebulae that
would roil the ranks of astronomy for nearly
ten years.

The Welsh-born Isaac Roberts had
made a fortune in the construction
business, and he applied his wealth
toward an ambitious program in
celestial photography. His observatory
at Crowborough, Sussex, was among
the finest in Britain, housing a 50-cm
f/5 Grubb reflector and a 175-mm

Cooke refractor sharing a twin mount.
Roberts took a celebrated four-hour exposure
of the Andromeda Nebula that drew gasps

at an 1889 meeting of astronomers,
who were awed by its jaw-droppingly
clear depiction of the mysterious
space-cloud’s spiral structure.
Roberts published a two-volume
photographic atlas of star clusters
and ‘nebulae’ (galaxies included)
in 1893 and 1899. It was a testament
to the tenacity with which he ranged
over the celestial menagerie. He took

nearly 2,500 astronomical plates during his
lifetime. For his uncommon skill in rendering

the cosmic landscape, Roberts was elected to the
Royal Society, received an honorary doctorate from
Trinity College, Dublin, and was awarded the Royal
Astronomical Society’s Gold Medal.

On May 10, 1895, Roberts stepped up to the lectern

ISAAC 
ROBERTS 

(1829–1904) 
was an 

immensely 
skilled and 
productive 

amateur who 
blazed deep sky 

photography 
trails but tripped 

up on his inability 
to unlearn wrong 

ideas.

E. E. BARNARD 
(1857–1923) 
was a school 
dropout but 

developed the 
technical skills 

and the scientific 
discernment 
to carry him 
through an 

illustrious career 
at Lick and Yerkes 
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at a meeting of the Royal Astronomical Society. The 
audience was eager to witness the latest example of 
his photographic prowess. Roberts obliged by showing 
a lantern slide of his three-hour exposure of the 
starry nebular complex NGC 2264, which surrounds 
the 4.6-magnitude star 15 Monocerotis. Among the 
prominent features was a “conical dark space bounded 
by a rim of nebulosity” — the now-famous Cone 
Nebula — just south of a larger, triangular bevy of 
stars now named the Christmas Tree Cluster.

Roberts then projected a second lantern slide of 
the same region, this one from a glass photographic 
positive that had recently arrived from the United 
States. The photographer — Lick Observatory’s 
Edward Emerson Barnard — was, like himself, a 
widely acknowledged expert in astronomical imaging. 
Although the pair of images depicted identical regions, 
they looked distinctly different. The stars in Roberts’ 
photograph, taken with his 50-cm telescope, were 
virtual pinpoints. Those in Barnard’s picture, taken 
with Lick’s 15-cm, f/5.2 wide-field Willard camera, 
appeared as bloated disks. 

Roberts acknowledged that he had enlarged 
Barnard’s photograph fivefold to match the scale of 
his own. He had done so to make a point. The profuse 
“nebulosity” depicted in Barnard’s image was illusory, 
he argued; it stemmed from the poor resolution of the 
Willard camera, which captured large swaths of sky 
at a highly compressed scale. Through his own 50-cm 
reflector, he said, the purported nebulous glows and 
swirls in the star cluster are seen for what they are: 
aggregations of faint stars, entirely beyond the feeble 
light grasp of Barnard’s little instrument.

Unwittingly or not, Isaac Roberts had fired a 
transatlantic salvo from an amateur astronomer’s 
station south of London into the heart of a professional 
research institution in California. The return volley 
from Barnard was not long in coming.

E. E. Barnard was the product of an impoverished 
upbringing in Tennessee during the Civil War. He 
was a high-strung workaholic who had had just two 
months of formal schooling before he took a job as a 
studio photographer’s assistant at age nine. Barnard 
learned astronomy in his teens from Thomas Dick’s 
popular handbook The Practical Astronomer. He 
became a passionate hunter of comets, discovering 16 
of them altogether, and built a house for himself and 
his bride with the reward money that was offered at 
the time to comet finders.

In 1888, after a five-year stint as a non-degree 
student and observatory manager at Vanderbilt 
University, Barnard joined the staff of the new Lick 
Observatory in California. It was here, in 1892, that he 

Fox Fur Nebula

Cone Nebula

15 Mon

MODERN CONFIRMATION  Today, backyard amateurs with modest gear 
far surpass the greatest astrophotographers of 120 years ago. Even without 
narrowband filters, the intricate clouds around 15 Monocerotis (S Monocerotis) 
and the Cone Nebula stand brilliantly revealed in Andrew Lecher’s stack of 54
ten-minute exposures. He took 18 each through red, green and blue filters. The
frame is 1° tall, with north up. The upside-down Christmas Tree asterism spans 
most of the nebula, with 15 Mon as the tree’s base and the bright star just 
north of the Cone Nebula as its tip.
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garnered worldwide recognition with his discovery of
Jupiter’s fifth and innermost moon, Amalthea.

Barnard began experimenting with wide-field
celestial photography in 1889, six years before Isaac
Roberts’s unflattering display of his work. In the
interim, he accumulated a series of extraordinary
skyscapes with the Willard camera in guided
exposures up to five hours long. The camera’s
achromatic doublet lens (refigured by the renowned
Pittsburgh instrument maker John Brashear) was
mounted in a simple wooden box and strapped to
a 165-mm guiding refractor (pictured at right). It
produced photographic images of the Milky Way that,
in Barnard’s words, showed “for the first time, the vast
and wonderful cloud forms, with all their remarkable
structure of lanes, holes and black gaps and sprays of
stars.” On cold nights, he suited up in an “Esquimaux
coat made of reindeer skin, and heavy rubber
overshoes.” When asked by one shivering guest how
to keep warm, he deadpanned, “We don’t.” Barnard
was easily riled — by poor sky conditions, bureaucratic

GOING DEEP IN
MONOCEROS
Barnard’s plate

of the Milky
Way in northern

Monoceros, made
with a 15-cm

studio portrait
lens, showed
nebulosity all

around the star
cluster NGC

2264 (centre), the
Christmas Tree

Cluster including
4.6-magnitude 15

Monocerotis. This
section of the
plate is 7° tall.
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bungling, or, as most recently lodged by Isaac Roberts,
wrongful criticism of his work.

Framing and surface brightness
In his written response to Roberts, which was read
before the Royal Astronomical Society on November
8, 1895, Barnard complained, “It is unjust to use an
enlargement such as Dr. Roberts used, because it
necessarily puts these pictures at a disadvantage. My
picture [of the Christmas Tree Cluster region] was
simply spoiled by this, while Dr. Roberts’ retained its
original qualities, not being enlarged.” The diaphanous
cloud that stands out distinctly in Barnard’s original,
10°-tall image appears only as a subtle field-brightening
across the 2° plates from Roberts’ 50-cm reflector. 
When imaged in a wide field that surrounded it with 
darker sky for comparison, Barnard insisted, the 
nebulosity left no doubt that it was actual diffuse 
matter and not the light of unresolved stars. “All that 
is wanted to show it fairly well with his reflector is a 
somewhat longer exposure and a larger plate to give 
more sky around it for contrast.”

Barnard went on to emphasise an aspect of 
photography that Roberts had failed to grasp. True, a 
50-cm telescope has more light-gathering power than 
a 15-cm camera lens, and it will record fainter stars. 
But unlike a point star, a diffuse nebula is spread 
out. What matters is its surface brightness: its light 
per unit area of sky, and per square millimetre on a 
photographic emulsion. A large-aperture telescope 
renders an interstellar cloud no brighter, in terms of 
surface brightness, than a small-aperture scope with 
the same f/ratio. Also important are sky transparency, 
exposure time, plate sensitivity — and a field wide 
enough to frame a very dim large object in a darker 
surround.

Barnard included three additional wide-field 
prints of the 15 Monocerotis–Cone Nebula region, 
demonstrating, in his opinion, “that Dr. Roberts’ 
reasoning is decidedly wrong. This diffused light is in 
nowise confined to the star areas. It will be also readily 
seen that it spreads over a large region where there are 
essentially no stars at all — even where Dr. Roberts’ 
reflector can show no stars. That this is real diffused 
nebulosity there is no reason whatever to doubt.”

But Roberts refused to yield: a large-aperture 
telescope picks up fainter stars and therefore, he 
asserted, was able to reveal fainter nebulosity — 
which, as his photographs showed, was not there.

A sinking ship
Barely had the dust settled than a second battle 
erupted, this time over the presence of extended 

Amateur vs Professional
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nebulosity around the Pleiades. Barnard had taken 
wide, four- and ten-hour exposures of the Pleiades 
and their neighbourhood. These captured not only 
the cluster’s internal wisps but dim, diffuse arcs 
extending out. At the April 1896 meeting of the British 
Astronomical Association, Roberts argued that the 
arcs were merely “circles of halation” caused by defects 
or reflections in Barnard’s lens. Furthermore, they 
did not appear in his own exposures using a 125-mm 
wide-field camera that he had recently installed.

A testy Barnard dashed off a note to the Royal 
Astronomical Society, suggesting that the “previous 
experience of Dr. Roberts with the diffused and faint 
nebulosity about 15 Monocerotis . . . might warrant 
some hesitation on his part in denying the existence of 
a similar region about the Pleiades.” 

Barnard followed up on October 22, 1898, with an 
announcement to the Royal Astronomical Society that 
Herbert C. Wilson at Carleton College in Northfield, 
Minnesota, and Solon I. Bailey at Harvard had both 
recorded images of the supposedly fictitious nebulosity 
around the Pleiades. Barnard didn’t mention Roberts 
by name, but it’s clear where his invective was 
directed: “These nebulosities… have been amply 
verified (if such a verification were at all necessary)…  
It would therefore appear that a failure to show these 
remarkable features with an ordinary portrait lens 
and an exposure [well short of] 4 or 5 hours must be 
attributed to something else than their non-existence.” 

By now the weight of opinion favoured Barnard. 
The Royal Astronomical Society had published more 
than two dozen of his papers and awarded him its Gold 
Medal. Two other trailblazers of deep sky photography, 

Andrew Common and David Gill, openly disputed
Roberts’ ideas about nebular imaging. An 1898 review
by astronomer R. A. Gregory, at Queens College,
London, lavished praise on the wide-field camera as
an astronomical instrument. In what he termed the
“warm controversy” between Barnard and Roberts,
Gregory fully endorsed the reality of the nebulous
clouds on Barnard’s plates.

Several years passed. The final parry between
Roberts and Barnard occurred in 1903 in the pages
of the Astrophysical Journal. Roberts had submitted
an article on William Herschel’s visual catalogue of
faint, extended nebulosity. Over the previous six years,
Roberts had photographed all 52 of Herschel’s faint
nebular regions with both his 50-cm reflector and
wide-field camera, yet found nebulosity in only four.
Evidently, one of history’s keenest visual observers had
imagined all the rest.

So extraordinary was this claim that the journal’s
editors engaged Barnard, now at Yerkes Observatory,
to write a rebuttal. The articles appeared together.

Barnard pointed out that Roberts’s exposure
time of 90 minutes was too short to show very faint
interstellar clouds; his own camera shutter typically
remained open for four or five hours. As one might
tutor a neophyte, he reiterated the primacy of surface
brightness for nebular visibility. To illustrate the point,
he described a picture he had taken of Herschel’s
Region 27 in Orion through an ordinary lantern-slide
projector lens a mere 40 mm across: “Most of the great
curved nebula is clearly shown,” he wrote of the huge,
ghostly arc now known as Barnard’s Loop, “especially
the region described by Herschel… There is therefore 

POWER PAIRS  
Left: Barnard, in 
his “Esquimaux 
coat,” guides on 
a star as he peers 
through Lick 
Observatory’s 
165-mm Clark 
refractor and 
adjusts its fine-
motion wheels. 
Riding on the 
refractor is the 
wide-field Willard 
camera with its 
15-cm portrait 
lens. Barnard 
sometimes guided 
an exposure for 
five hours at a 
stretch. Right: 
With his 50-cm 
reflector and 175-
mm refractor on 
a dual equatorial 
mount, Isaac 
Roberts ran one of 
the finest private 
observatories in 
England. But the 
large image scale 
of the big scope 
made it ineffective 
for large, diffuse 
nebulae with 
low surface 
brightnesses.
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no question but that this nebulosity exists where 
Herschel saw it.”

In closing, Barnard thrust a dagger at Roberts’ 
competence, reminding readers that it was “with the 
same instruments described in his present paper 
that Dr. Roberts failed to get any trace of the exterior 
nebulosity of the Pleiades, which had been shown by 
four observers with four different instruments not 
only to exist, but to be not at all difficult objects.”

Moreover, Max Wolf at the University of Heidelberg
had recently taken a wide-field image of the same 
Region 27 using Heidelberg’s new 40-cm astrograph. 
The picture showed, with remarkable clarity, not only 
the familiar Orion Nebula and the diffuse Horsehead 
complex around Zeta Orionis, but also the feathery, 
winding form of Barnard’s Loop.

Where, 15 years earlier, Isaac Roberts had 
astounded astronomers with his breakthrough image 
of the Andromeda Nebula, he was now confronted 
with an equally vivid portrait of a celestial object 
that he claimed wasn’t there. The Heidelberg 40-cm 
was neither the “small toy” nor “child’s lantern-lens” 
that Roberts had called Barnard’s instrument. And 
Wolf’s exposure time of 6¼ hours eclipsed Roberts’ 
own 90-minute standard. (Wolf’s pièce de résistance 
would come in 1911 with a 24-hour exposure of the 

Andromeda Nebula’s spectrum, accumulated over 
twenty nights.) 

Roberts offered the weak suggestion that both Wolf 
and Barnard had targeted the wrong object! If not that, 
then maybe the apparition on their plates had arisen 
from atmospheric glare or reflections in the optics. 
Had he accepted the verdict of his own eyes, he would 
have recognised that a 90-minute exposure under 
moist, semi-transparent English skies might indeed 
be insufficient to capture a low-contrast space cloud, 
especially when it overran the border of his plate. He 
clung to the misconception that if he exposed long 
enough to capture the faint stars William Herschel had 
seen, then Herschel’s faint clouds should appear as well. 
In fact, Barnard announced that he did see traces of 
extended nebulosity on Roberts’ plates, a claim Roberts 
himself denied.

The nebular feud ended abruptly with Isaac 
Roberts’ death in 1904.

This episode is often remembered for how it 
symbolised astronomy’s widening professional-
amateur divide around the turn of the 20th century. 
But the real meaning is a bit different. Barnard, a 
self-taught school dropout, was something of an über-
amateur himself. Rather, the skirmish and its outcome 
reflected astronomy’s move toward professionalisation 
and more rigorous scientific standards. In his drive to 
become an effective researcher, Barnard aligned his 
working methods and critical judgment to those of 
university-trained astronomers. His knowledge base 
was largely empirical, but it was structured effectively, 
in a way one learns in the halls of academia. When 
Barnard criticised Isaac Roberts for calcified thinking, 
for not keeping up with the technical literature, and 
for shrugging off big gaps in his knowledge, he was 
enumerating the hallmarks of a poor scientist. That 
Roberts was an amateur was not the issue.

Today, E. E. Barnard and Isaac Roberts are 
invariably linked to the photographic catalogues 
they bequeathed to astronomy. Despite Barnard’s 
victory over Roberts in their long public feud, neither 
catalogue stands higher than the other. Both are 
examples of the era’s highest scientific artistry. 
Image scale was the difference: where Barnard 
portrayed the broad skylines of the galactic metropolis, 
Roberts captured the façades of its notable individual 
structures — two astronomers, no longer at odds, but 
complementing each other. ✦

Alan Hirshfeld is a professor of physics and a historian of 
astronomy. His most recent book is Starlight Detectives: 
How Astronomers, Inventors, and Eccentrics 
Discovered the Modern Universe.

ORION, HEAD
TO TOE The vast

arc of Barnard’s
Loop encircles

Orion’s Belt and
Sword in this

extremely deep
image stack taken
by Rogelio Bernal

Andreo. Amateurs
dominate wide-field

astrophotography
today.
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Millions of Trojan asteroids live
in gravitational ‘sweet spots’

that hold important keys to our
Solar System’s history.

In 1765, mathematician Leonhard

Euler deduced the existence of three

‘collinear balance points’ in a three-

body system. L1 lies between the Sun

and the planet, L2 is just beyond the

planet in line with the Sun, and L3 is

180° from the planet along its orbit

(on the opposite side of the Sun). All

three have convex stability, such that

if an object is shifted away from the

balance point, it will likely leave the

stability region. Thus, over the age

of the Solar System, objects are not

expected to be stable at L1, L2 or L3.

Then, in 1772, Joseph-Louis

Lagrange realised that two more

locations existed, preceding and

trailing a planet along its orbit by

60°. Now called L4 and L5, respec-

tively, these are regions of concave
stability, meaning that objects per-

turbed slightly away from them will

tend to go back to the stability area.

Space observatories are some-

times parked in the Lagrangian

regions to exploit these gravitational

properties. Once there, they require

significantly less fuel to maintain

relatively stable positioning with

respect to Earth.

60°

L5

L3

L4

L1 L2

60°

GRAVITY’S BALANCING ACT

S&T: LEAH TISCIONE

I
n our Solar System’s earliest days, the giant-planet 
region was home to a vast number of small objects. 
These bodies, similar to today’s asteroids and comet 

nuclei, skipped around among the growing giants 
that were themselves rustling back and forth in a 
tumultuous planetary landscape. As the young planets 
grew and shifted their orbits, they likely consumed 
millions of these little objects and gravitationally flung 
billions more out of the Solar System. 

But not all of these small, primordial bodies 
disappeared from the giants’ immediate 
neighbourhood. One stable population remains after 
4½ billion years: the Trojan asteroids.

The Trojans move in an intricate dance with the
planets. They occupy regions roughly 60° ahead of 
and behind a given planet in its orbit. Today we call 
these the L4 and L5 Lagrangian points, respectively, in 
honour of their discoverer, Joseph-Louis Lagrange (see 
the box below). These are dynamical balancing points 
at which the Sun’s and planet’s gravity, along with the 
centrifugal force exerted on a smaller, third body due 
to its orbital motion, are all in equilibrium. As a result, 
objects located at L4 or L5 can maintain relatively stable 
orbits over the age of the Solar System.

Trojans do not actually orbit right at the Lagrangian 
stability points; instead, they can jossle or ‘librate’ 
around the point by some tens of degrees. In fact, 
these objects often occupy orbits with pronounced 
inclinations and eccentricities. Planetary scientists 
have become very interested in the locations and 
characteristics of the Trojans, as these small bodies tell 
a story about the formation and evolution of the planets.

STORY BY SCOTT S. SHEPPARD

ARTWORK BY CASEY REED
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Picking planetary partners

Max Wolf discovered 588 Achilles, the first asteroid 
known to share Jupiter’s orbit, in 1906. Observers 
have since found about 6,300 Jupiter Trojans — so 
many, in fact, that the entire population is likely only 
slightly smaller than that of the main asteroid belt and 
includes almost a half million bodies larger than 1 km 
in diameter. 

Jupiter’s Trojans are named after mythological 
characters from the Trojan War. The leading (L4) 
region is the ‘Greek camp’; objects there are named 
after participants on the Greek side of the war. Those 
in the trailing (L5) region are named after participants 
from the ‘Trojan camp’ of the conflict. Each group has 
one object named for a combatant from the opposing 
side: 617 Patroclus is in the L5 swarm, and 624 Hektor 
is in the L4 swarm.

Saturn and Uranus have no known stable Trojans 
(though at least two of Saturn’s moons have them). 
This is because the Lagrangian zones of Saturn and 
Uranus are highly perturbed by the gravity of the 
other giant planets that sandwich these worlds’ orbits. 

Unlike the ‘embedded’ locations of Saturn and 
Uranus, Neptune is a ‘bookend’ giant planet, as is 
Jupiter, making its Lagrangian regions more stable. 
Numerical simulations suggest 20% to 50% of 
Neptune’s original Trojan population should have 
survived for the age of the Solar System after any 
significant planetary movement. Observers discovered 
the first object in Neptune’s L4 location in 2001 and 
the first one at L5 in 2008. The known Neptune Trojan 
population, currently at 12, is low only because these 
bodies are much harder to see at their extreme distance 
from the Sun. We’ve started to name Neptune’s Trojans 
after the Amazons, an all-female warrior tribe that 
sided with the Trojans during the war.

