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from in her monthly 
column. Page 21

PS Next issue goes on sale 17 July.

This month’s
contributors
include...

Chris Bramley Editor

As we head to new horizons, we return to problematic Pluto

Sky at Night LOTS OF WAYS TO ENJOY THE NIGHT SKY...

PODCAST
The BBC Sky at Night 
Magazine team discusse
the latest astro news in 
our monthly podcast
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to keep up with the 
latest space stories and 
tell us what you think
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Visit our website for 
reviews, competitions,
astrophotos, observing 
guides and our forum
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Find out what The Sky 
at Night team will bet
exploring in this month’s 
episode on page 19
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Get each month’s  
issue on your iPad, 
now with bonus video 
and extra images
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All the details of our 
latest issue, plus news 
from the magazine and 
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T

end of the curve and have just come to
astronomy, there’s something for you too this
month. It’s the second part of Jamie Carter’s
exciting challenge to become a seasoned
astronomer in 12 months. Pick up tips from 
someone who’s been well and truly bitten by 
the astronomy bug on page 73.

Enjoy the issue.

Far out at the edge  
of the Solar System,
New Horizons is 
reaching a milestone
in its once-in-a-
generation mission.
This time next year, 
the NASA probe 
will fly by Pluto to 
investigate the dwarf 

planet and its satellites, and then explore
further into the dim and distant Kuiper Belt. 
Elizabeth Pearson spoke to the New Horizons
team, and on page 38 gives us the latest on  
the mission that launched nearly a decade 
ago – when its target was still considered a
planet – and how it will dramatically expand 
the resolution of our knowledge in the Solar
System’s frozen fringe.

It’s from the same ring of rubble that
asteroids and comets come on chaotic orbits 
to collide with the planets closer to the Sun,
and 20 years ago this month one of the biggest
impact events of the past century took place 
when Comet Shoemaker-Levy 9 slammed
into Jupiter. Will Gater speaks to the amateur 
and professional astronomers who recorded
this and other strikes on page 32, and asks
what lessons we have taken from these
reminders of our own planet’s vulnerability.

Meanwhile, amateur astronomer Chris Baker 
shares his experiences of robotic imaging
with his own equipment hosted at a remote,
dark-sky site on page 42. If you’re at the other

ODCAST WITITTETERR



04

skyatnightmagazine.com  2014

REMOTE IMAGING
42

MAKING AN IMPACT32
FIRST LIGHT

98

62 

ON THE COVER

FEATURES

32

42

68

16

9047

REGULARS

In the magazine NEW TO ASTRONOMY?
See The guide on page 78 and our online glossary e

at www.skyatnightmagazine.com/dictionary

C
O

V
ER

: D
ET

LE
V

 V
A

N
 R

A
V

EN
SW

A
A

Y/
SC

IE
N

C
E 

PH
O

TO
 L

IB
RA

RY
, T

H
IN

KS
TO

C
K,

 T
H

IS
 P

A
G

E:
 H

U
BB

LE
 S

PA
C

E
TE

LE
SC

O
PE

 C
O

M
ET

 T
EA

M
 A

N
D

 N
A

SA
, C

H
RI

S 
BA

KE
R,

 W
W

W
.T

H
ES

EC
RE

TS
TU

D
IO

.N
ET

06 Eye on the sky
32  Making an impact
Meet the amateurs and pros who have witnessed

what happens when asteroids slam into planets.

38  Pluto on the horizon
Catch up with New Horizons in the final leg of its

nine-year voyage to meet dwarf planet Pluto.

42  An observatory 
far far away

Can remote imaging deliver a perfect astro photo?

62  The aurora: calling time
on timelapse

Join the crew that filmed the aurora in real time.

68  Birth of a giant telescope
The secrets of Mexico’s new monster scope, the LMT.

73  Stepping into the dark
Catch up with our novice astronomer in the

second part of his month-by-month diary.

73

78 Skills
78 The guide 
Collimating a Newtonian telescope.

81 How to 
Use radio signals to catch meteors.

85 Sketching
87 Scope Doctor 

89 Reviews
First Light

90   Revelation 10-inch M-CRF

Premium Dobsonian.

94   iOptron SkyGuider 

tracking mount.

98   Orion StarShoot All-In-One 

astronomy camera.

102 Books 
104 Gear

106 What I really 
want to know is…

y

How do black holes grow?

11 Bulletin 
19 What’s on
21 A passion for space
Sky at Night presenter Maggie Aderin-t

Pocock reflects on what we know about

how our Moon formed.

23 Jon Culshaw
Jon’s off-world travelogue continues.

24 Interactive

26 SUBSCRIBE
Get your issues at a discount

28 Hotshots

47  THE SKY IN    

        JULY 
Your 15-page guide to the 

night sky featuring the top 

sights, an all-sky chart, a 

deep-sky tour and more…

38

PART 2



Download the complete multimedia experience 
with our special edition apps

THE APOLLO STORY
The Apollo Story is your complete guide to the greatest 
journey in human history, featuring the facts, figures and 
stories from every Apollo mission.
In this app:
X  GO BEHIND THE SCENES WITH AUDIO AND  

VIDEO SECTIONS
X  RARE PHOTOS AND EXHAUSTIVE PICTURE GALLERIES

Download your copy today for just £4.99/$6.99!

VISIT THE APP STORE AND SEARCH: THE APOLLO STORY

MAN IN SPACE
Man in Space celebrates 50 years of mankind’s 
adventure in space, brought to life by historic video 
footage and amazing images.
In this app:
X  3D VIEWS OF LEGENDARY SPACECRAFT
X  360-DEGREE PANORAMIC VIEWS OF THE MOON
X  A FOREWORD BY SIR PATRICK MOORE

Download your copy today for just £3.99/$5.99!

MAN ON THE MOON
Man on the Moon celebrates the complete story of Apollo 
11: the crew, the spacecraft, the mission, the legend of the 
historic first steps on the Moon.
In this app:
X  AMAZING VIDEO FOOTAGE AND PHOTO GALLERIES
X  INTERACTIVE DIAGRAMS
X  PANORAMIC VIEWS OF THE MOON 

Download your copy today for just £3.99/$5.99!

VISIT THE APP STORE AND SEARCH: MAN IN SPACE

VISIT THE APP STORE AND SEARCH: MAN ON THE MOON



N
A

SA
/C

XC
/S

A
O

; O
PT

IC
A

L:
 D

ET
LE

F 
H

A
RT

M
A

N
N

; I
N

FR
A

RE
D

: N
A

SA
/J

PL
-C

A
LT

EC
H

The exquisite imagery made possible by space 
telescopes often appears to be perfect. That is, 
until some of the world’s best amateur 
astrophotographers start to combine their own 
images with these observations. 

This incredibly vibrant composite image of 
the Whirlpool Galaxy combines X-ray data 
from the Chandra X-ray Observatory shown in 

purple, infrared data from NASA’s Spitzer 
Space Telescope shown in red, and optical 
images from acclaimed amateur astronomer 
Detlef Hartmann in RGB. This image is one  
of four released by NASA, which also include 
the Pinwheel Galaxy, Bode’s Galaxy and 
Centaurus A, all composites of space telescope 
and amateur astronomers’ data.

This set of images proves that even the fantastic shots 
captured by space scopes can be improved upon

artistry 
Astronomical

CHANDRA X-RAY OBSERVATORY, 23 APRIL 2014
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Headless chicken

EUROPEAN SOUTHERN OBSERVATORY 
16 APRIL 2014

Energetic newborn stars interact with 
vast clouds of hydrogen gas, causing the 
Gum 41 nebula to glow a brilliant red in 
this ESO image. This little-known celestial 
object forms the ‘feet’ of the Running 
Chicken Nebula complex (IC 2944  
and IC 2948).
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S  Martian marine memories  

MARS EXPRESS, 4 APRIL 2014

In yet another striking example of the past abundance of liquid water on the Red Planet, ESA’s 
Mars Express spacecraft reveals the central part of the 164km-long Osuga Valles, shaped over 
time through monumental floods that caused some channels to grow as wide as 20km. 

W  A cosmic 
jewel 

EUROPEAN 
SOUTHERN 
OBSERVATORY  
9 APRIL 2014

A well-aligned 
foreground star  
gives this view of 
planetary nebula 
Abell 33 the 
appearance of a 
diamond ring.  
The nebula, which 
usually appears as  
a perfect circle on 
the night sky, was 
formed when an 
ageing star shed its 
outer layers, leaving 
behind this bright, 
gaseous bubble. 

Colossal 
cluster X  

HUBBLE SPACE 
TELESCOPE  
3 APRIL 2014

The vast cluster of 
galaxies captured 
here by Hubble is 
also known as El 
Gordo (the fat one) 
– an apt nickname 
given that the latest 
estimates suggest this 
cosmic gathering 
contains around 
three million billion 
Sun-like stars.  
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COMMENT  
by Chris Lintott
Astronomers are becoming 
used to a rich diet of 
exoplanet discoveries, but 
even the most jaded of 
palates should appreciate 
this new discovery – a 
giant planet far enough 
from its parent stars that  
it can be imaged directly 
with relative ease.

Once again we see 
that the Universe is more 
interesting than we might 
think from looking at our 
Solar System. The familiar 
pattern of rocky planets and 
gas giants surrounded by 
a band of small rubble in 
the Kuiper Belt (see page 
38) has led us to believe 
that the outer reaches of 
any planetary system 
would be devoid of large 
worlds. That means that 
this find is telling us 
something about how 
planets actually form. 

Perhaps stars such as 
GU Psc have much larger 
debris discs around them 
than the Sun, or perhaps 
formation in crowded 
clusters of stars makes the 
capture of a large planet 
more likely. In either case, 
this new planet sheds light 
not only on its origins, but 
also on our own home.

CHRIS LINTOTT co-presents 
The Sky at Night 

The latest astronomy and space  
news written by Hazel Muir

Our experts examine the hottest 
new astronomy research papers
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A NEWLY DISCOVERED exoplanet 155 

lightyears away in Pisces has broken the record 

for the distance between a planet and its host star. 

Known as GU Psc b, it is around 2,000 times  

as far from its star as Earth is from the Sun, 

meaning it takes a whopping 80,000 Earth  

years to complete one orbit.

The gas giant, one of just a few to be discovered 

by direct imaging, orbits a dwarf star. It was 

spotted by a team led by Marie-Ève Naud from 

the University of Montreal in Canada using 

observations from several telescopes, including 

the Gemini Observatory in Hawaii. 

Theoretical estimates suggest the planet’s 

mass is nine to 13 times that of Jupiter and  

it has a surface temperature of roughly 800°C, 

despite being so far from its star. It’s thought 

that this hot surface is due to its youth; the star 

it circles is only 100,000 years old, giving the 

planet little time to cool off after formation. 

Because this planet is so distant from its 

parent star it should be relatively easy to study 

without intense stellar glare, says team member 

René Doyon, also from the University of 

Montreal. “GU Psc b is a true gift of nature.  

The large distance that separates it from its  

star allows it to be studied in depth with a variety 

of instruments, which will provide a better 

understanding of giant exoplanets in general.”

The researchers hope that over the next few 

years they’ll learn more about this planet and 

hope to find others like it, including those closer 

to the host star. The search will be carried out 

across many observatories, including the James 

Webb Space Telescope, due for launch in 2018.

> See Comment, right

The alien world takes 80,000 Earth years to circle its star

Far-out planet breaks

orbit records

The gas giant  
is thought to be  
2,000 AU from  
its star
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The star is a chemical 
twin of the Sun and could 

help clarify its origins

ONE OF THE Sun’s 

long-lost sibling stars 

has been spotted  

110 lightyears away. 

Astronomers say  

the star was almost 

certainly born within 

the same cloud of gas 

and dust that created 

our own Solar System.

The Sun was 

probably born in a 

cluster of thousands 

of stars that formed 

more than 4.5 billion 

years ago. The cluster 

has since broken up, 

with the stars 

wandering into their own orbits around the 

galactic centre, taking them to different parts  

of the Milky Way. Now, a team led by Ivan 

Ramirez from the University of Texas at Austin 

has identified one of the Sun’s sibling stars  

for the first time. 

After analysing studies by the McDonald 

Observatory in Texas, Ramirez’s team found a 

sibling star called HD 162826, which is 15 per 

cent more massive than the Sun. The star, which 

is in the constellation Hercules, is not visible to 

the naked eye but can easily be seen with 

low-power binoculars. It has an almost identical 

chemical make-up to the Sun and, crucially, its 

motion suggests that it was very near the Sun at 

the time of its birth. 

Now that one member of the Sun’s distant 

family has been found, the researchers will be 

able to find more as they know what to look for. 

SUPERCOMPUTER 
CONFIRMS 
GALAXY THEORIES
Computer simulations 
have confirmed modern 
theories of galaxy 
formation. Calculations 
based on how the soup of 
matter in the early 
Universe behaved under 
gravity explain for the first 
time how elliptical, spiral 
and irregular galaxies 
formed in realistic numbers. 
The simulations are able 
to replicate how the 
heavy elements diluted 
the primordial hydrogen 
gas, as well as how the 
galaxies are distributed.

“It is remarkable that 
the Universe’s initial 
conditions after the Big 
Bang can actually 
produce galaxies with the 
right sizes and shapes,” 
says team leader Mark 
Vogelsberger from MIT.

“We’ve learned  

not to invest a lot  

of time in analysing 

every detail in  

every star,” says 

Ramirez . “Instead 

we’ll concentrate on 

certain key chemical 

elements that are 

going to be useful.”

Further studies of 

this star and other 

possible Sun siblings 

could help to clarify 

how and where the 

Sun formed, and how 

our Solar System 

became hospitable  

to life. “We want to know where we were born,” 

says Ramirez. “If we can figure out in what part 

of the Galaxy the Sun formed, we can constrain 

conditions in the early Solar System. That could 

help us understand why we are here.”

So far, there are no signs of a planet orbiting 

HD 162826 – studies have ruled out the 

possibility of there being a massive ‘hot Jupiter’ 

orbiting close to the star. But it’s still possible 

that the star hosts smaller rocky planets.

There’s also a tiny chance that solar sibling 

stars might host planets that harbour life 

related to that on Earth. This is because organic 

materials were knocked around between the 

close-knit planetary systems in their youth.  

“It could be argued that solar siblings are key 

candidates in the search for extraterrestrial 

life,” says Ramirez.

www.mcdonaldobservatory.org
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NEWS IN
BRIEF 

A star which formed 
alongside the Sun  
4.5 billion years ago  
has been identified

M87 GIVES AN 
ENTIRE STAR 
CLUSTER THE BOOT
Giant elliptical galaxy 
M87 has turfed an entire 
star cluster out into space 
at extremely high speed. 
“We have found runaway 
stars before, but this is  
the first time we’ve found 
a runaway cluster,” says 
Nelson Caldwell of the 
Harvard-Smithsonian 
Center for Astrophysics, 
Massachusetts. The 
cluster, travelling out  
of M87 at more than  
3.2 million km/h, may 
have been kicked out by 
a gravitational encounter 
with the black hole at 
M87’s core.

discovered
Sun’s sibling

HERCULES

LYRA

CYGNUS

Vega

HD 162826

HD 162826 lies in 
the constellation 

of Hercules
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PUZZLE OVER MAGNETAR FORMATION SOLVED
A LONG-STANDING mystery about 

magnetars – exotic collapsed 

stars that form in supernovae 

– has finally been solved. 

They can form due to  

“a game of stellar 

pass-the-parcel  

with cosmic 

consequences,” 

according to 

Francisco Najarro 

from the Centre for 

Astrobiology in 

Madrid, Spain.

A magnetar is a 

highly magnetised 

type of neutron star, the 

collapsed core of a star 

that explodes at the end of its 

life. One thing that has puzzled 

scientists about magnetars was that 

they seemed to sometimes form 

during the collapse of extremely 

massive stars, as much as 40 times 

New hotspot in the hunt for life

THE FIRST KNOWN Earth-sized planet in the 

habitable zone of another star – the region where 

the temperature would allow liquid water to flow 

on a planet’s surface – has been discovered using 

NASA’s Kepler space telescope. The planet, 

Kepler-186f, could become a key target in the 

search for extraterrestrial life.

“The discovery of Kepler-186f is a significant step 

toward finding worlds like our planet,” says Paul 

Hertz from NASA headquarters in Washington DC. 

Kepler has monitored stars to look for a slight 

dimming when a planet passes in front. It 

revealed that Kepler-186f takes 130 days to circle  

its star, which is 500 lightyears from Earth. 

Other planets have been found in habitable 

zones previously, but they’re all at least 40 per 

cent larger than Earth and understanding their 

structure is challenging. Kepler-186f is likely to  

be a rocky world similar to Earth.

www.nasa.gov/kepler

VIGOROUS STAR 
BIRTH EXPLAINED
Supercomputer 
simulations have 
successfully explained 
why merging galaxies 
host surges of star 
formation. Previously, it 
was unclear why this 
happens: scientists 
suspected that galactic 
mergers create chaotic 
gas turbulence that 
would hinder clouds of 
interstellar clouds 
collapsing into stars, 
rather than helping.

“This is a big step 
forward in our 
understanding of star 
formation,” says lead 
analyst Florent Renaud 
from the AIM Institute 
near Paris. His team 
showed that in a 
collision gas is more 
likely to compress than 
whirl around, helping 
star formation.

EXOPLANET’S  
DAY MEASURED
Astronomers have 
recorded the length of a 
day on an exoplanet for 
the first time. Using the 
Very Large Telescope in 
Chile, they showed that 
Beta Pictoris b rotates in 
just eight hours. The planet 
is 3,000 times as massive 
as the Earth, and its fast 
rotation rate confirms a 
trend seen in our Solar 
System – more massive 
planets spin faster. 

“This must be some 
universal consequence of 
the way planets form,” 
says Remco de Kok from 
Leiden University in the 
Netherlands.

NEWS IN
BRIEF  Scientists have found the first Earth-sized exoplanet in a habitable zone

Kepler-186f is likely to 
be a rocky, Earth-like 
planet – and it’s within 
its star’s habitable zone

as massive as the Sun. Yet theory 

predicted the cores of these stars 

should collapse into black 

holes, not neutron stars.

Now astronomers 

have resolved this 

problem, using the 

Very Large 

Telescope in Chile. 

Najarro and 

colleagues found  

a companion star 

of a magnetar and 

their observations 

back a theory that the 

transfer of mass from 

the companion made 

the original star rapidly 

rotate, then slim down by 

transferring mass back out. The 

loss of mass would have prevented 

the stellar core from collapsing into 

a black hole. 

www.eso.org/vlt

Þ Magnetars are a class of 
neutron stars with extremely 

strong magnetic fields
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S
ome of the Universe’s light is missing. 

According to a new paper, we’re facing  

a Universe that’s in the grip of a ‘photon 

underproduction crisis’. A comparison  

of observations and computer simulations suggests 

that there must be more light out between the 

galaxies than we expected.

The observations in question are of something 

called the Lyman-alpha forest, a feature that’s 

visible whenever a spectrum of a distant galaxy is 

obtained. Light from the distant source passes 

largely unimpeded through the Universe, unless it 

encounters a cloud of neutral hydrogen. Since the 

Universe’s first billion years or so, most of its 

hydrogen has been ionised – excited so that the 

protons and electrons separate – but there are still 

places where clouds of gas can exist in a neutral 

state, isolated from external radiation.

When light from the distant source encounters 

such a cloud, it will be absorbed at a particular 

frequency and we see a dip appear in the spectrum. 

The wavelength at which the dip occurs will be 

redshifted by the time we see it on Earth, and so 

each absorbing cloud leaves a unique signature at a 

different redshift. The resulting array of absorption 

lines – the Lyman-alpha forest – is a remarkably 

sensitive tool for probing the state of the Universe.

Two factors feed into determining the appearance 

of the forest. Firstly, we need to worry about the 

number of systems out in intergalactic space. 

Secondly, we need to work out how much light 

escapes those galaxies that have managed to get as 

far as producing stars. Without it, all hydrogen 

would remain in its neutral state.

Taken together, these aren’t back of an envelope 

calculations, and the team behind this most recent 

paper make use of a set of enormous simulations 

which they compare to observations from Hubble’s 

Cosmic Origins Spectrograph. The results are 

rather disturbing: the Lyman-alpha forest as 

observed by Hubble is much sparser than we would 

expect. Either there are fewer clouds of gas in the 

Universe than expected, or more light than 

expected is escaping galaxies, ionising the clouds 

and thus preventing them soaking up the 

frequencies of light that would add to the forest.

The most likely explanation is that we’re missing 

a source of light, but fixing the problem won’t be 

easy. Any fix must explain not only these 

observations of the local Universe, but also 

observations at a redshift of two or three, billions of 

years ago. The most likely solution, the authors say, 

is to allow more light than expected to escape 

galaxies and so have an influence on the wider 

Universe. That’s not enough on its own, but if we 

also make quasars a little more powerful than 

expected, we can just about plug the gap.

Other, more exotic solutions also exist. The 

authors suggest the ‘undaunted’ amongst their 

colleagues think about new sources of light, perhaps 

from decaying dark matter! It’s probably a little too 

soon to jump to such solutions, but if no other 

explanation holds up, then these observations will 

mark a crisis indeed. 
CHRIS LINTOTT is an 
astrophysicist and  
co-presenter of The Sky  
at Night on BBC TV.  
He is also the director  
of the Zooniverse project.

CHRIS LINTOTT was reading… The Photon 
Underproduction Crisis by Juna A Kollmeier et al 
Read it online at http://arxiv.org/abs/1404.2933v1

Our experts examine the 
hottest new research

Þ Do galaxies give off 
more light than we thought, 
or does the Universe have 
an unknown light source?

Thinning of the forest
Computer simulation points towards there being  
a missing source of light in the Universe

CUTTING
EDGE

“The Lyman-alpha 
forest as observed 
by Hubble is much 
sparser than we 
would expect”



Bessel was the 

first to measure 

a star’s distance 
using parallax
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uly 1971
On 21 July 1971, O The Sky at Night
roadcast discussed the distances  b

o the stars – how do you find the to
istance to a point source in thed
ight sky? Nobody had made an n
ccurate measurement of a star’sa
istance until 1838, when German d
stronomer Friedrich Bessel did a
o by parallax.so

The idea behind parallax is that 
s the Earth orbits the Sun, the a
iewing angle to a nearby starvi
hanges, and its distance can be ch

Is Ganymede’s ocean layered?

BROWN DWARF AS COLD AS NORTH POLE

Multiple strata could make the huge moon more hospitable to alien life

OBSERVATIONS BY NASA’S Wide-field Infrared 

Survey Explorer and Spitzer Space Telescope have 

revealed the coldest known brown dwarf. The 

‘failed’ star is as frosty as the Earth’s north pole.

Brown dwarfs are stars that are too small to 

ignite hydrogen fusion in their cores. The newly 

discovered one has a temperature of –48°C to

–13°C and lies only 7.2 lightyears away.

“It’s very exciting to discover a new neighbour 

of our Solar System that’s so close,” says 

astronomer Kevin Luhman from Pennsylvania

State University. “It should tell us a lot about the

atmospheres of planets, which often have 

similarly cold temperatures.”

www.nasa.gov/wise

JOVIAN MOON GANYMEDE may have ice and

oceans stacked up in several layers like a club sandwich. 

Using computer models, scientists have shown that there

may be liquid water between up to three ice layers.

Prior to the research it was thought that Ganymede’s 

ocean existed between two layers of ice – a stumbling

block for the idea that the ocean might support life as

interactions between water and rock are thought to 

be a key factor in the development of primitive life.

“This is good news for Ganymede,” says team leader

Steve Vance from NASA’s Jet Propulsion Laboratory 

in California. “Its ocean is huge, with enormous 

pressures, so it was thought that dense ice had to 

form at the bottom of the ocean. “When we added 

salts to our models, we came up with liquids dense 

enough to sink to the sea floor.” 

www.jpl.nasa.gov
The data suggests there may be three liquid oceans,
shown in dark blue, sandwiched between layers of ice

Looking back
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At 7.2 lightyears away, this frosty brown dwarf  
is the fourth-closest system to our own

calculated by triangulation. Today, 
this technique is useful for stars up to 
around 10,000 lightyears away.

Another useful trick is studying
Cepheid variable stars, which have 
an intrinsic luminosity related to their
period of variation. Measure the
period, then you can work out the
star’s distance from its apparent 
brightness. Likewise, some supernovae 
have predictable brightness changes
that make their distance measureable 
way beyond the Milky Way.

FAINT GALAXY 
SPILLS SECRETS
The faintest galaxy ever
seen is shedding light  
on the Universe’s early 
evolution. Known as
Segue 1, it only contains
around 1,000 stars.

Anna Frebel from the
Massachusetts Institute of 
Technology and colleagues 
analysed the galaxy’s
chemical composition
using observations by the
Magellan telescopes in 
Chile – and found that the 
galaxy has vanishingly 
small amounts of elements
heavier than hydrogen and 
helium, which suggests its
star formation halted 
before it could create 
heavy elements.“It’s
chemically quite
primitive,” says Frebel. 
“This indicates the galaxy 
never made that many 
stars in the first place.”

NEWS IN
BRIEF

MESSENGER  
GETS CLOSE UP 
WITH MERCURY
NASA’s MESSENGER
spacecraft has completed
more than 3,000 orbits of 
Mercury and moved 
closer to the planet than 
any previous spacecraft. 
From an altitude of just 
199km, it should answer 
questions raised during 
earlier operations about 
Mercury’s composition
and environment.

Ice I

Ice III snow

Ice V

Ice VI

Liquid ocean layers, 
more saline with depth
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T
he search for exoplanets has come a long 

way since the first detections in the early 

1990s. Most of the earliest exoplanets 

were discovered using the ‘wobble 

method’ – inferring the presence of a massive, 

orbiting body by how the star is tugged back and 

forth over time, changing the Doppler shift of its 

light. But now, new planet-hunting telescopes like 

CoRoT and Kepler are being launched. These 

measure the decrease in starlight when an orbiting 

planet passes across its face – known as a transit  

– and since they came online the number of known 

exoplanets has leapt up. At the time of writing, 

almost 1,800 new worlds have been confirmed 

around other stars in our Galaxy, 65 per cent of 

which where spotted using this transit method.

But you can do more – the transit method has 

another trick up its sleeve. As telescopes like Kepler 

are afforded the perfect clarity of observing above 

the Earth’s atmosphere, the exact moment of the 

beginning and end of the planetary transit can be 

measured very accurately. In the simplest system, 

when you have a star with only a single planet 

orbiting it, the planet whirls around its sun with 

perfect regularity – the timing of its transits is like a 

ticking clock. Now, more systems are being found 

with more than one planet. In these complex 

systems, the sibling worlds interact with each other 

gravitationally, pulling on each other’s orbit to 

make them sometimes move slower, sometimes 

quicker, causing small changes in the times the 

transits are expected. This is known as transit 

timing variation (TTV). If the second planet is not 

itself observed to transit – perhaps it has a more 

inclined orbital plane, or is simply further out and 

so doesn’t pass across the stellar disc from our line 

of sight – its presence can thus be inferred from 

these regular discrepancies in the transiting object. 

One thing that’s become clear from exoplanet 

hunts is that smaller worlds – Neptune-sized or 

‘super-Earth’ planets – are much more common 

than gas giants. Most Sun-like stars turn out to have 

at least one sub-Neptune-sized companion. In fact, 

many stars hosting these smaller worlds actually 

sport systems of multiple planets with short  

orbital periods of between one and 100 days, an 

architecture that Eric Ford from the department of 

astronomy and astrophysics at The Pennsylvania 

State University has dubbed ‘Short-period Tightly-

packed Inner Planetary Systems’ (STIPS). And in 

such condensed planetary systems, transit timing 

variations can be readily detectable. 

The exciting outcome, as Ford explains, is that 

transit timing variations measured for these STIPS 

can provide crucial information on the mass and 

orbital eccentricity of these multiple worlds. This 

will in turn hopefully allow a comparison of the 

relationship between the radius and mass of a large 

number of these smaller planets, and so offer 

insights into their composition and internal 

structure. Ford says that these STIPS are a very 

common occurrence in the Galaxy, and measuring 

the variations in their transits provides critical 

information for characterising the worlds. 
LEWIS DARTNELL is an 
astrobiology research 
fellow at the University of 
Leicester. His new book 
The Knowledge was 
published in April.

LEWIS DARTNELL was reading… Architectures of Planetary 
Systems and Implications for their Formation by Eric B Ford 
Read it online at http://arxiv.org/abs/1404.3157

Our experts examine the 
hottest new research

Þ Planetary transits  
– when a planet passes 
across the face of its 
parent star – are key  
to finding exoplanets

The trick with transits
A new transit-monitoring technique could help  
us to discover hundreds of new exoplanets

CUTTING
EDGE

“Most Sun-like 
stars turn out to 
have at least one 
sub-Neptune- 
sized companion”



‘leaders through innovation’

Lodestar X2
The best is now even better

For years, the Lodestar has been held in the highest regard as being the best  

autoguider on the market. The innovative minds at Starlight Xpress have been 

WU\LQJ�WR�LPSURYH�RQ�WKH�LFRQLF�/RGHVWDU�VLQFH�LW¶V�FRQFHSWLRQ��DQ�LQFUHGLEO\�GLI¿-

cult task - until now that is. The new Lodestar X2

Key Features:

Big things can come in small packages and the Lodestar X2, really is no exception. This com-

pact guide camera is packed full of great features:

� ONLY 1¼” in diameter allows it to drop neatly into your 1¼” eyepiece holder - no 

additional adaptors required. 

� Large Imaging Area������PP�[�����PP��JLYLQJ�\RX�D�ZLGH�¿HOG�RI�YLHZ�WR�¿QG�D�VXLWD-

ble guide star.

� Sensitivity - with an impressive 77% QE, and large pixels, the Lodestar X2 just sucks 

up those photons. Sensitivity is key, but combined with the incredibly low noise of the 

/RGHVWDU�;���¿QGLQJ�D�JXLGH�VWDU�KDV�MXVW�EHFRPH�HYHQ�HDVLHU�

� ‘Full size RJ12’ Autoguider Port - No need to run extra cables from your computer 

to control your mount corrections.

� Powered by the USB of your computer so no need to carry an extra power supply with 

you -  one less thing to forget when you are on your way to the Star Party. 
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Our pick of the best events from around the UK
What’s on

Prof Ian Robson: The Life  
and Times of an Astronomer
School of Oriental and African Studies, University of London, 26 July, 2pm 

Society for Popular Astronomy president 
and well-respected astrophysicist Prof Ian 
Robson looks back on a life in astronomy 
in this talk at the University of London’s 
School of Oriental and African Studies. 
He will give a lighthearted, behind the 
scenes insight into pro astronomy, 
touching on some of the highlights from  
a 40-year career spanning cosmological 
research, teaching, observatory 
directorship and public outreach. 

