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THE lunar orbiter SELENE (Kaguya), a Japanese Aerospace
Exploration Agency (JAXA) spacecraft, is in a polar orbit 100 km

above the surface of the Moon. It has used an array of instruments to
unveil more of the secrets of our nearest celestial neighbour, in partic-
ular it has mapped and imaged the farside to greater resolution than
previously. This is made possible because the main orbiter of SELENE
can relay radio signals to and from the Earth when it is on the farside
by means of a companion sub-satellite in a high elliptical orbit. The
remarkable SELENE results are reported in four papers published in
the 13 February 2009 issue of Science.

Kaguya (the name refers to a Moon princess in a Japanese folk tale)
has used laser altimetry to map the lunar topography to a height reso-
lution of one metre and with a position error of 50 metres, an unprece-
dented degree of precision. At a prosaic level this allows us to refine
lunar statistics. The mean radius of the Moon is 1737.15 km and there
is only a 3 km difference between its polar and equatorial radius;
although the Moon is an oblate sphere it’s barely noticeable. The topo-
graphic range is 19.81 km, a bit bigger than Earth’s, with the highest
point being the southern rim of Dirichlet-Jackson Basin, and the low-
est the Antoniadi crater in the South Pole-Aitken Basin. The projection
of the centre of mass of the Moon to its surface lies at 22.41ºE and
7.10ºN. This is on the farside and just to the north of the highest point,
a location accounted for by the variation in crustal thickness which is
greater on the farside than the nearside. Intriguingly, on small scales
(over distances less than 180 km) the Moon has a rougher surface than
Earth, Venus or Mars. This is partly because the lunar crust is more
rigid, attributed to the fact that there is so little water locked up in the
rocks, and partly because there are fewer factors to weather and erode
the lunar surface.

Crater numbers can be used to estimate the relative ages of planetary
surfaces. The age determination gets better the more craters are count-
ed, if craters are counted over a wide range of diameters, and if second-
ary craters can be recognised and excluded from the count. The Terrain
Camera on board SELENE, with its high resolution (10 m) images, has
revealed many more craters for age determinations. Counts of the num-
bers of craters of a given diameter allow crater size-frequency distribu-
tion plots to be made, from which absolute model ages of farside maria
were derived by comparison with model ages for nearside maria, for
which absolute radioisotope dating has been done on Apollo and Luna
rock samples. Mare volcanism on the nearside subsided quasi-expo-
nentially from a peak at 3.6 billion years until about 1.2 billion years.
However on the farside mare volcanism ceased by 2.8 billion years,
possibly because of the thickness of the farside crust or maybe due to
a deficiency in radioisotopes in farside lithosphere to heat and melt the
mantle.

The radar sounder on SELENE has revealed subsurface layers at a
depth of several hundred metres in nearside maria. They are probably
regolith that accumulated as the surface was bombarded by meteorites
during a hiatus in mare volcanism, that were then subsequently cov-
ered when basalt eruptions resumed. The stratification implies that this
gap in volcanism seems to have happened between 3.55 and 2.8 billion
years ago. Interestingly, the thin horizontal disposition of the strata
show that the lava did not load the basin so much as to bend the litho-
sphere, as has been postulated, and implies that mare basalts are thin-
ner than some earlier estimates; in nearside basins they may typically
be only one kilometre thick. One consequence of this is that mare wrin-
kle ridges could not have been formed by loading, as has been suggest-
ed, but instead result from compression of the basalt due to global cool-
ing and contraction.

Unmasking the
Moon’s farside

ALAN LONGSTAFF reviews the latest news in astronomy research



Perturbations of the trajectories of lunar
orbiters revealed in 1968 that there were
localised mass concentrations (mascons) in the
lunar crust. Subsequent detailed measurements
of the gravity field showed that the surface grav-
ity was higher over many of the nearside impact
basins, e.g. Imbrium, Serenitatis, Crisium
Humorum and Nectaris. These positive gravity
anomalies occurring in topographic lows show
that the crust of the Moon is not in isostatic equi-
librium. The lithospheric plates (consisting of
crust and upper mantle) making up the Earth’s
surface ‘float’on a layer of mantle situated at a
depth of about 100 km called the asthenosphere.
If a plate is loaded, for example with several
kilometres of ice, then it sinks deeper into the
asthenosphere. When the ice melts the plate
gradually rebounds. Today much of northern
Scandinavia is rising in response to the loss of
ice 10000 years ago when the last ice-age ended.
This is isostasy at work. Complete isostatic com-
pensation has not happened on the Moon for the
past 3.8 billion years because its lithosphere has
been too rigid and thick; the Moon’s asthenos-
phere lies at a depth of 1000 km. 

Positive gravity anomalies or mascons arise in
part because the basins are filled with high den-
sity basalts (the surrounding lunar highland rock
is lower density anorthosite). However Oceanus
Procellarum is flooded with basalt and has only
a weak positive gravity anomaly so this cannot
be the whole story. Another contribution is reck-
oned to be dynamic mantle uplift and crustal
thinning during basin forming impact, which
brought the denser mantle closer to the surface,
producing the positive gravity anomaly.

SELENE has now extended gravity measure-
ments to the farside. The South Pole Aitken
Basin Terrane (SPAT), the lowest lunar surface,
has a very strong positive gravity anomaly while
just to the north lies the highest lunar surface,
the Feldspathic Highland Terrane (FHT), which
has a deep negative gravity anomaly, i.e. there is
a mass deficit. These results can be explained by
differences in crustal thickness (thin at the SPAT
and thick at the FHT) that have not been isosta-
tically compensated. 

SELENE has unmasked key differences
between basins on the farside and those on the
nearside. Although some of the farside basins
have a central positive gravity anomaly that cor-
responds to dense mantle close to the surface,
many (including Mare Orientale) have concen-
tric negative and positive gravity anomaly rings.
The exact cause of these anomalies is not clear
but must result from surface topography that is
not in isostatic equilibrium; the positive anom-
aly rings correspond to basin rims.

The Japanese researchers distinguish two
types of basin on the farside. Type 1 generally
lack mare basalts and have a sharp central posi-
tive gravity anomaly. They are only 3-4 km
deep, too shallow for the central gravity high to
be due to basin subsidence, hence it is thought to
be due to mantle rebound after the impact which
failed to relax back because the lithosphere was
too rigid. Given that the  lithosphere was this
hard, calculations show that the temperature of

the crust-mantle boundary must have been only
425 to 525ºC where these basins formed. Most
type II basins are floored by mare basalts, and
although they have a central gravity high it has
been partly isostatically compensated, though
the rest of the basin is supported by the rigidity
of the lithosphere, showing that these basins too
formed where the crust-mantle boundary was
cool.

By contrast, the principal nearside mascons
underwent deformation during and after basalt
was erupted into them, and for this to happen the
temperature of the crust-mantle boundary must
have been higher than 725ºC.

The ‘take home’message is that the farside
has fewer large mare basins not just because the
farside crust is thicker, but because it was too
cool and rigid to deform much after the impacts.
It is not a matter of timing; there is no correla-
tion between basin type and age. However there
are differences in chemical composition of far-
side and nearside crust that presumably reflect
the physical differences. How the Moon
acquired this asymmetry is a key question in
lunar geology, but hints at extraordinary internal
processes.
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A comparison between the Moon’s nearside and farside. The top two images are based on
Clementine imagery and show the general albedo (reflectivity) of the Moon’s surface. The

locations of the SPAT and FHT are indicated. The bottom two images are gravitational maps
of the Moon’s surface based on Lunar Prospector data and show the distribution of positive

anomalies (mascons) and negative anomalies). Images credit NASA.

FHT

SPAT

Artistic representation of
SELENE (Kaguya) in

lunar orbit. Credit: JAXA.



EXTENDED plumes of methane from two
sources near Syrtis Major have been dis-

covered on Mars. The concentration of
methane rises during northern hemisphere sum-
mer, peaking in late summer. The main plume
contained 19000 tonnes of methane and the
source strength — the estimated rate of
methane release — is comparable to hydrocar-
bon seeps on Earth. The key question is
whether this methane is produced by geological
or biological processes.

Since 2003 three research groups have
reported methane (CH4) in the martian atmos-
phere but these searches could not specify the
source regions or seasonal variations with great
precision. The present work, led by Michael
Mumma of NASA Goddard Space Flight
Center, and reported in the 20 February 2009
issue of Science, addresses these shortcomings. 

The methane detection was made using
infrared spectrometers on two ground-based
telescopes, the IRFTand Keck-2 on Hawaii.
Each spectrometer has a long slit that was
aligned along the central meridian of Mars and
a series of spectra were taken over time. This
allowed a map (in martian latitude and longi-
tude) of methane concentration to be built up.
The observations were done at times to coin-
cide with martian early northern spring, and
early and late northern summer. The team
detected three spectral lines due to methane on
Mars, after first subtracting lines due to
methane in the Earth’s atmosphere and
Fraunhofer lines, because at the 3.3 mm wave-
length in the infrared Mars is seen largely in
reflected sunlight. 

The abundance of methane rises over sum-
mer reaching about 45 parts per billion in late
summer. There is a gradient in methane con-
centration with latitude and the peak concentra-
tion in the atmosphere migrates from high lati-
tudes to the equator as summer progresses. The
methane map shows two local sources of the
gas producing plumes about 60º across in both
latitude and longitude. The sources are near
30ºN, 280ºW(Nili Fossae) and 0º, 310ºWand
are situated in ancient Noachian plain terrain
overlain by Hesperian age (3.6-3.1Gyr) vol-
canic deposits of Syrtis major. The most west-
erly source corresponds to a region rich in
water vapour, while Nili Fossae is enriched in
hydrated minerals (clays) and the neighbouring
part of Syrtis Major looks as if it has suffered
catastrophic collapse, perhaps due to loss of
volatile material below. 

In early northern spring the methane abun-
dance was very low which suggests all the
methane seen in the summer was released rap-
idly, and that if the same level of release hap-
pens every year the lifetime of CH4 in the
atmosphere is 100-fold shorter than can be

accounted for by usual pho-
tochemical oxidation
processes in the atmos-
phere. One mecha-
nism to account for
its rapid disap-
pearance is that
dust storms
launch hydro-
gen peroxide
(H2O2)-coat-
ed grains
into the
atmosphere
which would
allow the
methane to be
efficiently oxi-
dized. The
largest plume
contains 19000
tonnes of methane.
If this is released sea-
sonally over half a mar-
tian year the release rate is
0.63 kg/s, which compares
with hydrocarbons seeping from
Coil Oil Point in Santa Barbara,
California of 0.4-1 kg/s.

On Earth 90% of methane is produced by
biological reactions, the remainder by geology,
by the production of magma or serpentization
of basalt. On Mars the most likely geological
mechanism, given that there is no evidence for
active magmatism, is serpentization of basalt.
This requires alkaline conditions, which is the
case for the most ancient (Noachian) surface of
Mars, and nickel as a catalyst. Given that one
percent of the martian regolith is meteoritic
there is no shortage of this metal.

There are two possibilities for a biotic origin.
The first is cold-loving methanogenic bacteria
in the permafrost. Methane is produced in this
way in the Earth’s
Arctic tundra, and if
this were happening
on Mars the release
rate in midsummer is
less than that on
Earth by a factor of
1600. The second
possibility is that
methanogens could
be much deeper in
the crust, below the
cryosphere boundary,
where water is liquid.
Like their terrestrial
counterparts these
organisms would not
need oxygen and

could
get ener-

gy to power
their metabolism from

hydrogen (released from water by radioactive
decay), by reacting it with carbon dioxide, pro-
ducing methane. Although these bugs would be
2-3 km below the surface, the methane could
accumulate and be liberated seasonally as
warming opened up pore spaces and fissures.

Resolving whether martian methane is abiot-
ic or biotic is arguably the most important
question in planetary science today. To discov-
er extant life on Mars would spark as great a
revolution as that ushered in by Galileo’s tele-
scopic observations that we are celebrating this
year. 
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Map of methane release during northern

summer on Mars (brighter areas at left reveal
the highest atmospheric

concentrations).
NASA.

Mar tian summer methane:
geology orbiology?

Nili Fossae

Terra Sabae

Syrtis Major



WINTER in my part of Scotland is not the
best time to start serious solar observing,

but when you have been waiting some time for
a new toy you tend to take any opportunity you
can get. Here are some impressions of the new
Lunt 50 mm H-alpha (hydrogen-alpha) etalon
and B1200 blocking filter for solar viewing.

The Lunt name has long been associated with
high quality narrow-band solar filters, particu-
larly those that isolate the H-alpha band. The
late David Lunt was heavily involved with the
Coronado factory on the Isle of Man (from
which the excellent Solarscope solar products
would later emerge following Coronado’s
move to America) and also with the American
Coronado factory prior to Meade’s acquisition
of that company. Now the Lunt name has been
used to launch a new range of dedicated solar
filters and telescopes, sparking considerable
interest, most particularly because of the prices
they are charging. Currently a Coronado dedi-
cated H-alpha telescope with a 40 mm aperture
will cost more than £1250; and prices rise
steeply from there. The prices being asked for
Lunt products with 50 mm or 60 mm apertures
are still, depending on the exact combination
you choose, 10 to 15% cheaper than this (at the
time of writing) despite the poor recent per-
formance of the Pound against both the US
Dollar and the Euro; the 50 mm and 60 mm
competition from Coronado or Solarscope is
very much more expensive. Assuming that the
quality is good, this makes Lunt products high-
ly competitive and attractive.

You can order complete solar telescopes from
60 mm upwards, or you can order front mount-
ed etalon filters, from 50 mm upwards, to fit
your own refractor telescope via an adapter.
Each is matched with a blocking filter that is
built into a star diagonal. The blocking filter
completes the isolation of the H-alpha band and
reduces intensity to eye-safe levels at the eye-
piece. I ordered a 50 mm etalon matched with a
B600 blocking filter to use with my own tele-
scope. 

The internal diameter of the blocking filter
needs to be matched to the size of the arriving
light-cone which, in turn, depends on the tele-
scope’s focal length. Too small a size will
occult part of the light cone and too large will
allow internal reflections from within the tele-
scope to pass through to the eyepiece; depend-
ing on how well your telescope is baffled you
may well end up with ‘ghost images’around
the main image. Originally the B600 blocker
was described as suitable for telescopes up to
600 mm focal length, which seemed ideal for
my SkyWatcher ED-80 refractor.
Unfortunately experiments with early produc-
tion models suggested that the B600 might not
allow a complete solar disk to be viewed at 600

mm focal length and, in fact, should be limited
to telescopes of 540 mm focal length or less. It
was recommended that buyers with similar tel-
escopes to mine should change their order to
the more expensive B1200; this is suitable for
telescopes up to around 1080 mm focal length.
As mentioned, this does raise the possibility of
ghosting; more of which later. As usual, it is
best to discuss your exact requirements with a
competent dealer, and at this point I must com-
mend my supplier, Simon Bennet of The
Widescreen Centre in London, for the way he
handled the delays and changes brought on by
the introduction of this new product range and
for the detailed advice he was able to give.

The equipment
On to the product itself. The etalon and B1200
arrived carefully packed in a solid, well-padded
aluminium case, along with a full instruction
manual and warranty card. Construction quali-
ty seems to be excellent, with all casing and
optical surfaces being essentially perfect and
blemish free to the naked eye. The etalon uses
two edge-supported flat glass disks, with beau-
tiful optical coatings. These plates allow multi-
ple internal reflections to isolate the H-alpha
band by a process of destructive interference.
The edge support method is difficult to manu-
facture accurately but, when compared with
centre supported etalons, allows an unobstruct-
ed full aperture with the maximum available
contrast for aperture size. The etalon connects

to the telescope via an adapter plate; in my case
by slipping over the dew-shield of the tele-
scope. I found this adapter to be well made but
rather expensive for what it is; a simple thread-
ed aluminium plate to hold the etalon, and three
grub screws to attach it to the telescope.
Attachment methods vary from telescope to tel-
escope so, once again, consult your dealer for
the best information; I know Simon Bennet has
been trying to source some cheaper alternatives
to the Lunt original adapter plates.

The etalon is much heavier than the blocking
filter diagonal so the telescope needs signifi-
cant rebalancing if used with a single eyepiece.
However with a binoviewer in place balance is
nicely restored and I found viewing with two
eyes to be more relaxing and revealed more
detail than can be seen by using one eye alone.

Solar viewing
The advertised bandpass of this filter is less
than 0.75 angstroms; 0.7 angstroms is consid-
ered to be something of a sweet spot in H-alpha
work, allowing views of both surface and
prominence detail. My experience with it so far
suggests the bandpass detail is accurate.
Achieving focus is easy, and the first impres-
sion is of an attractive sunset-red / orange solar
image. Following the advice in the manual I
first used a 25 mm eyepiece, and with it the
view was bright and sharp. No special eye-
pieces are required and standard 1.25-inch
Plossls of reasonable quality work well. 

Instruments
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Shining new solarequipment
As a new solar cycle gets underway, ALAN CLITHEROW appraises the new Lunt LS50

hydrogen-alpha filter system and B1200 blocking filter for viewing the Sun.

View from the front: The etalon and adapter plate attached to the dewshield of the author’s
SkyWatcher ED-80 telescope. Note the small thumbwheel at the top and back of the etalon; this is

used for fine tuning the solar image. Image: Alan Clitherow.



As when viewing any Solar System object the steadi-
ness of the atmosphere is very important and on some
days the image ‘boils’too much to reveal significant
detail; the low-level of the winter Sun did not help in this
regard, but on my first viewing day a small sunspot group
became immediately visible. This allowed me to confirm
that the filter will show good surface detail. Since then
such detail has been elusive, with the Sun only slowly
emerging from its low point of activity last year. On any
reasonably still day, tuning the etalon using the brass
wheel mentioned earlier will soon reveal a network of
low-contrast, but clearly visible, lines and filaments over
the whole face of the Sun; this closely resembles the sur-
face of brightly-lit orange. I regret not photographing that
first sunspot group as none has emerged since, however
the ‘orange peel’effect is easy to see and to capture pho-
tographically. The front etalon unit can be double stacked
with two etalons arranged in line, to narrow the bandpass
to 0.5 angstroms; this increases contrast and detail but
adds considerably to the overall cost.

Contrast is reasonably faint with a 25 mm eyepiece.
Increasing magnification dims the image slightly but
increases contrast making surface detail clearer.
Complete solar views are available down to a little below
the field provided by my 10 mm eyepiece (in a 600 mm
focal length telescope the B1200 blocking filter has no
problem showing the whole solar disk and surrounding
prominences) and I saw good detailed views of promi-
nences and parts of the solar disk using eyepieces down
to 7 mm. Using yet higher powers tends to dim the image
a bit too much for my 51 year old eyes; perhaps when the
Sun is higher in the summer it will be brighter and I will
try prominence-viewing with 5 mm eyepieces.

A wide variety of edge prominence detail has been vis-
ible from the start and I have taken a number of pleasing
images with both DSLRs and webcams. The webcam has
proven to be very successful, particularly using image-
stacking techniques and the Registax software. CCD
chips are much more sensitive to H-alpha light than the
human eye and will reveal a wealth of subtle detail once
the images are processed. For a comparatively small
etalon the 50 mm Lunt system takes higher powers well
photographically with good prominence detail revealed
using 2.5 times powermate lenses at 1500 mm focal
length.

At this point it is worth mentioning that, at least with
my ED-80, no ghosting is visible at the eyepiece
although this may vary from telescope to telescope.
When DSLR images of the whole Sun are stretched to
reveal the faintest of prominence detail slight ghosting
appears well off to one side but this is faint and easily
cropped out of the final image. This ghost does not
appear in stretched webcam images as it is outside the
narrow field of view of these cameras. Some H-alpha
systems suffer from a problem known as a ‘sweet spot’;
within this spot, image detail is excellent, but it can fall-
off rapidly outside of it. The Lunt 50 mm etalon as test-
ed did not reveal any noticeable sweet spot; detail
appeared good across the whole solar disk. 

The advantage of adding an etalon and blocking filter
to my own telescope is that I am using a known baseline
system, so that when I wish to set up for imaging or to
use my binoviewer I have already solved any compatibil-
ity problems. This is not always the case with a new tel-
escope as there may be issues of achieving focus with
certain bits of equipment until various extension tubes or
adapters are purchased. It is also worth noting that it is
not necessary to use a very high quality apochromatic tel-
escope with these filters. Etalons isolate a very narrow
band of light, negating problems with chromatic aberra-
tion, so that relatively cheap achromats can still produce
excellent results. Indeed the complete Lunt telescopes are
themselves achromats, but they do use lenses tuned to
correctly focus the appropriate frequencies so that their
performance is optimized. On the other hand with my
own set-up I can easily switch to a white-light filter and
image granulation with a narrow-band green filter such
as the Baader Solar Continuum filter. There is also avail-
able a replacement for the B1200 that isolates just the
Calcium-K band, giving me the possibility of imaging in
multiple wavelengths from one telescope. As mentioned
Lunt do provide complete solar telescopes for those who
want everything ‘out of the box’, including complete
Calcium K units. Again, it is best to discuss your exact
requirements with a knowledgeable dealer. 

It is worth mentioning the obvious competition — the
Coronado (Meade) Personal Solar Telescope (PST). This
grab-and-go H-alpha telescope is certainly cheaper than
the Lunt system I’ve described, but it does have a small-
er aperture and consequently has lower resolution and
contrast limits. The PSTcan produce excellent results,
but it is difficult to argue with the extra contrast and
detail offered by a 50 mm or larger etalon. In direct com-
petition with the PST, Lunt are now offering a smaller,
cheaper, complete H-alpha telescope with a 35 mm
etalon and this should equal the PSTas a grab-and-go
solution for casual H-alpha observing. This rather leaves
the Lunt LS50 H-alpha system out on its own in the price
/ performance competition, with equivalent systems from
competitors costing much more. 