As for the terrestrial planets, Earth lacks any 
known Trojans from primordial times, probably 
because gravitational perturbations from Venus, Mars 
and Jupiter would have destabilised their orbits over 
the age of the Solar System. However, our planet does 
have one known Trojan in its L4 region, a small body 
called 2010 TK 7. This was likely an asteroid in an 
Earth-crossing orbit that just happened to pass near 
Earth’s L4 region a few thousand years ago and became 
temporarily trapped there. Chances are good that 2010 
TK 7 will likely escape its confinement within another 
few thousand years. 

 Mars also has a few known Trojans at both 
its L4 and L5 points. Those locations appear to be 
dynamically stable over the age of the Solar System, so 
these objects could be primordial and related in some 
way to the Jupiter and Neptune Trojans. 

2 astronomical units

Hill
sphere

Sun Jupiter

L5

L4 THE FOLLOWERS
To date, observers have

identified nearly 6,300 objects
in the two Trojan ‘camps’ that
accompany Jupiter. Curiously,

the leading ‘Greek’ group is
roughly 50% more populous

than the trailing ‘Trojan’ group.
The dashed circle around

Jupiter shows its Hill sphere,
which is the limit of stability of

any of the planet’s moons.

Neptune

Uranus

Saturn

Sun Jupiter

UNEQUAL DISTRIBUTION
Jupiter and Neptune have captured
many stable Trojan asteroids. But
Saturn and Uranus have none, likely
because their Lagrangian zones
are subject to the gravitational
perturbations of their massive
planetary neighbours and thus are
not stable.

A LUNAR CONNECTION?
If a very large object struck our planet early in the Solar System’s history 

to form the Moon, could it have been an Earth Trojan? Geochemists think 

such an impactor would have needed a composition quite similar to 

Earth’s and a not-too-fast encounter velocity. An object that initially shared 

Earth’s orbit could satisfy both of these conditions.

Neptune

Sun

L5
L4

NEPTUNE’S RETINUE
Although only 12 Neptune Trojans 

are known, the planet’s Lagrangian 
regions are likely even more densely 

populated than Jupiter’s. The L5 
region appears sparser because this 

region is currently aligned with the 
galactic plane, making it harder to 

detect objects there.

Trojan Asteroids

S&T: LEAH TISCIONE; SOURCE: SCOTT SHEPPARD (3)



Origin of the Trojans

In theory, the Trojans could have formed in place and 
stayed put since the first stages of planet formation.
After all, the Trojan regions would have been relatively
stable early on, and objects could have accumulated
there from the significant amounts of dust present
among the growing planets. But two important
observations suggest this wasn’t the case.

First, most of the Trojans circle the Sun along
orbits that are highly inclined relative to those of the
planets. These large inclinations would have limited
how much material could have been accreted from the
protoplanetary disk.

Second, and more importantly, it’s become clear
that the major planets didn’t always occupy the calm,
nearly circular orbits that we see today. Instead, the
primordial Solar System was a chaotic place, with the
giant planets likely much closer to one another. They
repeatedly ‘pushed each other around,’ resulting in
significant shifts in their orbits. Simulations show
that the Lagrangian regions would have become
unstable during any significant planetary movement
or migration. So the Trojans we see today were likely
captured after the planets settled into the more stable,
widely separated orbits they have now.

Conversely, small objects that approach the Trojan
regions today can’t become captured permanently
because to do so they’d need to lose some of their
orbital energy — and there’s no easy way to do that.
(This was not the case when the planets first formed
and were still evolving, when the Solar System
structure was vastly different to what it is now.) Instead,

modern-day interlopers might linger for a time, but 
they eventually leave the same way they entered. 

So how did all those Trojans get captured? Several 
mechanisms have been proposed, most operating 
only when the disk of material from which the planets 
formed still contained significant amounts of dust and 
gas with many small objects flying about. At that early 
time, friction from gas drag or higher collision rates 
could have allowed the capture of Trojans.

However, both of these mechanisms assume 
that the capture-prone candidates travelled in low-
inclination orbits around the Sun — in order to make 
energy-robbing gas drag more efficient and collision 
probabilities more likely. Theorists refer to these kinds 
of orbits as dynamically ‘cold’. But the highly inclined 
orbits of the Trojans attending both Jupiter and 
Neptune suggest that those objects were dynamically 
‘hot’ when captured. So the gas-drag and collision 
scenarios are not likely the true cause.

Most probably, as proposed in 2005 by Alessandro 
Morbidelli (Nice Observatory, France) and colleagues, 
the Trojans were pawns in a dramatic interplanetary 

NEPTUNE
TROJAN  Just 
24th magnitude 
when discovered 
by the author and 
Chadwick Trujillo, 
2005 TN53 has 
a dynamically 
‘hot’ (highly 
inclined) orbit that 
suggests Neptune 
captured it while 
migrating outward 
to its current orbit 
early in Solar 
System history.

Ejected
planetesimals

Jupiter Saturn Uranus Neptune Kuiper Belt

“Hot”
population

“Cold”

population

Neptune
Trojans

Jupiter
Trojans

Increasing distance from Sun

PLANETS ON THE MOVE The outer planets occupy stable, well-spaced orbits today. But a radically different view suggests that early in Solar 
System history they were bunched much tighter together and closer to the Sun. Gravitational interactions pushed them apart, a dramatic orbital 
migration that also led to the capture of the Trojan asteroids.

OUTER-PLANET MIGRATION
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tug of war. As the giant planets shifted and migrated 
from where they formed to their current arrangement, 
they scattered countless smaller objects. As planetary 
formation ceased, their orbits slowly stabilised and 
circularised through interactions with the many 
bodies flying about in the outer Solar System. In this 
way small objects — even those in ‘hot’ orbits with 
relatively high inclinations or eccentricities — could 
suddenly find themselves trapped in a Trojan region as 
that planet’s orbit changed.

Thus the dynamics of the Trojans seem to confirm 
that the giant planets did migrate significantly 
early in the Solar System’s history. Moreover, this 
capture scenario implies that the Trojan objects likely 
originated in the outer Solar System, not the asteroid 
belt. That’s because the giant planets most likely 

pushed each other outward into a distant belt of small 
objects that had not yet collected into a planet due to 
the large volume of space and low collision velocities 
out there.

(As an interesting aside, it’s also possible that many 
asteroids now occupying the outer main belt, including 
the dwarf planet 1 Ceres, might have originated much 
farther out in the Solar System and then were flung 
closer to the Sun as the planets moved around.)

But outer planet migration leaves one perplexing 
observation unresolved: Jupiter’s leading (L4) Trojan 
cloud has about 50% more objects than its trailing L5 
cloud does. That’s not the case for Neptune, whose 
Trojan clouds appear to have comparable numbers of 
objects (based on the few currently known).

This discrepancy is challenging to explain with any 
of the capture scenarios mentioned so far, all of which 
statistically should not favour one of Jupiter’s Trojan 
clouds over the other. David Nesvorný (Southwest 
Research Institute) and colleagues have suggested that 
this difference in populations could be the consequence 
of a third ‘ice giant’ — a sibling of Uranus and Neptune 
— passing through Jupiter’s L5 region and scattering 
away many of the bodies that had accumulated there. 
This massive body would also have altered Jupiter’s orbit 
significantly before the giant planet ejected it entirely 
from the Solar System.

This type of planet-planet interaction likely occurred 
often in the Solar System’s early history, and it might 
explain how a massive, eccentrically orbiting ninth planet 
— if it exists (AS&T: May/June 2016, p. 8) — ended up a 
few hundred astronomical units from the Sun. 

The stuff of Trojans
We don’t yet know the Trojans’ compositions, as they 
are relatively small and faint (Hektor, the largest, 

EXOPLANET TROJANS?
Trojan objects likely exist in the orbits of exoplanets as well. Astronomers 

have searched for signs of these ‘exo-Trojans’ by looking for transit events 

ahead and behind of known transiting exoplanets, but they’ve not observed 

anything definitive yet.
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Trojan War, is the
namesake for the

first discovered
Jupiter Trojan.
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averages 225 km across). Moreover, their spectra are 
mostly featureless. 

What we do know is that they’re very dark, with 
average reflectivities of around 5% to 7%. Most Jupiter
Trojans can be classified as either ‘dark red’ (D-type) 
or ‘less red’ (P-type) asteroids. A few have more neutral
colouring, akin to the carbon-rich C-type objects seen
in the outer asteroid belt. Intriguingly, a cluster of 
Trojans in Jupiter’s L4 cloud have very similar orbits, 
and most have the same C-type surface colouration. 
Dynamicists have proposed that this group, known as
the Eurybates family, came from a single broken-up 
parent body.

The reddish D-types that dominate Jupiter’s Trojan
populations are relatively rare in the main asteroid 
belt. But it turns out that only the largest of Jupiter’s 
objects tend to be this colour. Recently, Ian Wong 
(Caltech) and colleagues showed that Jupiter’s less-
red (P-type) Trojans actually appear to dominate the 
population at sizes smaller than about 5 km. Perhaps
Jupiter’s Trojans derived from two groups of objects 
that formed in different locations in the solar nebula 
prior to their capture. Or maybe the dependence of 
colour on size is telling us that the less-red objects 
are collisional fragments of the larger, redder objects.
If the latter idea is correct, then the smaller Trojans 
would have ‘fresher’ surfaces that have been altered 
less by exposure to the Sun’s ultraviolet light, its solar
wind and cosmic ray bombardment.

Geochemists usually interpret reddish surface 
material to be rich in carbon and complex organic 
molecules. But mid-infrared spectra recently 
obtained by Joshua Emery (University of Tennessee,
Knoxville) and two colleagues suggest the surfaces 
of Trojans are covered in silicate dust that could 
be similar in composition to that of comets. If 
Trojans formed with lots of ices, then their interiors 
could still contain this initial volatile-rich material 
underneath outer layers that have been highly altered
by ‘space weathering’. 

Determining the range of possible compositions 
among Jupiter’s Trojans would be a lot easier if we 
knew their masses and thus could estimate their 
bulk densities. To that end, however, a few Trojan 
binaries have been identified. One of them, Patroclus, 
has nearly equal-sized bodies. Franck Marchis (SETI 
Institute) and colleagues have analysed the two 
components’ orbits, and they find that the density of 
the paired objects is only about 0.8 g/cm3 — less than 
that of water. This in turn suggests that Trojans are 
mostly made of porous ice, a composition more typical
of a comet’s nucleus than of a rocky asteroid. Since 
Trojans are slowly leaking out of their Lagrangian 

confinement, conceivably some may display cometary
activity if and when they approach the Sun.

Wanted: More data
All the dynamical and compositional evidence in
hand suggests that Jupiter’s Trojans came from the
outer Solar System after the giant planets finished
moving around. So they might be related to objects
in the distant Kuiper Belt. Although the latter are
generally redder, this difference might be a superficial
consequence of the Trojans’ closer proximity to the
Sun’s intense radiation.

One challenge to this idea is that Neptune’s
Trojans, which likely never approached the Sun all
that closely, look quite similar to Jupiter’s and likewise
show a fairly uniform distribution of surface colours. 
Moreover, they are not like the more varied and redder 
Kuiper Belt objects, even though both populations 
have remained in ‘cold storage’ since the Solar 
System’s formation. 

Their mysterious origins and our limited 
compositional information about the Trojan asteroids 
are why NASA has prioritised the Jupiter Trojans for 
a spacecraft mission of the Discovery (small budget) 
or New Frontiers (medium budget) class in the near 
future. And while awaiting those results, ground-
based observers will continue to probe these orbital 
curiosities for more clues to their origins and to the 
evolutions of their giant-planet partners. ✦

A frequent user of some of the world’s largest telescopes, Scott 
Sheppard is an astronomer at the Carnegie Institution for 
Science in Washington, D.C. He codiscovered 2008 LC18 
(the first known L5 Neptune Trojan) and 2005 TN53 (the first 
high-inclination Neptune Trojan).
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RED & REDDER 
Although 
astronomers know 
little about the 
true composition 
of Jupiter’s Trojan 
asteroids, their 
surfaces group 
broadly into ‘dark 
red’ and ‘less red’ 
populations that 
share similarities 
with the D-type 
and P-type bodies 
found in the main 
asteroid belt.
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Science prize

Amateur awarded
An Aussie amateur astronomer’s work has been recognised
through the award of a prestigious science medal.

JONATHAN NALLY

T
he Astronomical Society of 
Australia’s (ASA) prestigious 
Berenice and Arthur 

Page Medal has been awarded 
to Brisbane-based amateur 
astronomer, Roy Axelsen. Roy 
was announced the winner of 
the 2016 medal at the National 
Australian Convention of Amateur 
Astronomers, held in Sydney in 
April. The award was presented on 
behalf of the ASA by Dr Lee Spitler, 
a scientist at Macquarie University 
and the Australian Astronomical 
Observatory.

“The judges had a difficult 
time selecting this year’s winner 
as each candidate published 
important work in academic 
journals,” Dr Spitler told the 
NACAA audience, adding that Roy 
had “demonstrated a clear drive for 
increasing our knowledge through 
years of meticulous use of his 
astronomy tools.”

Spitler said that Roy has become 
an expert in producing light 
curves of Delta Scuti variables 
using various techniques. “Among 
many other discoveries, he directly 
recorded the highest rate of 
increase in the period of a radially 
pulsating Delta Scuti star,” Spitler 
said. “He directly contributed to the 
broader community by publishing 
a standardised methodology for 
the analysis of change in rates of 
maximal brightness period.”

Roy “has made a genuine 
contribution to the science of Delta 
Scuti variables and a valuable 
contribution to the advancement of 
astronomy,” said Spitler.

Late starter
Roy came to astronomy quite 
late, in 2002 at the age of 59. A 
pathologist (now retired) by day, he 
had spent most of his days peering 
down a microscope, diagnosing 

melanomas and moles and cancers. 
But he had also been on the lookout 
for another scientific activity 
he could get his teeth into, and 
astronomy is what he settled on.

“I had been looking at 
astronomy things on the Internet 
and found that variable star 
observation was the particular 
field [to which] amateurs could 
actually contribute significantly to 
astronomical research,” he said. 
“I’d always been interested to some 
extent in research, so I thought 
‘That’s for me’.”

Roy joined the Astronomical 
Association of Queensland (AAQ) 
— an astronomy group with a great 
reputation for supporting serious 
research — and picked Delta Scuti 
stars as his targets. Delta Scuti 
stars are short-period pulsating 
variables, which means “you can 
get an entire light-cure or several 
light-curve peaks during one night 

Artist’s impression of the Beta Pictoris star system.  
Beta Pic is one variant of the Delta Scuti type of variable star. 
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Amateur science acknowledged
The Berenice and Arthur Page Medal is awarded usually every two years by the Astronomical 
Society of Australia (ASA) to an amateur astronomer who has made scientific contributions 
that have served to advance astronomy. The Berenice Page Medal was inaugurated in 
1972 in memory of Berenice Page, an exceptional amateur and foundation member of the 
Society. Although most ASA members are professional astronomers, Berenice and her 
husband Arthur were readily accepted into the Society because of the indispensable part 
they played in the International Astronomical Union’s Flare Star Programme in the 1960s. In 
2011, following Arthur’s death, the award was renamed the Berenice and Arthur Page Medal. 
You can see a full list of recipients at asa.astronomy.org.au/page.php

of observation,” said Roy. “I went 
looking in the literature, and found
that there were quite a number 
of so-called neglected Delta Scuti 
stars in the Southern Hemisphere,
and started working through the 
brighter ones of those.”

For the brighter stars, Roy 
uses an 80-mm refractor. For 
fainter stars down to about 10th 
magnitude, he uses a 9¼-inch 
Schmidt-Cassegrain. “For most 
of my life I was used to looking 
through high-quality optical 
instruments, but when I came to 
buy eyepieces I had to spend a lot 
of money to get a similar quality, so
it wasn’t very good for my wallet,” 
he said, laughing.

Roy’s DSLR images are 
processed with AIP4Win software, 
which calculates the magnitude of 
the stars. “I take one image every 
couple of minutes or so, and do the 
measurements of the magnitude 
of stars on each image — so I can 
plot a light-curve over a few hours 
with data points every couple of 
minutes,” he said. “[Doing this,] one
can get a more-or-less precise time 
of the peak of the light-curve, which
can be used to determine whether 
or not the period of the star has 
changed.”

Roy tries to get complete light-
curves for just a handful of stars 
each year, taking into account the 
fickle coastal weather. “So I might 
get 6 to 8 nights observation of one

star,” he said. “With the weather on 
the east coast of Australia, I end up 
observing no more than 3 or 4 stars 
per year.”

The importance of amateurs
Amateurs such as Roy have made, 
and continue to make, valuable 
contributions to the modern 
science of astronomy, particularly 
in the field of variable stars. All 
around the world, hundreds (if not 
thousands) of amateurs are outside 
each night, making observations, 
measurements and images, and 
sending their data to organisations 
such as the American Association 
of Variable Star Observers (AAVSO) 
and Variable Stars South (VSS). 
These bodies co-ordinate observing 
programmes, collate the data and 
make it available to the professional 
astronomical community. Other 
fields of amateur scientific 
endeavour include stellar, planetary 
and minor planet occultations; 
planetary science; minor planet 
observation; radio astronomy; 
comet observation, and more.

And their efforts do not go 
unnoticed. “All nominees for the 
2016 Berenice and Arthur Page 
Medal had demonstrated high 
proficiency in observational data 
acquisition and their work has been 
published in academic journals,” 
said Dr Tanya Hill, astronomer at 
the Melbourne Planetarium and 
the ASA’s Prizes and Awards Co-

Roy Axelsen, 
recipient of the 
Astronomical 
Society of 
Australia’s 
Berenice and 
Arthur Page Medal 
for 2016.

ordinator. “It’s very impressive.”
Roy intends to continue his 

work. “I’m still observing the Delta 
Scuti stars,” he said. “They’re worth 
monitoring over a period of time, 
because their periods do change.”

“I’d like to acknowledge everyone 
in the AAQ who puts up with me 
talking about Delta Scuti during our 
monthly meetings… and the ASA 
for considering that what I did was 
worthy [of such an award],” added 
Roy. “And my wife, who puts up 
with me in good grace, going outside 
at night to commune with objects 
which have strange names.” ✦
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them as a series of waypoints, each proposed origin
marking a different stage in the ‘hominisation’ of the
planet, with no single, correct moment of genesis.

But if geologists are going to formalise the definition,
they need to pin it to a specific stage in the rock record.
So let me offer my own modest proposal for a ‘golden
spike’ to mark the Anthropocene. If we must choose one
geological deposit that announces the human presence,
I would suggest the area of Mare Tranquillitatis, where 
Apollo astronauts first stepped onto another world, 
leaving a flag, machines and footprints. 

Those boot marks will fade in a few million years 
as micrometeorites grind them into the dust, but signs 
of our presence, including the alien artifacts we left, 
will be detectable for as long as there is an Earth and 
a Moon. These lunar landmarks could not have been 
made by a species without world-changing technology. 
This altered landscape also captures the moment we 
first looked back and saw the unity of our home and 
our common destiny with all life on our planet.

Of course, as an actual proposal for correlating 
geological events on Earth, a Tranquility Base golden 
spike is ridiculously impractical. But so what? There 
is nothing practical about the decision to formalise 
the Anthropocene Epoch. Any geologists, human or 
alien, studying our time millions of years from now 
will not care about our nomenclature. This is all about 
symbolism and our self-image as we confront the 
challenges of this new age. So, I know I’ll propbably 
lose, but I vote for Tranquility Base. ✦

A
far-future geologist studying Earth history
would note that our time was one of sudden and 
unprecedented changes. Could this be a type 

of transition that other planets also go through, when 
cognitive systems begin to influence global systems? 

