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Editor’s Comments

Gill England

Welcome to the January 2022 issue of the Hampshire Sky. It is hard to believe
that it has been almost two years since the first pandemic lockdown, hopefully it
won’t be too long before we can meet up in person. In preparation for this the
equipment at the Clanfield Memorial Hall has been upgraded, this will enable
members who cannot come to the lectures in person to attend them via Zoom.
You can read more about this in this issue of the Hampshire Sky.
We have also been busy replacing the 16” dome, Graham Bryant gives us an
update on what has been going on over the past few months.
Tim Nelson writes about the HOYS project, and if you would like to get involved,
then please contact Tim.
We have the second part of Geoff Burt’s “A Menagerie of Moons”, where Geoff
talks about the moons of Saturn, and the second part of Dave Scanlan’s
“Beginner’s Guide to the Moon - Eclipses”. Both are very interesting articles.
If you would like to write an article for the Hampshire Sky, then please send them
to me.
May I wish everyone a Happy New Year.
Gill

How to navigate
around the eZine
The best way to jump
between pages is using
the “Bookmarks” feature
built into Adobe Reader.
If you can’t see the
bookmarks panel on the
left of this page, you
should be able to see
some tabs at the very
left of the screen. The
one at the top will say
“Bookmarks” - click it
and you’ll see the list of
bookmarked pages.
We welcome all your
comments about how
you find the eZine. If
there’s an aspect of the
newsletter that you feel
could be improved, or
you have some ideas,
pass your comments on
to one of the team.
eZine Team

We’re always looking for articles to include in

Hampshire Sky.

Remember, it’s YOUR eZine!
If you would like something included, send it to:

gill.england@hantsastro.org.uk
or pass it to one of the Hampshire Sky team.

We would love you to send something to us to be included in your
Newsletter.
We can accept pictures and drawings on paper as well as computerbased formats such as CD, DVD, memory stick, email. We can even take
images from old 35mm slides!
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Graham Bryant

President’s Piece
No Secrets Here!
At the beginning of the year, as their Vice-President, I wrote an article for
the Federation of Astronomical Societies (FAS) newsletter entitled ‘Are you
a friendly society or a secret society?’ In that article I asked societies to
examine how easily they communicate with the public and how easy is it for
the public to communicate with them. The results have been interesting to
say the least.
This issue began for me many years ago when I was looking at a particular
society’s website and they stated if you wanted to attend their lecture (as a
member of the public) one would need to fill in a form on their website and
they would then send details of where and when they met. Whilst some
societies are not as secretive as this particular society, some do make it
rather difficult to communicate with them.