This is hardly a complete and scientific review, and I
did not have any other H-alpha equipment to make direct
comparisons, but I have had the opportunity to view
through 70 mm etalons and several versions of the PST.
I would rate this 50 mm etalon highly, above the PSTand
with the 70 mm for ‘visual impact’if not for absolute
detail or brightness. Obviously, without a side-by-side
comparison this review is my subjective opinion. The
ultimate test is, I suppose, am I happy with my ‘bargain’
product? In short, my answer has to be yes.

A wealth of information can be gleaned from the Lunt
solar group at tech.groups.yahoo.com/group/luntsolar
and Lunt’s own website at www.luntsolarsystems-
europe.com/
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Above: The photographic
ability of the author’s H-
alpha system is shown in

this image of a prominence
taken with a Philips web-
cam at 1500 mm focal-

length (see also Showcase
on p47 for a colour image

of the Sun taken by the
author). 

Below: The Lunt B1200
blocking filter diagonal can
be seen below the binoview-
er in this image. The item is
available in both 2 inch and

1.25 inch fittings as
required. Shown here is the

2-inch version.



IF you drive north from the small city of
Flagstaff in northern Arizona you will find

yourself on top of a small hill covered in pon-
derosa pine. The road then turns sharply right,
to reveal a gatepost covered in all the planets’
astronomical symbols. You have arrived at the
Lowell Observatory, now a successful research
and educational observatory for the public and
astronomers alike to enjoy learning more about
the Universe.

The allure of the Red Planet
Percival Lowell (1855-1916) was born into a
wealthy Boston, Massachusetts, family and
graduated from Harvard in 1876 with a distinc-
tion in mathematics. After having read Camille
Flammarion’s book La planète Marsand being
enthralled by Giovanni Schiaparelli’s observa-
tions of linear features on Mars, Lowell became
fascinated by the Red Planet to the point of
obsession. In 1894 he founded the observatory
in Flagstaff that now bears his name, initially
equipping it with two large telescopes — a 12-
inch refractor leased from Harvard and an 18-
inch refractor borrowed from John Brashear —
to observe that year’s close opposition of Mars.
These were replaced in 1896 by a splendid 24-
inch telescope costing $20000, made in Boston
by Alvan Clark & Sons, and brought to
Flagstaff by train. The firm’s optician, Carl
Lundin, made the optics for this instrument and

for a 42-inch
r e f l e c t o r

installed in
1909.

Lowell
used the

2 4 - i n c h
Clark refrac-

tor for many
years in his

search

for intelligent life on Mars. He made detailed
drawings of his observations, wrote books and
lectured about Mars. He believed that apparent
lines on its surface were canals which trans-
ported water over the planet’s surface.

I had always wondered why Lowell set up his
observatory in Flagstaff. He was, after all, from
the east coast, but three factors came together
in the late 19th Century to influence his deci-
sion. The first group of Bostonians to attempt a
new life in the west arrived in Flagstaff in 1876
and by 1886, with the help of the trans-conti-

nental railroad Flagstaff had become the
largest settlement between

Albuquerque in New Mexico
and the Pacific Coast, a

distance of some 1100
miles. With fewer than
a thousand people
inhabiting Flagstaff in
the 1890s, so that light

pollution was not an issue
and good visibility was pre-

cisely the issue, and with the clear
air, Lowell chose Flagstaff to start
up his observatory in May 1894,
to begin his studies of Mars and to
search for intelligent life there. 

Today the population of
Flagstaff is somewhat higher, at

about 53000 people and with the increase in
light pollution affecting the efficiency of the
observatory’s telescopes, there have been laws
passed to limit the output of light from the daily
living arrangements of those who live in the
area. Satellite photographs show Flagstaff to be
a lot dimmer than cities elsewhere of a similar
size. 

The 24-inch Clark Telescope has many cred-
its to its name. In 1913 Vesto Slipher used it to
find the first evidence that the Universe is
expanding. In the early 1960s it was used to
educate and train the Apollo astronauts; they
first saw their prospective landing sites on the
Moon through the Clark Telescope. Today it is
used mainly for public viewing during the
evening tours. In 1966 Lowell Observatory was
designated a Registered National Historic
Landmark, something they are very proud of.

Touring Mars Hill
Daytime tours of the Lowell Observatory are
offered every hour and as I’d arrived on my
first visit just past the hour, only to discover
that a tour had just left, my legs were a blur as
I caught up with the small group. The evening
tours are similar, but also give everyone the
opportunity to use the Clark Telescope to
observe the skies for a few precious moments.
At weekends, there is the added bonus of a star
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The monuments of Mars Hill
On a visit to Arizona, KATE ANGEL toured the world-famous Lowell Observatory, one of

the oldest and most famous observatories in the United States.

The distinctive ‘inverted bucket’dome housing the 24-inch Clark Telescope was designed and
built by English handymen Godfrey and Stanley Sykes using local wood and stone. Lowell’s

famous telescope saw first light in July 1896. Photo: Kate Angel.
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party, with local astronomical societies setting
up their stalls to advertise themselves and to
answer any questions. 

On the way out of the visitors’centre the next
day, I found myself surrounded by gardens,
through the middle of which is the path leading
up to the telescope domes. A woman was set-
ting up a portable telescope so that visitors
could look at the Sun in H-alpha light. The Sun
was her speciality at Lowell Observatory; she
clearly loved her work there and patiently
answered questions that she must have been
asked thousands of times before. Everyone
who looked at the Sun was amazed to see it in
such detail. When my time came to watch the
Sun, prominences were ‘dancing’in the corona
and I was kindly allowed to spend some more
time watching the Sun after everyone else had
gone on their way. 

During the evening tour that I went on, a talk
was given inside the Clark Dome, with many of
us standing as close to the 24-inch telescope as
we dared. Lowell’s plain wooden kitchen chair
is still in place, which gave a homely feel to his
character and the time that he spent working
there. The Ford pickup truck tyres in the runnel
allow the upper dome to rotate, enabling the
Clark Telescope to be lined up with the area of
the sky required for observing. After telling us
that the 32-foot long telescope weighed two
tons and the movable parts six tons, the guide
demonstrated that the telescope could be
moved with one finger. We were duly
impressed and ‘oohed and aahed’in unison.

The highlight of the evening tour at the Clark
Dome was to actually look through the tele-
scope’s viewfinder at a distant star. It didn’t
really matter what was lined up for viewing; it
was using the telescope used by Percival
Lowell that put a lump in each person’s throat.
Living in London for over 25 years has left me
cynical to some extent, so that it’s not often that
I’m left totally awestruck and speechless.
Looking through the Clark telescope’s
viewfinder was a magical moments for me. But
there was more to come.

Str olling on to Pluto
On leaving the Clark Dome, you pass Lowell’s
Mausoleum on the right. Even with its unusual
glass roof, most people only cautiously
approached it, before continuing down the path
past the Slipher Building and Rotunda Library
and onto the Pluto Walk. This is the path lead-
ing to the Pluto Dome, which houses the
Lawrence Lowell 13-inch Pluto Discovery
Telescope and it is one of the most interesting
uphill walks that I’ve ever taken.

Each inch of the path represents one million
linear miles and there are signposts along the
right hand side of the path representing the Sun
and the exact position of each planet in relation
to it. It is in effect a linear scale model of our
Solar System, so that the further uphill you go
(and so the further away from the Sun you go)
the further apart the signposts representing the
planets become. I think that for the first time, I
appreciated the tremendous distances between
some of the planets, especially those furthest
from the Sun. The last signpost of course, rep-
resented Pluto and just beyond it, there was the
Pluto Dome, inside which Clyde Tombaugh
searched for the elusive ‘trans-Neptunian
object’ that is today known as Pluto.

Tombaugh’s Trans-Neptunian discovery
Astronomers had been looking for a planet
beyond Uranus since the mid-19th Century.
This had led to the discovery of Neptune, but
even that didn’t explain the apparent gravita-
tional effects on the orbits of Uranus and
Saturn. Lowell’s mathematical logic concluded
that there must be another planet further out.

In 1905, John Duncan was the first
astronomer at Lowell Observatory to carry on
this search, using the 24-inch Clark refractor.
This proved to be an inefficient telescope for

the purpose, as it could only search a small
field of less than a degree wide. In 1909, a sec-
ond search programme was begun, using the
newly built 42-inch reflector, and in 1911 the
process was improved with the use of a Zeiss
Stereo Blink Comparator. 

After Lowell’s death in 1916 the search for a
trans-Neptunian object was abandoned until his
nephew became involved. To resume the search
it became necessary to build a new telescope
and dome. Lawrence Lowell, Percival’s
younger brother and President of Harvard
University at the time, donated $10000 for this
purpose. Stanley Sykes used a modified plan of
the Clark Dome to design the new dome and
building work began in 1928, again using local
materials. 

About this time, a young man from Illinois
named Clyde Tombaugh sent detailed drawings
of Mars and Jupiter (made with his home-made
telescope) to the Lowell Observatory, asking
for their opinions. Instead, the then director,
Vesto Slipher, offered him the job of
Observatory Assistant. His work would be to
search for the trans-Neptunian object, or ‘9th
planet’ as Lowell had referred to it. This
tedious and long-winded work was no longer

considered to be suit-
able for the profes-
sional astronomers at
the Lowell
Observatory, but was
considered suitable
for the son of a
farmer who had an
interest in astronomy.

Tombaugh arrived
in Flagstaff in
January 1929 and
was trained and
supervised by Slipher
in the use of the new
Lawrence Lowell 13-
inch telescope. This
telescope, built
specifically to search
for the trans-
Neptunian object,
used large glass pho-
tographic plates, giv-
ing a field of 12×15°
in the sky. The focus
had to match exactly
on all of the plates,
for precise compara-
tive purposes. The
resulting photographs

could be examined on the Blink Comparator, so
that any movement of an object would be
detected.

A systematic search for the trans-Neptunian
object was begun in April 1929, and on 18
February 1930 Tombaugh found what he had
been looking for on plates taken just a few
weeks earlier. So, in just over a year from his
arrival at the Lowell Observatory, Clyde
Tombaugh had discovered the much sought
after trans-Neptunian object. It lay near the star
Delta Geminorum.
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Lowell indulges his passion using the 24-inch
Clark refractor.

The pleasant Pluto Walk. Photo by Kate Angel.



Blink and it’ s there
During the daylight tour, each person has the
opportunity to use this Blink Comparator, now
kept in the Rotunda Library. Through it you
can see the movement of Pluto on the actual
two glass photographic plates — exactly as
Clyde Tombaugh would have first seen it. It
was an incredibly special moment to be able to
relive one of the most important astronomical
moments in history, and a great privilege to be
able to look at the actual glass plates that intro-
duced Pluto to the world.

I could just imagine the reaction of the pro-
fessional astronomers. Their pride must have
taken quite a severe blow from this self-educat-
ed farmer’s son and yet it was one of those all
too rare occasions when the supervisor did not
take full credit. 

The professional astronomers monitored the
movement of this object for the next three
weeks, to ensure that this trans-Neptunian
object had indeed been found. Once confirmed,
the discovery was made public on what would
have been Percival Lowell’s 75th birthday, 13
March 1930. Many names were put forward for
the ‘9th planet’and eventually the name of
Pluto was officially credited to an eleven year
old girl, Venetia Burney from Oxford, England.
The astronomical symbol for Pluto combines
the initials Pand L, which are not only the first
two letters of the word Pluto, but the initials of
Percival Lowell.

After all the hullabaloo had died down, the
professional astronomers decided to continue

with the search, to make absolutely
certain that Pluto was the only
trans-Neptunian object in that area
of the sky, as Pluto proved to be too
small to have such an effect on the
gravity of other planets. When the
search was brought to an end in
1942, 75 percent of the sky had
been searched, photographed and
examined.

Whilst conducting his primary
work, Tombaugh also discovered
about 4000 asteroids. He was obvi-
ously a man to make the most of his
opportunities and it would certainly
have made his work more interest-
ing! He was also to make over 30
telescopes in his lifetime.

The Pluto Discovery Telescope,
as it is known today, has such histo-
ry that I had imagined it to be at
least the size of the Clark Telescope,
but it is actually a much smaller
instrument, about 15 feet long and
housed in a cramped dome. Another
thing that I noticed was its familiar
colour — it is the same colour as
San Francisco’s Golden Gate
Bridge! I couldn’t resist asking the
tour guide why there was a boxing
glove attached to a metal bar protu-
berance. He gently moved the tele-
scope and we had to duck out of its
way fairly quickly. Clyde
Tombaugh had learnt the hard way
to duck and he eventually tied the
boxing glove to the metal bar to soften any fur-
ther blows. The boxing glove has been kept
there in his memory.

After leaving Lowell Observatory in 1945
Tombaugh worked on the development of the
optical tracking telescopes for the newly
formed space programme, which would even-
tually land men on the Moon in July 1969.
Tombaugh died in 1997 and some of his ashes
have been placed aboard the New Horizons
space probe, which is due to reach Pluto in
2015 — a fitting tribute, many say.

The telescope today is used as it was origi-
nally intended to be used, as a wide-field pho-
tographic camera (astrograph) although film is

used nowadays, the cost of glass photographic
plates being prohibitive. The Pluto Discovery
Telescope was also used from 1936 to observe
comets and is still used to photograph them.

The Rotunda Library is the last place on the
tour and you are then free to walk back to the
visitors centre or to take time to enjoy the gar-
dens en route. Percival Lowell was also inter-
ested in botany and would have enjoyed the
beautifully kept gardens, where you can sit and
ponder all that you have seen and experienced.
From such a small area on top of a small hill
overlooking a small city, it is truly amazing just
how much of the Universe can be seen and
wondered at.
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Above: The Pluto Discovery Telescope. Note the boxing
glove at middle left. Photo by Kate Angel.

Bottom left: Clyde Tombaugh at the Lowell Observatory,
holding a photographic plate.

Bottom: The discovery images of Pluto.



IN an earlier Telescope TopicsI talked about
taking your first astrophotographs. In this

article I would like to go into a little more depth
about using a digital SLR camera (DSLR) and
will assume that it is to be used instead of the
eyepiece of an astronomical telescope.

The cost of DSLRs has come down and, as
photographers buy higher resolution versions,
used ones are becoming available. Any DSLR
with 7 or more Mpixels will be
quite sufficient. It is even possible
to buy specially modified cameras
that are more sensitive to the H-
alpha spectral line in the red part
of the spectrum — great for
astrophotographers who love
emission nebulae! For a time
Canon marketed the Canon 20Da
for this purpose and these might
still be found on the second hand
market. It is possible to buy new,
specially modified, Canon 350D 8
Mpixel cameras from firms such
as Astronomiser (put into Google)
and others. Alternatively, they will
modify a camera that you already
own for a cost of ~ £200. 

The next requirement is to
mount your camera onto the tele-
scope and here it should perhaps
be said that the telescope will
preferably need a focuser that can
accept 2-inch eyepieces.  You will
need to purchase two items. The
first is a tube of appropriate size
either having a 2-inch or 1.25-
inch barrel that inserts into the

focuser and which has a standard T-mount
thread at its outer end. The reason I suggest that
a 2-inch focuser is better is that the use of a
1.25-inch focuser may cause some darkening in
the corners of the image due to vignetting. The
second part screws onto this barrel and carries
the appropriate bayonet mount for you camera.
The T-mount barrel typically costs £20 and the
T-mount adaptor ring around £10. They are
simply fitted onto the camera in place of the
lens and together allow the telescope to take the
place of the eyepiece so that the image is
focused on the CCD chip in the camera. One
point to note: dust can be a real problem with
DSLRs, so do try to prevent dust entering what
is now a camera open to the world. Holding the
camera facing down when moving it can cer-
tainly help. 

The camera will know nothing about the
focal ratio of the telescope, so it will need to be
used in manual mode. A red LED torch is virtu-
ally a must so that you can see the camera con-
trols in the dark! One is only adjusting the shut-
ter speed — perhaps 1/100th second or so for
lunar imaging.

When you come to try to focus the image
onto the CCD of your DSLR you are quite like-
ly to come across a problem that I had with my
ED80. Without using the star diagonal I could
not rack the focus far enough out and with the
star diagonal I could not rack it far enough in!
Do not despair however, as it is possible to buy
2-inch extenders which add ~ 2 inches to the
tube length. I made my first by taking apart my
2-inch diagonal and joining the two tube
lengths which (sort of) screwed together.  

Photographing the Moon
A very good target to start with is the Moon as
exposures of 1/50th of a second or less are
needed. One does not even have to track the
Moon, so a fixed tripod could be used. Most
DSLRs have a histogram display which can be
assessed to set the appropriate exposure —
make sure that the ‘tail’towards the brighter
end of the histogram stops before the end. 

There is then the problem of vibration
induced when pressing the shutter. The sim-
plest cure is to use the delayed action mode to
allow any vibrations induced when the shutter
is pressed to damp down. Two or five seconds
seems about right depending how sturdy your
mount is. Alternatively, one can use a remote
release or even buy the software that allows
you to control the camera from a PC or laptop.
One advantage of this is that one can view the
images at high resolution so helping to get the
focus spot on. 

A major problem is getting the focus right.
Using the camera’s finder will get you close but
then, for the Moon, expand the image in the
camera LCD panel to check trial images for
focus.  

With a short focal length refractor you may
well find that the lunar image will be a bit small
on the CCD chip. Larger images can be used if
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Astrophotography with a
digital SLR, Part I

Above: DSLR with T-mount adapter and 2-
inch extension tube (back centre). In front is
the 2-inch Barlow that can either screw into
the T-mount tube or the Barlow unit at right.

Below: Upper image scale with 550 mm focal
length telescope. Lower image scale with 2-
inch 2× Barlow element screwed into the T-

mount adapter. Images by Ian Morison.

Aspect s of instrument s and observing, explained by IAN MORISON



a Barlow lens is introduced before the camera.
My Astronomica 2-inch ED Barlow can either
be used as supplied or the lens unit can be
removed and screwed into the front of the 2-
inch T-mount tube. As the separation of the
Barlow lens from the CCD is different in these
two cases, this gives two further image scales.
Conversely, with a long focal length telescope
(or with the use of a Barlow lens), the whole
Moon may not fit onto the CCD chip. If two (or
more) images are taken with the same expo-

sure, it is not too difficult to com-
bine them in Photoshop. Use ‘can-
vas’ to increase the size of one
image and then move over a sec-
ond image with 100% opacity to
add an additional image.  

One can often improve the noise
in lunar images by stacking several
frames together. I take 4, 8 or even
16 sequential images and check
that all are in focus. I first use

Photoshopto over-
lay one of a pair of
images over the
other with 50%
opacity. One can
easily align them
precisely and then
flatten the two lay-
ers into one which
is saved. This can
then be done with a
second pair and the
two resulting
images combined
in the same way to
give a stack of 4.
You can guess how this can be
extended to 8 or 16 frames and
will find that, even with a stack
of 4, the noise is quite signifi-
cantly reduced. There is also a

very nice noise reduction program called Neat
Imagethat can be downloaded from the web
which can make an improvement as well.  

Next issue: Using a DSLR to image
star clusters and nebulae.
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Waxing gibbous Moon: A stack of four lunar images.

A young crescent Moon
imaged low in the sky with
an 80 mm ED refractor.
Images by Ian Morison.
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THIS year’s celebration of the International
Year of Astronomy (IYA) began formally

in Paris on 15 January, 400 years on from
Galileo’s use of the telescope to examine celes-
tial bodies. Perhaps we should instead be cele-
brating an Englishman’s achievement because
Galileo seems to have been pipped at the post
by Thomas Harriot as Dr Allan Chapman has
pointed out. A drawing of the Moon by Harriot
survives from July 1609, perhaps as much as
five months before Galileo’s lunar observa-
tions, and Harriot’s lunar map of 1610 is clear-
ly based on a series of earlier observations. A
special event in celebration of Harriot’s work
will be held at Syon House in Middlesex on 26
July. Further details can be found at http://tele-
scope400.org.uk/

One of the outcomes of IYA will be the cre-
ation of a Portal to the Universe — a one-stop
shop for finding online astronomy. By show-
casing the astronomy content of news, blogs,
podcasts, image feeds and so on, the portal
should speed up and streamline the search for
astronomical information, images, comment
and opinion. For details, go to www.astrono-

my2009.org/cornerstone-projects-mainmenu-
80/the-portal-to-the-universe-mainmenu-
85.html An Astronomical Yellow Pagesis also
being planned to include entries from tele-
scope-makers to artists creating space-related
jewellery as well as the more usual observato-
ries, suppliers and science centres.

Dark Sky Discovery 2009 is another IYA
project, this time aimed at providing hands-on
educational fun for families. It has been based
on the Dark Sky Scotland project which ran 35
events in 2007/8 ranging over finding out about
the night sky, the latest space missions, extra-
solar planets, dark matter and telescope tech-
nology in which 7000 people took part.

Dark Sky Discovery will depend on partner-
ships across the nine English regions, Wales
and Northern Ireland between university
groups, public observatories and science cen-
tres as well as amateur societies. The activities
planned include ones for daytime and cloudy
skies such as making a comet from dry ice or
making a rocket. The success of some activities
will though depend on the participation of
knowledgeable amateur astronomers and their
telescopes. To find out more, contact Dave
Chalton who is the Dark Sky project officer at
the Royal Observatory in Edinburgh (email
dsc@roe.ac.uk).

Local astronomical societies are taking part
in the International Year of Astronomy too.
Orwell Astronomical Society in Ipswich have
already had a couple of talk and telescope
evenings. Events still to come this spring
include a night-time sidewalk astronomy ses-
sion from 7.30pm at The Ship in Levington on
2 April, open evenings at Orwell Park
Observatory from 7pm on 4 and 5 April and
safe Sun watching in Christchurch Park,
Ipswich on 30 and 31 May. Further information
can be found on the Orwell AS website
www.oasi.org.uk

On Merseyside, Liverpool Astronomical
Society has already run several sidewalk
astronomy events, a star party and a public
astronomy evening at Edge Hill University.
Still to come is a second star party at Croxteth
Park on 24/25 October. For details of Liverpool
Astronomical Society events, contact the
Acting Secretary, Gerard Gilligan at
ggastro@liverpool.ac.uk or by calling 0151
794 5356.

