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T
here’s no doubt about that Mr Einstein — his ideas can still make a splash, even 

100 years after the fact. As part of his revolution in the understanding of gravity, 

he predicted that, in certain circumstances, energy is lost from systems in the 

form of gravitational waves — ripples in the very essence of space and time.

Although they were first indirectly detected in the 1970s and ’80s through 

measurements of energy loss in binary pulsar systems (which work led to the Nobel 

Prize for Physics in 1993), the announcement of the detection of gravitational waves 

by the international Laser Interferometer Gravitational-wave Observatory team is the 

first ever direct measurement of these fleeting waves. This result is huge — easily on 

a par with the discovery of the Higgs Boson a few years ago, or the cosmic microwave 

background radiation in 1964 (which also led to a Nobel Prize). It’s a fair bet that this

work will be in line for the top gong in the coming years, too.

But with that mystery out of the way, there’s a closer-to-home riddle that remains

to be solved — the split personality of the Moon (see page 26). For years, scientists

have known that the lunar near and far sides look very different, but so far no one has

been able to come up with a convincing explanation for why this should be so. And, it

seems, we’re no closer to getting an answer.

For planet observers, Mars is the one to watch at the moment. Reaching opposition

on April 22 and closest approach on May 30, the Red Planet will be a great target for

all those who have a telescope. Even though this apparition’s close approach distance

is not the best it could be — it will be a bit better next year, and a lot better in 2018 —

it’s still worth making the time to go out and observe Mars. Alan MacRobert’s guide

to observing our planetary neighbour (see page 58) will help you to recognise and

understand its various surface features and weather patterns.

Mysteries old and new

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
Spectrum

p.55 Spotting galaxies in the Beehive

Jonathan Nally
Editor

editor@skyandtelescope.com.au
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A new era of astronomy
The discovery of gravitational waves hasn’t just opened a new window on the cosmos
— it has smashed the door wide open.

O
n February 12, Australian

time, physicists announced

the first-ever direct 

detection of gravitational waves, 

ripples in the fabric of spacetime 

predicted by Einstein’s general 

theory of relativity. Two massive 

accelerating objects — in this case, 

a pair of stellar-mass black holes in 

a death-spiral — passed through 

spacetime like paddles sweeping 

through water, creating vibrations 

that could (barely) be felt on Earth.

It’s been a recurring theme in 

history: When scientists open a 

new window on the universe, they 

make transformative discoveries. 

But when LIGO, short for Laser 

Interferometer Gravitational-

Wave Observatory, caught waves 

from these two colliding black 

holes, it didn’t just open a new 

window — it smashed a door wide 

open, promising a breathtaking 

new ability to study exotic and 

otherwise-undetectable cosmic 

phenomena. Don’t be surprised 

if LIGO’s founders, Kip Thorne, 

Ronald Drever, and Rainer Weiss, 

earn free round-trip tickets to 

Stockholm to collect a Nobel Prize.

LIGO consists of two L-shaped

facilities, one near Hanford,

Washington, and the other 

near Livingston, Louisiana. On 

September 14, 2015, both labs 

caught the gravitational-wave 

signature of two colliding black 

holes, shortly after both facilities 

were turned on following five years 

of upgrades.

A series of gravitational waves 

from a distant galaxy first passed 

through the Livingston detector, 

then just 7 milliseconds later 

it passed through the detector 

in Hanford. Both instruments 

shoot infrared lasers through 

4-kilometre-long tunnels of near-

perfect vacuum. The laser light 

reflects off ultrapure, superpolished 

and seismically isolated quartz 

mirrors. The passing waves slightly 

altered the path lengths in the arms 

of both detectors by about 1/1,000 

the width of a proton. That slight 

change created a characteristic 

interference pattern in the laser 

light, an event LIGO scientists have 

dubbed GW150914.

Based on the signal’s amplitude 

(that is, the height of the 

gravitational wave), team members

estimate that the colliding black

holes had the masses of about 

36 and 29 Suns, respectively. 

Milliseconds before they merged, 

these behemoths spun around each 

other at nearly the speed of light. 

LIGO watched all three predicted 

phases of the collision: the black 

holes’ death spiral and ensuring 

merger, as well as the ringing of 

the merged object as it settled into 

its new form.

The merged black hole contains 

about 62 solar masses, so it’s 

short three solar masses — the 

gravitational waves themselves 

carried away three solar masses 

worth of energy.

The minuscule difference in 

the waves’ arrival times at the 

two facilities was exactly what’s 

expected for gravitational waves, 

which travel at the speed of light. 

The LIGO team claims a 5.1-sigma 

detection, meaning the odds of 

the signal occurring by chance are 

about one in 3.5 million.

With only two detectors, LIGO 

can’t pinpoint the source’s exact 

location or host galaxy — it could 

Einstein’s Universe

RIPPLES IN SPACETIME  
In this artist’s impression, gravitational 

waves spread out from the site of a 
collision between two black holes. 

ROBERT NAEYE
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come from anywhere within 

about 600 square degrees of 

sky, somewhere near the Large 

Magellanic Cloud. Nor can they 

exactly pinpoint its distance, but 

measurements show the source lies 

between 700 million and 1.6 billion 

light-years away.

A new view of the cosmos
The direct detection of gravitational 

waves opens up an entirely new 

spectrum that doesn’t involve any 

form of light. “It’s a spectrum 

that carries entirely new kinds of 

information that have so far been 

largely invisible,” says physicist 

Robert Owen (Oberlin College).

Previously, radio astronomers 

studying pairs of neutron stars, 

the crushed, spinning remains 

of massive stars, had revealed 

compelling indirect evidence of 

gravitational waves. Einstein’s 

general theory of relativity says 

that gravitational waves should 

carry away orbital energy, and 

indeed, these pulsars’ orbits spiral

inward at exactly the rate relativity

predicts. Joseph Taylor and Russell

Hulse shared the 1993 Nobel Prize

in Physics for discovering the first

of these systems.

But direct detection has 

remained elusive because of the 

incredible difficulty of catching 

gravitational waves. Merging 

binaries involving black holes or 

neutron stars generate stupendous

amounts of energy. “In terms of 

gravitational waves, for that one 

millisecond prior to merger, this 

binary black hole system was 

‘brighter’ than all the rest of the 

universe combined!” Owen says. 

In fact, later calculations say that 

at its peak, the merging black was

putting out 50 times more energy

than the rest of the universe.

But the waves are incredibly 

difficult to detect because gravity 

is the weakest of the four known 

forces of nature, the strength 

of the waves fall off sharply as 

they traverse space, and because 

matter barely feels the presence 

of gravitational waves. “The 

gravitational waves from a distant 

galaxy that are detectable to LIGO 

are squeezing and stretching the 

Milky Way Galaxy by the width of 

your thumb,” says LIGO science 

team member Chad Hanna (Penn 

State University).

The US$500 million LIGO 

experiment has been on the lookout 

for gravitational waves since 2002. 

But only recently, after a five-year 

rebuild and redesign to improve 

LIGO’s sensitivity, did the facilities 

have a realistic chance of catching 

these subtle spacetime ripples. 

LIGO began its first “advanced” 

observing run last northern 

autumn, but improvements 

continue and future runs will have

at least twice the sensitivity and

enable LIGO to survey ten times

the volume of space.

Theorists predict Advanced

LIGO should catch an additional

five binary black hole mergers in

its next observing run. They also

expect roughly 40 binary neutron

star mergers every year it runs, and

an unknown number of signals

from black hole-neutron star

mergers and supernovae. It’s even

possible that LIGO could detect

exotic cosmic strings.

The direct detection of 

gravitational waves represents 

another triumph for Einstein, 

almost exactly 100 years after he 

predicted their existence — and 

despite the fact that he never 

thought they’d be detected. But 

as LIGO builds up a catalogue 

of events in the coming years, 

and as other advanced detectors 

come online in Europe and Japan, 

physicists will be scrutinising the 

waveforms in detail to see how 

closely they conform to general 

relativity’s predictions.

Though this black hole merger 

went entirely according to Einstein’s 

predictions, scientists hope to 

eventually see discrepancies that 

could provide vital clues to new 

physics, potentially reconciling

contradictions between relativity

and quantum theory.

“Gravitational-wave

measurements will allow us to

directly probe some of the most

violent events in the universe,

to directly measure the most

tumultuous dynamics of

spacetime geometry,” says Owen.

“Gravitational waves would allow

us to probe how spacetime really

behaves under the most radical of

circumstances.” ✦

GRAVITY 
GROUND ZERO 
The Hanford 
LIGO site, one 
of two involved 
in the discovery. 
Laser beams are 
fired down the 
long tunnels. 
Gravitational 
waves passing 
through produce 
interference 
patterns in the 
beams. 
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China’s dark matter
probe in orbit

Astronomers have now found

dozens of stars zipping through

space at 30 kilometres per second

(108,000 kph) or faster relative to their

surroundings. These speedsters, called

runaway stars, tend to be in isolated

regions of the galaxy, though their

paths often lead directly away from

stellar clusters or even our galaxy’s

central black hole.

Astronomers had previously

discovered about 20 of these stars,

through pure luck. But now they have a

new technique: searching for the

bow shocks the stars create in

interstellar gas and dust as they whiz

through this material.

The star Zeta (ζ) Ophiuchi inspired

the new approach. It’s a hot, massive

O star with a relative motion fast

enough — roughly 24 km/s — to be

‘supersonic’. As this massive star

plows through space, astronomers

discovered, its strong outflowing wind

causes interstellar gas and dust to stack

up in front of it, like the shock front

of air that piles up ahead of a high-

performance jet. This arc-shaped gas

compresses, heats up, and shines with

infrared light, emission that reveals

both the mass and velocity of the star.

With Zeta Ophiuchi’s example in

hand, Grace Olivier (Case Western

Reserve University) and colleagues

decided to look for bow shocks in

order to search for runaway stars.

They turned to archival infrared data

from the Spitzer and WISE space

observatories and found more than

200 images of fuzzy red arcs. They

then used the Wyoming Infrared

Observatory’s 2.3-metre telescope to

look for the culprits behind 80 of them.

The team was surprised to find that

“more than 95% of these bow shocks

have a hot, massive, runaway candidate

at their centre,” team member William

Chick (University of Wyoming) said

during a press conference January 5

at the American Astronomical Society

meeting in Kissimmee, Florida. “It may

be that our Milky Way is swarming

with these hot runaway stars.”

The team plans to extend its search

to include the entire galactic plane.

With more runaways spotted, the

researchers will be able to trace the

stars’ motions backward in order to find

the source of their accelerating kicks.

■ SHANNON HALL
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Zeta Ophiuchi (blue star in the centre of the image) and its accompanying bow shock,
as seen at infrared wavelengths by the WISE space telescope.

On December 17, China launched its 

first astrophysics payload. The Dark 

Matter Particle Explorer (DAMPE) 

will detect energetic particles known 

as cosmic rays, as well as gamma-ray 

photons from supernovae, pulsars and 

other astrophysical sources — including, 

perhaps, elusive dark matter.

DAMPE is a collaboration among 

universities in Switzerland and Italy and 

the Chinese Academy of Sciences. (NASA 

is restricted from trading technology with 

China due to the 1976 International Trade 

in Arms Regulations, a key reason why 

China isn’t a partner on the International 

Space Station.)

DAMPE joins the Alpha Magnetic 

Spectrometer and the Calorimetric Electron 

Telescope, both aboard the International 

Space Station, in taking the dark matter 

hunt to space. It’s the first of a five-mission 

series, with the next two payloads — a 

quantum-communications satellite and an 

X-ray telescope — set to launch this year.

■ DAVID DICKINSON

News Notes

Runaways’ shocking behaviour

Magnetic fields mear 
the event horizon
Astronomers have detected magnetic fields 

dancing in the skirts of the Milky Way’s

central black hole. The work is part of the

Event Horizon Telescope, a planet-spanning

network of radio antennas aiming to ‘see’

a supermassive black hole — or, rather, its

telltale silhouette amid the glow of hot gas 

surrounding it like a superheated tutu.

Michael Johnson (Harvard-Smithsonian 

Center for Astrophysics) and other

members of the EHT collaboration used

telescopes in Hawai‘i, California and

Arizona to peer into the inner sanctum

of our galaxy’s black hole, Sagittarius A*.

With only three sites and a few nights’

worth of observations, they couldn’t

reconstruct a complete image — instead

of seeing the whole elephant, they’re only 

seeing an ear and a bit of trunk.

But those bits are good enough for 



www.skyandtelescope.com.au  11

them to deduce what’s going on. The team

detected synchrotron radiation, polarised light

produced by electrons corkscrewing along

magnetic field lines. The polarised emission

varied, and quickly, on roughly 15-minute

time scales. That means the magnetic fields

themselves, and the gas they interweave, are

moving a lot.

These changes only appear very close to

the black hole. Essentially, the astronomers

are seeing tangled, turbulent magnetic fields

cavorting right near where gas takes its final

plunge in past the event horizon.

The observations reveal structures on

a scale that’s only a half dozen times the

black hole’s radius, the team reports in the

December 4 issue of Science. To be able to

detect these motions at this small scale is

“really just amazing,” says Johnson.

This result is great news for theorists, says

Chris Reynolds (University of Maryland), who

has spent his life working on black holes. It

has taken decades to understand why gas

in the accretion disk falls into a black hole at

all — it should just orbit forever, because the

gas is too tenuous for friction to slow it down.

Astrophysicists realised that magnetic fields

swirling around in the accretion disk would tug

on the gas, pumping up the turbulence and

robbing the gas of its angular momentum,

allowing it to fall into the black hole.

“But it’s all been very much in a theoretical

domain,” Reynolds says. The new EHT

observations show that theorists have been

on the right track. “It’s honest-to-goodness

measurements of a real black hole that are

getting to the crux of this issue.”

■ CAMILLE M. CARLISLE

In this artist’s conception, tangled magnetic fields (blue) surround and emanate from Sagittarius
A*, the black hole at the centre of our galaxy. The fields the Event Horizon Telescope team found
are either in the disk or the jet (if the black hole has one — astronomers don’t know).

M. WEISS / CFA

T
riumph is never sweeter than 

when following defeat. At 23:51 

Universal Time on December 6, 

Japanese Aerospace Exploration Agency 

(JAXA) engineers executed an innovative 

contingency plan to get the Venus 

Climate Orbiter, named Akatsuki, to its 

destination. The success came five years 

to the day after a main-engine failure 

caused the spacecraft to fly past Venus 

instead of going into orbit.

The spacecraft ran into trouble in 

2010 when its main engine failed to 

execute a planned 12-minute firing. 

Telemetry analysis showed a pressure 

drop caused by a faulty valve in the main

engine, which resulted in burning an 

oxidizer-rich mixture beyond normal 

limits. The failure overheated and 

destroyed much of the engine.

With the primary means of propulsion 

ruined, scientists and engineers 

scrambled to recover the mission while the

spacecraft circled the Sun. Their solution: 

fire the craft’s four reaction-control 

thrusters for more than 20 minutes at the 

next available opportunity to enter orbit 

Japan’s Akatsuki finally reaches Venus

JA
X
A

The Ultraviolet Imager aboard Akatsuki 
captured this image of Venus’s swirling 
atmosphere on December 7, 2015, from an 

altitude of 72,000 km.

around Venus. Engineers ran a series of 

short test burns in 2011, then placed the 

spacecraft in electronic hibernation to 

extend its life until the planned maneuver.

Akatsuki’s successful arrival marks 

the first time the Japanese space agency 

has put a spacecraft in orbit around 

another planet.

The track is slightly wider-ranging 

than the one originally planned, which 

would have carried the spacecraft around 

Venus every 30 hours, with a closest 

approach of 300 km. The December burn 

instead placed Akatsuki in a 13.6-day 

elliptical orbit that brought it as close as 

400 km to the surface. As this issue went 

to press, the JAXA team was planning a 

series of adjustments that would shrink 

Akatsuki’s elliptical orbit to a period 

of 9 days, in time to start full science 

operations in April.

The six instruments aboard will probe 

Venus’s atmosphere, measuring its rotation 

and convection. Researchers also hope to 

detect evidence for lightning using a 

high-speed imager. Viewing across radio, 

infrared, visible and ultraviolet wavelengths, 

the payload will also record heat radiated 

from the surface — perhaps spotting active 

volcanoes, if they exist. A series of 

radio-occultation experiments will allow 

researchers to probe the atmosphere’s 

depths as the spacecraft makes successive 

passes behind the planet as seen from Earth.

■  DAVID DICKINSON
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I
n October 2012 Australian amateur 

Michael Sidonio used his 30-cm 

reflector and FLI Proline 16803 CCD 

camera to record frames of the Sculptor 

Galaxy, NGC 253. All Sidonio wanted was 

a pretty image of this intermediate spiral 

galaxy, which lies about 11.5 million light-

years away.

But later he noticed a small, elongated 

smudge off to one side that wasn’t plotted 

on any of his reference charts. His chance 

discovery triggered a succession of 

observations with ever-larger professional 

telescopes — culminating with Japan’s 

8.2-metre Subaru Telescope.

That little smudge, now designated 

NGC 253-dw2, turns out to be a dwarf 

spheroidal galaxy that the much bigger 

spiral galaxy is in the process of gobbling 

up via tidal disruption (as implied by its 

elongated shape). This straggler lies about 

160,000 light-years from NGC 253, about 

as far as the Large Magellanic Cloud is 

from us and easily close enough to be held 

within NGC 253’s gravitational death grip.

Cosmologists have often assumed 

that spiral galaxies grow and evolve by 

consuming lots of galactic small fry 

in their vicinity. But this big-fish-eats-

small-fish paradigm, a key prediction of 

the standard cosmological framework, 

is in some distress. For example, dwarf 

galaxies are scarce in the Milky Way’s 

immediate neighbourhood.

Thus, NGC 253-dw2 is an important 

find, as Aaron Romanowsky (San Jose 

State University) and nine coauthors 

— including Sidonio — detail in a 

forthcoming issue of Monthly Notices 

Letters of the Royal Astronomical Society.  

It provides a crucial observational test for 

the distribution of dark matter around 

the host spiral galaxy.

Another team has independently 

reported finding the dwarf galaxy in 

question. Elisa Toloba (Texas Tech 

University) and other observers spotted it 

in images taken between November 2011 

and October 2014 with the Magellan Clay 

6.5-m telescope in Chile.

■  J. KELLY BEATTYM
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Michael Sidonio’s black-and-white discovery 
image of the dwarf galaxy NGC 253-dw2 
(circled) reveals a small concentration of stars 
near the spiral NGC 253 (colour image overlaid).

Aussie amateur
finds dwarf

galaxy

InSight Launch Postponed Until 

2018. NASA’s next Mars-bound mission, 

InSight (short for Interior Exploration 

using Seismic Investigations, Geodesy 

and Heat Transport), will not be launched 

this autumn as planned. A vacuum seal 

in the lander’s French-built seismometer 

developed a leak during a final round of 

thermal testing at Vandenberg Air Force 

Base in California. Mission managers 

decided that there wasn’t enough time 

to make the needed repairs before 

the launch. Since the opportunities to 

send spacecraft to Mars occur during 

favourable orbital geometries that occur 

every 26 months, InSight won’t get 

another chance to leave Earth until 2018.

■ J. KELLY BEATTY

IN BRIEF
Two types of binary star
A new radio survey suggests that binary

star systems come in two basic sizes:

tight and loose.

John Tobin (Leiden Observatory,

The Netherlands) and others used the

Very Large Array’s 27 antennas to study

newborn stars in a nearby molecular

cloud in the direction of Perseus. The

team noticed that most of the young

binary star systems in the cloud fall into

two categories: they’re either separated by

less than 300 astronomical units or by a

distance greater than 1,000 a.u.

“We think this is evidence that they

form from distinct routes,” Tobin said

during a January 5 press conference at

the American Astronomical Society’s

January meeting.

Stars are born in enormous clouds of

gas and dust that collapse into clumps

under the pull of gravity. As the clumps

shrink, their outer regions flatten out into 

pancake-shaped disks. Meanwhile, deep 

inside, conditions eventually become hot 

and dense enough to ignite fusion, and a 

star is born.

But astronomers aren’t sure how this 

process works with binaries. Tobin’s 

team suggests that in the closer-packed 

systems, one star likely forms in its 

birth cloud’s dense central core, while 

companion stars coalesce within the large 

gas disk encircling the forming primary 

star, much as planets do. But for the 

widely separated systems, each star might 

come together on its own, as part of the 

turbulent fragmentation of its parent 

cloud. Since most of the widely separated 

systems the team found are relatively 

young, the researchers speculate that 

these binaries drift apart over time.

■ SHANNON HALL

News Notes
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Kepler’s giant planet candidates: real or not?

A
new study shows that about 

half of Kepler’s giant exoplanet 

candidates aren’t real planets. 