I’ve written before about the proposal to 
formally rename our current geological epoch the 
‘Anthropocene’ to acknowledge the fact that humans 
have become a major force of global modification. 
Within geological and other academic circles it’s 
been contentious but fruitful — sparking interesting 
debates about how we humans should regard, and 
attempt to guide, our own planet-altering presence.

But there’s no consensus over when exactly this 
humanised age began. Did it arise with the first 
atomic bomb explosions in the 1940s? If there was 
ever a time when we started to realise we were all in 
the same boat, shooting holes in the hull, it was the 
dawn of the nuclear age. We began to see what we’d 
become, and it left an indelible isotopic signature. This 
provides what geologists call a ‘golden spike,’ a unique 
time stamp associated with an event or transition. 
Others place the onset of the Anthropocene at the 
beginning of the Industrial Revolution, or thousands 
of years earlier when we first undertook large-scale 
modification of landscapes.

These arguments are most valuable if we read 
them as a protracted dialogue on how humanity has 
journeyed from being just another hominid species 
in East Africa to the global force we are today. I view 

The golden spike  
of Tranquility Base
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DAVID
GRINSPOON
is an
astrobiologist,
author, and
senior scientist
at the Planetary
Science
Institute. Follow
him on Twitter at
@DrFunkySpoon.

Cosmic Relief

A modest proposal: the Anthropocene began with the lunar landings.
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SEEING RED  Red lights are ubiquitous 
on the observing field, as astronomers 
attempt to do as little damage to their 

night vision as possible. But the author’s 
research suggests that for many, red 

might not be the best solution.
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Night Vision

Astronomers have long used red light to protect their night vision, 
but there may be a better alternative. 

ROBERT DICK
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N
o artificial light is good when observing, but 
sometimes under the stars we need it — to 
help us read a star map, get around or find a 

piece of lost gear. We have historically used red lights, 
and recently we’ve gravitated to deep-red light emitting 
diodes (LEDs). But given the range of current options, 
is red really the best colour?

The rationale for red is straightforward. Our
night vision has only 1/1000 the sensitivity to red light 
as to yellow, and red is the only colour to which our 
daytime vision is (slightly) more sensitive than our 
night vision (see graph below). So with red light, 
we can use our daytime vision without ‘saturating’ 
our nighttime detectors, and this is why red light 
preserves our dark adaptation.

But personally, I have trouble reading under red 
light. So I looked into other options. What I found 
were not only better insights into our vision but also 
a surprising alternative to ruby-tinting our world — 
one that’s actually better than the tried-and-(maybe)-
true red torch.

Cones and rods
We have two sets of visual detectors in our retina, 
called cones and rods. Cone cells work best in bright, 
daylight conditions, enabling what’s called our photopic 
vision. Rods, on the other hand, provide low-light, 
scotopic vision for night. At twilight, both our rods and 
cones operate (mesopic vision) and complement each 
other by providing a mix of fairly good resolution and 
faint-light sensitivity.

Our best resolution occurs with photopic vision, 
which can resolve features about 1 arcminute across. 
(That corresponds to 60 pairs of closely spaced, 
alternating white and black lines per degree.) From a
reading distance of 45 cm, we need a resolution of less
than 10 arcminutes to resolve the structure of the F at
the beginning of this sentence.

In the mesopic range, we have only about half the
resolution of our photopic vision. And when using our
scotopic vision, we have only about a tenth.

The number and spacing of receptor cells 
determine the resolution of the image produced in 
our mind’s eye. (The same principle applies to the 
chip’s pixels in a digital camera.) The cones in our 
eyes provide good resolution, or visual acuity, because
they are closely packed in the centre of our view.

Although there are about 20 times more rods than 
cones, our reading ability with the rods is marginal 
at best. That’s because of the way these cells work 
together. Their high sensitivity at night would 
produce considerable ‘noise,’ like a poorly tuned 
analog television, if they were not interconnected 

to suppress false signals to the brain. Hundreds of 
these cells combine to produce one signal, but this 
interconnectedness reduces their effective resolution to 
only about 1/10 that of cones. So, if our goal is to read a 
star map, our rods alone are insufficient. We need our 
hi-res cones as well for that task.

Colour
Our cone cells are also the ones that detect colour. 
We have three types of cones, each containing one 
of three pigments that preferentially absorb different 
wavelength ranges: L-cones, which detect the long 
wavelengths of yellow to red light (centred on 560 
nm); M-cones, which detect mid-range yellow-green 

LED vs INCANDESCENT BULB
This article deals primarily with LEDs. An old red incandescent bulb 

doesn’t have the same caveats as red LEDs: the bulb’s glowing filament 

emits very little blue light, and the filter’s wide bandwidth takes better 

advantage of your cones’ sensitivities than red LEDs do.

RODS AND CONES Rod vision and cone vision have different sensitivities to 
different wavelengths of light. Throughout most of the visible spectrum, the rod 
system is more sensitive to light than the three-cone system, by as much as a factor 
of 1,000. But at wavelengths longer than 620 nm, including the deep red of red 
LEDs, the sensitivities are about equal. 

S
&
T
: 

L
E

A
H

 T
IS

C
IO

N
E

, 
S

O
U

R
C

E
: 

ID
O

 P
E

R
L

M
A

N
 /

 W
E

B
V

IS
IO

N
 A

N
D

 T
H

E
 A

U
T

H
O

R

Rod Cells

Cone Cells

R
e
la

ti
ve

 s
e
n

si
ti

vi
ty

Wavelength (nanometres)

1

10

100

103

104

105

106

107

400 500 600 700

A
L

L
 G

E
O

M
E

T
R

IC
 B

A
C

K
G

R
O

U
N

D
S

: 
B

IG
S

T
O

C
K

P
H

O
T

O
S

.C
O

M



38  AUSTRALIAN SKY & TELESCOPE JULY 2016

(530 nm); and S-cones, which detect short-wavelength 
blue (about 420 nm).

Although the three types of cones seem to have the 
same sensitivity to light, their impact on vision scales 
with how many of them we have. Only 6% are S-cones, 
meaning we don’t see blue-lit objects very well in the 
daytime. These cells essentially tell our brain where 
to put a ‘wash’ of blue in our mental image, and when 
combined with the responses of the M- and L-cones, 
we get the impression of ‘white’ light.

The average observer has roughly twice as many 
L-cones as M-cones, so most of us are more sensitive 
to longer wavelengths. However, the ratio of L- and 
M-cones varies across the population, and some 
people have more M-cones than L-cones — making 
these folks even more sensitive to yellow light than 
to red. I must be one of them. (This is a different 
phenomenon from colour blindness.)

Unlike our cone cells, our rods are honed to see 
during the fading light of twilight and nighttime. Rods 
are about a thousand times more sensitive to blue-
green light as to red. They only have one type of light-
sensitive pigment, so they can’t tell which wavelength 

is stimulating them, hence they essentially see in black 
and white. This is why faint stars on a dark night, and 
faint deep sky objects through the eyepiece, all have 
a neutral silvery grey colour: we’re using only our 
scotopic vision.

Sensitivity
As astronomers, we are pushing the envelope 
of vision. Unlike our ancestors (or most of our 
contemporaries), we need both the light sensitivity of 
our rods and the resolution of our cones at the same 
time. Although we’ve long turned to red light as the 
solution, using deep-red light alone exacerbates our 
loss of visual acuity, because this colour has a narrow 
bandwidth (only 20 nanometres for red LEDs) and 
triggers only our L-cones. This forces us to use brighter 
red light in order to see.

But because dark-adapted rods have nearly the same 
sensitivity to red light as our L-cones, red light that 
is bright enough to read by is sufficient to excite our 
rod cells somewhat. Prolonged exposure to it will still 
affect our night vision.

If we could take advantage of our M-cones as well 
by using broader-band light, could we use just enough 
light for hi-res cone vision while actually leaving our 
night vision in better shape?

In order to find this balance, we need to know 
how much light is enough to read by but not too 
much to saturate our rods. The amount of light our 
night vision can tolerate depends on how quickly 
our rods recover from exposure to it. That recovery 
time depends in turn on both the brightness of the 
illumination and how long we’re exposed to it. The 
dimmer and briefer it is, the faster our rods will 
return to the dark-night threshold. 

The question is, how fast do we want to adapt? It 

LUMINANCE
 AND VISION  

The diagram 
above shows one 

divvying up of 
how the visual 

system operates 
in different 

illumination 
settings. The 

lowest light levels 
activate only rod 

cells. Cones begin 
to contribute at 
about the level 

of starlight, but 
practical colour 

vision doesn't kick 
in until around the 
level of moonlight. 

Cones are the 
only receptor 

cells active under 
the brightest 

conditions; rods 
bleach out.

Self experiment
Go outside at night, let your eyes adapt, and illuminate the ground with 

your white torch covered with a good yellow or amber filter. Then, look up to 

the clear sky. How long does it take for your eyes to recover so that you can 

distinguish faint stars? If it takes more than a few seconds, your light is too 

bright. Try the same thing with a red LED and see how fast your rods readapt.

Scotopic Mesopic Photopic 50% bleach

Best acuityRod saturation
begins

Cone threshold
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Luminance (candela/m2)

Good colour vision
No colour vision

Poor acuity

Visual function
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takes me less than a minute to physically move from 
a star map to the telescope and orientate myself at the 
eyepiece. If I want my vision to adapt that quickly, how 
low must I go? Published experiments don’t go faint 
enough for astronomy, so the easiest way to find out 
how much light we can get away with is to try it!

My own experiments show that my rods recover 
almost immediately even after a few seconds of 
exposure to the full Moon’s illumination on a white 
sheet of paper (0.1 lux, where a lux is the unit of 
surface brightness, defined as 1 lumen coming from 
1 square metre of surface). Our threshold for reading
with broadband light is 10 times higher than with 
moonlight, about 1 lux, and my night vision recovered
from that exposure within a few seconds. At this level,
we can also see some colour as well, indicating that 
our cones are working.

Above about 3 lux, the rods take noticeably longer 
to adapt. This is roughly the threshold above which the
rod cells become bleached.

So, when artificial light is necessary, the best choice
is relatively faint light: about 1 lux, and not above 3 lux.
Incidentally, this range also falls in our mesopic vision
(see facing page).

LEDs’ pure red light (about 650 nm) is detected by
only our L-cones, and it provides poor resolution for 
reading or seeing hazards (such as a tripod’s legs). So
we not only want illumination at about 1 lux to save 
our rods but also light that covers a wider wavelength
range, between about 500 and 700 nm, to take 
advantage of our M-cones as well as our L-cones.

What does this light look like? Between 1 and 3 
lux, my impression of the colour is pale ‘amber’ or 
‘candlelight’. Aesthetically, it is quite pleasing.

Stamp out blue
This new work goes against what has become common
sense for dark-site observing. Nevertheless, we have 
adopted this amber spectrum and 1–3 lux illumination
level for Canadian Dark-Sky Preserves.

Although the use of amber light can help us see 
while walking about a campground, it can also help 

in cities. We distinguish colours twice as well when 
they are illuminated by a smooth amber spectrum 
than when illuminated under the golden light of 
high-pressure sodium lamps. Those lamps don’t have 
a continuous spectrum; their glow is mostly made up 
of narrow emission wavelengths specific to sodium, 
which only let us see colours that match up with these 
spectral features.

Worse, the blue component of ‘white light’ city 
lamps provides very little information for our visual 
acuity, yet it cripples our night vision, making it 
difficult to see into more shadowed areas. So using 
amber light, at rational illumination levels, actually 
improves our ability to see at night. The International 
Dark-Sky Association is on a campaign to educate 
lighting installers on this fact. 

Where can you get amber LEDs? Most large LED 
manufacturers make them. Close variations are 
available from Lumiled (Philips), CREE and Nichia. 
Before you buy, check the LED’s spectrum and ensure 
it does not emit light at wavelengths shorter than 
500 nm. The peak wavelength should be about 590 nm, 
which is at the boundary between orange and yellow.

It must be emphasised, of course, that any artificial 
light will compromise our night vision. Observers 
pushing their visual limits would not use any artificial 
light! But amber gives us more visibility with less light. 
So, when you have to see in the dark, choose amber. ✦

Robert Dick is a professional engineer and part-time 
astronomy professor. His interest in the bio-impact of light 
began in the late 1990s, when he developed the Canadian 
Dark-Sky Preserve Program for the Royal Astronomical 
Society of Canada. This culminated in the creation of the 
Canadian Scotobiology Group, Inc. For this and other 
contributions, he was named Fellow of the RASC in 2015.

AMBER vs RED
LEDS  Our rods 
and cones have 
different peak 
sensitivities: rods 
in the green, 
cones in the 
yellow. These 
are compared in 
the graph above 
with the spectra 
of amber and 
red LEDs. Red 
LEDs trigger only 
our L-cones, so 
in order to be 
bright enough 
for us to read by 
their light, red 
LEDs must also 
be bright enough 
to bleach rod 
cells. Conversely, 
amber light excites 
both the M- and 
L-cones. Using 
it, we can see 
and read well at a 
lower illumination 
level that will 
permit rods to 
quickly recover.
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Another way to select LEDs is by their 

colour temperature. Colour temperature 

is the approximate temperature of a 

solid, hot surface that ‘looks’ like the 

desired colour. The colour temperature 

for amber is about 1,900–2,100 kelvin.



▶ GUIDESCOPE Orion Telescopes & Binoculars has introduced the 

60mm Multi-Use Guide Scope with Helical Focuser. This compact 

50-mm f/4 guide scope is designed to make autoguiding deep sky 

astrophotos easy and intuitive. The scope includes heavy-duty tube 

rings and a 3½-inch mounting bar that is compatible with all Orion 

quick-release finder brackets, and is threaded for additional mounting 

options. Its helical focuser has 10-mm of travel and can accept most 

autoguiding cameras that connect via a 1¼-inch nosepiece or a 

T-thread interface. Six nylon-tipped thumbscrews allow precise 

aiming when choosing guide stars.

Orion Telescopes & Binoculars | oriontelescopes.com and dealers

New Product Showcase is a reader service featuring innovative equipment and software of interest 
to amateur astronomers. The descriptions are based largely on information supplied by the 
manufacturers or distributors. Australian Sky & Telescope assumes no responsibility for the accuracy 
of vendors’ statements. For further information contact the manufacturer or distributor.

◀ SK YSAFARI UPDATE  One of the most popular planetarium apps for Apple 

devices has been given a complete makeover. SkySafari 5 changes the look and feel 

of this popular app, and adds many new features. SkySafari 5 includes up-to-date 

ISS and bright satellite pass notifications, expanded object descriptions, and a new 

‘Tonight at a Glance’ feature with notifications of Solar System and bright satellite 

events. Available in basic, Plus and Pro versions, each requires a device running iOS 8 

or later, and includes support for the new Apple Watch. The Plus and Pro versions also 

incorporate Wi-Fi Go To telescope control, expanded deep sky catalogues and iCloud 

synchronisation. See the manufacturer’s website for a complete listing of features.

Simulation Curriculum (available on the App Store)  |  simulationcurriculum.com

▶ VIDEO SUITE There’s a new tool for fans of video-

assisted observing. The Revolution Imager is a complete 

video observing package that includes everything you’ll need 

to broadcast the views from your telescope. This colour CCD 

video camera automatically integrates exposures that are then 

displayed on the included 7-inch LCD monitor to produce 

near-real-time views of astronomical targets. The Revolution 

Imager kit comes with a 1¼-inch nosepiece adapter, a 0.5× 

focal reducer, a UV/IR blocking filter, hand-held remote 

controls and a 12-volt rechargeable battery that powers both 

the camera and monitor.

Revolution Imager | revolutionimager.com and dealers
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▶ VIDEO KIT Atik Cameras enters the world of video observing with its Atik Infinity.

The camera features the highly sensitive and extremely low-noise Sony ICX825 sensor

with a 1,392-by-1,040 array of 6.45-micron pixels to produce smooth, high-resolution views

of deep sky targets. This USB-2.0 camera can record up to 3 frames per second at full

resolution, which are continually stacked on your PC with the included proprietary control

software. The camera can also operate in 16-bit format and function as an autoguider for

your deep sky imaging needs with its built-in ST-4 autoguider port. The camera comes

complete with a 3-metre USB-2.0 cable, 1.8-metre cigarette-lighter style power connector,

1¼-inch nosepiece adapter and CD with camera drivers and control software.

Atik Cameras | atik-cameras.com and dealers

◀ MINI APO  Stellarvue has introduced the SV70T apochromatic 

refractor. This compact 70-mm f/6 triplet uses an Ohara FPL53 ED 

element combined with broadband coatings to achieve high-contrast 

views free from colour fringing. Weighing just 2.5 kg with a pair of 

hinged tube rings and a Vixen-style dovetail bar, the SV70T is a perfect 

grab-and-go telescope for casual observing. Its 2½-inch dual-speed, rack-

and-pinion focuser includes both 2- and 1¼-inch eyepiece adapters, and accepts 

the optional SFFR-70APO focal reducer/field flattener, converting the instrument into 

an f/4.8 wide-field astrograph. See the manufacturer’s website for additional details.

Stellarvue  |  stellarvue.com and dealers

Second look at doubles
Cambridge Double Star Atlas, 2nd Edition

Book Review

Bruce MacEvoy & Wil Tirion

Cambridge University Press, December 2015

170 pages, ISBN 9781107534209, AU$105.00, spiral bound.

FOR THOSE KEEN ON OBSERVING double stars, the 
second edition of the Cambridge Double Star Atlas 
(CDSA) is now out. In this new edition the 30, double-
page star charts, produced by famed uranographer Wil 
Tirion, have been partly revised because of changes in 
the selection of the doubles. As before, the CDSA marks
more stars on the charts as double than are described 
in the data listings. The pages are a generous 23 x 30 
cm in size and stars to a combined magnitude of 7.75 
are shown, along with many of the brighter deep sky 
objects, so it can also be used as a general purpose 
atlas. All up, 2,500 doubles have more detailed data 
listed than in the first edition, and with HD and 
SAO catalogue numbers added for those with Go To 
mounts that can use these catalogues. 

Descriptions of visual appearance, except for some 
colour notes, are not given, and the data lists are now 

arranged by constellation. Regrettably, 
dates of last measures are not given, 
however there are notes on changing 
binaries. The one significant downside 
is that optical doubles (and those thought 
likely to be) are not labelled, nor are they 
included in the catalogue lists, although 
hey are marked as double on the charts. So 
ta Orionis and some other favourites don't 
ave a data listing. In an atlas designed for 
bservers I regard this as a mistake. Overall, 
owever, an improved and very useful atlas. 

Recommended. — Ross Gould
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M
any stargazers don’t observe exclusively with either binoculars
or a telescope, but switch back and forth as needed. There’s a
lot to be said for examining the same astronomical target with

different instruments.
I was reminded of this when I revisited NGC 6633, an open cluster

in the eastern reaches of Ophiuchus. When I was a newcomer to
astronomical sketching, this cluster was one of my first targets. Only
later did I learn its nickname: the Italy Cluster. Michele Bortolotti
and Guido Rocca of Verona, Italy, had pointed out that NGC 6633 was
reminiscent of their home country’s famous ‘boot’ shape. Because I’d
used a reflector, my sketch was inverted. When I turned the drawing
around, Italy’s shape was not just obvious, it was unavoidable. There’s
even a stellar Sicily anchored on the 5th-magnitude foreground star
HD 170200.

When I visited the area on a pre-dawn binocular hunt, I was
delighted to see the Italy shape of NGC 6633 was readily apparent
through my 10×50 binoculars. Maybe I should have anticipated that
— with a maximum extent of nearly 1/2° and a magnitude of 4.6, the
cluster is big and bright enough to show considerable detail through
binoculars. For a challenge, see how many stars you can resolve. At a
distance of 1,200 light-years, most of the cluster’s 150-plus members
merge into a nebulous glow, leaving only a dozen or two of the
brightest blazing in the foreground.

Most guides include NGC 6633 in a band with IC 4665 and IC 4756.
But I have other homework for you: pick out the stream of faint suns,
about 1° wide, which runs north from NGC 6633 before breaking into 
several chains of stars, like branches from the trunk of a tree, near the 
border with Hercules. ✦ 
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WHEN
Early June 10 p.m.