The Royal Observatory, Greenwich, one of
the world’s oldest and most famous historic sci-
entific sites, is is presenting a varied pro-
gramme of astronomy related events through-
out the International Year of Astronomy. In
April the Royal Observatory takes a look back
at the history of astronomy, exploring some
weird and wonderful theories about life on
other worlds and the way in which medieval
ideas about the planets found a new life in
some of the 20th Century’s most popular fanta-
sy novels. Public talks take place on the
evenings of 14 April (Of Aliens and
Astronomers Royal, by Rob Edwards) and 28
April (Planet Narnia — C.S. Lewis and the Sky
at Night, by Dr Michael Ward). Please note that
both these talks have an admission fee of £5.

There’s also a chance to view the Moon
through the observatory’s famous 28-inch tele-
scope. Times for viewing sessions vary, so
please check out http://www.nmm.ac.uk. The
National Maritime Museum, the Royal
Observatory Greenwich and Queen’s House are
open 10:00 to 17:00 daily (closed 24 to 26
December) and general admission is free.

On 10 February 2009, Jersey Post issued a set
of stamps celebrating the 400th anniversary of
Galileo’s telescopic observations. The stamps
feature Jupiter’s moons and various constella-
tions. The stars are embossed and highlighted
in simili silver. The set of stamps costs £1.93.
Visit http://www.jerseypost.com
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Celebrating astronomy, the IYA way
Local astronomical societies, news and event s with PETER WADE



THOSE with very long memories may recall
that I last featured astronomical societies in

South West England back in January 1990
when the spotlight fell on Dartington,
Plymouth and North Devon Astronomical
Societies.

Then, societies in the South West had
their own regional group, Devon
Astronomical Association. In due
course this became the South West
Astronomical Association with
nine member societies, many
carried forward from
the earlier group.

When I made a
virtual tour of the
south western
societies earlier this year I
found that several now have their own lively
and interesting websites.

Cornwall AS’s site (www.cornwallas.org.uk)
is sub-titled An Kowethas Sterioneth Kernow
and reveals that the society meets regularly on
the second Tuesday and the fourth Thursday of
the month in the Women’s Institute Hall at
Mabe, west of Falmouth. The members focus
their observing evenings on particular events
such as the appearance of a comet or a meteor
shower like the Perseids, sometimes combining
them with a barbecue. A 15 cm Dobsonian is
also available for loan to members. Further
information can be obtained by emailing
info@cornwallas.org.uk

Tiverton and mid-Devon AS is more than 20
years old and its activities follow the usual pat-
tern of monthly meetings and observing ses-
sions, social events and outings. Thus, this
month they have an outing to the Mullard
Space Centre and are looking forward to talks
about extra-solar planets with Suzanne Aigrain
from Exeter University and Tales from a
Travelling Astronomer as recalled by Arthur
Davis. Observing sessions focus on a 20 cm

Newtonian
dating from
1910, now

restored and
described as an

‘extremely solid’
instrument. Additionally the society has

several modern instruments bought with lottery
funding through the New Opportunities Fund
in 2001/2. For further details, visit the website
www.tivas.org.uk or email nick@tivas.org.uk

Torbay AS meets monthly at Torquay Boys’
Grammar School. The school is also home to
Torbay Observatory housing a 0.5 m
Newtonian. This is computer-controlled and is
capable of CCD and video imaging. The obser-
vatory additionally houses a darkroom, com-
puting facilities and storage space. As well as
being used by Torbay AS, the observatory is
used by members of the school, visiting groups
and for public nights. Torbay AS can be con-
tacted via its web site www.torbayastro.org.uk
or by emailing THS@halien.net

Among a number of other active societies in
the South West are North Devon AS and
Plymouth AS. North Devon AS holds its
monthly meetings at 8 pm on the first
Wednesdays of each month at the Methodist
Hall in Sticklepath near Barnstaple; the society
operates a society library and has two observa-
tories. Plymouth AS holds its meetings on the
second Friday of the month in the Glynis
Kingham Centre, Alfred Street, Plymouth, at
7.30pm.

THIS year promises to be a good one for
occultations with some 700 events pre-

dicted for East Anglia alone in the usual com-
prehensive listing prepared for Orwell
Astronomical Society by member James
Appleton. Though many of these involve
faint stars being hidden by the Moon, they do
include two passages of the Moon in front of
the stars in the Pleiades, one of which took
place on 7 January while the next one is due
in the early hours of 18 July.

These predictions include ones for two
grazing occultations of two of the Pleiades.
These are only locally visible events and
involve the stars passing among the hills and
valleys of the Moon at its extreme northerly
or southerly edge. One involving Alcyone
was due on 7 January and the second involv-

ing 24 Tauri is due on 18 July. Members of
Orwell AS have successfully observed such
grazing events in previous years.

As well as the July events involving the
Pleiads Merope, Alcyone and Atlas, other
stars brighter than magnitude 5 still to be hid-
den include Lambda Piscium on 16 June, 69
Virginis on 30 June, Delta Geminorum on 4
December and Zeta Leonis on 7 December.

There are greater numbers of occultations
when the Moon passes across richer star
fields. The richest night of the year will be 29
April with some 60 events expected. The
next richest will be 20 April with 57 predict-
ed events and 21 November with 21 events.
Other nights with 10 or more events still to
come include 1 and 2 April, 27 and 28 May,
21 November, 21 and 31 December.
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Good prospects for occultations

Another visit to
Mars Hill

THE Astronomical Society of Haringey’s
(ASH) newsletter 2002 reports that member

Mitchell Sandler’s travels took him west in
October, and, with a spare Tuesday afternoon in
Flagstaff, Arizona, to fill, what else could he do
but visit the Lowell Observatory.

Percival Lowell was a man on a mission to
find evidence for life on Mars. He had the
financial resources to go about setting up his
observatory in a thoroughly professional way
— surveying possible sites, commissioning an
instrument (a 61 cm refractor) from one of the
best telescope-makers of the day and employing
a dedicated team to collect the observational
evidence. His observatory was set up on Mars
Hill in clear air at a height of over 2000 metres.

The drum-shaped domed is made of pon-
derosa pine and there have been other homely
touches such as the frying pan used for a lens
cover or the old Ford truck tyres used to drive
the dome.

In the observatory grounds is the 1.07 m
reflector used to determine Pluto’s orbit (Pluto
was famously discovered from the Lowell
Observatory by Clyde Tombaugh in 1930).

The site also houses Lowell’s Saturn-like
mausoleum and a scaled-down Solar System
walk which leads from the Sun to Pluto over
about 100 metres.

Flagstaff is well placed for other sightseeing
destinations: the Grand Canyon, Painted Desert
and, of course, Meteor Crater. This last was
used for astronaut training.

Oddly enough, while Mitchell Sandler was
near one practice ‘lunar’ landscape, fellow ASH
member, Mart Irvine, was at another — Cinder
Lake in the Sunset Crater Volcano National
Park, Utah.

See Kate Angel’s excellent article on p.9-10
for more details about the Lowell Observatory.

BAA basics in Kent

THE British Astronomical Association's
(BAA) Back to Basicsworkshop was back

on the road in January — this time to the
University of Kent at Canterbury at the invita-
tion of SEKAS (South East Kent Astronomical
Society). Formed in 1972, SEKAS has 150
members; it has the usual programme of talks,
members’ evenings and public observing
evenings. SEKAS’s observatory houses a 30
cm computerized telescope and the society also
has several telescopes that may be borrowed by
members.

The workshop began with a welcome from
BAA President, Roger Pickard and included
talks on where to start in astronomy, books and
equipment and tips on observing as well as
workshop sessions. For more information
about SEKAS visit www.sekas.co.uk The next
BAA Back to Basicsworkshop will be held in
Bedford on 11 October.

Virtual tour of SWsocieties



Write to Peter Wade at Amateur Scene
If your local astronomical society is socially or observationally active,

and you would like it or its activities (past, present or future) mentioned
in these pages, please send your news to Amateur Scene’s compiler,

Peter Wade, at: 24 Manor Grove, Morecambe, LA3 1JA.

THIS year, to help commemorate
International Year of Astronomy 2009,

the Royal Astronomical Society (RAS) is
inviting school students to create a newspaper
or feature article on astronomy from the year
2409. What will astronomers have to cele-
brate by the 800th anniversary of Galileo’s
revolutionary discoveries?

The Newspaper Competition is open to
groups of students in two age ranges: 7-11 and
11-14 years. Entrants in this section should
publish a small newspaper which explains
some of the latest discoveries in astronomy
for the year 2409. Since 2409 will almost cer-
tainly be an International Year of Astronomy,
newspapers should include a list of some of
the major discoveries from the 800 years
since Galileo first used a telescope for astron-
omy. Pictures of some of the latest 25th cen-
tury telescopes may also be included.

The Feature Ar ticle Competition is open
to individual students in two age ranges: 14-
16 and 16-19 years. Entrants in this
section are asked to produce
an article suitable for a
2409 edition of a scien-
tific magazine which
reviews the major
discoveries in
astronomy which
have taken place in
the 800 years since
1609. Entrants may
also wish to show how
observing techniques
have evolved from
Galileo’s simple refractor,
through technologies such as the
Hubble Space Telescope to the latest 25th
Century equipment.

The winning entry in each age group will
receive a telescope for their school, as well as

individual prizes for each student.
The RAS Newspaper Competition is
highly successful and has been run-

ning for over ten years. It is an
excellent opportunity to forge

cross-curricular links and to
use the Internet and your
library to search for material.

All prospective entrants
must register by emailing

newspaper@ras.org.uk as
soon as possible for an electron-

ic entry form. The form contains
full details of entry and registration

requirements, along with the competi-
tion rules.

The closing date for competition entries is
Monday 27 July 2009.
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Out and about
Sir Patrick Moore was one of the guests at last year’s Autographica
held at the Radisson Edwardian Hotel near Heathrow Airport. Sir
Patrick was in good company alongside astronauts Jim Lovell and
Dave Scott as well as Jerry Carr and Vance Brand. Other ‘astronauts’
present were actors Keir Dullea and Gary Lockwood who played Dave
and Frank in the film 2001: A Space Odyssey. As ever, Sir Patrick was
quick to point out he wasn’t so important as the other worthies present
and didn’t deserve the fuss. Nonetheless he still received a standing
ovation.

Norwich Astronomical Society are holding their Spring Star Party
from 23-26 April at Kelling Heath, Norfolk. While the emphasis is on
observing, a couple of speakers have been arranged for Saturday 25th
and several trade stands are expected. For details visit www.starpar-
ty.org or call Andrew Robertson on 01986 892498. Pitches are priced
at £10 per night including electrical hookup and can be booked direct-
ly on 01263 588181, quoting Spring Star Party.

In January Bradford Astronomical Society held an open day at its
meeting place of Eccleshill Library, Bolton Road in Bradford.
Forthcoming lecture meetings will feature Dr R. Keesing on Richard
Norwood: The Surveyor who changed the World (6 April), Paul Money
with Images of the Universe — Volume 2 (27 April), Professor Sam
Falle on Relativistic Jets (11 May), Andy Lound on Lunatick Astronomy
(1 June) and Barry Pemberton on Catadioptric Telescopes and their
Optics (15 June). Weekly observing sessions are also held. For further
information visit the website www.bradfordastronomy.co.uk or email
johnbards@blueyonder.co.uk

Rosliston Astronomy Group meets on the last Friday each month at
the Rosliston Forestry Centre in Derbyshire. Meetings comprise a night
sky talk, a talk by a visiting speaker or a film show. Members bring tel-
escopes for observing after the meeting ends. For more details, take a
look at the Rosliston AG website at http://virtual kitestore.com/burton-
view/RoslistonAstro.htm

Liverpool Astronomical Society meets weekly every Wednesday 7-
9pm at the LAS Leighton Observatory, Pex Hill, Cronton, near Widnes,
Cheshire. Monthly lecture meetings are also held, usually on the third
Friday of the month (Sep-May), at The Roman Catholic Cathedral’s
Gibberd Reception Room, Mount Pleasant, Liverpool, from 7 to
9:30pm. 

Stirling Astronomical Society meets from Sep-May during the year,
with lectures generally on the second Friday in each month during that
period, beginning at 7.30pm, at the lecture room of the Smith Museum
and Art Gallery, Dumbarton Road, Stirling. The SAS website is at:
www.stirlingastronomicalsociety.org.uk

KEEN ON ASTRONOMY?
Be part of a great tradition

Join the

British Astronomical Association
For more than a hundred years one of the
world’s leading organizations for amateurs

As a member, you will have:
•  the chance to contribute to useful
scientific programmes
•  experienced people to help and
advise
•  a Journalevery two months, packed
with news, reviews, letters and articles
•  the famous Handbookevery year
•  invitations to meetings, residential
weekends, courses and lectures.....
and much more

A century of achievement and still
leading the way. The BAA—a must for real
astronomy enthusiasts!
Write now for details to:

The Assistant Secretary
BAA, Burlington House,
Piccadilly, London W1J 0DU
Or telephone 0207 734 4145

Advertisement



INTO this spiritual battlefield entered
Galileo, who as a scientist, not a cleric, was

unaware of this factional conflict, and could
not see the theological implications of his
adamant teaching of the Copernican doctrine.
However, considering that the nature of
Copernicanism was being debated everywhere,
there was no point at that time of censuring
Galileo for his part in matters that were over-
turning the western world. In fact, during his
questioning by the Inquisition, it was evident
that the interest generated by the Copernican
model had become widespread, to the point
where Cardinal Bellarmine was content to let
Galileo hold to the Copernican position as long
as he did not teach it as indisputable fact. Due
to Galileo’s proud nature, he could not let the
matter lie as a mere hypothesis, but took
Bellarmine’s edict as a carte blanche to teach
the Copernican view of the universe to a wider
audience.

It is telling that only one week after Galileo’s
audience with Bellarmine, the Church placed
all publications mentioning the movement of
the Earth through the heavens (one of the tenets
of the Copernican system) on the index of pro-
hibited books.

Despite this troublesome background,
Galileo continued to be feted after his journey
to Rome, and built up a mass of friendships
with influential fathers who were kindly dis-
posed towards him. Unfortunately he also
alienated scores of others. In 1618 a Jesuit
father commented on three comets seen that
year and Galileo was quick to point out the
inaccuracies in the father’s interpretations. He
then compounded this insult by shredding the
observations publicly in his 1623 book The
Assayer. He was isolating himself from the
very school in the Church which, from a scien-
tific viewpoint, was his only advocate. 

Nevertheless, he must have felt that his time
had come when in 1623 one of his greatest
friends among the body of cardinals, Mafeo
Barberini, was elected Pope Urban VIII.
Galileo and Barberini had formerly enjoyed a
friendship of reciprocal adulation, and Galileo
thought that with his friend in papal office, the
Copernican theory could now be championed.
Galileo’s apparent friendships with the cardi-
nals, his six audiences with the Pope that year,
his claims of preference for discoveries and
interpretations that originated with some Jesuit
fathers, led to his further alienation amongst
the Jesuit order. In 1625 he was cleared by the
Inquisition after an anonymous complaint
about the Assayer, which by implication made
the Jesuits look foolish. It appeared as if
Galileo was invincible at this point, but some in
the hierarchy of the Church were merely wait-
ing for Galileo to take one step too many.
Oblivious to the rising storm and confident of

his methods, Galileo
worked for several
years on his mag-
num opus, a work
that would bring
religion and sci-
ence into direct
conflict.

Science on trial?
The Dialogue on
the Two Chief
World Systems,
published in 1632
is the seminal ren-
aissance work argu-
ing for the acceptance
of the Copernican sys-
tem. The book took the
form of a series of discus-
sions between three scholars,
Salviati, his foil Sagredo, and the
upholder of the outdated Ptolemaic
system, Simplicio. Although the book was
approved by the Church in its first reading, its
content and implication soon led to trouble.

Simplicio uses arguments defending the
Church authorised Aristotelian model that are
refuted time after time by Salviati and Sagredo.
In part the book is almost a catalogue of
Galileo’s ideas and assertions, a rehashing of
the materials he used to uphold the Copernican
system in the face of hostility from his peers at
the university of Padua and containing the
arguments and experiences used since 1610 to
defend his theories. The book finishes rather
ambiguously, leaving the reader to draw their
own conclusion, but it was evident that Galileo
left little doubt in the minds of his readers as to
which system was to be preferred. 

Simplicio’s arguments are the same as those
used by some of the influential cardinals he had
befriended, including those of Pope Urban
VIII. Although Galileo had no intention of
making the Pope out to be a simpleton or an
opposer of the Copernican system, the book
was used by the Jesuits to point out that Galileo
had overstepped the order of the inquisitor
Bellarmine and that further, he was putting the
arguments of the Pope into the mouth of
Simplicio — the simpleton of the piece.
Enraged, Urban prompted the showdown
between the Church and Galileo that has ever
since been regarded as the parting of science
and religion.

Brought to trial before the Holy Inquisition in

1633, Galileo was found to have
overstepped the 1616 judge-

ment of Cardinal Bellarmine
and was forced to abjure

and recant his views.
Humiliating him with
his refutation of the
ideals he cherished,
they effectively
announced to the
world that no man
could defy and
poke fun at the
Church. 

However, his
inquisitors had no
desire to see
Galileo reduced to
a quivering wreck
under torture and

humiliation, as was
the general pattern.

Instead, they took rel-
atively lenient steps

towards him. At 70 years
of age, Galileo was a fright-

ened old man who knew that
he had gone too far, and further-

more, who knew that he could not
prove to science or the Church’s satisfaction
that the Copernican theory was a reflection of
the reality of heavenly movement. His tele-
scopic discoveries would only uphold a
halfway house — a system known as the
Tychonic or the Herakleidian system which had
been dismissed many times previously due to
the lack of sophistication or apparent ‘perfec-
tion’ of the system.

In retrospect, it is sad that Galileo did not
really appreciate the unworkable complexity of
the Copernican system, or indeed understand
that its machinations of epicycles and deferents
had already been destroyed by Kepler’s laws of
planetary motion. If he had allowed other ideas
into his life, it is possible that Galileo could
have argued from a sturdier scientific platform.
His ignorance of Kepler’s work and his dis-
missal of eccentric motions within the Solar
System led him into the same conundrums that
Copernicus had already discovered 100 years
before. No matter how many observations
Galileo made, it was the mathematical tenets
underlying the heliocentric system that would,
in the long run, prove to be more important in
convincing opponents. Galileo had let his pride
and arrogance put him upon a pedestal that
could not be upheld — and he suffered for it.

Galileo lived on under house arrest at his
villa at Arcetri, for a further eight years, whilst
his daughter Marie Celeste, a Carmelite nun,
took it upon herself to say the seven penitential
psalms each day — a punishment that the

The Astro Historian
MARTIN GRIFFITHS observes the p ast with an eye on the st ars

Galileo — The abrasive genius (Part II)
Right: Galileo, portrayed in
crayon by Ottavio Leoni in
1624, nine years before his
real troubles with the
Inquisition began.
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Inquisition had inflicted upon him. He called
his trial ‘a triumph of ignorance’, but continued
subject to his Church. Towards the end of his
life, Galileo continued to be visited by influen-
tial people such as Bishop Piccolomini,
Torricelli and even the poet John Milton. He
also taught the powerful Ferdinando II de
Medici and had several works published out-
side of his native Italy. He died on 30 January
1642 (exactly 300 hundred years later, Stephen
Hawking would be born on this day), and
towards the end of that year, on Christmas day,
was born the genius who would pull together
the threads of renaissance learning, from
Copernicus, Kepler and Galileo to Descartes —
the supreme theorist and mathematician Isaac
Newton.

Galileo in context
When one considers Galileo’s life, it is evident
that he has become a subject of controversy and
the focus of scientific martyrdom to such an
extent that the real issue between Galileo and
the Church is forgotten by the public. The case
is not that science is inherently in conflict with
religion, or that Galileo stood for scientific rea-
son as versed against religious arrogance and
dogma. This simple version of events is often
propounded, and these arguments do have
some merit, yet the facts of the matter do not
really specify that science and religion are at
loggerheads, neither is there real basis for arriv-
ing at such a conclusion. Galileo is sometimes
heralded as a champion, a sort of St George
standing over the defeated body of dragonlike
religion, but his trial is more an expose of his
personality and nature, more a Greek tragedy
than a triumph of rationale over faith. 

The Church chose to nail its pennant to the
traditions of Plato, Aristotle and Ptolemy and,
because they put more faith in argument,
worldly authority and tradition, they suffered
from looking foolish in the light of the scientif-
ic endeavours that overtook these hypotheses.
No one likes to be shown to be a fool; the sec-
ular and spiritual power the Church exercised
in the trial of Galileo merely prove that they
could silence him — not actually show him to
be wrong.

From his book The Dialogue on the Two
Chief World Systems, it is not clearly evident
that Simplicio is meant to represent the Pope,
even though some of the arguments used with-
in the book were stated by Urban VIII; others
before him had also used similar lines of rea-
soning. In James Reston’s book Galileo — a
Life, Reston puts forward the suggestion that
the Jesuit fathers such as Scheiner influenced
Urban VIII to accept that he was the Simplicio
of the book merely because Galileo had stolen
their ideas in the past, and was now usurping
their position as teachers and philosophers
leading change within the Church. Galileo him-
self recognised this ploy when he wrote in 1636
to Father Paulo Sarpi, informing him that he
had no intention of making ‘game’ of the Pope:
“I would never intend so sacrilegious an act, as

my malicious foes have persuaded him. This is
the primary cause of all my troubles.”

Galileo was not tried because he alleged that
the Earth moved in space, or that the
Copernican system was correct, or that the
Church refused to accept it as true. Galileo was
tried because of the spiritual dangers of the
Copernican principle and his advocacy of a
dogma that he could not prove. The alienation
of his allies and estranging of the powerful
forces of the Jesuit Order through his belittling
tactics and rhetoric left him vulnerable and iso-
lated, a scapegoat in the larger arguments over
spirituality and secular dominance between the
Catholic Church, the Jesuit order and the
Protestant reformation. 