On another occasion a friend and I visited an observatory situated in the grounds of a large secondary
school in the middle of a city. We prepared an article (for a publication we called Nightlife which
covered astronomical happenings around the south) and they agreed with the contents of the article –
something we always ensured - and we published. Later we placed the issue of Nightlife on our
website. Sometime later we received an extremely angry and irate phone call from a committee
member of this society in which they insisted we take down the article. Upon questioning why, they
cited ‘security’ reasons.
My friend and I considered this request, I concluded that the Nightlife website is rather a benign
website in which articles are likely to be read largely by fellow amateur astronomers. We then agreed
(tongue in cheek) that we would take down the article if they could provide evidence that the many
1000s of school children that had passed through the school, (all of whom knew this observatory was
there as it was a very large observatory), had had their knowledge of this observatory wiped from their
memory and that the entire population of the city would likewise have to have their memory equally
erased because when it was officially opened by a high profile celebrity from the astronomy and space
community, it was covered by the local press.
We felt that that our small piece on our website was unlikely to cause any problems when many 1000s
of local people knew of the existence of that facility. We heard no more.
Prior to writing the above FAS article I contacted several local societies to ask a question of them.
These were societies where, on their website, there was no address or telephone number to make an
enquiry and these societies were my target of interest.
The societies I chose had either a website ‘Contact us’ form to fill in, or a web address, often entitled
something like secretary@xyz-society.... Or enquiries@.... In every case no name was given, so an
individual cannot write to “Dear Fred Bloggs”, but is required to send a rather impersonal note to the
society.
So, I thought to myself if I had a child who was interested and wanted to know if the talk was suitable
for their level of comprehension, would I get an answer?, or if I had a disability, could my disability be
catered for? These are questions I thought would be reasonable for members of the public to ask. So, I
made just a simple general enquiry of the society asking them to contact me.
A number of societies came back relatively quickly but some took a long time, and one local society
has still not answered my question – this is now 11 months after asking. If I was a member of the
public I might have gone elsewhere by now – or more sadly, lost interest completely.
So, what is the point of me citing these examples?
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I get a sense of paranoia amongst some society’s members – fear that they are going to be inundated by
crank callers and the like. On some occasions when I have spoken to societies, they simply did not want
people to ring them on their personal numbers. I am lost for words in such situations.
Whilst I was chairman my personal mobile phone number and home number were advertised on the
Hampshire Astronomical Group’s website for 15 years along with my home address and e-mail address,
and I did not receive any ‘crank’ callers. But I did receive calls from the local press - radio and print, as
well as a number of broadcast companies wanting advice and querying whether the observatory could
be used in their filming. In addition, members of the public were also able to contact me, and on several
occasions they did. But I was never ‘inundated’ with calls.
I believe that this attitude of positive accessibility gave, and still does, give the Group a high profile. The
community knows we are here, this includes local organisations, local councils, and the press etc.
A couple of weeks ago I received an e-mail from a society stating that they were trying to build an
observatory and had applied for local grants. Apparently, every application they made to local councils
had been turned down. They wanted to know if I had any suggestions or avenues for them to obtain a
few hundred pounds of grant monies.
The Hampshire Astronomical Group obtained almost £50,000 in grants from local organisations when it
was replacing the old 24inch telescope, which I am sure is because we advertise what we do, we are
open about our activities. Organisations, local councils and the like can see that we are a valuable
resource to the community, we reach out and, we are easily contactable. I am sure that because the
local community sees us as a valuable community resource, they are positive when we make grant
applications.
Always wanting to help, I asked the society to contact me to discuss – I am still waiting to hear from
them ... QED?
My advice to societies in the role of Vic-President of the Federation of Astronomical Societies or as
secretary of the Southern Area Group of Astronomical Societies, and indeed as a member of the
Hampshire Astronomical Group, is always to ... get out there, spread the word, ‘advertise’ yourself, help
the community such as scouts, cubs, U3A. Give talks, organise public observing and talk about your
local society, and in our instance, our Group.
I am glad to say that the Hampshire Astronomical Group does all the above. Our success is no accident,
it comes through the hard voluntary work of the members of the Group especially when we take
astronomy to the community.
Let’s keep it up, as it is also fun to do. Enjoy your astronomy ... and let others enjoy it too.
Graham Bryant
President: Hampshire Astronomical Group

Next Issue of the Hampshire Sky
1st May 2022
Articles and images need to be submitted by
1st April 2022
to be Included in the next Issue
Public Images are welcomed

ezine@hantsastro.org.uk
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Graham Bryant

Recent Death of cherished members
It is with great sadness that I report to the
membership the passing of some members in
recent months.

Sue Snowden passed away in August this
year, Sue had been a member of the Group for
20 years joining the Group in 2001.
Sue was a very active member of the Group
and would be seen at many of the meetings at
the Clanfield memorial Hall. In addition, Sue
frequently helped at the observatory, training
members, and assisting at Open Evenings as
well as many other events.
Sadly, Sue struggled with cancer over the last five years and as a result we
saw less of her at meetings during this time. Even though she was battling with a terminal illness she
was always happy to talk and to find out what was happening at the observatory.
Sue was a well-liked member with a happy disposition, always interested in what others were doing.
Our condolences were sent to David, her husband.