Prof Robson’s talk will be followed  
by a guide to the July night sky by 
astronomy writer and broadcaster  
Robin Scagell, before SPA member 
Richard Fleet explains how new video 
techniques are transforming the way  
we observe meteors.

The event is free and open to all. 
Contact secretary@popastro.com  
for more information  
www.popastro.com/meetings/index.php

THE BRIGHTEST STAR
The long days make this a perfect 
time for the team to introduce a new 
branch of astronomy: daytime 
stargazing, with our Sun taking 
centre stage. Also in this episode,  
Dr Lucie Green discovers that, just 
like on Earth, the other worlds  
of the Solar System experience 
seasons that change dramatically.  

*Check www.radiotimes.com as times 
may vary

 Four, 13 July, 10pm (repeated  Four, 17 July, 7.30pm)*

BEHIND THE SCENES 

THE SKY AT NIGHT IN JULY
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MORE LISTINGS ONLINE

Visit our website at www.
skyatnightmagazine.com/
whats-on for the full list of  
this month’s events from 
around the country. 

To ensure that your talks, 
observing evenings and star 
parties are included, please 
submit your event by filling 
in the submission form at the 
bottom of the page.

The Real Story of Galileo 
Bromsgrove Astronomical Society, Bromsgrove,  
21 July 2014, 8pm

Science writer  
David Whitehouse, 
author of Renaissance 
Genius: Galileo  
Galilei & His Legacy  
to Modern Science, 
presents a talk about  
the life and times of this 
towering figure in the 
development of modern 
astronomy. Visit www.
broms-astro.co.uk for 
more information. 

Cosmic Time Capsules
Winchester Science Centre, Winchester,  
12 and 26 July, 6pm and 8pm  

Find out  
how the tiny 
fragments  
of cosmic 
material in our 
Solar System 
are unravelling 
the secrets of 
the Universe  
in this live, 
presenter-led 
planetarium 

show. Tickets cost £10 for adults and £8 for concessions.  
www.winchestersciencecentre.org.  

Observing details on the Sun is perfectly 
possible using certified solar filters

The Origins of Chemical Elements 
Nottingham Astronomical Society, 3 July, time tbc

Head to 
Nottingham 
Astronomical 
Society this 
month to hear  
Prof Mike 
Edmunds  
of Cardiff 
University 
discuss the 
origins of 
interstellar  

dust and the other chemical elements abundant in the 
Universe. www.nottinghamastro.org.uk. 

PICK 
OF THE 
MONTH

Prof Ian Robson at work  
at Lanacashire Polytechnic 
in March 1988
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B
eing a 

self-certified 

lunatic, 

looking at 

celestial collisions gives 

me a wonderful chance 

to investigate one of my 

favourite objects in the 

night sky, because without 

them we probably would 

not have our Moon.

Before the Apollo 

missions there were 

three main theories 

surrounding the Moon’s 

formation. The first was 

the idea that the Moon 

was a passing asteroid 

captured by Earth’s 

gravitational field. This 

seems to be a common occurrence in our 

Solar System and explains the two moons 

of Mars, Phobos and Deimos. But looking 

at the size of this Martian duo demonstrates 

the flaw in this theory in terms of our 

companion; our Moon is probably too 

large to fall into this category.

The next theory was that the Moon 

formed as a binary companion to Earth, 

the pair spinning fast and forming out of 

an accretion disc. But this idea has flaws 

too, the main one being the size of the 

Moon’s core. If the Moon had been formed 

in this way, the core should account for a 

much larger proportion of its volume.

The third theory was based on the idea 

that the early Earth was spinning so fast 

that a large blob of matter span off into 

orbit to form the Moon. The mechanics of TH
IN

KS
TO

C
K

A PASSION FOR

The Sky at Night presenter explains how the Apollo 
missions led us to a new formation theory for the Moon 

this, however, are hard to reproduce. If the 

Earth was spinning fast enough for a large 

blob to escape, it would seem more likely 

that the blob would have enough 

momentum to carry it on out into space.

Shared heritage
Once the Apollo missions returned to 

Earth with Moon samples, our formation 

theory went in a different direction.  

Chemical analysis of the samples showed  

a remarkable similarity between Earth’s 

composition and the Moon’s. It suggested 

some common heritage between them  

and the collision theory was born.

The collision theory suggests that a 

small, Mars-sized planet (which has been 

named Thea) collided with the early Earth, 

giving it a glancing blow. The impact sent 

molten material into 

orbit about Earth, which 

coalesced to form the 

Moon at just the right 

distance to be an 

independent body;  

any closer and Earth’s 

gravity would have 

pulled the material back. 

It is an elegant theory 

and would explain the 

similarities between the 

chemical compositions 

of the Earth and Moon.

But there is a problem, 

again: the compositions 

look too similar. If this 

collision occurred as 

predicted, the Moon 

should have more of 

Thea’s material and should therefore be 

more different from Earth. The Apollo 

samples were obtained from a very small 

area – could this explain the similarities? 

It would seem not, because we do have 

other lunar material. The Russian Luna 

programme returned 0.33kg of Moon 

samples and we also have a number of 

lunar meteorites. Analysis of this material 

brings up a similar problem, it is just too 

similar to the composition of Earth. So 

where does this leave the collision theory? 

Well it still has a lot of support, but what 

would be a great help is having more  

lunar samples from known but widely 

varying locations.

Maggie Aderin-Pocock is a space scientist 
and co-presenter of The Sky at Night

with Maggie Aderin-Pocock

S

A collision between Earth and 
a Mars-sized body explains the 
Moon best, but not perfectly
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THE ASTONISHING ALIEN splendour 

of the Upsilon Andromedae system 

enthralled the senses – it seems fitting 

that the first multi-planetary system 

around a main sequence star discovered 

by humans should be such a spectacular 

one. This seems to have given me a thirst 

for firsts, and so this time I’m on the  

way to the first ‘super Earth’ discovered 

around a main sequence star, a planet 

named 55 Cancri e. 

I remember that during the first  

Sky at Night  ‘Moore Marathon’ Pete 

Lawrence talked about the 55 Cancri 

system with a particularly arched 

eyebrow reminiscent of Roger Moore, as 

if to highlight its particular fascination. 

If Pete says it’s good I believe him, so as 

Patrick Troughton’s Doctor Who would 

say: “Ready? Hold tight, here we go.” 

55 Cancri is itself a binary star, its 

components widely separated. As I close 

in on the planetary system around the 

main star, a yellow dwarf, its red dwarf 

companion disappears from view.

The innermost planet, designated 

55 Cancri e, is a remarkable 

tidally locked ‘super-Earth’ that is 7.8 

times the mass of our planet and takes 

just 18 hours to complete its orbit. 

This isn’t the most exciting thing about 

it, however: 55 Cancri e is a carbon 

planet. You can almost sense the force of 

its gravity punching through space like a 

Frank Bruno right cross. Being a carbon 

world there’s likely to be a core of iron or 

steel beneath the vast regions of graphite 

across the surface. This far-flung 

super-Earth could provide a permanent 

supply of pencils to the entire Galaxy.

Having barely had the chance to  

adjust the Cruiser Globe for the effects  

of the increased gravity, I witness a 

blistering volcanic eruption. Since this  

is a carbon planet, it’s surely got to be  

one of the most fascinating and profound 

sights the Universe can serve up – it’s 

raining diamonds! 

Such eruptions are fairly common  

here and the landscapes they give rise  

to are glorious. The vast, glittering, 

mountainous regions of diamond are 

incredible. You can imagine this place 

being the destination of endless  

interstellar WAG shopping voyages in 

future decades.

I steer the Cruiser Globe to the precise 

point where a sliver of the yellow dwarf 

star is visible beyond the planet’s 

horizon. Here, as the starlight cuts 

through the mountains of translucent 

diamond, they glow as if lit by 

candlelight. Spectacularly, these 

diamond mountains act like a Himalaya-

scale prism, beaming the light of the 

home star upward into a mesmerising 

and permanent rainbow. This vision 

– the spectrum of an alien rainbow 

stretched over diamond mountains that 

are washed through with the glow of an 

alien dawn – is one that would inspire a 

flow of poetry. 

All that’s missing is a soundtrack from 

a rather large pipe organ. In fact no, not a 

pipe organ. I wouldn’t be surprised if a 

vision like this was in the imagination of 

Sibelius himself as he composed At The 

Castle Gate.

Jon Culshaw is a comedian, impressionist 
and guest on The Sky at Night

JON CULSHAW’S

EXOPLANET EXCURSIONS JULY 23

Jon travels to a planet where the mountains are capped not with snow, but diamond
EXCURSIONS



Þ Michael’s DIY observatory taking shape. Have any 
other readers got home-made observatories to show us?
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Email us at inbox@skyatnightmagazine.com

MESSAGE OF THE MONTH 
Here’s one I made earlier
I loved your article in the June issue about back 

garden observatories (page 41). You did however 

neglect to look at another option, which is to build 

your own observatory from scratch.

I built mine from the ground up, starting this 

January (the wettest for 100 years!) and finishing in 

March. It cost me about £2,000, as I used good 

quality shiplap and other materials designed to last, 

and also designed it so I can take it with me if ever I 

move house. It all unscrews – the side panels were 

pre-fabricated in my garage and then attached.

It’s a roll-off roof design and houses my HEQ5 

Pro mount on an Altair Astro pier, on which I 

mount my SW200P or ED80 depending on what I 

am imaging. Keep up the good work. 

Michael Crouch, Norwich

Our article did omit that option, but watch out for 
our four-part guide to building your own observatory 
in a special issue soon. – Ed

Historic hardware
I do not know if BBC Sky at Night Magazine runs 

articles about significant antique telescopes, 

although I do recollect seeing an article about a 

Broadhurst Clarkson vintage Starboy refractor 

owned by the late Sir Patrick Moore.

 I have been collecting and restoring antique 

scientific instruments since the late 1960s. 

Recently I acquired a five-foot Tulley 3.8-inch 

OG refractor at an auction in Staffordshire.  

A little research revealed it was made for the 

second baron, Lord John Wrottesley, whilst  

he was living in Blackheath and before he 

ascended to the title. It was ordered by him  

in 1827 and supplied in 1829.

This particular telescope is of historical 

significance because of its aplanatic doublet 

objective, designed and made by Charles 

Tulley, and its mounting. The mounting is 

the earliest known example of a portable 

German equatorial made by any British telescope 

maker, predating the Tulley Universal Equatorial.

The photograph shows the recently restored 

refractor. Optically, its performance is equivalent to 

any modern Fraunhofer achromatic.

Chris Lord, via email

It is a pleasure to see such a beautiful and important 
piece of history being looked after so well, Chris. – Ed

Stars swell, say Swedes
Just before Easter, my friends from Sweden came  

to visit us in Bolton. They loved seeing some of  

the photos of the Moon and planets I’ve taken  

from the garden with my telescopes. As the evenings 

were clear and ideal for observing, we decided to 

have a star party in the garden. 

My friends Birgitta and Kribban were amazed 

when observing the Moon and Jupiter, but their 

nine-year-old granddaughter Malva stole the show. 

She was so fascinated that she decided to use her 

smartphone to capture some images of her own. She 

managed to capture some super pictures of Jupiter 

EMAILS s LETTERS s TWEETS s FACEBOOK

The ‘Message of the Month’ 
writer will receive four top 
titles courtesy of astronomy 
publisher Philip’s. Heather 
Couper and Nigel 
Henbest’s Stargazing 2014 
is a month-by-month guide 
to the year and you’ll be 
able to find all the best 
sights with Patrick Moore’s 
The Night Sky. Stargazing 
with Binoculars by Robin 
Scagell and David Frydman 
contains equipment and 
observing guides, and 
you’ll be viewing planets, 
galaxies and more  
with Storm Dunlop’s 
Practical Astronomy.

This month’s 
top prize: four 
Philip’s books

< Chris acquired this 185-year-old telescope  
at an auction in Staffordshire



David is happy 
with his Pentax 
Astrotracer
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Have your say at 
http://twitter.com/
skyatnightmag

@skyatnightmag 
asked: What has 

been the most important 
astronomical discovery in
the past century?

@KevinBirch3
How small and vulnerable
the Earth really is.

@KenWSmith54
Verifying Einstein’s theory 
of relativity by observing
Mercury during solar
eclipse (1919).

@newolder
Accelerating Universal 
expansion (1998).

@colinrosenthal
You mean, apart from the 
Hubble Expansion, right? 
Because 100 years ago
we knew almost nothing
about the Universe.

@JP_Astronomy 
Skylab, Mir and ISS
breaking the barrier 
between Earth and space.

@paulbooker 
The cosmic microwave 
background radiation.

@marviesam75  
For me it has to be 
the discovery of 
exoplanets.

@bhaveshbest1
Hubble’s work and
exoplanets galore!
How can you top that…
confirmation of ET?

The big            

debate
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and its moons, along with our own Moon. Now 

Malva wants a telescope for her next birthday.

To end the evening, we all watched the ISS glide

quietly overhead. An enjoyable memory for my 

friends to take back to Sweden. 

Steve Macdonald, Bolton

What a great story Steve, it just goes to show the 
universal attraction of stargazing. – Ed  

Money well spent
After reading your 

review of the

Pentax Astrotracer 

DSLR camera kit 

(March issue, page 

98), I was a little 

apprehensive – most 

gadgets never seem 

to work out the way 

you hope. But I 

decided to take the

plunge and purchase 

one. After a short 

wait it arrived. My 

camera firmware required updating, but

instructions on how to do this were in the manual.

The next time the sky was clear I grabbed my 

gear and calibrated the Astrotracer as per the

instructions, which turned out to be fairly 

straightforward. I took some two-minute test 

shots in my back garden and was amazed by the

performance at tracking the stars. They were

pin-sharp, although foreground detail was blurred,

as was identified in your article. I have tried out 

the Astrotracer many times since and have found

that with a wide aperture of at least f/2.8 and a 

shutter speed of no more than one minute, the 

stars are pin-sharp and the foreground detail 

also remains sharp.

I would recommend this accessory to anyone 

with a compatible Pentax camera – it has quickly 

become the most indispensable accessory I own  

and I will be using it again and again.

David Weightman, Nottinghamshire

We’re delighted that you got on so well with the 
Astrotracer, David – it’s great to hear that our  
reviews are being put to good use. – Ed

Smudge on the lens
In honour of Sir Patrick Moore’s fondness of  

felines, here’s my cat Smudge helping with some 

white light solar sketching – using a suitable  

solar filter, of course.s

I keep telling him my telescope 

is a Dobsonian, but he insists thati

it’s a cat-a-dioptric.i

Gordon McGowan, NottinghamG

A purr-fect picture, Gordon, which A
Patrick would have loved. – Ed
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This month’s pick of your very best astrophotos

PHOTO

OF THE
MONTH

Hotshots

Jonah says: “I’ve been interested in 
astrophotography for around two years. In 
your April issue Pete Lawrence demonstrated 
how to make a lunar mosaic (page 80) and  
I thought I would see if I could do the same 
thing with the Milky Way. Using his instructions 
I was able to create this image of the central 
part of our Galaxy, a mosaic of 18 frames. 
Each exposure was 200 seconds at ISO 1600.”
 
Equipment: Canon EOS 1100D DSLR camera, 
85mm lens, iOptron mount.

BBC Sky at Night Magazine says: “What 
exquisite detail Jonah has revealed  
here. The glow of our Galaxy’s interior  
has been expertly captured, with 
dark dust lanes, innumerable stars 
and numerous nebulae all making 
an appearance. It’s a pleasure  
to see Pete’s technique applied  
so skillfully.”   

About Jonah: “My interest in 
astronomy started with the purchase 

of a 3-inch reflector, which I quickly  
outgrew! About a year ago I built a tracking 
horseshoe mount for my latest scope and 

have been slowly developing my 
astrophotography skills since. All  
my images are either unguided or 
manually guided. I have recently 
started playing around with 
modifying DSLRs and have 
succeeded in adding regulated 
cooling to a Canon EOS 350D, 
which I’m looking forward to using.“

S  The Milky Way

JONAH SCOTT, AUSTRALIA, 30 MARCH 2014
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W  The Sun

DAVID THOMSON  
SCOTLAND, 20 APRIL 2014

David says: “I really like this 
image because of all the nice 
filaments, active regions  
and sunspots.”

Equipment: Lumenera SKYnyx 
2-2 monochrome CCD camera, 
Coronado SolarMax 40 telescope.

S  Spinning Jupiter

TOM HOWARD 
SUSSEX, 16 MARCH 2014

Tom says: “These two images 
were taken 30 minutes apart. In 
that time, Io and Ganymede had 
progressed around the planet.”

Equipment: Celestron Skyris 618C 
CCD camera, Celestron C11 scope, 
Sky-Watcher EQ6 mount.

S  NGC 2264

TERRY HANCOCK  
AND ROBERT FIELDS  
MICHIGAN, 28 FEBRUARY 2014

Terry says: “Here is the Cone 
Nebula, the Christmas Tree Cluster 
and the Fox Fur Nebula. They all 
share the designation NGC 2264.” 

Equipment: SBIG ST11000 
and QHY11 monochrome CCD 
cameras, Takahashi FSQ-106ED 
apo and Takahashi Epsilon 180 
telescopes, Takahashi NJP and 
Paramount GT-1100S German 
equatorial mounts.

W  Aurora Borealis  

JOHN CHUMACK  
ALASKA, 21 MARCH 2014

John says: “I spent a week 
in Chena Hot Springs and 
Fairbanks in Alaska, observing 
the aurora until four in the 
morning! The KP index was  
at three or four on most  
nights, and the Northern Lights 
were very active on several.  
This aurora image occurred  
on the night of the equinox.”

Equipment: Canon EOS 5D Mk II 
DSLR camera, 24mm lens.
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W  The Needle 
Galaxy

MARK GRIFFITH 
SWINDON  
23 MARCH 2014

Mark says: “This is an 
edge-on view of the 
Needle Galaxy in the 
constellation of Coma 
Berenices. I captured 
some colour: slight  
blues on the far edges, 
showing new star-
forming regions and old 
yellow stars at the core. 
Prominent dust lanes 
stretch along the length  
of the galaxy.”

Equipment: QHY8L one 
shot colour CCD camera, 
Teleskop Service 65  
Quad apo telescope, 
iOptron iEQ45 mount.

ENTER TO WIN A PRIZE!

We’ve teamed up with the Widescreen Centre to offer the winner of next month’s best 
Hotshots image a fantastic prize. The winner will receive an Orion StarShoot Solar System 
Colour Imager IV camera, designed for capturing sharp shots of the Moon and planets. 

WWW�WIDESCREENCENTRE�CO�UK�s��������������

Email your pictures to us at hotshots@skyatnightmagazine.com or enter online. Emaa��
WORTH 

Mars X  

TONY KING, WOKING, 15 APRIL 2014

Tony says: “I bought this telescope secondhand; this is 
my first Mars image with it. There is always a lot to learn 
with new kit, but I’m really pleased with the level of detail.”

Equipment: ZWO ASI120MM CCD camera, Celestron 
C11 telescope, Sky-Watcher NEQ6 Pro mount.

W  Cassini, Aristoteles and Eudoxus 

STEPHEN JENNETTE, MORECAMBE, 24 NOVEMBER 2013

Stephen says: “This image was captured as these craters 
lay along the Moon’s terminator. I always think that the 
transition from light to dark makes the desolate lunar 
terrain seem even more foreboding.” 

Equipment: Point Grey Chameleon CCD camera, Celestron 
C11 telescope, Sky-Watcher EQ6 mount.

S  The Orion Nebula    

CHUCK MANGES    
PENNSYLVANIA, OCTOBER 2012 TO JULY 2013

Chuck says: “Winter here is horrible for imaging,  
so I combined previous efforts with more recent data.” 

Equipment: 1(9�-�##$�CAMERA��/RION�%$���4�#&� 
and Astro Tech 65EDQ telescopes.
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Twenty years after it plunged into Jupiter’s cloud tops,  
Will Gater explores the story of comet Shoemaker-Levy 9 
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Shoemaker-Levy 9 on approach: 
already fragmented, the comet 
doubled as a cosmic hail storm

ABOUT THE WRITER
Will Gater is an astronomy writer 
and journalist. The author of several 
astronomy books, he also appears 
on TV and radio to talk about space. 
Find him on Twitter: @willgater



W
hen John Spencer met Gene 

Shoemaker in 1993, he had just one 

question: “So is this thing going to 

hit or not?” The answer he got was  

a resounding “Yes”. 

A few months earlier Shoemaker, his wife Carolyn 

and another astronomer, David Levy, had found 

a comet lurking in the vicinity of the gas giant 

Jupiter. From the outset it was clear that this newly 

discovered object was a strange beast. “Everyone 

was just amazed by this really weird-looking comet 

that had been found,” recalls Spencer. Follow-up 

observations enabled astronomers to refine its orbit, 

and what was already an odd object became a truly 

remarkable one: not only was Comet Shoemaker-

Levy 9 orbiting Jupiter, it would soon crash into it. 

“It really galvanised the community,” says 

Spencer, who was working as an astronomer at 

the Lowell Observatory in Arizona at the time. 

“This was clearly going to be an opportunity to see 

something that no one had ever seen before.” Like 

numerous other astronomers around the world, 

Spencer started to prepare an observing proposal.  

It would prove to be a successful one. 

As July 1994 came around – and with time now 

allocated to him on the 4m telescope at Cerro 

Tololo Observatory – Spencer got on a plane and 

flew to Chile. In just a few days’ time, Shoemaker-

Levy 9 would hit Jupiter and he would have one  

of the best seats in the house.  

Countdown to impact
The comet itself wasn’t a single solid object: at 

least, it wasn’t by the time it had been discovered. 

“In 1992 it had a close encounter with Jupiter and 

was torn apart,” explains Spencer. “Nobody saw 

that happen – it was just reconstructed from its 

later trajectory.” In fact, what was heading towards 

Jupiter was more like a procession of 21 smaller 

comets. Hubble images of the spectacular parade 

showed that it was well over a million kilometres 

from one end to the other. 

“We don’t know very much about its history 

before it got into Jupiter orbit,” says Spencer today. 

“Comets have very messy, chaotic orbits anyway. 

They are strongly perturbed by the planets and so 

it’s very hard to trace their orbits back.”

While Shoemaker-Levy 9’s arrival at Jupiter 

had gone completely undetected, its demise at the 

hands of the giant planet would not. Now an array 

of space probes, space telescopes and ground-based 

observatories would be watching – if anything 

happened, they would catch it. 

In the observatory control room at Cerro Tololo 

the atmosphere was electric. As the Sun sank 

lower in the sky on 16 July 1994, Spencer and his 

colleagues turned the huge telescope towards 

Jupiter. That evening, they would be using a 

powerful infrared camera to hunt for the signs 

of the cometary impact. “We were looking at 

wavelengths absorbed by methane,” says Spencer, 

reflecting on the observations he made some 20 

In this infrared image 
from Cerro Tololo, the 

comet impact is the pink 
spot near the South Pole

The 21 fragments stretched  
out across 1.14 million km

By the time it hit Jupiter, comet 
Shoemaker-Levy 9 was actually 
a string of 21 icy fragments
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years ago. “Most of Jupiter is pretty black [at these 

wavelengths] because the methane in its atmosphere 

soaks up all the light. But anything that was very 

high in the atmosphere would show up very bright 

because it would be above the methane.” 

Strike one
The Cerro Tololo team wouldn’t be the first to see 

the comet strike, however. That prize would go 

to astronomers much further east, on the Canary 

Islands, who were able to see the flash of light 

given off as the first fragment of Shoemaker-Levy 9 

collided with Jupiter. “By the time we were able to 

get on to Jupiter the scar of that impact was pretty 

much in the middle of the disc,” says Spencer. “We 

took [our] first image and there was this normal-

looking Jupiter with the bright poles where there’s 

haze, the dark middle, and then this huge bright 

spot right in the middle of the disc which had not 

been there before. Immediately you knew that 

something remarkable was happening.”

The first piece of Shoemaker-Levy 9 had indeed 

plunged into the Jovian atmosphere, creating a 

searing plume of ejecta. “This superheated jet  

Jupiter isn’t alone in being hit by the odd 
piece of planetary rubble – even in recent 
years. In February 2013, a meteor famously 
exploded in the atmosphere over the Russian 
city of Chelyabinsk, smashing windows and 
injuring many. And just a few years earlier, in 
2008, an asteroid – 2008 TC3 – broke up in 

the atmosphere over northern Sudan, 
showering the desert below with meteorites. 

Our own Moon is regularly peppered by 
small asteroid impacts (see ‘Monitoring the 
Moon’, page 36) and spacecraft orbiting Mars 
have spotted the scars of recent celestial 
smashes there. High-resolution images from 

NASA’s Mars Reconnaissance Orbiter have 
revealed hundreds of fresh craters on the Red 
Planet’s surface – some as wide as 30m. 
Planetary scientists know these must be 
young, newly formed craters because there 
was no sign of them in pictures of the sites 
captured previously by the spacecraft.  

THE SOLAR SYSTEM SHOOTING GALLERY

This Hubble image 
shows the after-effects 
of the July 1994 impact

This asteroid impact 
crater on Mars was 

formed in 2008

The Chelyabinsk 
meteor injured  

over 1,000 people 
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of material shot back up out of the atmosphere 

through the hole that the fragment had made 

coming in,” explains Spencer. 

That material then rained back onto Jupiter’s 

atmosphere, he adds. “It was fine particles, kind 

of like soot, and it left this big black scar that you 

could see in visible light with small telescopes.” 

Little did Spencer know that the images he and 

his team captured that night would be their last 

view of the drama starting to unfold at Jupiter. 

As more fragments crashed into the planet, 

Earthly – rather than celestial – forces conspired 

to block their view. “We had that first night and 

then the clouds rolled in. We didn’t get to see 

anything until five or six days later, through a 

small telescope – these huge black scars, which 

had formed a pretty continuous band of debris 

all around Jupiter.” Thankfully many other 

telescopes were fixed on Jupiter to catch the 

following impacts. Up in space, Hubble had been 

watching and taking images.

“There were at least three lessons from 

Shoemaker-Levy 9,” says astronomer Heidi 

Hammel, who used Hubble to study the event. 

“First was that major impacts are a real and 

present threat in the Solar System. Second, from 

Shoemaker-Levy 9 and subsequent impacts on 

Jupiter, we are refining our understanding of the 

objects that can cause catastrophic collisions. 

Third, by carefully studying the collisions 

themselves and the immediate aftermath, we gain 

a detailed understanding of the physics of high-

altitude airbursts, which will help us model such 

events in the Earth’s atmosphere and help us craft 

better warning systems for our own planet.”

Shoemaker-Levy 9 was a dramatic reminder 

that long ago, during an era known as the Late 

Heavy Bombardment, the inner Solar System 

experienced the turmoil of asteroid and comet 

impacts on a regular basis. Craters made during 

this chaotic period four billion years ago still scar 

the surfaces of Mars, Mercury and even our own 

Moon. Now, though, this violent past is behind us 

and such events are relatively rare. If they weren’t, 

we would very likely not be here today. 

Strike two
Part of the uniqueness of Shoemaker-Levy 9  

was that it had been found in advance of impact  

– something that gave scientists time to organise 

an observing campaign. They wouldn’t be so lucky 

the next time. Fifteen years after Shoemaker-Levy 

9 met a fiery death, another object slammed into 

Jupiter. This time it would be an amateur, not a 

professional, that would alert the world.  

Ever since he was young, Anthony Wesley has 

enjoyed making things. “I was fascinated by 

electrical gadgets, building all sorts of simple 

36

The Moon’s cratered surface is testament to 
millennia of asteroid impacts – activity that, 
to a certain extent, continues today. Since 
2006 NASA scientists have been regularly 
monitoring the Moon, watching for the flashes 
of light that occur as asteroids and 
meteoroids crash into our nearest neighbour. 

“We started the impact monitoring 
program to better understand the flux of 
medium-sized meteoroids on the Moon and 
the properties of the ejecta released by those 
impacts,” says programme lead Dr Robert 
Suggs, of the Marshall Space Flight Center. 
“The ejecta poses an impact risk to astronauts 
and equipment on the surface of the Moon, 
and the job of my team is to provide 
definitions so that engineers can evaluate risk 
and design shielding to minimise it.” 

Suggs’s team searches for impact flashes 
by studying the unlit region of the Moon’s 
surface that’s visible to the Earth during 
certain lunar phases. “We observe from a 
thin crescent to first quarter, then 
wait two weeks and 

observe from last quarter to waning 
crescent,” he says. The team uses two 14-inch 
telescopes fitted with sensitive video cameras 
for the search. “Recording an impact flash in 
two telescopes is necessary because cosmic 
ray flashes in the CCD detectors in the video 
cameras look like impacts,” explains Suggs. 
“When we see a flash in two scopes at the 
same time and location on the Moon we 
know it isn’t a cosmic ray in the video chip.” 

Such is the sensitivity of the team’s 
equipment, they are able to pick up the 
impact flashes from meteoroids with masses 
of just a few tens of grammes, says Suggs. “In 
our field of view, which is about 10 per cent 
of the entire lunar surface, we see an impact 
every two hours on average. During meteor 
showers like the Geminids we have averaged 
close to five per hour.”

MONITORING THE MOON 

Þ As Suggs’s team has shown, meteoroid 
impacts still occur regularly on the Moon

>
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things from leftover batteries, bits of wire, 

switches, motors and so on,” he recalls today. 

“Then one Christmas I was given a 40mm 

refractor and spent many nights outside looking at 

all the different things in the sky.” 

The two childhood fascinations would fuse 

years later when he built his own 14.5-inch 

Newtonian reflector that was designed for high-

resolution planetary astrophotography. “I had 

designed my own collimation system that made it 

much easier to collimate than many commercial 

scopes, and the materials used for the scope were 

designed to promote thermal equilibrium between 

the scope and its surrounds,” says Wesley. 

It was this telescope he was using to image 

Jupiter from New South Wales, Australia on the 

night of 19 July 2009. “I had been imaging Jupiter 

from 10pm until midnight, and it was freezing 

cold,” he recalls. “I nearly stopped at midnight but 

decided to keep going for a little longer, and then 

I saw what I thought was the shadow of a Jovian 

moon start to come across the disc of Jupiter.” 