Galileo’s personality is complex and varied,
but it is clear that he was a man to be reckoned
with in argument, and if he thought an idea to
be incorrect, he would not stop at refuting it
with scientific proofs, but would attack the per-
sonality and intelligence of the person propos-
ing the theory. Character assassination was a
very dangerous game within the renaissance
period; a game that ultimately led to the death
of the now acclaimed philosopher Giordano
Bruno in 1600, who was burned at the stake
because of his views of the Church and his
polemics against its cardinals.  This is a case
Galileo would have been familiar with as he
knew Bruno, sharing rooms with him when
they were students at university. Bruno was an
incredibly creative forward thinker, and dis-
cussed the likelihood of the Sun’s rotation, the
existence of double stars and the possibility of
planets orbiting other stars; many of his specu-
lations have had their fulfillment in the 20th
Century, but like Galileo after him, his
speculations could not be proved. The
case of Bruno could have foreboded ill
for Galileo were it not for the amazing
lenience granted him from the
Inquisition. 

In The SleepwalkersArthur Koestler
argues that certain intellects amongst
the reformation were the ‘sacred cows’
of their time, treated in a reverential
fashion. This attitude may well help us
understand why someone of the stature
of Galileo was allowed to get away
with so much, and yet be humiliated to
the degree he was. As a man of ideas,
the aged Galileo was still a giant
among scholars of both the Church and
secular thinkers

Galileo was not a martyr of science.
He was the victim of his own stubborn-
ness and brutality, and matched himself
against others to such an extent that
when he had to face the fury of the
Inquisition, he could not furnish the
evidence they wanted and had very few

friends of stature who would stand by him. His
lack of knowledge of Kepler’s work and its sig-
nificance in doing away with the painful epicy-
cles and deferents of Copernicus system
became his undoing, as he lacked the tools and
scientific proofs that the Church yearned for
that would enable theologians to retain their
spiritual and temporal standing. The situation
was not in the nature of a fatal collision
between opposing philosophies of existence
that was bound to occur sooner or later, but a
clash of individual temperaments aggravated
by unlucky coincidences.

The trial of Galileo only heightened the real-
isation that the Church had followed the wrong
road, but it is simplistic to consider the trial as
an excuse as to why science and religion should
never meet. There is much to be learned by
both sides about building global models that
are untenable in the light of examination.
Neither should hold doggedly to a position of
inviolate authority unless there are concrete
proofs to build upon. Neither school of thought
has reason to be dogmatic when their chroni-
cles are examined in an unbiased way. The
experience of Galileo and its ripples of dissat-
isfaction have permeated down to our times as
a reminder that our institutions are human and
display human weaknesses; we sometimes hold
our most cherished ideals to be correct, even in
the face of overwhelming evidence to the con-
trary. It also highlights the fact that the estab-
lishment view is not necessarily the correct
one, and that the struggle of science and reli-
gion, ideas and beliefs has more to do with the
politics of the time and the nature of their indi-
vidual adherents rather than truth.
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Right: Galileo’s home at Arcetri,
where he was confined under house
arrest for the rest of his life after his

trial. Image by Martin Griffiths.
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WHAT was the first astronomical observa-
tion our distant ancestors made? Surely it

was to notice that sometimes it was light, some-
times dark. Well that’s obvious isn’t it? Even
wild animals and birds know that! How great a
step forward was it for people to be aware that
this change was brought about by that big shiny
thing in the sky, being sometimes there and
sometimes not? Then it was realised that this
shiny Sun always rose from one direction,
moved across the sky and disappeared below
the horizon in the opposite direction from
whence it had appeared. Admittedly, it some-
times came up or vanished a little to the left or
the right, depending on the season. I’m sure all
this wasn’t realised in a single moment, but
perhaps in different places and over centuries
of time. Nevertheless mankind had begun the
journey to the Hubble Space Telescope and, of
course, the Society for Popular Astronomy.

As he sat outside his cave sharpening his
spear or, perhaps more likely, she sat watching
the mammoth stew bubble, our ancient ances-
tor noticed something else. All around were
rocks, trees and mountains, each casting a
shadow on the ground. As the Sun moved
across the sky in one direction, the shadows

moved in the opposite way and the way the
shadows moved, as well as the position of
the Sun, could indicate the passing of time.
It was a logical step for someone to push a
stick upright in the ground and watch the
shadow move. Perhaps small pebbles were
placed in a semicircle around the stick at reg-
ular intervals. The first time-telling device had
been made and the first astronomical tool
invented. 

It is reported that the great American film
producer Sam Goldwyn (1884-1974), who is
remembered for his unintentionally humorous
statements, was admiring an ornamental
sundial in a friend’s garden. On being
told how it worked he remarked
“Whatever will they think of
next?” Being reminded of a
film he’d made years
before, he said “we’ve
all passed a lot of
water since then.” The
same might be said of the
invention of the sundial.

I have occasionally made a
simple sundial with school-
children. They stick a garden
cane upright into the ground
and use plant labels to mark the
progress of the shadow at dif-
ferent times. This could be
done every hour or so, or
school times (playtime, lunch
time or home time) could be
indicated. However our play-
ground sundial will only keep
good time for a few days. Then
the shadow will be seen to
move a little too fast or slow.
This is the old problem of pro-
jecting a curved line (the Sun’s
track) onto a flat surface. It was
found very early on by the
Greeks, who probably learnt it
from the Babylonians or
Egyptians, that the cane needs
to be parallel to the Earth’s
axis. So, like the Right
Ascension axis of an equatorial
mount of a telescope, it needs
to point north at an angle equal
to the latitude of the sundial’s
position. So with a little care,

using a compass and pro-
tractor, we can lean

our garden cane
at the correct

angle and point-
ing to the north.

But here’s
another compli-
cation. If we put
a plant label in
the ground every
hour, we will see
that they are not
equal distances
apart, even if we
keep them the
same distance

from where the
cane enters the

ground. The angle
between the 6 a.m. line and

the 7 a.m. line is greater than
that between the 11 a.m. line and

the noon line. 
The angle an hour division line

makes with the noon line, A°, depends on the
number of hours before or after noon, N, and
the latitude L°. N is best expressed as 15× the
number of hours, as the Sun moves 15° across
the sky every hour. So for 10 a.m. N = 30° and
for 3 p.m. N= 45°. Then tan A = sin L × tan N

So you’ll need your old school four figure
trigonometry tables or a calculator with the
right function keys.

Sundials like this certainly date back the the
4th millennium B.C. and by the 8th century B.C.

the Egyptians had more precise devices. The
Greeks made very sophisticated sundials and
they were, as was so much else, copied by the
Romans. The Roman villa at Brading on the
Isle of Wight has a mosaic floor from the 3rd
century A.D. showing a sundial — the oldest
representation of one in Britain. The Arabs,
with their knowledge of trigonometry, were
able to design very complicated instruments.
The part of the sundial which casts the shadow
is called a ‘gnomon’ — a word which may
come from the Greek for ‘mark’. 

Before clocks were made small enough to
wear on one’s wrist, portable sundials were
popular. They were like little books that could
be opened to reveal a time-scale on a horizon-
tal surface. A piece of cord fixed to the two
halves was just the right length to act as the
gnomon when the device was opened and a
small built-in compass made sure the user had
the thing properly orientated.

Astronomical instruments
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The shadow sweep of time
Although sundials operate on simple principles, JEFFREY BARHAM explains that this

most ancient and practical invention isn’t as low-tech as it might at first appear.

Left: This fabulous 3rd Century A.D. mosaic from Brading Roman Villa shows
a philosopher with stick, globe and sundial. Image by Patrick Eden,

© The Oglander Roman Trust. www.bradingromanvilla.org.uk
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Above: An exquisite portable sundial, made in
Nuremberg in the late 16th Century.



The surface onto which the gnomon’s shad-
ow falls does not have to be horizontal. We are
perhaps most familiar with sundials we see in
countless gardens — from country cottages to
stately homes. But vertical sundials could be
equally easily placed on the walls of buildings.
Indeed some of the oldest ones in the country
are of this type. There is a fine Anglo-Saxon
sundial at St. Gregory’s Minster in Kirkdale,
North Yorkshire, and another even older, incor-
porated into the shaft of a stone cross in
Bewcastle, Cumbria. Throughout the country
many old churches have crude dials scratched
on the wall, usually somewhere near the door.
They are, in fact, called scratch-dials or mass-
dials, as they were used to indicate the times of
services. A peg placed in the central hole served
as a gnomon, but, by their very nature, scratch-
dials were not particularly reliable. Vertical

sundials could be made larger,
and therefore more noticeable,
than horizontal ones and public
buildings, stately homes and
churches were often often
embellished with them. Ideally
they were fixed on south-facing
walls, but if the wall was not
absolutely so, the hour lines
could be adjusted appropriately.
Sometimes sundials had
improving mottoes (often in
Latin) on them:
FUGIT HORA, ORALABORA
Time flies, so work and pray.
TRANFITHORASINE MORA
The hour passes without delay.

I live close to a University city
and there are sundials wherever you look.
That’s why most of my pictures were taken in
Cambridge. Queens’ College has a vertical sun-
dial in the Old Court, which tourists are led to
believe was designed by Isaac Newton —
although it certainly wasn’t! One might wonder
why sundials were still being erected long after
the advent of the mechanical clocks which
chime around the city. Sundials and clocks
were frequently placed close together, as the
former were used to set and adjust the latter.
Nowadays colleges wishing to honour some
long-serving academic often put one up in their
memory. The gnomons of such dials can appear
quite imaginative — a butterfly with wings
erect, crossed keys, an arrow or a female swim-
mer diving into the water, at just the correct
angle of latitude. My home is barely a couple of

miles east of the Greenwich
Meridian and for the recent
millennium celebrations a num-
ber of villages around erected
commemorative sundials. One

such sundial was supplemented with a tree,
which now shades its face nicely!

There’s yet another problem with sundials. If
you have a nice tall object, a telegraph pole or
a factory chimney, and mark in the ground at
noon every day the top of its shadow, you
would expect the marks to lie in a straight line,
running north-south, if you’d got the patience
to do it over the course of a year. (It has to be
done exactly at noon, a correction being made
for Summer Time, when noon means 1 p.m.)
However your marking labels will not be in a
straight line but will form an long, thin figure-
of-eight. Sometimes it seems the Sun gets to
due south a few minutes before, and sometimes
a few minutes after noon by the Greenwich
pips. The figure the Sun’s shadow traces out is
called an analemma. I have visited churches in
Italy where there is a small hole in the roof
which, like a pinhole camera, makes an image
of the Sun on the floor. Over the course of the
year this image will travel at noon along an
analemma scale laid into the floor. So if you
look at it at midday, you can tell what the date
is. Well, actually, you get a choice of two dates,
but you should be able to decide on the right
one. 

There are two reasons why the Sun doesn’t
keep perfect time — it can be a little ‘fast’ or
‘slow’. One reason is that the Earth leans over
at about 23° and this is, of course, why we have
seasons. But the Earth’s orbit around the Sun is
elliptical and not circular, so sometimes the
Sun is nearer to us than at others. So Solar Time
and Clock Time don’t always quite agree. Only
at four dates during the year do they come
together — around 16 April, 14 June, 1
September and Christmas Day. The Sun is
‘fast’ by the greatest amount ( just over 16 min-
utes) around 3 November and slow (by about
14 minutes) around 12 February. Now we can’t
keep adjusting our clocks, or twisting our sun-
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A scratch dial at Hauxton church. Image by Jeffrey Barham.

Left: Wall sundial with Equation of Time correction scale at Queens’College.

Typical church
sundial. Ponteland
church, Newcastle

upon Tyne.



dials round, throughout the year, so the people
who devise these things have come up with the
idea of a ‘Mean Sun’ which behaves itself and
moves nice and steadily. This is why we talk
about ‘Mean Time’. If we take Sundial Time,
we have to make a correction to give us Mean
Solar Time. So we draw a graph with the nec-
essary correction, + or -, up and down the x-
axis and the months of the year along the y-
axis. We get a curve rather like a sine-wave, but
with two big bumps and two small. This neces-
sary correction is called the ‘Equation of
Time’. Many sophisticated sundials will have a
representation of the Equation of Time — per-
haps a list of figures indicating the necessary
correction, a graph where the correction can be
read off for a particular date, or even an
analemma built into the design. So we read the
sundial, make the necessary correction and we
have Mean Solar Time.

As we’ve seen, sundials crop up everywhere.
If there’s a particularly interesting one near
you, send a picture of it to Popular Astronomy.
A good introduction to the subject is the Shire
Publications book Sundialsby Christopher St.
J. H. Daniel. Tarquin Publications also have a
book where you can cut out and make a variety
of small cardboard sundials of different types.
You’ll learn a lot more in this way than by sim-
ply reading about them. Also included in the
Tarquin book is a cut out and stick nocturnal,
for telling time by the stars. But that’s another
story!
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Above: The Equation of Time. Above the axis of Mean Solar Time
the sundial will appear fast, while below the axis sundial will

appear slow. Note the four dates in the year where the curve inter-
sects with the axis, and the two dates (the lowest and highest points

on the curve) where the discrepancy is at its greatest.

Left: This beautiful tower and set of sundials is part of the Gate of
Honour at Gonville and Caius College, Cambridge. Image by

Jeffrey Barham.

The figure-of-eight loop described by the Sun shown in the magnificent image above isn’t
a computer simulation — it’s a real photograph, the product of Anthony Ayiomamitis’
efforts to capture the solar analemma during the course of 2002 from a location over-

looking the Tholos at ancient Delphi, Greece. Anthony used a Canon A-1, Canon FD 24
mm @ f/11, Fuji Super HQ 200, Baader Solar Filter ND5. 38 multiple exposures plus 1

foreground exposure were taken.



NASA’s Cassini probe, currently investi-
gating the Saturn system, has affirmed

the presence of lakes of liquid hydrocarbons
on Titan, Saturn’s largest moon.

For several years now scientists in charge of
the mission have suspected that the dark areas
near the north and south poles of Titan may be
liquid filled lakes. Analysis of further images
reveals new lake features not seen before in
the southern polar region — these new lakes
were not present when Cassini imaged the
area a year earlier. The presence of a large
cloud system that covered the area for a year
suggests that the new lakes could be the result
of a vast rainstorm and that more lakes will be
seen in the future due to Titan’s weather and
changing seasons.

Cassini’s high resolution imaging science
subsystem (ISS) has now imaged nearly all of
the moon’s surface at a global scale. Analysis
of the images has documented greater stores
of liquid methane in the northern hemisphere

than in the southern hemisphere. And, as the
northern hemisphere moves toward summer,
scientists now predict large convective cloud
systems will form there and precipitation
greater than that inferred in the south could
further fill the northern lakes with hydrocar-
bons. 

Titan is the only satellite in the Solar System
with a thick atmosphere in which a complex
organic chemistry occurs, but no one is sure
how long the atmosphere has existed or can
continue to exist. That question and others
related to Titan’s meteorology and its seasonal
cycles may be better explained by the distribu-
tion of liquids on the surface. Scientists also
are investigating why liquids collect at the
poles rather than low latitudes, where dunes
are common instead. Titan, and the transfor-
mations on its surface brought about by the
changing seasons, will continue to be a major
target of investigation throughout Cassini’s
continuing mission.
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Cassini 
images lake
formation
on Titan

DAVE TIPPER reviews recent event s in sp ace and sp aceflight

False-colour radar map of
a northern region of Titan
taken during Cassini’s
flyby in July 2008. Dark
areas are thought to
be lakes of methane.
Image: NASA.

Some space
agency sense, at

long last
IT has been announced that NASA and ESA

(the European Space Agency) are to join
forces for future robotic missions to Mars. For
too long scientists from both agencies have
been shying away from these types of joint mis-
sions, but now with this news the future is look-
ing bright for Mars and exploration beyond too.

ESA’s next big project is to be the ExoMars
rover, now delayed from a 2013 launch date to
a new date of January 2016. NASA’s Mars
Science Laboratory (MSL) has been delayed
until 2011. The two agencies have already
worked together on previous Mars missions,
including radars on ESA’s Mars Express probe
and NASA’s Mars Reconnaissance Orbiter.
Mars Express was also used as a communica-
tions relay station for NASA’s Phoenix lander.

The new partnership will help the agencies
share mounting costs and responsibilities for
future Mars missions. The next two Mars
rovers, NASA’s Mars Science Laboratory and
ESA’s ExoMars mission, are multi-billion dol-
lar flagship missions and a joint cost sharing of
the mission would benefit both sides.

In the near future the hopes are for a joint
Mars sample return mission, which could likely
cost between $6 billion and $8 billion but the
immediate plans call for more rovers and explo-
ration, surveying and analysis before the two
agencies commit to a sample return mission.

A mission to retrieve samples from Mars has
long been on the wish list of U.S. and European
scientists. But those plans have been repeatedly
delayed due to technical and funding hurdles.
For a sample return mission the spacecraft has
to get to Mars, land safely, take samples, and
use a booster to take off then rendezvous with
an orbiting craft and then get the samples from
one to another and finally get back to earth in
one piece. It would be a difficult mission but
with NASA and ESA pooling their resources it
would be feasible.

The news that the two agencies are now co
operating is something to get excited about; let
us all hope that we can look forward to some
exciting discoveries over the years to come.

Satellite smash

THE first major collision between two
intact artificial satellites in Earth orbit

took place on 10 February, 789 km above
the Taymyr Peninsula in Siberia. The func-
tioning privately-operated American
Iridium 33 and the no-longer-operational
Russian Kosmos-2251 collided at a speed
of 42 120 km/h. Both satellites were
destroyed but the orbiting debris now
poses a threat to other satellites.



THE incredible journey of the NASA’s two
rovers on Mars, Spirit and Opportunity, is

now entering its fifth year. The mission was
only scheduled to last ninety days. The deci-
sion to send two rovers was made in 2003,
sending a pair in the hope that one would

survive. Little did mission man-
agers suspect that both would
send back data that has vastly
expanded our knowledge of
Mars in the ensuing years.
The pair of robotic roving

vehicles, named by American
schoolchildren, have survived vari-

ous faults, a broken wheel and trou-
blesome main arm, but they just keep

going on. Opportunity landed on the Red
Planet on 24 January 2004 in a small crater

in the sweeping plains of Meridiani Planum.
Three weeks earlier Spirit had touched down at

its target site, Gusev crater.
We now know that Mars was once a wetter and

warmer planet; the rovers have revealed that Mars was
very much like our own Earth at one time in its ancient
past. Mars has sustained bodies of liquid water on its
surface that flowed  and evaporated. Environments like
hydrothermal vents created places that could be classi-
fied as habitable to some forms of life.

The data sent back raises a number of important
questions. Is there (or was there once) life on Mars?
Why did the planet’s environment change? If Mars
changed from a wet and warm world, could the same
happen to Earth in the future? Only more missions to
Mars will answer these questions.

Both rovers are now showing their age. Dust has
accumulated on Spirit’s solar panels, reducing the
rover’s power output to about 25 percent of normal
levels. Martian wind has cleaned dust from the solar
arrays before, but the terrain around Spirit’s current
location lessens the likelihood of similar events in the
future. Unlike Opportunity, which is closer to the
Martian equator, Spirit has to be parked and tilted
toward the Sun during the peak of winter on Mars to
collect as much power as possible through the solar
panels.

Opportunity is currently driving toward Endeavour
crater, the fifth crater it is tasked to explore. The jour-
ney to Endeavour began in September and mission
controllers predict the trip could take up to two years.
Whether Opportunity will make it is yet to be seen, but
you wouldn’t want to bet that it will fail. 

Spirit is suffering from a broken right front wheel,
and engineers have been driving it backwards because
it is easier to pull the wheel along. The dragged wheel
has dug a shallow trench behind the rover since its fail-
ure three years ago, exposing underground silica that is
evidence of ancient Martian hot springs. Opportunity’s
main robotic arm has a suspect joint, limiting its move-
ment, and two imaging spectrometers are facing some
problems with interference from dust.

Despite these problems, mission managers refuse to
end the rovers’ remarkable voyage of discovery, and

both vehicles are being tasked with
new targets to investigate. In five
years’ time we may well be cele-
brating the mission’s tenth anniver-

sary. I for one would like to
see that.
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Rovers’ five years on Mars

Right: Map of Mars (with
south at top) showing the
locations of NASA’s five

successful softlanding probes.
1: Viking 1 (1976-82), Chryse
Planitia; 2: Viking 2 (1976-

80), Utopia Planitia; P:
Mars Pathfinder (1997), Ares

Vallis; S: Spirit (2004-),
Gusev crater; O: Opportunity
(2004-), Meridiani Planum.

Image: NASA.

Space Exploration

Humorous
mission
patches
were
designed
for the Mars
Rovers.
Opportunity’s
patch features
Duck Dodgers (Daffy
Duck), while Spirit’s
patch features his adver-
sary, Marvin the Martian.
Images: NASA/ JPL.

Above: A remarkable collection of
bumpy volcanic boulders investi-

gated by Spirit in 2006.

Right: Spirit’s dragging wheel
uncovered a patch of bright soil so
rich in silica that scientists think
water must have been involved in
concentrating it. Image: NASA.



NASA’s Phoenix lander has finally suc-
cumbed to the Martian winter. It was

hoped that communication with the lander
could be re-established but after a month of
daily checks no signals were received. The
final communication from Phoenix remains a
brief signal received via NASA’s Mars
Odyssey orbiter on 2 November last year. The
Phoenix lander operated for two extra months
after achieving its science goals during its
original three month mission. 

Phoenix landed on 25 May 2008, further
north than any other previous spacecraft. It
dug, scooped, baked, sniffed and tasted the
Red Planet’s soil. Among early results, it ver-
ified the presence of water ice in the Martian
subsurface, which NASA’s Mars Odyssey
orbiter first detected remotely in 2002.
Phoenix’s cameras also returned more than
25000 pictures from sweeping vistas to near
the atomic level using the first atomic force
microscope ever used outside Earth.