Late June 9 p.m.

Early July 8 p.m.

Late July 7 p.m.

These are standard times.

HOW
Go outside within an hour or

so of a time listed above. Hold

the map out in front of you

and turn it around so the label

for the direction you’re facing

(such as west or northeast) is

right-side up. The curved edge

represents the horizon, and the

stars above it on the map now

match the stars in front of you in

the sky. The centre of the map is

the zenith, the point in the sky

directly overhead.

FOR EXAMPLE: Turn the

map so the label ‘Facing North’

is right-side up. About halfway

from there to the map’s centre is

the bright star Arcturus. Go out

and look north nearly halfway

from horizontal to straight up.

There’s Arcturus!

NOTE: The map is plotted for

35° south latitude (for example,

Sydney, Buenos Aires, Cape

Town). If you’re far north of there,

stars in the northern part of the

sky will be higher and stars in the

south lower. Far south of 35° the

reverse is true.

ONLINE
You can get a sky chart  

customised for your 

location at any time at

SkyandTelescope.com/skychart

USING THE
STAR CHART

Binocular Highlight

MATHEW
WEDEL

is a paleontologist
and associate
professor of
anatomy by day.
By night, he is
an “adventurous
stargazer” who
blogs at 10minute
astronomy.
wordpress.com
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Tonight’s sky

Hooked on Scorpius
The giant stellar arachnid means different things to different people.

H
igh overhead in the mid- 
to late-evening at this 
time of the year, rides the 

magnificent spectacle that is the 
constellation Scorpius. One of the few 
star groupings to actually resemble 
the creature, god or item it is meant 
to represent, Scorpius is certainly 
one of the most recognisable of 
the 88 modern constellations. And 
we’re fortunate indeed, here in the 
south, to have it perfectly placed for 
our viewing pleasure.

Wedged between Sagittarius 
to the east and Libra to the west, 
Scorpius encompasses a rich region 
of the Milky Way, full of star fields, 
star clusters and nebulae, making 
it a fabulous target for either 
binocular or telescopic observation. 
You’ll find the open clusters 
Messier 6 and Messier 7 — both  
of which can been glimpsed by  
the naked eye under dark skies — 
and the globular clusters Messier  
4 and Messier 80, plus plenty  
more besides.

Scorpius’ brightest star, Antares,
is a red supergiant hundreds of 
times the size of our Sun. So even 
though it is located about 550 
light-years away, it’s still the 15th 
brightest star in the night sky. The 
name Antares means ‘rival of Mars’
or ‘like Mars,’ due to the star’s red 
colouring. This rivalry was on show
over the past couple of months, as 
Mars crept slowly through Scorpius
on its way into Libra. (Saturn has 
been nearby, too.)

The traditional Greek mythology
tells us the scorpion used its 
sting to kill Orion, the hunter. 
Depending on which exact myth 
you choose, the fatal sting came 
about because Orion tried to ravish
Artemis, who sent the scorpion 

to get him… or, Earth sent the
arachnid assassin to kill Orion
after he had bragged that he,
the great hunter, could slay any
animal. Either way, it was curtains
for Orion. With the two of them
not on the best of terms, then, it’s
no wonder they were placed as
far apart on the sky as could be
managed — as Orion sets in the
west, Scorpius rises in the east.

I mentioned above that the
shape of Scorpius clearly matches
that of a scorpion. And to stargazers
in many parts of the world this is
certainly true. But not to the M ori
people of New Zealand. You see,
there are no scorpions in the ‘land
of the long white cloud’. So to the
M ori it represents something else 
entirely. To them, the scorpion’s 
tail is a fish hook. They call it Te 
Matau a Maui, ‘the fish hook of 
Maui’. And the curved body is Te 

Waka o Mairerangi, ‘the canoe of 
Mairerangi’.

Legend has it that Maui’s 
brothers sailed out into the 
ocean to fish. Maui, being a bit 
of a prankster, had made the fish 
vanish and appeared before his 
brothers to gloat. They tried to 
continue fishing but wouldn’t give 
him any bait. Enraged, he grabbed 
a magical jawbone that he just 
happened to have handy, smeared 
it with some of his own blood, and 
cast it into the deep as a fishhook. 
It caught on something. Maui 
heaved and pulled, and eventually 
up came a giant fish. His brothers 
hacked at it and it turned into 
stone, becoming New Zealand’s 
rocky and rugged North Island. 
Maui was so impressed with his 
day’s efforts that he slung the 
fishhook into the heavens, where it 
will remain forever more. ✦

Scorpius, as depicted in Alexander Jamieson’s Celestial Atlas of 1822.

JONATHAN NALLY
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SCORPIUS RISING
Richard Brown was burning off fallen 
trees and stumps when he spotted 
Scorpius and Mars rising above the 
flames, along with Crux and the Pointers. 
He used a Nikon D7000 with 8mm 
fisheye lens for this 20-second exposure.
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T
he long, dark nights of
winter are here, bringing
colder conditions but

hopefully clear, crisp skies
(depending on where you live,
of course). The Milky Way is
stretching from northeast to
southwest, with the Southern
Cross high in the southwest and
Scorpius overhead from mid-
southern latitudes.

Mercury is lost in the Sun’s
dawn glare for the first week of
July, reaching superior conjunction
(ie. on the opposite side of the
Sun from us) on the 7th. By
mid-month it will have begun
to make a reappearance in the
evening sky to the west. On the
17th, the tiny planet will appear
very close to Venus — they’ll
be only half a degree apart, but
low in the twilight less than 3°
above the horizon. You’ll need a
clear western horizon or a hilltop
vantage point, plus eagle eyes (or
maybe binoculars, but be safe
and ensure the Sun has fully

JONATHAN NALLY

Mercury and Venus meet up
The two inner planets join forces in the western twilight sky.

Celestial Calendar

set) to spot them. A little later in 
the month, on the 30th and 31st, 
Mercury will appear near Regulus 
— the brightest star in Leo and, at 
magnitude 1.4, the 21st brightest 
star in the night sky.

Venus reached superior 
conjunction last month, and so 
it too has been lost in the Sun’s 
glare. But as mentioned above, it 
will return to our western, evening 
skies by mid-July, shining at a 
dazzling magnitude –3.9. Venus 
will be with us in the evening sky 
now for the rest of the year.

Mars, which reached opposition 
in May, is still well placed for 
viewing in the northwestern sky, 
not far from its rival, the star 
Antares. But the Red Planet is 
drawing away from us now and 
getting smaller as seen through 
a telescope. So make sure you 
grab this opportunity to observe 
it as over the coming months its 
apparent diameter will shrink 
from its May maximum of 18.4 
arcseconds to as little as 6.1 

arcseconds by year’s end. Look for 
the Moon nearby on July 14 and 15. 
(And speaking of Moons, see pages 
58-59 for a guide to spotting Mars’ 
own moons.)

Shining at magnitude –1.8 
and a little over 33 arcseconds 
across, Jupiter is prominent in the 
northwestern sky after sunset. 
Look for the Moon very close 
nearby on the 9th — the two 
celestial bodies will appear less 
than one degree apart. If you 
happen to be reading this from 
southern Africa, Madagascar or 
eastern Antarctica, you’ll actually 
see the Moon occult (ie. block out) 
Jupiter; but in Australasia we’ll 
have to make do with the close 
conjunction.

Saturn reached opposition 
just last month, so it’s still very 
well placed for viewing in the 
eastern sky after sunset. Shining 
at magnitude 0.2 and about 18 
arcseconds across, the ringed world 
is always stunning, no matter 
whether you’re using the naked eye 
or a telescope. Watch for the Moon 
nearby on the 16th.

Finally, our own planet will 
reach aphelion — its furthest 
orbital point from the Sun 
— on July 5, at a distance of 
152,103,785 kilometres, or 1.016751 
astronomical units.

Left: The Moon 
and Jupiter will 
be less than 1° 

apart on July 9.
Middle: Mars, 

Saturn, the 
Moon and the 

star Antares 
will make 

an attractive 
grouping in 

mid-July.
Right: After 

sunset on July 
17, Venus and 
Mercury will 
be extremely 

close together, 
but very low on 
the horizon and 
difficult to see.
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The Southern
Delta Aquariids 
will be best seen 
in the hours 
before dawn in 
late July.

from the Alpha Capricornid
shower, a little below and to 
the west. Although this shower 
has a ZHR of around 5, with 
maximum activity usually 
around July 30, it will be 
Moon-affected this year.

CON STOITSIS

is the director of the Astronomical Society of
Victoria’s comet and meteor sections.
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Phases

New Moon July 4, 11:01 UT

First Quarter July 12, 00:52 UT

Full Moon July 19, 22:57 UT

Last Quarter July 26, 23:00 UT

Distances

Perigee July 1, 07h UT

365,983 km

Apogee July 13, 05h UT

404,269 km

Perigee July 27, 12h UT

 369,662 kmDates are for Australian Eastern Standard Time

EVENTS OF NOTE

July 2 Mercury at perihelion

2 Aldebaran 0.4° south of the Moon

5 Earth at aphelion (furthest from Sun)

7 Mercury in superior conjunction

8 Pluto at opposition

8 Regulus 1.8° north of the Moon

9 Jupiter 0.9° north of the Moon

11 Venus at perihelion

12 Mercury greatest latitude north

12 Spica 6° south of the Moon

15 Mars 8° south of the Moon

16 Antares 10° south of the Moon

16 Saturn 3° south of the Moon

29 Aldebaran 0.3° south of the Moon

31 Mercury 0.3° north of Regulus

L
ate July will bring one of
the better meteor showers
for Southern Hemisphere

observers, the Southern Delta
Aquariids, so called because the
radiant — the point from which the
meteors appear to fan out across
the sky — is located near the star
delta Aquarii, in the constellation
Aquarius.

The meteoroids that produce
the shower probably had their
origins in the aftermath of the
breakup of a comet that produced
the Marsden and Kracht families 
of ‘sunskirting’ comets. The 
shower is rich in faint meteors, 
but occasionally bright members 
have been spotted. Southern Delta 
Aquariids are usually blue or 
white in colour, with the average 
magnitude being +4.0.

The zenithal hourly rate (ZHR) 
can vary from 15 to 30 meteors per 
hour from a dark rural sky; from 
town, rates are usually closer to 
8 per hour. (ZHR refers to the 

number of meteors you
might expect to see
if they were directly
overhead, ie. looking
through the least
amount of atmosphere).
In previous years
rates have been good
(ZHR 5 to 8), steadily
throughout late July and
early- to mid-August.

For 2016, the
International Meteor
Organisation is predicting that peak
activity may come from July 26 to 31, 
when the rather faint meteors will 
have to contend with the waning 
crescent Moon. By early August 
when the Moon is new, conditions 
will be ideal to view some of them 
just after the predicted peak. Start 
observing an hour or two before 
dawn, as this usually provides the 
best viewing conditions.

While you’re Southern Delta 
Aquariid spotting, also keep an 
eye out for a few bright meteors 

Meteors spill from the
‘water bearer’
The Southern Delta Aquariids is one of the
better showers for southern stargazers.

THE MOON – JULY 2016

CON STOITSIS
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“A William
Herschel
discovery, it’s a
wide pair and
easy for small
telescopes.”

L
ibra, the Scales, a Zodiacal
constellation that precedes the
claws of Scorpius across the

sky, is our area of focus this month.
We begin with 33 Librae (H N 28),
which is found nearly 6 degrees
south-southeast of Alpha Librae.
A William Herschel discovery,
it’s a wide pair and easy for small
telescopes, the stars being 6th and
8th magnitudes. Hartung in his
classic observer’s guide noted an
unusual colour combination of
“orange and red” as seen with his
31-cm reflector.

Six degrees southeast from 33
Librae are two doubles in the same
field of view. BU 227 is the easier,
accessible to an 80-mm telescope.
The middle star in a line of three,
I saw it as a close, slightly unequal,
deep yellow pair at 100× with
18 cm aperture. Just east is the
closer pair HJ 4756, one of John
Herschel’s tighter doubles. Single
at 100×, it showed as a figure-
eight at 330×. The position angle
has changed considerably since
discovery in 1835. A long-period
binary, it’s expected to slowly
widen in the future.

Moving southeast, HJ 4774 is
west of the 3.6-mag stars Upsilon

Beyond the Scorpion’s claws
 Tackle this group of colourful double star targets in Libra.

(υ) and Tau (τ) Librae. With 18
cm at 100× it was a moderately
bright yellowish star with an easy,
fainter companion, making up the
John Herschel pair, discovered
in 1834. In 1889 Sherburne
Wesley Burnham, using the Lick
Observatory’s 36-inch (0.9-m)
refractor, found that the brighter
star was a close pair, BU 1114,
at only 0.65˝ separation. The
separation gradually increased after
discovery, to about 1.0˝ by 1910,
remaining there until 1968. After
that it slowly decreased to 0.75˝ by
1998; then more rapidly, to 0.43˝

in 2009 and 0.32˝ in 2014. Back
in 1998 using an 18-cm refractor
I was able to resolve BU 1114 into
a very close, slightly uneven
double. It would now require a
larger aperture even to see the pair
elongated. Because the position
angle has been pretty constant
over 125 years we are likely seeing
the orbit from nearly edge on. We
don’t know when BU 1114 will start
widening again, as there has not
yet been an orbit calculation.

Nearly 9 degrees north from
HJ 4774 is S 672. Suitable for
small telescopes, the magnitude
6 and 9 stars are at an easy 11˝

separation. It has remained fixed
since discovery by Sir James South
in 1825. With 18 cm at 100× the
colours appeared as pale yellow and
dull brownish; an attractive pair.
Two degrees east and just north
from it, BU 122 is ½-degree west
of Kappa (κ) Librae and ½-degree
southeast of 41 Librae. A near-equal
pair of fairly bright yellowish stars,
and attractively close at 100×, it’s
observable with 80 mm, though
100 mm is better.

Star Name R. A. Dec. Magnitudes Separation
Position

Angle
Date of

Measure
Spectrum

33 Lib (H N 28) 14h 57.5m -21° 25́ 5.9, 8.2 25.7˝ 306° 2014 K5V+M2V

BU 227 15h 19.2m -24° 16́ 7.5, 8.6 1.8˝ 159° 2014 K1III

HJ 4756 15h 19.7m -24° 16́ 7.9, 8.3 0.6˝ 237° 2013 F4V

HJ 4774 15h 29.0m -28° 52́ AB,C 7.0, 9.6 9.5˝ 010° 2013 F6IV

BU 1114 " " AB 7.0, 7.8 0.3˝ 317° 2014 "

S 672 15h 31.7m -20° 10´ 6.3, 8.9 11.1˝ 281° 2013 A8V

STF 1962 15h 38.7m -08° 47´ 6.4, 6.5 11.6˝ 189° 2014 F8V+F8V

BU 122 15h 39.9m -19° 46́ 7.7, 7.7 1.8˝ 228° 2011 F5V

BU 35 15h 42.8m -16° 01́ 7.3, 8.7 1.7˝ 109° 2012 F7IV

Double star targets in Libra

Data from the Washington Double Star Catalog

ROSS GOULD
is an experienced
observer of
the southern
skies. He can
be reached at
rgould1792@
optusnet.com.au

Nearly 4 degrees north and just 
east from BU 122, about ½-degree 
southwest of Eta (η) Librae, is BU 
35. With 18 cm it was barely double 
at 100×, though at 180× it became 
an easy, uneven close pair, both 
stars yellowish and with two very 
wide fainter companions. With 
quite unequal stars fairly close,  
I’d suggest using 100 mm aperture 
or more. 

Finally, STF 1962 is well to 
the north, 5.5-degrees east from 
Beta Librae. It’s an equal pair of 
yellowish 6th-magnitude stars at 
an easy separation. Sissy Haas in 
her book Double Stars for Small 
Telescopes describes it, as observed 
with only 60 mm, as “a close bright 
pair inside a neat triangle of fainter 
stars…” Worth visiting. ✦

Celestial Calendar
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I
t looks like C/2013 X1 
(PANSTARRS) will still be 
the comet of chief interest for 

Southern Hemisphere visual 
observers during the month of July. 

As we noted in the previous 
issue, this comet passed perihelion 
(closest point to the Sun) on April 
20 at 1.31 astronomical units, 
and passed Earth on June 21 at a 
distance of just 0.64 a.u.

July, therefore, will see 2013 X1 
pulling away from both Earth and 
Sun and fading relatively quickly 
— although if it lives up to its early 
promise, it should remain a good 
object for binoculars and small 
telescopes throughout the month.

July begins with the comet in 
the southern constellation Ara 
and (from brightness parameters 

derived early this year) possibly 
around magnitude 6.5 to 7. 
During the first half of July, it will 
move from Ara across the small 
constellations Norma and Lupus, 
reaching Centaurus on the 17th of 
the month. It will remain in this 
constellation for the remainder 
of July, fading to magnitude 9 
or thereabouts by the end of the 
month.

If you’d like a little more of a 
challenge, the returning short-
period comet 9P/Tempel will 
come to perihelion (at 1.54 a.u.) 
on August 2 and will be visible to 
telescopic observers throughout 
July as a diffuse nebulosity of about
magnitude 11 as it traverses Virgo. 

Discovered by E.W.L. Tempel 
at Marseille on April 3, 1867, this 

comet was considered ‘lost’ for 
many years until improvements 
in orbital computation methods 
enabled it to be recovered in 1972 
(actually confirming a suspected 
image obtained by Elizabeth 
Roemer at the previous return of 
1967). Today it is best known for 
having been the target of the Deep 
Impact mission in July 2005. As 
one of the small (but growing) 
number of comets that have been 
visited by spacecraft, it is of historic 
interest and worth tracking down 
for that reason alone. ✦

Sailing across the southern skies
Comet C/2013 X1 will be ideally placed for observation throughout July.

Comet C/2013 X1 
(PANSTARRS) will 
be well placed for 
southern observers 
during July, but you’ll 
need binoculars or a 
telescope to see it.

DAVID
SEARGENT
has been
a comet
specialist for
more decades
than he’d like
to admit. His
latest book on
the subject,
Snowballs in
the Furnace, is
available from
Amazon.com

“This comet was 
considered ‘lost’  
for many years.”



J
ust as it is for all astronomers,
variable star observers need to
locate the right field before
looking for a target. In fact, we

have one very special reason —
if the star is at its minimum light,
it might not be visible at all.

This month we’ve got a field
that’s hard to top; perfect for
binoculars or small telescopes,

straddling the Galactic equator
and looking inwards toward the
Galactic hub. In fact, we’re looking
out from our Local Arm of the
Milky Way, across the void, and
then some way into the Sagittarius-
Carina Arm.

The chart shows our main
target, V905 Scorpii. It also
shows one globular and six open

The centre of attention
Some easy targets in a galactic field that’s bustling with astronomical objects.

star clusters, a dark nebula, and
variable stars BM Scorpii and RY
Scorpii, which are themselves
worthwhile targets. And there
are plenty more objects we’ve not
shown. (The all-sky chart on the
centre pages of this issue will help
you place this star field; just look
for the open star cluster M7 and go
from there.)

V905 Sco shines at between
6th- to 7th-magnitude from a few
thousand light-years away. It is an
S Doradus type of variable star,
a class which has long, slow rise
and fall times from minimum
to maximum light. They’re also
known as luminous blue variables,
or LBVs. I won’t describe them
in detail here because the ‘book’
on these stars is being re-written
even as you read this, but you’ll get
the idea when I tell you that the
most famous member of the class
is Eta Carinae — big, bright and
unpredictable.

RY Sco is a Cepheid variable
with a magnitude range of 7 to 8
over 20 days, while BM Sco, the
brightest star in M6, is an orange
irregular variable that ranges from
5th- to 6th-magnitude. ✦

ALAN
PLUMMER
observes
from the Blue
Mountains
west of Sydney,
and can be
contacted on
alan.plummer@
variablestars
south.org

Celestial Calendar
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SUE FRENCH

S
erpens, the Serpent, is the only one of the
88 modern constellations that’s divided into
separate pieces on the sky. Serpens Caput,

containing this immense snake’s head, is to the west
of the ‘serpent bearer’ (Ophiuchus), while Serpens
Cauda, the beast’s tail end, coils to his east. In the
June 2015 issue we scanned some of the wonders of
the snake’s head. Now let’s see what tales the tail can
tell about our deep sky.