The feature Wesley could see was no moon 

shadow, but it would be some time before he 

realised it. “I ignored it for a while. Shadow 

transits are relatively frequent events, so I thought 

this was nothing special.” Eventually, around 30 

minutes later, he consulted some software to see 

which moon the shadow might belong to. Nothing 

was predicted for where this dark blotch had 

appeared. “Then I started to get excited. I couldn’t 

think of any other explanation other than this was 

the debris from a large impact,” he says.

Wesley’s instinct was right. The next day NASA 

scientists, using a telescope in Hawaii, confirmed 

Þ Anthony Wesley’s image of the 
impact scar from July 2009 (arrowed)

that what he had discovered was indeed an impact 

scar. Once again, Hubble was turned to observe 

a blemish on the giant of the Solar System. The 

images that the space telescope captured revealed a 

conspicuous black stain – thousands of kilometres 

wide – amidst the pastel-coloured clouds.

Strike three two 
Incredibly, though, this wouldn’t 

be Wesley’s only spectacular Jovian 

sighting. Just a year later, in June 

2010, he spotted a bright flash on 

Jupiter’s disc while imaging it. “I knew 

immediately what I had captured. I 

was lucky enough to be recording video 

at the time so the whole event was captured on 

my laptop,” he says. “It helped a lot that another 

amateur astronomer and friend of mine, Chris Go 

in the Philippines, also captured it. That made it 

unequivocally an atmospheric fireball on Jupiter 

and not something local to us.”

So what has Wesley learned from all this? “To 

be recording video as often as possible!” he says. 

“It also brings home to me the dynamic and 

unpredictable nature of our local Solar System.” 

And isn’t that why many of us are so fascinated 

by astronomy and events like these and Shoemaker-

Levy 9 – the thrill of what we might see on a clear 

night? After all, next time it might not be Jupiter in 

the firing line; next time, it might be us.

Þ Anthony Wesley’s picture of the  
June 2010 impact flash (arrowed)

Þ Hubble’s follow-up picture of the July 2009 impact scar shows a dark mark

Þ During the Late 
Heavy Bombardment, 
comet and asteroid 
impacts were common 
in the Solar System
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With just a year to go until the New Horizons 
spacecraft completes it journey, Elizabeth Pearson 
asks what we know so far about its destination 

horizon
on    the

Pluto

NASA’s New 
Horizons probe will 
shed new light on 
enigmatic Pluto
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O
ne year from now, a long-awaited event 

will take place. After travelling over 

four billion kilometres across the Solar 

System, the New Horizons spacecraft 

will finally reach Pluto and give us our first close-up 

look at this distant and controversial world. 

On 25 August 2014, New Horizons will cross the 

orbit of Neptune, the last big landmark in its nine 

and a half year journey towards Pluto. Beyond 

this orbit lies the vast, uncharted region 

known as the Kuiper Belt. 

Discovered in 1930, Pluto was the first 

Kuiper Belt Object (KBO) to be found 

– though at the time it was believed 

to be a planet in its own right. 

Over the years, several hundred 

more icy rocks have been found 

in a huge ring surrounding 

the Solar System, though 

it’s thought that the real 

number lies in the millions. 

From the few that we 

have spotted, it appears 

the Belt is organised into 

distinct groups. The 

classical KBOs move in 

stable, circular orbits 

between 40 to 50 AU. 

Either side of these are 

the resonant KBOs that 

orbit the Sun a precise 

number of times when 

compared to Neptune. 

These ‘plutinos’, named 

after their most famous 

member, orbit twice for 

every three times that Neptune 

does. This regular pull by 

Neptune means that the plutinos 

are thrown into highly elliptical 

but stable orbits that often cross 

over the larger planet’s. 

Luckily, due to the precise 

timing of their orbits, 

they never meet. 

The KBOs with  

the second strongest 

resonance, the ‘twotinos’, 

orbit twice for every orbit 

Neptune makes and 

mark the Kuiper Belt’s 

outer edge.

Distant disc
Beyond this edge is the 

scattered disc. There is still 

a great deal of debate as to 

whether this is actually part of 

the Kuiper Belt, or a separate region. 

While many of the objects we know 

about in the scattered disc cross  

over the twotinos’ orbit when close JO
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IS PLUTO  

A PLANET?
There has always been controversy surrounding 
whether or not Pluto deserved its position as ‘the 
ninth planet’. To finally set matters straight, the 
International Astronomical Union, the body that 
names astronomical objects, created a definition of 
what a planet was in 2006. To be a planet, an 
object needed to go around the Sun, have sufficient 
gravity to pull itself into a sphere and be large 
enough to clear its orbit of other objects. It was this 
final criterion that cost Pluto its status as a planet.

“Our goal was to find a scientific basis for a new 
definition of planet, and we chose gravity as the 
determining factor,” says Richard Binzel, a member 
of the planet definition committee. “Nature decides 
whether or not an object is a planet.”

“I was the first person to sign the petition after 
that bad decision,” says New Horizons project 
scientist Hal Weaver. “I think the best way to 
[define a planet] is a geophysical definition, instead 
of this crazy dynamical definition that they’re using 
about clearing out the neighbourhood.”

Pluto wasn’t completely demoted, however. 
Instead a new category of ‘dwarf planets’ was 
created, a name the New Horizons team at least 
seem happy with. “It is a planet,” says Bowman. 
“Even if you call it a dwarf, it’s still a planet.”

Þ Pluto was stripped of full planetary status by  
the International Astronomical Union in 2006

by, many other of the scattered objects 

– such as Eris, the largest KBO  

– orbit out to many hundreds of 

AU at aphelion. And earlier 

this year the discovery of 

the dwarf planet 2012 

VP113 was announced, 

with an orbit round the 

Sun that ranges from  

80 AU to nearly 1,000 AU.

Even at their closest, 

these distant objects 

are billions of kilometres 

away, so learning more about 

them than their simple orbital 

motion is extremely difficult. 

“It’s tough to get very much detailed 

information on Pluto because it’s so 

far away,” says Hal Weaver, Project 

Scientist for New Horizons. “If you 

Þ Some objects in the 
scattered disc have  

 highly eccentric orbits

Pluto

Neptune

2012 VP113

1,000 AU

>



40

look at the highest resolution imaging of Pluto 

that’s been done so far, you get maybe a resolution 

of 500km with Hubble.”

Even with this low resolution, scientists have 

managed to extract some information about the 

distant world. Hubble images reveal patches of 

brightness that move across Pluto’s surface over 

the course of its 153-hour day. However, as it takes 

the object 248 years to go around the Sun – much 

longer than the time we’ve known Pluto existed  

– there hasn’t been time to watch what happens to 

this distant world as it changes through its seasons.

Sailing into the unknown
Low image resolution and the dimness of KBOs as 

seen from Earth means that it’s impossible to do 

spectroscopy on any but the largest and brightest of 

them, so we know little about what they’re 

composed of. It’s highly likely that they’re mostly 

made of ices, as temperatures in the Kuiper Belt 

reach as low as –220°C. Even in such a freezing 

climate, however, the planet still manages to hold 

on to a tenuous atmosphere.

“It’s much less dense than Earth’s atmosphere,” 

says Weaver, “but in fact it has a composition that’s 

not too different. It’s dominated by molecular 

nitrogen, just like we have back on the Earth, but 

there are other elements that we hope to identify.”

The atmosphere might not be around for very much 

longer. Soon Pluto will begin to enter its long winter, 

when temperatures will plummet so low that its 

atmosphere will freeze, and fall like snow across the 

surface. But not before New Horizons arrives.

It’s also likely that a few more additions to Pluto’s 

family are waiting to be found when New Horizons 

NEW 

HORIZONS  

THE YEAR AHEAD

X 25 August 2014 
The spacecraft crosses 
Neptune’s orbit

X 15 January 2015 
The probe begins full 
optical navigation

X 5 April 2015 
Starts search for new 
rings and moons

X Mid-May 2015 
Close enough to 
resolve finer detail  
than Hubble

X 23 June 2015 
Begins mapping  
Pluto’s surface

X 14 July 2015 
Closest approach to 
the Plutonian surface

X 16 July 2015 
End of main Pluto 
observations

KINGS OF THE  

KUIPER BELT
The largest known dwarf planets 
in comparison with our Moon

Þ Taken by the Hubble 
Space Telescope, these 
are the best images we 
have of Pluto so far

>

The Moon
Diameter: 3,474km

Pluto and Charon
Diameter: 2,368km  

and 1,207km

Haumea  
Diameter: ~1,960km

2007 OR10

Diameter: ~1,280km

Orcus
Diameter: ~800km

Eris
Diameter: 2,326km

Makemake
Diameter: ~1,450km

Sedna
Diameter: ~1,800km

Quaoar
Diameter: ~1,000km

2012 VP113
Diameter: ~450km
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gets closer. As recently as July 2012 two tiny 

moons, Kerberos and Styx, were discovered, 

which meant some emergency course 

corrections were needed. “That discovery 

affected the mission,” says Alice Bowman, 

the Mission Operations Manager for New 

Horizons. “We may now find we have to 

protect the spacecraft from what might be a 

high likelihood of encountering debris.”

Despite these corrections, there was no room 

to add in extra observations of the new moons, 

as the fly-by sequence has been set in place since 

2010. The team have managed to squeeze in a few 

observations of the moons Nix and Hydra, whose 

discovery was announced only a few days before 

New Horizons launched in July 2006, but most of 

the probe’s time will be spent looking at Pluto and 

its largest companion, Charon.

Pluto and beyond
On 14 July 2015, the probe will make its closest 

approach to Pluto. For seven days before and two 

days after this event, New Horizons will be busy 

taking as much information about the dwarf planet 

as possible. Able to resolve down to 100m on the 

surface, New Horizons’ surface images will be used 

to make the first detailed maps of Pluto as well as 

measuring its atmosphere, temperature, surface 

roughness and mass, to make the most of its limited 

window of opportunity.

Scientists hope to unlock the secrets of not only 

Pluto, but the rest of the Kuiper Belt. While there 

has been a lot of speculation about what they 

might find, researchers are still far from any kind 

of consensus opinion on the subject. Some think 

that all they’ll find is a dead lump of ice, while 

others think they’ll discover a world alive with 

cryovolcanism, like Neptune’s moon Triton.

“The lesson that we’ve learned from the 

exploration of the Solar System with robotic 

spacecraft over the last few decades is that you’ve 

just got to go there,” says Weaver. “You learn things 

that you just couldn’t even imagine.”

After its flyby of Pluto, the New Horizons mission 

still has further to go as it continues to sail deeper 

into the Kuiper Belt, and here on Earth a campaign 

is well underway to find a new target. A huge citizen 

science campaign called Ice Hunters searched 

through hundreds of images, and turned up 

hundreds of new Kuiper Belt Objects while looking 

for a possible destination. Unfortunately, none of 

those discovered turned out to be in the right place 

for New Horizons to be able to reach them before it 

runs out of fuel and power. 

“We’re still looking for a target,” admits Bowman. 

“The mission plan is to have a target in mind six 

months to a year prior to Pluto, and we’re getting 

close to that point.”

The search goes on, as the New Horizons team 

is keen to explore as much of the Kuiper Belt as 

possible before the probe runs out of fuel. With no 

other plans from any space agency to venture this 

far from Earth any time soon, New Horizons is 

truly a once in a lifetime opportunity to explore this 

mysterious, distant region.

ABOUT THE WRITER
Dr Elizabeth Pearson is BBC   
Sky at Night Magazine’s staff 
writer. She gained her PhD  
in extragalactic astronomy  
at Cardiff University.

Pluto

Charon

Nix

Hydra

Kerberos

Styx
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Þ Some believe Pluto may be 
similar to this Neptunian 
moon, cryovolcanic Triton

þ Once it has finished 
imaging Pluto, New 
Horizons will move deeper 
into the Kuiper Belt

Pluto has five satellites that 
we know about – New 

Horizons may find more

S



ABOUT THE WRITER
Chris Baker is a UK 
amateur astronomer 
who has been remote 
imaging with equipment 
at Astrocamp, Spain 
since September 2012. 

The Monkey Head Nebula, 
imaged using the Hubble 
Palette (Ha, SII, OIII)



A
mateur astronomy has been a 

keen interest of mine for the 

past 15 years, and for the past 

decade I’ve been imaging, too. 

As I became more proficient, I found I 

needed more time to improve my results. 

So with neighbour’s trees growing up 

around my observatory and what seemed 

like endless cloudy nights, I began to look 

for a way to extend my imaging time. In 

mid-2012, I took a big step forward and 

committed to renting space at a remote 

observatory site in Spain. 

Knowing two other astronomers who 

were installing equipment at the same 

place, I was able to investigate thoroughly 

before taking the decision. At a hosted 

remote imaging facility, you place your 

own equipment, operate it remotely 

whenever you wish, and take advantage of 

C
H
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S 

BA
KE

R

observatory

away

If Chris’s story has inspired you to set up a remote imaging rig of your own, 
you’ll no doubt want to spend some months creating the perfect imaging setup. 
And with six months to go before next year’s Astronomy Photographer of the 
Year competition opens for entries, now’s the time to take that first step towards 
producing breathtaking astro images. Details of how to enter the 2015 
competition will be available soon at www.rmg.co.uk/astrophoto

clear nights, a low horizon and dark skies. 

Very different from my back garden in the 

UK! The remote observatory’s roofs are 

all weather-controlled, and the mountain 

site is regularly visited by a technician to 

adjust and maintain the equipment. 

Getting started
By September 2012 I had my setup 

arranged and operational. It is important 

to have reliable, quality equipment at a 

remote site, particularly the mount, and 

some hosting facilities will only accept 

certain makes and models. I had shipped 

out a setup that included a Paramount 

MX mount, Stellarvue SV102ED scope, 

TeleVue field flattener, QSI 583wsg 

camera, electronic focuser, a set of colour 

filters, and a Lodestar camera for off-axis 

guiding. For mount control I chose  

skyatnightmagazine.com 2014
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far, far

An

In his search for the perfect  
astrophoto, Chris Baker tells us about  
his adventures in remote imaging



SkyX software, as well as Maxim DL for 

the cameras and FocusMax for focusing, 

and there was a Kendrick dew heater. 

The setup is controlled by a desktop 

computer sitting next to the equipment, 

which I access from anywhere in the world 

via the free software TeamViewer. Once I 

have captured, calibrated and stacked the 

FITS files I take remotely, I then transfer 

them back to my local laptop and process 

them with Maxim DL and Photoshop. 

Branching out
Once I was happy with the progress I 

was seeing in the imaging results and 

had learned more about processing 

RGB colour, I decided to branch out 

into narrowband imaging. Narrowband 

imaging captures specific wavelengths 

44
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of light, or ‘narrowbands’, from ionised 

atoms, typically using hydrogen alpha (Ha), 

hydrogen beta (Hb), Sulphur II (SII) and 

Oxygen III (OIII) filters. Combining this 

data in various ways enhances details in 

nebulosity compared to Luminance, Red, 

Green and Blue (LRGB) imaging, which 

covers the entire visible spectrum. I’d 

admired the imaging done by others and 

was impressed by the detail revealed in 

nebulae using this technique. 

It also presented some new challenges, 

from image capture through to new 

processing techniques. The first challenge 

I faced was with my filter wheel, which had 

five slots – not enough to accommodate 

the new narrowband filters as well as those 

I already had. If your equipment is in 

your back garden you can simply change 

REMOTE HOSTED 

PROJECTS

ADVANCED IMAGING
One Astrocamp user is searching for 
exoplanets, clearly a long-term project 
requiring patience, skill and exquisite data. 
By acquiring 80 or more hours of data, others 
are capturing beautiful images. Data quantity 
is particularly critical for narrowband 
imaging, as the photon count is so low that 
sub-frames of 20-30 minutes are the norm.

STUNNING IMAGES
The real benefit of reliably clear skies is more 
quality data. The more you have, the better 
the final results will be. Where imagers 
typically achieve one to three hours in the UK, 
with remote imaging this can be increased to 
10 or 20 hours. Once you have many hours 
of data, that data can then form the basis for 
detailed, stunning images.

SCIENCE
I’ve tried one photometry experiment, 
capturing the light curve of eclipsing binary 
V2477 Cyg. I captured 250 images through 
RGB filters and, with help from a colleague, 
processed this into a light curve. The period 
of eight hours that the data revealed fits well  
with the known periodicity of 0.311 days, 
confirming the two stars are extremely close. 

Chris’s equipment in situ 
at the Astrocamp remote 
imaging facility in Spain

>
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mountains, the new camera was running 

well and ready for the first test.

After a few unsuccessful attempts with 

a range of targets, I had my first success 

with the Soul Nebula. I captured 24 hours 

made up of 25-minute sub-frames. After 

rejecting the lower quality sub-frames and 

1. Do you want to do astronomy this way?
The first question is, ‘Is it really for me?’ 
Having your own equipment for your 
exclusive use based in an ideal location is 
a long-term financial commitment. You 
might want to try using a remote rental 
service first, to see if this is really the way 
you want to do your astronomy.

2. What sky view do you want?
There are a number of remote hosting 
options around the globe. All can be relied 
upon to have excellent seeing, so a key 
consideration is what sky view you want. Is 
the northern hemisphere right for you, or 
would you prefer the view from Australia?

3. What is the cost?
Price is a major consideration, as remote 
hosting is never cheap and it will be a 
long-term project. Site prices vary widely, 
but in each case the cost is based upon 

telescope size plus the chosen support 
package. Also check the set-up charge and 
how much will it cost to ship everything. 

4. What is the support like?
The quality of support offered by the 
hosting company is important. Do they 
have people regularly on-site for fast 
response? Do they set everything up at the 
start? In addition to hardware knowledge, 
how is their software knowledge? And is 
there a fast, reliable internet connection?

5. What do current users say?
Before committing, talk to current users of 
the hosting site to understand what is 
involved. There is no substitute for 
experience and they will be able to advise 
you on many things, not least the best 
equipment. And don’t forget most sites have 
rules regarding the equipment type, to 
ensure reliability and minimal hassle.

THE FIVE HOSTING ESSENTIALS

Consider these questions to help you decide if remote 
imaging will suit your astrophotography needs

filters as required, but with over 1,600km 

between me and my camera, this wasn’t 

an option! The answer was to upgrade to a 

new filter wheel with eight slots.

The next challenge was a little more 

involved. Because the photon count at the 

wavelengths used in narrowband imaging 

can be extremely low, each image requires 

a fair amount of total imaging time, plus 

sub-frames of at least 20 minutes each 

– different from the one- to 10-minute 

sub-frame range I had used for RGB. To 

do this effectively and not be up all night, 

every night, I would need to change from a 

remote to a robotic imaging setup. 

Using software to control the cameras, 

autoguiding, focusing and mount, robotic 

imaging makes it possible to carry out 

imaging routines all night without the 

need for manual intervention. Considering 

programs like ACP Observatory Control 

(used by the iTelescope network), CCD 

Commander and CCDWare Autopilot5, 

I opted for the latter as colleagues were 

using it and could support my learning.

Narrowing it down
In October 2013, a year after starting 

remote imaging, I visited the site for 

the first time to help install some new 

narrowband imaging equipment: a QSI 

638wsg camera and Hb, SII and OIII 

narrowband filters to add to the existing 

Ha, R, G and B filters. In addition to 

my own, I found 20 telescopes there, 

owned by astrophotographers from all 

over the world. After three nights in the 

discounting the calibration frames, I had  

a total of 18.3 hours of data. 

In the meantime, I had been reading  

up on the relevant processing techniques. 

The narrowband images are assigned to 

colour channels in Photoshop, creating 

false colour images that reveal great  

An RGB image of the 
Lagoon Nebula, M8, 
made using three hours  
of binned sub-frames

This HaRGB image of the 
Veil Nebula required 10 

hours of imaging time
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MEET THE REMOTE HOSTS

ASTROCAMP 
The site is located under dark 
skies in Spain’s Sierra Nevada 
mountains. A smaller operation 
than most, it’s also one of the 
cheapest, with prices from À250 
to À600 a month. There’s 
currently a waiting list.
www.astrocamp.es

nebulosity. Sometimes four filters 

are used: Ha for Luminance, then Hb, 

OIII and SII are allocated in various 

combinations to the R, G and B channels. 

Alternatively, and particularly useful when 

there is less imaging time available, ‘bi-

colour’ imaging uses Ha for Red, then one 

other filter is used for the Green and Blue 

channels. An example is HOO – Ha for 

Red, OIII for Green and OIII for Blue.

However, the most common method is 

SII for Red, Ha for Green and OIII for Blue 

(SHO), which is also known as the Hubble 

Palette. So I decided to try this method 

NEW MEXICO SKIES
New Mexico Skies has two dark 
sky sites – one in the US and one 
in Australia – and there is space 
for more than 50 scopes, with  
full technical support in both 
locations, Prices range from 
$1,200 to $2,400 (US) a month.
www.nmskies.com

SIDING SPRING 
Siding Spring is run by the 
National University of Australia, 
and the mountainside site in New 
South Wales offers system advice 
as well as equipment support 
packages. Prices vary from  
$600 to $2,000 (Aus) a month.
http://brad-moore.squarespace.com

ITELESCOPE.NET  
An alternative to remote hosting 
is to rent scope time. iTelescope.
net is a network of telescopes in 
Spain, the US and Australia. 
There are 12 scopes for rental, 
and a points-based pricing 
system starting from $19.95 (Aus).
www.itelescope.net

Four options for remote hosting your imaging equipment

with my own creative tweak to show 

different characteristics of the object using 

four filters: Ha for Luminance, Hb for Red, 

SII for Green and OIII for Blue.

In addition to revealing fine nebulosity, 

narrowband imaging has other benefits 

over LRGB. One can image during 

unfavourable Moon phases, as the sunlight 

reflected from the lunar surface is not at 

these wavelengths. It is also hardly affected 

by light pollution, which is a great benefit 

for many UK-based astrophotographers. 

Combining remote imaging, the 

development of a robotic process and the 

quest for narrowband images has been 

both challenging and greatly rewarding, 

in that it is a powerful tool for revealing 

exquisite detail in distant nebulae. 

The next step?
You don’t need a remote setup to get going 

with narrowband, just the right filters 

and a desire to experiment. But if using a 

remote hosting site is your goal, there are 

plenty of options available and it’s also 

possible to rent remote services, reducing 

the cost. It could be just what you need to 

create that image to inspire others!

Chris’s first narrowband image: 
the Soul Nebula, captured using 
the Hubble Palette
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The fuller phases of the Moon 
appear low in the summer  
sky, making this the perfect 
time of year to experience  
the ‘Moon illusion’. This is an 
effect that causes low-down 
full Moons to appear much 
larger than they actually are.

Written by Pete Lawrence
Pete Lawrence is an expert astronomer  
and astrophotographer with a particular 
interest in digital imaging. As well as 
writing The Sky Guide, he appears on  
The Sky at Night each month on BBC Four. 

PLUSLUS
Stephen Tonkin’s

BINOCULAR TOUR
Turn to page 58 for six  

of this month’s best  
binocular sights 

July
The Sky

 Guide
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This icon indicates a good photo opportunity

Your guide to the night sky this month

 FRIDAY 
Mercury, 
Venus 

and the Moon 
are low in the northeast morning 
sky once more. Today’s arrangement 
has an even thinner waning 
crescent Moon (3% lit) just below 
and to the right of Mercury.

25THURSDAY X
The pre- 
sunrise 

sky is full of 
delight, with mag. –0.8 Mercury 
close to the northeast horizon and 
brilliant mag. –3.8 Venus above 
and to the right of it. A delicate 
waning crescent Moon (7% lit) lies 
just to the right of Venus. Catch them 
from about 04:00 BST (03:00 UT).

24

W WEDNESDAY 
The 
nights 

are getting 
longer and darker, allowing you 
to spot the Milky Way under 
good dark skies. At the end of 
the month, the Moon’s out of the 
way too, giving you the level of 
darkness you need.

30

 TUESDAY�

Noctilucent cloud 
season is in full swing 

so remember to keep an 
eye out low in the northwest one or 
two hours after sunset and low in 
the northeast one or two hours 
before sunrise. If noctilucent clouds 
are present, they will typically have 
an eerie electric blue glow. 

1

SATURDAY

Eighth 
magnitude 

Comet C/2014 E2 
Jacques currently lies close to mag.  
+1.7 Elnath (Beta ( )̀ Tauri). Closest 
approach is tomorrow morning. 
Both star and comet will be very 
low in the northeast, visible only 
for a short period before dawn 
starts to kick in. See page 51.

19 SUNDAY

Brilliant Venus 
is just 1.5º to 
the south of 

lovely open cluster M35. With clear 
skies and a very flat northeast 
horizon, you might just catch the 
pairing as Venus rises, but you’ll 
have to contend with the bright 
dawn sky. 

20

FRIDAY X�
Happy aphelion day!  
At precisely 01:13 BST 
(00:13 UT), Earth will be 

at its greatest orbital distance from 
the Sun, precisely 152,093,407km. 
Our star’s apparent diameter will 
be at an annual minimum.

Pluto is at opposition today – see 
page 50.

4

MONDAY

This month’s 
Deep-sky tour  
is based around 

the diamond shaped constellation 
of Scutum, the Shield. With the Moon 
now out of the way, this is a great 
time to investigate this interesting 
patch of sky. See page 56. 

28

FRIDAY

Tonight and 
over the next 

few nights, keep a 
look out for the low-down, fuller 
phases of the Moon. See if you 
experience the ‘Moon illusion’, an 
effect that makes you perceive the 
Moon to be larger than it actually is. 

11 SATURDAY

Mercury 
reaches 

greatest western 
(morning) elongation today, 
appearing separated from the 
Sun by 21º. It currently rises just 
before 04:00 BST (03:00 UT) 
and is completely outshone by 
nearby Venus, which sits around  
7º to the upper right.

12 W MONDAY�

In the hours 
running up towards 

midnight, the waxing 
gibbous Moon (74% lit) sits just  
to the north of mag. +2.8 double 
star Zubenelgenubi (Alpha (_) 
Librae). The close, bright dot above 
and left of the Moon is Saturn.

7

TUESDAY

Tonight 
sees the 

first peak of the 
Southern Delta Aquariid meteor 
shower, which has a zenithal 
hourly rate of around 16 meteors. 
This year’s conditions are very 
favourable thanks to the absence 
of the Moon. See page 51.

29

 WEDNESDAY�

Although the nights are 
short, there is an amazing 
array of beautiful things 

to observe this month, including the 
Northern Cross asterism, which sits 
virtually overhead most of the night. 
Through a telescope you’ll be able 
to split Albireo (Beta ( )̀ Cygni), the 
showpiece yellow-blue double star 
at the base of the cross.

2

MONDAY X
In the 
early 

hours of this 
morning and tomorrow morning, 
you can witness the beautiful 
sight of an old crescent Moon 
low in the east before sunrise.  
It will be hanging close to two 
famous star clusters in Taurus,  
the Pleiades and the Hyades. 

21
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HOW TO TELL WHAT EQUIPMENT YOU’LL NEED

Getting started  
in astronomy
If you’re new to astronomy, you’ll find two 
essential reads on our website. Visit http://
bit.ly/10_Lessons for our 10-step guide to 
getting started and http://bit.ly/First_Tel 
for advice on choosing your first scope.

NAKED EYE
Allow 20 minutes for your eyes to become dark-adapted 

BINOCULARS
10x50 recommended 

SMALL/MEDIUM SCOPE
Reflector/SCT under 6 inches, refractor under 4 inches

LARGE SCOPE
Reflector/SCT over 6 inches, refractor over 4 inches

PHOTO OPPORTUNITY
Use a CCD, planetary camera or standard DSLR 

Need to know
The terms and symbols used in The Sky Guide

July

UNIVERSAL TIME (UT) AND BRITISH SUMMER TIME (BST)
Universal Time (UT) is the standard time used by astronomers around 
the world. British Summer Time (BST) is one hour ahead of UT.

RA (RIGHT ASCENSION) AND DEC. (DECLINATION) 
These coordinates are the night sky’s equivalent of longitude and 
latitude, describing where an object lies on the celestial ‘globe’. 

Pete Lawrence “I just love the sight of the 
Milky Way passing across the night sky  
at this time of year. Despite the period of 
darkness being brief, the bright core of  

our home galaxy, low in the south, is a real treat.” 
  

Kieron Allen “I recently bought myself  
a new DSLR camera and hope to use  
it to capture the eerie blue tendrils of 
noctilucent clouds. I’ll be keeping an  

eye on the northern horizon after sunset.” 
 

Paul Money “Despite the light nights  
I want to try to view Ceres and Vesta  
when they are close to each other  
during the first week of the month.”

What the team will be 
observing in July

SATURDAY�

Look out for a  
just past first 

quarter Moon low in  
the southwest as darkness falls. 
The bright dot to the left of the 
Moon is Mars. As the pair descend 
towards the horizon, they appear 
to get closer, being 1.5º apart just 
before they set.

5

W THURSDAY 
Catch the 
Teapot 

asterism in 
Sagittarius low down in the south 
just after midnight BST. Some 
fabulous deep-sky objects sit just 
above this asterism’s spout, among 
them the Lagoon and Trifid 
Nebulae, M8 and M20. 

31

 SUNDAY

Mars is very 
close to the 

bright, mag. +1.0 
star Spica (Alpha (_) Virginis),  
the two objects separated by just 
1.3º. Look out for the colour 
contrast between orange Mars 
and white Spica. 

The Moon’s libration and 
phase is favourable for 

spotting parts of the Mare 
Orientale, pictured. See page 59.

13
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3 top sights
Finding Pluto

WHEN THE FIRST issue of 

BBC Sky at Night Magazine 

went on sale in mid-2005, 

Pluto was regarded as the 

ninth and most distant planet 

in the Solar System. Just over  

a year later, it had lost that 

title, having been demoted 

to a new class of body known 

as a dwarf planet. 

Of course Pluto continues 

to trundle around on its  

247.7 year orbit blissfully 

unaware of its demotion. The 

reclassification caused a fair 

bit of controversy, something 

Pluto is also familiar with as 

an observational target.

The average distance of 

Pluto from the Sun is around 

5.9 billion km and with a 

diameter of 2,368km, Pluto 

appears pretty dim at around 

mag. +14.0. The observational 

controversy surrounds the 

minimum size telescope you 

need to see this distant world. 

Mag. +14.0 suggests that you 

would need something quite 

big to pick up Pluto, but there 

are reports of it having been 

seen in telescopes with apertures 

as small as five inches. 

There are many different 

factors which affect whether 

an attempt to track down Pluto 

will be a success or failure. Sky 

clarity is one, your own visual 

acuity is another and 

experience really helps too. 