That might sound surprising, but it’s not: 

astronomers expected this result.

The Astronomy & Astrophysics study, 

by Alexandre Santerne (University of 

Porto, Portugal) and colleagues, followed 

up on potential giant planets detected by 

NASA’s Kepler satellite, which over four 

years found more than 4,700 exoplanet 

candidates. Santerne’s team conducted 

six observing campaigns with the 1.93-m 

telescope at Haute-Provence Observatory 

in France, looking for the worlds’ tiny 

gravitational tugs on their stars. The 

instrument wasn’t accurate enough to 

detect small planets, so the team focused 

on giants with orbits of less than 400 days.

The team observed 129 Kepler

candidates. Of these, only 45 turned out to 

be bona fide planets. The rest were brown 

dwarfs (3) or multiple-star systems (63); 

for an additional 18 cases, the team could 

reject both these alternatives, but still don’t 

know for certain what the signals are. Even 

if all 18 turn out to be planets, the study 

concludes, 51% of Kepler’s giant potential 

planets would still not be real.

That’s a lot higher than previous 

studies have found. Most recently, 

Francois Fressin (Harvard University) 

and colleagues calculated a 20% false-

positive rate for giant planets. But the high 

false-positive rate isn’t that surprising, 

says Kepler data expert Timothy Morton 

(Princeton University).

“The reason this apparent false-

positive rate from this study is so high 

is mostly because the Kepler team has 

been very generous with the last few 

data releases with what has been called a 

‘candidate’,” Morton says.

Kepler mission scientist Natalie 

Batalha (NASA Ames) agrees. In the 

early years, she explains, the team 

automatically marked any potential planet 

more than twice Jupiter’s diameter as a 

false positive. But Kepler couldn’t always 

measure planet sizes with a high degree 

of accuracy. Moreover, the team worried 

that they were throwing away objects in 

the divide between planets and brown 

dwarfs. So the team stopped throwing out 

candidates based on size alone.

That decision increased the number of 

‘fakes,’ but it enabled scientists to study 

how common brown dwarfs are compared 

with giant planets. In fact, Santerne’s 

team found that ‘warm Jupiters,’ which 

are Jupiter-size planets no farther from 

their parent stars than Earth lies from 

the Sun, are 15 times more common than 

brown dwarfs in similar orbits. “That is 

the real news!” Batalha says.

The team also found that, once they 

removed false positives from the group, 

three distinct populations of giant planets 

emerged: hot Jupiters that orbit their star 

in a few days, temperate giants more like 

those in our own Solar System, and a 

third type with orbits in between. 

Morton is in the process of doing a 

wider-range calculation of the chance that 

any given planet in Kepler’s list would turn 

out not to be real. He has already compared 

his calculations against Santerne’s 

observations and finds that they match up. 

But he stresses that the Santerne results 

are specific to giant planets only — all 

indications are that the false-positive rate 

for smaller candidates is still low.

■  MONICA YOUNG

Astronomers Predict a Supernova. Last 

year, Patrick Kelly (University of California, 

Berkeley) and colleagues announced the 

discovery of Supernova Refsdal, an exploding 

star in a faraway galaxy whose light had been 

split into four images on its way to Earth by 

an intervening galaxy’s gravity. A flurry of 

computer simulations published immediately 

after the discovery predicted that another 

image would be found within one to several 

years, due to the effect of the lensing

galaxy’s home cluster, MACS J1149.5+2223. 

On December 11, Kelly’s team spotted the 

predicted fifth image of the exact same 

explosion, more than a year after Hubble 

caught the previous four images.

■ MONICA YOUNG

Although it’s the only recognised

authority for naming stars, the

International Astronomical Union has

never bestowed a common name on a

star. In December, however, following

a wildly popular public contest, the IAU

announced names for 14 stars and 31

planets that orbit them. For full details

see http://is.gd/IAUnames.

■ J. KELLY BEATTY

IAU names stars and planets

Star Star Planet Name
Designation Name (Designation)

14 Andromedae Veritate* Spe* (b)

18 Delphini Musica Arion (b)

42 Draconis Fafnir Orbitar (b)

47 Ursae Majoris Chalawan Taphao Thong
(b)
Taphao Kaew (c)

51 Pegasi Helvetios Dimidium (b)

55 Cancri Copernicus Galileo (b)
Brahe (c)
Lipperhey (d)
Janssen (e)
Harriot (f )

Epsilon (ε) Tauri Ain Amateru* (b)

Epsilon (ε) Eridani Ran* AEgir* (b)

Gamma (γ)Cephei Errai Tadmor* (b)

Alpha (α) Piscis Fomalhaut Dagon (b)
Austrini

HD 104985 Tonatiuh Meztli (b)

HD 149026 Ogma* Smertrios (b)

HD 81688 Intercrus Arkas (b)

Mu (μ) Arae Cervantes Quijote (b)
Dulcinea (c)
Rocinante (d)
Sancho (e)

Beta (β) Pollux Thestias* (b)
Geminorum

PSR 1257+12 Lich Draugr (b)
Poltergeist (c)
Phobetor (d)

Upsilon (υ) Titawin Saffar (b)
Andromedae Samh (c)

Majriti (d)

Xi (ξ) Aquilae Libertas* Fortitudo* (b)

Iota (ι) Draconis Edasich Hypatia (b)

* These names are modified from the original
proposals to be consistent with IAU rules.

Preexisting, common star names are in bold.IN
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G
enerations of amateur and professional

astronomers have viewed and studied Jupiter’s

Great Red Spot (GRS), one of the giant planet’s

most easily recognised features. It joins Saturn’s rings

and the Martian polar caps as ‘must see’ features for

Solar System enthusiasts. But the GRS is an inconstant

icon. In fact, in recent years observers have become

increasingly alarmed about how small (relatively

speaking) the spot has become. Visually it’s far less 

impressive than it was two or three decades ago.

So planetary scientists have begun to ask whether 

this huge cloud system is really shrinking and, if so, 

might it someday disappear completely? The answer 

to the first question is unequivocally yes, but the 

second one remains a mystery. Given that Jupiter has 

other small, enduring, red-hued ovals, perhaps the 

real question should be whether the GRS no longer 

qualifies as a ‘great’ red spot.

Let’s examine the history of this iconic storm and 

what we do — and don’t — know about its evolution.

not-so-great
Jupiter’s

Red Spot
After shrinking in size for decades, is Jupiter’s iconic Great Red Spot facing an identity crisis?

The past
Historical records reveal that observers regularly

measured the GRS from the 1870s onward. It became

a popular target for study starting about 1878, in part

because it was extremely red and prominent at the time.

The earliest accurate size measurements employed

transit timings of its red edges, often with finely scored

micrometers in the eyepiece. These consistently showed

that the GRS had an east-west length of about 34° in 

longitude. On Earth, this longitudinal extent would be 

almost the size of Australia. But on far larger Jupiter, 

this expanse corresponds to about 40,000 km, three 

times Earth’s diameter.

GIGANTIC STORM Arguably no planetary feature in
the Solar System is better known than Jupiter’s Great Red
Spot, or GRS, seen here in a contrast-enhanced composite
of Voyager images from 1979. Note the vast regions of
disturbed cloud flow to its north and south, along with the
Earth-size white oval (designated BC) gliding nearby.
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Shrinking Storm
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As early as the 1900s, observers clearly saw

that the GRS was shrinking. Their measurements

often varied, sometimes due to how much the spot

blended into the cloudy background around it, but

overall a consistent trend emerged. Many years of

measurements showed that the spot’s length was

decreasing in longitude by about 0.14° per year. More

recently, high-resolution measurements have refined

this rate to an even more rapid 0.19° per year. Thus,

the GRS has been steadily shrinking for more than a

century. It currently spans about 14° in longitude, less

than half its size a century ago.

This begs the question: could the GRS have

been observed even earlier by telescopic observers

— and, if so, was it even larger then? Some of the

earliest telescopic observations by Gian Domenico

Cassini and Robert Hooke in the mid-1660s note a

“permanent Spot” on Jupiter, which many have since

interpreted as being the GRS. It’s not clear from the

original papers themselves if this is the case, however,

because the descriptions are somewhat vague as to

size, colour and location. Also, observers provided

only intermittent reports of such a feature during the

two centuries that followed.

Moreover, the spot was of interest not so much

for its colour and size but because astronomers could

use it to determine the rotation rate of Jupiter to a

remarkably accurate 9 hours 56 minutes. Beyond

that, it apparently warranted little mention other

than as a “small spot in the biggest of Jupiter’s three

belts” spanning about 12°, as shown in sketches over

those years.

Notably, if the recent trend in size were to hold true

farther back in time, the GRS would have been 30° to

40° larger in 1665 than in 1878 and thus occupied most 

of a hemisphere! This clearly would not be a small 

distinct spot seen rotating across the planet’s disk — 

with that size, it could have certainly stood out and 

even been seen through the low-resolution telescopes 

of that era. 

Conceivably, the spot reported by Cassini and Hooke 

might have dissipated and been replaced by the current 

GRS over the intervening years. Another possibility 

is that the storm experiences episodes of growth, 

after which it becomes smaller. For example, despite 

evidence that the spot clearly was shrinking from the 

1870s onward, occasional reports (for example, during 

1915–25) gave a larger size — though only by a few 

degrees of longitude.

 It’s also hard to tell whether the larger 

measurements corresponded to growth of the actual 

oval of the GRS or to an extended region around it. As 

many readers will know, the storm itself is sometimes 

very hard to distinguish from the surrounding 

clouds. These reports sometimes described the edges 

as pointy, rather than round, which gives us a clue. 

Hurricane-like vortices typically have rounded edges, 

even when very oblong, while the region around the 

GRS, shaped and bounded by regional winds, can 

have more angular shapes. Sketches of Jupiter, when 

compared with modern, high-resolution images, show 

that, indeed, sometimes the pointed features are not 

actually part of the storm itself. 

This discrepancy shows one downside of using 

colour to delineate storm size. The Great Red Spot’s 

HISTORICAL 

HINTS  Early 
reports of a 
spot on Jupiter 
from Robert 
Hooke and Gian 
Domenico Cassini 
appear in the 
Royal Society’s 
Philosophical 
Transactions 
(1665–66). 
Historians 
generally (but 
not universally) 
believe these 
observers saw 
something other 
than the Great 
Red Spot.

SHRINKING  

WITH TIME   

At left is a 

representation of 

how the Great Red 

Spot might have 

appeared in 1890, 

albeit at higher 

telescopic resolution 

than was available 

then, compared with 

an actual image 

from 2015.
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LESS AND LESS The GRS’s length has been shrinking for at least a century, but
the rate has accelerated during the past three decades.

TRACKING

THE WINDS

By using NASA’s
Galileo orbiter to

record the GRS
at near-infrared

wavelengths,
researchers

concluded that the
upwelling gas in

the spot’s interior
is some 30 km

higher than the
peripheral collar.

As the gas moves
from areas of high
pressure outward

(black arrows),
the Coriolis effect

causes it to spin
counterclockwise

rapidly along its
perimeter (orange

arrows). Some
of that rotational
energy probably
transfers to the

latitudinally
confined wind jets

flowing past to
the storm’s north
and south (white

arrows).
PERIODIC SCRUTINY  
Hubble Space Telescope 
enhanced-colour views 
from 1995, 2009 and 2014 
show both the GRS’s 
shrinking size and the 
varying intensity of its hue 
over two decades.

The present
We have more than 20 years of Hubble Space 

Telescope observations of the GRS. Throughout HST’s 

mission, the storm has gotten noticeably smaller and 

rounder. Composite images also reveal that the spot 

does actually change colour quite dramatically. This is 

one key to understanding why the storm is changing.

Jupiter’s cloudtops are dominated by bands 

of alternating winds that flow roughly along the 

boundaries between dark belts and bright zones. 

Storms typically ‘roll’ between these counterflowing 

jets like ball bearings in their races. In fact, we 

suspect that large vortices such as the GRS help to 

maintain the adjacent wind jets by adding convective 

energy. Conversely, vortices might draw some energy 

from the wind jets by ingesting small eddies. 

This is an active area of study, as we try to 

understand how waves and vortices are related to 

Jupiter’s very stable wind pattern. The GRS is nestled 

between a westward-moving jet on the northern edge 

of the South Tropical Zone (STrZ) and an eastward jet 

on its southern edge. Since the GRS slightly overfills 

the STrZ region, those wind jets are deflected around 

the big oval, which causes turbulence and cloud 

mixing as the flows return to their normal latitudes 

after going by.

Small eddies on either of those deflected wind jets can 

be drawn into the flow of the GRS as they pass by and 

subsequently dragged into its interior. While it’s unclear 

if these additions help sustain the storm, they do affect its 

colour. As eddies are ingested and sheared apart, fresh, 

whiter material often appears within the GRS. Ingesting 

multiple eddies can turn the storm a very pale colour, as 

occurred in 2012. Conversely, when no eddies accompany 

the jets, the spot’s colour can become quite intense — 

as it did during a widely observed fadeout of the South 

Equatorial Belt (SEB) in 2010. 

In 2014, after a rapid decrease in the spot’s length, 

observers noticed that its colour had intensified, even 

though there were still eddies on the jets nearby. 

Perhaps these eddies could no longer enter the flow of 

the GRS for some reason. Why might this be? 
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internal structure consists of a high-velocity collar 

surrounding a somewhat stagnant core. A cloud in 

this collar can complete a full circuit around the spot’s 

perimeter in about three days. Some have suggested 

that using the location of the high-velocity collar is a 

better measure of the GRS’s size. Although this radius 

is smaller than the coloured region, it too is shrinking 

over time.

Shrinking Storm
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GET TO 
KNOW 
JUPITER

For more 
informa-
tion about 
the study 
of Jupiter’s 
cloud features 
and the Great 
Red Spot in 
particular, 
see The Giant 

Planet Jupiter 
(Cambridge 
University 
Press, 1995), 
authored by 
John Rogers 
of the British 
Astronomical 
Association.

First, the storm has gotten smaller not just in its

longitudinal width but also in its north-south extent.

In addition, it occasionally moves slightly northward

or southward, affecting which wind jet it deflects

more. HST’s 2014 measurements show the spot

located near its normal central latitude, but both its

north and south edges contracted centreward as the

entire system shrank.

The westward jet still experiences significant

deflection around the GRS’s northern edge, though

perhaps slightly less than previously. However, the

eastward jet is now barely deflected southward by the

GRS. This means that any entrained eddies in this

region are not interacting closely enough to be caught

in the spot’s flow. We now strongly suspect that these

jet interactions are affecting not only the colour but

also possibly the size of the Great Red Spot. In time,

our computer modelling of the GRS’s interaction with

the nearby wind jets should help us understand the

energy exchange between them.

The future
So what does the future hold for the most famous

storm in the Solar System? That’s difficult to predict,

as sudden outbreaks could always alter the energy

balance and wind flow near and within the GRS and

change our view completely. Atmospheric specialists

describe the shape of Jupiter’s anticyclonic storms

(high-pressure systems like the GRS) by the ratio of

their length to width, and it’s not unusual for this key

aspect ratio to decrease in such storms, particularly

right after they form.

For example, the white ovals just south of the GRS

first appeared in the late 1930s not as discrete spots but

rather as high-altitude clouds and haze that suddenly

ALTERED BY

UPHEAVAL   

Compare how Jupiter 

looked in 2010 (left) 

— with its dark 

South Equatorial Belt 

‘missing’ and its GRS 

intensely coloured 

— with the view two 

years later, after the 

high-altitude clouds 

obscuring the SEB had 

dissipated and the GRS 

had become paler.

inundated their latitude band, probably related to 

a large convective event. The brightened zone then 

coalesced into three distinct, oblong white storms, 

which observers designated BC, DE and FA. By the 

Voyager flybys in 1979, each had an aspect ratio of 

about 2. They continued to shrink until merging into 

a single oval in 2000, with the new, combined oval BA 

having an aspect ratio of 1.25. In 2005, it turned red — 

earning the moniker ‘Red Spot Jr.’ — and by 2015 its 

aspect ratio was 1.3. Meanwhile, the GRS’s aspect ratio 

has changed from about 3 during the Voyager flybys in 

1979 to the 1.4 it has now. 

Computer models suggest that Jupiter’s anticyclonic 

vortices should exhibit preferred aspect ratios, but 

those depend somewhat on interactions with adjacent 

wind jets, especially for a large storm that can deflect 

the jets. So the GRS might eventually reach a shape 

that is ‘just right,’ allowing it to stabilise. 

Studies of its internal dynamics will help us to 

model its fate, so we continue to make yearly Hubble 

observations. And amateurs’ observations are critical 

for monitoring the GRS. Their regular reports help 

us to fill in the gaps between studies with HST and 

professional telescopes. They can also alert us to new 

happenings that require rapid follow-up.

All things considered, we expect that the Great Red 

Spot will continue to shrink for some time to come. 

We don’t expect it to disappear completely — but for 

now what happens in the years ahead is anyone’s 

guess. ✦

Amy Simon, an atmospheric dynamicist who works at 

NASA’s Goddard Space Flight Center, leads the observing 

team for HST’s Outer Planet Atmospheres Legacy 

monitoring program.
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TELESCOPE
Operators

CONTROL ROOM COLLABORATORS Astronomer Diana Da Cunha (left) and telescope operator

Francisco Cacenes work together at the European Southern Observatory’s 3.6-metre telescope at

La Silla in Chile. The 3.6 metre’s instruments include the exoplanet-hunting HARPS spectrograph.KATHERINE KORNEI

These men and women are the
experts that make discoveries at big
professional observatories possible.

E
S

O
/

S
.

B
R

U
N

IE
R

F
O

R
S

K
Y

P
IX

Behind the Scenes



www.skyandtelescope.com.au  21

P
art scientist, part engineer, and part therapist 

— that’s the job of telescope operators. Many 

large research telescopes — from the W. M. 

Keck Observatory in Hawai‘i to the Boeing-borne 

Stratospheric Observatory for Infrared Astronomy 

(SOFIA) — employ these jacks- and jills-of-all-trades. 

TOs, as they’re commonly called, are tasked with 

ensuring the perfect performance of a telescope and its 

cadre of instruments. They spend their nights working 

on remote mountaintops and airborne observatories 

as the liaisons between data-hungry astronomers and 

complex telescopes worth millions of dollars.

TOs are an integral part of a big-scope observing 

run because professional astronomers, for all 

their scientific expertise, often use a particular 

telescope and instrument combination no more 

than a few nights each year. These guest observers 

accordingly lack the day-in, day-out practice of 

working with a specific telescope — they might 

know the instrument’s strengths, but not its quirks. 

Focusing and locking on an astronomical target are 

manageable tasks with your own backyard setup, 

but navigating the complex software that research 

observatories use to accomplish these tasks is another 

matter. Furthermore, safely moving domes than 

can be 30 metres across or larger, and knowing local 

weather well enough to decide when to close down, 

takes a familiarity guest observers don’t have. And 

then there’s the setup and maintenance required to 

accommodate different observing programs, from 

switching out equipment to refilling cryogenic 

instruments with liquid nitrogen or liquid helium. 

These needs are similar at most observatories, and 

having full-time staff on hand to address them — as 

opposed to sleep-deprived astronomers unfamiliar 

with a telescope and its instruments — is critical.

“We’re really the expert users of the telescope,” 

says Jesse Ball, a TO at the Gemini North telescope 

in Hawai‘i. “We’re expected to learn how all of the 

instruments and telescope subsystems work together 

to be able to quickly and effectively troubleshoot any 

issues at night.” Coupled with the vision and curiosity

of the observers, TOs’ skills help make astronomical 

discoveries possible.

Hands-on at the telescope
Observing sessions can depend upon a TO’s quick 

thinking and arsenal of skills. Not surprisingly, many

TOs hold undergraduate degrees in physics, astronomy

or engineering, and have often completed additional 

coursework in computer science. TOs are accordingly

well prepared to tackle a range of problems.

TOP OF THE WORLD Jesse Ball (top) shepherds telescopes at Gemini

North in Hawai‘i (bottom, at sunset). Here he stands on the observing deck; 

in the background, left to right, are the Subaru Telescope, the twin Keck 

scopes and the Infrared Telescope Facility. 
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Their astronomy knowledge also enables TOs

to better understand the telescopic data and work

collaboratively and diplomatically with astronomers.

Given the scarcity of observing time available at large

observatories, astronomers treat their nights on a

telescope as a precious resource, something that can

make or break a graduate student’s thesis or pave the

way to a successful career.

“We sometimes work with a few astronomers who

are high strung and occasionally need some calming

to make the night go more smoothly and productively,”

says Joel Aycock, a veteran TO at the W. M. Keck

Observatory on Mauna Kea. Then there are graduate

students working feverishly on their dissertations, who

have “an awful lot” riding on the few hours of large

telescope time available to them. “You could consider

me a therapist in helping them through these crises.”