The starting point for our sky tour is the tip of
the serpent’s tail, Theta (θ) Serpentis, a double star
also known as Alya. Alya marks the top of a U-shaped
asterism. The four stars that compose the U’s sides 
are dressed in shades of yellow and gold, but Alya is 
arrayed in white. Through my 130-mm refractor at 
23×, Alya splits into nearly matched components, with

Sliding along the Serpent’s tale
Look to the east of Ophiuchus for more deep sky discoveries.

the companion resting east-southeast of its primary. 
To me, each star seems dusted with the merest touch 
of pale yellow. The 7.8-magnitude, red-orange star HD
175786 hovers north of the U’s eastern side, adding 
another dash of colour to the scene.

Each component of the Alya pair is about 1½ to 2 
times the diameter and luminosity of our Sun. They’re 
believed to make up a physically bound pair. Author 
and astronomer Jim Kaler writes that the stars must 
be separated by at least 900 times the Earth-Sun 
distance. At that separation, he quips, “residents of a 
hypothetical ‘earth’ orbiting either one would see the 
other shine in their skies with the brightness of some 
16 full Moons, allowing them to easily read their issues
of the Alya Gazette at night.”

Sweeping 4.5° west-northwest from Alya takes us 
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South is up in 
this wide-angle 

view that shows 
Serpens split 

into two separate 
constellations — 
Caput, the head, 

and Cauda, the 
tail — either side 

of Ophiuchus, 
itself known 

as the ‘serpent 
bearer’.

Targets
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to the sizable open star cluster IC 4756, a very pretty
sight when viewed through binoculars or a telescope
with a wide field of view. My 130-mm refractor
displays about 100 moderately bright to faint stars
loosely scattered across 45′ of sky, with no tendency
to grow more crowded toward the centre. The group’s
leading light is a yellow, 6th-magnitude gem adorning
the southeastern reaches of the cluster; however,
it’s not a true cluster member. A colourful, 8th- and
9th-magnitude stellar pair guards the cluster’s west-
southwestern border. The brighter star has a golden
sheen, while its neighbour 2′ to the north-northwest
gleams yellow.

Thomas William Webb discovered IC 4756 and
included it in his first edition (1859) of Celestial Objects
for Common Telescopes under the listing for NGC 6633.
He wrote, “Between it and θ, nearer the former, is a
beautiful large cloud of stars, chiefly 8 and 9 mag., a
nearer part, apparently, of the Galaxy: visible to the
naked eye, and requiring a large field.” Indeed, IC 4756
abuts a prominent branch of the summer Milky Way’s
misty river, which delineates the plane of the galaxy that
we call home.

The bright, yellow-orange star dangling south of
IC 4756 is ΟΣ 360 (STT 360). Its designation tells us
that it’s one of the double stars discovered by Otto
Wilhelm Struve, who succeeded his father, Friedrich
Georg Wilhelm Struve, as director of Russia’s Pulkovo
Observatory in 1862. ΟΣ 360 is a close, unequal
pair, thus it requires high magnification to split.
The components are a scant 1.7″ apart and gleam at
magnitudes 6.9 and 9.1. The companion makes its
appearance west and a bit north of its primary when
viewed through my 130-mm scope at 234×.

ΟΣ 360 forms a very shallow curve with two stars
of similar magnitude to its west. The more distant one
is a double discovered by the elder Struve, Σ2342 (STF 
2342). It’s a very wide stellar pair when seen through 
the 130-mm refractor at 37×, with a white primary 
whose much fainter companion to the north looks 
yellow-white.

Now let’s turn our attention to the region north 
of Alya, where a few little-known deep sky wonders 
reside.

In 2003, amateur astronomer Dave Riddle reported 
a “trapezium-type asterism” to the Yahoo observer’s 
group Amastro. He described it as a small ring of six 
stars about 1′ across. Its four brightest suns make a 
nearly perfect trapezoid. Trapezium-type systems were 
defined in the 1950s by Armenian astronomer Viktor 
Ambartsumian as multiple stars for which “the ratio 
of the greatest to least space distances between the 
components is less than three.” The prototype is the 

multiple star system at the heart of the Orion Nebula.
Through my 25-cm reflector at 43×, Riddle’s 

Trapezium (Riddle 2) is a small fuzzy spot at first 
glance, but careful examination reveals three stars. The 
star at the trapezoid’s western corner becomes faintly 
visible at 68×, and all four are obvious at 166×. I couldn’t 
discern the other two ring stars, which feebly shine 
at about 15th and 17th magnitude. The brighter one 
might be visible through a 25-cm scope when observing 
conditions are good, but the seeing (atmospheric 
steadiness) was poor on the occasions that I observed 
this asterism. The trapezoid is also visible through 
my 130-mm scope. Three stars appear at 63×, and the 
fourth is reasonably easy to spot at 164×.

Just 17.6′ north-northeast of Riddle 2, we find the 
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Sights in Serpens Cauda

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

θ Ser Double star 4.6, 4.9 22.3″ 18h 56.2m +4° 12′

IC 4756 Open cluster 4.6 40′ 18h 38.9m +5° 26′

ΟΣ 360 Double star 6.9, 9.1 1.7″ 18h 38.7m +4° 51′

Σ2342 Double star 6.5, 9.6 34.1″ 18h 35.6m +4° 56′

Riddle 2 Asterism 11.4 1.0′ 18h 54.5m +5° 16′

Archinal 1 Open cluster — 1.5′ 18h 54.8m +5° 33′

YM 16 Planetary nebula 13 6.1′ × 5.0′ 18h 55.0m +6° 03′

North is up in this diagram. In the table, angular sizes and separations are from recent 
catalogues. Visually, an object’s size is often smaller than the catalogued value and varies 
according to the aperture and magnification of the viewing instrument. Right ascension 
and declination are for equinox 2000.0.
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probable open cluster Archinal 1. It was discovered 
by Brent A. Archinal and introduced in the book Star 
Clusters, which Archinal co-authored with Steven 
J. Hynes (2003). They note that the cluster contains 
about 24 stars within a diameter of 1.5′.

Through my 130-mm refractor at 117×, Archinal 1 
is a small misty patch sitting 2.2′ southeast of an 
11th-magnitude star. One faint star dwells within the 
cluster’s south-southeastern edge, and a couple more 
are intermittently visible. I suspected one additional 
star at 164×. With my 25-cm scope at 43×, Riddle’s 
Trapezium and Archinal 1 share the field of view, 
but Archinal 1 looks considerably dimmer than its 
neighbour. At 299× there are three stars in a straight 
line, tipped slightly west of north, and a fourth star 
east-northeast of the line’s centre star. A fifth star is 
occasionally glimpsed. Even my 38-cm reflector didn’t 
add much to the scene. I only spotted a few very faint 
stars among the brighter quartet.

Where are the rest of those 24 stars? Richard 
Harshaw managed to tease out a bunch of them with 
his 28-cm Schmidt-Cassegrain. He advises, “Folks, 
hit it with 400× or more. At that point a wonderful 
sprinkling of star glitter emerges from behind the four 

main stars.” I know I’ll give it a try. Will you?
Those who like a difficult challenge can try for 

the exceptionally faint planetary nebula Yerkes-

McDonald 16 (YM 16), 30′ north of Archinal 1. 
Through my 38-cm reflector at 79×, this phantom 
glow appears roughly 5′ across. It’s defined mostly by 
diaphanous rims east-northeast and west-southwest 
of each other, like a set of parentheses. The west-
southwestern rim is shorter and more tenuous. A 
barely perceived glow fills the area between them. 
The nebula is ensconced in a wedge of 13th- and 
14th-magnitude stars. The star at the wedge’s point 
is northwest of the nebula, and the three stars of the 
arc lie off the opposite side. YM 16 is visible with a 
narrowband or hydrogen-beta filter, but an O III filter 
is detrimental. I prefer a filterless view.

When preparing this tour, years after visiting YM 
16, I found that my logged description and eyepiece 
sketch don’t tell the whole story. Images show that 
this planetary nebula is actually quite oval. A large 
portion of YM 16, southwest of what I’d detected, was 
completely invisible to me. This extends the nebula 
to a length of about 6′. I’d love to hear from you if you 
spot any part of this elusive nebula. ✦

Left: North is up in this wide-
angle view that takes in Yerkes-
McDonald 16 (YM 16), Archinal 
1 and Riddle’s Trapezium, 
described in the text.
Below: Don Goldman captured 
the elusive nebulosity of YM 16 
through a 40-cm Ritchey-
Chrétien reflector; this image 
combines 6 hours of 3-nm H-α 
and almost 11 hours of 3-nm 
O III exposures.
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SUE FRENCH

says she is
“an amateur
astronomer
in the original
sense of that
word amateur
— I do it for the
love of it.” She
welcomes your
comments at
scfrench@nycap.
rr.com
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A
ll lunar observers know Copernicus, Plato, 
Tycho and probably a handful more of the 895 
named craters on the nearside. But did you 

know that an additional 5,433 nearside craters have 
designations? These craters bear letters, not names. 
For example, a small dark halo crater southeast of 
Copernicus is called Copernicus H. And Petavius B, 
just north of its namesake, is a wonderful oblique 
impact crater with asymmetric rays.

Imagine the nightmare it would be for observers 
who wanted to learn their way around the Moon’s 
surface if each of those 6,328 nearside craters had 
a distinct name honoring some historical figure. 
That’s why letter designations exist for smaller or 
less prominent craters. When I wrote ‘Copernicus H’ 
above, you probably knew immediately in what part of 
the Moon this feature is located — which would be a 
big help in finding it.

Many of the letter designations we use today derive 
from the famous Mappa Selenographica, published 
by German astronomers Wilhelm Beer and Johann 
Heinrich von Mädler from 1834 to 1836. Apparently 
Mädler did most of the observing and mapping, 

The ABCs of lunar craters
The alphabet has played a key role in naming and identifying features on the Moon.

and Beer was a wealthy benefactor who supplied the 
telescope and observatory. Mädler systematically used 
capital letters as designations for craters of secondary 
interest. The aforementioned Petavius B appears on 
his map, for example. 

In general, Mädler gave the letter A to the most 
conspicuous crater positioned near the named primary 
feature. He reserved letters near the end of the 
alphabet for battered features, with the letter R often 
used for ghost rings, such as the beautiful but elusive 
Lambert R, and similar ruined craters. 

On average, you’ll find about six lettered craters 
for each named one on the Moon’s nearside, but the 
counts vary greatly. Abulfeda is the crater with the 
most lettered features, 24, with only the letters I and V 
missing. Plato used to have 23 lettered craters, but in 
2000 the surprisingly deep crater Plato A was renamed 
Bliss, after the Reverend Nathaniel Bliss, who briefly 
served as Astronomer Royal in 18th-century England. 
(The story goes that Bliss was the only Astronomer 
Royal not honored with a crater name, so Patrick 
Moore lobbied for it.) 

Two named craters have a double-lettered 
companion nearby: Abulfeda BA and Plato KA. Both 
cases involve two nearly same-size craters that touch. 
The Plato pair is intriguing because they formed 
simultaneously, and a curved ridge between them 
shows where ejecta from the two impacts collided. As 
with human twins, it seems reasonable that each of 
these lunar twins should have its own designation, 
thus Plato K and Plato KA. 

Many formerly lettered craters near the lunar 
limb acquired names in the 1960s and ’70s, as Space 
Age images replaced the foreshortened telescopic 
perspectives available from Earth. The new overhead 
views provided by spacecraft showed so many 
differences that much improved mapping, and 
nomenclature, was needed. Newly named craters 
included Pascal, Krasnov and Cannon, which were 
formerly designated Carpenter D, Lagrange F 
and Alhazen F, respectively. You probably haven’t 
knowingly seen these challenging features, but they’re 
detectable with backyard telescopes when the libration 
is favourable. 

Orbiting spacecraft also revealed thousands of 
previously unknown craters on the farside. Of these, C
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A dramatic image of 101-km-wide 
Plato also reveals several smaller 

lettered craters surrounding it  
— including enigmatic Plato K 

and Plato KA.

CHARLES A.
WOOD

chairs the Lunar
Nomenclature
Task Group of
the International
Astronomical
Union’s
Working Group
for Planetary
System
Nomenclature.
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670 of the most prominent have been named by the
International Astronomical Union, and in 1981 famed 
lunar mapper Ewen Whitaker (University of Arizona) 
devised a clever system to assign letter designations 
for features near them. Whitaker imagined each 
named crater to be the centre of a 24-hour clock, with 
24 letters — omitting I and O — distributed around 
it. He assigned A to craters near the 1 o’clock position, 
M to those halfway around, and Z to 24 o’clock. Thus, 
unlike the somewhat haphazard situation on the 
lunar nearside, all farside letter designations follow a 
consistent scheme. Interestingly, the IAU earlier this 
year added two additional letter designations, Poincaré 
E and F, to farside craters now being mapped with 
Lunar Reconnaissance Orbiter data. 

One of the most famous letter carriers is 
Messier A, the elliptical companion of Messier in 
Mare Fecunditatis. This dramatic duo probably formed 
when one grazing projectile created Messier then 
ricocheted downrange to excavate Messier A. Another 
well-known lettered crater is Hesiodus A, the easiest 
concentric crater to detect telescopically. 

If you’re a lunar observer wanting a greater 
challenge, I encourage you to seek out Byrgius A and 
Marian T, and then to determine what’s special about 
them. (Hint: Two online image maps — http://is.gd/

IAU_lunar_names and http://is.gd/LRO_lunar_names 

— identify all named and lettered lunar craters. These 
show you where they are, but they don’t explain what 
they are.) 

The IAU classifies lettered craters as ‘satellite 
features,’ though typically they’re not physically related 
to their patronymics. Instead, lettered craters most 
often are simply random impacts near a named crater. 
But some lettered craters are true secondary craters, 
excavated by ejecta thrown out by the formation 

of their named crater. For 
example, Copernicus B, E, F, 
G and N are all secondary pits 
to the south of Copernicus 
itself. To its east are a dozen 

or so lettered craters that 
overlap and occur in lines. 

They’re obviously secondaries from 
Copernicus as well — but because 

they are nearer to Stadius, they bear the 
name of that ruined crater. 

Despite their utility, lettered craters are not used 
anywhere else in the Solar System. Perhaps this is 
because in the early days of space exploration many 
members of the International Astronomical Union’s 
Planetary Nomenclature Working Group had little 
experience with lunar maps, and the idea at the time 
was to honour fellow countrymen by placing their 
names on interplanetary bodies. Both Mars and 
Mercury have thousands of impact-excavated craters 
— and, without the use of letters, vast numbers of 
names ultimately will be needed to identify them. ✦
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SpaceTime* covers the latest news in astronomy & 

space sciences. The show is available as a free twice 

weekly podcast through itunes, Stitcher, Pocketcasts, 

SoundCloud, Bitesz.com, Audio Boom, and from 

www.spacetimewithstuartgary.com

SpaceTime is also broadcast coast to coast across the 
United States on Science360 Radio by the National Science 

Foundation in Washington D.C.

SpaceTime blog:
spacetimewithstuartgary.tumblr.com

SpaceTime Facebook:
facebook.com/spacetimewithstuartgary   

SpaceTime Twitter:
@stuartgary

* Formerly known as Star Stuff on ABC radio

Above: Beer and Mädler’s Mappa Selenographica (1834–36) 
used letters to identify small features near a large patronymic 
crater. Above right: Ewen Whitaker devised this lettering 
scheme for identifying small craters on the lunar farside. 
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Hunt the moons of Mars 
With Mars now big and close, try for Phobos and Deimos.

T
he closest planetary moons to Earth, after our 
own familiar Luna, are Phobos and Deimos 
orbiting Mars. Most amateurs have never 

seen them. With Mars having just reached its close 
approach to Earth, now’s a good time to seek them out 
before the planet and its moons get too far away.

The problem with seeing Phobos and Deimos 
through a telescope isn’t that they’re too dim. You 
might think they’d be fairly easy, since they shone at 
magnitudes 11.4 and 12.5, respectively, in the week 
or two around Mars’ May 30 closest approach. (The 
planet and its moons are a half magnitude fainter by 
the beginning of July.) The problem is that they orbit 
so close to Mars amid its dazzling glare. Mars blazes 
230,000 and 600,000 times brighter than Phobos and 
Deimos, respectively.

I’ve been able to see Deimos quite distinctly with 
my 32-cm reflector at good oppositions in the past. But
I’ve never definitely succeeded with Phobos, which
never gets more than about a third as far from Mars as
Deimos does.

You’ll need to use some tricks. The first is to choose
the right time to look. You’ll want to observe when one
of the satellites is at one of its greatest elongations: at
its farthest Mars. The elongations currently happen
to the planet’s northwest or southeast, as shown
in the orbit diagram on the top of the facing page.
Find a convenient elongation time at http://is.gd/

phobosdeimos2016, where timetables are reproduced
from the 2016 Astronomical Almanac. Phobos

Phobos

Deimos

James McGaha took these images of 
Mars with tiny Deimos and Phobos on 
August 29, 2003, using a webcam on a 
1-metre reflector atop Kitt Peak. To pick 
up the faint moonlets, McGaha had 
to vastly overexpose Mars (left), so he 
also made a composite using a short 
exposure of Mars (right) to show all 
three objects well.  

completes a full orbit every 7.6 hours, Deimos every 
30.2 hours.

Or, with a good sky-mapping program, you can 
lock on Mars, zoom way in on it, and then run the 
time forward and backward to see when Phobos and 
Deimos reach their elongations.

Next: make sure your eyepieces are as clean as can 
be. Dust on your main mirror matters less because 
it’s further from your eye (meaning scattered light 
from the dust has more places to go that aren’t into 
your pupil). But if you’ve been waiting for an excuse 

to clean your mirrors (gently!), this 
might be it.

To your highest-power eyepiece, 
add a temporary occulting bar 
across the centre of the field so 

20”

Orbits of
Phobos and
Deimos

North

Phobos

Deimos

Mars

South

Ea
st

W
est

Deimos never gets more than three Mars diameters from Mars’ 
limb. Phobos always remains within just one. Try for them 
when they’re at their northwest and southeast elongations.

ALAN M.
MACROBERT
became an
amateur
astronomer in
1965 and has
been writing
about the subject
since 1982.
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that you can hide Mars behind it. The usual method
is to unscrew the barrel, turn the eyepiece upside
down, and tape a little strip of aluminium foil across
the centre of the round metal field stop, the open ring
in the eyepiece’s focal plane. Tweezers help. Then,
looking through the eye end of the eyepiece, carefully
use a pencil point to manoeuvre the foil strip into
sharp focus.

The atmospheric seeing and the telescope’s focus
must be excellent if you want to see a faint pinpoint
on a bright background. Collimate your mirror so
the image will be as sharp as possible. And it may be
best to use a faint star to set the fine focus, not the
edge of Mars.

Fortunately for us in the Southern Hemisphere,
Mars is fairly far south during this apparition (about
–22° in July). Plan to observe when Mars is highest: 
around the middle of the night. And keep coming 
back night after night to increase your chance of 
catching a time when the seeing is excellent. Watch for
a prediction of good, steady seeing for your location up
to 48 hours in advance using one of the online weather
forecasting services.

At the eyepiece, take your time looking. Lots of 
time. Get comfortable; sit if you can. Use averted 
vision, with Mars behind the occulting bar. Once you 
glimpse your Martian moon, you’ll glimpse it more 
readily thereafter.

Don’t be fooled by an internal reflection! When you 
shift the telescope a little, that faint speck should move 
exactly the same as Mars does.

If you don’t succeed, make a mental note for 2018 — 
that winter Mars will grow to 24.3″ wide. Phobos and 
Deimos will appear proportionately farther from the 
centre of Mars, and all will be 0.8 magnitude brighter.