Then there’s Pluto’s location 

in the sky itself. Currently it’s 

located in Sagittarius, quite 

close to the asterism known as 

the Teaspoon, which sits just 

northeast of the more famous 

Teapot asterism. This places 

Pluto against the backdrop of 

the Milky Way – hardly helpful!

Pluto comes to opposition 

in July, which is the perfect 

is visible to the naked eye. 

Locate this, then the two stars 

BB and V4088 Sagittarii. At 

mag. +6.8 and +7.5, they 

should be easy to pick up in 

your telescope’s finder.

Pluto moves past this trio  

of stars over the course of the 

month. When you attempt to 

find the planet, it’s essential  

to give yourself at least 20-30 

minutes in total darkness for 

your eyes to become properly 

dark adapted. Let yourself get 

used to the field of view and 

make a sketch or take a photo 

of where you think Pluto lies. 

Repeat this over several 

nights. If you see a faint dot 

changing position, that’s quite 

likely to be Pluto.

We’d recommend a 12-inch 

or larger scope for this, but if 

you are up for the challenge 

try with a smaller instrument. 

If you succeed, drop us a line 

and let us know. 
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WHEN: All month except from 8-19 July; on these dates the Moon interferes

29
BB

V4088

SAGITTARIUS

Pluto

2 Jul
7 Jul12 Jul

17 Jul
22 Jul

27 Jul
1 Aug

10’

5’

S

N

W E

NEED TO KNOW!
The size of objects in the 

sky and the distances between 
them are measured in degrees. 
The width of your little finger at 
arm’s length spans about 1º.

DON’T 

MISS…

time to try and grab it. The 

key to locating it is a small 

pattern of stars that sits off  

the west lip of the Teaspoon. 

The brightest of these is 29 

Sagittarii, which at mag. +5.2 

Use naked eye star  
29 Sagittarii to find the 
region Pluto occupies

Taking images over 
consecutive nights can reveal 

Pluto as a moving dot 
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COMET C/2014 E2 Jacques 

may be an interesting object 

to look out for during July. 

The comet was discovered  

on 13 March and was expected 

to reach a peak brightness of 

between mag. +7.0 and +10.5. 

However, current observations 

suggest that it may become 

brighter than this, possibly 

even up to fourth magnitude 

at the start of July.

As ever, caution has to be 

maintained as a comet’s actual 

brightness can be higher  

or lower than predictions. 

C/2014 E2 Jacques comes to 

perihelion, the point in its 

orbit when it’s closest to the 

Sun, on 2 July. It’s a visitor 

from the Oort Cloud; a 

theoretical repository of 

comets that may be as far 

away as a lightyear from the 

Sun. The comet’s orbit is 

hyperbolic and it will swing 

in to within 100 million km of 

our star at closest approach. 

On 13 July the comet will have 

a really close encounter with 

Venus, passing to within 8 

million km of the planet.

C/2014 E2 Jacques should 

reach mag. +6.0 at the start  

of June and will possibly 

remain above this threshold 

until the middle of August.  

The comet’s location isn’t great 

at the start of July – it is in 

close proximity to the Sun – but 

it does start to swing further 

into darker morning skies by 

the third week of the month. 

On the mornings of 18-20 

July, the comet is located very 

close to mag. +1.7 Elnath 

(Beta ( )̀ Tauri). Venus is also 

a good marker at this time, 

lying approximately 10º below 

and left of the star and comet. 

THE JULY-AUGUST period  

is famous for meteor activity, 

thanks mainly to the Perseid 

meteor shower, which peaks 

next month. The Southern 

Delta Aquariids peak on 30 

July and won’t be affected  

by moonlight. 

The Southern Delta 

Aquariids reach a peak zenithal 

hourly rate of 16 meteors per 

hour on the 30th. It’s best to 

observe the shower all night 

long, which at this time of year 

means a realtively untaxing 

three-hour observing session.

The Moon is just three  

days old on 30 July and won’t 

interfere at all. The shower 

radiant lies just to the west  

of mag. +3.3 Delta (b) Aquarii 

and consequently reaches  

a maximum altitude of  

around 22º. This is quite  

low for a meteor shower  

and will have an impact  

on the actual number of 

meteors seen. Southern  

Delta Aquariid meteors  

also tend to be fast. 

The most relaxing way to 

observe a shower like this is  

to pull up a garden chair or 

sunlounger and make yourself 

comfortable. Give your eyes  

at least 20-30 minutes in the 

dark to adapt properly and 

then start watching the skies. 

For the remainder of the 

month the comet passes up 

into the southwest corner of 

Auriga, becoming circumpolar 

from the UK by the end of 

July. Despite the fact that it’ll 

be dimming towards the end 

of the month, its location in 

darker skies should help to 

make it easier to see. 

The comet heads into Auriga in July, becoming circumpolar by month end 

PERSEUS

Capella
ARIES

TAURUS

AURIGA

Aldebaran

Pleiades

Venus 15 Jul

Elnath

11 Jul

21 Jul

31 Jul

10 Aug

5 Aug

26 Jul

16 Jul

15 Aug

Comet C/2014 
E2 Jacques

Hyades

Algol

Hamal

NE

Southern Delta Aquariids

Southern Delta Aquariids

20 A
ug

10 A
ug

30 Jul (peak)

20 Jul

10 Jul

b

Fomalhaut
PISCIS

AUSTRINUS

CAPRICORNUS

AQUARIUS

PISCES
EQUULEUS

Circlet

Water Jar

Neptune

S
NEED TO KNOW!
The zentihal hourly rate of 

a meteor shower is the expected 
number of meteors seen under 
perfect conditions with the radiant 
of the shower overhead.

WHEN: End of the month, in particular nights of 28/29, 29/30 and 30/31 July

Comet C/2014 
E2 Jacques

WHEN: 8-31 July from 03:00 BST (02:00 UT)

It doesn’t really matter in 

which direction you look, but 

an altitude of 60º is probably 

your best bet.

Though the radiant is low, 
conditions are favourable  
with the Moon absent
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WE OFTEN DESCRIBE

Neptune as dim and 

distant, and for good 

reason. Orbiting 

the Sun at around 

30 times the 

Earth-Sun 

distance means 

that, despite

being the

fourth largest 

planet in the

Solar System,

Neptune appears

tiny through 

amateur scopes.

At that distance,

Neptune’s mean diameter of 

49,324km presents us with a disc 

measuring just over 2 arcseconds, 

barely twice as large as the apparent 

diameter of Galilean satellite Ganymede. 

The phase and relative sizes of the planets this month. Each planet is shown with south at the top, to show its orientation through a telescope

THE PLANETS IN JULY

MARS 
15 July

JUPITER 
15 July

SATURN  
15 July

URANUS 
15 July 

ARCSECONDS
0” 10” 20” 30” 40” 50” 60”
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To make things even

harder, the gaseous 

‘surface’ of this  

ice giant isn’t

dramatically 

patterned like 

for example,  

the cloud tops 

of Jupiter.

Although there 

are markings to 

be seen, these 

tend to be subtle 

changes in hue 

rather than

dramatic bands. The 

predominant colour of 

Neptune is blue; this is

surprisingly noticeable through 

even a small telescope.    

Neptune is currently in

Aquarius, 1.3º northeast of mag. +4.8 

Sigma (m) Aquarii. It reaches opposition m

on 29 August, but even by the end of July 

it is becoming quite well placed, reaching 

its highest point in the sky, due south, as 

dawn begins to break on 31 July. 

This is the only main planet that  

doesn’t pass the threshold of naked eye 

visibility, typically appearing only a 

fraction brighter than mag. +8.0.

Consequently, you’ll need a bit of 

assistance to see it and binoculars are 

ideal. Don’t expect to see any colour

through binoculars: Neptune will look 

just like any other eighth-magnitude star.

Being faint, Neptune is a tough target  

for planetary imaging but it’s possible to 

capture images using a 12-inch or larger 

telescope. The planet’s largest moon,

Triton, can also be seen and imaged with 

larger scopes. Appearing as a mag. +13.5 

dot, Triton can swing out from Neptune 

by around 16 arcseconds.

NEPTUNE
BEST TIME IN JULY:
31 July, from 02:00 BST (01:00 UT)
ALTITUDE: 25º 
LOCATION: Aquarius 

DIRECTION: South-southeast
RECOMMENDED EQUIPMENT: 
Binoculars; small scope for colour
FEATURES OF INTEREST:  
Colour and, in larger instruments,  
its moon Triton.

VENUS 
15 July

MERCURY 
15 July

Through binoculars Neptune will look like a star; a small scope should reveal its blue hue

MERCURY 
1 July

With a large scope 
you may be able to 

glimpse Triton

NEPTUNE 
15 July

PICK OF THE MONTH

MERCURY 
31 July



URANUS
BEST TIME IN JULY: 31 July, 
03:00 BST (02:00 UT)
ALTITUDE:  33º 
LOCATION: Pisces
DIRECTION: Southeast
Uranus’s circumstances are 

improving, the planet just 

falling short of its highest 

position in the sky, due south, 

as dawn breaks at month end. 

It’s currently 2º south of mag. 

+4.3 Epsilon (¡) Piscium. With 

binoculars, place the star between 

the 10 and 11 o’clock positions in 

the field of view: Uranus should 

be close to the centre. At mag. 

+5.8, it’s theoretically possible 

to see Uranus from a dark sky 

location with just your eyes; it’s 

just not that easy to find. 

SATURN
BEST TIME IN JULY: 1 July, 
23:30 BST (22:30 UT)
ALTITUDE:  18º 
LOCATION: Libra
DIRECTION: Southwest
Saturn is an evening object, 

but past its best for the year. It 

sits not too far from mag. +2.8 

double star Zubenelgenubi 

(Alpha (_) Librae). The planet 

is best seen low down in the 

southwest as darkness falls. If 

it’s clear at around 01:00 BST 

(00:00 UT) on the 8th, don’t miss 

the waxing crescent Moon (74% 

lit), which will be just 2º away.

  

MARS
BEST TIME IN JULY: 1 July, 
23:30 BST (22:30 UT)
ALTITUDE:  12º
LOCATION: Virgo
DIRECTION: West-southwest
Mars is moving away from 

Earth and its apparent size is 

shrinking: 9 arcseconds at the 

start of July and 7 arcseconds 

at month end. On 5 July, an 

almost first quarter Moon is 

very close, closing in on the 

planet as they both drift towards 

the western horizon. As they 

set, just before 01:00 BST 

(00:00 UT) they will be 1.3º 

apart. On the 13th, mag. +0.2 

Mars will be 1.3º north of mag. 

+1.0 Spica (Alpha (_) Virginis). 

VENUS
BEST TIME IN JULY: 24 July, 
from 04:00 BST (03:00 UT)
ALTITUDE:  5º (low) 
LOCATION: Gemini
DIRECTION: Northeast
Venus is a morning object, 

rising a couple of hours before 

the Sun. Being mag. –3.8 the 

planet is easy to pick out low 

in the east-northeast as dawn 

breaks. A telescope reveals it 

to have a small, 10-arcsecond 

gibbous disc. On the 24th, 

Venus is joined by a waning 

crescent (6% lit) Moon. Mercury 

is also present, 8º to the east  

of Venus (towards the Sun). 

The following morning sees  

the Moon (now 2% lit) moving 

closer, forming a tight triangle.

MERCURY
BEST TIME IN JULY: 27 July, 
from 04:30 BST (03:30 UT)
ALTITUDE:  3º (very low) 
LOCATION: Gemini
DIRECTION: Northeast
Morning planet Mercury 

improves throughout July. On 

the 9th, the mag. +1.0 planet 

rises about one hour before 

the Sun. Greatest western 

elongation occurs on the 12th, 

with a solar separation of 21º. 

On the 17th, Mercury shows a 

7-arcsecond, half-illuminated 

disc through a scope. Your best 

chance of spotting the planet 

will be on 24-27 July, when it’ll 

be brightening from mag. –0.7 

to –1.1 and still reasonably 

separated from the Sun.

JUPITER
BEST TIME IN JULY: 1 July, 
22:15 BST (21:15 UT)
ALTITUDE:  2º (very low)
LOCATION: Gemini
DIRECTION: Northwest
Mag. –1.7 Jupiter sets about 

one hour after the Sun at the 

start of the month but is 

rapidly lost in the evening 

twilight on the following days.

 July
Using a small scope you’ll be able to spot Saturn’s biggest moons.  
Their positions change dramatically during the month, as shown on  
the diagram. The line by each date on the left represents midnight. 

SAT U R N ’S  M O O NS

arcminutes

DATE WEST EAST
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Dione Rhea TitanTethys Iapetus Saturn

See what the planets look like through your telescope with the 
field of view calculator on our website at: 

http://www.skyatnightmagazine.com/astronomy-tools
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The Northern Hemisphere
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HOW TO USE THIS CHARTW
1.  HOLD THE CHART so the direction you’re facing  

is at the bottom.
2.  THE LOWER HALF of the chart shows the sky  

ahead of you.
3.  THE CENTRE OF THE CHART is the point 

directly over your head.

THE SUN IN JULY*

*Times correct for the centre of the UK 

DATE SUNRISE SUNSET
1 Jul 2014 04:45 BST 21:41 BST
11 Jul 2014 04:55 BST   21:35 BST 

21 Jul 2014 05:08 BST   21:23 BST

31 Jul 2014 05:23 BST 21:07 BST

MOONRISE TIMES
1 Jul 2014, 09:18 BST 17 Jul 2014, 23:37 BST
5 Jul 2014, 13:40 BST 21 Jul 2014, 01:04 BST
9 Jul 2014, 18:20 BST 25 Jul 2014, 04:06 BST
13 Jul 2014,  21:45 BST 29 Jul 2014, 08:13 BST

THE MOON IN JULY*

1 JULY AT 01:00 BST
15 JULY AT 00:00 BST
31 JULY AT 23:00 BST
On other dates, stars will be in slightly different places 
due to Earth’s orbital motion. Stars that cross the sky 
will set in the west four minutes earlier each night. 

WHEN TO USE THIS CHART

1 2 3 4 5 6

7 8 9 10 11 12 13

14 15 16 17 18 19 20

21 22 23 24

28 30 31

FULL MOON

NEW MOON

54

PERSEUS

Arcturus

Ci
rc

let

N

E

S

W

5º

STAR NAME

CONSTELLATION
NAME

GALAXY

OPEN CLUSTER

GLOBULAR 
CLUSTER

PLANETARY 
NEBULA

DIFFUSE 
NEBULOSITY

DOUBLE STAR

VARIABLE STAR

THE MOON, 
SHOWING PHASE

COMET TRACK

ASTEROID 
TRACK

STAR-HOPPING 
PATH

METEOR 
RADIANT

ASTERISM

PLANET

QUASAR

STAR BRIGHTNESS:

MAG. 0 
& BRIGHTER

MAG. +1

MAG. +2

MAG. +3

MAG. +4 
& FAINTER

MILKY WAY

COMPASS AND 
FIELD OF VIEW

KEY TO 

STAR CHARTS



Celestial Equator

Ecliptic

13th

7t
h

D
eep-

 

tour, 
Plo

ug
h

Keys
tone

Ki
te

Summer Triangle

Tea
po

Hou
se

W

 
s

Z

R

X

X OphR

R

AF

SU

RZ

U

U Sge

Z

RR

RR Lyr

U Oph

S

SZ

M39

M56

M13

M92

M3
M

51

M
103

M
52

M11

M
15

M22

6

M6

M10

M12

M5

Double Cluster

 

M57

M
81

M
82

M
10

1

M
63

M
94

OPH
IUCHUS

LIB
RA

HERCULES

LYRA

CORO
NA

BO
RE

ALIS

BO
Ö

TE
S

VI
RG

O

C
O

M
A

BE
RE

N
IC

ES

C
A

N
ES

VE
N

AT
IC

I

UR
SA

M
AJ

O
R

DRACO

VULPECULA

SAGITTA

DELPH
IN

US

EQ
UULEUS

AQUILA

URS
A

MIN
OR

C
H

EU
S

CY

UARIUS
LA

CERTA

C
SSIO

PEIA

CAMELOPAR
LIS

AURIGA
LYNX

LE
O

LE
O

 M
IN

O
R

SAGITTARIUS

SCUTUM

SERPENS

CAUDA

SE
RP

EN
S

CAPU
T

SC
O

RP
IU

S

CAPRICORNUS

A
nt

ar
es

Rasalhague

Rasalgethi

ga

De
ne

b

Albireo

Thuban
Koch

ab

Po
lar

is

Schedar

Mirpha

D
u

M
er

ak

Miza
r

cor

Co
r C

ar
oli

Denebola

Arcturus

Gem
ma

Altair

eramin

_

¡

`

b

`

_

o

a

b
`

b

e

_

a

_

`

`

b

b

`

_

`

b

a
`

b

a

b

`

`

_

_

a

b

`

a

_

b
`

a

`

¡

`
b

_

_b

a

`

_

`
a

b

`

a

p

_ a

`

b

_

a
b

`

b _

`

_

`

b

_

b
a

_

`

_

`

a

b

b
_

`

a

b

a

b

_

j

i

Saturn

Alpha Capricornids 
Peak 30 Jul

Alpha Cygnids

Peak 21 July & 21 August

Perseids

 Peak 12/13 Aug

 

Peak      l

Celestial EquatorC l

Ecliptic

13th

7t7
h

D
eep-s

tour, p5
Plo

ug
h

Keys
tone

Ki
te

Summer Triangle

Sum

l

Tea
p

Hou
se

W

n
ross

Z

R

X

X OphR

R

AF

SU

RZ

U

U Sge

ZZ

RR

RR Lyr

U Oph

S

SZ

M39

M5656

M13

M92

M3
M

51

M
103

M
52

M11

M
15

M22

M166

M6

M10

M12
M12

M5

Double Cluster

M57

M29

M

M
81

M
82

M
10

1

M
63

M
63

M
94

OPH
IUCHUS

LIB
RA

LIB
R

HERCULES

LYRA

CORO
NA

BO
RE

ALIS
RERE

BO
Ö

TE
S

VI
RG

O

C
O

M
A

BE
RE

N
IC

ES

C
A

N
ES

VE
N

AT
IC

I

UR
SA

M
AJ

O
R

DRACODRA

VULPECULAU

SAGITTA
AGITTA

DELPH
IN

US

EQ
UULEUS

AQUILA

URS
A

MIN
OR

C
EPH

EU
S

CYGNUS
CY

UARIUS
LA

CERTA
ERER

CA
SSIO

PEIA

AA

CAMELOPARDALIS

AURIGA
LYNX

LE
O

LE
O

 M
IN

O
R

OO

SAGITTARIUS

SCUTUM

SERPENS

CAUDA

SE
RP

EN
S

CAPU
T

SC
O

RP
IU

S

CAPRICORNUS

A
nt

ar
esre
s

A
ra

Rasalhague

Rasalgethi

VegaV

De
ne

b

Albireo

Thuban
Koch

ab

Po
lar

is

Schedar

Mirphak

D
ub

he

M
er

ak

Miza
r

M

Alcor

Co
r C

ar
oli

Denebola

Arcturus

Gem
ma

Altair

Alderamin

_

¡¡¡

++

`

b

`

__

o

aaaaaaaaaaaaaaaaaaaaa

b
`̀̀̀̀̀̀̀̀̀̀̀̀̀̀̀̀̀̀̀̀̀̀̀̀̀̀̀̀̀̀

bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb

eeeeeeeeeee

_

a

_i
`̀̀

_

`

b

_

b

a

`

_

`

a

b

a
`

_

b

a

b

_

`

`

_

__

a

`

b

_

`

a

_

b
`

_

cc
b

a

`

¡

`
b

_

__b

a

`

_

`
a

b

`

a

pp

_ a

`

b

_

a
b

`

qq

b _

`

_

_

`

b

_____

_

k

b
a

_

`

_

`

a

b

b
_

`

a

b

a

b

____________________________________________________

j

1

i

Plu

Saturn

Alpha Capricornids 
Peak 30 Jul
Alpha CapAlpha Cap

Alpha Cygnids

Peak 21 July & 21 August

PePe
Alpha Cygnids
Alpha Cygnid

Perseids

 Peak 12/13 Aug

Capric rnids 
ornid

CC

Peak 8, 15 &  26 JulJul
Capricornids

apricorni

    NORTH                                                        

 
 

 
            SOUTH                  

          
        

       
  

 

    
    

    
    

 SO
UTH

W
ES

T  
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

W
ES

T 
   

   
   

   
   

   
   

   
   

   
 

 
 

   
   

   
   

   
   

   
   

  N

ORT
HW

ES
T

Capella

M4

 THE SKY GUIDE JULY 55

 skyatnightmagazine.com 2014

http://skyatnightmagazine.com


NGC 6664  
We head roughly 4º to the west for our next 
object, mag. +7.9 open cluster NGC 6664. It’s 

located a mere 0.3º to the east of mag. +3.9 Alpha 
(_) Scuti; in fact, the best way to locate the cluster is to 
aim your telescope at Alpha Scuti and then – through 
a low-power eyepiece – look for the misty patch of 
stars just to the northeast of it. Once found, centre up 
and gradually increase magnification. A 10-inch 
scope will reveal around 60 faint stars. Though NGC 
6664 is in a naturally rich area of sky crossed by the 
Milky Way, it manages to hold its own. Look out for a 
lovely string of around 10 stars close to the cluster’s 
eastern edge, running north to south. � SEEN IT

M26 
Open cluster M26 has similar brightness and 
size to NGC 6664. It sits just under 1º to the east 

and slightly south of mag. +4.7 Delta (b) Scuti. It is not 
as rich in stars as M11 or NGC 6664, with approximately 
25 member stars appearing through an 8-inch scope. 
Approximately 70 fainter members are visible in total 
through larger apertures. What’s most remarkable 
about M26 is what you can’t see; there are a number 
of gaping holes in the cluster, most notably one to the 
north. This is most likely due to obscuring dust hiding 
some of the cluster’s stars. � SEEN IT

NGC 6604  
Located just under 4º southwest of M26 is an 
innocuous mag. +5.8 star known as HIP 90804. 

If you’re an imager, a long exposure will bring out the 
lovely red hue of reflection nebula IC 1287 here. Keep 
the line going from M26 through HIP 90804 for about 
the same distance again and you’ll arrive at our next 
target, open cluster NGC 6604. This is a large, bright 
object, 1º across and mag. +6.5. It’s an easy find with 
a small telescope and is another lovely imaging target 
thanks to more red glowing gas surrounding it. A long 
column of ionised gas heading out from the cluster, 
perpendicular to the galactic plane, gives NGC 6604 
the informal title of the Chimney Cluster. � SEEN IT

THE EAGLE NEBULA  
Look 1.5º south of NGC 6604 and you’ll  
arrive at M16, the famous Eagle Nebula. This 

can be a puzzling object to observe at first because 
the nebulosity – which resembles an eagle in flight 
clutching a fish in its talons – isn’t that bright. The  
main feature here is NGC 6611, a 15-arcminute  
wide, sixth-magnitude open cluster. The nebulosity 
extends through the cluster to the southeast. A 10-inch 
scope will show the cluster stars embedded in a 
nebulous haze. The eagle itself is formed by a dark 
dust lane close to the southeast border of the main 
inner cluster, however it is much easier to pick out  
in photographs than it is visually. � SEEN IT
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THE WILD DUCK CLUSTER 
At mag. +5.8 the Wild Duck Cluster, also 
designated M11, is just visible to the naked  

eye. Find it by following the natural arc formed by  
mag. +3.4 Lambda (h) Aquilae, mag. +4.0 12 Aquilae 
and mag. +4.8 Eta (d) Scuti. Binoculars will reveal the 
cluster as a hazy patch, but you need a scope to bring 
out its full beauty. Seen through low- and medium-
power eyepieces, this object is rather breathtaking. 
About 150 member stars are visible in a 6-inch 
instrument, with many more appearing in larger 
apertures. Some of the stars seem to form strings with 
dark lanes between them. In total, it is estimated that 
M11 contains 2,900 stars, 500 of which are brighter 
than mag. +14.0. � SEEN IT

NGC 6712  
Located 2.5º south of M11 is 8th-magnitude 
globular cluster NGC 6712. Measuring around  

7 arcminutes across, roughly half the apparent diameter 
of M11, it shows up as little more than a hazy patch in 
small instruments. A 10-inch scope starts to show the 
characteristic mottling associated with a globular on the 
edge of being resolved. Don’t be afraid to pile on a bit 
of magnification here. At 200x, the object is a lovely 
sight, with a condensed round core surrounded by a 
lighter outer haze. This haze is less defined to the south, 
giving NGC 6712 an asymmetric appearance when 
seen through larger scopes. � SEEN ITC
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Deep-sky tour 

The eagle in  M16 is easier  
to see in photos, but  

tricky at the eyepiece
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1 NGC 6940  
Our first object, open cluster NGC 6940, 
is one that ought to be far better known. 

To find it, start at mag. +2.5 Geinah (Epsilon (¡) 
Cygni) and navigate just over 3° due south to 
mag. +4.2 52 Cygni. Travel the same distance 
to the southwest, where you will find an oval 
patch of light that extends to the same apparent 
diameter as the Moon. As you study the glow, 
you should be able to resolve eight or so stars 
in this very pretty cluster. � SEEN IT 
 

2 THE DUMBBELL NEBULA 
Our next stop is the easiest planetary 
nebula for binoculars, visible even in 

moderately light-polluted skies. If you place 
mag. +3.5 Gamma (a) Sagittae at the south  
of a 5° field of view, the Dumbbell Nebula, 
M27, will be just north of centre, appearing as 
a small glowing cloud. Initially it will appear 
rectangular but, with patience, you should be 
able to make out the narrowing in the middle 
that gives this object its common name, though 

to many it looks far more like an apple core 
than a dumbbell! � SEEN IT
 

3 ETA AQUILAE 
At the start of the 1780s, only five 
variable stars were known. York-based 

amateur Edward Piggott began a search for 
more and in 1784 he found his first, Eta (d) 
Aquilae. This is one of the brightest Cepheid 
variables, ranging from mag. +3.5 to +4.4  
over a period of 7.18 days. Eta Aquilae was 
discovered a month before his collaborator, 
John Goodricke, uncovered the variability of the 
now more famous Delta (b) Cephei. � SEEN IT
 

4 57 AQUILAE 
Finding our next target for the first time 
can be a bit of a challenge. Some 4° 

south of Eta Aquilae is a pair of 6th-magnitude 
stars nearly 1º apart, orientated northwest-
southeast. About the same distance farther 
south, there is a pair of mag. +6.5 stars that are 
0.5° apart and orientated east-west. Another 

July brings us Piggott’s first variable and  
a cluster that defies the mighty Hubble
��Tick the box when you’ve seen each one  �

Binocular tour 

1.5° south of them is a pair of stars slightly 
closer together and orientated north-south. The 
more northerly one is our target, mag. +5.6  
double star 57 Aquilae. Its mag. +8.5 
companion, 36 arcseconds to the south, is  
a good test of 10x50 binoculars. � SEEN IT
 

5 M2 
By comparison to our last target,  
globular cluster M2 is easy to find: it is 

due north of mag. +2.9 Sadalsuud (Beta ( )̀ 
Aquarii). M2 is obvious in this star-sparse region 
of sky, even in smaller binoculars, while 15x70s 
will show this 38,000-lightyear distant cluster  
as Charles Messier described it: “a nebula 
without stars”. If you use averted vision and 
direct your gaze away from M2, it will appear 
to grow slightly and may become slightly oval  
in shape. In good conditions, it might appear 
slightly granular. � SEEN IT
 

6 M15       
We end the month with another easy 
globular, M15, which can be found by 

extending a line from mag. +3.5 Baham (Theta 
(e) Pegasi) to mag. +2.4 Enif (Epsilon (¡) Pegasi) 
and carrying on for another 4° to the northwest. 
In 15x70 binoculars it appears slightly rounder 
than M2, but do not expect to see it even half 
as wide as the reported 18 arcseconds. This is 
partly because most of its stars are in a core so 
dense that even the Hubble Space Telescope 
can’t resolve it, and only the central 7 arcminutes 
is visible in 15x70 binoculars. � SEEN IT 
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prominent dark crater Grimaldi, 

head towards the closest part 

of the limb and scan south, 

remaining close to the limb. 

Once found, look even 

closer to the limb and you 

may be able to see the really 

thin strip of lava that forms 

Moonwatch

THE MARE ORIENTALE is a 

dark lunar sea that can never 

been seen face on from Earth. 

This is because from our 

perspective it sits on the edge 

of the Moon’s disc in a region 

called the zone of librations. 

Though we always get to see 

the same face of the Moon over 

a month, we actually see a bit 

more than 50 per cent of its 

surface. The Moon’s orbit is 

inclined to that of Earth by 

around 5º. When the Moon  

is above the plane of Earth’s 

orbit, we see a little extra 

under the southern limb. 

When low, we see a bit more 

over the northern limb. 

In addition, the Moon’s 

elliptical orbit causes it to 

increase in speed when closer 

to us and slow down when 

further away. This means we 

also get to see around the 

eastern and western limb. 

These libration effects allow 

us to see a total of 59 per cent 

of the Moon’s globe over time. 

The other 41 per cent remains 

permanently hidden to us. 

The Mare Orientale and its 

surroundings would be quite 

spectacular if it were located 

on the lunar near side, but as 

it stands we can only see bits of 

it as and when the Moon’s phase 

and libration are favourable. 

The mare is full of dark lava 

and sits inside two concentric 

mountain rings – the inner 

Montes Rook and outer Montes 

Cordillera – an arrangement 

that has earned it the nickname 

‘bullseye’. While the sea is 327km 

at its widest, the outermost 

mountain ring has a diameter 

of around 1,000km.

Our foreshortened, sideways 

view means we have to resort 

to a bit of detective work to 

figure out exactly what we can 

see. Some months give us 

better views than others and 

July, despite not being perfect, 

isn’t that bad either. Some of 

the features that surround  

the mare should certainly be 

visible close to the Moon’s 

southwest limb. 

Here, when the phase is 

right, it’s possible to make out 

the bumpy circular mountain 

rings with dark lava patches 

inside them. A prominent dark 

patch known as the Lacus 

Autumni sits between the inner 

Montes Rook and outer Montes 

Cordillera. Probably the best 

way to find it is to locate the 

Look closely and you should be able to see dark features – lunar lakes – within the encircling mountain ranges 

Lacus Veris, which sits inside 

the ring of Montes Rook.

If you can catch the region 

when the terminator is very 

close to the edge of the limb, 

the shadows and bumpiness  

of the mountain rings makes 

them easier to see. 