With their academic backgrounds, many TOs could

pursue graduate studies in astronomy en route to

working as a professional astronomer. However, TOs

ROLLING 

OUT THE 

ANTENNAS  

Left: When 
astronomers want 

to change the 
configuration of 
the 66 antennas 

that make up 
the Atacama 

Large Millimeter/
submillimeter 
Array (ALMA), 

they don’t do it by 
hitting a button: 

transporter 
operators move 

the antennas 
for them. 

Here, Patricio 
Saavedra drives 

the 28-wheel 
transporter ‘Otto’ 
across the ALMA 

site — while 
wearing an oxygen 

tube to keep his 
mind sharp at an 

elevation of 5,000 
metres. Right: 

Here, Otto carries 
the array’s final 

12-metre antenna, 
delivered to ALMA 

in 2013. The 
driver’s cab is the 
box in front. The 
antenna weighs 

about 100 tonnes.

BIG SCOPES  
Joel Aycock stands 

with Keck I. The 
primary mirror 
is behind him 

and the attached 
1.8 metre f/15 

secondary is to his 
left and reflected 

in the primary. 

often find that working with astronomers to make new 

discoveries satisfies their scientific curiosity.

“The competitive publish-or-perish attitude in 

academia really dissuaded me,” says Ball, who finished 

his bachelor’s degree in physics. “But I really love to 

learn about the physical processes in our universe, and 

I’m very hands-on at the telescope.” 

After completing his undergraduate degree, Ball

accepted a job running a college observatory, which

entailed managing public outreach, running lab

courses and overseeing student projects. His experience

with the college observatory prepared him for TO work

first in Albuquerque, New Mexico, and then in Hawai‘i,

where he has been for the last 8 years.

Aycock echoes Ball’s sentiment of being passionate

about astronomy and yet not wanting to be a

professional astronomer. “I love discovering how

things work, solving problems, and helping the real

experts develop new techniques and equipment to do

the job,” Aycock says.

Becoming a TO wasn’t Aycock’s original plan; he

had a computer job lined up in New Zealand after

he finished his bachelor’s degree in physics at Reed

College in Portland, Oregon. “I arrived in Honolulu

in the summer of 1974 with a visa and job offer in

Christchurch, $1,300 in the bank, two pairs of jeans and

three shirts,” Aycock explains. He had planned to lay

over in Hawai‘i for a while to enjoy the sun, but he ran

through his savings in just weeks. Since he was stuck

in Honolulu, Aycock enrolled in graduate astronomy

courses at the University of Hawai‘i, Manoa, and

discovered the telescopes on Mauna Kea.

Hawai‘i would become Aycock’s home as he built
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his career as a TO: first on Maui to work for NASA’s

Lunar Laser Ranging Experiment, and later on the Big

Island with the United Kingdom Infrared Telescope

and Keck Observatory. In the 1990s, Aycock helped

astronomers collect the first science data from the

new Keck I telescope, and he also participated in the

construction and commissioning of Keck II. He has

now worked as a TO on Mauna Kea for over 30 years.

“Once I found a place with the Hawai‘i astronomical

observatories, I was hooked,” he says. “There was no

turning back.”

Call the operator
One night while holed up in the control room during

an observing session at Gemini North, Ball heard

a thunderous bang! from the dome floor overhead.

The lights flickered. He hustled up the three flights

of stairs into the dome — where the temperature

was approximately −10°C — and encountered a mini

catastrophe: the 5-cm-thick, solid piece of steel that

transmitted power to the dome had snapped in half.

Gemini’s massive dome moves azimuthally on a

track containing high-voltage power lines, which

supply the power to all the vent gates, dome, shutter

and lights. The connection to one of those lines

had failed, creating a massive arc of electricity that

snapped the steel.

“I was frantically trying to dismantle the assembly

so we could get the dome closed,” says Ball. While he

was working, the fog rolled in and a light dusting of

snow and ice started to fall on the dome floor. “I’m

standing there in the dark and fog with a flashlight, 

frozen-stiff fingers, numb face, and manoeuvring my 

way around damaged pieces of this dome track, all the 

while working against the clock!”

Luckily, Ball was able to close the mirror cover 

to preserve the optics during the bad weather. After 

engineers guided him by phone in re-arming the power 

breaker and resetting the telescope’s interlocks, he

restored power to the dome so he could properly close

down the telescope. “The day crew was able to check

the system the next day,” he says, “so we were back to

normal operating conditions as soon as we re-opened

the next night.”

Such incidents are thankfully rare. Some

observing sessions are relatively easy, such as when

there are only a few, long-exposure targets. But TOs

are the first line of defense when something goes

wrong at a telescope.

“We always must be aware and on the alert for any

small problem that might stop operations altogether,”

Aycock says. “No lives will be lost, but an astronomer’s

life career could be jeopardised.”

In 2009, Ball helped astronomers observe NASA’s

Lunar Crater Observation and Sensing Satellite

(LCROSS) smash into the Moon. The impact, in

which LCROSS and its Centaur rocket intentionally

crashed into Cabeus Crater at the Moon’s south pole,

was designed to eject material that astronomers

could study spectroscopically for signs of water and

hydrocarbons.

Preparing for the crash took lots of planning. The

TOs coordinated with astronomers and engineers

to figure out where to point the telescope and which

filters to use so that observers caught the expected flash

without saturating the detector. “The fact that it was

only going to happen once and we didn’t get any second

chances really made it exciting and challenging — and

we pulled it off!”

Sometimes, TOs have to make choices about whether 

to proceed with observing or not — regardless of how 

unpopular it will make them with the astronomers. 

But holding out can have its rewards, too. One night 

at Gemini North, Ball and some astronomers were 

observing in extremely windy conditions, probably 20 

metres per second (72 kph). All telescopes have different 

NIGHT 

CLASSES  

Left: One of 
the 8.2-metre 
telescopes of the 
four-scope Very 
Large Telescope 
at Paranal, Chile. 
Right: Telescope 
instrument 
operator Claudia 
Cid (left) gives 
data-handling 
administrator 
Cecilia Cerón a 
crash course on 
how operators 
prepare for 
the night’s 
observations, 
while sitting in 
the Very Large 
Telescope’s 
control room. 
Cerón and her 
colleagues 
oversee the 
observatory’s data 
flow, beginning 
when the 
instrument takes 
an image in Chile 
and ending when 
it’s delivered 
to ESO staff in 
Germany.
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‘closing limits,’ and Gemini North’s is 22.5 metres per

second. “As you can imagine, an 8-metre piece of glass 

can really catch the wind,” Ball says. “We could barely 

hold onto a guide star and were just about to give up and 

close the dome.”

But right then Ball and his team received word 

of a gamma-ray burst, a short-lived event for which 

follow-up at other wavelengths really matters. They 

decided to go ahead and attempt to observe the burst. 

“We didn’t see anything in the visible filters, but we 

decided to try our near-infrared imager just in case,” 

remembers Ball. “Sure enough, we got it!” 

Thanks to these observations, as well as data from 

several other observatories, astronomers determined 

that the gamma-ray burst was one of the most distant 

sources ever imaged, with a redshift of 8.2. That means 

the star that died to produce the gamma-ray burst blew 

up less than 650 million years after the Big Bang.

In thin air
TOs like Ball and Aycock, who work on mountaintop 

observatories, must be prepared to do their jobs in thin 

air. Mauna Kea, home of the Keck and Gemini North 

telescopes, among others, is 13,796 feet (4,205 metres) 

high; there’s 40% less oxygen at the summit than at 

sea level. But TOs don’t live at the summit; they have to 

constantly push their bodies to acclimatise to changes 

in altitude. Visiting astronomers, on the other hand, 

only work at mountaintop summits for a few nights 

each year. Some observatories, such as Keck, even limit 

astronomers to observing from lower-elevation, remote-

observing rooms.

Because TOs generally work a few days at a time 

and then have a few days off, they’re always changing 

elevation. Ball and Aycock commute regularly from 

their homes, first to Hale Pohaku — the mid-level 

facility on Mauna Kea at 9,200 feet where they eat and 

sleep during their shifts — and then to the summit for 

each night’s observing run. “I calculated my ‘average’

elevation once — the number of hours I spend at sea 

level, at Hale Pohaku, and on the summit — and it 

worked out to something like 9,000 feet,” says Aycock. 

That’s well into the high elevation range that can 

trigger mild altitude sickness if people don’t take time 

to acclimate.

A typical work schedule for Aycock involves driving 

to Hale Pohaku from his home — a 90-minute 

commute — at the beginning of his five-night shift. 

He eats an evening meal in the Hale Pohaku common 

room with other TOs and astronomers and then departs 

for the summit at roughly 5 pm, depending on the 

season. The drive to the Keck telescopes takes 20–30 

minutes, mostly by dirt road. Aycock makes sure to 

arrive at the summit at least 30 minutes before sunset 

to ensure that the telescope, dome and instruments 

being used that night are ready to go.

Since TO work often involves acclimatising to 

significant changes in elevation — not to mention 

disruption of circadian rhythm — the job isn’t for 

everyone. But some TOs couldn’t think of a better job 

and savour the freedom that the work affords.

Not your average observatory
All observatories function slightly differently, and many 

TOs work at several telescopes over the course of their 

careers. Gabrelle Saurage, who holds an undergraduate 

physics degree with an emphasis on astrophysics, has 

been a TO for four different observatories over the 

course of 14 years: McDonald Observatory in Texas, 

W. M. Keck Observatory in Hawai‘i, Apache Point 

Observatory in New Mexico, and now the SOFIA 

telescope aboard a Boeing 747.

“Working on a 747 is nothing short of awesome,” 

says Saurage. “We wear flight suits, talk on headsets, 

and see exotic lands.”

SOFIA is a modified aircraft with a 2.5-metre 

FASTEN YOUR 

SEAT BELTS  

Left: Telescope 
operators aboard 

SOFIA have to 
not only watch 

the telescope 
controls but also 

pay attention 
to turbulence 
and airspace 
restrictions. 

Right: Telescope 
operator Gabrelle 

Saurage stands on 
SOFIA’s gangway. S
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telescope installed in its rear fuselage. It flies above

most of Earth’s atmospheric water vapour, collecting

infrared photons that would otherwise be absorbed by

water. The aircraft is based in Palmdale, California,

but its flights, which last about 10 hours, often take its

crew far over the continental United States, the Pacific,

Canada, or beyond; two years ago, they deployed to

New Zealand. Working on an airplane, instead of in a

windowless control room, has allowed Saurage to see

spectacular astronomical sights, such as the aurora at

both poles.

Unlike on the ground, where TOs usually operate

solo, TOs onboard SOFIA work in pairs during

an observing session. One TO is responsible for

locating the target in the sky and keeping it centred

in the telescope’s field of view, a challenge when

SOFIA encounters air turbulence. The other TO

communicates with scientists about the goals of the

observing session, checks the quality of incoming data

and makes sure that the telescope and instruments are

functioning properly.

SOFIA has certain advantages of both a ground-

based telescope and a space-based telescope, which

affect how Saurage functions as a TO. “We get up to

the edge of the stratosphere and thereby above most

weather and in a region best suited for far-infrared

observations, but then again we can come home every

day for repairs, upgrades, and, importantly, switching

instruments,” she explains. “We are never limited by

hardware or weather.”

But Saurage finds that her work is more demanding

than at other observatories she’s worked at, simply

because the telescope and its instruments are aboard

a flying airplane. “There are the familiar set of

commands most telescope operators use to manipulate

the telescope — slewing, tracking, and guiding to set

up on the desired field,” she says. But since they’re on

a plane, she adds, they have to coordinate with a host

of aviation concerns. While a ground-based observing

session is affected by weather, TOs onboard SOFIA have

to take into account movements of the plane through

air turbulence, air regulations, airspace restrictions, and

pre-determined flight plans. “Setups for observations

are significantly more complicated if the observatory is

in motion,” Saurage concludes.

Saurage, like all TOs, relishes a night of successful

observing. And unlike guest observers, TOs have

the chance to enjoy these nights regularly — more

like amateurs, although TOs’ nightly adventures are

largely planned by someone else. After some much-

needed rest away from their mountaintop or airborne

posts, TOs return to take on the roles of scientists,

engineers, and therapists for another night.✦

Katherine Kornei is a science writer with a PhD in

astronomy, and is grateful to the many telescope operators

who helped her collect her thesis data.JO
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CARRY-ON  

SOFIA is a 
modified Boeing 
747 that flies 
high above the 
atmospheric 
water vapour that 
interferes with 
ground-based 
telescopes. Its 2.5-
metre reflecting 
telescope peeks 
out from the rear 
fuselage. 

SCREENS GALORE  Telescope operators keep their eyes 
on many systems during observations. Among the windows 
displayed here at Gemini North are telescope and dome 
controls, weather parameters and observing results. 
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W
e’ve known for centuries that, as the Moon

revolves around Earth, it shows us only one

face. Before the Space Age, scientists could

only speculate about the moonscape hidden on the

lunar farside. Informed expert opinion was that the

farside probably looked similar to the nearside, with

extensive low, smooth maria (Latin for ‘seas’) set in

rough, undulating highlands (terrae).

With the advent of spaceflight in the late 1950s, we

finally saw the farside. That momentous event first

occurred in 1959 thanks to the photographs captured

by Luna 3, an automated satellite sent to the Moon by

the Soviet Union.

Our wo- ced Mo

PAUL D. SPUDIS

Those first farside pictures were of poor quality and 

low resolution, but planetary scientists immediately 

realised that the near- and farsides are fundamentally 

different. The farside as seen from Luna 3 didn’t show 

many of the dark maria (familiar to even the casual 

viewer) that are so widespread on the nearside. Except 

for a couple of small mare patches — including one 

patriotically dubbed ‘Sea of Moscow’ by Soviet scientists 

and a dark, mare-filled crater named after rocket 

pioneer Konstantin Tsiolkovskiy — the farside appeared 

to be made up of mostly bright, rugged highlands, 

crisscrossed with rays from several large, fresh craters. 

Subsequent Soviet and American robotic missions 

Planetary scientists still don’t 
know why one side of Earth’s  
satellite looks so different 
from the other.

Lunar Mystery
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verified this initial discovery: the

farside is composed almost entirely of the

lighter toned, rough, and heavily cratered terrae, 

with limited exposures of maria.

Thus, we learned that the Moon possesses two 

hemispheres of distinctive character. This contrast 

is most obviously expressed by the distribution of 

dark mare deposits, but other differences (such as 

the distribution of certain elements) also exist. After 

more than five decades of study, we still do not fully 

understand how our Janus-like Moon developed its 

two faces — but we do have some clues that allow us 

to speculate on this dichotomy’s meaning.

‘DARK SIDE’ vs ‘FARSIDE’

Although the Moon always points one face toward Earth, the whole lunar globe
sees the Sun over the course of a lunar day. The Moon rotates on its axis once

every 708 hours with respect to the Sun, thus putting half of its surface in
darkness for 354 hours. The ‘dark side’ is merely the nighttime hemisphere. If

the dark side and farside were the same thing, we would never see lunar phases.
The conflation of ‘dark side’ with ‘farside’ might have its roots in the cultural

meaning of darkness as a synonym for ‘unknown’.
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HIGHS AND LOWS  The side of the Moon that faces Earth has broad lava 
plains across much of its surface. Yet the other side looks totally different: 

it’s covered in rough highlands, with few lava plains. These false-colour 
maps are based on data from NASA’s Lunar Reconnaissance Orbiter.
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fracturesMare filled

with lava

Molten rock

The lunar maria
The Apollo explorations gave us a good understanding

of the Moon’s early history and evolution. We

confirmed that the maria consist of ancient lava flows,

which erupted onto the surface more than three

billion years ago. These lavas arose when heat from the

decay of radioactive elements deep within the Moon

partially melted its magnesium- and iron-rich mantle,

producing liquid rock that migrated upward toward

the surface. This magma then erupted to form large

deposits, similar to the massive sheets of lava that

HOW THE LUNAR MARIA FORMED  The Moon’s lava seas formed in a multi-step process that spanned about a billion years. First, sometime 
between about 3.9 and 4.3 billion years ago, an asteroid slammed into the surface, blasting out a basin even as the projectile was vaporised. The impact’s 
shock waves fractured the underlying rock (left). The blast hurled debris into rings around the basin, while a small pool of shock-melted rock solidified 
inside. Meanwhile, the rock beneath the basin rebounded upward, producing more cracks (middle). Much later — about 3.1 to 3.9 billion years ago — 
material heated and melted deep inside the Moon by radioactivity rose along the fractures as magma. When it reached the surface, the lava filled the 
basin layer by layer to form a dark mare (right).
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FIRST LOOK AT THE FARSIDE  Above: In 1959, the Soviet spacecraft Luna 3 captured this wide-angle shot of 
the lunar farside. Although of poor resolution, this image and the other 28 the craft took revealed that the Moon’s 
farside (the right three-quarters of the disk seen above) lacks the maria so familiar to observers from 
the nearside. In the image, the dark spot at upper right is Mare Moscoviense; the one lowest on centre 
left is Mare Smythii. The small dark circle at lower right with the lighter dot in the centre is the crater 
Tsiolkovskiy and its central peak. Right: Apollo 12 astronaut Alan Bean holds a container filled with lunar 
soil. (Crewmember Pete Conrad, who took this image on November 20, 1969, is reflected in Bean’s visor.) 
Samples gathered by Apollo astronauts revolutionised the study of lunar geochemistry, and planetary 
scientists still use these samples to study the Moon’s geologic history.

make up the Columbia River basalts in the western 

United States. Such eruptions can involve enormous 

volumes of magma and are called flood basalts.

On the Moon, flood basalts fill gigantic impact 

features called basins. (By convention, planetary 

scientists define impact craters as basins when they 

are at least 300 kilometres across.) Some of these 

features are more than 1,000 km in diameter. The 

basins formed when asteroid-size bodies hit the Moon 

around four billion years ago, excavating large parts 

of crust and throwing ejecta across the surrounding 

highlands.

Basins create low areas and fractures in the crust. 

These fractures later allowed magmas to break 

through the surface and erupt onto it. The basins’ 

low-lying interiors permitted these lavas to accumulate 

into stacks, pressing down on the crust and deforming 

the surface.

The infill of basins by mare lava is not a direct 

consequence of the impact. Instead, a significant 

length of time (hundreds of millions of years) usually 

elapsed between a basin’s formation and its infilling 

by magma erupting from the deep interior.

We have found impact craters and basins over the 

entire lunar surface, but not all basins are filled with 

lava — some are only partially 

covered, or not flooded at all. 

This is a critical point to 
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note for understanding the origin of the hemispheric

differences on the Moon: the abundance of maria on 

the nearside and their scarcity on the farside is not 

merely because there are fewer basins on the farside. In 

fact, basins are (more or less) equally distributed over 

both near- and farsides. Some other factor must have 

caused the volcanic flooding of almost all the nearside 

basins and only a very few of the farside ones.

The crust of the Moon
The lunar crust consists of aluminium- and calcium-

rich rocks, similar to the terrestrial rock anorthosite. 

Anorthosite is made up almost entirely of one mineral: 

plagioclase, which has a relatively low density. Small 

rocks rich in plagioclase were first found in samples 

returned by Apollo 11. From this evidence and from 

looking at the highlands’ topography and density, 

scientists concluded that the early Moon must have 

been nearly totally molten, covered by an ocean of 

magma in which low-density minerals floated to the 

top (forming an anorthositic crust) while denser, 

iron-rich minerals such as olivine sank to the bottom, 

ultimately becoming the mantle. It was this mantle 

that later partly remelted, through the slow release of 

heat by radioactive elements, to create the magmas 

that erupted as mare basalts.

The astronauts deployed long-lived instruments 

on the lunar surface, including seismometers that 

measured moonquakes. Study of these quakes showed 

that the Moon has a crust, a mantle and possibly even 

a small metallic core. The lunar crust at the Apollo 

landing sites is between 35 and 40 km thick, similar to 

parts of Earth’s continental crust. Interestingly, gravity 

data from orbiting spacecraft show that the crust on 

the farside is thicker than on the nearside, for reasons 

that remain unclear. In addition, the Moon’s centre 

of mass is offset from its geometric centre by a couple 

of kilometres in the direction of Earth. This offset 

is probably what keeps the nearside visible and the 

farside facing away, because it would have forced the 

Moon’s rotation and revolution periods to synchronise.

Armed with these findings, lunar scientists sought 

to explain the two faces’ geologic differences. They 

first postulated that the difference in crustal thickness 

between the two hemispheres might explain why there 

are far more maria on the nearside. How would such a 

scenario work? 