Additional findings include documenting a
mildly alkaline soil environment unlike any
found by earlier Mars missions; finding small
concentrations of salts that could be nutrients
for life; discovering perchlorate salt, which
has implications for ice and soil properties;
and finding calcium carbonate, a marker of
effects of liquid water. 

Even though the craft is now lost the mis-
sion was a brilliant success for NASA.

THE launch of NASA’s latest mission to
Mars, the Mars Science Laboratory

(MSL) has been delayed until 2011 due to
ongoing development costs. This delay will
push the cost of the mission from $1.88 bil-
lion to a projected $2.2 billion.

The MSL lander — the size of a small car
and nuclear powered — is being designed to
drop to the surface of Mars on cables sus-
pended from a rocket powered descent stage
called a sky crane. MSL will be equipped
with the most sophisticated suite of instru-
ments ever placed on the surface of the Red
Planet to help determine if Mars ever did, or
still does, support microbial life. 

MSL’s size dwarfs NASA’s solar powered
Spirit and Opportunity rovers, which tipped
the scales at 174 kg each, carried just 16 kg of
science instruments and could only operate in
daylight. MSL will weigh 875 kg and include
a science payload of 83 kg. Its radioisotope
thermoelectric generator, or RTG, will allow it
to operate around the clock for two years or
more. 

There are a few technical problems that still
need to be solved, such as the lander’s actua-
tors which are complex motor gearbox assem-
blies, some with more than 500 parts each.
MSL is equipped with 31 such actuators and
in recent months, engineers have run into
workmanship issues, problems with encoders
that track motion and as yet unresolved ques-
tions about the braking mechanism. 

With the delay in launching a new opportu-
nity has arisen with the recent news of large
pockets of methane that have been detected in
the Martian atmosphere, which could have
been exhaled from micro organisms living
underground on the Red Planet. The MSL
could have a new target for its landing if a
definite methane vent could be found. This
news has got NASA thinking about a change
in mission, from the current follow the water
programme to searching for Martian
microbes. The current mars missions  are
designed to focus on studying the surface to

see if ancient life existed billions of years ago
when Mars had water flowing on its surface
— but all that could change over the coming
few years.

A NASA/University team found methane in
the Martian atmosphere by carefully observ-
ing the planet for several Mars years with
NASA’s Infrared Telescope Facility and the
W. M. Keck telescope, both at Mauna Kea,
Hawaii. The team used spectrometers to
detect three spectral absorption lines that
together are a definitive signature of methane.
Mars has no active volcanoes, which on Earth
can also produce
methane. Although the
methane is being
observed regularly,
most of the data sub-
jected to intense study
was obtained in 2003,
before ESA’s Mars
Express orbiter also
detected methane,
which on Earth is given
off by many living
organisms. 

The methane discov-
ery may indicate that
the planet is currently
either biologically or
geologically active. In
addition to being
formed in biological
processes, methane can
also be formed in rare
rock and water interac-
tions. Other geological
processes, like oxida-
tion of iron, also
release methane. Even
though the launch of
MSL has been delayed
we can look forward to
some exciting times
when the lander even-
tually reaches Mars.
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Buried glaciers on Mars?
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HUMAN exploration of the Moon in the
Apollo era relied on a small electrically-

powered vehicle to transport astronauts to dis-
tant objects that would of taken time to reach on
foot. The original Moon buggy was a revelation
at the time, and now NASA is showing the
world the future of driving on the Moon.

The first lunar rovers of Apollo 15, 16 and 17
completed 20 trips over the Moon’s surface and
with each successful mission programme man-
agers decided to try to go further. With the end
of the Apollo missions the dream of driving on
the Moon came to an abrupt end.

Design concepts for a new lunar rover are cur-
rently being tested across the United States. The
latest to be shown off is the small pressurized
rover concept, SPR. This rover will enable astro-
nauts to achieve a large range of tasks from
transporting various loads to exploring the sur-
face. The SPR has a
full range of mobili-
ty, even being able to
move sideways like a
crab if the terrain
calls for such a
manoeuvre.

Each SPR consists
of a Mobility Chassis
and an SPR cabin
module. The SPR
could be delivered to
the lunar surface as a
pre-integrated unit or
as separate elements.
The cabin’s modular
design enables it to
be placed on a chas-
sis. The Mobility
Chassis can be con-
figured in an unpressurized rover (UPR) config-
uration, with astronauts in spacesuits riding in
rotating turrets and can also be used without the
pressurized module. Astronauts may also ride in
the turrets with the SPR in place, minimizing
time for suit changes. The modular design will
also allow attachment of various tools that may
be needed on a particular mission, such as
winches, cable reels, backhoes and cranes.

SPR’s novel design offers many advantages
over its Apollo counterpart; most notably, it will
increase the potential range of exploration, pro-
vide protection for the astronauts, reduce the
amount of time astronauts must wear pressur-

ized suits and allow for more scien-
tific research.

The greatest risk to human
explorers on the lunar surface is the
risk posed by unanticipated solar
particle events. With a heavily
shielded suit lock area, the small
pressurized rover doubles as a
storm shelter. The rapidly accessi-
ble, pressurized, radiation-hard safe
haven can sustain and protect
exploring crew members for up to
72 hours against solar storms, acute

suit malfunctions and other medical emergen-
cies (e.g. decompression sickness treatment).

An advantage of the SPR system is the crew
lock concept, providing a rapid Extravehicular
Activity (EVA) ingress / egress. The crew lock
will allow the crew to enter and exit the EVA

suit while never having to bring the suit inside,
keeping the internal space mostly free of dust
and reducing wear and tear on the suits. The
crew lock will also minimize the loss of con-
sumables when it is depressurized for EVA,
extending duration of an SPR sortie.

The small pressurized rover concept allows
for either a shirtsleeve or extravehicular work
environment, thus enabling the crew’s unprece-
dented flexibility. Activities requiring fine
manipulation and unfettered visual access are
best performed without the confines of an EVA
suit. There are many activities, such as initial
sample analysis, that are best performed in a
shirtsleeve environment with small laboratory
analysis tools. Local analysis of rock and soil
allows the astronauts to assess samples in the
field, and only collect and return high value
samples.
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This image of an area in the Hellas Basin is based on
radar data from Mars Reconnaissance Orbiter. It
shows a peculiar type of Martian terrain, where

several craters appear unusually grooved, flat, and
shallow, indicating the presence of substantial layers
of ice. These glaciers may cover an area larger than

London and extend as much as a kilometre deep.
Data reconstruction credit : NASA/ JPL-Caltech /
UTA / UA / MSSS / ESA/ DLR / JPLSolar System

Visualization Project.

A full-size test of SPR (above) and the lunar EVA suit (left) is conducted in the
Arizona desert. The empty suits attached to the back of the vehicle are entered from

behind via an airlock. Images: NASA. 

The last man on the
Moon, Gene Cernan,

takes the Apollo 17 buggy
for a spin in the foothills
of Taurus-Littrow. NASA.



OCO KO
ORBITING Carbon Observatory

(OCO), NASA’s new satellite
intended to keep tabs on the amount and
distribution of atmospheric carbon diox-
ide, crashed into the ocean near
Antarctica shortly after its launch on 24
February. The failure — the first to hit
NASA since 2001 — is a major setback
to an already weak network for monitor-
ing Earth from space.

Costing $280 million, the mission was
designed to discover what happens to
the greenhouse gas carbon dioxide cre-
ated by the burning of fossil fuels —
how much of it is used by plants, soil
and oceans and how much is left to trap
heat on Earth. A duplicate OCO is like-
ly to be built and launched soon.

Space Exploration
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Ganymede slips behind Jupiter in this lovely image from the Hubble Space Telescope. 
2634 km in diameter, Ganymede is the Solar System’s biggest moon and orbits Jupiter once

a week. Such events can be observed from the Earth using relatively modest equipment,
although no amateur observer can hope to see so much detail. Note how sharply defined the

shadowed edge of Jupiter appears against Ganymede’s disk. Image: NASA/ HST.

U.S. global weather satellite NOAA-N
Prime was launched successfully on 6

February from Vandenberg Air Force Base,
California. The launch had previously been
postponed because of launch pad technical
problems.

NOAA-N Prime is the last in a series of
polar-orbiting satellites that have been
observing the Earth’s weather systems since
1960. Its data will be used for long-range
weather and climate forecasts. The satellite
also carries sensors capable of receiving dis-
tress signals from mariners and hikers.

Prime time launch

Artist’s impression of OCO in orbit. Image: NASA.



THE past years have seen a dramatic change in
astronomy; you can now beat issues

like bad weather, light pollu-
tion or even not
having your
own tele-
scope, simply
by logging in to
a telescope from
your home com-
puter. Nothing
beats actually get-
ting out there and
observing the stars
or peering down a tel-
escope at another
world yourself, but
sometimes it’s a lot
more convenient to do
astronomy from your
classroom or armchair.
Robotic astronomy is
becoming more and more accessible to schools
and the general public, and here we highlight two
different schemes that can bring the Universe to
your very own computer screen. Imagine being sat
at your desk one lunchtime with it raining outside,
observing the night sky in Australia!

The Faulkes Telescope Project
The Faulkes Telescope is open to schools and col-
leges in the UK or Ireland, so you need to get a
teacher or after school astronomy club leader to
register and apply for time on the telescope in
advance. There are two two-metre reflecting tele-
scopes; one is located in Hawaii and one in
Australia, giving you lots of choice of things to
observe in both the northern and southern hemi-
spheres. The Faulkes Telescope Project aims to
encourage children to do research by themselves,
by deciding what objects to look at with the tele-
scopes, and then making and analysing the obser-
vations. There are loads of detailed activities on
their website, and many projects have example
sets of files so that you can try out the activities
before deciding if you want to use the telescope
for real. It’s free to sign up, so get your teachers to
look at faulkes-telescope.com to find out more. 

Young Stargazers Team member Daniel Milner
is a physics teacher at Whitgift School in Croydon
and has just set up an astronomy club called
WhiSPA (Whitgift Space Physics and
Astronomical Society) for his students. They took
this image of the Pinwheel Galaxy (above) using
the Faulkes Telescope North during their very first
meeting! The image was made by pointing the tel-
escope at the galaxy for 90 seconds at a time to
make a colour image (which meant three 90 sec-
ond exposures added together, one for each of the

red, green and blue filters used to
‘see’ the galaxy). It took about five
minutes in total, including pro-
cessing time.

Skylive by Alastair Steele-Leith
Skylive is an online observato-
ry with instruments in both
Italy and Australia, and is
available to anyone any-
where in the world and not
just schools, which means
you could sign up right
after you’ve finished
reading this! To register
with Skylive, you will
need an email address,
then you will be able to

download and install the soft-
ware (your login details will be emailed to

you). Once you have logged into the observatory
you will see a window, a bit like the one shown
below. It is from this window that you will be able
to talk to other keen astronomers like yourself.

There are some useful videos posted at
www.robotictelescopes.co.uk which explain how
the telescope works and describes the huge variety
of things you can see. One fun thing you can do is
to take snapshots of the images to print off and
take to school to show your friends. You can even
click the ‘last photo’ button to sneak a look at what
the telescope was looking at last time. You can do
all this without paying. The really exciting bit
comes when you actually take control of the tele-
scope and see in real time how the view changes
as the telescope moves. Unfortunately, to be able
to do this you will have to pay a subscription. It’s
£120 per year, but perhaps you can get your school
interested so you don’t have to part with any pock-
et money? Schools get three hours of free trial
time so you can have a go before actually paying.
One advantage of using Skylive is that you don’t
have to book a time slot in advance, you can just
log in and away you go! To find out more about
Skylive go to www.skylive.it
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WE’RE all getting stuck into the
International Year of Astronomy

now, which aims to get people interest-
ed in all things astronomical. One thing
that always gets people interested is
space travel, and the European Space
Agency are in the process of selecting a
new group of astronauts to live and
work on the International Space Station,
and perhaps maybe even get to go to the
Moon in the 2020s. You might be inter-
ested to hear that I applied to be one of
those astronauts! I passed the first set of
medical tests (which included an eye
test, hearing test, blood test and heart
rate test) but alas I didn’t get any fur-
ther. Maybe one of you will be luckier
and be the first astronaut to walk on
Mars! But for now, back to the Space
Station, where space tourist Richard
Garriott spent ten days in October last
year. I spoke to him to find out all about
living and working in space, and yes, he
told me all about using the toilet in
zero-gravity! 

From the Chief Stargazer
and the Young Stargazers team

(Emily Baldwin,
Kaustav Bhattachayra,

Sam Hawkins, Judy Humphrey,
Daniel Milner, Margaret Penston and

Robin Scagell)

Astro p ages compiled by Chief S targazer EMILY BALDWIN

Welcome to the following
new Young S targazers,

who joined us
between

November and
January:

Joshua, W altham Cross;
Aidan, Halesworth; Simon,
Winchester; Lexi,
Kidderminster; Harry ,
Worcester; Christian,
Worcester; Jamie, Ormskirk;
Jacob, Cambridge; Jack,
Wallington; Philip, Aberdeen;
Scott, Glasgow; Alex,
Bridgend; Laura, Chippenham;
Oliver , Bolton; Shona,
Glasgow; Eleanor , Wrexham;
Ryan, Worcester; Joshua,
Walsall; Jacob, T unbridge
Wells; T imothy , Milton Keynes;
Eleanor , Whitley Bay; Damaris,
Lincoln; Maria, Bracknell; Ben,
Wellingborough; Kieran,
Abingdon; Lewis, Bolton;
Freya, Oxted; Martha, Oxted;
David, Skelmorlie; Claire,
Harrogat; Oliver , Sheerness;
Alex, Accrington; Kelly ,
Royston; Sophie, Plymouth;
Beth, Rotherham; Daniel,
London; Lucy , Milton Keynes;
Imogen, W irral; Lucy , Brackley .

Use a telescope in Australia
from your own living room!



RICHARD Garriott, who is famous for his
contribution to video games, established

himself as a space tourist by paying for a ten day
stay onboard the International Space Station
(ISS) in October 2008. Chief Stargazer Emily
Baldwin spoke to Richard about life
onboard the Space
Station, the highs
and the lows of the
mission, and his
advice on how to
become an astronaut. 

What inspired you to
want to take on the
challenge of training as
an astronaut and to go
into space?

I think everybody, at some
time in their life, imagines
they might want to travel into
space, but what was different
for me is not only was my father
an astronaut [Owen Garriott]
which made it seem more practi-
cal, but also, when I was a teenag-
er, a NASA physician told me I
would not be eligible to be a NASA
astronaut because of my poor eye-
sight. For me, instead of making the dream go
away, it made me think “wait a minute, you can’t
tell me I’m not allowed to go into space” and so
I worked ever since then to privatise space and
find a way for private citizens to get there, and
of course most especially me.

How did living in space affect the way your
body worked?

About 80 percent of people who go into space
get what is called space adaptation sickness,
which a lot of people think of as motion sick-
ness. I suffered from another effect called a fluid
shift which feels like you’re hanging upside
down on monkey bars, but for days on end. And
so for the first five days I felt like I had a head
cold, and headaches and I really didn’t feel too
comfortable. Also your stomach and intestines
basically shut down when you’re in space and so
you feel a little sick and just not really yourself.
A low point of the trip was on flight day 5 I
woke up with a horrific headache that lasted the
whole day. One possibility is that because you
sleep in a sleeping bag, for a little bit of that par-
ticular night, I’d brought my face into the sleep-
ing bag which tends to mean you breathe in and
out the same air, so basically I had carbon diox-
ide poisoning. 

What was your role in the mission?

One area was to prove or demonstrate that as a
private astronaut I could still contribute scientif-

ically and commercially like a career astronaut,
so I did a variety of experiments to help advance
the medical field in a very important way. I also

spent a good deal of my time
taking photos of the Earth to
showcase how it has
changed in the 35 years
since my father was an
astronaut. And then there
were educational activi-
ties, like doing experi-
ments and answering
questions. I worked
with the British
National Space
Centre as well as
the Challenger
centres and did
experiments for
the teachers or
the students. I
also connected
by amateur
radio to stu-
dents all
around the

globe, which was
probably by the highlight of

the trip. I was really very, very moved,
especially in the last few days when I spoke to
classrooms full of kids, who’d only be online for
30 seconds and would all say “Hi Richard, bye
Richard, have a good trip home,” all
together.

What’ s it like using the
bathroom in space?

You hear that the most
common question kids ask
is how do you go to the
bathroom in space? But it’s
funny, because even

amongst astronauts and cosmonauts, one of the
most common dinner time conversations is
using the bathroom and what parts are easy and
what parts are difficult. Liquid collection is real-
ly no problem, it’s basically a funnel with a vac-
uum behind it that you pee into, and the only
challenge is how to keep yourself floating away
while you’re trying to hold the funnel in front of
you. Technically a little challenging but it’s no
big deal. On the other hand, dealing with the
solid waste is quite a bit more challenging. The
method is still basically the same, but you sit on
a miniature toilet which is lined with a plastic
bag with perforations on the bottom, and there’s
a fan below that is there to pull things into the
bag. However it doesn’t really work that well, it
doesn’t respond in the same way that gravity
assists you in getting rid of solid wastes on the
Earth. So that is an area that requires additional
strategies!

What was the most interesting thing you saw
on the Earth fr om space?

One of the really striking things was still how
close the Earth seemed in spite of us being so
high up [the ISS orbits at about 350 km high]. As
you look to the horizon you can see the black-
ness of space and the curvature of the Earth, and
the thin veil of the atmosphere on top of the
Earth, but looking straight down you can still see
airports, air plane contrails, the clouds, I could
still see all the ship wakes going in and out of the
San Francisco Bay area, I could see the Golden
Gate Bridge and the Oakland Bay Bridge, all
easily viewable from space. You see weather
systems in a completely different way because
you could see from horizon to horizon that they
interact with each other in ways you would not
see from the ground. And even how humanity
has pretty much inhabited all the fertile areas of
the Earth is really quite apparent from viewing it
from space. 
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Young Stargazers
Space: what’s it like living there?

ISS in 2008. Image: NASA.





WE all know that the reason everything in the
night sky rises and sets is that the Earth is

rotating, giving us day and night, though it looks
to us as if the sky is rotating and the Earth is fixed.
But there’s another thing that happens — as the
Earth goes round the Sun, the view of the stars we
get at the same time each night shifts slightly. This
is what gives rise to the changing skies from sea-
son to season. By careful observation you should
be able to measure the changes in just a short time,
and find out something about your own powers of
observation as well.

The project
The project involves watching a bright star disap-
pear behind a wall or other vertical edge and not-
ing the exact time at which it does so. You need to
do this on a few nights. So the first task is to find
your star and observation point. We are assuming
that you recognise a few constellations so you can
pick out individual stars. At this time of year, Leo
is an easy constellation to recognise as it’s got a
very characteristic shape, as shown in the photo.
Its brightest star, Regulus, is visible through even
the worst light pollution and you should be able to
pick out one or two of the others as well. This
year, Saturn is up there as well, adding an extra
star to the pattern. The other advantage of choos-
ing Leo or stars in its neighbourhood is that they
will move faster through the sky than those else-
where, in the same way that a roundabout moves
fastest at its edge rather than at its centre. The Pole
Star, for example, hardly moves at all over the
night as it is close to the sky’s axis of rotation, so
it would be a very poor choice. But stars that are
due south and on the sky’s equator are the best to
choose, as they move fastest. If they are too high
in the sky, it will be hard to find a vertical edge for

them to disappear behind. You
must also start your project fairly
late in the evening, so that your
chosen star will not move into the
evening twilight.

Next, find an object against
which you can measure the star’s
disappearance, such as the wall
of a house or a pole. Ideally it
should be to your south, but any-
where from southeast to south-
west will do. Beyond that range,
stars are moving at an greater
angle to the horizontal, so again
your measurement gets more dif-
ficult. Ideally it should be more
than 10 metres away. You will
also need a fixed place to stand and something to
rest your head against, so that your head is in
exactly the same position each time you make
your observation. The only apparatus you’ll need
is an accurate watch, a torch and a means of mak-
ing notes. A digital watch is fine as long as it reads
out seconds.

So stand in your chosen spot and watch the star
disappear behind the object. As it gets nearer,
close one eye so that you have only one observa-
tion point. Note the exact time, to the nearest sec-
ond, that the star disappears, and of course write
down the date as well. Repeat the observation the
next clear night, but get to your position a few
minutes earlier this time, and do the same again as
often as you can over a period of many days (ide-
ally a month or so), getting there a few minutes
earlier each time. You can repeat the experiment
with different stars, but make sure your notes are
clear so you don’t mix one star up with another.
Try it with Saturn as well!

Analysing your results
Books tell us that the stars rise about four minutes
earlier each night, so your task is to see how accu-
rately you can measure this. From one night to the
next, your observation may be many seconds out.
But over seven days, say, the difference should be
about 7 × 4 minutes, which is about 28 minutes
earlier. So divide the time difference between the
number of whole days, and get a different value
for each measurement. Even if each observation is
a few seconds out, by measuring over a period of
time your error is spread over a greater number of
days, so the accuracy of your measurement is
increased. Actually, the error in any one measure-
ment could go either way, so you are likely to get
a spread of values for the same measurement. A
better way to look at the results would be to draw
a graph of the time difference against the number
of days, and find a best-fit straight line to your
observations from which you can measure the
average time difference per day.

Think about the ways in which you could have
made an error, and try to find ways to reduce the
error. Are you standing in exactly the same spot
each time? How accurate is your watch, and can
you make sure each timing is more accurate?
Does it matter how far away from you is the object
that hides the star? What about the time it takes
between seeing the star disappear and your look-
ing at your watch? Does that make any difference
to the result?

For the exact answer, and for the answers to
these questions, go to the Young Stargazers web-
site at www.popastro.com/youngstargazers.

Robin Scagell & Margaret Penston
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Young Stargazers
Project: disappearing stars

The gas and dust
that exist s in sp ace
between the st ars. 

Jargon Buster:
Interstellar medium

Readers’Corner
Dear Emily, Our Young Stargazers pack is
great. It has so much information. I have
been reading the Moon projects and we will
be starting as soon as school finishes on
Friday. Thanks.