Mars itself
As for that dazzling desert ball next to those perhaps 
invisible specks? Now is your chance to log some of 
the many famous surface features that have eluded 
you for years. One side of Mars is relatively bland and 
bright; the other is more mottled with darkish albedo 
features. The North Polar Cap is currently very small, 
and shrinking even further, in the late summer of the 
Martian northern hemisphere. If you see a lot of white 
near the southern limb of Mars, and if this is south 
of the great dark Syrtis Major, that’s not the south cap 
(which is tilted slightly out of view) but clouds or frosts 
filling the large Hellas basin. To identify features, you’ll 
need to know which part of Mars is facing you; use 
our Mars Profiler at skyandtelescope.com/marsprofiler. 
See our Mars map and detailed telescopic guide in the 
April 2016 AS&T, page 58. ✦

THE 2017 TOTAL SOLAR ECLIPSE

Australasia is facing a dearth of total solar 

eclipses in the coming years. There’ll be 

a hybrid eclipse in 2023, when the central 

path will just clip the edge of the Australian 

mainland in northwestern Western Australia. 

The next total eclipse will be a beauty, 

stretching right across Australia and passing right 

overhead Sydney and then on to the southern tip of New Zealand  

— but it won’t be until 2028.

If you can’t wait that long, you might want to consider travelling to see 

the 2017 total solar eclipse, which will be seen in its entirety from the USA.

There are plenty of companies out there providing tours and 

packages, but before you decide on where to go, you might like to brush 

up on all the details of the event — and, if you haven’t seen a solar 

eclipse before, how to observe it safely.

To get you started, the US National Science Teachers Association 

has released a free 8-page booklet that explains the eclipse and how 

to view it. You can find it at nsta.org/publications/press/extras/files/

solarscience/SolarScienceInsert.pdf
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Star Charts 
A series of 18 maps (nine double-
sided A4 pages) + CD covering 
the entire sky. The charts have a 
water-resistant laminate coat to 
make them more durable when 
used outside. An additional 
reference guide provides an 
overall view of all 18 charts and 
an index to the constellations and 
major stars. $19.95

Order by ringing (02) 9439 1955 with your credit card details, or fill in the order 
form on page 75 and post or fax it back to us.

Eyes On The
Sky DVD
This 60-minute 
produced by 
the European 
Southern 
Observatory 
(ESO) covers 
the history of 
the telescope, 
its importance, 
and some of the technological 
breakthroughs. $11.95

The Universe 
DVD

This 128-minute 
DVD features 
discoveries from 
the Hubble 
Space Telescope about star clusters,
nebulae, extrasolar planets, galaxies, 
dark matter, the Big Bang and 
cosmology, and more. There is also a 
special section featuring the best of 
Hubble. $11.95
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Try our list of the
Top 20 stars clusters
as you tour through
the history of
southern deep sky
discoveries.

GLEN COZENS AND JUDITH GOODEN

Sparkling
southern clusters

Although small, the Jewel Box, or NGC 4755, is one of the
classic southern open star clusters. Located between the

star Mimosa in the Southern Cross, and the Coal Sack
nebula (bottom of the image), it is a stand-out object

through even small apertures.
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W
hich are the ‘best’ 
open and globular star 
clusters in the southern 

sky? While astronomers in the 
Northern Hemisphere have the 
Messier catalogue to guide them, 
here in the south we lack a similar 
list. However we can be guided by 
two outstanding astronomers of 
the 18th and 19th centuries whose 
observations point us in the right 
direction. Between them, these two 
men found most of the open and 
globular clusters the southern sky 
has to offer.

First up is Frenchman, Nicolas-
Louis de Lacaille (1713–62). In 
1751 and 1752, observing from 
Cape Town with just a crazily 
small ½-inch refractor, he found 
most of the bright open clusters of 
the southern sky. Well-educated 
and well-financed, he produced 
a catalogue of 42 clusters and 
nebulae as well as a catalogue of 
9,776 stars.

In contrast, Scotsman James 
Dunlop (1793–1848) was not well-
educated and could not afford 
a good telescope. Nevertheless, 
during 1826 he found most of 
the bright globular clusters in 
the southern sky. Observing 
from Hunter St, Parramatta in 
New South Wales, with a home-
made 9-inch speculum reflector 
(equivalent to a modern 15-cm 
reflector), Dunlop produced a 

Southern sky tour
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catalogue of 629 “clusters and 
nebulae”. Only 211 of his 629 
objects were subsequently spotted 
by Sir John Herschel, who observed 
from the Cape between 1834 and 
1838 using an 18.5-inch speculum 
reflector. Half of Dunlop’s 629 
objects turned out to be faint 
double stars that he was unable to 
resolve with his poor-quality, home-
made instrument.

From Lacaille and Dunlop’s lists, 
we have selected 10 open clusters 
and 10 globular clusters that stand 
out for their sparkling beauty. 
The list includes objects which 
beginners will readily locate as well 
as others of fainter magnitudes that 
are slightly more difficult.

Open clusters
The following open star clusters 
are all south of declination minus 
20 degrees — putting them below 
the horizon or low in the sky for 
observers in Paris, which is why 
they did not make it into Messier’s 
catalogue.

NGC 2477: Discovered by 
Lacaille, this is a very rich, 
magnitude-5.8 open cluster of 
faint stars with a line of brighter 
stars to the northeast. James 
Dunlop described it as “a pretty 
large faint nebula, easily resolvable 
into small stars, or rather a cluster of 
very small stars, with a small faint 
nebula near the north preceding side, 
which is rather difficult to resolve 
into exceedingly small stars…” The 
magnitude-4.5 star QZ Pup is 20´ 
southeast of the 15-arcminute-
diameter cluster, which is 4,000 
light-years away.

NGC 2516: Also discovered 
by Lacaille, its bright scattered 
stars are only 1,350 light-years 
away and cover an area 25́  in 
diameter. At magnitude 3.8 it is 
easily seen with the naked eye at 
the foot of the False Cross. Dunlop 
described it as a “Very fine cluster 
about 35´ diameter, many of the 

stars of the 6th and 7th magnitude, 
mixed magnitudes. Figure irregular 
branched.” Through 20 × 80 
binoculars, it looks somewhat like 
a camel with its legs towards the 
False Cross.

NGC 3114: This magnitude-4.2, 
snail-shaped open cluster is 3,000 
light-years away. With a diameter 
of 35́ , its scattered stars are 
superimposed on a bright part 
of the Milky Way. Dunlop found 
it and saw “A beautiful cluster of 
stars, arranged in curvilinear lines 
intersecting each other, about 40’ 
diameter…”

NGC 3293: Only 5´ across and 
very distant at 7,630 light-years, the 
colourful stars in the Gem Cluster 
shine with a total magnitude 
of 4.7. Dunlop saw “A very small 
cluster of very small bright stars; 
round figure, about 4´ diameter; rich 
in extremely small stars resembling 
faint nebula”. The star Eta Carinae 
is 1.9 degrees away.

NGC 3532: Lacaille found 
this one, with Dunlop describing 
it as “a very large cluster of stars 
about the 9th magnitude, with a 
red star of the 7–8th magnitude, 
north following (NW) the centre 
of the cluster. Elliptical figure: the 
stars are pretty regularly scattered.” 
This large (50´ diameter) naked-
eye, magnitude-3.0 open cluster 
is less than 1,600 light-years away. 
John Herschel wrote “It is the most 
brilliant object of the kind I have ever 
seen.” A black ‘arrow’ runs through 
it. The nebula NGC 3581/82 is 2.7 
degrees away.

NGC 3766: Lacaille discovered 
this magnitude-5.3 open cluster. 
Dunlop wrote, “A pretty large cluster 
of stars of mixed magnitudes, about 
10´ diameter. The greater number 
of the stars are of a pale white 
colour. There is a red star near the 
preceding side…” The cluster is 5,700 
light-years away and appears as a 
saxophone shape. The nebula IC 
2944/48 is 1.9 degrees away.

NGC 4755: John Herschel 
compared this open cluster to a 
“superb piece of fancy jewelry”. 
At magnitude 4.2, 10´ in diameter 
and 6,500 light-years away, Lacaille 
discovered it with his ½-inch 
refractor. Dunlop saw “five stars 
of the 7th magnitude, forming a 
triangular figure, and a star of the 
9th magnitude between the second 
and third, with a multitude of very 
small stars on the south side.”

NGC 6067: Dunlop discovered 
this open cluster, describing it as 
“a pretty large cluster of small stars 
of mixed magnitudes, about 12´ 
diameter; the stars are considerably 
congregated towards the centre, 
extended south preceding (SW) and 
north following (NE).” At magnitude 
5.6, the cluster is 4,650 light-years 
away and 15’ across.

NGC 6231: Giovanni Battista 
Hodierna found this open cluster 
from Ragusa, Sicily in the 1650s. 
This brilliant magnitude-2.6 
cluster is 4,100 light-years away 
and 15´ across. Dunlop saw “a 
cluster of pretty bright stars of mixed 
small magnitudes, considerably 

congregated to the centre, about 10´ 
diameter, with a large branch of very
small stars extended on the north 
side.” The nebula IC 4628 is about 
1.5 degrees away.

NGC 6242: This open cluster 
is magnitude 6.4, 3,700 light-years 
distant and 9´ in diameter. Lacaille 
found it and Dunlop described 
“a cluster…of small stars, about 4´ 
diameter, with branches extending 

Nicolas-Louis de 
Lacaille (left) and 
James Dunlop 
were early 
cataloguers of the 
southern sky. 
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Name Type Const. RA Dec. Size Year

NGC 104 Globular cluster Tuc 0h 24m 5.2s –72° 04́ 50.0́ 1751

NGC 1261 Globular cluster Hor 3h 12m 15.3s –55° 12́ 6.8´ 1826

NGC 1851 Globular cluster Col 5h 14m 06.3s –40° 02́ 12.0́ 1826

NGC 2477 Open cluster Pup 7h 52m 10.0s –38° 31́ 20.0́ 1751

NGC 2516 Open cluster Car 7h 58m 04.0s –60° 45́ 22.0́ 1751

NGC 2808 Globular cluster Car 9h 12m 02.6s –64° 51́ 14.0́ 1826

NGC 3114 Open cluster Car 10h 02m 36.0s –60° 06́ 35.0́ 1826

NGC 3201 Globular cluster Vel 10h 17m 36.8s –46° 24́ 20.0́ 1826

NGC 3293 Open cluster Car 10h 35m 51.0s –58° 13́ 5.0́ 1751

NGC 3532 Open cluster Car 11h 05m 40.0s –58° 44́ 50.0́ 1751

NGC 3766 Open cluster Cen 11h 36m 14.3s –61° 36́ 15.0́ 1751

NGC 4755 Open cluster Cru 12h 53m 39.0s –60° 21́ 10.0́ 1751

NGC 5139 Globular cluster Cen 13h 26m 47.0s –47° 28´ 55.0́ 1677

NGC 6067 Open cluster Nor 16h 13m 10.9s –54° 13́ 15.0́ 1826

NGC 6231 Open cluster Sco 16h 54m 09.8s –41° 49́ 14.0́ 1654

Twenty southern star clusters
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SW and NE, with considerable 
compression of the stars towards the 
centre of the group.”

Globular clusters
The following 10 globular 
star clusters are also south of 
declination –20°. Six of the 10 were 
found by James Dunlop who, in his 
comments, uses the word nebula to 
describe them.

NGC 104: Also known as 47 
Tucanae, it was discovered by 
Lacaille. Dunlop described “a 
beautiful large round nebula, about 
8´ diameter, very gradually condensed 
to the centre. This beautiful globe of 
light is easily resolvable into stars of 
a dusky colour. The compression to 
the centre is very great, and the stars 
are considerably scattered SW and 
NE.” This bright, naked-eye, highly 
concentrated cluster is magnitude 
4.0 and 50´ in overall diameter. Its 
distance is 14,700 light-years. The 
Small Magellanic Cloud galaxy and 
the globular cluster NGC 362 are 
nearby.

NGC 1261: This one seems 
brighter than its listed magnitude 
of 8.3. It is about 7´ across and 
53,000 light-years away. Dunlop 
found it and described it as “a 
very bright round nebula, about 
1.5´ diameter, pretty well defined 
and gradually bright to the centre…” 
Globular clusters are rare in this 
part of the sky.

NGC 1851: This gem is 39,000 
light-years away, magnitude 7.1 and 
12´ diameter. Dunlop described 
this superb globular cluster thus: 
“An exceedingly bright, round, well-
defined nebula, about 1.5´ diameter, 
exceedingly condensed, almost to the 
very margin. This is the brightest 
small nebula that I have seen. I tried 
several magnifying powers on this 
beautiful globe; a considerable portion 
round the margin is resolvable, but 
the compression to the centre is so 
great that I cannot reasonably expect 
to separate the stars...”

Southern sky tour

This is a close-up 
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NGC 2808: Dunlop found this
magnificent globular cluster and 
wrote of it, “a very bright round 
nebula, about 3´ or 4´ diameter, very
gradually bright to the centre. This 
has a fine globular appearance.” This
magnitude-6.2 globular is 31,300 
light-years away and 14´ across.

NGC 3201: This globular has a
low concentration of stars, is only 
16,000 light-years away, magnitude
6.9 and 20´ across. Dunlop found 
it, describing it as “A pretty large 
pretty bright round nebula, 4´ or 5´
diameter, very gradually condensed 
towards the centre, easily resolved into
stars; the figure is rather irregular, 
and the stars are considerably 
scattered on the south preceding (SE)
side: the stars are also of slightly 
mixed magnitudes.”

NGC 5139: Also known as 
Omega Centauri, Edmond Halley
found this superb globular cluster
from St Helena Island in the South
Atlantic in 1677. It is magnitude 4.0,
55́  diameter and 17,000 light-years
away. Dunlop described it as “a 
beautiful large bright round nebula,
about 10´ or 12´ diameter, easily 
resolvable to the very centre; it is a 
beautiful globe of stars very gradually
and moderately compressed to the 
centre … This is the largest bright 
nebula in the southern hemisphere.”
The galaxies NGC 4945 and NGC 
5128 are nearby.

NGC 6397: This one was found
by Lacaille, with Dunlop describing
it as “a pretty large nebula, extended
nearly in the parallel of the equator,
brightest and broadest in the middle
... The nebula is resolvable into 
stars.” This low-concentration 
globular cluster is only 7,500 light-
years away, 30´ in diameter and 
magnitude 5.3.

NGC 6541: Nicolò Cacciatore 
discovered this one on March 19, 
1826 from Palermo, Sicily while 
searching for a comet. Dunlop 
independently discovered it on 
July 3, 1826. He saw “a very bright 

round highly condensed nebula,
about 3´ diameter. (He could) resolve
a considerable portion round the
margin, but the compression (was)
so great near the centre, that it would
require a very high power, as well
as light, to separate the stars; the
stars are rather dusky.” It is 24,500
light-years to this magnitude-6.3
globular cluster, which has a
diameter of 15́ .

NGC 6723: This one was
discovered by Dunlop in 1826,
too. It is 28,000 light-years away,
magnitude 6.8 and diameter 15́ .
Dunlop saw “a beautiful bright
round nebula, about 3.5´ diameter,
moderately and gradually condensed
to the centre. This is resolvable.
The moderate condensation, and
the bluish colour of the stars which
compose it, give it a very soft and
pleasant appearance. This is rather
difficult to resolve, although the
condensation is not very great.”
Bluish bright and dark nebulae are
nearby.

NGC 6752: Dunlop also
discovered this one, describing it
as “a pretty large and very bright
nebula, 5´ or 6´ diameter, irregular
round figure, easily resolved into a

cluster of small stars, exceedingly
compressed at the centre. The bright
part at the centre is occasioned by a
group of stars of some considerable
magnitude when compared with
those of the nebula. I am inclined to
think that this may be two clusters
in the same line; the bright part is a
little south of the centre of the large
nebula.” This magnificent starfish-
shaped, magnitude-5.3 globular
cluster is 30´ across and 13,000
light-years distant.

So there you have it — 10 each
of the best open and globular star
clusters in the southern sky. In
subsequent articles, we’ll provide
similar lists of nebulae and
galaxies. Until then, we encourage
you to get your telescope out and
hunt down some of these amazing
interstellar sights. ✦

Glen Cozens has spent more than 35 years observing and

making lists of deep sky objects. In 2008, he completed a

doctorate on the first three catalogues of southern clusters

and nebulae made by Nicolas Louis de la Caille in 1751,

James Dunlop in 1826 and John Herschel from 1834 to

1838. He would like to acknowledge the support given to

him by his James Cook University PhD supervisor,

Dr Graeme White. Adelaide-based Judith Gooden is a 

keen observer of the southern skies.

NGC 104, or 
47 Tucanae, is 
a showpiece 
globular cluster 
deep in the 
southern sky.
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V
eteran planet observers have long maintained
that the eye can be trained to see details that
elude the novice. But sometimes even the best-

trained eye can use a bit of help at the eyepiece.
For more than a half century, colour filters have

been indispensable tools for visual observers of the
planets. Most of the filters available today are discs
of tinted glass mounted in cells that thread into the
barrels of standard 1¼- or 2-inch eyepieces. They
employ the numerical designations of the Kodak
Wratten series of gelatin filters, originally developed
for photographic applications more than a century ago.

In recent years, interference filters — produced
by the vacuum deposition of multiple thin layers
of dielectric films on glass — have appeared on
the market. These filters offer higher overall light
throughput and more complex spectral properties
than the tried-and-true Wratten series. But the latter
are available in far greater variety and still provide an
inexpensive way to improve your views of the planets.

When you observe a planet telescopically at a
modest altitude above the horizon, its disk exhibits

Get better views of the planets
blue and red fringes along its top and bottom limbs.
This phenomenon, known as atmospheric prismatic
dispersion, results because the higher refractive index of
air at shorter wavelengths causes the blue component
of the image to be lifted to a greater extent than the
red component. At an altitude of 30°, the separation
between blue and red light is about 1 arcsecond, the
resolution limit of a 114-mm telescope. Even at an
altitude of 45°, the visible spectrum smears out over 0.6
arcsecond, the resolution limit of a 20-cm telescope.

By reducing the intensity of blue light, yellow
(Wratten 12 and 15) and yellow-green (Wratten 11)
filters sharpen images of low-lying planets and enable
you to see finer details. These filters are also invaluable
for eliminating the defocused blue and violet light that
produces the objectionable purple fringing formed by
refractors with achromatic lenses.

The principal benefit of colour filters is enhancing
contrast. With rare exceptions, planetary markings have
delicate, pastel hues — not the vivid, saturated colours
that appear in the vast majority of spacecraft and
webcam images so often seen these days. Colour filters
can dramatically improve the contrast and visibility
of features that differ even slightly in hue. A reddish
feature, for example, reflects red light but absorbs green
and blue light, so it will appear bright through a red
filter but dark through a green or blue filter.

Here, then, is an object-by-object guide for using
filters when observing the four most rewarding
planetary targets in the Solar System.

Venus
Enveloped by highly reflective clouds that have an
apparent surface brightness almost 10 times greater

These simple observing accessories can bring out 
more details when you observe bright planets.

Coloured filters are useful
aids when viewing the planets
telescopically. They’re sold both
individually and in sets.

A variable 
polarising filter 
lets you ‘dial in’ 
the optimum 
brightness for 
viewing the 
brilliant disk of 
Venus or the 
Moon. O
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than the full Moon’s, Venus usually appears as 
featureless as a frosted light bulb unless you take steps 
to reduce its intense glare. Low-contrast markings 
on a uniform background are best discerned under 
moderate levels of illumination, an attribute of human 
perception that psychologists call the Weber-Fechner 
law. So just reducing the intense brightness of Venus 
often reveals faint, diffuse markings that would 
otherwise elude detection.

The simplest way to reduce glare is to use a
neutral-density filter. Better yet, get a variable
polarising filter. An indispensable tool for observing
Venus (or the Moon), this device comprises a pair of
identical polarising filters in a rotating ring mount.
Each polariser acts like a miniature picket fence that
permits only light waves vibrating in the direction
of the pickets to pass. When their polarisation axes
are parallel, they transmit the most light (typically at
about 40%). But turn one polariser so that its axis is
perpendicular to the other’s, and virtually no light will
get through. You’ll be able to adjust the brightness
of the image precisely over a broad range simply by
rotating one filter with respect to the other — much
like operating a dimmer switch.