As mentioned, basalts are produced from the 

partial melting of the deep lunar mantle, forming 

bodies of liquid rock that are less dense than their 

surroundings and, therefore, buoyant. These liquids 

migrate upward along grain boundaries and cracks 

until they reach a point where they either escape to the 

surface and erupt or stop moving because the pressure 

from the overlying rock is no longer high enough to 

make them buoyant. Assuming all mare basalts came 

from the same ‘zone’ of melting, scientists suggested 

that, because the crust is thinner on the nearside, the 

magmas could reach the surface there and erupt, but 

rising the same distance on the farside would still 

leave them below ground level.

This explanation was attractive for a lot of reasons, 

especially as it unified several disparate observations 

into a generalised model that nicely explained a 

lunar mystery. But experience in science shows 

us that grand unifying theories are usually wrong 

— or, at best, incomplete. In this case, continued 

studies of the lunar samples returned by the Apollo 

missions demolished this density equilibrium idea. 

The composition of the liquid rock that filled maria 

changes from region to region, which means that 

the magmas’ densities were different. That implies 

that, even if material all came from the same depth 

(unlikely), it wouldn’t necessarily have risen the 

same distance. Thus, the contrast in the number of 

near- and farside maria can’t merely be the result of 

magmas of similar densities rising to similar levels.

Lunar heat
All the rocky planets contain radioactive elements that 

spontaneously decay into other elements, releasing 

radiation and generating heat. A classic example is the 

element uranium, half of which decays into lead over 

4.5 billion years. Radioactive decay has been occurring 

inside the planets since they formed, and the heat that 

is generated partially melts the planets’ interiors. The 

result is the generation of magma, which can cool slowly 

deep inside a planetary crust (a process called plutonism) 
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Lunar Mystery

or be rapidly pushed out onto its surface (volcanism).

Many different radioactive elements produce heat 

inside both Earth and the Moon. These elements are 

too large to fit into the crystal structures of the major 

rock-forming minerals. So as minerals crystallise 

from the magma, such elements tend to be left 

behind in the magmatic liquid that remains. On the 

Moon, this material has been given the name KREEP, 

which stands for potassium (K), rare-earth elements 

(REE), and phosphorus (P). We first discovered 

KREEP in Apollo 12 samples collected in Oceanus 

Procellarum, the largest expanse of maria. Because 

KREEP includes the radioactive, heat-producing 

elements uranium and thorium, a map of high 

radioactivity on the lunar surface is also a map of the 

KREEP content of different regions.

As shown by the 1998 Lunar Prospector mission, 

KREEP is not distributed evenly around the Moon. 

Instead, it’s concentrated largely on the western 

nearside, within and around Oceanus Procellarum. 

A second, much lower concentration is found in the 

southern central farside, near the small maria on 

the floor of the South Pole–Aitken Basin, the largest 

(2,600 km) and oldest (perhaps 4.3 billion years) basin 

on the Moon. Because volcanism is driven by internal 

heat, scientists thought that high KREEP levels near 

the largest maria might mean that radioactivity had 

generated more heat in these places, resulting in the 

eruption of more lava. Higher KREEP abundances 

beneath the nearside than under the farside could 

explain why the Moon has two faces.

The difficulties in this case lie in two areas. 

First, the distribution of maria only partly correlates 

with high levels of radioactive elements. Although 

Procellarum is both very large and has lots of KREEP, 

other significant mare deposits occur in zones strongly 

depleted in such material. Such areas include both 

eastern nearside maria (such as Crisium, Smythii, and 

Fecunditatis) and some farside maria (Moscoviense 

and Orientale).

Second, the radioactive elements detected from 

orbit all occur within the topmost metre of the Moon’s 

crust. Yet mare magmas are generated deep within the 

Moon, hundreds of kilometres lower. Any relationship 

between the surface and mantle compositions is likely 

to be both indirect and complex.

But even if the ultimate cause of the Moon’s 

two-faced nature is a local enrichment of radioactive 

elements, this merely begs the question: why, then, are 

the heat-producing elements distributed unevenly on 

the Moon? There isn’t a straightforward answer to this 

question, though some ideas have been proposed.

One recent paper suggested that since the surface 

of early Earth would have been molten after the 

impact that created the Moon, the radiant heat from 

this glowing sphere would have kept the Moon’s 

nearside from cooling as quickly as the farside did. 

Such a temperature gradient between near- and 

farsides would supposedly lead to the production of 

a chemical gradient, with a higher concentration of 

R ARE EARTH 

ELEMENTS

Rare earth elements are a

group of metals that includes

scandium, yttrium and the

15 lanthanide elements

(atomic numbers 57 through

71). They’re used in many

modern technologies, such

as cell phones and hybrid-

car batteries. In terms of

abundance they’re actually

far more common in Earth’s

crust than gold, but they

rarely exist in concentrations

high enough to make mining

economical.

RADIOACTIVE MOON  Spectra from the Lunar Prospector mission reveal levels of the radioactive element thorium on the lunar surface. Scientists 
think thorium, along with uranium and KREEP (potassium, rare earth elements and phosphorous), helped melt the lunar interior, producing the 
magma that migrated to the surface to create the mare lava plains. But although the highest thorium concentrations appear in Oceanus Procellarum 
(orange and green area), maria locations don’t necessarily match up with high radioactive levels.
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refractory elements (that is,

those with high melting points,

such as aluminium) on the farside. In this 

model, the thicker farside crust arises because that 

hemisphere initially had more refractory elements 

than the nearside. 

But global maps of composition suggest that while 

regional differences do exist, they aren’t primordial. 

Instead, these differences are the result of a complex 

history of impacts, mare flooding, and other geologic 

events that happened long after the Moon formed.

Another proposal is that the current near- and 

farsides were in a different configuration in the past 

and a large impact reorientated the Moon’s spin 

axis, making the nearside mare dominated solely by 

accident. But even if such a scenario is true, it doesn’t 

explain why there were two differing hemispheres to 

begin with.

A third idea proposes that a large ‘sub-moon’ 

collided with the proto-Moon early in its history and 

plastered the farside with an additional rock layer as 

a ‘coating,’ producing the farside’s highlands while 

at the same time ‘squeezing’ that side’s subsurface 

KREEP layer toward the nearside. Such an event does 

not align with our current understanding of how the 

impact process works. But even if it were feasible, 

there is no evidence that the 

Moon’s farside contains any late-

added, exotic rock types: farside compositions are 

similar (or identical) to those found globally around 

the Moon.

Thus, although these various scenarios can create 

double-faced Moons, all of the models proposed to date 

have a deus ex machina flavour, and science does not 

incorporate miracles into its explanations.

So we are left, at least partly, where we started. 

The Moon shows two faces, and the near- and 

farsides are different in many ways: maria vs. mostly 

highlands, thin crust vs. thick crust, and high levels 

of heat-producing elements vs. low levels of the same. 

These differences are probably related to differences 

in the lunar interior, some of which may date back 

to our satellite’s formation. But we still only partly 

understand the history and processes involved in 

the evolution of the Moon. So why are the near- and 

farsides of the Moon so different? We don’t know. ✦

Paul D. Spudis is a planetary scientist specialising in 

lunar history and processes. He is the author of The 

Value of the Moon, to be published in April 2016 

by Smithsonian Institution Press. More at www.

spudislunarresources.com

PROFILE OF TWO FACES

This mosaic from the Lunar
Reconnaissance Orbiter’s wide-
angle camera shows the Moon
centered at 300° east longitude.
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The world’s first KAF-50100 sensor with microlenses is the result of a year-long

collaborative effort between ON Semiconductor (formerly Kodak) and Finger Lakes

Instrumentation. Our goal: to create a sensor with both high resolution and

excellent quantum efficiency (QE). The significantly boosted QE of our new

ML50100 with microlens technology makes it as sensitive as the popular

KAF-16803 detector, but with 3X higher spatial resolution. The ML50100 is the

ideal camera for wide field imaging with shorter focal length telescopes.

At Finger Lakes Instrumentation, we design and build unrivaled cameras, filter

wheels, and focusers to pave your way to success—whichever path you choose.

Designed and manufactured in New York, USA.

For more information, visit

www.flicamera.com/51.html

MADE IN USA

© 2015  Finger Lakes Instrumentation, Inc.  All rights reserved.

Finger Lakes Instrumentation

TM

Widest Field Highest Resolution: Introducing our 50 Megapixel ML50100

ML50100:

8136 x 6132

6 micron pixels

3X more resolution than the ML16803

1/3 more area than the ML16803

NGC 5367 imaged with ProLine PL16803. Image courtesy of Wolfgang Promper.

Significant Increase in Sensitivity
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Lowell Observatory’s 119-year-old legendary telescope has been lovingly restored.

T
he famous 61-cm (24-inch) refractor that stands

atop Mars Hill in Flagstaff, Arizona, holds a

special place in the annals of astronomy. It was

built by the renowned firm of Alvan Clark & Sons 

for Percival Lowell, the Mars enthusiast and wealthy 

black sheep of a patrician Boston family. The telescope 

was commissioned in 1897 and has been in active use 

nearly ever since.

Lowell Observatory and its colourful patron seized 

the world’s attention at the turn of the 20th century 

when Lowell described and mapped the supposed 

canals on Mars; he proposed that they were the works 

of an advanced civilisation, designed to carry water 

from the polar ice caps to the rest of a dying planet. 

The ‘canals on Mars’ brought fame and later shame 

to the institution, as it gradually became clear that 

they were illusory — effects of contrast, atmospheric 

seeing, and the tendency of the eye to connect dots and 

regularise randomness when working at the limits of 

human vision. Or at least Lowell’s vision and that of

his dutiful assistants.

Despite this controversial beginning, the Lowell

refractor soon made substantial contributions to 

science in the capable hands of three pioneering 

Lowell astronomers: the brothers Vesto Melvin 

(‘VM’) Slipher and Earl C. Slipher, and Carl Otto 

Lampland. Among many other achievements, VM 

used a modified Brashear spectrograph on the Clark to 

obtain the first spectra of spiral ‘nebulae’ and discover 

that most showed high velocities of recession. This 

achievement led to Edwin Hubble’s finding that the 

universe is expanding. VM Slipher also discovered 

spectroscopically that the Merope Nebula in the 

Pleiades was not glowing gas but interstellar dust 

reflecting starlight; it was the first known reflection 

nebula. In 1905 Lampland used the Clark refractor 

to obtain some of the earliest good photographs of 

Mars. For the next half century E. C. Slipher used 

FINISHED The 24-inch (61-cm) f/16 refractor, ready for another
century of service. The 30-cm ‘finderscope’ is mounted above
it; the 10-cm finderscope is out of sight. Access stairs lead to
the classical German equatorial mount. The observatory and

telescope were declared a National Historic Landmark in 1965.

The ‘Mars telescope’ is reborn
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specially built enlarging cameras and a technique 

called integration printing to secure some of the finest 

photographs of the planets from that era.

With the arrival of the space age in the late 1950s 

and 1960s, the Clark telescope once again became a 

centerpiece of lunar and planetary research. NASA 

funded a Planetary Research Centre at the observatory, 

which carried out two major projects: high-resolution 

mapping of the Moon in preparation for the Apollo 

missions (resulting in the U.S. Air Force/NASA 

Lunar Charts in 1963), and running the worldwide 

International Planetary Patrol Program, headed by 

William A. Baum, which generated a database of 1.2 

million photographs of the major planets (as told in 

the Feb/Mar 2016 issue). These provided invaluable 

information on Martian meteorology and dust storms, 

the dynamics of Jupiter’s atmosphere, the retrograde 

rotation of Venus’s cloud deck, and some of the physical 

properties of Saturn’s ring system, all in preparation for 

planetary exploration by space probes.

Since then, the great refractor has served as the core 

attraction in the observatory’s Public Program, which 

welcomes some 80,000 visitors a year. The telescope 

has also been used by many amateur astronomers for 

special observing and imaging sessions.

But after performing for over a century, the classic 

telescope, mounting and dome were in dire need of some

tender loving care. Enter master instrument specialist 

Ralph Nye and his team of skilled co-workers: Jeff 

Gehring, Glenn Hill, Peter Rosenthal and Dave Shuck.

From the ground up
A major problem was deterioration of the massive 

bearing wheel at the bottom of the polar axis. 

Forty-six centimetres in diameter and 75 mm wide, 

supporting three tonnes of moving parts, it was made 

of relatively soft cast iron; large steel bearings weren’t 

available in 1895. After some 116 years of use, the 

support wheel had flattened and widened at damaged 

areas. Consequently, as the telescope moved in right 

ascension, the polar axle shifted out of its housing by 3 

millimetres or so, and when the three-tonne assembly 

fell back to its original position, a loud bang shook the 

entire telescope!

Replacing it would require taking the entire 

telescope apart. On the positive side, this would give 

us a chance to do many other repairs and restorations.

Lowell Observatory started a ‘Save the Clark 

Telescope’ fundraising campaign to finance a thorough 

job. The institution’s many members and friends raised 

close to US$300,000 in three months, enough to totally 

restore not just the telescope and mount, but also the 

iconic, 12-metre-high cylindrical wooden dome.

CAREFUL!  A crane lowers the refurbished, 5,000-kg 
equatorial mount through the dome slit.
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DISASSEMBLY  A crane lifts the 400-kg declination shaft out of its housing for 
inspection and cleaning. The mount was bolted to a temporary pier at a 35° angle, 
so the polar axis (behind the big right-ascension circle) would be horizontal for 
easier removal of parts.
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Lowell Observatory has a long tradition of

designing and fabricating instruments and telescope

modifications, and it has always retained a cadre of

specialists and facilities to that end. This saved money

and provided the in-house expertise to do the best

possible restoration job without cutting corners. For

example, coauthor Ralph Nye, Director of Technical

Services, has worked at Lowell since 1976. He’s in

charge of mechanical engineering and maintains

the Clark and eight other telescopes, including

instrumentation for the observatory’s new 4.3-metre

Discovery Channel Telescope.

No documentation exists for how the telescope

was originally put in place. So Nye’s restoration

plan centred on taking the instrument apart safely

(photographing all parts and their locations),

designing and fabricating custom arrangements to

process some seven tonnes of parts, and restoring the

wooden dome without damaging it.

The undertaking involved several key steps. First,

we locked down the telescope’s 9.7-metre-long tube

parallel to the ground using two special fixtures that

bolted to existing holes on the cast iron centre section

of the tube, then attached these to the mount pedestal

using specially designed turnbuckles reminiscent of a

truck driveshaft. A similar brace was used to support

the five 190-kg right-ascension counterweights.

We carefully removed several trees near the

dome to allow room for a 50-metre crane to remove

large components through the dome’s shutters. To

facilitate this, we stripped the telescope of all small

parts, along with its 10- and 30-cm Alvan Clark and

Sons finder telescopes.

The priceless 61-cm Clark lens assembly was next

in line for removal, but this posed a problem. Since

DON’T

SCRATCH

Left: The 61-cm
objective lens

after removal of
the lens cap and

the adjustable-
aperture iris

diaphragm that
early observers

sometimes used.
Despite a coating

of dust and
pollen, the lens
was otherwise
in good shape.
Right: Ralph

Nye (left) and
Peter Rosenthal

carefully clean the
rear, flint-glass
element of the
disassembled

61-cm objective. L
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the telescope was now locked in place horizontally, 

the dome could not be rotated freely to allow access to 

the lens through the dome shutter. We cut a hole in 

the dome ceiling and lowered a 12-metre strap to lift 

off the 105-kg lens cell! Before that, however, we had 

to remove two of the counterweights to balance out 

the expected weight loss due to removal of the lens 

assembly and, later, the upper and lower tube sections. 

Prior to removing the 390-kg front tube section, we 

braced a massive wooden beam between the floor and 

the back section of the tube for added safety and to 

minimise stress on the temporary support rods.

Since the mount’s polar axis is aimed 35° above 

horizontal (Flagstaff’s latitude), and the 435-kg polar 

shaft would be extremely difficult to remove at such an 

angle, Nye designed an I-beam support structure set at 

–35°, to tilt the whole mounting at an unnatural angle.  

This allowed removal and reinstallation of the polar 

shaft with a horizontal pull or push.

The telescope had last been serviced several 

decades before, and at that time many of its parts were 

treated with lead-based paint to minimise corrosion. 

To address the lead-paint toxicity problem, we built 

a wooden fixture allowing the two telescope tube 

sections to be rolled and treated with a lead-paint 

stripper and neutraliser. We refinished the tube and 

many other large parts with a silver-grey powder 

coating. All other parts and accessories were cleaned 

and restored to the point where we could do nothing 

more to make them work or look any better. 

By far the most delicate and precious components 

of this classic telescope were the irreplaceable 30-cm 

and 61-cm Clark objective lenses. The fronts of both 

objectives were covered with years of dust, pine pollen 

and contaminants, but were otherwise unharmed. 

Restoring a classic
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We took both cell assemblies apart with great care, 

marking the positions of all components carefully on 

the lens edges and cells as we found them. Original 

‘V’ marks remained on the edges of both the crown- 

and flint-glass elements and lens cells, to show the 

intended rotation of the elements with respect to each 

other, but we reinstalled all components exactly as they 

were when we took them apart — due to the unknown 

source of the ‘V’ markings (was a better matching 

of the lens elements done later?) and because the 

objective performed perfectly as it was.

We cautiously cleaned the lens elements with 

Alconox mixture, alcohol, distilled water, and wipes. 

We used a spherometer to document the radius 

of curvature of all lens surfaces. We also recorded 

the thickness and diameter of each element and 

the spacing between them, since no original Clark 

drawings or specifications exist. All of the lens 

elements are uncoated, and we left them that way for 

historical authenticity.

One unexpected finding was a soft, silver-coloured 

metal lining, most likely zinc, machined into both 

lens cells at their contact areas with the glass. 

Another surprise inside the 61-cm tube was a special 

colour-correcting assembly that had been installed to 

minimise chromatic aberration when the telescope 

was used during the International Planetary Patrol 

Program in the 1960s.

Reassembling the mount and telescopes inside 

the dome was far easier than their disassembly had 

been. We polished and clear-coated all of the brass 

pieces and most of the gearing, shafting, and other 

metal components, thereby highlighting for all to 

see the wonderful 1896 engineering and machine 

work that went into construction of this historic 

masterpiece. In addition, we fully restored to working 

condition one of the original mechanical clock drives 

used to turn the telescope. This beautiful, historic 

mechanism functions now as if it had just been 

manufactured.

Lastly, we refurbished the observatory dome with 

new, smoother-operating top shutters, extensive 

internal and external wooden slat repair, and 

weatherproofing and repainting.

The five people involved with the restoration 

feel great accomplishment and deep appreciation 

for the donors who made this project possible. This 

storied astronomical facility now looks as if was built 

yesterday. It should serve Lowell Observatory’s public 

outreach program for another 100 years. ✦

Retired scientist Klaus Brasch is a docent at Lowell 

Observatory. Ralph Nye is Director of Technical Services.

BEFORE AND AFTER  The team performed fine-scale restoration work throughout. 
Here, the hollow declination shaft (coming down from top) ends inside the endcap 
at bottom; the counterweight shaft extends on below. Inside the declination shaft 
are two coaxial rods that control the right-ascension slow motion and its clutch. They 
end at the two flat gears seen above in the endcap, here stripped of its outer parts. 
Other gears engage those to turn the right-ascension sector arm (the large V-shaped 
part at top) for slow-motion control, and to lock and unlock it.

RESTORATION TEAM  From left: Peter Rosenthal (mechanical), Dave 
Shuck (landscaping and dome), Glenn Hill (woodwork and painting), Ralph 
Nye (project manager and mechanical), and Jeff Gehring (machinist and 
mechanical). The project took 20 months.
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OBSERVATORY GUIDE Author John Stephen Hicks has updated his seminal book Building

a Roll-Off Roof or Dome Observatory; A Complete Guide for Design and Construction, Second

Edition (paperback and eBook). Hicks discusses each aspect of backyard observatory design

and construction to help you decide which type suits your needs best. Important

considerations including structural variations, placement, and zoning and bylaw requirement

common to most locations are discussed at length. Step-by-step directions and detailed

diagrams are included for each phase of construction. 248 pages, ISBN 978-1-4939-3010-4. 

Springer  |  springer.com/sky

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.

◀  OPTIMUS EYEPIECES  Stellarvue 

introduces a line of ultra-wide-field 

eyepieces. The Stellarvue Optimus

series eyepieces feature an immersive

100° or 110° apparent field of view with 

15 mm of eye relief. Each eyepiece 

uses eight or more fully multi-coated 

elements with a black baffled interior to 

produce views free from reflections and 

ghosting. The outer lenses are sealed to 

prevent fogging under normal viewing 

conditions. Each eyepiece includes 

rubber grips and eyecups. Available 

in focal lengths of 3.6, 4.7, and 9 mm 

in 1¼-inch format with an included 

1¼-to-2-inch adapter, and a 20-mm, 

2-inch design.