STATISTICS
TYPE: Lunar sea 
SIZE: 327km wide  
AGE: 3.2-3.85 billion  
years old
LOCATION: Latitude 
92.8°W, longitude 19.4°S 
BEST TIME TO OBSERVE: 
11-15 July (The Moon  
will be up for most of  
the night throughout  
this period) 
MINIMUM EQUIPMENT:  
10x binoculars

Mare Orientale 

“The mare is full of dark lava and sits 
inside two concentric mountain rings”

N

E

GRIMALDI

MONTES CORDILLERA

LACUS AUTUMNI

MONTES ROOK

LACUS VERIS

MARE ORIENTALE
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WHEN THE MOON is close to full, the 

sight of its disc rising over the horizon can

be pretty impressive. During the UK’s

summer months, the Moon appears low 

down when full. The reason for this  

is that during the summer, the Moon is

opposite the Sun in the sky, in the part 

of the ecliptic that has the most southerly 

declination – the part which passes

through Scorpius and Sagittarius.

The ecliptic marks the general plane of 

Earth’s orbit and, to an approximation, the

plane of the Solar System. The Moon’s

orbit is inclined to the ecliptic by around 

5º, so it never strays too far from it. 

The consequence of this is that the fuller 

phases of the Moon tend to hug the horizon

for longer during the summer months than 

at other times of the year. As the Moon 

rises in the southeast, its apparent passage

across the sky forms a shallow angle with 

the horizon, keeping it relatively low.

When the full Moon appears close to

features on the horizon, it looks massive.

Astrophotography
Photographing the Moon illusion
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and 1,000mm should do the trick. When

the Moon’s rising at a steep angle to the 

horizon, using a higher magnification 

means you need to be quick to catch the 

lunar disc and scenery below. However,  

in the summer, the shallow angle of rise

gives you longer to get the shot.  

If you want to get creative and have

some interesting landscape features

around you, then by positioning yourself 

carefully it may be possible to get the

magnified Moon’s disc close to, or even

behind something recognisable on the 

ground. This too can help amplify the

Moon’s size in an image.

The challenge is to get the camera  

aimed at the correct point on the horizon 

before the Moon rises. There are various 

ways to do this but in the digital age,

probably the easiest way is to make use 

of some of the great free charting software

that’s currently available via the internet.

A popular program called Cartes 

du Ciel is perfect for this task and this 

is what I’ll be using to obtain the necessary 

information to get the shot in the step  

by step. Don’t worry if your aim is a little 

off to start with. In reality, the Moon’s 

a pretty small target in the sky. However, 

this type of photography can be fantastic 

fun and once mastered offers the 

potential for you to create some really 

show-stopping images.

Amazingly, this is just an optical illusion:

the Moon’s disc at this time is, if anything, 

slightly smaller than it would be if it were 

high above your head. One way to emphasise 

this visual trickery is to photograph the

Moon’s disc when it appears massive. I’ve 

done this on many occasions and even

though I know what’s about to happen, my 

brain still has that vague hope that the

image will come out with a massive Moon

dwarfing the landscape features below it. 

One press of the shutter button later and 

the illusion is shattered.

With the application of focal length, it is

possible to create an image which conveys 

some of the visual impact that the Moon

illusion brings even if you’ve had to resort 

to piling on magnification to achieve it. To 

do this, attach a long focal length telephoto 

lens to your camera (or attach it to a 

telescope) A focal length of between 300 

Send your image to: hotshots@skyatnightmagazine.com

skyatnightmagazine.com 2014

RECOMMENDED EQUIPMENT
DSLR, telephoto lens between 300-1000mm focal length, remote shutter release, 
tripod, compass

KEY TECHNIQUE
FOOLING THE CAMERA
Attempting to grab a photograph that 
shows the Moon illusion is a lot harder 
than it sounds: although we mistakenly 
perceive a full Moon close to the horizon 
as huge, a camera is not so easily fooled. 
By using some free charting software, a 
navigational compass and a bit of careful 
planning, it’s possible to take a shot which 
will at least convey some of the magic such 
a scene contains. This is one occasion when 
it helps to be portable. With a relatively 
simple setup and the means to move about, 
it’s possible to grab something special. 

Catching the Moon  
with foreground objects 

really puts the illusion  
into perspective
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STEP-BY-STEP GUIDE

STEP 2 Obtain an approximate position for when and where the full 
Moon will rise as seen from your chosen site. Cartes du Ciel is just one of 
several planetarium programs that can provide this information. It 
provides a rise azimuth – the number of degrees around the horizon from 
north (0º), passing through east (90º) then south (180º) and west (270º).  

STEP 3 Identify a feature on the horizon that would look good  
next to or in front of the Moon’s disc. The farther away something  
is, the more dramatic the Moon illusion becomes, especially with  
longer focal lengths. A closer object allows you to move to get just  
the right alignment but the Moon illusion effect is lessened. 

STEP 6 Turn lens auto-focus (AF) on and let the camera focus on the 
Moon as soon as it appears. Turn AF off. Set the exposure to 1/100th 
of a second and take a test shot. Quickly check the preview image – if 
the image is too bright (showing white) reduce the ISO or close the lens 
aperture. If it is too dim, increase ISO or open the lens more.  

STEP 1 Download and install Cartes du Ciel (www.ap-i.net/
skychart/en/start). Enter your imaging site’s latitude and longitude  
as accurately as possible. Google Earth is excellent for finding these 
coordinates. Define the site within Cartes du Ciel and set it as your 
observing base.

STEP 4 Check the feature’s azimuth from your chosen photographic 
site using a compass; point it at the feature and rotate the bezel to  
align the needle with north marker. The angle indicated by the compass  
should match the Moon’s rise azimuth. If the horizon feature is in  
the wrong position, you’ll need to move.   

STEP 5 The 
Moon’s rise azimuth 
changes from one 
night to the next, so 
pays to have a few 
contingency sites 
in place in case the 
weather doesn’t  
work out on your 
preferred night. For 
maximum portability, 
mount your camera 
on a tripod. A lens 
with a focal length 
of 300-1,000mm is 
ideal for this project. 
Use a mid-range  
ISO and open the 
lens fairly wide. We’d 
also recommend 
using a remote 
shutter release. 

North

Moonrise direction

Moon’s rise azimuth

Rise: 22:06 BST Azimuth +103º 57’

✗ ✗✓



Stargazing LIVE cameraman Mark-Payne Gill tells the story 
behind filming the first ever live, real-time aurora display

CALLING TIME ON TIMELAPSE
The aurora

Team Aurora after the final broadcast:  
(L-R) the author, Liz Bonnin, Chris Parkin 

(director), Pete Lawrence, Ian ‘Bungie’ 
Bennett (engineer) and Ivan Lazic (assistant 

producer), with our pilots in the background

The aurora looks quite different 
when seen at altitude rather than 
from the ground. I was keen to try 
and capture this perspective on film
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T
here was something strange about the 

evening of 13 March 1989. It was 9pm 

and I was alone in a field at the bottom  

of the garden, taking photos of a 

wonderful celestial scene. An unusually clear sky 

revealed Mars high in the southern sky alongside 

Jupiter, the Pleiades, Hyades and a crescent Moon 

– a picture postcard conjunction of celestial gems. 

Piggybacked on my reflector were my trusted 

Olympus OM2 and 28mm lens, loaded with 

Kodachrome 64 film. Capturing such an emotive 

scene would require frustratingly long exposures  

on the slow, high-resolution film. Little did  

I know then just how dramatically this  

scene would change with time.

 This was in the days before the internet and 

the digital revolution. There were no digital 

cameras, no mobile phones, no apps and no social 

media to warn me of what was about to unfold 

before my eyes. And so it just happened, without 

warning or anticipation. In an instant, the skies 

of southern England were lit up by the Northern 

Lights, transforming the night sky into a dazzling 

sight. The horizon was filled with intense auroral 

curtains, which spread higher and higher until  

the whole sky was alight with colour, from green  

to blue to intense reds. For over 90 minutes  

I watched one of the most amazing spectacles  

in nature from my parents’ garden. And all the 

while I kept my camera exposing for one minute, 

two minutes and so on, in the hope I would capture 

something of this once in a lifetime event.

How I wished I could have filmed the aurora and 

shared a video of my experience. I dreamed of being 

able to film what I saw in real time, but this was 

impossible in those days. Timelapse filming was 

possible, but just didn’t do it justice. 

Even with technology progressing at a relentless 

pace, I’d have to wait 25 years for my chance.

A dream comes true
Fast forward to 2014. It’s 8 January, 21:25 local time 

on a Wednesday night and I’m flying at 32,000ft, 

80km northeast of Tromsø, crammed inside an 

eight-seater twin engine aircraft packed full of 

broadcasting technology. I’m equipped with two 

video cameras and outside, to the east, an auroral 

arc has just appeared. The pilot banks round just  

in time to line up one of the cameras directly at  

the aurora, which to my delight and disbelief 

appears on my monitor – in glorious colour, in  

real time and as clear as can be! 
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ABOUT THE WRITER
Mark Payne-Gill is a BBC cameraman 
who caught the astrophotography bug 
aged 16. Specialising in techniques to 
film deep-sky objects, his work has 
featured regularly on Stargazing LIVE.
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This time, however, I am not alone. I’m sharing 

the experience and my video footage not only with 

TV presenter Liz Bonnin and The Sky at Night’s 

Pete Lawrence, but also an audience of three 

million Stargazing LIVE viewers, 2,250km away 

in the UK. Against all the odds, we have achieved 

a TV broadcasting first – the first live, real-time 

broadcast of the aurora. The excitement in the cabin 

was euphoric. Social media was going crazy, too, 

with reports that the magnetic storm causing the 

aurora over Tromsø could move further south  

and make the aurora visible over the UK.

A full 25 years after I was inspired to film and 

share what I saw in 1989, this was the moment 

I’d been waiting for – capturing the aurora as the 

naked eye would see it. But I can’t say that I’d ever 

expected it to happen at 32,000ft in front of a live 

BBC audience! So how was all this made possible? 

Testing, testing…
My journey to the Northern Lights began early 

in September 2013, when I received a call from 

Stargazing LIVE series producer Paul King, 

confirming plans to attempt to broadcast a live 

auroral display from Norway for the next series. 

Þ Above: Filming  
in front of EISCAT’s 
unusual four-section  
VHF radar antenna

Above right: Vertical 
antennas surround 
EISCAT’s facility. Here, 
scientists have the tools to 
heat up the ionosphere to 
produce artificial aurorae 
for research purposes

Right: The impressive 
32m UHF radar dish in 
Tromsø, the location for 
Stargazing LIVE’s first  
live aurora broadcast

With miraculous timing  
the clouds part and a  
beautiful aurora appears
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To add to the drama, the plan was to do this not 

just from the ground but also from a plane, which 

would enable us to get above any clouds. There was 

no doubt this was going be a complex operation 

with a high risk of failure, but it was also one that 

was well worth attempting, considering it had never 

been done before.

Good planning and preparation were crucial. 

Perhaps the most important part was testing 

suitable cameras, to see if exposing for an aurora 

in real time was possible. Along with the BBC’s 

camera department we came up with a shortlist 

of video cameras renowned for their high ISO 

sensitivity and good low-light performance. Our 

main contenders were the Canon C300, Canon 5D 

MkII DSLR and Sony NEX-FS700. All three are 

semi-professional video cameras with qualities that 

make them worthy of serious consideration. Crucial 

to their performance would be our lens choice: a set 

of Canon f/1.2 and f/1.4 fast prime lenses that allow 

maximum light to fall on the sensors.

Our test location, Basildon Park near Reading, 

offered us plenty of dark areas with good views 

of the night sky. Light pollution from nearby city 

lights also gave clouds some illumination, giving a 

useful guide for aurora exposure levels. If any of the 

cameras could record cloud detail at night, I knew 

we would be on the right track. 

As luck would have it, the weather provided both 

cloud cover and clear skies, giving ideal conditions. 

To begin with, cameras were set at their maximum 

ISO setting, shutters left open and lenses set to 

their maximum aperture. After hours of testing, 

scrutinising and discussing, it was the Sony  

NEX-FS700 that grabbed our attention in these real-

world conditions. Each camera easily exposed faint 

cloud cover in real time, and to my surprise many 

stars during clear spells, but the Sony had the edge.

Now what we needed was an auroral display to 

confirm we had the right tool for the job.

Dummy run
We hoped that a short trip to Tromsø in October 

would give us this opportunity. We filmed at the 

EISCAT (European Incoherent Scatter Scientific 

Association) research facility, which was to be our 

location for the first, ground-based episode of 

Stargazing LIVE. Scientists here create and study 

artificial aurora, high up in the ionosphere.

I soon discovered these were far too faint for 

our camera to record. However, despite poor solar 

wind conditions, luck was again on our side and 

late one night a faint but real aurora appeared over 

the Tromsø rooftops. Minutes later, with the video 

camera set up, a bright green aurora appeared in 

my viewfinder, subtly pulsing and shifting its way 

across the screen, changing shape and intensity in 

seconds. The colour changed from shimmering 

greens to subtle blues, which were beautifully 

recorded in real time. 

This was the ‘proof of concept’ that we needed, 

and despite heavy light pollution I continued 

filming bright shimmering arcs and rays, framing a 

city landscape with cars and people. I remembered 

how I struggled to capture the aurora all those years 

ago with exposures lasting minutes – now I could 

do it in a fraction of a second with a video camera! 

I was reassured that if a magnetic storm did appear 

on the night and weather allowed, we would get 

the footage we needed. Next, we had to prepare our 

auroral chasing plane and maximise our chances of 

achieving this from the air.

Our plane was a modified King Air light aircraft 

specialising in live broadcast events. Further 

modifications were needed to improve our camera’s 

chances of filming an aurora through one of the 

windows. We removed the perspex inner window to 

improve clarity. A low-power heater was installed 

just below this to prevent ice forming on the inside 

of the outer window, which would obscure the 

THE CAMERAS

w 
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h 
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The semi-professional video cameras we tested, 
and how they measured up

CANON C300
A DSLR/camcorder hybrid with a price tag 
of £12,000, the C300 is aimed at low-
budget documentary 
film-makers. The 
large sensor 
offered great low- 
light performance 
at ISO 20,000, 
but its pictures 
were deemed  
a little noisier  
than the Sony’s.

CANON EOS 
5D MKII
This £2,300 DSLR with video mode 
and good low-light capability was 
able to record constellations and 
subtle cloud detail at night. But its 
lack of professional input/output 
ports and the overlaid camera 
data on the pictures ruled it out 
for our broadcast needs.

SONY NEX-FS700
This high frame rate camera is costly 
at £6,000, but offered great low- 
light performance and the Speed 
Booster gave extended exposure 
and 0.7x focal reduction. At ISO 
16,000 it produced the brightest, 
cleanest pictures in our tests.

>
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camera’s view. Next, our NEX-FS700 aurora cam 

with a 35mm f/1.4 lens and tripod were ratcheted 

firmly to the floor, framed up and covered with 

a blackout tent to eliminate internal reflections. 

Finally, the cabin’s interior lights were covered with 

dark filters to keep ambient light to a minimum. 

The success of our quest now hinged on elements 

we couldn’t control: the weather and solar activity.

Going live
With no adverse weather forecast in the days 

before going live, relief turned to expectation and 

excitement as we took off into the cloudy skies 

above Tromsø for our first airborne broadcast. By 

coincidence, an X-class flare (the most powerful 

class) had been released by sunspot group AR1944 

the day before and was heading our way. The timing 

was hard to believe: its arrival at 20:00 UT would 

coincide with our broadcast the following evening! 

As it turned out, however, we didn’t need to wait. 

Right on cue as we flew high above the clouds at 

around 21:25 local time, with Stargazing LIVE on 

LIVE VS TIMELAPSE

How real-time footage of the aurora differs from timelapse views
Real-time and timelapse videos produce 
entirely different perspectives of an aurora. 
Until recently, the only way to film an aurora 
was by using long-exposure photography 
and combining the frames at 25fps to make a 
timelapse movie. The results of this technique 
can certainly be mesmerising, as several 
hours’ worth of activity can be condensed 

into seconds of playback. What might appear 
static to the casual eye turns into a hyperreal 
scene, with blazing colour and shifting 
patterns dancing and fidgeting along 
dynamic magnetic field lines. 

But although spectacular, timelapse 
footage gives a distorted view of reality.  
With today’s extended ISO ranges, many 

cameras can pick up the aurora using only 
1/50th second exposures, allowing real-time 
movies to be shot just as the naked eye would 
perceive. The result is more serene and 
mysterious but still dynamic, as over the 
course of a few seconds colours and patterns 
can gently shimmer and pulse across the  
sky in a far more emotive fashion. 

Þ Conventional timelapse films, such as this one, capture the splendour of the aurora but give a speeded-up view of real displays

Þ Above: The modified 
King Air turboprop plane 
used in our quest to make 
television history

Above right: The Sony 
NEX-FS700 was installed 
with the internal window 
removed and shielded 
to keep reflections away 
from the lens 

Right: Our ‘aurora cam’ 
as seen from outside 
the plane. Removing the 
internal polarising plastic 
window greatly enhanced 
the camera’s view
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air, a faint aurora appeared low in the east. With 

only minutes to go before we were due to go live, 

the plane had to bank round to put us on the right 

course for our TV signals to reach the satellite truck 

and place the glowing auroral arc in the field of view 

of our aurora cam. 

Liz and Pete were buzzing with excitement, as 

we all were, while the countdown began for Dara 

O’Briain to hand over to Liz from Jodrell Bank. 

After what seemed an eternity, Liz could finally 

and proudly announce to the studio and the three 

million viewers back home that we had an aurora 

visible outside the plane. Best of all, we could share 

the experience thanks to my live camera that was 

transmitting breathtaking footage in real time. This 

was TV history being made, and it went flawlessly. 

Even though the Sun was at its most active for 

many years, no one would have dared predict this 

outcome. Yet despite the odds stacked against us, we 

were able to share with millions of others the beauty 

of the Northern Lights – an outcome that would 

once have been beyond my wildest dreams.

Þ The aurora developed expanding bands as we filmed it with the NEX-FS700 camera and viewed it on our monitor inside the plane

S

Liz, Pete, Chris and myself, jubilant 
after recording our successful first live 
aurora broadcast from 32,000ft



A
top an extinct volcano, near the 

highest point in Mexico, sits a sizable 

new addition to the global astronomy 

community. After an almost two-

decade gestation period, the Large Millimeter 

Telescope (LMT) is set to redefine observations in 

its wavelength. Its results will tell us a lot about the 

cosmos, from the dimmest planetesimals to the 

most luminous galactic cores.

With its unique design and construction, and its 

prime location, the device takes its place among the 

world’s great scientific instruments. The innovative 

telescope is the largest in the world of its kind: a 

single-dish antenna observing radio waves in the 

range of one millimetre. As construction nears 

completion, the telescope is already beginning its 

programme of scientific research.

The construction process has been fraught with 

challenges and has cost over $100m (£59m). To 

build a 50m-diameter telescope on an untouched 

mountaintop has required unprecedented 

techniques. When the project took its first steps 

towards laying the foundation stone in 1998, the 

site lacked even a basic road – the only way 

get there was on the back of a mule.

One of the world’s biggest telescopes is taking 
shape in Mexico. Eagle Gamma investigatesABOUT THE WRITER

Eagle Gamma is a writer 
specialising in astronomy 
and astrophysics. In the 
course of his work he has 
visited most of the world’s  
leading observatories.

BIRTH OF A 

TELESCOPE
It took until 2006 to finish the civil engineering. 

Tests performed between 2007 and 2011 led up to 

the LMT’s first light. As science starts, expansion 

will bring the primary dish to its final size over 

the next two years, at which point the project will 

become a fully operational observatory.

A mountain to climb
Sitting atop Volcán Sierra Negra at an ear-popping 

altitude of 4,600m, the LMT is an impressive beast. 

Currently only the inner 32m is operational, yet 

placeholder panels fill out the full 50m diameter of 

the reflector dish. Driving in a 4x4 pickup along the 

steep, windy dirt road that climbs up the mountain, 

the telescope is readily apparent from far below, 

standing out against the bare rock of the volcano.

The surrounding hills sport many palm trees and 

agaves (the cactus-like plant from which tequila 

is made). Puebla, a beautiful mountainous state 

near Mexico City, is famous for its churches and 

food. Old stonework buildings dot the landscape. 

The LMT is visible for 
miles around, thanks  
to its location on top  
of an extinct volcano
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The route to the mountaintop intersects 

a smattering of life: horses, donkeys and 

dogs walk along the lone road; passing 

pickups carry hitchhikers.

Construction workers carry on with the 

completion of the telescope. According 

to David Hughes, the British director of 

the LMT, the challenges have included 

welding steel and pouring cement. “We 

had to build the cement plant at the site, 

and we needed to be able to make cement 

at 4,600m, with the low temperatures, the 

humidity issues, and the mix of bone-

dry days, snow and ice. The construction 

company had to develop a new formula  

to make cement that would set.”

A thorough investigation of the tough, 

basaltic rock also had to take place before 

drilling into it, adds project scientist 

Miguel Chávez: “It required a detailed 

analysis of the soil, because it’s an extinct 

volcano. Many of the drills broke when 

they were used.” During construction in 

this harsh environment, a truck and a 

tower crane also broke.

Primary concerns
The immense primary reflector has a 

metallic grey surface consisting of 180 

segments, arranged in five concentric 

rings. To create each panel, workers 

electroform high-precision sub-panels out 

of nickel, with a rhodium coating. The 

components rest on a complex system of 

stainless steel framing and aluminium 

plating. Even the secondary reflector is 

impressive, at 2.6m in diameter and with 

a 30-micrometre accuracy, and the device 

also has a tertiary reflector. The entire 

antenna weighs in at around 2,000 tonnes 

and rotates very smoothly on a rail track. 

Perched on top of the revolving base, the 

reflector itself tilts up and down to provide 

a comprehensive view of the sky.

The telescope has an active surface 

that can be adjusted in shape on a scale 

of micrometres, and this compensates 

for gravity and temperature. It uses 

holography to establish an ultra-precise 

surface. “If it was physically large, but had 

a bad surface, it would have been a waste 

of money,” notes Hughes. By comparing 

high-frequency wavefronts coming from 

a satellite against the same waves after 

Each reflector 
segment consists of a 
set of rhodium-coated 
nickel sub-panels

The primary reflector sits  
on a revolving base and  
can tilt up and down

The shape of the 
reflector can be 
adjusted at the 
micrometre scale

The LMT’s 50m 
primary reflector  
dish is made up 
of 180 segments

>



hitting the primary reflector, scientists 

can map the shape of the dish.

The LMT has already undertaken early 

observations, studying the formation of 

structure in the Universe to uncover troves 

of new galaxies. Seeing cold, dark, young 

objects, the telescope most importantly 

informs us about the early stages of the 

Universe’s evolution. The millimetre 

wavelength also offers a way to penetrate 

cosmic dust, revealing how the Universe 

constructs 

itself. By 

peering into 

the depths of 

the cosmos, 

the LMT 

can see the 

beginnings 

of planets 

and stars (see 

‘Across the 

Universe’, 

opposite).

The 

instrument 

combines its 

great size, 

sensitivity 

EXPERT INTERVIEW 

Dr David Hughes is the British director of the Large 
Millimeter Telescope, and its principal investigator in Mexico

When David Hughes 
first visited the site of 
the LMT there was 
nothing there. “I came 
to Mexico in 1999, 
for this project. And 
at that point they 
were starting to level 
the site and put in the 
foundations.” Hughes 

converses fluently in English and Spanish, 
explaining that the main science case driving 
the LMT involves distant, high-redshift 
galaxies. “That’s the contribution I’ve made 
personally, the detection of the sub-millimetre 
galaxy population.”

Between Mexicans looking for a telescope 
and Americans looking for a location, Hughes 
sees the joint LMT as an ideal arrangement. 
“This is where I’d say it was the best decision. 
The LMT is a unique facility. There’s no one 
planning a bigger single-dish telescope, and 
it doesn’t cost you a billion Euros, in contrast 
with other new instruments.”

In describing the world-class facility, 
Hughes points out a feature of how light 

travels between stars and observers. “The 
really cool thing is you get a benefit in 
detecting distant galaxies, due to something 
called ‘negative K correction’. If I have a light 
bulb, intuitively you know that this light bulb 
gets fainter as I walk away. However, in 
millimetre wavelengths, that’s not the case.

“Looking back through time, there comes a 
point where the Universe is half its size. From 
that point and further back, objects have 
roughly the same brightness in the millimetre 
wavelength. It’s a combination of the shape of 
the spectrum and the geometry of the 
Universe.” Hughes draws a quick sketch, 
warning that the effect “is pretty outrageous”.

Why innovate? “We’ve always looked up 
and tried to understand why we’re here; what 
is the Universe around us? It’s part of being 
human, asking these questions. Astronomy, 
and building big telescopes that let you 
understand the Universe, has enormous value. 
Imagine if we didn’t understand the Sun, the 
Moon, the planets, the stars, our Galaxy.” 

Hughes acknowledges the value of 
technological spin-offs. “But for me, I think 
what’s most important is the human part of it.”

and speed with an excellent location. 

Among the many scientific benefits, the 

device will provide a thorough map of the 

cosmic microwave background, which 

radiates at the millimetre wavelength. 

Very high mapping speeds enable surveys 

of massive volumes of space, revealing 

structure.

“That’s where the LMT comes in,” says 

Hughes. “You can detect not hundreds, but 

tens of thousands, hundreds of thousands, 

millions of 

galaxies, 

allowing three-

dimensional 

statistics. And 

that’s what 

makes the LMT 

an exciting 

experiment.”

The bent 

Cassegrain 

telescope 

employs 

a range of 

custom 

instruments, 

including a 

camera and 

< The LMT’s high altitude and remote location made construction tricky; a new type  
of cement that would set at wildly varying temperatures had to be developed

Þ First light results from the LMT, showing a spectrogram  
of emissions from the Cigar Galaxy, M82

>
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a spectrometer, to measure the location 

and intensity of incoming radiation. 

Scientific instruments play as important a 

role as the dish itself. Chávez believes that 

even the initial configuration can make 

discoveries. “With its 32m antenna and its 

sensitive continuum camera, AzTEC, or 

the Redshift Search Receiver spectrometer, 

we should be able to observe what no one 

else has been able to.”

SEQUOIA, a high-resolution, 

cryogenically frozen component, will 

be the third instrument. It can pick out 

the molecular content of objects within 

the Solar System and elsewhere in the 

Milky Way. SPEED, another tool under 

development, improves the camera 

capabilities and enables it to record at four 

different frequencies simultaneously. An 

arsenal of additional receivers and cameras 

will come online later.

The LMT has another trick up its sleeve. 

Not only does it function as the most 

distinguished single-dish millimetre 

telescope currently in existence, it can 

also team up with other millimetre 

observatories around the world to 

form a unique interferometric array. 

Together with telescopes and smaller 

interferometers in Hawaii, the mainland 

United States, Chile, Europe, East Asia, 

Greenland and Antarctica, the Earth-sized 

Event Horizon Telescope (EHT) stretches 

over many thousands of kilometres. 

Hughes points out the huge advantage 

of such a system: “You’re talking about 

200,000 times the resolution of the LMT.” 

This monster telescope will look at the 

supermassive black hole at the heart of 

each target galaxy, including our own 

Milky Way.

After testing the Very-Long Baseline 

Interferometry (VLBI) setup last summer, 

the interferometer began making scientific 

observations in April 2014. This autumn, 

it will start to focus at a higher frequency 

and increased resolution, looking for the 

very first time at the digestive process 

of our own Galaxy’s central black hole, 

watching it swallow the giant molecular 

cloud known as G2.

ACROSS THE UNIVERSE

LARGE MILLIMETER TELESCOPE JULY 71         

The Large Millimeter Telescope primarily investigates structure in the Universe. But it will 
also contribute to other areas of astronomy, from the Solar System to exoplanets

PLANETESIMALS
Planetesimals, small leftover 
chunks from the early period of 
planetary formation, surround 
many stars including our own 
Sun. The LMT can identify 
planetesimals and other cold, dim 
bodies clearly. It will survey our 
Solar System, discovering and 
analysing planetesimals and 
comets, and giving new views  
of the structure and surface 
composition of asteroids. It could 
even shed light on the Oort cloud, 
which has never been observed. 

INTERSTELLAR DUST
Large clouds of interstellar dust 
form the nests where stars are 
born. The cold dust, at mere tens 
of degrees Kelvin, emits 
millimetre radiation, ideal for the 
LMT. Clouds also scatter visible 
light, because the dust particles 
measure a micrometre or less, as 
do optical wavelengths. While 
observing star formation through 
the interstellar dust, the Large 
Millimeter Telescope can 
determine how and where the 
dust resides.

EXOPLANETARY DISCS
Planets form in a spinning disc  
of gas and dust surrounding a 
young host star. As the dust 
clumps together it attracts more 
material, clearing out paths 
through the cloud as the 
accumulations become 
planetesimals and, eventually, 
planets. The LMT can reveal the 
presence of such new exoplanets, 
Hughes says. “We’re detecting 
the earlier stage, as they start  
to sweep up dust and gas, and 
start to form planets.”

ACTIVE GALACTIC NUCLEI
At a larger scale, the LMT will 
observe active galactic nuclei to 
understand how the black holes 
at the centres of galaxies feed on 
their hosts. Observing their 
evolution and environments could 
reveal how these black holes help 
convert material into stars. Here, 
even gravity could have some 
surprises in store. Predictions 
describe how such a black hole 
would behave, says Hughes, but 
“now we can image it, so we can 
test those models.”
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O
rion is gone from the night sky 

and it’s time for me to take my 

next step towards becoming a 

competent stargazer in just a 

year. My quest for a good grounding in 

visual astronomy is well underway, and  

I take my binoculars everywhere. But the 

heavens are changing faster than I can 

find clear skies. The constellations rise 

only about four minutes earlier each day, 

but a week of cloud – not exactly rare in 

Wales – can often put me behind schedule. 

Thankfully, when the skies do clear, 

the Plough is always visible to help me  

get started. I use it to find Polaris, then 

follow the curve of its handle to find  

two more bright stars in the western  

sky: ‘arc to Arcturus, spike to Spica’.  

That handy mnemonic will lead me 

straight to both Mars and Saturn.  

Even Jupiter is visible just after sunset.  

So with my Go-To 4-inch refractor set  

up, it’s time to get my first close-up  

view of a planet. 