Even with its dazzling brilliance sufficiently
subdued, the cloudscape of Venus is extremely
bland but rarely featureless. You can often make out
bright polar hazes known as ‘cusp caps,’ occasionally
surrounded by dusky collars. Many reports suggest
that these features are best seen using a green
(Wratten 56 or 58) filter combined with a neutral-
density or variable polarising filter. Seen in blue and
violet light, the caps tend to be lost in the general
brilliance of the planet’s limb.

In 1927, Mount Wilson Observatory astronomer
Frank Ross photographed Venus through an ultraviolet
(UV) filter that transmitted wavelengths of 340 to 400
nanometres. To his surprise, the images captured a
host of rapidly changing features caused by localised
concentrations of a UV-absorbing substance high in
the planet’s cloud deck. The UV absorber imparts a
very subtle yellow cast to some of the planet’s clouds,
normally perceived as pure snow white due to their

dazzling brilliance. As Harvard astronomer William 
H. Pickering once noted, “The colour is strikingly 
shown if we view Venus by daylight in the telescope 
while our terrestrial clouds are crossing its disk.”

The Venusian markings take the general form 
of diffuse, dusky bands at middle latitudes running 
roughly perpendicular to the terminator. You’ll often 
see an equatorial band, sometimes sporting a diverging 
forked tail that resembles a horizontally aligned letter
Y or the Greek letter phi (ψ). A C-shaped feature,
occasionally present near the limb, occurs when that
diverging fork is distorted by foreshortening as it rotates
onto the disk.

The contrast of the ultraviolet markings on Venus
is greatest at a wavelength of 340 nm, well beyond
the threshold of human vision. Seen at 400 nm, the
shortest wavelength perceptible to most of us, their
contrast drops by a factor of five.

For visual observers, the Wratten 47 violet filter is
widely reputed to offer the best hope of glimpsing the
UV features. Unfortunately, the eye’s response to the
wavelengths transmitted by this dense filter (only 3%
of the visible spectrum) is feeble because your retina’s
cone cells are comparatively insensitive to blue and
violet light. Although Venus is a brilliant subject, with
a Wratten 47 filter you might find it disappointingly
dim even through a 20-cm telescope — and perhaps
suffer eyestrain during prolonged observing sessions.
Many observers report better results using the Wratten
38A blue filter.

At the opposite end of the spectrum, you’ll find red
(Wratten 23A and 25) and orange (Wratten 21) filters
very useful when observing Venus — and Mercury as
well — high in the sky during daylight hours because
these greatly reduce the apparent brightness of the
brilliant blue background sky.

Mars
Colour filters will enable you to study the Red Planet’s
meteorology. Although the Martian atmosphere is
very tenuous, it scatters an appreciable amount of light
and usually appears virtually opaque at wavelengths
shorter than 450 nm (in the deep-blue region of the

Below left: The 
dazzling cloud 
canopy of Venus 
usually appears 
featureless 
unless you use a 
neutral-density or 
variable polarising 
filter to reduce its 
intensity (right-
hand image).

Below right: 
The windswept 
features in the 
atmosphere of 
Venus are most 
prominent in the 
ultraviolet region 
of the spectrum 
(left-hand 
image). The eye 
can’t see those 
wavelengths, 
but some cloud 
details are visible 
(with reduced 
contrast) with 
the aid of a deep 
blue or violet filter 
(right).S
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Characteristics of filters for planetary observing

Wratten
Colour

Visible-light Dominant
number transmission wavelength (nm)

25 Red 14% 617

23A Light Red 25% 606

85 Salmon 68% 595

21 Orange 46% 589

15 Deep Yellow 66% 583

12 Yellow 74% 576

8 Light Yellow 83% 572

11 Yellow-Green 40% 550

56 Light Green 53% 552

58 Green 24% 533

82A Very Light Blue 73% 476

80A Light Blue 29% 479

38A Deep Blue 17% 478

47 Violet 3% 463

30 Magenta 27% 420 & 602

visible spectrum). In 1871 Lord Rayleigh demonstrated
that the scattering of light by gas molecules is inversely
proportional to the fourth power of its wavelength.
Consequently, violet light at a wavelength of 400 nm is
scattered 9.4 times more than red light at 700 nm.

You can use these scattering properties to your
advantage. Violet (Wratten 47) and blue (Wratten 38A
and 80A) filters restrict observation to the uppermost
layers of the Martian atmosphere. These choices
accentuate the brightness and sharpen the boundaries
of high cirrus clouds, hazes over the planet’s poles
and along the morning and evening limbs, and the

orographic (mountain-generated) clouds that form 
over the Tharsis and Elysium shield volcanoes. 

A rare and poorly understood phenomenon 
known as the ‘blue clearing’ occurs when the surface 
features of Mars become visible in blue and violet 
light for periods of several days or even weeks, usually 
around the date of opposition. Use Wratten 38A blue 
and Wratten 47 violet filters to detect and monitor 
these clearings, which might be limited to only one 
hemisphere and fluctuate rapidly in intensity.

Features that appear white when unfiltered — and 
brighter through a green (Wratten 56 or 58) filter 
than in blue or violet light — correspond to patches 
of surface frost or low-lying fogs. Dust clouds appear 
brighter and have sharper boundaries through yellow 
(Wratten 12 and 15) filters than they do when viewed in 
green or blue light.

Use Wratten 85 salmon and Wratten 21 orange 
filters to dramatically increase the contrast between 
the planet’s ochre ‘deserts’ and its duskier ‘maria’. The 
distinction between these surface features is greatest 
through red filters: either Wratten 23A or, for apertures 
greater than 25 cm, the denser Wratten 25. Red light 
also penetrates the ‘hood’ of haze and cirrus that’s 
usually present over the Martian polar caps, sharpening 
its boundaries and revealing its true extent.

Some of the most pleasing views of Mars are 
provided by the Wratten 30 magenta filter, which 
transmits both red and blue light at the opposite ends 
of the visible spectrum while blocking yellow-green 
wavelengths, simultaneously enhancing the contrast of 
surface and atmospheric features. Baader Planetarium’s 
Contrast Booster and Orion’s Mars Observation Eyepiece 
Filter have dielectric coatings with similar spectral 
characteristics.

Jupiter and Saturn
Although both the warm hue and the intensity of 
the Great Red Spot vary markedly over the years, the 
visibility of Jupiter’s most famous feature invariably 
improves when you use a light blue (Wratten 80A 
or 82A) filter. Blue filters also selectively darken the 
belts’ ruddy hues, increasing their contrast with the 

Martian surface features 
stand out far more 
boldly in red or orange 
light than in green light. 
Only clouds high in the 
planet’s atmosphere are 
evident when viewed in 
blue light.

The filters discussed in this article offer a variety of enhancements. Those with 
low transmission values work best (or only) with larger-aperture telescopes.

S&T: SEAN WALKER
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surrounding zones and accentuating bright features 
within the belts like ovals and rifts.

The blue festoons that protrude into the light-
toned Equatorial Zone from the edges of the 
adjoining equatorial belts and many features at 
high latitudes darken dramatically through yellow 
(Wratten 8, 12 and 15), orange (Wratten 21) and red 
(Wratten 23A) filters. Yellow-green (Wratten 11) and 
light-green (Wratten 56) filters often give the most 
pleasing overall views.

 Due to its greater distance from the Sun, Saturn 
has a colder upper atmosphere, and consequently 
the hues of its cloudtops are muted by an overlying 
murky haze of photochemical smog. The planet’s belts 
typically appear a pale greyish brown, while its dusky 
polar regions feature a cool palette of colours ranging 
from olive green to teal, aquamarine and azure blue.

With an apparent surface brightness only 30% that 
of Jupiter, Saturn is too feebly illuminated to permit 
the use of dense colour filters. Yellow (Wratten 8 and 
12) filters invariably improve contrast and definition, 
while many observers prefer the Wratten 11 yellow-
green filter to further selectively darken the warm 
tint of Saturn’s belts. Use the Wratten 82A very-light-
blue filter for sharpening the boundaries between 
belts and zones.

Filters won’t result in startling revelations at the 
eyepiece, but few accessories offer more ‘bang for the 
buck’. A comparatively modest investment in a well-
chosen set of half a dozen colour filters will pay rich 
dividends by allowing you to coax the best possible 
performance from your telescope. ✦

Jupiter’s Great Red Spot 
nearly disappears in red 

light, but it becomes 
increasingly prominent 
at shorter wavelengths. 

Conversely, the blue festoon 
on the North Equatorial 

Belt’s southern edge darkens 
dramatically in red light.

Saturn’s azure polar 
hood is sharply 

delineated in red light 
but subdued in blue. A 
green filter brings out 

belt structure in the 
planet’s tropical and 
temperate latitudes.

S&T: SEAN WALKER (2)
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I
t’s easy to see why some astrophotographers prefer
one-shot colour CCD cameras. Rather than taking
a series of exposures through various filters and

combining them to form a colour image, one-shot
cameras serve up a colour image almost from the
beginning, requiring only a quick conversion from
the camera’s native format to full RGB colour. It’s
the same convenience enjoyed by astrophotographers
using DLSR cameras for deep sky astrophotography.

A new one-shot colour camera from Starlight
Xpress, the Trius-SX814C, offers more versatility
than other colour cameras I’ve tested. This compact,
lightweight CCD camera features a 9.19-megapixel

An imaging ensemble
from Starlight Xpress

Trius-SX814C, Mini Filter Wheel with OAG,
& Lodestar X2 Autoguider
Available from www.sxccd.com and dealers.

The Starlight Xpress
Trius-SX814C camera

configured with the SX
Mini filter wheel with its

integral off-axis guider
and Lodestar X2 guiding

camera attached.

Sony ICX814 chip with a 3,388 × 2,712 array of 
3.69-micron pixels forming an active imaging area 
measuring 12.5 × 10 mm.

These small pixels make the camera especially 
attractive to astrophotographers who use fast, short-
focal-length refractors, camera lenses, or short-focus 
Newtonians. In addition, the camera has very low 
noise characteristics. So little noise, in fact, that you 
can often forgo the need of dark-frame calibration. 

The Trius-SX814C is a relatively small cylinder 
measuring 70 mm in diameter and 67 mm long, so 
its size and weight (450 grams) shouldn’t produce 
balance issues in most imaging configurations. 
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The back end 
of the Trius 
includes a 6-pin 
RJ-12 autoguider 
port, a USB 2.0 
port to connect 
the camera to 
your laptop, and 
a 3-port USB 
mini hub that 
enables users to 
connect up to 
three additional 
accessories, 
including a 
filter wheel, an 
autoguider camera 
or the company’s 
Active Optics 
guiding unit.

The Trius includes an assortment of cables for use with the 
camera’s internal USB mini hub, and an autoguider cable for 
using the SX-814C as a guide camera. A unique ‘Y’ coax splitter 
powers both the camera and its external cooling fan.

There’s an external cooling fan that supplements the 
unit’s regulated thermoelectric cooling (TEC). Its 
CCD chamber is sealed with a fused silica window 
and purged with argon to prevent condensation from 
forming on the cooled chip. 

One particularly nice feature of the Trius design 
is an integrated 3-port USB 2.0 hub at the rear of 
the camera. This helps reduce the number of cables 
connected to your host computer. I took advantage 
of the hub to connect a Lodestar X2 autoguider and 
a filter wheel so that only a single USB 2.0 cable ran 
from the camera assembly to my laptop. The camera 
is powered by 12 volts DC and includes a universal AC 
adapter. A ‘Y’ coax power cable feeds the camera and 
exterior cooling fan. The camera can function as an 
autoguider and includes a 6-pin port to interface with 
your telescope mount.

Both cameras come with the control software 
SXV_HCOL_USB, which provides all the necessary 
functions of image acquisition, as well as post-
processing functions such as calibration and stacking. 
While it functions adequately, it is proprietary to the 
Trius and will not, for example, open FITS images 
acquired with the camera using other software. 
Starlight Xpress also recommends Stark Labs 
Nebulosity 4 (stark-labs.com), and MaxIm DL (cyanogen.

com). I tried each during my testing, though I preferred 
the latter two as I have more experience with them

Mini Filter Wheel and Lodestar X2
Whether you’re a fan of monochrome or one-shot 
colour cameras, a good autoguider is an essential 
accessory when shooting deep sky targets, and the 
Lodestar X2 autoguider didn’t disappoint. 

Like the Trius, the Lodestar X2’s highly sensitive 
monochrome Sony ICX829 CCD detector produces 
extremely low-noise images, which permitted me to 
easily locate suitable guide stars with exposures of two 
seconds or less on all the instruments I paired it with. 
Like the Trius, the guider doesn’t have a shutter. Its 
752 × 580 pixel array measures 6.47 × 4.81 mm.

The Lodestar X2 has a versatile, compact design 
that can be used with most any guidescope or off-axis 
guider. The camera’s outside diameter is precisely 1¼ 
inches, which fits in any standard telescope focuser. 
Furthermore, the front aperture includes C-mount 
threads, permitting a rigid connection to the off-axis 
guider (OAG) built into the Starlight Xpress Mini Filter 
Wheel that I tested. While a filter wheel isn’t a necessary 
component when paired with a colour camera, it is 
useful for shooting with specialised filters that block 
light pollution. The filter wheel can also function as a 
mechanical shutter; more on this in a moment.

The Lodestar X2 C-mount threads are convenient 
for attaching the guider to conventional camera lenses 
with standard C-mount adapters, thus creating an 
effective, freestanding autoguider and imaging setup. 

Power for the Lodestar X2 comes from its USB 2.0 
connection to the host computer (or Trius hub), 
and an RJ-12 cable is supplied to interface the 
guider with your mount. One note of caution 
here: the pin-out arrangement for the 
guiding interface cable is wired opposite 
to what has become the de facto standard 
on most telescope mounts, so it’s important 
to use the RJ-12 cable supplied with the 
Lodestar. Other ST-4 compatible cables won’t 
work with Lodestar X2. This is a touch ironic 
since the Lodestar cable is actually wired the same 
as the RJ-12 cables that have long been a standard 
in the telephone industry — it is the ST-4 cables that 
are different despite their now wide acceptance in the 
telescope world.

A small LED on the rear of the Lodestar housing 
lights up green when the guider is powered up and 
briefly blinks red when sending guiding corrections to 
your telescope mount.

The effectiveness of the Lodestar X2 is best 
described by the ease with which I located guide stars 
with the filter wheel’s OAG. The Starlight Xpress 

WHAT WE LIKE:

Extremely low-noise images

Easy to use

WHAT WE DON’T LIKE:

No mechanical shutter
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1¼-inch Mini Filter Wheel and OAG is a five-position
filter wheel that accepts conventional 1¼-inch filters
in threaded cells. The 150-mm-diameter filter wheel
housing is 28 mm thick and includes female T-threads
on its front and back ports. It comes with its own USB
2.0 cable and software. The OAG is an integral part of
the filter wheel and cannot be removed.

The OAG has no independent adjustments to
help with the selection of guide stars beyond a single
motion that slides the pick-off prism radially within
the field of view. There is no side-to-side adjustment of
the prism. The OAG has two long locking screws with
convenient knurled knobs. One secures the position
of the pick-off prism while the other locks the
focus position for the autoguider camera.

Initially, this seemed to be a limiting factor
in the OAG design, but locating guide stars

with the Lodestar X2 turned out to be effortless. The 
camera’s sensitivity enabled multiple guide star choices 
in the field with exposures of one or two seconds. 
During my tests, this wasn’t the case most of the 
time but every time. Sufficiently bright guide stars 
appeared on a very smooth, noise-free background sky 
everywhere I pointed, even without applying dark-
frame calibration. Quite simply, the Lodestar X2 was 
the best autoguider I’ve ever used.

At the telescope
I tested the Trius-SX814C with a 102-mm f/6.9 William 
Optics refractor and at the f/4 Newtonian focus of 
my 32-cm classical Cassegrain reflector. I also tried it 
attached to a Nikon 300-mm f/2.8 camera lens with a 
T-thread-to-Nikon-lens adapter. But due to the limited 
backfocus of the lens, I wasn’t able to use the filter 
wheel and OAG in this arrangement.

The camera’s compact size, small pixels and 
cylindrical shape make it particularly well-suited for 
use with fast ‘Hyperstar’ systems now available for 
some Schmidt-Cassegrain telescopes.

Imaging with the Trius-SX814C, Lodestar X2
and Mini Filter Wheel with OAG was pleasantly
straightforward when I was shooting with either
telescope. The back focus required for the camera and
OAG was shallow enough to enable me to reach focus
on my Newtonian with its low-profile focuser. The
camera reached its set cooling temperature of 20°C 
below ambient quickly and was stable in less than five 
minutes. Using the camera’s highly sensitive binning 
modes was helpful when composing targets and rough 
focusing. Fine focus is achieved by observing the full-
width half-maximum readout and moving the focus to 
a star’s peak value. A full-resolution image takes about 7 
seconds to download. 

Once initially configured, the system provided the 
most straightforward and quickest setup time of any 
deep sky astrophotography configuration I have used. 
Even swapping the Trius-SX814C, Lodestar X2 and the 
OAG between the small refractor and the Newtonian 

filters in threaded
cells. One space
could be blocked
in to be used as 

a mechanical 
shutter for the 
imaging chip. 

An integral off-axis guider on the Mini Filter Wheel accepts any of 
the company’s current autoguider cameras with a threaded C-mount 
interface. The knob at top locks the focus for the guide camera,  
while the lower knob secures the pick-off prism’s position. 

The Lodestar X2 
autoguider includes 

internal C-mount 
threads, which enable 

it to be attached to 
the mini filter wheel 

OAG, or it can easily be 
inserted directly into 

any standard 1¼-inch
eyepiece focusers on

most pes.p

While not
an essential

component for
colour cameras,

the Mini Filter
Wheel accepts five

1¼-inch-format
filters in threaded

AS & T Test Report
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meant little down time. I was into an imaging run in 
record time. The sensitivity of the Lodestar X2 guider 
was a big part of the quick setup, since the search for 
suitable guide stars is fast and easy. 

Dark calibration, or not?
The low noise in the Trius-SX814C and the camera’s 
regulated, two-stage TEC cooling means that what 
few hot pixels are produced in most exposures can 
be removed using pixel-rejection algorithms when 
stacking sub exposures. The hot pixels would also 
be mitigated by dithering a number of exposures. 
(Dithering involves moving the telescope slightly 
between exposures so that spurious signal is averaged
out when star images are registered and combined 
into a single result.) Indeed, the manual for the 
Trius-SX814C states that dark frames subtracted from 
exposures of 10 minutes or less may in fact increase 
noise in the final image. 

I shot a series of dark frames for my test exposures 
with the camera, but I was still impressed by how 
little noise was present in 5- and 10-minute exposures 
without being processed with the dark frames.
Furthermore, I typically ran the camera temperature
at -20°C, though the cooler can operate as much as
40°C below ambient air temperature and further 
reduce thermal noise. 

All in all
My takeaways from shooting with the Trius are an 
appreciation for its ease of use and its smooth, low-
noise results. Veteran deep sky astrophotographers 
know that a single 5- or 10-minute exposure is only 
the beginning of a picture; the ‘clean’ look of each 
exposure taken with the Trius-SX814C makes the 
final result more rewarding. The camera was very 
sensitive for a chip with small pixels and a Bayer 
filter matrix on the CCD array. 

While the lack of a mechanical shutter in both 
the Trius and Lodestar X2 cameras was never a 
problem for me, it could be seen as a shortcoming for 
astrophotographers interested in remote imaging. Yet 
a partial solution is to put an opaque ‘filter’ in one of 
the filter wheel’s slots, which can then function as a 
mechanical shutter for the main camera. 