▶ COOLED VIDEO ZW Optical introduces a

new series of low-noise cooled cameras. The ASI

224MC-Cool features the highly sensitive IMX224 colour 

CMOS detector with a 1,304-by-976 array of 3.75-micron 

pixels. This USB-3.0 camera is capable of recording up

to 150 frames per second at full resolution, and it can

be cooled to 40°C below ambient. Additionally, the 

camera can operate in 12-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 USB-3.0 cable, AC power supply, 

1¼-inch nosepiece adapter, and CD with camera drivers 

and control software.
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Gary Seronik
Binocular Highlight

A marathon bino session

F
ew approach binocular astronomy as a competitive sport, but it’s 

unquestionably rewarding to challenge yourself from time to 

time. Running a Messier marathon is a great way to sharpen your 

observing and planning skills — with particular emphasis on the latter. 

What’s a Messier marathon? Simply an attempt to see as many Messier 

objects as you can in a single, dusk-to-dawn session.

What are the secrets to success? First, as I mention above, planning 

is very important. Have your charts ready and print an observing list 

that includes a logical sequence. Use Larry McNish’s Messier Marathon 

Planner (http://is.gd/mmarathon) or a similar tool to generate one tailored 

to your location and date. Second, find an observing site with dark skies 

and good horizons, especially in the east and west. Third, bring a friend 

or join a group. Long observing sessions are always more fun when the 

experience is shared. Plus, you can keep each other awake during lulls in 

the action.

As for equipment, use whatever binoculars you have — obviously, the 

bigger, the better you’re going to do. But regardless of model, make sure 

your binos can be mounted in some fashion. You’ll spend a lot of time 

consulting your charts, and a mount means you don’t have to re-find your 

target every time you do.

Most importantly, have fun. In truth, you’re only competing against 

yourself. There’s no prize for achieving a high score — the reward is in 

the attempt, and a night spent in the company of the stars. ✦ 
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USING THE
STAR CHART

WHEN
Early March 10pm

Late March 9pm

Early April 8pm

Late April 7pm

These are standard times — add 

Daylight Savings if it applies to 

your location.

HOW
Go outside within an hour or so of 

a time listed above. Hold the map 

above your head with the bottom 

of the page facing south. The chart 

now matches the stars in your 

sky, with the circular perimeter 

representing the horizon and the 

centre of the chart being the point 

directly over your head (known as 

the zenith).

FOR EXAMPLE: Look at the 

chart, and you’ll see that the bright 

star Achernar at the end of the

constellation Eridanus (The River) 

is about one-third of the way from 

the southwestern horizon and 

the middle of the chart. So if you 

look to the southwest, you’ll find 

Achernar about one-third of the 

way up from the horizon.

NOTE:  The map is plotted for 35° 

south latitude (for example, Sydney,

Buenos Aires, Cape Town). If you’re 

much further north of there, stars in 

the northern part of the sky will be 

higher and stars in the south lower.

If you’re further south, the reverse 

is true.

ONLINE
You can get a sky chart  

customised for your 

location at any time at

SkyandTelescope.com/skychart
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W
hat can planets do that stars can’t? One thing

is to move into conjunction with another

celestial object. Much of the beauty — and

all of the drama — of conjunctions is that they’re

temporary and evolving celestial events.

But some of the beauty is also just in the vision

of two luminaries posing close to each other in the

sky. The stars can offer us this too. And let’s not

forget that ‘close’ is relative — how close together,

for instance, do two 1st-magnitude stars have to be to

constitute an astronomical marvel?

Last year was the one I called ‘the Year of the

Conjunctions’. Several times, pairings featured

bright planets less than ½° degree apart when they

were high in a fully dark sky. One more such really

close and readily observable conjunction — that of

Venus and Saturn — occurred in January this year.

An ultra-close conjunction of Venus and Jupiter

will take place this coming August. And Mars and

Saturn, though reaching opposition a mere 12 days

apart in late May–early June, won’t get closer than

7° apart in the autumn. Not until August will Mars

finally have a true conjunction with Saturn, and

when it does, the two will be, briefly, 4° apart.

Compare that to the exactly 4° 30′ separation of a

1st-magnitude and bright 2nd-magnitude star that

happen to be close in the sky for more than a single

day — in fact, they’ve been this close for thousands

of years. I’m talking about the twin stars named for

history’s most famous (albeit mythical) twins, Pollux

and Castor.

Mars and Saturn will certainly be brighter than

Pollux and Castor this autumn and August. But that’s

not always so. Mars is often dimmer than Castor

(magnitude 1.58), let alone Pollux (magnitude 1.16).

And Pollux and Castor’s pairing is so noticeable it has

determined the identity of one of the most prominent

constellations of the zodiac, Gemini.

Pollux and Castor are attention-grabbing, even in a

region of sky which features the brightest constellation

(Orion), the brightest star (Sirius), and the two brightest

naked-eye star clusters (the Hyades and Pleiades).

Pollux and Castor aren’t bright enough to simulate

perfectly a truly dazzling conjunction of planets.

But bright planetary conjunctions are all too liable

to occur near the Sun (for one thing, two of the

five classic bright planets, Venus and Mercury,

are incapable of preceding or following the Sun by

more than a few hours at most in our sky). Pollux

and Castor, on the other hand, are easily seen for

long periods by observers at most latitudes.

But if you want much brighter star-pairings,

all you need do is be down here in the Southern

Hemisphere.

By an amazing coincidence, two tight pairings

of very bright stars are almost equal to Pollux and

Castor. At present Alpha (α) and Beta (β) Centauri

(magnitudes –0.28 and 0.58) are 4° 25′ apart. And

in the Southern Cross, Alpha and Beta Crucis

(magnitudes 0.77 and 1.25) are 4° 15′ apart.

In the next issue’s column we’ll discuss how the 

rankings of the tightest bright pairs are changing 

— amazingly soon. But we’ll end this column with 

the fact that we can simulate a bright planetary 

conjunction by looking at a bright double star 

through the telescope — and none better than 

Alpha Centauri. The brighter two of its three 

components are magnitudes –0.01 and 1.35. Their 

separation changes rapidly and is usually wide — 

but in 2016 is rather close. ✦

The power of two
Not to be outdone by planetary conjunctions, stellar pairings offer 
a celestial beauty all of their own.
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Sun, Moon and Planets

Red sky at night –  
Mars versus Antares
Planet takes on star in this battle of the celestial heavyweights.

T
he days are becoming shorter

and winter is fast on the

way, bringing the delicious

anticipation of longer nights of

crisp air, clear skies and plenty of

time for stargazing.

The innermost planet, Mercury,

is essentially out of action during

April, being very, very low (only

a few degrees altitude) on the

western horizon. We’ll have to wait

for the morning skies of late May

to get a good view of it again. May

will also see a transit of Mercury

across the face of the Sun, but alas,

we here in Australasia will miss it

– it’ll occur during our night-time,

and those on the other side of the

Earth will have the box seat.

Venus starts April low in the

eastern sky before dawn, slowly

getting even lower as the weeks

progress until it becomes lost in the

Sun’s glare. Just as with Mercury,

we’re going to have to wait a while

until Venus returns – mid-July in

fact, but from then on we’ll have a

great view of it out to the west after

sunset for the rest of the year.

As the title of this month’s

column suggests, Mars is the planet

of the month at the moment. April

will begin with the Red Planet

rising in the east, not far on the

sky from the star Alpha Scorpii,

or Antares. As you might know,

the name Antares means ‘rival of

Mars’, and when you see the two

of them close together, it’s easy

to see why the name has stuck —

both orbs shine with a ruddy, red

colour, although Mars is quite a bit

brighter. The ringed planet, Saturn,

will join Mars and the Moon on

April 25 to form a neat triangle

(see the diagram) — it’ll be a great

occasion for some astrophotography

if you feel so inclined.

Mars will reach opposition on

April 22, and its closest point to

JONATHAN NALLY Earth on May 30. See the article 

on pages 58-60 for more details 

on how to observe the Red Planet 

during this apparition.

Jupiter has only just passed 

opposition. The giant planet will rise 

in the east shortly after sunset and 

ride high for most of the night. Watch 

for the Moon nearby on April 18. As 

you will have read elsewhere in this 

issue, Jupiter’s Great Red Spot (GRS) 

seems to be shrinking. If you want to 

see for yourself, check out the table of 

dates and times on page 50 for when 

the GRS will be visible to you. 

Saturn is getting closer to 

opposition (which will come in 

June), rising around 8pm in the 

middle of April. The sixth planet

from the Sun is a great target for

even a small telescope — if you

have access to one, turn it towards

Saturn and prepare to be rewarded

with a breathtaking view of the

planet and it’s rings. And watch for

the Moon close by on the 25th too

(see the diagram). ✦

Venus and the 
crescent Moon 
will be low on the 
eastern horizon 
before dawn at the 
beginning of April.

Mars and the star Antares (a name which means ‘rival of Mars’) 
will make a fine pair in the evening sky, with Saturn nearby.
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6 Venus 0.7° south of the Moon

8 Mercury 5° north of the Moon

11 Venus at greatest latitude south

11 Aldebaran 0.4° south of the Moon

17 Regulus 2° north of the Moon

17 Mars stationary

18 Mercury greatest elongation east

18 Jupiter 2° north of the Moon

21 Spica 5° south of the Moon

25 Mars 5° south of the Moon

25 Antares 10° south of the Moon

26 Saturn 3° south of the Moon

The Eta Aquariids are back
See up to 30 meteors per hour during one of the year’s best showers.

T
he Eta Aquariids is one of the 

best meteor showers visible 

from Australasia, and it is 

coming up again in April and May. 

This year the Moon will be new, so 

conditions will be close to perfect 

when the shower peaks on the 

morning of May 6.

The Eta Aquariids come from 

groups of meteoroids originating 

from dust grains ejected from 

Comet 1P Halley. These small 

grains are distributed along the 

comet’s orbit, mainly concentrated 

close to the nucleus, with fewer 

and smaller grains farther away 

from the nucleus. When the  

Earth passes through the stream 

of dust particles, we experience a 

meteor shower.

Peak meteor rates appear to vary 

over a 12-year period. If the Jupiter-

influenced cycle is real as some 

believe, the next few years will be 

when the ZHR (zenithal hourly 

rate) will be at its poorest. 

The Eta Aquariids shower is 

active from April 18 to May 27, with 

maximum expected on May 6 and 

lower numbers visible either side of 

the peak time. In some recent years 

peak rates have been high — 2008-

09 saw a ZHR of approximately 

85, while in 2013 it was around 

70. This year you should be able 

to see 20-30 meteors per hour at 

peak from a dark sky location; from 

town, it’ll be more like 10 to 15 — so 

finding a dark location is the key to 

seeing the most activity.

The radiant will be in the 

northeast in the constellation 

Aquarius, and the best time to 

observe will be from around 

3:00am to 5.30am local time. Eta 

Aquariids are usually fast and quite 

bright, with many leaving long 

persistent trains, some lasting for 

minutes. They are usually yellow, 

but orange and blue are also often 

seen. The average magnitude is 

2.7, and fireball and bolide active is 

usually minimal. ✦

The Eta Aquariid meteor shower is active from mid-April to 
late May. This is the view looking east at 3:30am on April 25.

N

WE

S

ANTONÍN RÜKL

Phases
Last Quarter March 31, 15:17 UT

New Moon April 7, 11:24 UT

First Quarter April 14, 03:59 UT

Full Moon April 22, 05:24 UT

Last Quarter April 30, 03:29 UT

Distances
Perigee April 7, 18h UT

357,163 km

Apogee April 21, 16h UT

406,351 km
Times are listed in Australian Eastern Standard Time

APRIL EVENTS OF NOTE APRIL 2016
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Celestial Calendar

C
arina contains many double 

stars both within and 

beyond the Milky Way that 

passes through it. A number of 

them were found by Carl Rumker, 

who was brought to Australia by 

Governor Brisbane, when he set up

the first significant observatory in 

Australia at Parramatta in 1822.

The first of our Rumker doubles, 

RMK 8 is about 3.5 degrees south-

southwest of 2nd-magnitude Epsilon

(ε) Carinae. The stars, of 5th and 7th

magnitude, have a similar separation

to Alpha Crucis, just under 4". An 

80-mm telescope will show them 

nicely. In the field northeast is the 

wide, dim pair HJ 4077. RMK 8 is 

a beautiful double, the stars pale 

yellow and deep yellow.

Just west of Epsilon Car is HJ 

4084, discovered by John Herschel 

in the 1830s. The bright yellow 

primary has a double companion 

fairly wide southeast, which showed

nicely as a little 10th-magnitude pair

with my 140-mm refractor at 114x. 

Small telescopes might only show 

this pair as a single star.

A dozen doubles in Carina
One of Australia’s earliest astronomers discovered numerous double stars. ROSS GOULD

Some 3 degrees northeast from 

Epsilon, beyond e-1 and e-2 Carinae,

is the attractive pair HJ 4130. The 

6th- and 8th-magnitude stars are 

pale yellow and orange (Hartung 

says “reddish” of the lesser star), 

and 4” apart, so 80-mm scopes 

will show it well. A long-period 

binary, it has slightly widened with 

some increase in angle since John 

Herschel’s 1835 discovery.

South and just east at 1.5-degrees 

from HJ 4130 is RMK 9. The 7th-

magnitude stars are an easy split; 

even 60 mm will show this white 

pair. It’s a distant object, roughly 

800 light-years from us. There are 

two wide-field star companions of 

10th and 11th magnitude, north and 

southwest of the bright pair.

Moving eastwards, our next 

double is R 123, an 1873 discovery 

by Henry Russell, 19th century 

director of Sydney Observatory. 

Both stars are around magnitude 

7.5 and white, nearly 2” apart, a 

little closer than at discovery. My 

18-cm refractor showed a neat split 

at 100x. For a 60-mm telescope, 

this is a Dawes’ Limit split.

Moving well south we find 

the beautiful showpiece double 

Upsilon (υ) Carinae, another 

Rumker discovery (RMK 11). The 

3rd- and 6th-magnitude stars are 

an easy 5” apart, and the brightness 

contrast makes it a superb object. 

Through various telescopes from 

14- to 21-cm I’ve found a power of 

100x sufficient. Common proper 

motions suggest a binary. It’s 

shown no definite change since the 

first measure, by John Herschel 

in 1836, when he also noted the 

little pair 5’ to the southeast; this 

is HJ 4252; slightly unequal 9th-

magnitude stars an easy 12” apart.

Another of Rumker’s pairs is 

RMK 12, 4 degrees south and just 

east from RMK 11. Not as bright or 

as striking at magnitudes 7 and 9, 

it’s nevertheless a pleasant sight, 

the white stars 9” apart and clear 

with a 60-mm scope.

Finally, HJ 4295 is 1.3 degrees 

east-northeast from RMK 12. This 

6th-magnitude star has a fairly wide 

mag-11.5 companion noticed by John 

Herschel. The main interest is the 

bright pale yellow star, because 60 

years after Herschel it was found by 

Robert Innes with a 16-cm refractor 

to be a close pair of 6.5-magnitude 

stars, I 13. When I observed I 13 

with a 15-cm refractor the star was 

not single but elongated at 270x, 

becoming more obvious at 375x. The 

most recent measure was 0.65” in 

2010, so a 20-cm telescope should 

provide a barely separated pair at 

high power in good seeing. I 13 is 

nearly 700 light-years from us.

Ross Gould can be reached at 

rgould1792@optusnet.com.auw

Star Name R. A. Dec. Magnitudes Separation
Position

Angle
Date of

Measure
Spectrum

RMK 8 08 15.3 -62° 55´ 5.3, 7.6 3.6" 068 2010 A2

HJ 4077 08h 15.9m -62° 52´ 9.2, 10.6 18.6" 305 2000

HJ 4084 08h 17.9m -59° 10´ AB 6.5, 9.8 42.2" 150 2000 F5V, A2V

" " " BC 9.8, 9.9 3.1" 087 2000

HJ 4130 08h 40.7m -57° 33´ 6.5, 8.3 4.0" 240 1998 A4V, F7V

RMK 9 08h 45.1m -58° 43´ 6.9, 6.9 4.2" 292 2010 B7III

R 123 09h 33.3m -57° 58´ 7.5, 7.6 1.9" 033 2014 B8III

Upsilon (RMK 11) 09h 47.1m -65° 04´ 3.0, 6.0 5.0" 126 2010 A8Ib

HJ 4252 09h 47.8m -65° 07´ 8.7, 9.1 12.3" 303 2000 B8V

RMK 12 09h 55.1m -69° 11´ 6.9, 8.9 9.2" 213 2000 B9V

I 13 10h 09.5m -68° 41´ AB 6.5, 6.6 0.65" 104 2010 A0IV

HJ 4295 " " AB,C 6.1, 11.5 25.8" 040 2000

Rumker’s doubles in central Carina

Data from the Washington Double Star Catalog.
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A
utumn of 2016 is a time for 

some interesting cometary 

anniversaries. Those of us 

who were already active observers 

at the time may find it hard to 

believe, but 30 years have now 

passed since that most celebrated 

of comets, 1P/Halley, made its 

most recent passage through the 

inner Solar System, swinging by 

the Sun at a minimum distance of 

0.59 a.u. on February 9, 1986, and 

approaching Earth to just 0.42 a.u. 

on April 10. 

Although the comet did not 

become as bright as it does on most 

returns, the same observational 

geometry which precluded a really 

close approach to Earth and a 

strong brightness peak was also 

responsible for an unprecedented 

period of naked-eye visibility: from 

November 8, 1985 right through 

until May 30, 1986. This length of 

naked-eye visibility has only been 

exceeded by the Great Comet of 1811 

(9 months) and Hale-Bopp of 1997 

(nearly 21 months!). 

Prior to Hale-Bopp, Halley’s 1986 

was the most thoroughly observed 

comet in history and was the first 

to be imaged close-up from space 

as well as from the ground. March 

2016 marks the 30th anniversary of 

four encounters between the comet 

and spacecraft; Japan’s Suisei on the 

8th and Sakigake on the 10th, the 

European Giotto probe on the 13th 

(giving us the first close-up images 

of a comet’s nucleus) and the long-

distance ICE probe on March 20, 

the latter having also approached  

P/Giacobini-Zinner the previous 

year and monitored its effect on the 

solar wind.

March 25 also marks 20 years 

since C/1996 B2 (Hyakutake), the 

magnificent Great Comet of 1996, 

passed just 0.1 a.u. from Earth, 

sporting a tail measured by some 

as over 110 degrees in length.  

We long-term comet observers 

certainly have plenty of interesting 

memories this autumn!

This month
April’s most interesting comet 

will be the dynamically new object 

C/2013 X1 (PANSTARRS), which 

will emerge from the morning 

twilight ready for its extended 

period of visibility during the 

autumn and winter months, 

during which it will pass just 0.7 

a.u. from our planet in June.

As we saw in the previous issue, 

this comet was discovered back 

on December 4, 2013, and initially 

seemed to hold little prospect for a 

bright telescopic display. However, 

during the closing months of last 

year it brightened considerably 

and magnitude estimates close to 

9 were already being reported by 

Christmas. This rapid increase is 

unlikely to continue, but prospects 

for a relatively bright binocular 

object during the coming months 

nevertheless appear encouraging.

April will see C/2013 X1 

moving slowly in a south-westerly 

direction through Pisces, arriving 

at perihelion (1.31 a.u. from the 

Sun) on the 20th. Although 

brightness predictions must 

necessarily be uncertain, it is 

unlikely to be fainter than about 

8.5–9.0 early in the month and 

is expected to brighten by up to 

one magnitude or thereabouts by 

April’s end, all the while becoming

higher and easier to observe in the

early morning sky.

Interestingly, it looks as though 

2017 will also see a relatively 

bright telescopic comet well-

placed through the cooler months. 

On November 3 last year, Jess 

Johnson found a 17th-magnitude 

object during the course of the 

Catalina Sky Survey which, if 

early indications are correct, 

A morning comet in Pisces
Comet C/2013 X1 becoming higher and easier to see in April’s early morning sky. DAVID SEARGENT

C/2013 X1 
(PANSTARRS), 
photographed 
in the northern 
sky by Gerald 
Rhemann on 
January 26, 2016. 
The comet will 
appear in our 
morning skies in 
April.

should become an object for large 

binoculars while at large solar 

elongation during the middle of 

next year. Perihelion will occur on 

June 12, 2017 at 1.6 a.u. from the 

Sun, when the comet will be in 

the constellation Bootes, south of 

Arcturus and probably close to 8th 

magnitude… but more about this as 

the time draws closer.