Harry and Christian Bennett 

AT January’s SPA meeting,
Young Stargazer Noah

Hardwicke spoke to an audience
of like-minded people about his
year-long effort to detect mete-
ors using radio waves. The 12-
year-old from Crickhowell in
South Wales (a student at
Monmouth School) is the
youngest person ever to
speak at a SPA meeting. 

Noah delivered his pres-
entation with great confi-
dence, impressing the
audience with his enthu-
siastic approach to the
project. In his talk,
Noah explained that
when a meteoroid
passes through the
upper atmosphere, friction
with the air causes it to burn up, producing
a trail of ionised gas. When a radio transmission
comes into contact with this ionised gas, the
radio waves are deflected back down to Earth,
allowing anyone lucky enough to have a radio
receiver the chance to detect it. 

Noah has tried to observe these meteor
radio traces before and has had

no success in the past,
but after looking up

some resources he found
on the Internet, he was

able to build a more sensi-
tive Yagi aerial receiver.

When successful, a sharp
‘ping’ will be heard, and if

plotted onto a graph, the
meteor will result in a sudden

peak above the background
static. So far no obvious meteor

has been detected, but the Young
Stargazer is optimistic that his

misfortune will change in the near
future. Noah has received an enor-

mous amount of support from both
his parents and his school, and this

level of work is incredible for some-
one of his age. But please don’t feel

discouraged if you’re not at this level,
and if you have anything to share, perhaps as a
written report for these pages then contact us at
chiefstargazer@popastro.com.

Sam Hawkins

Noah’s impressive radio detective work
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Opinions on a selection of the latest astronomy books and product s
Reviews

Atlas of the Messier
Objects
By Ronald Stoyan
Publisher: Cambridge University Press
ISBN-13: 978-0521895545 
Hardback, 370 pp / Price £35
The Messier objects is a list of 110 bright
deep sky objects catalogued by Charles
Messier in the mid 1700s. It has become the
most popular list of astronomical objects
because most of them are fairly bright and
relatively easy to view. Because of its popu-
larity over the years many books have been
published on this list, adequately serving the
needs of observers. This latest publication
completely justifies its existence.

Containing 370 pages, it’s a large format
book measuring 31.2 × 26.2 × 3 cm. The text
quality is excellent with a very readable font.
It oozes quality.

The book is split into two main parts. The
first section is about the life of Messier him-
self and his observations; this section also has
his original catalogue and text. There is also
discussion about Messier’s main competitors
of the time. The main part of the book is a list
of all Messier objects, and totals 243 pages.

Each object is covered in
great detail, including his-
torical information, the
latest astrophysical infor-
mation and finally a visu-
al observation which con-
sists of a detailed account
of what each object looks
like with various aper-
tures and filters.

The space devoted to
each object varies. M40
for example (a double
star) merits just one page,
but other objects such
runs to a number of pages.
M42, the Great Nebula in
Orion, has ten pages. 

One great feature of the
book is the quality of the
photographs, which are
truly beautiful; there are a
number of images by the
Hubble Space Telescope, but most of them
are CCD images taken by the author and con-
tributors themselves. There are also many
visual sketches for most of the objects listed,
from historical drawings to modern day
observations.

Overall, this is the best book I have read in
a long time. It has everything a modern
observer would expect in a publication of this
nature and will be useful both in the field or
as a reference work.

Darren Bushnall

Confessions of an
Alien Hunter
By Seth Shostak
Publisher: National Geographic
ISBN-13: 978-1426203923 
Hardback, 320 pp / Price £14.99
Sometimes totally inappropriate review books
are sent in to Popular Astronomy, their publish-
ers hoping that any link with ‘space’, however
tenuous, will merit its inclusion in these pages.
Most of these dogs-in-mangers involve suppos-
edly true tales of bug-eyed monsters from far
off star systems (or other dimensions) who are
intent on ruining the sleep of innocent
Americans by beaming them up to their saucers
and implanting various tracking devices into
their bodies. On seeing the title of this particu-
lar book I was immediately prepared to donate
it to my local charity shop (I’m not into book
burning, however bad the tome, and even if it
was only an advance paperback review copy).
Thankfully, I was relieved on reading the
book’s sub-title A Scientist’s Search for Extra-
Terrestrial Intelligenceand noted the author’s
name. I prepared myself for an enlightening
read about one of the most cutting-edge disci-
plines in modern astronomy.

Seth Shostak is an internationally renowned
proponent of SETI — the Search for
Extraterrestrial Intelligence — a bone-fidesci-
entist and senior astronomer at the SETI
Institute in California. In this fascinating book,
he outlines a range of human efforts to learn

whether our species is unique in the Universe
or whether there are fellow sentient creatures
on worlds other than the Earth.

Shostak isn’t afraid to tackle the so-called
‘UFOlogists’and takes the argument directly to
them by demonstrating the importance of criti-
cal thinking and skepticality. Where is the evi-
dence that aliens are visiting the Earth — not
the eyewitness reports, nor the fuzzy photo-
graphs or the blusterings of believers — but the
convincing evidence that science demands? 

Shostak takes a look at various historical con-
cepts of the Earth and its place within the cos-
mos, glimpses into old notions of life on the
Moon and Mars (mentioning Herschel and
Lowell along the way) and throws in the find-
ings of space probes to rule out the notion that
there is extraterrestrial intelligence in the Solar
System. He describes the intense worldwide
interest created in 1996 with NASA’s
announcement of the discovery of Martian
microfossils in the meteorite ALH 84001 — a
premature proclamation, and one that has little
scientific support these days. Still, this episode
demonstrated that the idea of life of any kind
existing away from the Earth is a powerful one.
If there is lowly life ‘out there’, the chances are
that evolution has produced more complex
forms, even intelligence to rival or surpass that
of Homo sapiens sapiens. Drake’s equation on
the possibilities of extraterrestrial life is
referred to as ‘the second most famous equa-
tion in the world’.

Now scientists may have some of the right
tools and technology to be able to detect the
existence of civilisations around distant stars.
The most potent of these tools — at least for
the time being — is radio. Shostak describes
earlier radio searches for extraterrestrial radio
signals, including Project Ozma, and looks at
some current and future projects for ‘listening
in’ to the Universe to detect those first faint
transmissions from afar.

It’s a well-written, wide-ranging, eye-open-
ing read which I thoroughly recommend.

Peter Grego



People and the Sky
By Anthony Aveni
Publisher: Thames and Hudson
ISBN-13: 978-0500051528 
Hardback, 252 pp / Price £18.95
In this book the author, a leading archaeoas-
tronomer, looks at the night sky as it might
have been seen and used by people in the
past. He laments, as many of us do, that the
stars are not clearly seen or appreciated by
many folk today, because of urbanisation and
the resultant light pollution. He calls the sky
‘a legacy lost’.

Aveni tells how other civilizations told sto-
ries about the constellations. They were used
by sailors to find their way, farmers to regu-
late their activities, homemakers to align their
houses for the benefit of members of the fam-
ily. Cities were laid out in relation to the stars,
rulers of nations wanted to know how events
might turn out and employed astrologers to
work out the possibility of the success, or oth-
erwise, of various projects. Of course the sky,
by day and night, allowed societies to keep
time, over both short and long periods. The
concepts of earlier peoples enabled the
Greeks to develop their ideas, thus laying the
foundations of Western civilization and
Science. Aveni supplements his arguments
with reference to copious research into the
ancient world of Babylonia, Egypt and
Greece. Some of the most interesting parts of
the book look at the relatively unknown uses

put to the night sky by native Americans, the
Mayas and Aztecs and the travellers across
the Pacific Ocean. He amply includes up-to-
date research, including much of his own.

I found this book fascinating, but appreciate
it may not be of interest to more practical
members of the SPA. But, if you think this
may not be part of your area of enjoyment,
give it a try. You’ll certainly learn a lot!

Jeffrey Barham
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Reviews
Surviving 1000
Centuries
By Roger-Maurice Bonnet &
Lodewijk Woltjer
Publisher: Springer-Praxis
ISBN-13: 978-0387746333
Hardback, 422 pp / Price: £26.50

Upon finishing this incredibly researched book,
one could not help feel, in answer its subtitle
Can We Do It?that yes, we will survive. Packed
full of facts and figures, graphs and diagrams,
the two authors, both scientists, do their best to
reiterate how inventive the human race is.

The first part gives a review of the history of
the Earth and the human race’s impact on it.
The book goes into detail describing the various
environmental phenomena that contribute to
making life on Earth possible and the chances
that these same forces may in turn destroy it. 

Illustrated throughout in full colour, the book
has satellite photographs and diagrams of the
highest quality. At intervals, the book uses
information boxes that give brief explanations
and technical information on subjects in the
text, such as the greenhouse effect, earthquakes,
climate models, and so on.

Later chapters delve into the likelihood that
new energy sources such as sustainable nuclear
fusion will be found, and the possibilities of the
human race leaving planet Earth to find a new
home on other planets. The end of each chapter
has a full list of references, notes and further
reading.

After saying all this about the book, the
reviewer must say that he found reading it diffi -
cult, inasmuch as the text seemed sterile and
convoluted. As a textbook for university stu-
dents or sitting on the bookshelves of
Greenpeace this book may be of great use, but
to the average SPA reader I feels that it would
appear somewhat dull. 

Jeffrey Sutton

Stars: A Journey
Through Stellar Birth,
Life and Death
By Raman Prinja
Publisher: New Holland 
ISBN-13: 978-1847730633
Hardback, 192 pp / Price £29.99
This book is very popular at the moment in the
astronomical community. Professor Prinja
writes in an easy, flowing way which makes the
book accessible to all, even if you’re not inter-
ested in astronomy. The stunning photography,
from telescopes like the Spitzer and Hubble
space telescopes, go hand in hand with the text
to make the book a joy to read.

Even though the book is written by a profes-
sor of astrophysics, he communicates the birth,
life stories and death throes of the stars in a
remarkably easy to understand way which
makes reading the book very enjoyable. Even if
you’re not an avid reader the book is broken
down into smallish chapters which means you
can easily put down and pick up the book with-
out really forgetting what you have previously
read.

The book has it all — simple text and fantas-
tic pictures, although I do have two small issues
concerning some of the basic information.
Without being too nitpicking there were a cou-

ple of inaccuracies. One of the stars monitored
by the SPA Variable Star Section (which I
direct) is Beta Persei, otherwise known as
Algol. Algol is in the constellation of Perseus,
but according to Professor Prinja this star lies in
Cygnus. A simple mistake, but inaccurate
nonetheless. I should point out that the two
small errors I found did not detract from the
enjoyment of the book and I congratulate
Professor Prinja on the writing of a great and
informative work.

David Scanlan



Popular Astronomy / April-June 2009 33

Reviews
The Cambridge
Encyclopedia of Stars
By James Kaler
Publisher: Cambridge University Press
ISBN-13: 978-0521818032
Hardback, 338 pp / Price: £37
This book is a fascinating guide and a tour-
de-force on the subject of stars, covering
every aspect from astrometry and naming
stars, through their physical descriptions, to
their birth, evolution and death and all in just
14 chapters.

It is well written with a good thread passing
through the text. It is unashamedly full of
carefully researched detail, some excellent
photographs and diagrams and interesting
facts.

The book tackles some difficult topics such
as precession and nutation, a fascinating
explanation of the Sun’s true orbit about the
Galaxy, blackbody radiation and the nature of
stellar spectra. It also has some excellent
chapters on binary stars, star clusters and
associations and measuring distances to stars.
He does not shirk from putting in mathemati-
cal ideas, but the most difficult are put into
boxed areas which can be read at leisure and
if omitted do not detract from the main body
of the work.

There are some blunders, like the base of
natural logarithms, e = 2.14159 (!) (page 131)

which is obviously mixing e = 2.718281…
with pi which is 3.141592…  There are no
page numbers for Table 1.1 and some photo-
graphs are badly printed or of poor quality
e.g.Figs 1.4, 1.8 and 2.5. However, there are
some excellent diagrams and photographs
like the numerous Hertzsprung-Russell dia-
grams and the excellent full spectrum
sequence of stars from O6.5 to M5 (page 105)
or the solar Fraunhofer lines on page 99.

I liked the beautiful photographs of globu-
lar clusters M15, M71, and 47 Tucanae, the
ancient prints from Bayer’s Uranometriaand
Flamsteed’s Atlas Coelestisand there are
many good illustrations e.g.,the variations of
Delta Cephei which includes radius, magni-
tude, radial velocity, spectral class and tem-
perature against time in its 5.37 day cycle.

The book is full of interesting facts like the
first stellar photograph was of Vega on July
17th 1850, and the first photoelectric light
curve was of Algol in 1910. It is very up to
date with accurate distances to the Hyades
and Pleaides star clusters, accurate values of
the ages of globular clusters and their metal-
licities and descriptions of nuclear processes
governing low, medium and high-mass stars. 

This comprehensive book covers just about
all aspects of stars and is packed with data
e.g. lots of information on stellar spectra
including the latest spectra classes L(2100 to
1200 K) and T (T < 1200 K). You will find all
this information in one book. It is written by

an expert who writes with clarity and knowl-
edge.

I really enjoyed the great detail put into the
book and the sure knowledge of the author,
who is Emeritus Professor of Astronomy at
the University of Illinois.

The book is aimed at those who know some
astronomy, and who want a book that encom-
passes all that is known about this most
important part of astronomy. I really don’t
have too many criticisms of the book and I
recommend it strongly.

David Mannion

The SPA offers a super selection of astronomy books

FREE POST & PACKING on all books ordered (available to UK members only). 
Please make cheques and POs p ayable to The Society for Popular Astronomy . Send your orders to:

SPA Bookshop, 36 Fairway , Keyworth, Nottingham, NG12 5DU. 
Books can also be ordered online from the SP A website at www .popastro.com/sp abooks.htm

2009 Yearbook of Astronomy Moore (ed) £15.99
A Year in the Life of the Universe Gendler £16.99
Astro-Box (Philip’s). Contains: Stargazing with a Telescope (Scagell),
Star Finder, Planisphere & Star Chart £19.99
Astronomy Penston/Morison £24.99
Astronomy Dictionary (Philip’s) £9.99
Astronomy for Every Kid Van Cleve £7.50
Astronomy for GCSE Moore £12.99
Astronomy with Small Telescopes Tonkin £17.00
Astrophotography for the Amateur Covington £26.99
Atlas of Stars and Planets Ridpath £10.99
Atlas of the Universe (Philip’s) Moore £25.00
Burnham’s Celestial Handbook 1/2/3 Burnham £17.95 each
Caldwell Card (laminated) £5.00
Complete Guide to Stargazing (Philip’s) Scagell £25.00
The Caldwell Objects O’ Meara £26.00
The Cosmos, a Beginner’s Guide Hart-Davis £14.99
The Dark Side of the Universe Nicolson £16.95
Dark Skies Map (Philip’s) £6.99
Deep Sky Observer (Philip’s). Contains: Deep Sky Observer’s Guide (Bone),
Deep Sky Chart & Calendar £12.99
Eclipse! Harrington £11.99
Exploring the Night Sky With Binoculars Moore £15.99
Futures: 50 Years in Space Hardy/Moore £17.95
Guide to the Constellations (Cambridge) Bakich £19.99
Guide to Stars and Planets Moore £9.99
How to Observe the Sun Safely Macdonald £19.50
How to Photograph the Moon & Planets with a Digital Camera (Buick) £19.00
Jupiter and How to Observe It McAnally £19.50
Mars Observer’s Guide (Philip’s) Bone £8.99

Messier Card (laminated) £5.00
The Messier Objects O’ Meara £26.00
The Moon and How to Observe It Grego £19.95
Moon Observer’s Guide (Philip’s) Grego £9.99
Moon Map (Philip’s) Grego/Murray £6.99
NGC 2000 Sinnott £12.99
Night Sky Atlas (Philip’s) Scagell/Tirion £14.99
Observing Comets James/North £29.00
Observing the Deep Sky Bushnall £14.99
Observing the Moon North £25.00
Observing Variable Stars Good £25.50
The Observer’s Year Moore £24.95
Patrick Moore — The Autobiography Moore £7.99
The Planet Observer’s Handbook Price £23.99
Philip’s Planisphere (large, 29cm diameter) £7.99
Pocket Guide to Stars and Planets Morison/Penston £9.99
Pocket Star Atlas (Philip’s) Cox £4.99
Practical Astronomy (Philip’s) Dunlop £9.99
Saturn and How To Observe It Benton £19.50
Seeing Stars Kitchin/Forrest £24.00
Setting up a Small Observatory Arditti £19.00
Stargazer (Philip’s). Contains: Guide to the Northern Constellations,
Planisphere & Star Chart £10.99
Stargazing with a Telescope Scagell £7.99
The Sun in Eclipse Maunder/Moore £19.00
Turn Left at Orion Consolmagno/Davis £20.99
The Young Oxford Book of Astronomy Mitton £9.99
Universe Couper/Henbest £20.00
Venus & Mercury and How to Observe Them Grego £19.50
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Your comment s, views, news, stories, suggestions and opinions
Letters

Beyond the Perceived Horizon
(Reflections on images of Earthrise)

The Moon remote, austere and cold...
Devoid of life, yet somehow life enhancing,

Has challenged man and been found wanting.
Desire once reached is soon disposed, 

And grander sights arise, beyond those timeless rills
of lunar dust, in countless shades of grey and gold.

Forever drifting with the motion of celestial tides,
The Earth, resplendent like some rare

and precious shell,
Floats serene, and careless of its fate,

amid... a sea of stars.

No turquoise blue,
No jewel, no crown,

No fire within, no opalescent hue,
Glowed with such warm presentiment as this,
For those, whose distant voyage reached such height...

and floated down, through iridescent clouds of white.

Though life has finite span,
Creation frail,

Yet just requite, for all its toil,
with natur e’s laws respected; 

Some mortal men, may seek once more,
To stand on some untrammelled shore,

and glimpse... the infinite

What fir e may draw ourbravest souls
to reach theirsea of dreams?

Across the empty void...
the perils of the great abyss;

Endeavour asks no more than this.
To dare to take, that one small step,

On some Olympus Mons.
William B. GriggEarthrise, taken by Frank Borman from Apollo 8 in 1968. NASA.

Poetic reflections on
humanity’s giant leap
I have just been introduced to Popular
Astronomyby a neighbour who kindly
passed some recent copies on to me. I
enjoyed reading them very much. I notice
that from time to time you like to publish
poetry and wonder if you would consider
these two items? They were written in the
spring of last year simply as a personal
response after reading Moondustby Andrew
Smith. They have not been published before.

As this year will be the 40th anniversary of
the first Moon landing in 1969, I wonder if
you will be celebrating the event in some
way? For me, the images of Earthrise taken
during the Apollo programme are some of
the most significant photographs ever taken,
as mankind was able to look back upon the
world for the first time across the vault of

space. I often wonder if it was that far distant
view of Earth and its insignificant isolation
in the Universe, rather than the whole precar-
ious experience of going to the Moon itself,
which caused some of the changes in the
lives and intellectual perceptions that have
been reported among a few of those original
astronauts?

Although much has been accomplished in
other branches of space exploration, the long
absence of any further manned lunar devel-
opment following in the footsteps of those
early pioneers has been a source of continued
disappointment to many people. It’s difficult
to know what the future holds, considering
all the risks involved, but perhaps these
words may be seen as an acceptable way to
mark the extraordinary achievements of
those first courageous missions and the men
who made it all possible.

Mr. W. B. Grigg 
Bolton, Lancashire

Lunar Epilogue
How can we tell what is to come,

Will truth or myth survive?

How clever minds with liquid gas,
Defined Apollo’s mission,
Promethean fire then shook the

earth, and launched us towards the stars.

How human gods, for one brief spell,
Gazed back from Moon to Earth, 
Faced dangers never known before, 
and came back home... retired!

“How can we tell all this is true?”
We hear the cynics say.
The only way to know for sure,
Is go again, some day.

William B. Grigg



Handstands and
anti-clocks
Why is Orion doing
handstands, with his
sword pointing up in
the air? And why do the
lunar maria look like
rabbits’ears to the
naked eye? It certainly
does look funny watch-
ing the Sun move the
‘wrong’ way across the sky!

The display panel at the
Queen Victoria Market says it all,

‘One third of the north-facing roofs have
been fitted with solar panels’. But which
way is north? Think carefully. Point 12
o’clock at the Sun and the bisector between
the hour hand and 12 points… north.

Following ‘up’ the Milky Way above
Orion’s feet we come to a bright star —
Canopus in Carina, the Keel. Yet further
‘up’ there are four bright stars in a distinct
kite shape with a fifth, fainter star — Crux,
the Southern Cross. Following the pointers
of the cross — gasp — there really is a great
blank area of sky around the pole! Reading
the books and studying the charts does not
really prepare anyone for such a totally
empty patch of sky.

But wait! Just beyond where the pole
should be is a faint white smudge, the Small
Magellanic Cloud. Above it can clearly be
seen the larger smudge of the Large
Magellanic Cloud. I have always thought of
these outliers of the Milky Way as the
Larger and Smaller Magellanic Clouds,
though I cannot find these names in any of
my books. Norton’s Star Atlas(1957 edi-
tion) calls them Nubecula Major (the
Greater Little Cloud) and Nubecula Minor
(the Lesser Little Cloud). Astronomy(P.
Moore, 1961, before the ‘Sir’) refers to the

Nubeculæ as the Large Cloud
and the Small Cloud. The

Stars In Their Courses
(Sir James Jeans,

1931) has the
Greater and Lesser
Magellanic
Clouds. I get the
impression that
the modern prefer-
ence is to name

them the Large and
Small Magellanic

Clouds (LMC and
SMC). In a way, this is a

pity as the abbreviations
could be ambiguous. If they were

to be known as Great and Small then there
could be no confusion in the abbreviations
(GMC and SMC).

What of the sundial that we found at
Sovereign Hill, the gold-mine theme park at
Ballarat? It is five o’clock in the afternoon
(Australian Eastern Standard Time + sum-
mer time), which is why the shadow falls to
the left of noon!