Six months into his mission, Jamie Carter gets to grips with 
his new telescope and is enchanted by what he finds

A YEAR TO LEARN ASTRONOMY 

After finally buying myself a 
telescope, I found there was a 
whole new world of night-sky 
treasures to explore

PART 2

CONTINUED 

FROM ISSUE 104
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The purchase of my first telescope  

in June coincides with good viewing  

for Saturn, and I spend much  

of the month lining the Ringed  

Planet in the 25mm and 9mm  

eyepieces that came with it. At first  

I leave the telescope in manual  

mode, using the handset to control  

the motor and the red laser finder  

to locate objects. 

When I have Saturn in the  

eyepiece, it hits me – is there any  

more beautiful sight? It’s so bright  

and I can clearly see the rings. It proves 

almost irresistible, but there’s a whole  

Universe out there. 

I get a great lesson in what’s possible 

with and without equipment. If I look  

in the middle of the handle of the  

Plough, I can see a pair of stars, Alcor  

(80 Ursae Majoris) and Mizar (Zeta  

Ursae Majoris). With my scope pointed  

at Mizar, I discover that it too turns  

out to have a companion star. There  

THE DELTA AQUARIIDS
Peaking in the early hours of 29 July 
is the Delta Aquariid meteor shower.  
It has a zentihal hourly rate of 15-20 
meteors per hour.

THE SUMMER TRIANGLE
The bright stars Vega (Alpha Lyrae), Altair
(Alpha Aquilae) and Deneb (Alpha Cygni) 
make up the Summer Triangle. Use 
binoculars to find the well-named but 
inverted Coathanger asterism within it. 

COMA BERENICES X
As Leo sets in the west, the constellation  
of Coma Berenices lies to its upper left.
Within it lies the mag. +9.3 Black Eye 
Galaxy, M64. It can be glimpsed with  
a minimum 4-inch telescope.

Getting to 
know my 
telescope 

are many double stars to  

find in the night sky, but  

if a planet is up, that’s what  

my telescope is pointed  

at first. 

I eventually learn how  

to align the telescope with 

magnetic north so that  

it can give me a ‘night’s  

best’ audio guided tour. 

However, the positioning  

is not always accurate, and  

in frustration I often find  

myself reaching for my  

technology-free pair of  

10x50 binoculars. 

Þ With a scope, you can reduce the effects  
of light pollution by using an eyepiece filter

Þ I use the 25mm eyepiece to locate an object, 
then swap to the 9mm for a closer look

CELESTIAL SIGHTS JULY
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There’s no better month to stargaze.  

I’m now waiting for about two hours 

after sunset for the darkest skies,  

and going out in a light jacket. I’m 

quickly getting to know the Summer 

Triangle – it’s the first thing I look for 

when I go outside at night – and I get  

an even better view of it while on a 

family holiday in Tenerife. As it is at  

28° latitude rather than Cardiff’s 51°, 

there are constellations and objects on 

SEPTEMBER
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Þ The Plough from Tenerife – there’s so 
much to see around it

AUGUST
;PWZ\�[]UUMZ�
VQOP\[�IVL�\PM�
Milky Way  
This month sees the start of my obsession 

with the famed Summer Triangle, an 

asterism – not a constellation – that’s high 

overhead all season long. From my back 

garden I can clearly see its three bright 

stars: Altair in Aquila, Vega in Lyra and 

Deneb in Cygnus. With my telescope, I 

manage to split both the ‘double double’ 

Epsilon Lyrae and the double star 

Albireo at the head of Cygnus. 

I go camping in the Gower Peninsula 

in Wales, and by 2am the Milky Way  

is streaming through the Summer 

Triangle and the Perseid meteor 

shower is in full swing. I count 30  

of them, then go to bed. 

This month I also make a red 

cellophane cover for my smartphone. 

My stargazing apps StarWalk and  

Sky Safari already have red light 

modes, but while observing I’ve  

also got into the habit of listening  

to podcasts like AstronomyCast and 

Ian Morrison’s excellent monthly 

Night Sky Jodcast. They’re both great 

company – and now I can listen  

to them on my phone without 

damaging my night vision. 

Þ Some red cellophane and a waterproof 
phone case do the job for camping

< Warm 
nights outside 
demand 
company, and 
Turn Left At 
Orion is an 
eye-opener

CELESTIAL SIGHTS  

AUGUST

S THE BEEHIVE CLUSTER
Venus and Jupiter are a quarter of a 
degree apart in the eastern pre-dawn 
sky. With binoculars, you should be able
to find the mag. +3.7 Beehive Cluster, 
M44, nearby.

THE PERSEIDS
One of the year’s best meteor showers, the 
Perseids, peaks on 12-13 August. It has a
zenithal hourly rate of 60 meteors per
hour, though the Moon will interfere. 

NEPTUNE
Neptune reaches opposition, and so  
is at its brightest, on 29 August. To see 
this distant planet at its best you’ll need  
a large telescope. 

CELESTIAL SIGHTS  

SEPTEMBER

S MARS AND SATURN
This is your last chance to point your 
telescope at Mars and Saturn this year, 
which are in Libra just after sunset. A 
4-inch telescope will resolve Saturn’s rings. 

THE DOUBLE DOUBLE
Just to the northeast of Vega (Alpha Lyrae)
in Lyra is the famous ‘double double’,
Epsilon Lyrae. See if you can split 
Epsilon1 and Epsilon2 with binoculars.

THE MILKY WAY
Find the Summer Triangle and look down 
to the southern horizon; you’re looking in 
the direction of Sagittarius A*, the black 
hole at the centre of the Milky Way. 
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the southern horizon I’ve not seen 

before.  Seeing the likes of the Butterfly 

Cluster and Ptolemy’s Cluster through 

binoculars is worth the trip. It helps  

me appreciate what this month’s 

equinox means, and realise that we 

don’t all see the same sky in either  

angle or clarity. I take a picture of the 

Plough in the dark skies of Tenerife,  

and then one from my back garden in 

Cardiff. Spot the difference! >
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þ Light pollution measures 71 per cent in 
Cardiff, but the Plough is easily visible



Since reading that the Earth-

like exoplanets discovered by 

the Kepler space telescope are 

in the constellation of Lyra, I’m 

getting increasingly interested 

in deep-sky observing, the 

third layer of the night sky 

after naked eye stars and 

binocular astronomy. 

Obviously I won’t ever be able 

to see the exoplanets, but it’s 

on my to-do list to hunt down deep-sky 

objects like the Beehive Cluster in 

Cancer, the Orion Nebula and the 

Andromeda Galaxy. I feel like I’m now 

stargazing on a new level. 

To double the magnification of my 

scope I buy a Barlow lens and – after 

many attempts lining up my telescope 

– get a fabulous close-up of the Orion 

Nebula with my 9mm eyepiece. Before 

long I’m using it on Jupiter, and at last I 

get to see the Great Red Spot. 

Probing deep-sky objects isn’t what 

my equipment is good at, but even a 

NOVEMBER
Deep sky 

þ Winter favourites Orion and Taurus  
are back in the night sky this month

Þ A Barlow lens effectively doubles a scope’s 
focal length, but the image is less bright 

OCTOBER
)�[\IZOIbQVO�OI\PMZQVO�
It’s getting dark earlier, but an unexpected 

week of clear skies is hampered by a full 

Moon as well as light pollution. I want to 

find a place closer to home that’s reliably 

dark, so I get in touch with my local 

astronomy group in Cardiff and go along 

to a star party in the grounds of a nearby 

stately home where several telescopes 

– including Dobsonians and reflectors, 

which I’ve not used before – are set up and 

pointed at Jupiter. It’s perhaps a measure 

of my progress that I want to look at more 

obscure objects, but then the Orion 

Nebula rises over the trees and I get to 

use some 15x70 binoculars for the first 

time. I’m surprised how easy they are to 

hold steady – and how great the Pleiades 

in Taurus looks through them – but I 

decide to stick with my 10x50s for now. 

That is, until I’m shown the difference 

that paying an extra few quid makes. A 

week later I’m £100 lighter but enjoying 

the extra clarity of a new pair of 

binoculars with much better optics.

þ I found 15x70 binoculars surprisingly 
steady, but 10x50s are far more portable CELESTIAL SIGHTS  

OCTOBER

S THE ANDROMEDA GALAXY
The Great Square of Pegasus is in the south
at 11pm mid-month. Look for Alpheratz 
(Alpha Andromedae), the square’s top- 
left star; follow the constellation to Mirach 
(Beta Andromedae) and then range upward 
to a fuzzy patch: the Andromeda Galaxy.

THE ORIONIDS
The new Moon coincides with the peak 
of the Orionids shower on the morning of 
22 October, with a zenithal hourly rate 
of 20 meteors per hour.

THE DOUBLE CLUSTER
Between Ruchbah (Delta Cassiopeiae)
and Eta Persei lies the fabulous Double 
Cluster, NGC 869 and NGC 884. A
6-inch telescope will resolve them.

CELESTIAL SIGHTS  

NOVEMBER

S THE CRAB NEBULA
The Crab Nebula, M1, is the remannt of 
a supernova that was observed in 1054. 
At least a 10-inch telescope is needed to
resolve its crab-like shape.

THE WINTER HEXAGON
Six bright stars make up the Winter
Hexagon – Pollux (Beta Geminorum), 
Procyon (Alpha Canis Minoris), Sirius 
(Alpha Canis Majoris), Rigel (Beta 
Orionis), Aldebaran (Alpha Tauri) and 
Capella (Alpha Aurigae).

ORION’S BELT
Use binoculars to find an S-shape of stars 
between Mintaka (Delta Orionis) and 
Alnilam (Epsilon Orionis) in Orion’s Belt.

glimpse of these celestial gems opens up 

the night sky for me. It’s cold, though 

– I’m learning that gloves and extra 

socks are stargazing essentials in winter. 

skyatnightmagazine.com 2014
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þ The full Moon renders a rare week of 
clear skies useless for stargazing – typical! 

http://skyatnightmagazine.com
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DECEMBER

Despite the cold, this month I experiment 

with astrophotography on a simple level, 

capturing Venus just after sunset – and 

then the Moon, just by positioning a 

smartphone over my telescope’s eyepiece! 

THE GEMINIDS X
Clear your diary for my annual highlight,
the Geminids, which can produce over  
100 meteors an hour at peak, which this 
year is 13-14 December.

AURIGAN CLUSTERS
Find bright star Capella (Alpha Aurigae) 
in Auriga, then scan with binoculars to the 
centre of the constellation to find a line of 
three open clusters running south. These 
are M38, M36 and M37.

THE FLAME NEBULA
A 6-inch telescope and patience will  
be needed to observe the Flame Nebula, 
NGC 2024. Find it near Alnitak (Zeta 
Orionis), the most easterly star in  
Orion’s Belt.

First orbit complete 
As the annual 

Geminids meteor 

shower gets underway, 

there’s a very bright 

Moon peeking through  

heavy cloud. A complete 

wash-out? Almost, but I get 

home late on a Friday night  

to a clear sky and a sinking 

Moon, and am fortunate 

enough to see six shooting 

stars inside just a few minutes. 

It’s the year’s final reminder of 

the night sky’s intoxicating 

combination of predictability 

and utter randomness.

Some things are getting too 

predictable. I’m getting 

increasingly annoyed, for 

instance, that every time I use 

my telescope the batteries in 

my red laser finder are flat – I always forget 

to switch it off. On the advice of a more 

experienced amateur astronomer at 

October’s star party, on my to-do list for 

next year is to find a proper finderscope  

– one that is effectively a mini-telescope. 

However, I’ve no plans to upgrade the 

actual telescope itself yet. There’s no great 

Þ Venus shines over Cardiff Bay just after sunset

CELESTIAL SIGHTS DECEMBER

S

ABOUT THE WRITER
Jamie Carter is usually 
a tech and travel writer. 
He’s a veteran aurora 
hunter and eclipse chaser, 
but a novice when it 
comes to star hopping.
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rush: astronomy can be expensive and  

for now I’d rather spend the money on 

trips to places with clearer skies.

A year isn’t very long, but I’ve learned  

so much about the night sky. Getting to 

know the constellations, double stars, 

beautiful clusters and distant nebulae  

has been a real adventure, but the best  

part was finally getting a fix on celestial 

mechanics, and the seasonal rhythms  

of the sky.

I’ve also learned that a stargazer’s best 

friends aren’t telescopes or binoculars,  

but warm feet and clear skies.

Þ I used a smartphone to get this image 
through a telescope eyepiece

http://skyatnightmagazine.com
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Collimating a Newtonian telescope
With Martin Lewis

See sharper stars by realigning your Newtonian’s mirrors with this simple technique

Brush up on your 
astronomy prowess with 
our team of experts

F
or a Newtonian reflector to give 

you the best star shapes and 

clearest planetary detail, its 

optical parts need to be kept in 

good alignment. But due to the loose way 

in which their mirrors are often held, 

Newtonians can go out of alignment quite 

easily when compared to more robust designs 

such as refractors, especially if moved 

around at lot. The process of realigning 

the optics is called collimation – a simple 

task once you understand the principles.

When a Newtonian is at focus, there is a 

circular region where stars appear small 

and round, and resolution is only limited 

by the diffraction of the optics. As you move 

outside this sweet spot, an optical aberration 

called coma takes effect, causing stars to 

appear larger and distorted into V shapes. 

In a miscollimated telescope, stars at the 

centre of the view will be affected by coma, 

which causes image resolution to fall off 

dramatically. Collimation just means 

moving the sweet spot back to the middle 

of the view – you are then looking at the 

coma-free region again. The diameter of 

this coma-free region is dependent on the 

focal ratio of the telescope, not its size. For 

an f/6 scope it is 4.8mm across, but for an 

f/4.5 scope it is a tiny 2mm wide. With 

such a small coma-free area in the first 

place, it is vital that your scope is well 

collimated. For an f/8 scope the sweet spot 

is 30x larger, being 11mm across; even 

approximate collimation will give 

coma-free images at the middle 

of the field on such a scope.

First steps
Before collimating your 

scope you first need to 

check that the 

secondary mirror is 

correctly positioned;  

it should be directly 

opposite the focuser. This is 

easiest to do in the daytime. 

You’ll need a sighting tube, comprised 

of a short piece of 1.25-inch tubing with 

an end cap that has a small peephole 

drilled in its centre, and some idea of 

where the main mirror brings the view to 

focus – you can determine this at night 

using a piece of tracing paper, held where 

you would put the eyepiece, and focusing 

on the Moon. The tracing paper acts as a 

projection screen, allowing you to easily see 

the image from the back. This is useful in 

case it’s difficult to see the image from the 

front or the focuser tube blocks the view. 

The Guide

SKILLS 78
81
85
87

THE GUIDE
HOW TO
SKETCHING
SCOPE DOCTOR

Þ This Newtonian is in need of collimation – its 
coma-free sweet spot is notably off-centre

Þ In a properly collimated Newtonian the 
sweet spot occupies the centre of the view

http://skyatnightmagazine.com
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To check the correct placement of the 

secondary mirror, put the 1.25-inch tube 

in the focuser so that the cap is at the 

main mirror’s focus position. Look at the 

secondary mirror through the peephole. 

The edges of circular-looking secondary 

should be concentric with the bottom end 

of your sighting tube. Move the secondary 

up or down until it is concentric and lock 

it off. Note that if you don’t do this check 

with your eye at the main mirror’s focus, 

the secondary mirror placement you end 

up with will be incorrect.

Actually collimating the scope involves 

two tasks performed with another tool, a 

combined sight tube and Cheshire eyepiece 

(see box) placed in the focuser – this time 

there’s no need for it to be at the focus 

position. First, adjust the secondary mirror 

so you are looking directly at the centre 

spot (or centre ring) on your main mirror; 

second, adjust the mirror so that it is 

looking right back at you – you will see the 

reflection of your own eye centred too.

For the first part, look for the image of 

the centre spot or centre ring on the main 

mirror. Once you have found it, move the 

secondary mirror using its adjustment 

screws, until the image of the centre spot is 

exactly under the middle of the crosswires 

S

COLLIMATION TOOLS OF THE TRADE
Laser collimators are probably the most 
popular tools for collimating Newtonians, 
but these suffer from a number of 
weaknesses, including an unnecessary 
dependence on the focuser being exactly 
square-on to the telescope tube. They are 
also very dependent on the difficult task 
of judging if the laser beam hits the exact 
centre of the primary mirror. A better 
device exists which is simpler to use and 
more accurate: the combined sight tube 
and Cheshire eyepiece. 

This useful tool has small peephole  
at one end to keep your eye centred  
and a crosswire at the other end to aid  
in adjusting your secondary mirror.  
The Cheshire eyepiece section is just a 
diagonal polished face with the peephole 
drilled through it. A torch shone in the 
side illuminates the diagonal and allows 
you to clearly see the image of the 
peephole reflected in the main mirrors. 
This helps in adjusting the primary mirror 
position – the final stage of collimation.

of the collimating tool. Twist the whole 

mirror on its stalk if necessary. Lightly 

lock it off in this position.

Next look around for the image of the 

peephole you are looking through – it will 

look like a dark spot. When you find it, 

reposition the primary mirror using its 

adjustment screws until the image lies 

right over the mirror’s centre spot or ring 

and lock it off. If you moved the primary  

a large amount you may need to recheck  

the first step again, but otherwise your 

scope is collimated.

Martin Lewis is a keen astronomer

Þ The view down a miscollimated Newtonian 
reflector through a Cheshire eyepiece

Þ Secondary aligned – note that the primary 
mirror’s ring is in line with the crosswires

Þ Once the peephole is centred within the ring 
of the primary, the Newtonian is collimated

Þ Laser collimators (above) are 
popular but fiddly to use, which is 
why we opted for a combined sight 
tube and Cheshire eyepiece (top)

Secondary 
support vanes

Secondary 
mirror  

silhouette

Collimation  
tube crosswires

Collimation tube 
peephole

Pirmary mirror 
centre ring

http://skyatnightmagazine.com
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I
n June’s issue we explained how to 

make a simple aerial capable of 

picking up the radio signals reflected 

by meteor trails, signals that allow you 

to monitor meteor activity during daytime 

or under cloudy night skies. This month 

we’re going to cover setting up a receiver 

and the software you need to record and 

observe this meteor activity.

We will be using reflections of the signal 

from the GRAVES radar transmitter near 

How to

Aerial built, we explain how to capture and interpret meteor data
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Dijon in France, which operates at a frequency 

of 143.05MHz. Any receiver that covers this 

frequency, has a setting for single sideband 

(SSB) operation and an audio output 

should be suitable. Many observers use 

secondhand receivers such as the ICOM 

PCR1000, which regularly appear on eBay. 

Here we’re using the versatile FUNcube 

Dongle Pro Plus, which plugs into a 

computer USB socket and can be used for 

a range of radio astronomy applications.

Use radio signals to catch meteors
With Paul Hyde

TOOLS AND 

MATERIALS
CABLES
A 1-2m USB extension lead to  
keep the receiver away from  
local interference generated by  
your computer.

DOWNLOADABLE CONTENT
Three software configuration files are 
available from our website at www.
skyatnightmagazine.com/cd/config.zip; 
you’ll also find extra guides on using 
these files and about meteor scatter  
in general on the coverdisc.

HARDWARE
A 1.6GHz or faster computer  
running Windows XP, 7 or 8, with 
1GB of available RAM; a FUNcube 
Dongle Pro Plus receiver, available 
from www.funcubedongle.com  
or specialist retailers.

SOFTWARE
The FCD+ Frequency Control 
Program, available from www.
funcubedongle.com/?page_id=1225; 
and Spectrum Lab, available from 
www.qsl.net/dl4yhf/spectra1.html.

PART 2

Þ Spectrum Lab can also present the meteor-reflected radio signals in three dimensions

Þ Radio signals can track more than just meteors – this trail shows the ISS passing overhead

Use a USB extension lead between the 

computer and the receiver and place the 

receiver well away from the local noise 

generated by the computer. The computer 

should recognise and install the device 

without the need for any software drivers. 

Then connect the aerial we made last month, 

but don’t over-tighten the connection to the 

receiver’s SMA socket and make sure that 

the cable doesn’t put any mechanical stress 

on the socket. You can buy a ready-made 

aerial cable from W H Westlake Electronics 

or a kit of cable and adaptors from Maplins.

The right software
You’ll also need to download and install 

two freeware software applications: FCD+ 

Frequency Control Program and Spectrum 

Lab – see the Tools and Materials box for links. >

HOW TO JULY 81

http://www.skyatnightmagazine.com/cd/config.zip
http://www.skyatnightmagazine.com/cd/config.zip
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http://www.funcubedongle.com/?page_id=1225
http://www.qsl.net/dl4yhf/spectra1.html
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STEP 1
Run the FUNcube control program – you 
should see a ‘Success, FCD found’ message. 
Enter the frequency of your nearest FM 
radio transmitter in kilohertz (1,000 times 
the published value in megahertz) and click 
on the ‘Set frequency’ button.

STEP 2
In Spectrum Lab, click ‘File’ and ‘Load 
settings from…’ in the top toolbar to load the 
FMradio_v1.usr configuration file included 
on our website. Use the Start/Stop option  
to ‘Start sound thread‘ so that it starts to 
analyse the signal coming from the receiver.

STEP 3
Once the configuration has loaded you should 
see the FM signal appear on the waterfall 
display. The screenshot shows the different 
appearances of music and speech. You can 
adjust the brightness and contrast using the 
‘Colour Palette’ slide bars on the left.

STEP 4
Load the MetScat_starter_v1.usr configuration 
file from our website and start the sound 
thread. Enter 143,048kHz into the receiver 
control panel and click on ‘Set frequency’. 
Any meteor pings will be audible and will 
appear in the waterfall display.

STEP 5
Test everything is working by starting and 
stopping the ‘Signal Generator’ to produce 
an artificial meteor ping. Each event should 
be labelled at the end of the ping and a 
new record added to the event log file 
saved in the Spectrum Lab directory. 

STEP 6
You’re now ready to observe meteors. For a 
more detailed investigation of meteor trails, 
load the MetScat_detail_v1.usr configuration 
file from our website. This uses a fast horizontal 
screen scroll and a smaller frequency 
range to maximise the information recorded.

STEP-BY-STEP GUIDE
The first allows you to tune the receiver 

to different frequencies; the second displays 

the reflected signals, as well as automatically 

detecting events, and capturing data and 

screen images for later viewing. 

Spectrum Lab works with Windows XP, 7 

and 8, but not Vista. The default directory 

may vary depending upon which version of 

Windows you use. It is a versatile application, 

but this versatility does make it complex to 

set up. The simplest approach is to use one 

of the configuration files available from 

www.skyatnightmagazine.com/cd/config.zip. 

On the coverdisc you’ll also find information 

on how to customise the configuration and 

more about observing meteor scatter.

Once everything is installed, check the 

software is working correctly by looking 

for a local FM stereo signal – find your 

nearest at http://tx.mb21.co.uk/mapsys/fm. 

If successful, you can start searching for 

meteor echoes by looking close to the 

frequency of the GRAVES radar system. 

Ping and you’re winning
As the radar signal is unmodulated (there 

is no sound on it) you will need to tune to 

slightly below the GRAVES frequency  

(eg 143,048kHz) so that meteor reflections 

produce an audible ‘ping’. Remember that 

sporadic meteors are most common during 

the early hours of the morning and least 

common in the late afternoon and evening, 

due to Earth’s orbital motion.

You should also see the reflected signal 

appear in the scrolling ‘waterfall’ window. 

This shows the range of frequencies 

contained in the signal, created by the Doppler 

shift imparted to it by the moving plasma 

trail. A signal at 2kHz (remember, you tuned 

the receiver to 143,048kHz to produce an 

audible tone) comes from plasma that is 

stationary in line of sight terms. Higher 

frequencies come from plasma moving 

towards you, and lower frequencies from 

plasma moving away from you. In the 

longer echoes you can see how the meteor 

trail evolves and dissipates with time.

The configuration files will save screen 

images of individual meteor events in the 

default directory. They will also save a 

daily ‘comma separated’ text file listing the 

time, duration, strength and maximum 

frequency of each captured event. You can 

use a spreadsheet application to analyse 

this as needed, for example to look at 

activity profiles, the variability in echo 

duration, or the way that the maximum 

frequency varies through the day.

Paul Hyde is the coordinator of the  
BAA’s radio astronomy groupA
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Radio 1; music

Meteor

Signal generator on/off 18 seconds

100Hz = 50m/s

Radio 4; speech
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What are the deadliest animals?  

How high are the tallest skyscrapers?  

Which inventors were killed by their  

own creations? 

From the biggest and highest to the 

strongest and hottest, the extremes of 

life as we know it are revealed by The Big 

Book Of Top 10s. 

This 116-page special edition by 

the makers of BBC Focus Magazine 

explores science, technology, space, the 

animal world, evolution, history and more 

to explain how our planet works. 
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The Earth is an amazing place: compare 
its longest rivers and highest mountains
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The Blinking Nebula
With Carol Lakomiak

P
lanetary nebula NGC 6826  

was discovered by William 

Herschel in September 1793.  

To find it you’ll need to locate 

the mag. +2.9 star Delta Cygni. Look  

5.5º north of the star and you’ll find the 

nebula, which is bright even at low 

magnification. Seeing it in a dark sky 

should be fairly easy – just look for a 

satiny, bluish-green, out-of-focus star.  

If your sky is light-polluted, an OIII or 

ultra high contrast filter will make NGC 

6826 stand out against the star field. You 

won’t need a filter under a dark sky, but  

it can be used to enhance the appearance 

of the nebula nonetheless. 

When you use averted vision the nebula 

is plain to see, but when you look directly 

at it the mag. +10.4 central star obscures 

the nebulosity and NGC 6826 as a whole 

appears to vanish, hence the nickname 

‘Blinking Planetary’. This blinking 

phenomenon isn’t unique to NGC 6826; 

many other small, bright planetary 

nebulae exhibit the same behaviour. 

NGC 6826 responds well to magnification, 

so don’t be afraid to increase the power 

when studying the object prior to making 

your sketch. The amount of detail and 

structure you detect will vary, so don’t 

worry if you can’t see what’s shown here. 

The important thing is to sketch what 

you can see as accurately as possible. 

Since you’ll be sketching with black 

graphite on white paper, the image you 

draw will be a negative one. This means 

that the brighter an object appears in the 

eyepiece, the darker you’ll need to draw it 

in your sketch. When drawing the stars, 

you’ll also need to draw them different 

sizes in order to indicate the variety of 

magnitudes. Brighter stars are always 

drawn the largest, the rest being drawn 

smaller as they get fainter.  

When drawing the outer shell of the 

nebula, use small circular motions with a 

blending stump – a tightly rolled piece of 

paper that’s held and used like a pencil, 

and creates a soft, smoky effect by pushing 

graphite into the texture of your sketch 

paper. Decrease the pressure as you move 

outwards to give the nebula a faded edge 

rather than a sharp one. 

To make your sketch look more 

realistic, scan it or take a photo of it using 

a digital camera, then use a photo editing 

program to convert it to a negative image. 

Carol Lakomiak is BBC Sky at Night 
Magazine’s sketching expert

STEP 1

Place the nebula in the middle of your eyepiece. 
With a B pencil, mark its location with a small 
but easily seen dot. Then begin to add the stars 
as accurately as possible. Draw the brightest 
stars large and dark; draw the dimmer stars 
progressively smaller and fainter. 

NAME: The Blinking  
Nebula; NGC 6826

TYPE OF OBJECT:  
Planetary nebula

CONSTELLATION:  
Cygnus

RA: 19h 44m

DEC: +50° 31’

EQUIPMENT:  

8-inch reflector; B and 2H 
pencils; blending stump; OIII 
or ultra high contrast filter

BEST TIME TO SKETCH:  

21-31 July, midnight to 02:00 
BST (23:00 to 01:00 UT)

FIELD OF VIEW SHOWN:  

12.5 arcminutes; 240x magnification

STEP 2

Populate the star field with a 2H pencil – some 
of the stars are quite faint, so be sure to use 
averted vision. Notice how some of the fainter 
stars form shapes with stars drawn in Step 1. 
Use these shapes to help you to place the 
fainter stars accurately.

STEP 3

Coat the tip of a blending stump with 2H 
graphite and lightly draw the round outer  
shell of the nebula. If you’re able to detect  
the central oval, draw it after adding some  
B graphite to the blending stump. If the central 
star is detected, add it with a 2H pencil.

NEED TO KNOW
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Our resident equipment specialist cures your 
optical ailments and technical maladies
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Email your queries to scopedoctor@skyatnightmagazine.com

You no doubt want to give those 

astronomical newcomers at the fête  

a memorable view of our star, and  

this telescope is certainly capable of 

that. It can safely deliver excellent 

views of the Sun’s surface in white 

light once a suitable filter has been 

attached to the front of it.

The Meade LX5/2120 is a Schmidt-

Cassegrain telescope. It was supplied 

with one of two focal ratios, f/6.3 and  

f/10; the optics in the latter version 

were considered the better of the  

pair. The telescope is mounted on  

a conventional twin tine fork with  

an equatorial wedge.

I’ve been asked to set up my 10-inch Meade 
LX5/2120 for solar observing at a local fête. 
What’s the safest way to do this? SIMON ETHERIDGE

Baader 

AstroSolar Safety 

Film is an excellent 

choice of safe filter for 

this sort of observation, 

as it is surprisingly robust 

and making a suitable 

cardboard holder for the film is 

simple and effective – you can find 

instructions on our website at www.

skyatnightmagazine.com/solarfilter. 

Alternatively, Orion and Thousand 

Oaks Optical produce full-aperture 

glass solar filters at greater cost. 

At a public event like the one you 

are talking about, I would suggest 

that you use masking tape to add an 

extra secure attachment for the filter 

and remove the finderscope entirely 

to avoid any chance of accidents. 

You may have considered solar 

projection as an alternative to a white 

light filter. This technique is not 

suitable for Schmidt-Cassegrains, as 

the slightest misalignment of the optics 

could lead to irreparable damage.

What are the drawbacks of zoom eyepieces 
compared to fixed focal length ones? WILL DAVIS

There was a time when the  

use of zoom eyepieces was 

rather frowned upon in terms  

of visual quality, but the 

situation is much improved 

these days. However, this 

really is a case of ‘you get 

what you pay for’ so you 

need to choose wisely.

Zoom eyepieces have the 

advantage of covering a 

range of focal lengths very 

conveniently in a single 

package, and it is quick and 

easy to select the correct 

focal length for the object 

you want to observe. 