David Seargent’s book on comets, 

Snowballs in the Furnace, is available 

from Amazon.com



Celestial Calendar

A tempting binocular target
This easy variable star hides right next door to a stellar showpiece

O
ur variable star target this 

month is V744 Centauri, 

which is comfortably 

within the range of 7x50 binoculars

and is very close to one of the great

showpieces of the sky: the globular

cluster Omega Centauri. In fact, 

V744 is so close to Omega that 

it’s a wonder the star’s variability 

went undocumented until 1964. 

Ranging from magnitude 4.8 to 

6.9 over a period of 90 days, the 

star can even be glimpsed by the 

V744 Cen is located at 3h 39m 59.81s, 
–49° 56' 59.0" (epoch J2000). This 
chart, which is 8 degrees wide, comes 
courtesy of the AAVSO; north is up. 
Visual magnitudes are shown with 
decimal points omitted to avoid 
confusion with faint stars — so 65 
denotes a 6.5-magnitude star.

naked eye at maximum.

V744 Cen is a semiregular 

variable. Members of this class 

have been seen to evolve from 

shorter-period Cepheid variables — 

famously used to estimate cosmic 

distances — to more-evolved Mira 

variables with larger amplitude and 

more regular periods.

To find V744 Cen, first use the 

all-sky chart in the centre of this 

magazine. Locate Omega Cen at the 

northern tip of an isosceles triangle 

whose shorter base comprises Beta 

Cen and Beta Crucis. Then use  

the chart reproduced on this page 

to narrow in on the field, and off 

you go.

Alan Plummer observes from the 

Blue Mountains west of Sydney, and 

can be contacted on alan.plummer@

variablestarssouth.org

As Jupiter recedes slightly from 
closest approach around its March 
8 opposition, its apparent width 
will shrink from 44" to 41" during 
the rest of March and April.

Below are the times, in Universal 
Time, when Jupiter’s Great Red 
Spot should rotate across the 
planet’s central meridian. The 
dates, also in UT, are in bold.
March 15, 4:56, 14:50;  16, 0:47, 
10:43, 20:38;  17, 6:34, 16:29;  18, 
2:25, 12:21, 22:16;  19, 8:12, 18:07;  
20, 4:03, 13:59, 23:54;  21, 9:51, 
19:46;  22, 5:41, 15:37;  23, 1:32, 
11:28, 21:24;  24, 7:19, 17:15;  25, 
3:10, 13:06, 23:02;  26, 8:57, 18:53;  
27, 4:48, 14:44;  28, 0:40, 10:35, 
20:31;  29, 6:27, 16:22;  30, 2:18, 
12:13, 22:09;  31, 8:05, 18:00.
April 1, 3:56, 13:51, 23:47;  2, 9:42, 
19:38;  3, 5:34, 15:29;  4, 1:25, 11:21, 
21:16;  5, 7:12, 17:08;  6, 3:03, 12:59, 
22:54;  7, 8:50, 18:46;  8, 4:41, 
14:37;  9, 0:33, 10:28, 20:24;  10, 
6:20, 16:15;  11, 2:11, 12:07, 22:02;   
12, 7:58, 17:54;  13, 3:49, 13:45, 
23:41;  14, 9:36, 19:32;  15, 5:28, 
15:23;  16, 1:19, 11:15, 21:10;  17, 
7:06, 17:02;  18, 2:57, 12:53, 22:49;  
19, 8:44, 18:40;  20, 4:36, 14:31;  
21, 0:27, 10:23, 20:18;  22, 6:14, 
16:10;  23, 2:05, 12:01, 21:57;  24, 
7:52, 17:48;  25, 3:44, 13:39, 23:35;  
26, 9:31, 19:27;  27, 5:22, 15:18;  28, 
1:14, 11:09, 21:05;  29, 7:01, 16:56;  
30, 2:52, 12:48, 22:44.
These times assume that the spot 
will be centred at System II longitude 
230°. It will transit 12/3 minutes 
earlier for each degree less than 
230°, and 12/3 minutes later for 
each degree greater than 230°. 
Features on Jupiter appear closer 
to the planet’s central meridian 
than to the limb for 50 minutes 
before and after they transit.

JUPITER IN APRIL

ALAN PLUMMER
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▴ Deep in the southern sky in the constellation 
Chamaeleon lies the foggy reflection nebula IC 2631, 
illuminated by a very young star known only by its 
catalogue number, HD 97300. ESO
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Isles of light
Let the colourful stars of Gemini brighten your journey along the Milky Way.

 . . . the sky

Spreads like an ocean hung on high,

Bespangled with those isles of light,

So wildly, spiritually bright;

Who ever gazed upon them shining,

And turned to earth without repining,

Nor wished for wings to flee away,

And mix with their eternal ray?

— Lord Byron, The Siege of Corinth, 1816

G
emini is one of the most vividly starred 

constellations of the zodiac. Our Sun dwells 

in the Milky Way Galaxy near the inner edge 

of a spiral-arm segment known as the Orion Spur or 

Local Arm — when we gaze at Gemini, we’re looking 

outward through this arm and are rewarded with 

the sight of many nearby stars brightly adorning our 

sky. All of its stars bearing Greek letter designations 

lie within the Orion Spur, the nearest being Pollux 

at 34 light-years, and the most distant being Omega 

(ω) Geminorum at roughly 1,500 light-years — near 

neighbours as galactic distances go.

Let’s begin our journey through starry Gemini 

with Zeta (ζ) Geminorum, also known as Mekbuda. 

Viewed through my 130-mm refractor at 23×, Mekbuda 

is a very wide double star whose components gleam 

yellow. The 4.1-magnitude primary is attended by a 

7.7-magnitude companion to the north-northwest. 

This is merely an optical double, with the companion 

considerably closer to us than the primary. These stars 

also have significantly different motions through space.

Zeta is a Cepheid variable star and, according  

to Daniel Majaess and colleagues (Astrophysical 

Journal Letters, 2012), a star cluster member. 

Combined with recent measurements, the 

determination of this membership allowed the 

researchers to refine the distance to Zeta, yielding 

a weighted mean of 1,200 light-years. On the sky, 

the nearest likely cluster member to Zeta is the 

11.5-magnitude star 1.5′ to its east.

On his website Stars (stars.astro.illinois.edu/

sow/sowlist.html), astronomer Jim Kaler writes that

Mekbuda should be 60 times our Sun’s diameter. If

Mekbuda replaced our Sun, it would span 30° in our 

sky (about the size of Gemini), but it would be far too 

toasty here on Earth to enjoy the view.
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The lights of Gemini

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

ζ Gem Double star 4.1, 7.7 1.7′ 07 04.1 +20° 34′

NGC 2304 Open cluster 10.0 5.0′ 06 55.2 +17° 59′

δ Gem Double star 3.6, 8.2 5.5″ 07 20.1 +21° 59′

κ Gem Double star 3.7, 8.2 7.5″ 07 44.4 +24° 24′

NGC 2420 Open cluster 8.3 6.0′ 07 38.4 +21° 34′

O’Neal 9 Asterism 8.0 3.2′ 07 41.0 +21° 49′

NGC 2331 Open cluster 8.5 19′ 07 07.0 +27° 16′

NGC 2266 Open cluster 9.5 5.0′ 06 43.3 +26° 58′

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.

Sue French
Targets
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Swooping 3.3° southwest from Zeta leads to the

open cluster NGC 2304, which marks the northern

point of a nearly equilateral triangle it forms with

two golden stars to the south, magnitudes 7 and 8.

With sides about 1/3° long, the triangle easily fits in a

low-power field of view. Through my 105-mm refractor

at 28×, the cluster is a small but obvious fuzzy spot

set amid a starry field. A magnification of 87× picks

out 8 faint star flecks glittering in a foggy glow about

4′ across. Through my 25-cm reflector at 43×, I see a

granular haze that’s brighter in the centre, and at 68×

the haze breaks up into a lovely group of pinpoint stars

spanning 5′. I count 20 stars at 166×, and a touch of

unresolved haze remains.

Recent professional sources give a diameter of

10′ for NGC 2304, but visually 4′ to 5′ is a more

reasonable expectation. A study by I
·
nci Akkaya

Oralhan and colleagues (New Astronomy, 2015)

indicates that this cluster is about 12,000 light-years

distant and 900,000 years old.

In the star Delta (δ) Geminorum, also known

as Wasat, we find a true binary star system with a

1,200-year orbit. The components are currently 5.5″

apart, but that will close to 3.4″ over the next century

and a half. My 130-mm scope at 117× reveals a golden

8th-magnitude companion southwest of the bright,

yellow-white primary.

When Clyde Tombaugh discovered Pluto in 1930, it

was quite close to Delta in the sky. His photographic

plates made on January 23rd and 29th of that year

showed Pluto as a very faint speck that had moved

from about 42′ to 34′ east-southeast of the star.

Kappa (κ) Geminorum is another double star worth

visiting. The 130-mm refractor at 91× shows a bright,

deep-yellow primary with a much fainter companion

close west-southwest. The stars are well separated at

117×, and the companion shines yellow. The bright star

is a yellow giant, while the dimmer one is much like

our Sun. As calculated by Jim Kaler, inhabitants of a

hypothetical planet orbiting the Sun-like star would see

the yellow giant brightening their sky with more light

than a thousand full Moons.

Cepheid variable 
Zeta Geminorum 
is an optical 
double; its com-
ponents appear 
close together 
only from our 
point of view.

Zeta Geminorum

NGC 2304
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Discovered by 
William Herschel 
in 1783, open 
cluster NGC 2304 
appears as a small 
but obvious fuzzy 
spot through 
small scopes.
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About 2.9° south-southwest of Kappa we find the

interesting juxtaposition of NGC 2420 and O’Neal 9,

an open cluster and an asterism. My 130-mm scope

at 23× presents NGC 2420 as a fetching swarm of star

motes set against a mist of unresolved stars stretched

north-northwest to south-southeast and enshrined

in a pretty starfield. Boosting the magnification

to 63× enhances the richness of the cluster and

exposes O’Neal 9 in the same field of view, 39′ to

the east northeast. The asterism displays only three

11th-magnitude stars in a 3′-long line tilted north of

east and two 9th-magnitude stars south of centre and

fairly close together. Examining NGC 2420 at 102×, I

count 30 stars in a 6′-long collection entangled in haze.

NGC 2420 is quite beautiful through my 25-cm

reflector at 187×. Some of the brighter stars outline a

circle with a ring around it, reminding me of Saturn.

This pattern overlies a wealth of very faint to extremely

faint stars. The cluster’s core is about 5′ across with a

concentrated centre, but the more sparsely populated

fringe that mantles this core nearly doubles the

cluster’s diameter. O’Neal 9 is a cute, boxy group of

ten stars spread over a little more than 3′. Fortunately

for me, NGC 2420 and O’Neal 9 are both detectable

through the scope’s 9×50 finder. When I last observed

the pair, it was so gusty that the wind kept pushing my

scope away from them.

William Herschel discovered NGC 2420 in 1783

with an 18.7-inch reflector that used a speculum

metal mirror. He logged it as a “Cluster of stars very

beautiful and close.” Herschel adds that he counted

at least 50 stars and suspected perhaps double that

number. O’Neal 9 was found in 2005 by California 

amateur Mike O’Neal with a 40-cm reflector at 

98×. It’s included as an asterism in the database

of the Deep Sky Hunters, a Yahoo group. Many

such asterisms were spotted by DSH members as a

by-product of their search for previously uncataloged

open clusters.

Open cluster NGC 2331 lies halfway between Tau

(τ) and Omega Geminorum. Through my 130-mm

refractor at 37×, its suns form a striking starburst

array, like an explosion frozen in a moment of time.

The pattern slightly overspills the cluster’s given 19′

size. At 48× I count 22 stars, 10th magnitude and

fainter, within the 19′ boundary.

While NGC 2331 consists of loosely scattered stars,

NGC 2266 to its west is wonderfully crowded. Look for

this little gem 1.8° north of Epsilon (ε) Geminorum.

With my 130-mm scope at 23×, it looks like a fan-

shaped comet with a star at the head (south-southwest)

and a fainter one on the southeastern side. At 102×

an arc of six stars beads the southeastern side, the

bright one burning yellow. The wedge of haze tapering

north-northwest from the arc is densest in the middle

of its western side and dotted with about 15 very faint

stars. A few stars shelter on the arc’s opposite side,

but the entire group covers only 5′. At 164× NGC 2266

sports 27 stars in total. This is a charming cluster

through my 25-cm scope at 166×, harboring a splash of

45 diamond-chip stars.

NGC 2266 brings our tour to a delightful finish

for visual observers, yet it’s also a grand and colourful

target for those who do deep imaging during starry

nights. Why not give it a try? ✦

Open cluster 
NGC 2420 and 

asterism O’Neal 9 
lie about 39′ apart, 

so at low power 
you should be 

able to fit them in 
the same field of 
view. Boost your 
magnification to 

resolve individual 
stars in the 

cluster.

In a somewhat crowded star field, the arc of six colourful 
gems on the southeastern side of open cluster NGC 2266 
stands out.

NGC 2266

NGC 2420

O’Neal 9
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S
ometimes a familiar celestial object turns 

out to be not so familiar after all. Messier 

44, the naked-eye patch of nebulosity in the 

constellation of Cancer, the Crab, has been under 

observation since antiquity. It may be better known 

as the Beehive, but it’s had many names. The Greeks 

and Romans saw a manger here; the Latin Praesepe 

remains a popular label for the cluster. In China, 

the starry cluster was long interpreted as a group of 

captured spirits or demons, Yugui. Perhaps the most 

official is its designation as NGC 2632, or Collinder 

189. It’s relatively nearby, maybe 600 light-years 

distant, and composed of about 1,000 stars, the 50 

or so brightest comprising the familiar cluster we 

observe through small telescopes. Many speculate that

Charles Messier added it to his catalog, along with 

the Orion Nebula and the Pleiades, just to lengthen 

his first published list to 45 for some aesthetic or even 

prideful reason.

Galaxies in the Beehive
A small swarm buzzes inside the famous star cluster.

Observing guides uniformly instruct the viewer 

to enjoy M44 with binoculars or to employ low-power 

views through the telescope. It’s little wonder that 

deep-sky observers often ignore it, dismissing it as

unworthy of detailed study. Many might be surprised

to learn that within the 1° field that the foreground 

cluster fills with bright stars lie several distant 

galaxies, all of which are very challenging targets.

My first attempt to explore deep between the 

stars of the Beehive was inspired by my friend Kent 

Blackwell, who arrived at our observing site one night 

in February 1998 ready to tackle the project with his 

40-cm Dobsonian. The newly published Millennium 

Star Atlas showed four galaxies behind the cluster, 

and so we set a goal of observing them. My 20-cm 

Schmidt-Cassegrain proved to be mostly insufficient 

for the task, but that only intensified the challenge. 

I have since endeavoured to peek behind the cluster 

with larger apertures and have expanded the target 
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list to include nine objects. My best view of the hidden

galaxies came over a few nights in January 2015 when

I explored the area from my backyard observatory.

NGC 2647 is the easternmost galaxy inside the

boundaries of the bright cluster. At about 720 million

light-years from Earth, the galaxy is more than a

million times more distant than the cluster itself. At

first glance, it appears as a small, concentrated spot,

but with a little effort on the part of the observer, it

reveals itself as a roundish halo with a brighter core.

The galaxy is only a bit elongated along its northeast-

southwest axis. You might expect dense star fields

within a rich open cluster such as the Beehive, but

at high powers, the field of view isn’t at all crowded.

NGC 2647’s immediate stellar neighbours are 12th

and 13th magnitude and offer no real impediment to

the detection of the galaxy. It sits just north of a pair

of 12th-magnitude stars and about 1′ northwest of a

13.4-magnitude star. I used 300× and 390× through

my 75-cm f/4.5 Dob to observe this elliptical, but

detected it previously through smaller apertures

without much difficulty.

Moving about 12.5′ west-northwest brings NGC

2643 into view. This galaxy suffers from a bit of an

identity crisis, with many sources equating it with IC

2390 and others questioning this identification. Albert

Marth discovered the galaxy in 1864, and he apparently

recorded an 11′ error in its position. IC 2390, which

is almost certainly the same object, was discovered

independently by E. E. Barnard. Marth discovered

NGC 2637 on the same night as NGC 2643. He

Because of its size (at 95 arcminutes, it’s about three times
as broad as the full Moon), M44 is considered an ideal
target for small telescopes and binoculars. But if you pump
up the aperture and magnification, not to mention your
determination and patience, you’ll find a host of galaxies
hiding between the cool blues and warm yellows of the
cluster’s stars.
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recorded an offset position for it as well, which lends 

more weight to the NGC 2643/IC 2390 equivalence. 

Lying 1′ 14″ northwest of an 11th-magnitude star, 

NGC 2643 is small and mostly round. It appears 

evenly illuminated, but after longer study, I saw hints 

of a slightly brighter core. I couldn’t detect it at 177×; 

however, it made an appearance at 300× and looked 

its best at 390×. NGC 2637, about 9′ to the west in 

the same field of view, displays a similar size and 

brightness. I could just distinguish its faint, round 

shape at 177×. It was easier to see at 300× but showed 

no variations in brightness.

I used averted vision to detect IC 2388, and I was 

unable to hold it with direct vision even after spending 

several minutes under a black towel to eliminate all 

extraneous light. This small, faint spot of nebulosity 

sits rather close to the centre of the cluster, so the 

field of view is populated with several 6th- and 

7th-magnitude stars. The galaxy itself lies 1.5′ south 

of a 10th-magnitude star. I couldn’t make out the 

elongation implied by the listed dimensions; its form 

remained round and smooth at all powers.

At the western edge of M44, three galaxies occupy 

the same small field of view. Just 3′ 13″ separate NGC 

2625 and NGC 2624, with the former to the east of 

the latter. The roundish NGC 2625 is probably a spiral 

seen nearly face-on. It appears small and dim and 

only slightly brighter toward its centre. NGC 2624 was 

easier to detect. Its 30″ halo is elongated northeast-

southwest and contains a considerably brighter core. I 

used a range of magnifications on the pair but had the 

most pleasing view at 300×. 

The third galaxy here was a chore to find. I 

completely missed it on my first exploration of the 

area and had to revisit it a couple of nights later. 

Look 5′ directly south of NGC 2625 for a pair of 

12.5-magnitude stars lying in a north-south line; 

they point the way to the 15th-magnitude edge-on 

galaxy PGC 24284. Small and slender, its dimensions 

inhibit detection even though it has a higher surface 

brightness than its more open-faced neighbours. 

Averted vision and 650× revealed its location, and 

once located, 390× provided a better view. Still, it’s no 

more than a streak of light angled very nearly north-

south. Deep Sky Survey images show an even fainter, 

slimmer companion at a right angle to it, but I saw no 

trace of it.

Moving 13′ 40″ southeast back across the cluster, 

you come to the tiny, faint, and round face-on 

spiral, PGC 24335. I detected it at 177×, but it took 

300× for me to see it well. Just beyond the galaxy, 

another 50″ farther east, is a string of three 15th- and 

16th-magnitude stars in a nearly north-south line.

A hop about 25′ southeast will centre the most 

southern of M44’s galaxies, MCG +3-22-21, in your 

field of view. This edge-on spiral stretches northeast-

southwest and shares the field with a 14th-magnitude 

star about 30″ to the south. I had to pump up the power 

to detect this streak of light, but at 390× it was fairly 

easy to see.

Peeking between the stars of this well-known 

showpiece to discover the galaxies concealed behind 

it is a bit like pushing the coats aside in C. S. Lewis’s 

wardrobe and finding a passage to a hidden world. 

Perhaps there are other observable galaxies behind 

the cluster. I don’t yet know, but I’m certain that once 

you’ve explored these nine objects, the Beehive will 

never again seem ordinary or unchallenging. ✦

A small swarm of galaxies

Object Altern
 Surface 

Mag(v) Size RA Dec. DistanceBrightness

NGC 2647 PGC 24463 13.2 14.3 48″ × 30″ 08h 42.7m +19° 39′ 720 million l-y

NGC 2643 PGC 24434 13.3 14.9 42″ × 24″ 08h 41.9m +19° 42′ 210 million l-y

NGC 2637 PGC 24409 14.2 15.4 48″ × 30″ 08h 41.2m +19° 41′ 430 million l-y

IC 2388 PGC 24365 — 15.8 34″ × 19″ 08h 40.0m +19° 39′ 446 million l-y

NGC 2625 Markarian 625 12.9 15.0 24″ × 24″ 08h 38.4m +19° 43′ 200 million l-y

NGC 2624 MCG +3-22-21 12.6 14.1 36″ × 30″ 08h 38.2m +19° 44′ 190 million l-y

PGC 24284 Leda 24284 — 15.0 29″ × 07″ 08h 38.4m +19° 36′ 210 million l-y

PGC 24335 Leda 24335 — 15.9 23″ × 20″ 08h 39.2m +19° 29′ 500 million l-y

MCG +3-22-21 UGC 4526 13.2 13.9 1.5′ × 0.4′ 08h 40.9m +19° 21′ 200 million l-y

Angular sizes and 

separations are 

from recent cata-

logues. Visually, 

an object’s size 

is often smaller 

than the cata-

logued value and 

varies according 

to the aperture 

and magnifica-

tion of the view-

ing instrument. 