One last question remains; one that baffled
all the TIC staff that we asked and quite a
few Australian visitors too. What is the sixth
star on the Australian flag? Canopus?
Toliman (Alpha Centauri)? Further research
on our return confirmed that it this mysteri-
ous sixth star is the ‘Federation’or
‘Commonwealth’star. It has seven points,
one each for the six states and one for the
dependent territories.

Brian M. Russell
Greater Manchester

Star scam
I recently had an enquiry from a lady who had
purchased a star against my advice and asked
me to photograph it for her. The star in ques-
tion did not even exist on any of my star
charts. RAand Dec coordinates were given.
Using the Palomar Sky Survey and the full
version USNO A2 database I have on my hard
drive and setting to 1950 epoch and 2008
epoch using Guide 8, I found that the nearest
star of this open large cluster called Praesepe
was a magnitude 16.5 star. The coordinates,
when slightly zoomed to the position, were
over two minutes of arc away from the posi-
tions on the certificate of sale.

My original reply to the lady was as follows:
‘Regarding your enquiry about ‘buying a star’
for £30. I have heard of this going on in the
USA, and believe me it is ridiculous to even
think about it. Would you pay hundreds of
pounds for a grain of sand in the Sahara
Desert?

As an astronomer I can tell you that all the
bright stars are either named or have cata-
logue numbers already. It is possible over the
course of one year from the northern and
southern hemispheres to see all the naked eye
stars in the sky. One would be able to see
around 2000 stars. All these are already
named and numbered. A pair of ordinary
binoculars will reveal some 40000 stars. Our
Milky Way galaxy can be described as an
island star city; it contains some 100000 mil-
lion stars. Towards the centre one can observe
a faint grey glow stretching across the sky
above especially in late summer. This grey
band of light is made up of millions of stars.

The star that this money making organisa-
tion will choose for you would be just one of
all these millions. In most cases they give you
a star chart because a telescope would be
needed to see and locate it. In an amateur-
sized telescope one can see many dozens to
hundreds of stars in almost any direction one
points to in the viewfinder. You may never ever
be able to identify it properly anyway.

This is my view and the view of most people
who know about the stars. Thank heavens also
some organisation does not want to sell a
grain of sand or photographed pebble on plan-
et Mars. What money making stunt next?’

The star was intended to be in memory of
her close relative that had passed away so
what could I say to her from this point
onwards? She still went ahead and bought it.

John Fletcher
Mount Tuffley Observatory, Gloucestershire

Garriott’s travels
Just a small addition to the item on p14 of the
January-March issue of Popular Astronomy:
Owen Garriott has made two spaceflights, the
Skylab mission in 1973 and the shuttle flight
STS-9 in 1983.

Ray Ward
London
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Brian’s school
astronomy success
For the International Year of Astronomy I con-
tacted Willingdon Primary School,
Eastbourne, and asked if they would be inter-
ested in someone going in to give the children
a talk on a subject to do with their curriculum
relating to astronomy. They wanted a talk cov-
ering the Sun, Earth and Moon, and the date
was set for 11 February (through my work
I’ve already had a police check, and showed
my copy). The requirements were to cover the
basics of the Sun, Earth and Moon and their
orbits, Earth’s rotation for day and night, why
shadows change in a day, why the seasons
occur. They wanted an explanation of the
lunar month and phases of the Moon. If I
could take my telescope in to show them what
one was like, it would be a bonus. My target
audience was to Years 5 and 6, two sittings of
about 70 children each. One sitting was for
about 90 minutes for year 6, the other was for
only 60 minutes for year 5.

After being given my brief, I drew up an
outline of the presentation and then began
researching on the Internet and in books. I
used Power Pointand devised some practical
demonstrations for the children to be involved
in. I included a few animations, some video
clips, and a number of photos that I had taken
or were in the public domain from the
Internet. I split each section up for the Sun,
Earth, Moon and telescopes, with questions
allowed after each one.

On the day, I arrived early to unload and set
up in the school hall. My tele-
scope is an 8-inch Celestron
SCT, and I also have a small
refractor piggybacked on the
SCT. I ran the presentation
from my laptop into their
video presenter and onto a
screen. I also used other soft-
ware during the talk, including
Vir tual Moon Atlas, and a web-
cam viewer. Once everything
was set, I let my introduction
run, showing pictures of the
Sun, Earth and the Moon con-
tinuously for when the chil-
dren came in to sit down.
There was quite a lot of inter-
est even at this point. One
child had a hearing impair-
ment, and the school had pro-
vided a person to sign for him. 

Although my work involves delivering train-
ing sessions to groups of people, and I am
used to standing up in front of people and
speaking, for some unknown reason I became
nervous for a short while; I managed to bury
my nerves and got on with it. The first thing I
did was to point my telescope in a vertical
direction, start the RAdrive and told the audi-
ence to remember where it was pointing. It
was important that they remember because I

would come back to it later. What I wanted to
show was how far the Earth rotated in the
time it took to give the lecture.

I had three practical demonstrations. The
first demonstrated that when a gas is com-
pressed it heats up, like when a star is form-
ing. I achieved this by using a bicycle pump
with the end restricted to reduce the air flow,
so that it would generate heat at the end of the
pump. I asked for two volunteers and had no
shortage of hands shown. One child operated
the pump and another monitored a digital ther-
mometer and called out the rise in tempera-
ture. 

A second demonstration was to copy
Galileo’s gravity experiment, showing that
objects fall at the same rate, and are attracted
to each other. First of all, I showed a short
video of Commander Scott’s hammer and
feather drop outside of the Falcon on the
Apollo 15 mission in 1971. Two volunteers
were asked for, and both asked to confirm that
two balls I had produced were of different
weights. One person held a ball in each hand
with their arms outstretched, then dropped
them simultaneously; the other person con-
firmed that they landed together. Then, the
second person held the heavier ball and a
feather in their hands as before, and dropped
them. The first person confirmed that they
landed on the ground at different times. I
asked why that should b,e when on the Moon
they fell at the same time. This generated a
number of different answers, but of course the
answer is the feather has a large surface area
for its mass and it experiences resistance from
the air around it, but on the Moon there is no

air, so it falls at the same rate as the hammer.
I carried on with each successive section,

each headed by a question such as: How does
the Sun shine? How did the Earth get here?
Why are there seasons? What causes the
Moon’s phases? This last question would be
answered using another demonstration. I had
many eager volunteers for this one!

I had experimented with the idea of using a
webcam as our viewpoint on Earth. This was
fixed to the middle of a narrow piece of wood

moulding using elastic bands. These were then
fixed to a camera tripod with elastic bands so
that the webcam was directly above the tripod
head and the camera was facing towards one
end of the moulding. In this direction, a soft
ball about the size of a tennis ball was also
fixed to the moulding using elastic bands so
that it would fill a large portion of the webcam
frame. The other end of the moulding was
used as a counterweight for the ball. One vol-
unteer rotated the tripod head and the other
shone a hand-lamp at the ball but always from
one direction. This person was the Sun. From
a starting point of the ball between the Sun
(hand-lamp) and the Earth (webcam), the tri-
pod head was rotated and the webcam would
see the ball illuminated progressively more.
This was seen on the big screen via my laptop
and the projector. As the phase went past full,
it then began to show more and more shadow
till eventually it was back at new again. This
worked very effectively.

Of course, as the webcam began facing the
audience, the children saw themselves on the
screen and started to wave which caused a bit
of a disturbance, but they were soon brought
under control again. For each demonstration I
always picked one boy and one girl, to make
things fair and equal, and I always asked their
names at the beginning. I used Vir tual Moon
Atlasto show a movie of phases of the Moon
as well as libration. I also used it to take a
visit to the far side of the Moon.

The final piece was to describe both types of
telescope I had taken in with me. First, I asked
if the telescope had moved, to which the
answer was yes. I explained that it was

designed to track the motion of the
stars, but in effect it was us who
were moving on a rotating Earth
and the angle the telescope had
moved was how far the Earth had
rotated in the opposite direction. I
gave a very brief history of who
invented the telescope, and a
description of a refractor and a
reflector. Then I showed a few of
my photos at the end and invited
some final questions. Some ques-
tions were: why are planets round?
How much did your telescope cost?
Does the Sun move?

I thoroughly enjoyed giving these
talks; it took a lot of research but it
reinforced my knowledge and
understanding of these subjects. I
had to be confident that I knew

more information than what was in the talks
before I stood up in front of anyone and talked
about it. The demonstrations helped to keep
the interest going and gave the children some-
thing they could relate to.

The teacher I had liaised with was very
pleased, and said that they all had learned
something from the presentation. She also said
I may be asked to do it again next year!

Brian Walker
Willingdon, Eastbourne
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Brian devised an effective way of
demonstrating the Moon’s phases.



THE main lecture presented by
Professor Iwan Williams

(Queen Mary College, University
of London) was mainly about
comets. ‘Flying sandbank’was a
term used to describe comets which
was originated by Ray Lyttleton,
who suggested that they were loose
conglomerations of dust and ice.

Comets have appeared through-
out history in literature, with one of
the most famous being the Bayeux
Tapestry. Many people believed
that they were portents of doom.
Edmond Halley made a break-
through and realised that comets
had closed orbits and hence period-
ically approached the Earth.The
comet whose orbit he worked out
was named after him.

Comet 3D/Biela made people
think about comets for the first
time. Its appearance in 1833 was
normal, but in 1846 and 1852 it
showed  up as two comets, with the latter sight-
ing being fainter. This seemed to indicate that
comets could break apart and evaporate away.

The Whipple model of 1950 suggested a dirty
snowball with a small compact nucleus. Images
of Halley’s Comet from the European space-
craft Giotto in 1986 seemed to confirm this.
Halley’s Comet appeared to have a very dark
sooty crust with more dust than ice. This body
also seems to have no heat conductivity or ther-
mal capacity and structurally was fluffy and
porous. Comet 81P/Wild seemed more spheri-
cal, while comet 9P/Tempel 1 showed a slight-
ly more regular structure with complex
pits/craters on its surface. When hit by the
Deep Impact projectile it ejected dust particles
of about 10 microns and tiny crystal ice struc-
tures. Typically it had a density roughly half
that of water.

The more recent comet 17P/Holmes
appeared very dusty with a ghost-like appear-
ance. Quite a lot of outgassing, which ejects
small particles, and fragmentation which ejects
bigger particles, was seen.

Cometary debris produces meteor showers,
many of which can be seen on an annual basis.
Larger pieces of cometary debris burn up in the
atmosphere and appear as spectacular fireballs. 

Large meteorites still do occasionally hit the
Earth and can cause much damage if they col-
lide with buildings or vehicles. These objects
are not cometary, but fragments of asteroids
that generally orbit the Sun between Mars and
Jupiter. There is growing evidence however
that many of these objects orbit quite close to
the Earth. A network of telescopes is constant-

ly monitoring these near-Earth asteroids and
looking for any fireballs that may be coming
from these objects.

Asteroids are generally
rocky with many containing
precious metals like nickel,
plus organic material. Some
asteroids seem to form from
the re-accumulated material
from two different bodies,
hence the term ‘rubble pile’.
It is possible that some
asteroids are dead cometary
nuclei, though some most
definitely are not. Generally
then, comets are icy bodies
from the distant Oort Cloud,
while asteroids are pieces of
rubble between Jupiter and
Mars.

The meeting’s second half featured
Robin Scagell’s round up of what inter-
esting celestial objects can be observed
in this quarter’s night sky. There fol-
lowed a superb first presentation by 12
year old Noah Hardwicke, who
became the youngest person to give a
talk to the society. Noah has done some
interesting work on detecting meteors
with radio waves. During this talk he
presented some of his results (see page
30 for more details).

Finally, Jerry Workman reviewed
briefly the Opportunity mission which
has now been in operation on the sur-
face of Mars for over four years.
Opportunity has found evidence for
water erosion all over the sites it has
visited. Much of the surface of Mars
appears to be covered in a layer of
Basalt or volcanic rock, which is iron
and silica rich.At present The rover is in
Victoria Crater, which has a diameter of
roughly 800 metres. It is attempting to

analyse the exposed bedrock in the walls of the
crater to get a better understanding of the
rock/minerals below the crust.
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Jerry Workman reports on the SPA meeting of 31 January 2009
From flying sandbanks to rubble piles

Right: SPA President Helen
Walker presents John

Chapman-Smith with his hon-
ourary life membership cer-
tificate in recognition of the
tremendous work that he has
done for the society in a vari-
ety of roles over the course of

many years.

All photographs by Margaret
Penston.
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Iwan Williams sizes up
comets.

Noah Hardwicke explained
radio meteor observing.



WE humans are intensely visual crea-
tures. For us ‘seeing is believing’. But

there are other ways to know the world and
Universe. For example, for my dog and
yours ‘smelling is believing’, and for many
species of bats ‘hearing is believing’. 2500
years ago the Pythagoreans believed in a
celestial Music of the Spheres, an idea that
reverberated down the millennia in Western
music, literature, art and science. We now
know that there is a real music of the
spheres: The stars have sounds in them that
we can use to see right to their very cores.

This wonderful multimedia lecture looks
at the relationship of music to stellar sounds.
You will hear the real sounds of the stars
(with a key change, of course) and you will
even hear musical compositions where every

member of the orchestra is a real (astronom-
ical) star. You will learn about the latest dis-
coveries using stellar sounds and vibrations,
including stars that are giant diamonds the
size of the Earth, and a class of the most
peculiar stars in the sky that were discovered
by the lecturer. You will even hear how stel-
lar sounds have been used to discover a new
planet that survived its star’s red giant stage,
much as the Earth will 5 billion years in the
future when the Sun swallows Mercury and
Venus.
The talk will finish with a description of the
NASA Kepler Space Mission that will find
Earth-sized planets in large  numbers, and
see to the hearts of the stars with unprece-
dented precision by ‘listening’to the real
Music of the Spheres.
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Saturday, 25 April 2009. Prof Don Kur tz (University of Central
Lancashire) — Songs of the Stars: the real Music of the Spheres.
Second half speakers include Robin Scagellon The Night Sky,
Jerry Stonepresents Apollo Revisitedand a Preview of the Eclipse
of the Century is given by Jerry Workman.

Saturday, 16 May 2009.Special Greenwich Planetarium show,
9.45 am. Latecomers will not be admitted. This is open to all mem-
bers and limited numbers of their guests, and will be free of charge.
The show will last approximately 45 minutes, and will look at the
way the planetarium projector can show how the May sky changes
in different parts of the world, with a guide to some summer show-
pieces.

Saturday, 25 July 2009.Our main speaker will be SPA President
Helen Walker on Looking for Baby Earths. Other presentations
will be Robin Scagell on The Night Skyand Tony Sizeron The
Vulcan Affair. 

Saturday, 31 October2009.Main speaker to be announced. Other
presentations include The Night Skyby Robin Scagelland reports
on The Total Solar Eclipse from China.

SPA Meetings

Directions for the Khalili Lecture Theatre of the School of Oriental and African
Studies (SOAS): When you leave Russell Square station, turn left and cross the

road straight away. SOAS is on the far corner of Russell Square. Use the
entrance marked, opposite the Brunei Gallery. Please report to Reception on
arrival, as all attendees must be provided with a badge for security reasons.

Note that
meetings start

at 2pm and
end at 5pm

Meetings are held in the Khalili Lecture Theatre at the School of Oriental
and African Studies, Thornhaugh St, Russell Square, London, WC1H 0XG,
fr om 2-5pm. There’s always a friendly atmosphere and everyone’s welcome.

Great deals for
SPA members

Amajor benefit of SPA membership is
the great offers and discounts that we

have lined up with some of Britain’s lead-
ing astronomical suppliers, centres and
other services. Whether you want to buy a
telescope, other observing equipment or
visit leading observatories, planetariums
and science centres, you’ll find that belong-
ing to the SPA can save you pounds. Save
the price of your subscription in no time! 

Participants in the discount scheme
include astronomical equipment suppliers
Astronomica.co.uk, Binoculars UK, First
Light Optics, Green Witch, MC2, Orion
Optics, Science Replicas, SCS Astro, South
Downs Astronomy, Stockport Binocular &
Telescope Centre and Telescope Planet.
Discounting science centres include
Armagh Planetarium, Galloway Astronomy
Centre, Glasgow Science Centre, Liverpool
Planetarium, Mills Observatory, National
Space Centre, The Observatory Science
Centre, Herstmonceux, The Southend
Planetarium and The William Herschel
Museum.

For more information on all the special
discount offers available, please visit:

www.popastro.com/discnt.htm

Come to the SPA meeting on 25 April
ProfessorDon Kur tz presents a stellarsymphony, in

Songs of the
Stars: The Real
Music of the
Spheres

The deadline forthe Young Stargazer constellation competition in January’s Popular
Astronomyhas been extended until 15 May so you still have a chance to get yourhands on
a Meade MySKYworth £300 and many otherfantastic prizes. Don’t worry if you can’t
identify all 10 constellations — the prizes will be awarded to the Young Stargazers with
the most correct constellations! Full details can be found in January’s Popular Astronomy
or online at http://www.popastro.com/youngstargazers/projectJan09.html

Constellation
competition

extended



THIS special SPA show takes place on Saturday, 16 May 2009 in the PeterHarrison Planetarium at the Royal Greenwich Observatory,
and is open to all SPA members and theirguests. It will be free of charge. Presented by Tony Sizer, the show starts at 9.45 am (latecom-

ers will not be admitted) and will last around 45 minutes. The show will demonstrate how the planetarium projector can show changes in the
May sky in different parts of the world, with a guide to some showpieces of the night skies. 

Entr y arrangements
Tickets are not required for this event, but all members are asked to bring the
current copy of Popular Astronomyfor free entry for themselves and one
guest, or to have their SPA membership card ready for inspection. Please
assemble at the South Gate nearest the Peter Harrison Planetarium, which is
in Greenwich Park by the Royal Observatory. Please note: Latecomers cannot
be admitted once the show has begun. You will be free to explore the rest of
the Royal Observatory Greenwich following the show. 

Maps and directions
The nearest rail stations are
Greenwich and Maze Hill,
and the Cutty Sark
Docklands Light Railway
station. Allow 15-20 min-
utes for the walk, which is
partly uphill. Alternatively
you can arrive by car. There
is ample pay-and-display
parking adjacent to the
observatory. 

Further travel information
is available from NMM
travel information at http://www.nmm.ac.uk/visit/get-here/
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SPA makes a

grand stand at
AstroFest

Come to the special free SPA Planetarium show at the
Peter Harrison Planetarium, Royal Greenwich Observatory, London

Saturday, 16 May 2009, starting 9.45 am (sharp)

This year’s AstroFest at Kensington Town Hall was again attended by the SPA. The splendid SPA
stand, packed with merchandise and information about the society, was set up and looked after

by Guy Fennimore, Barry Turvey, Mandy Bailey, John Chapman-Smith and Emily Baldwin
(among others). Above, Guy Fennimore hosts the SPA stand. Those goodies can also be bought
from the SPA shop at http://www.popastro.com/saleslist.htm. Photo by John Chapman-Smith.

The magnificent new Peter Harrison
planetarium at the Royal Observatory,

Greenwich.

Curb your enthusiasm? Barry Turvey looks on
while Robin Scagell talks astronomy.

Photo by Dale Holt.
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COAA is the well-known astronomy holiday centre in the Algarve
region of southern Portugal. As well as providing superb food and
accommodation, at COAA we will help you to use our telescopes  to
make visual observations or to take your own memorable astropho-
tographs or CCD images. The telescopes at COAA include dome-
mounted 0.3-m and 0.5-m reflectors, some of the largest in this part
of the world.

Why not combine a family holiday with some exciting astronomy?
The Algarve is a popular holiday destination for all the family and
COAA is only a short drive from the beach. The records indicate that
the Algarve is the sunniest corner of Europe and temperatures aver-
age 10°C warmer than Britain.

Bed and breakfast at COAA costs £27.50 per person per night with
discounts of up to 25% for families or groups of four people. Phone,
write, fax or email us for our free colour brochure which will provide
you with many more reasons to…

“Come to COAA!”
COAA, sítio do Poio, 8500-149 Portimão, Portugal
Tel: 00 351 282 471180 Fax: 00 351 282 471516

Email: bookings@coaa.co.uk
Internet home page: http://www.coaa.co.uk

Come to COAA

Corr espondence Courses in Astronomy
GCSE Astronomy

This course of nine lessons includes marked
assignments, mock exam, practise exam questions,

supervision of projects and help with finding exam centre. 
The cost is £150. (£180 overseas).

The Nature of the Stars
The Nature of the Planets

Each course is ten lessons packed with information and
fun exercises about the stars or planets.

These courses would suit beginners in astronomy as well
as keen astronomers who want to further their

understanding of stars or planets.  Excellent foundation
courses for GCSE astronomy, or just for fun.

Each course costs £70. (£120 overseas).

Advanced Astronomy
A more in depth study which follows on from GCSE.

The course includes topics on astrophysics, optics, time,
cosmology, how to look things up and work things out.

This two-year course costs £120 per year. (£160 overseas)

Garr y Mayes — Planet:Earth 
45 Willow Avenue, Middleton,

Manchester, M24 2HE
Email: theplanetearthcentre@btinternet.com

Website: www.theplanetearthcentre.btinternet.co.uk

The Tables Hotel
Dunvegan 

Isle of Skye 
IV55 8WA

Tel: 01470 521404
Email: bookings@tableshotel.co.uk

Website: http://www.tableshotel.co.uk

“Come as a guest and leave as a friend” — that’s the proud boast of
the Tables Hotel on the beautiful island of Skye. It sits in the centre
of Dunvegan, near famous Dunvegan Castle and has wonderful views
across Loch Dunvegan towards Macleod’s Table Mountains.

There are five extremely comfortable and tastefully furnished rooms, four of which
are completely en-suite and the other with private facilities. All have tea/coffee
making facilities, hair dryer, shaver socket and radio alarm. Guests have the use of
the residents lounge, with cosy, welcoming armchairs and its roaring peat fire when
its cold. Here you can watch TV or choose from the wide selection of books, mag-
azines and board games. Or why not head for the conservatory?