These eyepieces require 

additional lens elements to 

make them work and it could 

be argued that each glass surface introduced  

into the light path is a potential source of 

aberrations. That being said, multi-element 

eyepieces are the norm these days and provided  

you buy good quality there is no reason why a  

zoom model shouldn’t perform very well indeed  

for general observations. If you’re seeking a  

very wide field of view you would be better off  

with a set of fixed focal length eyepieces.

Steve Richards is a keen astro imager  
and an astronomy equipment expert

With Steve Richards

Scope
DOCTOR STEVE’S TOP TIP

What’s the best way to image star trails?

Mount your digital camera and a standard lens 

set to a wide aperture on a tripod and aim it at 

the sky. Take a series of 30-second exposures at 

ISO 800, one immediately after the other, using  

a shutter release cable. 
Load your images into the free software  

DeepSkyStacker and stack them using stacking 

mode ‘average’ and ‘no alignment’ to produce a 

single image that you can adjust to taste.

Capturing star trails is an excellent way of 

starting in astrophotography as the images 

display the dynamic movement of the night sky 

and emphasise star colours.

Zoom lenses make 
selecting the right focal 

length a simple task

SCOPE DOCTOR JULY 87

< A white light filter made of 
certified solar film can reveal 
sunspots on our star
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certified solar film can reveaal 
sunspots on our star
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Each category is given a mark 
out of five stars according to how 
well it performs. The ratings are:

+++++�Outstanding 
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+++++�Average 
+++++�Poor/Avoid
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Bringing you the best in equipment and accessories 
each month, as reviewed by our team of astro experts

We examine 
Revelation’s 

delightfully simple 
10-inch Dobsonian

90

Reviews

This month’s 
reviews

First light

Books

102We  
rate  

four of the latest 
astronomy titles

Gear

104Including 
this 

Explore Scientific 
90° polar finder

First ligh
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Find out more about how we review equipment at: 
www.skyatnightmagazine.com/scoring-categories

90Revelation 
10-inch 

M-CRF Premium 
Dobsonian

94iOptron 
SkyGuider 

tracking mount

98Orion 
StarShoot 

All-In-One 
astronomy camera

http://WWW.THESECRETSTUDIO.NET
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FIRST light

s��Price�a���
s��Optics�"+��OPTICAL�
GLASS�PARABOLIC�
PRIMARY�MIRROR
s��Aperture����MM��
����INCHES	�
s��Focal length�������MM�
�F��	�
s��Focuser�$UALSPEED�
�������INCH��
#RAYFORDSTYLE
s��Extras�����INCH��MM�
0LÚSSL�AND��INCH�
��MM�3UPERVIEW�
EYEPIECES���X���
lNDER��EYEPIECE�RACK
s��Weight�����KG��
�TUBE�ONLY	
s��Supplier��
4ELESCOPE�(OUSE
s��www.TELESCOPEHOUSE�
COM
s��Tel�������������

VITAL STATS n its 10-inch Premium Dobsonian, Revelation 

has taken a classic design – a rolled steel tube, 

a simple Dobsonian mount and a large 

parabolic mirror – and finessed it to produce 

a satisfying product. Completing the system are  

a 1.25-inch 9mm Plössl eyepiece, a 2-inch 30mm 

Superview eyepiece, an 8x50 finderscope and an 

eyepiece rack, all at an affordable price. 

Assembling the base unit is relatively 

straightforward, especially if you have any experience 

with flat-pack furniture. Clear instructions and a 

small Allen key are provided, but you will also need 

a crosshead screwdriver. The bearings and bolt, 

which provide smooth azimuth movements, were 

easier to position than many other mounts we have 

assembled in the past. The clutch bearings for the 

tube are packaged separately, but once attached they 

can be left in place if you chose to put the scope 

back into its box for transport. 

We found these bearings to be essential when 

lifting the scope, as there is very little else to grasp 

when doing so – the provision of a handle is one 

small detail we felt had been overlooked. It is quite 

easy to move the bearings into the cradle though, 

even in the dark, and all bearing adjustments were 
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WORDS: MARK PARRISH

PRECISION ENGINEERING

!RCHITECT�,UDWIG�-IES�VAN�DER�2OHE�ONCE�SAID�OF�DESIGN��h'OD�
IS�IN�THE�DETAILS�v�)N�THIS�CASE��THE�OUTSTANDING�ELEMENT�OF�THIS�
SCOPE�IS�ITS�COMPLETE�SET�OF�WELLENGINEERED�DETAILS��2EVELATION�
HAS�PROVIDED�GOOD�OPTICS��AND�HAS�NOT�CUT�ANY�CORNERS�ON�THE�
QUALITY�OF�THE�PARTS�THAT�ARE�ESSENTIAL�FOR�A�SATISFACTORY�NIGHT�S�
OBSERVING��4HE�BEARINGS��CLUTCHES��FOCUSER��FAN�AND�lNDER�ALL�
WORK�EFFECTIVELY�n�AND�NOT�JUST�INDOORS��BUT�WHEN�YOU�ARE�FULLY�
WRAPPED�UP�AND�IN�A�DARK�lELD�IN�NORTH�7ALES��
4HE�FOCUSER�CAN�EASILY�HANDLE�A�HEAVY�EYEPIECE�AND�EVEN�A�

CAMERA��ALTHOUGH�THE�ASTROPHOTOGRAPHY�OPPORTUNITIES�FOR�A�
HANDGUIDED�MOUNT�ARE�LIMITED��4HE�BALANCE�OF�THE�TUBE�CAN�
EVEN�BE�ADJUSTED�BY�TIGHTENING�THE�BEARINGS�TO�FACILITATE�THE�
ADDITION�OF�HEAVIER�ACCESSORIES��
4HE�RECOGNISABLE�PLANETS�AND�THOUGHTPROVOKING�GALAXIES�

PROVIDED�BY�THIS�SCOPE�S�BIG�APERTURE�MAKE�GREAT�EYEOPENERS�
FOR�BEGINNERS��BUT�THIS�IS�A�HIGHQUALITY�OPTICAL�INSTRUMENT�THAT�
WILL�ALSO�SATISFY�THE�DEDICATED�AMATEUR��

An easy to use telescope that isn’t just for beginners

SKY SAYS…
4HE�BEAUTY�OF�
THIS�TYPE�OF�
MOUNT�LIES�IN��
THE�SPEED�OF�
SETUP�AND�
SIMPLICITY�OF�USE

skyatnightmagazine.com 2014

>

easy to carry out. The eyepiece rack was a useful 

addition and we also found it was quite convenient 

to store the dust covers inside the base of the mount, 

meaning it wasn’t necessary to take a box or table 

out to our observing site.

Nice and easy does it
The beauty of this type of mount lies in the speed  

of setup and simplicity of use compared with  

more complicated designs. The tube isn’t light or 

particularly easy to manhandle due to its slippery 

round surface, but during our testing period we 

were glad to be able to take our chances to pop out 

for some brief observing between the clouds. The 

large mirror in its closed tube does need time to 

cool down, but a battery-operated fan is built into 

See an interactive 360° model of this scope at 
www.skyatnightmagazine.com/revmcrf  

http://WWW.THESECRETSTUDIO.NET
http://www.skyatnightmagazine.com/revmcrf
http://www.telescopehouse.com
http://skyatnightmagazine.com
http://www.telescopehouse.com
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COOLING FAN

4HE MIRROR CELL HAS A BUILT
IN FAN TO ASSIST COOLING AND
HELP TO SHIFT WARM LAYERS
OF AIR FROM THE MAIN TUBE��
4HE BATTERY HOLDER TAKES
EIGHT !! BATTERIES� YOU
COULD ALTERNATIVELY USE A
��6 POWERTANK SUPPLY IF
YOU THINK YOU WILL BE USING
THE FAN A LOT�

CLUTCH 
CONTROLS

4HE ALTITUDE BEARINGS
ON THIS SCOPE ARE VERY
EFFECTIVE��4HE GLOVE
FRIENDLY��YY #.#MACHINED
METAL WHEELS CONTROL
THE EASE OF MOVEMENT
BEAUTIFULLY��4HE BEARING
CASES ALSO LOCATE VERY
POSITIVELYP Y IN THE CRADLE��
FACILITATING EASY ASSEMBLY
EVEN IN THE DARK�

SMOOTH 
FOCUSING

4HE VERY CHUNKY��YY
WELLENGINEERED�������
DUALSPEED #RAYFORDSTYLE
FOCUSER IS PROVIDED WITH
AN ADAPTOR THAT ALLOWS
YOU TO USE EITHER �R INCH
OR ����R INCH EYEPIECES
AND ACCESSORIES��
4HUMBSCREWS PROVIDE
FRICTION ADJUSTMENT� WHILE
THE LOCKING FACILITY MAKES
IT A PLEASURE TO USE��WITH
SMOOTH��lNE MOVEMENTS
AND NO BACKLASH�

FINDERSCOPE

4HE lNDER HAS��X���OPTICS
AND A TRADITIONAL CROSSHAIR
RETICULE��OFFERING A VIEW
THE SAME WAY UP AS THE
MAIN SCOPE AND REVEALING
PLENTY OF FAINT STARS TO�
HOP BETWEEN��)TS MOUNT �T
IS STURDY AND VERY SIMPLE
TO ADJUST��AND IT STAYED
WELL ALIGNED THROUGHOUT
THE TEST PERIOD�

http://skyatnightmagazine.com
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VERDICT

ASSEMBLY +++++

BUILD & DESIGN +++++

EASE OF USE +++++

FEATURES +++++

OPTICS +++++

OVERALL +++++

STURDY 
BASE

4HE�RIGID�BASE�
ROTATES�VIA�A�LARGE�
ROLLER�BEARING��
WHICH�TURNS�VERY�
FREELY��!�LARGE�
PLASTIC�KNOB�CAN�
BE�TIGHTENED�TO�
PROVIDE�THE�
PERFECT�AMOUNT��
OF�FRICTION��JUST�
LOOSE�ENOUGH�TO�
PUSH�THE�SCOPE�INTO�
POSITION��BUT�TIGHT�
ENOUGH�TO�STAY�PUT��
WHEN�LIGHTLY�TOUCHED��
OR�IN�A�STIFF�BREEZE��

the cell to speed up the process. For part of our 

testing period, we took the telescope to Snowdonia 

and were able to keep it in a dry but unheated store, 

which meant the cooling period was shorter. 

A 10-inch telescope gathers 56 per cent more light 

than an 8-inch instrument, making visual 

observations of relatively faint deep-sky targets a 

breeze. We also made good use of the long focal 

length (f/5) to zoom in on some planetary and lunar 

targets, with great results. We were impressed with the 

sharp views this scope produced: the mirror arrived 

well collimated and the field seemed very flat. 

With the 30mm eyepiece we enjoyed beautiful 

star clusters such as the Beehive in Cancer. With 

so many more visible stars than are possible  

in a small refractor, this certainly produced 

the elusive ‘wow factor’. When the Moon 

was out of the way, we turned to the Leo 

Triplet, where we could easily discern  

the different shapes of M65 and M66. 

Higher in the sky, M51 was easy to find 

through the finderscope, and in the main 

scope we could see hints of the structure 

as well as NGC 5194, the dwarf galaxy  

with which it interacts. 

Planetary observing
Moving on to the planets, and with the higher-

powered 9mm eyepiece we saw good colour 

variation on Jupiter and some detail within the 

belts, as well as the four Galilean moons. Mars was 

very rewarding: although not quite at opposition, it 

was still easy to define the larger surface features 

and polar cap, and our observations compared 

favourably with simulations from planetarium 

software. Lunar views were good too, with excellent 

contrast across the surface as well as around the 

terminator, although a filter is useful for coping 

with the dazzling brightness around full Moon. 

Being a manual Dobsonian without tracking 

facilities means that keeping your target on view  

in the eyepiece at high magnification requires  

some skill. Nonetheless, this 10-inch instrument  

is delightfully simple to use, and provides a serious 

amount of aperture and high quality observing  

for beginners and advanced astronomers alike. 

SKY SAYS… 
.OW�ADD�THESE��
1.�%XPLORE�
3CIENTIlC���MM�
��	�EYEPIECE
2. -EADE��
�INCH�����"�
NEBULA�lLTER
3. 2EVELATION��X�
%$�"ARLOW�LENS

>

http://WWW.THESECRETSTUDIO.NET
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FIRST light

s��Price�a���
s��Payload capacity �KG�
PLUS����KG�WHEN�
CORRECTLY�BALANCED
s��Latitude adjustment 
0-60º
s��Tracking rates 
3IDEREAL�����X�
SIDEREAL��LUNAR��SOLAR
s��Polarscope )LLUMINATED�
WITH��
�lELD�OF�VIEW
s��Extras 4RIPOD������KG�
COUNTERWEIGHT��CABLES
s��Weight ���KG�WITHOUT�
COUNTERWEIGHT��
OR�TRIPOD
s��Supplier !LTAIR�!STRO
s��www.ALTAIRASTRO�COM
s��Tel�������������

VITAL STATS C
apturing sweeping vistas of 

the Milky Way or detailed 

shots of the constellations 

used to mean you had to 

piggyback your camera on a telescope 

before you could track the movement 

of the stars across the night sky. These 

days we are spoiled for choice, as several 

manufacturers have added tracking 

capability to basic camera mounts. The latest of 

these is the iOptron SkyGuider mount for DSLRs.

The SkyGuider has an integrated illuminated 

polarscope and is supplied with a 12V power cable, 

polarscope cable, small counterweight, basic 

instructions and a soft padded case. Also included 

is a tripod, which has its own soft case. 

Unlike iOptron’s smaller SkyTracker unit, the 

SkyGuider is a modified lightweight version of  

the company’s ZEQ25 equatorial mount. The 

modification is that there is no declination axis,  

so you do need to buy a ball head to mount a 

camera or small telescope in order to achieve  

full flexibility in framing up targets. 
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WORDS: PAUL MONEY

TRACKING AND GUIDING

4O�PUSH�THE�MOUNT�S�TRACKING�ABILITIES�WE�SET�OUR�
TELEPHOTO�ZOOM�LENS�TO����MM��!S�IT�WAS�LONG�BOTH�
PHYSICALLY�AND�IN�FOCAL�LENGTH�THIS�GAVE�A�GOOD�TEST�OF�
THE�MOUNT�S�STABILITY�AND�TRACKING��4HROUGH�THIS�LENS�WE�
RECORDED�THREEMINUTE�EXPOSURES��CENTRED�ON�THE�2ING�
.EBULA�IN�,YRA�AND�THE�GALAXY�PAIR�-���AND�-���IN�
5RSA�-AJOR��WITH�BARELY�ANY�STAR�TRAILING��!�BONUS�IS�THE�
34��COMPATIBLE�GUIDE�PORT��WE�USED�OUR�OWN�AUTOGUIDING�
CAMERA�WITH�A��INCH�REFRACTOR�AS�A�GUIDESCOPE��THIS�ALSO�
ACTED�AS�A�COUNTERWEIGHT�TO�THE����MM�LENS��"Y�GUIDING�
WE�COULD�ALMOST�DOUBLE�THE�LENGTH�OF�EXPOSURE�BEFORE�ANY�
TRAILING�BECAME�TOO�OBVIOUS��!IMING�AT�GLOBULAR�CLUSTER�
-���IN�(ERCULES�WITH����MM�FOCAL�LENGTH��WE�MANAGED�
TO�GET�GOOD�lVEMINUTE�EXPOSURES�WHILE�AUTOGUIDING��
SETTING�THE�LENS�AT����MM�MEANT�WE�COULD�ACHIEVE����
MINUTES�WITH�HARDLY�ANY�TRAILING�AT�ALL��4HE�ONE�CAVEAT�WITH�
THIS�SETUP�IS�THAT�THIS�MOUNT�HAS�NO�DECLINATION�ADJUSTMENT��
WHICH�MAY�AFFECT�THE�OPERATION�OF�SOME�GUIDING�SYSTEMS��

A lightweight, portable mount that’s ideal for astrophotographers on the move

tracking mou
iOptron SkyGuider 

skyatnightmagazine.com 2014

Assembly proved reasonably 

straightforward. Instead of installing 

the counterweight shaft and weight,  

a second ball head can be attached, 

allowing you to create a dual imaging 

setup – useful if you would like to use a 

guidescope or for meteor imaging. The 

mount’s simple but effective spirit level 

enables you to level it before polar 

alignment. The latter is a breeze, especially if you 

have an Android or iOS phone or tablet, as iOptron 

has also developed a very useful app that shows 

exactly where to place Polaris in the illuminated 

field of view of the polarscope. The mount can be 

set from 0-60° latitude for either hemisphere, so it 

is suitable for trips to many dark-sky sites abroad.  

It is certainly portable, with the mount head 

weighing in at just 2.6kg.

Well adjusted
The mount interface offers several options, 

including northern or southern hemisphere 

tracking. A four-way switch allows you to choose 

A three-minute 
exposure of the 
Ring Nebula

A three-minute 
shot of galaxies 
M81 and M82

M13 imaged  
with normal  
tracking

M13 again, imaged 
with autoguided 
tracking

SKY SAYS…
4HE�3KY'UIDER��
IS�CERTAINLY�
PORTABLE��WITH�
THE�MOUNT�HEAD�
WEIGHING�IN�AT�
JUST����KG

>

See an interactive 360° model of this mount at 
www.skyatnightmagazine.com/ioskyg

http://WWW.THESECRETSTUDIO.NET
http://www.skyatnightmagazine.com/ioskyg
http://www.altairastro.com
http://skyatnightmagazine.com
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SWITCHES AND PORTS 

4HE�3KY'UIDER�HAS�A�TWOWAY�SWITCH�TO�
SELECT�NORTHERN�OR�SOUTHERN�HEMISPHERE�USE��
AND�A�FOURWAY�SWITCH�TO�SELECT�TRACKING�
SPEED��4HERE�IS�ALSO�AN�34��COMPATIBLE�
GUIDE�PORT��AN�ONOFF�SWITCH�AND�SOCKETS�FOR�
POWER�CABLES�FOR�THE�MOUNT�ITSELF�AND�THE�
POLARSCOPE�S�,%$�

POLARSCOPE

4HE�3KY'UIDER�S�BUILTIN�
ILLUMINATED�POLARSCOPE�IS�
ONE�OF�THE�BEST�IN�THE�lELD��
)TS�RETICULE�CAN�BE�USED�FOR�
BOTH�NORTHERN�AND�SOUTHERN�
HEMISPHERE�SKIES��WHICH�IS�
USEFUL�IF�YOU�WANT�TO�TAKE�

THE�MOUNT�ABROAD�

GEAR SWITCH AND 
TENSION ADJUSTER 

4HE�GEAR�SWITCH�ENGAGES�AND�DISENGAGES�
THE�TRACKING�DRIVE�MECHANISM��WHILE�THE�
TENSION�ADJUSTER�PROVIDES�CONTROL�OVER�HOW��
lRMLY�THE�GEARS�ARE�ENGAGED��4HIS��
WORKS�WELL��BUT�CARE�IS�NEEDED�WHEN�
MOVING�THE�MOUNT�HEAD�NOT�TO�LOOSEN�
THE�ADJUSTER�OR�TURN�THE�GEAR�SWITCH��
TO�ITS�UNLOCKED�POSITION�

LATITUDE 
ADJUSTMENT 

4HE�LATITUDE�ADJUSTMENT��
IS�STURDY�AND�EASY�TO�USE���
!�WHEEL�AT�THE�FRONT�ALLOWS��
FOR�lNE�CONTROL�AS�YOU�ALIGN�
0OLARIS�IN�THE�ILLUMINATED�
POLARSCOPE��/NCE�THE�LATITUDE�
IS�SET��IT�CAN�BE�LOCKED�IN��
PLACE�TO�PREVENT�SLIPPAGE��

http://skyatnightmagazine.com
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ASSEMBLY +++++

BUILD & DESIGN +++++

EASE OF USE +++++

FEATURES +++++

TRACKING ACCURACY +++++

OVERALL +++++

your tracking rate from 

normal sidereal, 0.5x 

sidereal, lunar and solar. 

The last two are useful for 

imaging eclipses involving 

the Sun or the Moon, while 

the 0.5x sidereal rate allows 

for wide-field exposures so you 

can keep foreground objects 

semi-sharp while also capturing 

reasonably sharp stars. 

It’s important to ensure the system is balanced 

carefully – if you are using a lightweight telescope 

or long lens you’ll want to make sure that you don’t 

affect the polar alignment when setting up. If you’re 

more likely to use heavier lenses, or perhaps a small 

telescope, then we’d suggest investing in a second 

counterweight to reduce strain on the gear 

mechanism. The maximum capacity is 5kg, 

with up to 3.5 kg on the counterweight side. 

A tension screw can adjust the tension on 

the gears; the gear switch has to be released 

when balancing the system, then locked in place 

for tracking. Two further locking screws allow the 

mount head to be freely adjusted in right ascension 

without affecting the gears.

Imaging results
To test the mount we used our Canon EOS 50D 

DSLR, which has an APS-C sensor, along with 

a standard 18-55mm lens and a 100-400mm 

telephoto lens. We recorded several images at 

different exposure lengths to see how well the 

mount could track: shots longer than 30 minutes 

could be taken using the small lens set to 18mm, 

and even when set to 55mm we achieved exposures 

of 20 minutes with pin-sharp stars. 

Larger and therefore heavier lenses push the 

system more, but we were pleased to be able to 

capture a 10-minute exposure with only the 

slightest hint of trailing using our larger 

telephoto lens set at 100mm. 

Overall we were impressed with the 

capabilities of this mount, especially  

with the ST4 guide port extending its 

tracking ability – more about that on 

page 94 – and the fact that it’s portable 

enough to take with you on holiday 

to more distant dark skies.

SKY SAYS… 
.OW�ADD�THESE��
1.�I/PTRON�
3KY4RACKER��
BALL�HEAD
2. I/PTRON�0OLAR�
3COPE�APP�
3. -INI�6IXEN�
CLAMP

DUAL MOUNTING 

4HE�COUNTERWEIGHT�SHAFT�CAN�BE�DETACHED�AND�
REPLACED�WITH�A�SECOND�BALL�HEAD��MAKING�A�
DUAL�IMAGING�SETUP��!LTERNATIVELY��YOU�COULD�
ATTACH�A�GUIDESCOPE��ALLOWING�FOR�LONGER�
EXPOSURES�TO�DOUBLE�THE�AMOUNT�OF�DATA�
CAPTURED�PER�SESSION�
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VITAL STATS W
ith so many astro imaging  

cameras hitting the market, 

manufacturers have to work hard  

to make their products stand  

out, but the Orion StarShoot All-In-One colour 

camera manages to do this well. 

Everything is supplied in a tin, with foam inserts 

holding the camera and a number of attachments. 

The cylindrical StarShoot All-In-One is designed  

to slip directly into a 1.25-inch eyepiece holder. It 

connects to a computer via a USB 2.0 port; this  

and an ST-4 autoguiding port are rather nicely 

fitted into the camera’s small circular base. 

Among the other goodies supplied are two 

threaded C- and CS-mount adaptors, and an 8mm, 

f/1.0, C-mount lens. A more unusual component  

is an adjustable finder mount which allows the 

camera to be used as a digital finder (see ‘Finder 

functionality’, below). A parfocalising ring can be 

locked to the outside of the camera body and 

adjusted to allow you to swap between your 

favourite eyepiece and the camera without having  

to dramatically alter the focus each time. 

The camera uses a sensitive Aptina MT9M034 

colour sensor. At full frame, the sensor provides  

an active imaging array of 1,280x960 (1,228,800) 

pixels, but this can be reduced in various steps 

down to 320x240 pixels. At full frame, the camera  
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FINDER FUNCTIONALITY

4HE�3TAR3HOOT�!LL)N/NE�IS�A�GREAT�ALLROUND�DEVICE�AND�AN�IDEAL�PACKAGE�IF�YOU�RE�
JUST�STARTING�OUT�IN�IMAGING��(OWEVER��WE�WERE�INTRIGUED�BY�THE�INCLUSION�OF�A�SET�OF�
ADJUSTABLE�lNDER�RINGS�THAT�CONVERT�THE�CAMERA�INTO�A�DIGITAL�lNDER��4HE�RING�ASSEMBLY�
lTS�INTO�A�STANDARD�6IXEN�3KY7ATCHER�/RION�lNDER�SHOE��4HE�CAMERA��lTTED�WITH�THE�
SUPPLIED��MM��F�����LENS�THEN�lTS�INTO�THE�RINGS��BASICALLY�REPLACING�YOUR�NORMAL�
OPTICAL�lNDER��4HE�lNDER�RINGS�ALLOW�YOU�TO�ADJUST�THE�CAMERA�S�POSITION�TO�EXACTLY�
MATCH�WHERE�THE�TELESCOPE�IS�POINTING�IN�THE�SKY��)T�S�SURPRISING�HOW�USEFUL�THIS�ACTUALLY�
TURNS�OUT�TO�BE��AS�IT�ELIMINATES�THE�NEED�TO�CONTORT�YOUR�HEAD�INTO�AWKWARD�POSITIONS�
AS�CAN�HAPPEN�WITH�A�TRADITIONAL�OPTICAL�lNDER��
!T�a����THIS�WOULD�BE�AN�EXPENSIVE�REPLACEMENT�FOR�A�NORMAL�lNDER��BUT�

CONSIDERING�THE�CAMERA�S�OTHER�FUNCTIONS�IT�S�EASIER�TO�JUSTIFY��4HE�lNDER�S�FUNCTIONALITY�
IS�COMPLETED�BY�A�RED�RETICULE�DISPLAY�OVER�THE�lELD��WHICH�IS�SHOWN�ON�THE�COMPUTER�
SCREEN��7ITH�A�STAR�CHART�TO�HAND��THIS�IS�ALSO�A�GREAT�WAY�TO�MERGE�MODERN�AND�
OLDSCHOOL�ASTRONOMY��THE�DISPLAY�EFFECTIVELY�ALLOWING�YOU�TO�STAR�HOP�DIGITALLY�

An affordable colour CCD camera that’s surprisingly versatile

astronomy camera

SKY SAYS…
4HE�CAMERA�IS�
CAPABLE�OF�SOME�
GREAT�RESULTS��4HE�
BRIGHT�-OON�
CAME�OUT�VERY�
WELL�INDEED

Orion StarShoot All-In-One

skyatnightmagazine.com 2014

is specified to deliver 30 frames per second (fps). 

Reducing the imaging array size also reduces the 

data overhead, upping the frame rate to an 

impressive 200fps at 320x240 pixels. 

Picturing the planets
High frame rates are ideal for Solar System imaging. 

On offer during our review period were the Moon, 

Mars, Jupiter and the Sun. We imaged all of these 

and can report that the camera is capable of some 

great results. The bright Moon came out very well 

indeed, the large 1,280x960 full-frame pixel array 

allowing us to capture large areas of the lunar 

surface in one go.

Our tests imaging the Sun in hydrogen-alpha also 

came out remarkably well. The strong red colour 

through a hydrogen-alpha filter isn’t optimal for a 

colour camera, but the results were good, showing 

great detail for both the surface and prominences.

Both Mars and Jupiter were perfect targets and 

showed good detail and colour. The orange-hued 

deserts of Mars were especially well captured, >

See an interactive 360° model of this camera at 
www.skyatnightmagazine.com/allinone

http://WWW.THESECRETSTUDIO.NET
http://www.skyatnightmagazine.com/allinone
http://skyatnightmagazine.com
http://www.widescreencentre.co.uk
http://www.widescreencentre.co.uk
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ST-4 AUTOGUIDING

4HE 34��AUTOGUIDING PORT
ALLOWS THE CAMERA TO ISSUE

CORRECTIVE MOVE INSTRUCTIONS TO
THE 34��PORT OF A SUITABLY
EQUIPPED TELESCOPE MOUNT���
4HIS CAN BE USED TO KEEP A

TELESCOPE ACCURATELY POINTING AT
THE STARS��! COPY OF THE FREE
0($ 'UIDING SOFTWARE IS
PROVIDED ON THE #$2/-
PPSHIPPED WITH THE CAMERA���

8MM, F/1.0 LENS

4HE WIDEANGLE #MOUNT LENS SCREWS INTO THE FRONT
OF THE CAMERA VIA A SUPPLIED #MOUNT ADAPTOR��
! #3THREADED ADAPTOR WITH AN INFRAREDCUT lLTER
IS ALSO PROVIDED AND CAN BE USED WITH THE LENS
FOR COLOUR CORRECTION��4HE CAMERA CAN CAPTURE
TERRESTRIAL IMAGES WITH THIS LENS lTTED��

CAMERA BODY

4HE ERACAME �S DIAMETER IS JUST BIGGER
THAN A��PP PIECE AND IT CAN SLIP
STRAIGHT NTOIN A�����INCH EYEPIECE
HOLDER� 7EIGHING7 ��G� IT�S NOT

RDISSIMILAR TO A NORMAL EYEPIECE��
4WO DATA PORTS ARE PRESENTED ON��
THEH REAR ENDDE ��ONE OFFERSFF A 53"����

ONONCONNECTIOCONNECTIO � THETHE OTHEROTHER ANAN 3434��
INGAUTOGUIDI CONNECTION�

http://skyatnightmagazine.com
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FIRST light 

contrasting strongly with the darker brown of the 

exposed rock regions.

The camera has an exposure range from 0.00002 

seconds to 600 seconds. The lower values are ideal 

for Solar System targets, while the longer exposures 

can be used to capture brighter deep-sky targets. 

The StarShoot All-In-One won’t compete with a 

high-end, cooled astronomical CCD camera, but it’s 

still very capable. We took it galaxy hunting, capturing 

images of M63 and M51. There was noise present 

with the longer exposures, but image calibration 

skyatnightmagazine.com 2014

VERDICT

BUILD & DESIGN +++++

CONNECTIVITY +++++

EASE OF USE +++++

FEATURES +++++

IMAGING QUALITY +++++

OVERALL +++++

PARFOCALISING RING

4HE�INCLUDED�PARFOCALISING�RING�CAN�BE�LOCKED��
ONTO�THE�OUTSIDE�OF�THE�CAMERA��0ROPERLY�ADJUSTED���
THE�RING�ALLOWS�YOU�TO�SWAP�BETWEEN�AN�EYEPIECE�
AND�THE�CAMERA�WITHOUT�HAVING�TO�DRAMATICALLY�ALTER�
FOCUS��4HIS�IS�VERY�HELPFUL�WHEN�TRYING�TO�GET�YOUR�
TARGET�ON�THE�CAMERA�S�SENSOR�

greatly reduced its impact. The structure of both 

galaxies was fairly easy to record with this camera. 