Right ascension 

and declination 

are for equinox 

2000.0.
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ALAN MACROBERT

M
ars has a reputation of

being one of the biggest 

disappointments through

a telescope. It spends most of its 

time far from Earth, and it’s a 

small planet to begin with. So it’s 

usually just a tiny, shimmering 

fuzzball. Mars passes close to 

us only every 2.1 years around 

its oppositions, and even then it 

comes and goes fairly quickly. 

Moreover, because Mars has a 

rather elliptical orbit, many of its 

oppositions are relatively distant.

But now everything is coming 

together better than it has in 10 years.

We’re currently on the upswing 

of Mars’ 16-year cycle of oppositions

near and far. By April 1, its globe 

seen through a telescope will 

reach an apparent diameter of 11.9 

arcseconds, enough to show surface

features fairly well through a sharp

10- or 15-cm telescope during 

excellent seeing. By May 1, Mars 

will be 16.1″ wide, and when it tops

out for the week around May 30, its

closest-approach date, it will appear

18.6″ across. Seen through a 200×

eyepiece, that’s like a ping-pong 2.2

metres away. Not bad.

Opposition comes eight days

earlier, on the 22nd, when Mars

will shine at an almost Jupiter-like

magnitude –2.1. Mars will remain

larger than 14″ all the way from

April 17 to July 21.

And the good news for southern

observers is that, this season,

Mars will be fairly far south, in or

near the head of Scorpius around

declination –21°, so it will be nice 

and high for those of us in the 

southern temperate latitudes.

As always, give your telescope 

plenty of time to cool to the 

surrounding air temperature before 

expecting good views at high power. 

Observe often to catch nights of 

fine seeing. And spend lots of time 

watching for everything on Mars 

that is possible to glimpse; more 

comes out with time.

Here are some things to look for.

The polar caps

We’ll see Mars nearly equator-on 

this season, with its north pole 

tilted only slightly into our view 

and the south pole tilted slightly 

away. The planet’s northern 

hemisphere is currently in the 

height of its long summer (which 

runs from January 3 to July 5 this 

year), so in April and May the 

North Polar Cap should already 

be very small and continuing to 

shrink. The Martian southern 

hemisphere is having winter, so the 

edge of the South Polar Hood of 

winter clouds may peek into view 

around the planet’s southern limb. 

The southern cloud hood should 

be larger but probably less brilliant 

white than the North Polar Cap.

N
A
S
A
/J
P
L-

C
A

LT
E

C
H

/M
S

S
S

Red Planet

April’s Mars

Mars moves into its best showing in a decade.
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Albedo features

The Martian surface markings — the dark ‘maria’ and 

bright ‘terrae,’ with their picturesque classical names 

given by Mars mappers in the late 19th and early 20th 

centuries — are merely differences in the average 

reflectivity (albedo) of the surface rock, sand and dust. 

Windstorms sometimes move the dust, resulting in 

both seasonal and long-term changes. Syrtis Major, 

the most prominent dark marking, has undergone a 

dramatic, long-term widening since the 1950s. It also 

shows lesser seasonal changes in width: it tends to be 

widest in the northern hemisphere’s mid-summer, 

meaning now.

The area around Solis Lacus, sometimes called 

the ‘Eye of Mars,’ is notorious for changes in surface 

markings. So is the Elysium region.

Clouds and hazes

The Martian atmosphere is ever-changing. Look for 

white water-ice clouds and bluish limb hazes. Bright 

surface frosts also occur; these are hard to tell from 

clouds. As ice in the North Polar Cap sublimates 

through the northern summer, the atmosphere gains 
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more water vapour and clouds 

become more frequent planet-wide.

Discrete clouds often recur at 

the same places, especially Hellas, 

Chryse and Libya. The ‘Syrtis Blue 

Cloud’ circulates around the Libya 

basin and across Syrtis Major; it 

is best seen when these features 

are near the limb. Viewing this 

bluish cloud through a yellow filter 

might cause Syrtis Major to appear 

distinctly green.

Orographic clouds sometimes 

form over windblown Martian 

mountains, like orographic clouds 

on Earth. Enormous Olympus 

Mons and the three other shield 

volcanoes of the Tharsis plateau 

are especially prone to them. So is 

Elysium Mons in Elysium on the 

planet’s other side.

Limb brightenings (‘limb arcs’) 

are caused by dust and dry-ice 

crystals scattering light high in the

Martian atmosphere.

Morning clouds are bright, 

isolated patches of surface 

fog or frosty ground near the 

morning limb (the celestial east 

or ‘following’ side). Fogs usually 

dissipate by midmorning as Mars 

rotates; frosts may persist for most 

of the day. 

Evening clouds have the same 

appearance as morning clouds but 

occur on the planet’s preceding limb.

WHICH SIDE ARE YOU SEEING?

One side of Mars is fairly blank; the other is
more feature-rich. To identify surface features
you see through the eyepiece, you’ll need to
know which side of Mars is facing you.

To find out, enter the time and date when
you plan to observe into our Mars Profiler,
at SkyandTelescope.com/marsprofiler. 

Choose the correct orientation to match your
telescope, and compare the map section you
get you to the map and disks printed at left.

Out observing, you’ll find that Mars
presents nearly the same face from night
to night. This is because the Martian day is
only 38 minutes longer than Earth’s. To see 

other parts of Mars, you have to observe at
a different time of night, travel to a different
longitude on Earth or wait for a week or
more to pass. If viewed at the same time
of night from the same place, Mars takes
somewhat more than a month to complete 
one retrograde (backward) ‘rotation’.

This year the North Polar Cap is tipped

into view a little less than seen here. The 

cap should again have shrunk to expose its 

dark collar. The vast Hellas Basin, south 

of Syrtis Major, often fills with clouds and 

frosts; when Syrtis Major faces us, Hellas 

is often mistaken for the South Polar Cap.

When Syrtis Major rotates to the limb, 

observers sometimes spot the ‘Syrtis Blue 

Cloud’. It’s presumably due to the blueing 

of hazes and low clouds near any limb, 

combined with the effect of an unusually 

dark background, rather than some 

chemical peculiarity of the cloud itself.

When the four great Tharsis volcanos aren’t 

capping themselves with orographic clouds, 

they sometimes appear as the opposite: tiny 

ground-colored dots sticking up through a 

blanket of lower clouds. Amateur stacked-

video imaging can bring out fine details like 

these that often escape visual observers.
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Dust storms can occur during 

almost any Martian season, but 

they’re uncommon during the 

southern hemisphere winter, 

meaning now. The critical 

diagnostic of a dust storm is a 

relatively bright patch moving 

and obscuring dark features that 

were previously well defined. Dust 

storms may change appearance 

from one night to the next.

For More Information

Jeff Beish offers his detailed 

rundown of this Mars apparition, 

with a calendar of what to watch 

for as the Martian seasons change 

through 2016, at alpo-astronomy 

.org/jbeish/2016_MARS.htm

The next opposition of Mars 

will be even better. Mars will be at 

the peak of its 16-year opposition 

cycle, and when it’s closest to 

Earth on July 31, 2018, it will be 

24.3″ in diameter. That’s nearly the 

maximum possible: 25.1″, which it 

attained in August 2003. ✦

When moisture-
laden winds 
blow up and 

over broad, high 
Olympus Mons, a 
stationary hood of 

clouds (arrowed) 
sometimes 

forms. The 19th-
century Mars 

mapper Giovanni 
Schiaparelli 
named this 
bright spot 

Nix Olympica, 
“the snow of 

Olympus,” though 
he knew nothing 

of its origin. It was 
pure coincidence 
that it turned out 
to be a mountain. 
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A
strophotographers pursuing

deep sky quarry often desire

a generous focal length,

which produces enough image

scale to resolve small details in

their targets, but would prefer not

to sacrifice focal ratio to get it. A

telescope with an f/ratio faster than

f/6 is ideal for keeping exposure

times short. This is especially

desirable when shooting with

DSLR cameras whose uncooled

sensors always exhibit more noise

Sky-Watcher Quattro
20-cm imaging Newtonian

Sky-Watcher’s fast astrograph
The Quattro reflector series promises photographic speed at an affordable price.

The Sky-Watcher Quattro 8 is a 20-cm
f/4 Newtonian reflector designed
primarily for deep sky imaging with
DSLR cameras. The unit tested had
a standard steel tube finished in
Sky-Watcher’s trademark black-sparkle

enamel paint.

ALL PHOTOS BY THE AUTHOR

WHAT WE LIKE:

Fast, f/4 optics

Solid, precise focuser

Well-corrected field with optional 
coma corrector

Attractive price

WHAT WE DON’T LIKE:

Scratch-prone setscrews can mar 
accessories

Vignetting requires more care in 
processing

Test Report  Alan Dyer

than cooled astronomical CCD 

cameras. 

While we can boost the ISO 

speed of DSLRs, this comes at the 

cost of increased noise in each 

photo. Lowering the ISO reduces 

noise but requires longer exposure 

times, meaning fewer images and 

targets shot per night. Fast optics 

are always nice to have, but they 

usually exact a premium price on 

your bank account.

To address that, Sky-Watcher 
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introduced the Quattro Imaging 

Newtonian reflectors with 20-, 

25-, and 31.75-cm apertures. Each 

is f/4, thus the Quattro name. 

However, as I found, to make them

usable for imaging you need the 

optional Quattro Coma Corrector. 

But even with that added cost, the 

Quattros remain bargains for fast 

astrographic systems. 

How well do they work? I tested 

the 20-cm model and found that it 

worked very well indeed.

Solid mechanics
The 20-cm Quattro weighs 9.5 

kg. Being a large, solid-tube 

Newtonian reflector, it’s prone to 

catching the wind and thus needs 

to be on a sturdy mount for best 

performance. I tested it on my 

Astro-Physics Mach1GTO German 

equatorial mount, which was 

somewhat overkill for this scope. 

In the Sky-Watcher line, I would 

recommend using the 20-cm 

Quattro with nothing less than the

EQ6 or AZ-EQ6 mounts, and the 

heavier EQ8 SynScan GPS mount 

is an even better option.

Since the telescope is designed 

primarily for photography, key 

to its performance is the quality 

of the focuser. The Quattros use 

a Crayford-style focuser with a 

friction drive and 10:1 fine-speed 

motion. I found the focuser precise

and rock solid. It locked down well 

and never slipped with the DSLR 

camera I used, nor with any of 

the heavy eyepieces I tried when 

observing through the instrument.

However, the camera and coma 

corrector are held in the focuser 

with two small setscrews that press

directly on the barrel of the coma 

corrector. There is no compression 

ring, nor are the setscrews Nylon 

tipped, so they scratched the coma 

corrector’s tube. I also found the 

small setscrews tough to get at and

adjust. I was also concerned that 

they might not be sufficient to hold

The tube rings included with the Quattro are tapped with
a single ¼-20 thread on both top and bottom, and one ring
includes a ¼-20 threaded stud, suitable for attaching a ball
head for piggyback photography.

The Quattro line includes an excellent 9x50 finderscope
attached with a standard dovetail shoe, which can be replaced
with a 50-mm guidescope for autoguiding. The Crayford-style
focuser comes with adapters for 1¼- and 2-inch eyepieces.
The 2-inch adapter is shown here.

The tube interior is well blackened and contains nine baffles, 
but does not extend farther than a standard Newtonian. 
Nevertheless, shooting from a dark site, the author didn’t 
notice any stray light illuminating the field. The coma 
corrector does not protrude into the light path, and the only 
diffraction spikes in images were due to the four-vane spider.

a heavy CCD camera if the focuser 

were angled down to the ground (a 

common orientation when imaging 

with Newtonians). But the Quattro 

focuser is ideal for DSLRs and 

most lightweight CCD cameras. 

The Quattro’s steel tube has 

an attractive black-sparkle finish 

common to many Sky-Watcher 

telescopes. On cool nights, I never 

noticed any appreciable focus shift 

during the one to two hours I 

needed to capture a set of images 

of an object. Even so, it’s a good 

idea to refocus periodically when 

imaging through any telescope, 

particularly when the temperature 

changes markedly throughout  

the night.

The 20-cm Quattro comes with 

a Vixen-style dovetail mounting 

bar. Its tube rings also include 

threaded holes for attaching an 

additional plate to the top of the 

scope. I had no problem bolting 

on my own, larger dovetail plate 

needed for my mount, and another 

plate to the top for mounting my 

SBIG SG-4 autoguider.

You can loosen the tube rings 

to allow the telescope to rotate for 

placing the camera or eyepiece 

at a convenient angle. But this 

proved difficult to do without 

either shifting the mount or 

having the tube slide down the 

rings, compromising the balance. 

Instead, I settled on an orientation 

that worked well for all the 

imaging I did in the eastern and 

southern sky. 

Imaging performance
Without the optional coma 

corrector, the 20-cm Quattro 

presented a sharp field of view 

over a central 12-mm circle of the 

camera’s frame, typical for an f/4 

Newtonian. Outside of this small 

area, stars appear as progressively 

larger teardrop shapes radiating 

from the centre. While this is 

sufficient for lunar photography 



64  AUSTRALIAN SKY & TELESCOPE APRIL 2016

with the small detectors typically

found in high-speed video cameras

used for lunar imaging, the

optional Quattro Coma Corrector is

an essential accessory for deep sky

imaging with any DSLR camera or

today’s CCD cameras with mid-

sized detectors.

The Quattro Coma Corrector

flattened the field almost

completely, leaving star images

ever so slightly elongated only

at the extreme corners of a full-

frame (24 × 36mm) DSLR sensor

— performance that I consider

more than acceptable. While this

telescope has a large, 75-mm

secondary mirror, there is still a

significant amount of vignetting in

the outer third of the field of a full-

frame DSLR camera. Also apparent

is a darkening along the bottom

edge of the frame, and along the

top to a lesser extent, caused by

shadowing from the camera’s

rectangular mirror box. This isn’t

any fault of the Quattro — it’s an

effect that shows up in all full-

frame DSLR cameras paired with

fast astrograph systems. The faster

the optics, the worse the shadowing

effect, which can vary depending

The primary
mirror cell is well

ventilated and
includes knurled

collimation knobs
that are easy to

turn by hand
and lock down
securely. Note

that they protrude
beyond the end of
the cell, requiring
care in transport

to ensure they do
not get damaged.

Left: Without the optional coma corrector, the Quattro exhibits strong coma on full-frame cameras, with sharp stars in only the central 12-mm of the 
frame. Right: While using the telescope with the Quattro Coma Corrector, some light fall-off toward the corners is inevitable in such a fast system. In 
addition, the mirror box of a full-frame DSLR camera added shadowing along the top and bottom edges of the frame. This image is processed with 
increased contrast to better display the vignetting.

on the camera model. It is less of 

an issue for photographers using 

cameras with smaller, APS-size 

sensors. 

Nevertheless, imagers should 

be prepared to record and apply 

flat-field calibration frames that 

eliminate most, if not all, of the 

vignetting. Just be warned, this 

is the price to pay for using fast 

focal-ratio astrograph systems 

with DSLRs, especially full-frame 

cameras.

Visual use
Although the Quattro series is 

marketed primarily for imaging, an 

f/4 Newtonian makes an attractive 

‘rich-field’ visual telescope. I 

spent some nights observing with 

the scope to evaluate its visual 

performance.

Despite its small coma-free 

field, I never found the coma at the 

edge of the field to be objectionable 

even with wide-field eyepieces. 

Views with many premium 

eyepieces, including Tele Vue’s 

41-mm Panoptic, 31-mm Nagler 

and 17-mm Ethos eyepieces, were 

stunning. Crisp, round stars were 

visible across all but the outer 

25% or so of the field. (Note that 

Test Report
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the Sky-Watcher Quattro Coma

Corrector cannot be used visually.)

At low magnifications the field

of view was particularly impressive.

The brighter eastern and western

sections of the Veil Nebula (NGC

6992 and NGC 6960) just fit into

the field of the Tele Vue 31-mm

Nagler eyepiece. After slight tweaks

to the telescope’s collimation, the

optics yielded classic Airy disk

diffraction patterns around stars

at high powers, and double stars

were well resolved. There was no

sign of astigmatism or spherical

aberration. 

But the large secondary mirror

robs planetary views of contrast, so

This image of IC 5146, the Cocoon Nebula, was shot with the Quattro 
Coma Corrector and a modified full-frame Canon 5D MarkII camera.  
It shows nearly perfect star images at each corner.

I wouldn’t recommend the Quattro

(or any f/4 Newtonian reflector) as 

a great planetary scope. For visual 

use, the Quattro excels at providing

low-power, wide-field views. 

For me, the benchmark of a 

fine telescope is how soon I stop 

fussing with the testing and just 

start enjoying it. After one or 

two moonlit nights of testing, I 

found myself shooting with the 

Quattro and using it to go after 

some remaining objects on my 

personal target list. It just worked! 

Being able to shoot at the low-noise

setting of ISO 800 while keeping 

my exposures no longer than 8 

minutes let me capture excellent 

detail in multiple targets each night 

with the scope’s 800-mm focal 

length. It is a wonderful thing!

Even with the additional cost of 

the coma corrector and the need 

for accurate flat-field calibration 

images, the telescope performed 

admirably. I can recommend the 

8-inch Quattro as a superb imaging 

system. Just be sure to match it 

to a substantial mount to do the 

telescope justice. ✦

Alan Dyer is author of the ebook 

How to Photograph & Process 

Nightscapes and Time-Lapses, 

available at amazingsky.com/

nightscapesbook.html.
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V
ideo-assisted observing has 

become increasingly popular 

among amateur astronomers 

in recent years. Part of this trend is 

due to the growing problem of light 

pollution; video can show you far more 

from a typical suburban backyard than 

the same telescope can by eye at dark 

site. In fact, enhancing your observing 

experience with an astrovideo camera 

reveals objects in the night sky as 

unambiguous galaxies, nebulae and 

star clusters, rather than as the vague 

smudges they often seem through 

an eyepiece. But more than this, an 

astrovideo camera can virtually increase 

the aperture of your telescope by a factor 

of three or more at a fraction of the cost 

of a larger scope.

Amateurs have been mating their 

telescopes with video cameras since the 

early 1980s. Video cameras at the time 

weren’t very sensitive and therefore were 

generally limited to objects such as the 

Sun, Moon and bright planets, or the 

occasional occultation of bright stars. It 

wasn’t until the turn of the century that 

high-sensitivity video cameras began to 

Electronic Eyes

Increase your telescope’s reach with an astrovideo camera.

GEARING UP  The author’s typical setup 
includes a Celestron C9.25 Schmidt-
Cassegrain telescope, Mallincam Xtreme 
camera, Phillips LCD monitor and a DC 
power supply. C
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Video Observing

enter the amateur arena and interest in 

video astronomy began to grow.

Today, analog video cameras designed 

for deep-sky observing are available 

from Mallincam (mallincam.net), 

Astro-Video Systems (astro-video.com), 

and Orion Telescopes & Binoculars 

(oriontelescopes.com), with prices 

starting around $150. Additionally, 

surveillance cameras can easily be 

adapted for video observing. 

These cameras have several features 

in common that allow them to capture 

bright images of deep sky objects 

(DSOs). The most important is their 

ability to take longer exposures than a 

standard video camera. Even the most 

basic model astrovideo camera (for 

example, the Astro-Video DSO-1) can 

record exposures of several seconds, 

which can reveal thousands of targets 

through a small scope. Many also 

include the ability to integrate several 

exposures together in order to show even 

fainter targets, while simultaneously 

reducing noise in the signal.

Most of these astrovideo cameras 

are built around one of several high-

CURTIS VINCENT MACCHIONI
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sensitivity Sony CCD detectors in either 
1/3- or ½-inch format, with a typical array 

of 640 × 480 pixels, roughly equivalent 

to the standard resolution of analogue 

television sets. These are significantly 

smaller than the CCDs used in 

conventional astrophotography because 

they are designed to display an image on 

a TV screen rather than produce high-

resolution images. 

  All astrovideo cameras enable you to 

control basic functions such as exposure, 

gain and gamma. Some come bundled 

with everything necessary to get you 

up and running right out of the box, 

including video and power cables and 

the C-mount adapter needed to connect 

the camera to your telescope.