Mike O’Brien passed away in July this year. We were informed by Mike O’Brien’s son that he had
passed away at the Rowans Hospice in late July.
Mike had been a member for over 25 years, he supported the Group with Open
Evenings in our pre-ticketed era when we could have 100s of visitor on site. On
one occasion Mike had offered to shuttle visitors from the Hambledon Road to
the observatory in a bus to keep everyone safe and make the walk up to the
observatory less arduous for those less fit. Mike was a bus driver! Whilst the
bus shuttle did not come to fruition, Mike was non-the-less quietly supportive of
the Group and its many activities.
He was one of the founding members of the ‘Solstice Group’ which began to
meet at the observatory on a Wednesday evening (the Group’s usual meeting
day was Friday) this was along with Carol Bryan, Pat Humby, Geoff Man and
Roger Dymock. The Solstice group was formed after they had completed Robin
Gorman’s ‘Astronomy for Beginners Course’.

Again, our condolences were offered to Mike’s son.
Graham Bryant - President

You can follow Hampshire Astronomical Group on Facebook by
clicking like on the Clanfield Observatory Facebook Page
https://www.facebook.com/clanfieldobservatory/
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Hampshire Astronomical Group Public Lectures
Friday 14th January 2022 - “Time in Einstein's Universe” - Talk by Colin Stuart.
Friday 11th February 2022 - “Appley Bridge Meteorite - The Space Rock that Hit Lancashire”
Talk by Russell Parry.
Friday 11th March 2022 - “Title to be announced”
Talk by Claudia Maraston from University of Portsmouth
Friday 8th April 2022

-

“Title and Speaker to be announced

Friday 13th May 2022

- “Title to be announced” Talk by Professor Jim Al-Khalili CBE FRS

More details on the talks can be found here: https://hantsastro.org.uk/publictalks/index.php

Due to Covid restrictions, these talks will be held via Zoom - if you want to attend,
please email lindy.bryant@hantsastro.org.uk for your ZOOM link and "doors" will
open at 7.30pm for a 8pm prompt start.

Astronomy Organisations
British Astronomical Association
The voice of Amateur Astronomy in the UK.
https://britastro.org/
SAGAS
The South Area Group of Astronomical Societies
https://www.sagasonline.org/
FAS
Federation of Astronomical Societies
http://fedastro.org.uk/fas/
SPA
The Society of Popular Astronomy
https://www.popastro.com/main_spa1/

Severe Weather Warnings and the Observatory
Message to Members
Please remember that if we have bad weather the observatory site can become slippery and wet. We
take every possible precaution to ensure your safety, and that includes keeping the website updated
to let you know if the site is not accessible for any reason.
We also need your help to do this, so if you find when you visit the observatory that the conditions
leading up to the site, or on the site itself, are particularly bad, please let one of the committee know
and they will make sure a notice is put on the website for the benefit of our entire membership.
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Beginners Guide to the Moon – Part 2 – Eclipses

David Scanlan

If you’ve been lucky enough to bear witness to a Solar Eclipse you simply
cannot fail to be blown away by the sheer majesty of this spectacular
celestial event. There is something quite special, almost mystical in seeing
the Sun vanish from our daytime skies. One minute you are standing under
blue skies, the Sun blazing down on your face, and then darkness. The air
chills a little, birds stop singing and some of the brightest stars become
visible, when only seconds before it was daylight.
There is not much that can compare to seeing a Solar Eclipse. Marvelling
at such an incredible event has become a passion for many hundreds of
amateur eclipse chasers who spend their lives and their hard-earned cash,
booking their next eclipse chasing excursion.

Even our faithful old companion, The Moon, becomes eclipsed from time to
time, but not in a fashion that is as comparable to a Solar Eclipse.
But how and why do they happen?

How often do they occur?

How can a much smaller object like the Moon obscure the much bigger Sun?
Well…in this article I am going to address these questions, and many more, which will hopefully give
you a fuller understanding as to why these amazing events happen. First let’s look at the Sun.