Camera control is handled by Orion’s AstroCap 

application. For us, this was the weakest point in 

the package: although adequate, it isn’t as polished 

as its interface suggests it should be. Some 

important values are shown at the bottom of the 

screen in tiny characters, with captions in garish 

colours that make them hard to read. 

Gain, exposure and gamma are adjusted using 

sliders, but changes aren’t applied until the sliders are 

released, which makes judging the right setting quite 

tricky. A calculator-style control is also provided so that 

you can input specific slider values, but this isn’t ideal 

when trying to adjust on the fly and feels a bit clumsy. 

AstroCap is supplied on a CD-ROM that also 

contains various drivers and two other pieces of 

software: RegiStax and PHD Guiding. The camera 

can be used for autoguiding and will connect 

directly to mounts with a suitable ST-4 port via a 

supplied cable. We initially had trouble with the 

ASCOM driver connecting to PHD Guiding, but  

an online update sorted the issue out.

This is an excellent all-round package, especially 

if you’re just starting out. The ability to capture 

both Solar System and deep-sky objects in full 

colour without having to bother with filters makes 

it a great introduction to imaging, while its abilities 

to autoguide and to double as a digital finder give 

this product great flexibility and longevity. 

SKY SAYS… 
.OW�ADD�THESE��
1.�/RION�$ELUXE�
-INI���MM��
GUIDESCOPE
2.�/RION�THIN�
OFFAXIS�GUIDER
3.�/RION�����
INCH�mIP�MIRROR

APTINA MT9M034 SENSOR

&ULL�FRAME��THE�!PTINA�-4�-����SENSOR�CAPTURES�IMAGES�AT�
A�RESOLUTION�OF������X����PIXELS��BUT�WITH�THE�SOFTWARE�THIS�
CAN�BE�REDUCED�TO����X����PIXELS��!����X�����X��BINNED�
MODE�IS�ALSO�AVAILABLE��WHERE�FOUR�PIXELS�ACT�AS�ONE�TO�
IMPROVE�SENSITIVITY��&RAME�RATES�VARY�FROM���FPS�AT�
�����X����ALL�THE�WAY�UP�TO����FPS�AT����X����

Shooting full frame 
let us capture large 
areas of the Moon

Solar imaging in 
hydrogen-alpha 
proved successful

Þ There was a clear 
contrast between Mars’s 
rocky and desert regions

>
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THE ASPEN SERIES IS OUR NEWEST AND 
MOST ADVANCED CCD CAMERA EVER.

Image of Ghost Nebula (vdB 141) shot using our new Aspen CG16m CCD camera
©2013 Apogee Imaging Systems Inc. Aspen is a trademark of Apogee Imaging Systems, Inc.

Aspen delivers industry-leading performance with both its cooling (up to -70 degrees C) and its shutter with 
reliability rated at 5 million cycles. All this is achieved within a smaller form factor. Aspen also delivers improved 
stray light baffling to minimize internal reflections and its back-focus requirements have been reduced to 
accommodate more OTAs and accessories. Aspen Series cameras come standard with 2 interfaces, USB 2 
and an Ethernet interface with a built-in web server. Read out rates up to 16Mhz are supported. All our cameras 
are backed by a full 2-year warranty on the camera and lifetime warranty on the CCD chamber integrity.

Our new Aspen Series delivers quality and reliability so you can focus on innovation and discovery.
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Books
RATINGS
★★★★★ Outstanding 
★★★★★ Good 
★★★★★ Average
★★★★★ Poor
★★★★★ Avoid

TWO MINUTES 

WITH DAVID 

MEERMAN 

SCOTT

What inspired you to 
write the book?

I was in elementary school during the 
Apollo missions. When launches occurred 
during the day, televisions were wheeled 
into the classrooms so we could watch. 
Since then, I’ve become a collector of 
material used in the space programme, 
and I have spent time with more than half 
of the 24 men who travelled to the Moon. 
So this book is the perfect intersection of 
my interests in space and marketing.

How much was NASA in charge of 
steering the campaign?
The marketing side of things was most 
often handled by the programme’s 
private subcontractors, who had reason 
to get the story of their involvement out 
and sell their capabilities on the national 
stage. But the PR responsibilities remained 
largely with the NASA Public Affairs 
Office, as it was incumbent on them to 
sustain public and congressional interest. 

What is the legacy of their efforts?
One aspect of the programme was live 
television from the Moon, which nearly 
didn’t happen. We uncovered documents 
that capture the conflict between NASA 
PR officers trying to institute an open 
programme with few press restrictions, 
and senior astronauts who wanted to 
control their public image. What this 
teaches us is that you’ve got to be open 
and honest with the public in real time. 
The idea of controlling information and 
letting things dribble out at your own 
pace doesn’t work in a 24/7, instant 
communications environment.
 
DAVID MEERMAN SCOTT is a marketing 
strategist, author and speaker

You can order these books from our 
shop by calling 01803 865913 

Reader price £22.99, subscriber price £21.99
P&P £1.99 Code: S0714/4

David Meerman Scott and Richard Jurek 
The MIT Press 
£27.95 z HB

Project Apollo was one of the most 

expensive enterprises ever undertaken.  

In just eight years, NASA progressed from 

launching chimpanzees in little missiles  

to building gigantic lunar rockets, and  

for a few years in the mid-1960s NASA 

harnessed nearly four per cent of the US 

national budget. This fabulously designed, 

well-written book explains how the 

taxpaying public was persuaded to stump 

up such vast amounts of cash.

Manufacturing companies were keen 

to win government space 

contracts, and they 

developed an astonishing 

range of publicity 

campaigns to support 

their cause, with 

NASA’s tacit 

approval. The authors 

are experienced 

marketeers with a 

passion for space, and 

their analysis of their 

chosen subject is totally 

compelling. Among many 

fascinating details, we learn 

about the public affairs officers 

at NASA, and their struggle to 

reconcile the facts of rocket flight with the 

media’s need for juicy human emotion. 

The presence of a TV camera on the Moon 

to monitor Neil Armstrong’s historic first 

steps was by no means a foregone decision: 

conservatively minded astronauts had to 

be persuaded that public relations and 

media coverage were just as important to 

Apollo as its rocket hardware.

Above all, this is a story of corporate 

America selling the idea of a Space Age to 

millions of ordinary people, and 

persuading them to buy into the dream. 

But this isn’t just a book for space junkies. 

Lovers of typefaces and graphic design will 

also appreciate the wonderful collection of 

advertising materials here. Welcome to a 

world where astral voyagers in bulky 

spacesuits intersected with ordinary 

domestic bliss. Freckle-faced kids sucked 

on the same sugary drinks carried 

aboard Apollo, smiling 

housewives wiped down 

their ovens with the 

same chemicals that 

kept a lunar lander’s 

windows spotless, 

and grinning 

husbands trimmed 

their lawns with 

mowers powered by 

the same electric 

motors that astronauts 

used in their space tools.

The companies who sold 

those consumer goodies were 

the very same ones who sent us 

to the Moon. But has the dream 

ended? Apollo has certainly faded into 

history now, along with that complacent 

middle class sense of security. Time, 

perhaps, for new dreams.

★★★★★

PIERS BIZONY is the author of The Space 
Shuttle and other books on space flight.

New astronomy and space titles reviewed

The Apollo programme 
gripped the public’s 

imagination in the 60s
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Rod Pyle         
Prometheus Books  
£17.99 z PB 

If you’re interested in a 

critical assessment of 

NASA’s Mars Exploration 

Programme, then this 

book isn’t for you. If 

you’re a space buff  

and Mars maniac, 

you’ll love it.

This can’t possibly be the final, decisive 

book on NASA’s latest Mars rover: after all, 

the robot’s mission of exploration has only 

just begun. But reading Curiosity will 

certainly prepare you to enjoy future 

findings, since you’ll have already tasted 

the excitement of flight engineers and 

mission scientists at NASA’s Jet Propulsion 

Laboratory (JPL) in California.

Starting with Mariner 4’s flyby in  

July 1965, space writer and documentary 

producer Rod Pyle briefly describes the 

various Mars missions that led up to 

Curiosity’s ‘seven minutes of terror’ 

landing sequence in August 2012, using  

a heat shield, a parachute, retrorockets  

and a novel sky crane. As chief engineer 

Rob Manning says in the book: “It was 

thinking out of the box. In fact, we  

threw away the box.”

Pyle gives a good account of what it’s 

like to work at JPL, where the mission 

team lives on Mars time and scientists and 

engineers dash from one meeting to the 

next while their beloved rover is solemnly 

exploring another world. There’s even a 

fair amount of information about the 

scientific research undertaken during the 

first year of the mission.

Most of the book is written in the  

first person, a style not everyone will 

appreciate, and it reads as if it’s been 

written in some haste. All the same, 

Curiosity is a nice tribute to NASA’s 

ongoing Mars mission.

★★★++

GOVERT SCHILLING’S most recent (co-
authored) book is Europe to the Stars.

Reader price £14.99, subscriber price £13.99 
P&P £1.99 Code: S0714/1

Brian Clegg    
Icon  
£14.99 z HB

Quantum theory is 

absolutely fundamental 

to everything that exists 

in the Universe, from 

the powering of the Sun 

to the operation of your 

smartphone. But the 

smallest things in 

nature – atomic particles – remain a 

subject that is much neglected in schools. 

Physics teaching, argues Brian Clegg, 

remains rooted in Victorian ideas.

Clegg seeks to rectify that situation with 

this latest guide, which aims to help the 

ordinary person to understand something 

about the weird workings of particle 

physics. He admits that this is a 

challenging task, since even the greatest 

brains in science are struggling to get  

their heads around quantum theory.  

Or rather, they know a lot of what is 

happening, they just find it much harder  

to understand why. The trouble is that the 

way quantum particles behave often defies 

common sense – such as having the ability 

to be anywhere and everywhere at once, 

until they’re forced to reveal a location.

The book recalls some of the great 

minds who helped strip the mystery from 

light, magnetism and electricity. It then 

covers puzzles such as ‘quantum 

entanglement’ – the ability of particles to 

communicate with each other continually 

over any distance, regardless of the speed 

of light – or the question of why some 

photons of light reflect off a glass window 

while others pass through it, allowing you 

to see your reflection while those on the 

other side can see you.

While not a difficult read, neither is this 

an easy book – but that’s the fault of the 

bizarre physics, rather than the author. 

This is a great guide for beginners, even if 

it does leave you wanting to know more 

about what the heck is going on.

★★★★+

PAUL SUTHERLAND is a space writer  
and journalist 

Reader price £13.99, subscriber price £12.99 
P&P £1.99 Code: S0714/2

Walter Kraul 
Floris
£14.99 z PB

The astronomy  
bug can bite at 
any age, and  
has a wide  
range of 
symptoms.  
This can result  

in five-year-olds questioning the nature  
of gravity to adults wondering why the 
Moon is visible during the day.

Astronomy for Young and Old is aimed 
at all ages, which is no easy undertaking. 
Despite the broad intended readership, it 
doesn’t patronise, using the correct 
terminology when appropriate but 
explaining it to the uninitiated in a clear 
and concise manner.

As the subtitle makes clear, this book is 
a beginner’s guide to the visible sky, and 
as such restricts itself almost entirely to 
naked-eye astronomy. It begins with the 
nightly motion of the stars and the changes 
in the night sky over the course of a year. 
Later sections explain the apparent 
movements of the Sun, Moon and planets. 
The diagrams are colourful and bold,  
and they are largely free of superfluous 
information – showing, for example,  
only the brightest stars. 

On the downside, there is perhaps an 
over-reliance on astrological symbols for 
the zodiacal constellations, which could 
be confusing to the uninitiated, while 
detailed discussions of historical dead-
ends such as Bode’s Law and Kepler’s 
Platonic solids, although interesting, 
complicate an already complex picture.

Even if the terminology is overwhelming 
for the youngest readers, this book would 
make a useful reference for a parent or 
teacher looking to explain the basics of 
astronomy to an enquiring young mind.
+++++

CHRIS NORTH is the UK’s outreach officer 
for the Herschel Space Observatory. 

Reader price £13.99, subscriber price £12.99 
P&P £1.99 Code: S0714/3

Astronomy for 
Young and Old

The Quantum Age

Curiosity
An Inside Look at the  
Mars Rover Mission

http://skyatnightmagazine.com
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Elizabeth Pearson rounds up the latest astronomical accessories
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1  Space Mural Wallpaper
Price £23.50/m2�s�Supplier Murals Wallpaper 
��������������s�WWW�MURALSWALLPAPER�CO�UK

7AKE�UP�TO�THE�'ALAXY�EVERY�MORNING��-ADE�
TO�MEASURE��THESE�MURALS�BRING�THE�WONDERS�OF�
SPACE�TO�ANY�ROOM�IN�YOUR�HOME�

2  Explore Scientific 8x50 90° 
Polar Finder and Amici Prism

Price À����s�Supplier %XPLORE�3CIENTIlC 
�����������������s�WWW�EXPLORESCIENTIlC�CO�UK

7ITH�ENGRAVINGS�OF�BOTH�THE�NORTHERN�AND�
SOUTHERN�HEMISPHERES��THIS�POLAR�lNDER�ALLOWS�
YOU�TO�ACHIEVE�POLAR�ALIGNMENT�EASILY�AND�IS�
ILLUMINATED�BY�AN�ADJUSTABLE�,%$��

3  Hotech SCA T-Adaptor for 
Astrophotography

Price a���s�Supplier 3#3�!STRO
0800 0181 544 s�WWW�SCSASTRO�CO�UK

4HE�SELFCENTRING�ADAPTOR�MECHANISM�LETS� 
YOU�CONNECT�YOUR�SCOPE�AND�CAMERA�USING�
EXPANDING�RUBBER�RINGS�RATHER�THAN�GRUB�
SCREWS��HELPING�TO�KEEP�YOUR�EQUIPMENT�IN�
ALIGNMENT��)T�S�AVAILABLE�IN�BOTH������ 
AND��INCH�SIZES�

4  Rigel Align Collimation Cap
Price a�����s�Supplier ���!STRONOMY
��������������s�WWW����ASTRONOMY�COM

%ASILY�CENTRE�YOUR�.EWTONIAN�OR�$OBSONIAN�S�
PRIMARY�AND�SECONDARY�MIRRORS�WITH�THIS�
COLLIMATION�CAP��WHICH�PRODUCES�A�BRIGHT�WHITE�
CIRCLE�TO�GUIDE�YOUR�ADJUSTMENTS�

 
5  Kielder Moon Print
Price a���s�Supplier "ALTIC�-ILL�
��������������s�WWW�BALTICMILL�COM

4AKEN�ON�A�COLD�NIGHT�AT�+IELDER�/BSERVATORY��
THESE�BEAUTIFUL�BLACK�AND�WHITE�COLLECTORS�
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High Reflectivity
Coating

www.orionoptics.co.uk
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tech enquiries: john@orionoptics.co.uk

Telephone 01782 614200

Our HI-LUX coating can be applied to almost any
reflector, in virtually any condition or no matter how
old. Improves the reflective efficiency of your mirrors.

Find out more on
our website: Optics >
Mirror Recoating
or call / email

NORTHERN OPTICS
A s t r o  A c c e s s o r i e s  i n  L i n c o l n s h i r e

VISIT US (Weekends)

Waters Edge Visitors Centre 
 Maltkiln Road, Barton Upon Humber 

North Lincolnshire DN18 5JR

07779 122 121 (Weekends)

01724 782022 (Mon-Fri)

Open 10.00am-4.30pm (Sat & Sun)
(Subject to change. Check website or contact us for updates)

www.northernoptics.co.uk
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How do supermassive black holes grow?

A
stronomers believe every large galaxy in 

the Universe contains a supermassive 

black hole at its centre. Unlike 

stellar black holes, which 

might contain between 10 and 100 

times the mass of the Sun, these 

monsters can be a million or 

more solar masses.

When we look far back in 

time to distant galaxies in 

the early Universe, we see 

that many of these also 

contain supermassive 

black holes, which 

presents a puzzle. How 

did these singularities 

get to be so big so early, 

and so quickly? 

More than that, we 

want to know whether 

these supermassive black 

holes are still growing. Has 

the process stopped? Do they 

grow in little fits and starts, or do 

they just get fat and then sit there for 

the rest of time?

Supermassive black holes are subject to 

gravity just like everything else. In the early 

Universe, there were little over- and under-densities 

of material, as is mapped out in the cosmic 

microwave background. As material started to cool 

after the Big Bang, matter collected together in the 

denser regions and stars began to form. As the more 

massive stars ran out of fuel at the end of their lives, 

they exploded as supernovae, and the remains of 

some collapsed to form stellar-mass black holes.

We think we understand that exploding stars can 

leave behind small black holes, but it is unlikely that 

single stellar-mass black holes can combine to form 

a supermassive black hole. It’s difficult enough 

understanding how just two black holes come to 

merge, yet you’d need around a million of them to 

combine to produce a supermassive black hole. 

That’s a difficult mechanism to explain.

The more likely scenario is that you begin with a 

small number of black holes. Then gas and dust 

steadily flow onto the black hole through accretion, 

and that builds up the mass into a supermassive 

black hole very rapidly. We have some evidence that 

this is how supermassive black holes were built up 

ABOUT DARYL 
HAGGARD
Daryl Haggard is a 
postdoctoral fellow at the 
Center for Interdisciplinary 
Exploration and Research 
in Astrophysics at 
Northwestern University, 
Illinois, where she studies 
what goes on at the heart 
of galaxies. She’ll join 
Amherst College as an 
Assistant Professor of 
Astronomy this autumn.

in the early Universe. What we’re not sure about is 

whether they eventually run out of fuel and stop 

growing, or get those extra little injections 

of material later on.

By chance, the supermassive black 

hole at the centre of our Milky 

Way, Sgr A*, seems to be about 

to feast on a gas cloud that is 

falling into it. The 

encounter really occurred 

27,000 years ago, but its 

light is only reaching us 

now. Dubbed G2, the 

cloud is not very big, at 

just three times the mass 

of the Earth, and there is 

debate as to whether it is 

a clump of gas or a star 

embedded in a puffy, 

gaseous envelope. But it 

offers a unique opportunity 

to study the feeding 

mechanism in real time.

Feeding time
So far, G2 has been detected only  

in the infrared, using ground-based 

instruments fitted with adaptive optics such as 

the telescope of the Keck Observatory in Hawaii 

and the VLT in Chile. Nothing has yet been 

observed in the X-ray or radio parts of the 

spectrum, though we’re keeping our fingers 

crossed! My own campaigns have been with the 

Chandra X-ray Observatory, backed by the Karl G 

Jansky Very Large Array (VLA) of radio dishes in 

New Mexico, US. Chandra and the VLA can give us 

very high-resolution images of the galactic centre, 

so we’re playing a waiting game. 

One interesting point about supermassive black 

holes is that they not only accrete material, they 

also appear to blow it back out. We see evidence of 

that in spectacular bubbles extending above and 

below many galaxies. With G2, we may have the 

chance to look at the balance between the material 

flowing into the black hole and its outflow. There is 

currently a project underway to link radio dishes 

across the world to form what is called the Event 

Horizon Telescope. That will allow us to resolve the 

boundaries of Sgr A* and to get an even better idea 

of how it is feeding.
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WHAT I REALLY WANT TO KNOW IS…

Daryl Haggard is keeping an eye on a gas cloud that’s 
about to plunge into the singularity at the centre of our Galaxy
INTERVIEWED BY PAUL SUTHERLAND

Gas cloud G2 will soon  
be consumed by Sgr A*, 
our Galaxy’s central 
supermassive black hole
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THE choice for EXPERTS & AMATEURS

BRYMBO ROAD, NEWCASTLE UNDER LYME, STAFFORDSHIRE ST5 9HX
sales@orionoptics.co.uk technical enquiries: john@orionoptics.co.uk
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Having the right tools to produce unique
and groundbreaking images is the

dream of every astroimager
I love my Orion OpticsUK AG12, it has

allowed me to push myself to new
levels and truly reach for the stars

Mike Sidonio, Astrophotographer, Australia
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STARS AND CONSTELLATIONS

It’s not unusual to hear praises heaped 

on the spectacular vistas of the Milky 

Way at this time of year, but this is just the 

evening show. If you stay up, you’ll be able 

to see almost the entire night sky over the  

long July nights. The pre-dawn sky offers 

views normally associated with summer 

evenings. The two Magellanic Clouds are 

riding high in the south, with icons such  

as the Great Square of Pegasus low in the 

north, and Taurus, Orion and Canis Major 

returning to the east.
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WHEN TO USE THIS CHART
The chart accurately matches the sky on the 
dates and times shown. The sky is different at 
other times as stars crossing it set four minutes 
earlier each night. We’ve drawn the chart for 
latitude –35° south.

With Glenn Dawes

JULY HIGHLIGHTS

Mag. +0.2 Mars makes a close  

pass of mag. +1.0 Spica (Alpha (a) 

Virginis); the red planet and blue star 

present a pleasant colour contrast. They  

are nearest on the 13th, when they’ll be  

1.3º apart. On the evening of 6th, they  

form an impressive triangle with the 

waxing gibbous Moon. Also on show are 

the Southern Delta Aquariids, one of the 

stronger and more consistent meteor 

showers for the southern hemisphere.  

It peaks around 30 July. 

Mars and Saturn are the highlights  

of the evening sky. The Red Planet is 

due north around the end of twilight, with 

ringed Saturn following about two hours 

later. Neptune arrives at about 21:00 EST 

mid-month, with Uranus rising around 

midnight. Turning to the morning, 

beacon-like Venus leads Mercury into  

the northeastern sky, with both only 

visible low in the dawn glow. In the last 

week of July, Mercury drops towards  

the Sun and is lost by month’s end.

THE PLANETS

Mag. +4.3 star 36 

Ophiuchi (RA 17h 

15.3m, dec. –26° 36’) is  

a brilliant double, its 

yellow components  

(mag. +4.3 and +5.1) a snug 

5 arcseconds apart. The star is 

located on the northern edge of 

the famous Pipe Nebula, a gas cloud 

visible as a naked-eye dark silhouette on 

the Milky Way, about 8° long. You can  

find 36 Ophiuchi by scanning 10° east  

of mag. +1.1 Antares (Alpha (a) Scorpii).

Just 3° west of  

36 Ophiuchi sits 

impressive M19 (RA 17h 

02.6m, dec. –26° 16’; 

pictured). M19 is distinctly 

oval shaped, measuring 

around 6 arcminutes by  

4 arcminutes. At mag. +6.7  

it has a condensed bright centre, 

which quickly drops away towards the 

edge. It looks mottled in smaller scopes; 

you’ll need a 6-inch or larger instrument 

to start resolving individual stars.  
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ADVERTISEMENT FEATURE

I
t is quite easy to become daunted by the vast array 

of equipment that is available to today’s amateur 

astronomers. Different makes, different models, different 

sizes and optical arrangements – if you’re new to the 

hobby, how do you make sense of all these details and find the 

telescope that will show you the Universe?

The answer lies in buying from a specialist retailer – 

somewhere that really knows what they’re talking about. Like 

the retailers in this guide, they’ll have the practical knowledge 

that will guide you towards the scope that won’t end up 

gathering dust in a cupboard.

Today there are over 1,000 models of telescope to choose 

from – refractors and reflectors, Dobsonians and Newtonians, 

Schmidt- and Maksutov-Cassegrains. And just as important as 

the telescope is the mount it sits on; but do you go for equatorial 

or altazimuth, manual or Go-To? And what about accessories 

like eyepieces and finderscopes?

That’s certainly a lot to consider before making a decision, 

but a specialist retailer will help you make that decision, taking 

important considerations like portability, construction and price 

into account.

So if you need friendly, face-to-face advice and excellent 

aftersales service, free from biased opinions, specialist 

telescope retailers are the place to go for a helping hand 

through the technical literature and tables of figures. They’ll 

help you find a scope that combines quality and convenience at 

a price that’s right.

Find the right one for you: buy your 

telescope from a specialist retailer

Retailer Guide
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TELESCOPE HOUSE 

 01342 837610

www.telescopehouse.com

sales@telescopehouse.com

Founded in 1785, Telescope House has 
been responsible for supplying many 
well-known Astronomers with telescopes 
and equipment. The late Sir Patrick Moore 
bought the majority of his telescopes 
from the company, including his very first 
instrument. With a friendly showroom in 
Surrey, a number one ranked retail website 
and a service centre with fully qualified 
staff, the company offers equipment from 
manufacturers such as Meade, Revelation, 
Coronado, Bresser, Skywatcher, Orion 
USA, TeleVue, Vixen and Explore Scientific. 
Whether it’s advice on your first telescope, 
to setting up advanced Astrophotography 
systems, the staff at Telescope House have a 
wealth of experience and instant access to 
the right stock to back it up.

TRING ASTRONOMY 

CENTRE 

 01442 822997 

www.tringastro.co.uk

enquiries@tringastro.co.uk

At Tring Astronomy Centre we know that 
choosing the right equipment can be a 
minefield, but we strongly believe that 
seeing telescopes in the flesh and talking 
to an expert in a relaxed environment 
can really help. That’s why we have a 
coffee machine, a fully stocked bicuit 
barrel, and 45+ telescopes on display. 
As well as representing leading brands 
such as Celestron, Sky-Watcher, 
Baader Planetarium, Altair Astro, Vixen, 
Opticron, AstroTrac, iOptron, Lunt, 
Starlight Instruments, ZW Optical and 
many more we also offer a hire service 
so you can even try before you buy! So 
what are you waiting for? Visit or contact 
Tring Astronomy Centre and  
lets talk Astronomy!

SHERWOODS

Established for over 60 years, 
we at Sherwoods are one of the 
Midlands leading suppliers of 
astronomical telescopes, binoculars 
and accessories. Through our website 
and showroom we are able to supply 
optics from some of the world’s leading 
optical manufacturers including 
Celestron, Skywatcher and Meade 
at some of the lowest prices in the 
UK. We offer a full mail-order service 
including next day delivery on many 
items held in stock.

 01527 857500

www.binocularhouse.com

sales@sherwoods-photo.com

GREEN WITCH

Green Witch is one of the UK’s leading 
suppliers of telescopes, binoculars and 
accessories for astronomy. Founded 
by former members of the Royal 
Greenwich Observatory in 1998, 
Green Witch is dedicated to helping 
you choose and use the equipment that 
is right for you. 

We also carry an extensive range 
of telescopes and binoculars for nature 
and leisure, which you are welcome to 
try before you buy. Whether you visit 
our showrooms or buy online you can 
be sure of excellent service.

 01924 477719 - Birstall, West Yorks

 01767 677025 - Gransden,  

Beds & Cambs

www.green-witch.com

THE WIDESCREEN 
CENTRE

 02079 352580 

www.widescreen-centre.co.uk

simon@widescreen-centre.co.uk

The Widescreen Centre is London’s Astronomy 
Showroom, located in Sherlock Holmes 
territory off Baker Street in the heart of 
Marylebone - a family owned and run business 
since starting out in1971. Our experienced 
and highly knowledgeable staff will offer you 
quality, choice, expertise and service - see 
Celestron, Sky-Watcher, Meade, Orion, Tele 
Vue, APM, Takahashi and much, much more 
besides says Simon Bennett, Widescreen’s MD 
and lifelong amateur astronomer, “If the correct 
equipment is purchased it will give a lifetime’s 
enjoyment. This is our mission. We will never 
sell you anything you don’t need” Watch out 
for Widescreen at Star Parties and exhibitions 
throughout the UK.

ASTRONOMIA
Atronomia is the award-winning 
home of the biggest range of 
telescopes and binoculars on 
display in the South of England. 
With over 50 telescopes and 
even more binoculars, Astronomia 
brings you the widest choice from 
respected brands such as Celestron, 
Sky-Watcher, Meade, Vixen and 
more. Visit our store in the High 
Street, Dorking or check out the 
website. Take advantage of our full-
price trade-ins on all telescopes – if 
you upgrade within 12 months, you 
don’t lose a penny!

 01306 640714

www.astronomia.co.uk

mail@astronomia.co.uk

http://www.telescopehouse.com
mailto:sales@telescopehouse.com
http://www.tringastro.co.uk
mailto:enquiries@tringastro.co.uk
mailto:sales@sherwoods-photo.com
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mailto:simon@widescreen-centre.co.uk
http://www.green-witch.com
http://www.astronomia.co.uk
mailto:mail@astronomia.co.uk
http://www.binocularhouse.com


TECHNOLOGICALLYSUPERIOR

Celestron® and SkyrisTM are trademarks or registered trademarks of Celestron Acquisition, LLC in the United States and in dozens of other countries around the world. All rights reserved.  
David Hinds Ltd is an authorised distributor and reseller of Celestron products. 

Astronomia    
Dorking   
01306 640714

F1 Telescopes
Sittingbourne 
01795 432702

Green Witch
West Yorkshire (North)   
01924 477719 
Bedfordshire (South)
01767 677025

Widescreen Centre
Central London  
020 7935 2580

and specialist dealers nationwide

A SOLID FOUNDATION
DESIGNED FROM THE 
GROUND UP

12031 – Advanced VX
8 EdgeHD
Camera not included

Engineered from the ground up with astroimaging 
in mind, the new Advanced VX series from Celestron 
sets a superior standard in mid-level telescopes.
Advanced VX provides you with many of the features 
found on Celestron’s most sophisticated German 
equatorial mounts, at an extremely affordable price.

12026 - Advanced VX 8 SCT
12031 - Advanced VX 8 EdgeHD
12046 - Advanced VX 9.25 SCT
12067 - Advanced VX 11 SCT
12079 - Advanced VX 6 SCT

22020 - Advanced VX 6 R
32054 - Advanced VX 6 N
32062 - Advanced VX 8 N
91519 - Advanced VX Mount

TM

USB 3.0 ASTRONOMICAL CCD CAMERA

THE UNIVERSE IS YOUR STUDIO –
CREATE YOUR MASTERPIECE

Designed for beginning and advanced imagers  
alike, each of the six Skyris models will make you  
experience the sky from a completely new  
perspective as you create stunning planetary  
images in crisp, high resolution.

95510 - Skyris 618C  95513 - Skyris 445M 
95511 - Skyris 618M  95514 - Skyris 274C
95512 - Skyris 445C 95515 - Skyris 274M
95516 - IR Cut Filter for Skyris Colour Camera
95520 - Skyris Filter Wheel, 5 x 31.7mm

Celestron CCD cameras
93711 - NexImage 5MP - Solar System Imager
95555 - Nightscape 10.7MP
95560 - Nightscape 8300 8.3MP

Telescope and PC 
not included

www.celestron.uk.com
Imagine the possibilities

http://www.celestron.uk.com