Some camera models include an 

S-Video output in addition to the 

composite video output. S-Video 

provides better image quality over 

short distances, and it can be used to 

send the signal to a second monitor, 

which is especially useful when using 

your system to share the view with an 

audience. Another helpful option is a 

remote control that gives access to the 

camera’s control menu; this is much 

better than having to manipulate the 

small buttons on the back of the camera, 

particularly in the dark.

Essential equipment
Besides the camera and your telescope, 

you’ll need only a few other important 

accessories to get started. Most models 

include a standard 1¼-inch nosepiece, 

but if not, you’ll need to purchase a 

C-to-1¼-inch adapter. Next, consider 

the screen with which you’ll be viewing 

the video feed. Any old (CRT) television 

and most current LCD TVs accept a 

composite video input, so you might 

have a screen all ready to use. If you’re 

concerned about portability, many small 

LCD screens are available for under $150; 

look for one with a 4:3 aspect ratio that 

matches your camera’s output format.

A desktop computer or laptop can 

also be used to display the video feed 

with the addition of a video capture 

card and software such as AmCap 

LIVE VIEWING  Video-assisted observing has become a popular 
way to enjoy the night sky. Detailed views of galaxies, nebulae 
and star clusters are within reach of small telescopes when paired 
with these affordable devices. S

&
T
: 

S
E

A
N

 W
A

L
K

E
R



68  AUSTRALIAN SKY & TELESCOPE APRIL 2016

or SharpCap. Additionally, using a

computer with your astrovideo camera

enables you to control many of the

camera’s functions on screen with the

programsMallinCam Control or AstroLive

(astroprecisioninstruments.com).

Your next concern is powering the

camera. While some models come with

an AC power transformer, a better option

is a 12-volt DC battery, which is less

likely to add noise to the video signal.

Video cables should be routed away from

power cables to further minimise any

sources of electronic noise.

Let’s consider the telescope’s

mount. A tracking mount is essential

to the camera’s performance — long

exposures aren’t very beneficial if

your target is drifting across the

detector during its exposure. While

an equatorial mount gives the best

results during long integrations, alt-az

tracking mounts will work well for

short integrations, depending upon the

focal length of your telescope and the

declination of the object being viewed.

A Go To mount makes it much easier

and quicker to place your target in the

field of view, given the small CCD chips

in these cameras.

Now it’s time to consider the

telescope. Again due to the small

detectors in astrovideo cameras, a scope

with a wide field of view is preferred to

frame most objects. Focal lengths of 1,000

mm or shorter are best, so if you’ve got a

typical 20-cm f/10 Schmidt-Cassegrain,

you’ll want to use a focal reducer.

One of the benefits of the small

chips in every astrovideo camera is that

they can utilise much more powerful

focal reducers because, unlike large

detectors, they only see a small area of

the full telescopic field. This means you

won’t see distorted stars when using an

f/3.3 reducer. You can even stack focal

reducers together without seriously

degrading the on-screen appearance of

stars at the corners of the visible field.

While not essential, a light-pollution

filter can make a big difference in what

you can see from typical light polluted

sites. An infrared ‘cut filter’ will also

block unfocused infrared light to

produce smaller stellar images.

Helpful settings
Unless you’re operating your camera

with a computer, you’ll need to access

the camera’s on-screen display (OSD)

to adjust its menu settings. While each

TINY BUTTONS Left: The rear panel of the MallinCam Micro showing the camera control
menu buttons. Most astrovideo cameras are far easier to operate with a wireless controller or
computer. Right: Video camera detectors are small due to the format of analogue television
displays. But this has the benefit of being too small to reveal any off-axis optical aberrations
inherent in many telescope designs.

ELECTRIC EYES Some popular camera models are (left to right):
MallinCam Xtreme (with optional cooling fan and focal reducer); LNTech 300 (with C-to-1¼-inch
adapter); Samsung SCB-2000; and Astro-Video Systems MKIV (with Bluetooth adapter and cooling fan).
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COLOURFUL RESULTS Astrovideo observing is primarily geared toward revealing faint targets on your video monitor. These images of M20,
the Trifid Nebula (left), and the spiral galaxy M33 are typical of what to expect with a colour camera and moderate aperture.

camera’s OSD menu is slightly different,

they all have the same general functions.

The most important functions you’ll

change the most are Exposure, AGC

(Automatic Gain Control) and Gamma.

If your camera has a colour chip, then

you’ll also have a White Balance setting.

Exposures are typically divided into

two or three categories: 1/100-second or

shorter exposures are best for solar,

lunar and planetary viewing. Shutter

speeds of up to 2 seconds are most

useful when focusing or adjusting your

Go To pointing alignment, and they can

even aid in collimating your telescope.

Images of 3 seconds or longer are best

for viewing deep sky objects and the

occasional near-Earth asteroid.

The AGC setting is similar to the ISO

value on a DSLR camera. It increases

the amplifier gain, thereby increasing

image detail and reducing the required

exposure time. But this comes at the

expense of increased noise in your video,

as well as noticeable ‘amp glow,’ caused

when infrared radiation emitted from

the readout amplifier is picked up by the

camera’s detector. Amp glow appears as

a bright background at a corner or top of

the video image, and it’s more noticeable

when using high-gain settings, long

exposures, or a combination of both.

Gamma adjustments allow you

to stretch the luminosity values in

the image, which increases detail

(but reduces contrast). A setting of 1

produces an unenhanced image, while

lower values enhance fainter nebulosity

but lighten the overall background of

the video.

In a colour camera, White Balance

allows you to adjust the colour balance

in your video. Usually you’re offered

options for automatic or manual modes.

In automatic mode, the camera adjusts

the colour to what it assumes is optimal;

in manual you set the red and blue levels

of the video feed until the image appears

properly balanced.

Two other important settings are

Brightness and Contrast, which are

usually adjusted on the monitor itself

or within the video-capture software.

Brightness raises or lowers all parts of

the image from dark to light equally. The

Contrast setting changes the slope of

the light curve from black to white while

keeping the black point fixed, reducing

the dynamic range of the image.

Under the stars
Once you’ve geared up, here are some

tips to start observing. After replacing

your telescope’s eyepiece with the

astrovideo camera, be sure to secure

the power and control cables to prevent

snags when slewing to targets around

the sky.

Start by focusing on a bright star

with the Exposure set at about 2 seconds,

Gamma at 0.3, and AGC at the midpoint;

this should produce a bright image

that refreshes quickly. Once focused,

slew to a DSO of interest and take a test

exposure of 10 seconds or so, depending

upon the surface brightness of your

target. Adjust the AGC and Gamma

settings to make it easier to see and

center your target in the field of view.

Next, adjust the Brightness and Contrast

to bring out the most detail possible

without overexposing the brightest parts

EXPANDED VIEW  One benefit of the 
small detectors in astrovideo cameras is their 
ability to utilise strong focal reducers without 
producing objectionable distortions in stellar 
images. This lets you, for example, convert 
your f/10 SCT into a fast f/3.3 wide-field 
instrument.

R
O

D
 M

O
L

L
IS

E

C
U

R
T

IS
M

A
C

C
H

IO
N

I 
(2
)



70  AUSTRALIAN SKY & TELESCOPE APRIL 2016

of the object. You might need to increase

your exposure to find the best settings

for your system. If the video image

displays elongated stars, try reducing

the Exposure and raise the AGC setting

to compensate. However, too high an

AGC setting may result in objectionable

amp glow and noise; too low a Gamma

How can deep sky video cameras produce

recognisable pictures of galaxies in 10

seconds when a DSLR camera would need

a minute or more? It’s partly a matter of

pixel size. The bigger the pixels on the

light sensor, the more light falls on each

pixel in a given exposure and the better

the low-light sensitivity.

Pixel count & pixel size

SHARING THE VIEW With the addition of
a large TV or monitor, astrovideo cameras let
you share the view with groups of observers.

VERSATILE CAMERAS  Observing with an astrovideo camera like the one shown here
doesn’t require much additional equipment to tow into the field. Besides the camera,
you’ll need a DC power source and a video monitor or a laptop computer to display your
exposures. You can also use a variety of Barlows and focal reducers to tailor your field of
view to each target, just like switching eyepieces when visually observing.

setting might produce a background sky

that’s too bright.

If you have very dark skies or can

utilise long exposures, you’ll generally

see less noise with a low AGC setting

and the Gamma at 1. However, cameras

with frame integration should be used

with Stacking set for 5 frames and AGC

on in order to activate the stacking

process. Once again, take successive

images with increasing exposure times

until you obtain the best possible image.

When satisfied, adjust the White Balance

settings to obtain a pleasing colour.

Getting the best image with a

reasonable exposure time is a matter

of trade-offs that will vary with sky

conditions, telescope, focal length and

the presence or absence of filters. Once

you’re happy with the image, you can

hop from one DSO to another and use

the same settings, varying only the

exposure time. If you prefer to keep

the Exposure short, use higher AGC

and lower Gamma values. On the other 

hand, longer Exposure provides the most 

detailed images with the least noisy 

backgrounds.

While video won’t produce the 

smooth backgrounds and subtle detail 

seen in dedicated long-exposure 

astrophotographs, you’ll be pleasantly 

surprised at how fast and easy it is to 

obtain spectacular views of galaxies, 

nebulae, and star clusters. With 

a modest-size scope and a colour 

astrovideo camera, you’ll see colour in 

bright nebulae, dust lanes and star-

forming regions in nearby galaxies, and 

even central stars in planetary nebulae. 

And as you get more involved in deep 

sky observing with astrovideo cameras, 

chances are your eyepieces may soon 

begin collecting dust. ✦

Curtis Macchioni enjoys video-enhanced 

observing from the San Francisco Bay area. 

Visit his website at californiaskys.com.
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Point-and-shoot cameras are poor

choices for deep sky photography

because they have tiny sensors (to keep

their zoom lenses compact) divided

into huge numbers of pixels — which is

largely a marketing gimmick. A full-page

photograph reproduced in this magazine

needs just 6 to 8 megapixels.

DSLRs have about the same pixel count

as point-and-shoots, but their sensors are

much bigger. That makes each pixel bigger,

giving the camera very good sensitivity

when operating in low-light levels.

 The sensors in deep sky video cameras

are small, but they have very low pixel

counts. That results in larger pixels,

making them extremely sensitive to faint

light, but at the cost of resolution.

 —Tony Flanders

Typical camera sensor chip
& pixel sizes

Point-and-shoot
12 megapixels

Deep-Sky Video Chip
0.4 megapixels

Chips are enlarged 250%
Each small square represents 250 x 250 pixels

Normal ‘APS-C’ DSLR - 13.5 megapixels

Video Observing
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I
’ve long felt that the ideal deep sky machine is a 

big-aperture scope on an equatorial mount. Sure, 

most of us adapt readily enough to pushing our 

Dobsonians along to keep a target centred through the 

eyepiece, but there’s no denying that it’s much nicer to 

be able enjoy the view without the fuss.

Thanks to the advent of equatorial platforms, we 

can luxuriate in hands-free observing without the 

weight and bulk of a regular German equatorial 

mount. But the problem with many platforms is they 

usually add quite a few centimetres to the height of 

the eyepiece. That sounds minor, but it can be the 

difference between needing a ladder or not — and 

that’s a big deal.

Over the years this magazine has featured several 

equatorial platforms, but I can’t recall seeing one as 

minimalist and low-profile as this unit by Jerry Oltion. 

You might recognise Jerry’s name; he’s contributed 

several innovative ideas to these pages over the years. 

So, I wasn’t surprised to see him come up with such 

an elegant equatorial platform to carry his 50-cm 

Equatorial platform project
This low-profile mount provides motorised tracking for large-aperture scopes.

Dobsonian and 32-cm bino scope.

“I’d been thinking about building an equatorial 

platform for my big scopes, but I didn’t want to add 

much height to them, nor did I want yet another bulky, 

heavy component to carry around and set up,” Jerry 

says. That desire fuelled his imagination. “I began by 

figuring out what parts of the mount were absolutely 

necessary, and then leaving out the rest.”

Jerry took his cue from the flex-rocker concept 

pioneered by amateur telescope maker, Mel Bartels, 

and others. In a flex scope, a Dobsonian’s traditional 

rocker box and base are replaced with a ring and 

low-profile rocker assembly that allows the altitude 

and azimuth bearing points to lie atop one another, 

reducing the need for stiff, heavy components.  

The resulting lightweight configuration adds  

minimal height to the eyepiece position when pointed 

towards the zenith. Jerry realised that the same 

principle could work for an equatorial platform. The 

ground ring provides plenty of stiffness — the flex 

equatorial platform merely holds the bearings in the 

right place.

“A project like this isn’t nearly as difficult to build 

as some would have you believe,” he notes. But there 

are a few tricky bits. As the photos here illustrate, 

Jerry’s minimalist platform consists of three main 

subassemblies. First there is the flex ring, which 

served as the scope’s original base. Next is the 

T-assembly that holds the mount’s bearings and drive 

motor in position. Last is a pair of wooden arcs that 

functions as the mount’s north-axis bearing runners. 

The arcs attach to the underside of the flex ring via 

pairs of smooth rods that slide into matching sockets, 

and ride on matching bearings (one drive bearing, one 

idler) on the platform base.

The specific angles for the south pivot point and 

bearing surfaces depend on latitude. “It occurred to 

me as I was building the platform that the design 

lends itself to easy modification for different latitudes 

and/or scope sizes — just change the curve of the 

runners and the south pivot point’s distance from 

the edge of the ring” Jerry says. “A person could have 

several sets of runners and pivot mounts for various 

latitudes and scopes.”

Although you can derive the dimensions and 

Jerry Oltion’s minimalist equatorial platform provides motorised tracking without
adding significant weight or eyepiece height. The stepper motor and electronics 
were purchased online.
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Gary Seronik
Telescope Workshop
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Do you have a telescope or observing accessory project AS&T’s readers would 
enjoy reading about? Get featured in Telescope Workshop by e-mailing your 
idea to equipment editor Sean Walker at swalker@skyandtelescope.com.

required angles for the platform

mathematically, Jerry took a

different approach. “I wound up

figuring out the proper curve

empirically by suspending the base

ring from a rope, pinning the south

pivot point into place, and tracing on

a piece of cardboard the arc created

by moving the ring,” he explains.

The finished platform adds

only three kilograms to the scope

and 10 centimetres to its eyepiece

height. But even that would be

excessive if the mount was flimsy

The mount’s T-assembly is shown with 
the flex base ring removed. Note the 
pair of arc segments that mount to the 
underside of the scope’s base ring.
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or didn’t track well. So how does  

it perform? “Like it isn’t even 

there,” Jerry says. “The scope 

feels just as stable as ever with no 

extra settling time or detectable 

play — the only real difference is 

that objects stay centered in the 

eyepiece for up to 50 minutes at a 

time. And I have to remember not 

to nudge the scope along.”

To read more about Jerry’s low-

profile equatorial platform, visit 

his website at www.sff.net/people/j.

oltion/flexeq.htm. ✦

Contributing Editor Gary Seronik 

is an experienced telescope maker. 

You can contact him via his website, 

garyseronik.com
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Astro Calendar

NATIONAL AUSTRALIAN CONVENTION OF

AMATEUR ASTRONOMERS

Sydney University, Easter 2016

)

Astrofest 2016
March 12, 2016
Australia’s largest free public astronomy 
event, held at Curtin Stadium on the Curtin 
University campus in Bentley, Perth.

astronomywa.net.au

National Australian Convention of 
Amateur Astronomers
March 25-28, 2016
Held every second year, the NACAA is 
Australia’s premier get together for amateur 
astronomers to discuss research projects 
and the latest technologies. In 2016 it will 
be hosted by the Sutherland Astronomical 
Society in Sydney.

nacaa.org.au

Royal Astronomical Society of NZ 
Conference
May 20-22, 2016

Annual meeting of New Zealand’s 
astronomers

hbastrosoc.org.nz/rasnz-conference-2016/

South Pacific Star Party
May 5-8, 2016
Annual star party hosted by the Astronomical
Society of NSW

asnsw.com/spsp

Queensland Astrofest
August 2016
Lions Camp Duckadang, Linville, Qld

Long-running annual star party

www.qldastrofest.org.au

National Science Week
August 13-21
Various activities around the nation

www.scienceweek.net.au

Siding Spring Open Day
October 1
Australia’s largest optical telescope 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.
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Gallery

▴TRAIL MIX

Tim Bruton

Almost 500 images have been stacked to produce this image 
of the southern sky, which comes complete with Alpha 
Centaurid meteors. Tim used a Canon EOS 6D, Samyang 
14-mm lens at f/2.8, and 30-second images at 4-second 
intervals. Processing was done in StarStaX.

Astrophotos from our readers
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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.

▴ ORION OBJECTS
Paul Haese
Paul has captured several objects in 
this field in Orion, including NGC 1999, 
which is the small, bright patch with a 
black core just below and to the right 
of centre. He used a FSQ 106ED scope 
and QSI683-8 camera, for a combined 
LHaRGB exposure of 21.8 hours.

◀ METEOR MOMENT
Richard Brown
Richard set out to capture a rarely 
photographed Alpha Crucid meteor in 
mid-January, and was successful. The 
Alpha Crucid shower typically has only 
three meteors per hour at its peak. 
He used a Nikon D7000 with Nikkor 
35-mm lens and a 25-second exposure.
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▴ MARCH OF 
TIME
Jonathan Green
The star trails 
above show the 
passage of time, 
contrasting nicely 
with the time-
withered tree 
stump below. 
Jonathan’s image 
is made up of 
109, 2-minute 
exposures, 
captured with a 
Canon 5D MK II 
through a 14-mm 
Samyang lens.

▴ THE GREAT NEBULA  Paul Brown  The Great Nebula in Orion is a favourite summer subject for stargazers and photographers. Paul’s 
image is a composite of 33 shots at various exposures totalling 84 minutes, taken using a QHY8L camera 190-mm Maksutov-Newtonian scope.

Gallery
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The importance of awe
Can kids today still experience the “11th emotion,” the key to loving astronomy?

W
hile struggling in abject poverty

in the 1870s, future astronomer

Edward Emerson Barnard

received a Bible from his Sunday school

teacher. He kept it his entire life, but apart

from inscribing his name, he underlined

but one passage (Job 38:31–32):

Canst thou bind the sweet influences of

Pleiades, or loose the bands of Orion?

Canst thou bring forth Mazzaroth in his

season, or . . . guide Arcturus and his sons?

When Barnard was a boy, it was still

possible to see the Milky Way from his

home town, and the sight of it filled

him with awe. Today, few children in

industrialised societies live in areas

where views of the night sky are similar

to those Barnard enjoyed. Would Barnard

have felt the same sense of awe under

the night sky that motivated him to

underscore those verses of Job, and

that inspired him to a passionate life of

studying and observing the sky, if he had

lived under light-polluted skies?

Awe, the emotion that lies at the heart

of what motivates us to do astronomy,

is only recently getting its due from

psychologists. Less familiar than the ‘big

ten’ (love, fear, sadness, etc.), it has been

called the 11th emotion. Humans may be

the only species that can feel it, and some

people may never experience it. Others,

however, are intimately familiar with it

and know well the accompanying tingling

of the spine.

Neuropsychologist Paul Pearsall

has defined awe as an “overwhelming

and bewildering sense of connection

with a startling universe that is usually

far beyond the narrow band of our

consciousness”. No doubt many readers

can date the beginnings of their interest

to a specific occasion of awe, perhaps the 

sight of a total eclipse or a majestic comet.

Do youth today still experience awe? 

Increasingly, the visible universe is in 

full retreat. Of course, virtual substitutes 

abound: Cassini views of Saturn’s rings, 

Hubble Space Telescope images of distant 

galaxies, and so on. Stunning as they 

are, do they arouse the same profound, 

potentially life-changing emotion that a 

direct sense of connection to the universe 

supplies? How long does it take for them 

to go from ‘awe-some!’ to ‘bor-ing’?

Perhaps Barnard, if he had lived 

today, instead of gazing in solitude at 

the nearby planets through his small 

telescope, would have invested his time in 

Facebook. Maybe then he would have had 

more self-esteem, for recent studies have 

shown that use of social media increases 

narcissism (self-love).

Awe, on the other hand, leads to a 

sense of a small self, says psychologist 

Paul Piff (University of California, 

Irvine), and it encourages those who feel 

it to exhibit more pro-social tendencies. 

They are more generous, empathic, and 

caring about others than their less awe-

inspired peers.

This is an argument, in my view,  

for making astronomy — and exposure 

to other aspects of ‘wilderness’ — 

central to schemes of child development 

and to educational core curricula. If 

we encourage awe, astronomy’s core 

emotion, we will not only invite children 

to a lifelong passion to investigate  

the universe but encourage them to 

embrace kinder, more caring communities 

on Earth. ✦

William Sheehan, whose biography of E. 

E. Barnard, The Immortal Fire Within, 

came out in 1995, recently retired after three 

decades as a psychiatrist.C
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