The trio comprising the Trius-SX814C, Mini Filter 
Wheel with its OAG and Lodestar X2 autoguider made 
for an easy-to-use total package. The extremely low-
noise Sony detectors can eliminate a time-consuming 
process at the telescope, enabling you to record more 
light images each night. Astrophotographers choosing 
any one or a combination of these products will be 
rewarded with a well-designed system that makes the 
road to high-quality, colour, deep sky astrophotography 
much easier. ✦

Photojournalist Johnny Horne has been taking pictures for 
43 years and has been imaging the night sky since age 12.

Left: Due to the extremely low-noise characteristics of the Sony ICX814 CCD 
detector, dark-frame calibration is virtually unnecessary. This image of M20 was 
captured with a 32-cm f/4 Newtonian for a total exposure of 50 minutes, and was 
processed without dark-frame calibration. Only a few dozen hot pixels can be 
seen. Above: The manufacturer’s control software, SXV_HCOL_USB, controls the 
primary functions of the camera, autoguider and filter wheel.
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I
love to build things. I also love
to share what I’ve learned in the
process. If you’ve followed Gary

Seronik’s Telescope Workshop
column over the years, you’ve seen
some of my projects, including my
flex equatorial platform highlighted
in the April issue. So when Gary
told me he was becoming editor
of SkyNews, and Australian Sky &
Telescope asked if I’d be interested
in continuing his column, I
jumped at the chance.

Gary left a mighty big pair of
shoes to fill. I will never replace him;
all I can do is continue the column in
my own way and do my very best to
keep it as interesting and informative
and inspiring as he did.

You’ll notice one change,
however: the title at the top of the
page. Telescope Workshop was
Gary’s column. We’re calling mine
Astronomer’s Workbench, because
that title encompasses what the old
column did plus opens it up a little
wider. I plan to feature not just
innovative homebuilt telescopes
but practically anything homebuilt
having to do with astronomy.
Amateur telescope makers build
far more than just telescopes, and

Do-it-yourself astronomy gear
The reasons for making your own equipment go far beyond mere economics.

I want to cast a spotlight on all of
it. Over time I hope to cover pretty
much everything you’d want or
need to build for practicing the best
hobby ever.

Why do people build their own
equipment, anyway? Lower cost
used to be a compelling reason,
but not so much anymore. Unless
you’re making a big scope, it
probably costs just as much to
grind a mirror and have it coated
as it does to buy one already made.
For that matter, you can buy an
entire 30-cm Dobsonian for about
the price of the parts needed to
build it yourself.

Ah, but try to find one with an
f/3 focal ratio, or with a collapsible
mount, or made of inlaid oak. Try to
find a red torch with just the right
amount of glow for your sketching, or
a focuser that weighs 90 grams.

Even if you can find those things
available commercially, there’s
still the pleasure of crafting them
yourself, of working with your
hands, of standing in the hardware
store, staring off into space while
your mind tries to fit the shape you
need into the possibilities around
you. You haven’t lived as an amateur

Author Jerry Oltion with some of his homemade telescopes.
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More than just telescopes. Here
are some homemade projects we
plan to cover, including finders,
collimators, red torches, a solar filter
and an observing chair.
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telescope maker (ATM) until you’ve 
realised that a 20-litre bucket makes 
the perfect secondary cage for a 
25-cm reflector.

Like so many things, it’s about 
the process as well as the product. 
Making something yourself 
provides immense satisfaction. 
Whether your creation looks like an 
engineering masterpiece or a child’s 
drawing brought to life, when 
you put your eye to the eyepiece 
of a homemade scope and look 
at photons bouncing off a mirror 
you ground, there’s a sense of 
accomplishment like no other.

Best of all, it’s surprisingly easy 
to do! If I stress only one thing in 
the months to come, I want it to be 
this: making your own astronomy 
gear is easier than you think. If you 
understand the principles involved 
and have a little patience, you can 
build practically anything. 

You don’t need much to get 
started. You don’t even need 
workshop space. Gary ground his 
first few mirrors in a closet and 
sawed the timber in his kitchen. 

In future columns, I’ll show you 
how to make a variable-intensity 
red torch for practically nothing, 
as well as how to craft your own 
collimators (both Cheshire and 
laser), finders, eyepieces (yes, 
eyepieces — piece of cake!), an 
observing chair, and whatever 
else I can fit in the available space. 
Some will be my own creations, 
but I’m counting on you to submit 
your projects for consideration, too. 
I want to see your coolest work, 
from the simplest accessory to a 
complete telescope, and to share it 
with the world.

The workbench is ready. The 
lights are on. Let’s have some fun. ✦

Astronomer’s Workbench

JERRY OLTION
is an experienced
telescope maker
and observer.
He welcomes
your project
submissions.
Contact him at
j.oltion@sff.net



STAR EXPLORER
An all in one computerised telescope system designed for both beginners and advanced users 

alike. Featuring SKY-WATCHER’s Synscan AZ Goto system coupled with precision mechanics 
& SKY-WATCHER’s excellent optics.

High Quality Optics
 40 000+ object database
 Quick and easy setup, be up and running in minutes.
 Easy to use, quick to learn Computerised Goto Telescopes
 Brightest Star Alignment

127/1500mm
Maksutov-Cassegrain

130/650mm

102/1300mm
Maksutov-Cassegrain

114/500mm

RESS::

DISTRIBUTED BY
www.tasco.com.au
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Night Life

M
ore than 5,000 visitors 
enjoyed clear and starry 
skies at the 7th annual 

WA Astrofest held in Perth on 
March 12. The Astrofest is one of 
the largest science events in Perth 
and is the biggest astronomy event 
of its type in Australia.

Visitors engaged with amateur 
and professional astronomers from
the Astronomical Group of WA and
the Astronomical Society of WA. 
This year there were more than 50 
telescopes on the oval providing 
great views of Jupiter, the Moon, 
Orion and much more.

The free family event featured 
solar observing, radio telescopes, 
science shows, space domes, 
telescope lessons, displays 
from astronomy and science 
organisations, special guest 
speakers and the 2016 Astrofest 
Astrophotography Exhibition.

The annual event is organised 
by Astronomy WA partners with 
generous contributions from the 
International Centre for Radio 
Astronomy Research (ICRAR, a 
joint venture of Curtin University 
and the University of WA), Scitech,
Lotterywest, the Astronomical 
Group of WA and Telescope and 
Binocular World.

“This year’s Astrofest was the 
most successful to date,” said Prof 
Peter Quinn, Executive Director 

Astrofests, east and west
Thousands of
people turned out
to enjoy Astrofest
in Perth in March.
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CWAS Astrofest
July 16–17

Popular annual get-together
in Parkes, NSW, home of ‘the
Dish’.

cwas.org.au/astrofest

Queensland Astrofest
July 29 – August 7

Lions Camp Duckadang,
Linville, Qld
Popular annual star party.

qldastrofest.org.au

Sydney Astrofest 2016
July 30

Brand new public event at the
University of Sydney, hosted by
the ARC Centre of Excellence for
All-Sky Astrophysics.

caastro.org/event/2016-
sydastrofest16

Public Open Nights in
Sydney
August 12–13

The Sutherland Astronomical
Society will throw open its
observatory’s doors to the general
public. Always a great occasion.

sasi.net.au

National Science Week
August 13–21

Various activities around the
nation.

scienceweek.net.au

Siding Spring Open Day
October 1

Australia’s largest optical
observatory throws open its
doors to the public.

starfest.org.au

StarFest 2016
October 1–2

A weekend of activity at
Coonbarabran during the
Festival of the Stars.

starfest.org.au

VicSouth Desert Spring
Star Party 2016
October 28 – November 1

Annual star party hosted by the
astro societies of Victoria and
South Australia.

vicsouth.info

WHAT’S UP?  
Do you have an event or activity 

coming up? Email us at  

editor@skyandtelescope.com.au

of ICRAR. “Astronomy is a key 
science in WA and Astrofest creates 
excellent community awareness 
and interest helping encourage 
participation in science.”

Images from the event can 
be seen at astronomywa.net.

au, with the astrophotography 
gallery at astronomywa.net.au/

astrophotography-exhibition.
Meanwhile, it was announced 

in April that a new astrofest will 
be held in Sydney on July 30. 
The Sydney Astrofest 2016 is an 

initiative of the ARC Centre of 
Excellence for All-Sky Astrophysics 
(CAASTRO) and will be held at the 
University of Sydney.

CAASTRO is a scientific 
institute that is heavily involved in 
the science that will be done with 
the forthcoming Square Kilometre 
Array radio telescope network 
being built in Australia and 
southern Africa.

Full details of Sydney Astrofest 
2016 can be found at caastro.org/

event/2016-sydastrofest16
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Gallery

Astrophotos from our readers

▴ETA CARINAE
Mervyn Millward
Clouds and bushfire smoke tried their best to ruin this shot, 
but Mervyn persisted to complete the 3x3 mosaic of Eta 
Carinae and the surrounding region. He used a Takahashi 
Mewlon 250mm CDK Cassegrain reflector and QSI 683 
camera. Each of the nine images comprised 10 × 300 
seconds of luminance and RGB.
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How to submit your images
Images should be sent electronically and in high-resolution (up to 10MB per email) to contributions@skyandtelescope.com.au. Please provide full details 

for each image, eg. date and time taken; telescope and/or lens; mount; imaging equipment type and model; filter (if used); exposure or integration time; 

and any software processing employed. If your image is published in this Gallery, you'll receive a 3-issue subscription or renewal to the magazine.

▴ GALAXY RISING
Nicholas Thompson
Seventeen-year-old Nick snapped 
this 30-second shot of the Milky Way 
just after midnight on April 3, from 
Wyaralong Dam (near Brisbane). He 
used a Nikon D7100 with a Tokina 11–16 
f/2.8 lens at 11mm.

◀ SELENE SCENE
Rene Martens
Our unchanging Moon was the target 
for Rene, a professional photographer. 
He used a Canon 6D camera and 
Sigma 50–500mm lens.
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▴TINY NEBULA  Michael Flugel  As is often the case, this nebula in Canis Major has more than one name — Sharpless 2-301, Gum 5  
and RCW 6. Michael used a GSO RC14 telescope, Atik 383L+ camera, RGB and H-alpha filters for a total of 10 hours exposure.

▴ FOWL PLAY
Greg Burrows
Known variously 
as the Running 
Chicken Nebula 
or the Lambda 
Centauri Nebula, 
IC 2948 is an 
emission nebula 
with a star cluster 
(IC 2944) on top. 
The small dark 
patches in the 
middle are known 
as Thackeray’s 
Globules. Greg 
used an Astro-
Physics 130EDT 
refractor, Losmandy 
G-11 mount, SBIG 
STL-11000 camera 
and Ha, OIII and 
SIII filters. Exposure 
was 10 x 600 
seconds.

Gallery
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Market
Place

Faster!er!
MicroLine ML16803
Small & Lightweight (3.5 lbs.)
Fastest Downloads (full-frame @ 3.8sec.)
Deeper Cooling Than Alta U16 (-50°c)
Legendary Frame Quality

Lighter! Colder!

.COM.AU 

Australia’s Favourite Optics Retailer
Telescopes - Binoculars - 

Microscopes - Accessories

www.opticscentral.com.au
Address: 8/23 Cook Rd, Mitcham VIC 3132. 

Ph: 1300 884 763, 
Email: support@opticscentral.com.au

Brands we represent: Celestron, Saxon, 
Skywatcher, Steiner, Bushnell, Carl Zeiss, ZWO 
Camera, Optex, Vixen, Kson, Nikon, Yukon, Pulsar, 
Byfield Optics, Simmons, Alpen, Burris, Motic.

Your essential 
source for
astronomical  
products and 
services

STAR CHARTS
A series of 18 maps
+ CD covering the
entire sky. The charts
have a water-resistant
laminate coat to
make them more
durable when used
outside. An additional

reference guide provides an overall
view of all 18 charts and an index to the
constellations and major stars. $19.95

Order by ringing (02) 9439 1955 with your credit card 

details, or fill in the order form on page 75 and post 

or fax it back to us.

Attention Club 
Members

Did you know you can get a subscription 
to AS&T by being a member of an 

astronomy club? Subscribers also get 
10% off charts, DVDs etc from AS&T. 

Contact your club or subscribe direct to 
Australian Sky & Telescope.  

Tel: (02) 9439 1955
subs@paragonmedia.com.au
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Next Issue 
ON SALE 

14 July

Faraway flashes
Brief bursts of radio waves first spotted 
with Australia’s Parkes Observatory 
have kept astronomers scratching their 
heads for more than a decade.

Southern sky tour
Part 2 of our tour takes us on hunt for the 
Top 20 nebulae in the southern skies.

Stacking up
DeepSkyStacker freeware makes stacking 
your deep sky images a snap. We show 
you how, step by step.

Advertiser Index Australian Sky & Telescope acknowledges 
and thanks the advertisers who appear in this issue. Speciality manufacturers and 
dealers are an important resource for astronomers. We encourage you to contact 
these advertisers and benefit from their experience.
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Astronomy  
2016 yearbook
Every astronomer needs 
the Astronomy 2016 
yearbook. Australian-
produced, it is packed full 
of essential information 
to plan your observing 
sessions. Included is a 
complete guide to what’s 
visible in the night sky, 
including Moon phases, 
planets, eclipses and 
meteor showers, plus 
star maps and a planet 
viewing guide. $27.95 YOUR GUIDE TO

THE NIGHT SKY

Ken Wallace
Glenn Dawes

Peter Northfield

ASTRONOMY 
2016 AUSTRALIA
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www.preciseparts.com

info@preciseparts.com 
 

Create and order online your astronomical adapter 
with Build-An-Adapter  

in just a few clicks or taps 
  

Build-An-Adapter knows how to interconnect most 
commercial astronomical devices including 

Focusers, Rotators, Correctors, Off-Axis Guiders, 
Filter Wheels, Cameras,  and more… 

Design Your Own Custom Adapter at

Lure of dark side
Winter nights are perfect for scanning the 
Milky Way in search of those inscrutable 
clouds of gas and dust, dark nebulae.



NEW RANGE
STAR DISCOVERY

The exciting new Sky-Watcher Star Discovery mount 
is an upgraded version of the AZ Go-To mount featur-

ing FreedomFind™ dual encoder technology. This 
e aligned, to be moved manual-
n either axis without the mount 
ment or positional information. 
g to a new object, the mount 
tinue to track it accurately. This 
ves the user enormous freedom, 

during observational sessions.

g
allows the telescope, once

ly or electronically in
losing its alignm

After moving
will con

gi

The Computerised SynScan™ AZ hand con-
trol allows you to slew your telescope au-

-
ton!! The user friendly menu system allows 

automatic slewing to over 42,900 night 
sky objects. Even an inexperienced 

astronomer can master its variety of 
features in a few observing sessions.

AVAILABLE MODELS
90mm     MAKSUTOV

102mm    MAKSUTOV

127mm    MAKSUTOV

130mm    REFLECTOR

150mm    REFLECTOR

102mm    REFRACTOR
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E
ver since I was a kid, it’s seemed
like sending astronauts to Mars
has always been 30 years away.

Over the past half century, NASA and
other agencies and organisations have
commissioned dozens of studies about this
grand goal, with landing dates variously
between the 1970s and 2040s. Of course,
none of those missions have come to pass
(except in sci-fi movies). Recently, however,
two big changes have, perhaps finally,
made human missions to Mars not only
practical but also possibly imminent.

The first is the widespread acceptance
that visiting Mars in person is not just a
fanciful idea but is actually inevitable in
the near future. The scientific community
has begun to align aspects of the ongoing
robotic Mars survey program toward
experiments and technologies that
could directly benefit future human
missions. In the US, multiple Congresses
and Presidential administrations have
officially adopted human exploration of
Mars as a major goal for NASA’s near-
term future. And judging from my
experience talking with students, news
media and general audiences, the public
has also accepted this idea. Average
people are excited about robotic research

Getting humans to Mars
Has this long-term dream suddenly become inevitable, even imminent?

but also realise that the biggest leaps in
the scientific reconnaissance of Mars will
need to be made by the men and women
who go there and share their stories and
discoveries with the rest of us back home.

The second big change is the recent
emergence of practical, affordable,
and sustainable plans to begin to send
astronauts to the Red Planet. This is
not just for a short, one-off ‘flags-and-
footsteps’ mission. Rather it’s part of a
longer-term strategy to develop a scientific
research outpost there and, perhaps, even
a settlement.

The Planetary Society recently pitched
one of these plans as part of its ‘Humans
Orbiting Mars’ initiative (hom.planetary.

org). The proposal details how NASA’s
forthcoming Space Launch System
rockets, Orion crew capsules and Deep
Space Habitation modules would first
demonstrate the ability to get a crew to
Mars orbit in the early 2030s. A series of
Mars crew landings would follow starting
in the late 2030s.

The basic premise of that plan,
which can realistically fit within NASA’s
existing budget (if it keeps up with
inflation), is similar to the logic behind
the Apollo 8 mission: build missions

incrementally, validating pieces such as 
long interplanetary cruises and orbiting 
Mars first, then later add the complexities 
of landing and ascent. 

Another of these plans, still in its 
infancy, comes courtesy of SpaceX and 
its visionary CEO Elon Musk. Musk’s 
personal goal, and the driver behind all 
of SpaceX’s rocketry and other research, 
is “enabling people to live on other 
planets,” and specifically to begin the 
colonisation of Mars. While the timeline 
for the company’s Red Planet plans 
remains unclear, SpaceX has certainly 
shown an impressive, rapidly attained 
level of technical prowess and public 
interest. It might actually have the ability 
to send people to Mars in the late 2020s 
or early 2030s.

The huge popularity of the recent book 
and film The Martian is not a random 
occurrence. Rather it is a manifestation 
of an idea whose time has come. 
Dispatching people to Mars is no longer 
science fiction but instead a reality that 
will come true in the very near future. ✦

Jim Bell is an astronomer, author (most 
recently of The Interstellar Age), and 
president of The Planetary Society.
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SKYWATCHER’S
ULTIMATE TELESCOPES
ESPRIT 3 ELEMENT ED APOCHROMATIC REFRACTORS

ED Triplet APO Refractor was designed by Sky-Watcher 
with astro-imagers in mind! 
The air-spaced ED APO optics are fully multi-coated for extra clarity, contrast, 
and protection. Designed for the most demanding Astrophotographer, but also 
delivering exceptional visual observing. The two-element feld 

Esprit, will ensure pin point stars across the 
entire focal plane. This system produces a 
full frame imaging circle, and you have plenty 

accessories.

smoothly, without any image shift. 
Included with every ESPRIT refractor 

/ / 3” CNC Machined 
-

er / 2” Thread on Adapter / 2” to 1.25” Adapter /
Canon Camera Adapter / Tube rings with “V” 

/ Alluminium foam-lined 
case

Available in:
80mm / 100mm  

/ 120mm / 150mm

Model shown:
ESPRIT 120 

Mount AZEQ6

DISTRIBUTED BYD
www.tasco.com.au

BINTEL
www.bintel.com.au

Sydney: (02) 9518 7255

HUMBLE ASTRONOMERS
www.sirius-optics.com.au
Brisbane: (07) 3423 2355

ASTRONOMY ALIVE 
www.astronomyalive.com.au 

Melbourne: 03 9576 5325 or  0412 318 125

AVAILABLE AT: 



The World’s First Schmidt-Cassegrain Telescope with Fully Integrated WiFi
Celestron’s Most Innovative Technologies Plus New Upgrades

+   Control your telescope wirelessly with your smartphone or tablet via WiFi.

+  Integrated long-life lithium iron phosphate (LiFePO4) battery supports up to  

10 hours of use without external power

+  Ergonomic design features plus a USB charge port, improved tripod, and  

completely redesigned mount

+  Automatically locates over 100,000 objects using Celestron’s FREE SkyPortal 

app and automatically aligns your telescope with the StarSense accessory 

(sold separately)

CELESTRON AUSTRALIAN DEALERS
Australian Geographic – shop.australiangeographic.com.au

Bintel – bintel.com.au

Optics Central – opticscentral.com.au

OzScopes – ozscopes.com.au

Make sure your purchase is covered by Australian Warranty. 
Only buy from Celestron Authorised Retailers.