The views are splendid as you sip a refresh-
ing cup of tea or coffee and contemplate your
sight seeing tour of the island or plan your
observing session amongst the stars. We have
a new on site Meade 10” SCTLX200 GPS
with which you can explore the skies.

The home-cooking uses fresh, local produce
whenever it can. A good selection of wines
and malt whiskies are available. The hotel is
an attractive, white washed building and the
owners, Ian and Nicky Henderson, will
always offer you a warm welcome. Children
and well behaved dogs are welcome.

10% discount for SPA members on produc-
tion of their membership card.
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The night sky for April, May and June 2009
Spring Stars

The three overlapping ellipses show the sky as it appears at the date and time (UT) under each ellipse. Map based on a drawing by Mike Swan.

Asterism of the Season:
The Teapot (in Sagittarius)

SAGITTARIUS has a lot going for it. Not only is it crossed by a
broad swathe of the Milky Way (and beyond it, the centre of our

Galaxy), Sagittarius is the most feature-rich zodiacal constellation,
full of deep sky splendours. UK stargazers however can never view
the constellation’s far southern reaches, so its grandeur appears
rather muted from far northern climes. One notable feature within
Sagittarius which is visible with the unaided eye is a wonderful little
asterism known as The Teapot. This piece of celestial tableware is
about 15° wide (less than the width of an outstretched hand from the
tip of the little finger to the thumb) and is made up of the bright stars
Gamma g, Delta d, Epsilon e, Zeta z, Tau t , Sigma s, Phi j and
Lambda l Sagittarii. When its’s due south (around 2 am in late May,
midnight in late June) its base is around five degrees above the hori-
zon and angled by around 30°, ready to pour its hot contents onto the
sting in the tail of an unsuspecting Scorpius to the west. I imagine
that the lovely bright Ptolemy’s Cluster which lies twixt steaming
spout and sharp sting represents a sprinkling of cosmic sugar.

The Teapot culminates due south at midnight in late June.



DRACO, the Dragon, is among the 48
constellations listed by Ptolemy in the

1st Century. One ancient legend tells us that
Draco represents Ladon, a many-headed
dragon slain by Hercules in order that he
could take the golden apples from the
Garden of the Hesperides. 

The modern constellation of Draco sprawls
across a huge portion of the northern cir -
cumpolar region, covering an area of more
than a thousand square degrees, from
Camelopardalis to Cygnus. It reaches its
highest at around midnight in late June.
Despite its size, Draco contains only a few
reasonably bright stars, these ranging
between the 2nd and 3rd magnitude. You
need pretty good eyesight and a good imagi-
nation to make out a dragon’s shape. The
traditional outline can be traced from its
head (marked by Beta b and Gamma g Dra)
just north of Hercules, along a winding path
to Alpha a Dra (Thuban) at the constella-
tion’ s narrowest part, around to Lambda l

Dra near Draco’s western border.
Ar ound the time that the Pyramids were
constructed, Thuban (magnitude 3.7)
was the brightest star near the north
celestial pole; precession will grant it
this distinction again in more than 21000
years’ time.

Mu m Dra is a close telescopic double
with white components of magnitudes 4.9
and 5.6. The pair is slowly separating, and
they can now be comfortably resolved with a
100 mm telescope; it’s now a good test fora
60 mm telescope. Psi y Dra is easier to
resolve; binoculars will reveal a yellow stel-
lar duo of magnitudes 4.6 and 5.8. Binoculars
can split the two wide components of 39 Dra
(magnitudes 5 and 7.4); telescopes show a
magnitude 8 companion of the brighterstar.

The Cat’s Eye Nebula (NGC 6543) is a
small but bright planetary nebula with a dis-
tinct tur quoise hue. A 200 mm telescope will
show it as a small ring surrounding an 11th
magnitude central star; an OIII filter will

make it pop out of the field, and high magni-
fications will show it as slightly oval.

NGC 6503 is a magnitude 10.2 edge-on
galaxy which is fairly easy to discern as an
elongated smudge through a 150 mm tele-
scope.
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PETER GREGO surveys some celestial sight s of the spring skies
Deep Sky Notes

A dragon’s tale

The Cat’s Eye Nebula, viewed through a
200 mm SCT with 7 mm Nagler. Peter Grego.
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Lunar apsides
Date Apsis Dist. (km) Diam.
02 Apr, 02h Perigee 370 027 0.54°
16 Apr, 09h Apogee 404 223 0.49°
28 Apr, 06h Perigee 366 043 0.54°
14 May, 03h Apogee 404 926 0.49°
26 May, 04h Perigee 361 156 0.55°
10 Jun, 16h Apogee 405 795 0.49°
23 Jun, 11h Perigee 358 021 0.56°

Phases
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First quar ter Full Moon Last quarter New Moon First quar ter
April 02d 14h 34m 09d 14h 56m 17d 13h 36m 25d 03h 23m—
May 01d 20h 44m 09d 04h 01m 17d 07h 26m24d 12h 11m 31d 03h 22m
June — 07d 18h 12m 15d 22h 15m 22d 19h 35m29d 11h 28m

Lunar occultations Reappearance

Disappearance

Dark limb

Bright limb
270°

180°

0°

90°

The position angle (PA) of the
occultations given below is measured from

the north celestial pole, anticlockwise
around the lunar disc (use the Moon’s

north pole as a guide).

Date Star Mag Phase Data for Greenwich Data for Edinburgh
Time Alt° Az° PA° Time Alt° Az° PA°

08 Apr 21 Virginis 5.5 DD 22h 51m 29 171 129 22h 46m 24 166 126
13 Apr 48 B Scorpii 5.0 RD 01h 18m 11 16 349 01h 14m 6 158 354
13 Apr 65 B Scorpii 5.3 RD 04h 49m 7 208 277 04h 40m 5 203 280
17 Apr 274 B Sagittarii 6.0 RD 04h 28m 13 159 260 04h 27m 8 156 264
26 Apr Merope (23 Tauri) 4.1 DD 21h 32m 2 309 44 21h 31m 6 306 37

01 May Omicron 2 Cancri 5.7 DD 22h 26m 29 258 113 22h 17m 31 250 111
01 May Omicron 1 Cancri 5.2 DD 22h 48m 26 2 62 182 22h 38m 28 255 179

10 Jun 172 B Sagittarii 5.6 RD 01h 21m 13 174 300 01h 15m 9 169 306
16 Jun Lambda Piscium 4.5 RD 01h 46m 17 109 238 01h 53m 15 109 242
30 Jun 69 Virginis 4.8 DD 20h 37m 17 211 159 Sky too bright

Mag = Visual magnitude. Phase — (R)eappearance, (D)isappearance or (G)raze at (D)ark or (B)right limb of the Moon.
Listing computed by SPA Occultation Section Director Jon Harper, for lunar occultations of stars brighter than magnitude 6, observable with small telescopes in a sky dark enough for

the event to be recorded without difficulty. If you require specific data for your locality, or details of occultations involving fainter stars, please contact Jon (address on p46).

PETER GREGO’s timet able of sky event s
from April to June 2009 (all times are UT)

Sky Diary

Venus
Mag Dia Illum

1 Apr -4.1 59” 2%
15 May -4.4 32” 36%
30 Jun -4.1 19” 61%

Mercury moves east of the Sun during April and enters the evening skies,
reaching greatest elongation east on 26 April, some 20° from the Sun. This
evening apparition will be favourable for UK-based observers; on 15
April Mercury will be well above the northwestern horizon at the begin-
ning of astronomical twilight, shining at magnitude -0.9 and visible with
the unaided eye. At greatest eastern elongation it is around 6° above the
northwestern horizon when astronomical twilight kicks in. Shining at
magnitude 0.3, it makes a beautiful sight along with the slender waxing
crescent Moon, aged 1.9 days, just 2.5° to the northeast of Mercury, and
the nearby Pleiades. Telescopically at this time Mercury presents a wide
crescent, a 36 percent illuminated disk. Mercury quickly retreats back
towards the Sun and can be followed against a reasonably dark twilight
background for a further week or so. Inferior conjunction takes place on
18 May. Mercury reappears in the morning skies and is at greatest elonga-
tion west on 13 June, 24° from the Sun. From the UK, circumstances are
not at all favourable for this morning apparition because of the planet’s
low altitude above the horizon in the pre-dawn skies.

Mercury
Mag Dia Illum

1 Apr -2.0 5.0” 100%
15 May 4.9 12.0” 1%
30 Jun -0.9 5.8” 78%

Venus is a morning object throughout this quarter, as it slowly edges west
of the Sun, but never appears against a truly dark sky during this period.
On 22 April there’s an interesting grouping of Venus, Mars, Uranus and
the waning crescent Moon, forming a trapezium of objects that can be
encompassed within the field of 7×50 binoculars. Venus attains maximum
apparent brightness on 2 May, when it shines at magnitude -4.5 above the
eastern horizon, brilliant against the pre-dawn sky. Telescopically at this
time Venus presents a crescent phase, a 26 percent illuminated disk.

Early evening view of Mercury
at greatest elongation east, the

crescent Moon and the
Pleiades on 26 April.



Throughout the quarter, Jupiter is
in the southerly constellation
of Capricornus, and UK-
based observers require
a fairly low southern
horizon to be able
to view the planet.
In mid-April, the
planet rises at
03:30; by mid-
May it rises at
01:45 and is
around 20° high
in the southeast by
sunrise. On the
morning of 17 May
the 22 day old Moon,
approaching last quarter
phase, passes within 2°
north of Jupiter, presenting a
nice binocular viewing and/or imag-
ing opportunity. By the end of June, Jupiter rises at 22:45 and transits the
meridian at 03:45, a short while before sunrise.
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D-Day the 6th of June. Venus’phase continues to fill out, while at the

same time its apparent diameter decreases as the planet retreats from the
Earth. Dichotomy (half-phase) occurs on 6 June. A phenomenon known as
the Schröter Effect, caused by the illumination of Venus’ atmosphere,
makes the phase of Venus appear more concave than it actually is. This
leads to a difference of up to two or three days between the observed and
actual date of dichotomy. In this case, a waxing Venusian phase, dichoto-
my may appear several days later than the predicted date of 6 June.

By the end of June Venus is difficult to spot since it is just 3° above the
eastern horizon in brightening skies at the end of astronomical twilight.
The planet passes 2° south of Mars on 20 June.

Mars continues its steady course west the Sun, a morning object located
fairly close to Venus throughout the quarter. At less than 5 arcseconds
across, the Red Planet remains too small for any meaningful visual obser-
vation, but a telescope will reveal a tiny orange disk and perhaps a hint of
surface detail. Mars passes within a mere half a degree of Uranus on the
morning of 15 April, and the two planets should be visible in the same
low-power telescopic field. By mid-May Mars rises at around 03:30 and
is 10° above the eastern horizon at sunrise. By late June the planet rises at
around 01:30 and has reached an altitude of 24° above the eastern horizon
by the time the Sun rises.

Mars
Mag Dia Illum

1 Apr 1.2 4.3” 97%
15 May 1.2 4.6” 95%
30 Jun 1.1 4.9” 93%

Dwarf & minor planets
Dwarf planet Ceres tracks through Leo during the quarter, beginning
above the Sickle asterism through April and proceeding through the lion’s
body and into its hindquarters from May to June. In mid-April it transits
at around 21:15 at an altitude of 60° and shines at  magnitude 7.7. On 23
May Ceres lies half way between Delta and Gamma Leonis, a magnitude
8.3 object, and on 19 June it passes half a degree north of Theta Leonis.

Dwarf planetPluto is a morning object in northern Sagittarius, a 14th
magnitude speck embedded in the rich star clouds of the Milky Way and
extremely difficult to pinpoint with certainty. Mid-May offers the best
chance of observing or imaging Pluto; it rises at 22:30 and remains visi-
ble in dark skies until the beginning of astronomical twilight at around
01:45 when it has climbed to around 20° above the southern horizon.
Opposition takes place on 23 June.

Minor planets at opposition this quarter include (6) Hebe (8 May, mag
9.9), (8) Flora (22 Apr, mag 9.8), (14) Irene (24 Apr, mag 8.9), (15)
Eunomia (2 Apr, mag 9.8), (22) Kalliope (9 Jun, mag 10.8), (24) Themis
(6 May, mag 11.0), (26) Proserpina (18 May, mag 10.3), (39) Laetitia (24
May, mag 10.3), (70) Panopaea (5 May, mag 10.9), (187) Lamberta (26
Apr, mag 10.2), (393) Lampetia (8 Jun, mag 10.6), (409) Aspasia (4 May,
mag 10.5).

Jupiter
Mag Dia Illum

1 Apr -2.1 35” 99%
15 May -2.3 40” 99%
30 Jun -2.7 46” 99%

Saturn
Mag Dia Illum

1 Apr 0.6 20” 100%
15 May 0.8 18” 100%
30 Jun 1.0 17” 100%

An evening object, Saturn lies beneath Leo’s hindquarters throughout the
quarter. In mid-April it is more than 40° above the southeastern horizon
by the beginning of astronomical twilight at 20:30 and can be followed for
more than seven hours against a dark sky; this reduces to less than five
hours by mid-May, and during June the Ringed Planet is becoming
embroiled in the twilight afterglow in the western skies. The plane of the
planet’s ring system is inclined very slightly to our line of sight, and given
a good telescope and decent seeing it is possible to trace the rings’main
components, view their shadow on the globe and the shadow of the globe
on the rings.

Venus, Mars, Uranus and
the Moon cluster together
in the morning skies of 22
April. The circle represents

the 7.5° field of 7×50
binoculars.

Binoculars will
show the Moon

and Jupiter
close together
on 17 May.

Uranus lies in the southwestern corner
of Pisces. The planet forms the
bottom right hand corner of
a nice planetary quadri-
lateral consisting of
Venus, Mars and the
Moon on 22 April,
although at magni-
tude 5.9 may only
just be glimpsed
through binocu-
lars on this occa-
sion. It doesn’t
become visible in
a reasonably dark
astronomical twi-
light sky until the
end of May. At the end
of June Uranus is around
20° above the southeastern
horizon at the end of astronom-
ical twilight.

Jupiter, Neptune and
Mu Capricorni on the
morning of 27 May.

Uranus and Neptune
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Meteor showers
The Lyrid maximum is due on April 22 with no Moon, but probably
in UK daylight, sometime between 03h to 14h UT. Useful observing
is possible from roughly 22:30 UTfor Britain, with rates likely better
from here on April 21-22. The peak timing and rates tend to vary, but
Zenithal Hourly Rates (ZHRs) average 18 +/- 5 in most years. The Eta
Aquarid maximum (ZHRs perhaps 85 this year) is anticipated around
May 6 and has a waxing gibbous Moon, but a greater problem is the
radiant rises after morning twilight begins for Britain, so the shower is
always a difficult target. Theoretical activity is possible from the June
Lyrids around June 16 (last quarter Moon is on June 15), and the June
Boötids, possibly for several hours centred at 08h30m UTon June 26-
27 (with a waxing crescent Moon), but no predictions of potential
rates are in force for 2009 for either at the time of writing. The June
Boötids’ parent comet, 7P/Pons-Winnecke, reached perihelion last
September, but is thought unlikely to influence the shower’s activity
this summer. Minor shower activity comes from the Antihelion
Sourceall quarter. It may give some of its better ZHRs, albeit only 3
or 4, during the first half, and near the end, of April, into early May,
again around the May-June border, and in late June. The radiant’s
near-ecliptic centre tracks from extreme eastern Virgo, through Libra,
Scorpius and Ophiuchus, to end the quarter in eastern Sagittarius.
Charts showing the Antihelion Source’s progress are on the monthly
meteor webpages of the SPA site.

Alastair McBeath

15 Apr Mars and Uranus ½° apart.
22 Apr Venus, Mars, Uranus and Moon gathering / (8) 

Flora at opposition (mag. 9.8) / Lyrids, sometime 
between 03h and 14h (very favourable, but in UK 
daylight).

24 Apr Galilean satellites neatly arranged / (14) Irene at
opposition (mag. 8.9).

26 Apr Occultation of Merope (mag. 4.1) / Mercury at 
greatest elongation E (20°).

2 May Venus greatest brilliance (mag. -4.5).
6 May Eta Aquarids (unfavourable and very difficult).
8 May (6) Hebe at opposition (mag. 9.9).
17 May Moon and Jupiter 2° apart.
18 May Mercury inferior conjunction.
23 May Ceres mid-way between Gamma and Delta Leonis.
6 Jun Venus at dichotomy (half-phase).
13 Jun Mercury greatest elongation W (24°).
16 Jun Possible June Lyrids (favourable for checking).
19 Jun Dwarf planet Ceres ½° north of Theta Leonis
23 Jun Dwarf planet Pluto at opposition.
26/27 Jun Possible June Boötids, perhaps for several hours 

around 08:30 (very favourable for checking, but 
poorly-timed for the UK).

Highspot s April-June 2009

Beta Persei (Algol).This famous eclipsing binary, visible with the unaid-
ed eye, varies between magnitude 2.2 and 3.5 in 2.87 days. Eclipses last
about 10 hours, the most noticeable change occurring during the central
five hours. UK observable minima this quarter: 10 Apr, 4.1h; 13 Apr, 0.9h;
15 Apr, 21.7h; 3 May, 2.6h.

Lambda Tauri. An eclipsing binary whose brightness varies from magni-
tude 3.4 to 3.9 in 3.9 days. Minimum lasts for 14 hours. UK observable
minima this quarter: 17 May, 2.1h; 21 May, 1.0h; 24 May, 23.8h.

Variable stars

A couple of comets that might become visible in small telescopes over the
coming months; however, predicting comet magnitudes is notoriously dif-
ficult, so it is always a good idea to check the Comet Section director’s
web page at http://www.ast.cam.ac.uk/~jds to find the latest magnitudes. 

Although distant, comet 2006 W3 (Christensen) could just get into
binocular range over the summer. Ephemeris:

Comet 22P/Kopff has been observed for over 100 years, and gets within
binocular range in June. However it is best seen in the early hours and is
likely to be quite large and diffuse so will require dedication and good
conditions to pick it up. Ephemeris:

Comet 2008 T2 (Cardinal) remains conveniently placed for viewing
until early May, before it reaches perihelion at 1.2 AU in June. Its likely
brightness is uncertain as it has been brightening quite slowly, and whilst
initial estimates suggested it could reach 8th magnitude, the latest obser-
vations suggest 10th magnitude at best. It is another case of keep an eye
on the web page in case it suddenly brightens. Ephemeris:

Jonathan Shanklin

Comets

Neptune(magnitude 7.8) is located some distance to the west of Uranus,
in the neighbouring constellation of Capricornus. The most distant planet
lies very close to Jupiter and Mu Capricorni (magnitude 5.1) during late
May; its closest approach to Jupiter takes place on 27 May when the two
planets are just 23 arcminutes apart. A low to medium-power eyepiece
will show all three objects in the same field.

Date RA Dec
2009 04 14 22 49.91 +34 02.0
2009 04 19 22 51.00 +34 07.3
2009 04 24 22 51.78 +34 14.4
2009 04 29 22 52.19 +34 22.8
2009 05 04 22 52.20 +34 32.2
2009 05 09 22 51.76 +34 42.4
2009 05 14 22 50.83 +34 53.0
2009 05 19 22 49.35 +35 03.6

Date RA Dec
2009 05 24 22 47.28 +35 13.8
2009 05 29 22 44.54 +35 22.9
2009 06 03 22 41.09 +35 30.3
2009 06 08 22 36.85 +35 35.1
2009 06 13 22 31.78 +35 36.6
2009 06 18 22 25.81 +35 33.6
2009 06 23 22 18.91 +35 24.9
2009 06 28 22 11.04 +35 09.1

Date RA Dec
2009 04 14 19 51.98 -17 00.0
2009 04 19 20 05.72 -16 27.9
2009 04 24 20 19.29 -15 53.3
2009 04 29 20 32.63 -15 16.7
2009 05 04 20 45.71 -14 38.7
2009 05 09 20 58.48 -13 59.8
2009 05 14 21 10.91 -13 20.5
2009 05 19 21 22.94 -12 41.6

Date RA Dec
2009 05 24 21 34.51 -12 03.9
2009 05 29 21 45.59 -11 27.9
2009 06 03 21 56.11 -10 54.4
2009 06 08 22 06.03 -10 24.1
2009 06 13 22 15.29 -09 57.6
2009 06 18 22 23.83 -09 35.6
2009 06 23 22 31.59 -09 18.9
2009 06 28 22 38.51 -09 07.8

Date RA Dec
2009 04 14 05 27.26 +36 23.1 
2009 04 19 05 39.24 +33 43.3
2009 04 24 05 51.05 +31 01.7
2009 04 29 06 02.71 +28 18.0
2009 05 04 06 14.22 +25 32.3
2009 05 09 06 25.58 +22 44.5
2009 05 14 06 36.81 +19 54.5
2009 05 19 06 47.95 +17 02.2

Date RA Dec
2009 05 24 06 59.01 +14 07.7
2009 05 29 07 10.03 +11 10.9
2009 06 03 07 21.04 +08 11.8
2009 06 08 07 32.07 +05 10.5
2009 06 13 07 43.19 +02 07.0
2009 06 18 07 54.44 -00 58.5
2009 06 23 08 05.88 -04 06.0
2009 06 28 08 17.57 -07 15.2

On the morning of 24 April the Galilean
moons will be neatly lined up to the east of
Jupiter in order of brightness — Ganymede
(nearest Jupiter), Io, Callisto and Europa.
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A selection of astronomical images

Right: With Cygnus slowly becoming nicely placed in the sky for
both observation and imaging, Anthony Ayiomamitis decided to
capture the Pelican emission nebula using an AP160 and SBIG

ST-2000XM. The area imaged is the Pelican Nebula’s neck,
which is characterized with tendrils. The resulting image is
based on nearly 4.5 hours using double luminance layering.

Details available at www.perseus.gr/Astro-DSO-IC-5067.htm.