The Sun is a star located at the centre of our Solar System. This large incandescent ball of Hydrogen,
Helium and other elements has a massive diameter of 864,000 miles (1.4 million kms). It’s hard to
envisage such grand scales but if I was to tell you that you could fit 109 Earth’s across the front of the
Sun it helps to give you an idea of the scale. The Sun sits approximately 93,000,000 miles
(147,000,000 kms) away from Earth. This measurement is known as an Astronomical Unit (AU) and
features numerous times in astronomical terminology. Again, let’s put this scale into practical terms.
Light travels at 186,000 miles per second, that means the sunlight you feel on your face has taken over
8 minutes to reach us here on Earth. The Sun also occupies 98% of the mass of our entire solar
system!
Right…now onto the spectacular solar eclipses. Firstly, they come in three variations:
Total Solar Eclipse - This is the variation that most people think of when they think of a solar eclipse.
These types of eclipses occur when the moon’s shadow completely obscures the solar disk on a small
track on the Earth’s surface. These eclipses only occur at a time when syzygy (three or more celestial
objects that are all gravitationally linked) happens. As you can see in the diagram below the Sun, Moon
and Earth are all aligned. The light emitted from the Sun around the Moon causes a shadow to be
thrown onto a small portion of the Earth’s surface.

When the Sun and Moon
move apart, we are treated
to a fantastic sight called
the diamond ring effect.
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Diamond Ring effect at the end of totality in Oregon during the
solar eclipse of August 21, 2017 (©Natarajanganesan CC BY-SA
4.0)
In the diagram you will notice the words Umbra and Penumbra.
Penumbra is basically an area of light shadow whereas an Umbra
is a region of complete shadow.

Annular Eclipse of 2010 as seen
from China.
(©A013231 CC BY-SA 3.0)

Partial Eclipse – These occur when syzygy
isn’t in effect and the Sun, Moon and Earth
are not perfectly aligned which results in
only a portion of the solar disk being
eclipsed.

You will remember that at the start of this
article we asked “How can a much smaller
object like the Moon obscure the much
bigger Sun?” Well, this is just by pure
chance. The Moon is 400x smaller than
our Sun but by coincidence the Sun also
happens to be 400x further away which
means from our perspective the lunar disc
fits perfectly against the Sun. Solar
eclipses won’t happen forever though as
the Moon is receding away from the Earth
at a rate of 4cm’s per year so they will
eventually cease all together.
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Now we move onto Lunar eclipses. These are much less spectacular
than Solar eclipses but are still well worth observing. Rather than
vanishing from sight, as in a Solar eclipse, the Moon turns a very
unique coppery red colour. These types of eclipses are much more
common than Solar eclipses and they come in both full and partial
variations. The diagram below shows exactly how lunar eclipses
work.

Lunar Eclipses diagram. (©Primefac CC BY-SA 4.0)

As you can see from the diagram in order for a lunar eclipse to occur
the Moon will not be between the Earth and the Sun. The easiest
way to think about how these types of eclipses work is to
acknowledge that the Moon is passing into the Earth’s shadow and
the colour change of the Moon to the coppery red colour described
previously is due to the fact that no sunlight is falling onto the Moon’s
surface but is illuminated from light being refracted by the Earth’s
atmosphere and appears this unique red colour for the same reason
we get red colouration at sunrise and sunset. An effect known as the
Rayleigh scattering

For those interested in observing our next solar
eclipse from the UK then this will occur on 25 th
October 2022. This is only a partial eclipse as
seen from the UK with 23% of the solar disc
being eclipsed. The next total lunar eclipse we
will witness from our country occurs on the 16 th
May 2022 with a totality lasting around 41
minutes. Let’s hope the skies are clear for both of
these amazing celestial wonders.
I hope you’ve enjoyed this article and that in
writing it I have enhanced your understanding of
how eclipses work. In the next article we will be
exploring the lunar surface and examining the
lunar mare and some of its largest craters, rilles
and impact basins.
Total Lunar Eclipse of 2003 (©Oliver Stein CC BY
-SA 4.0)
By David Scanlan FRAS
Copyright Notice.
Some images used in this article are from Wikimedia commons, those from other sources are
appropriately credited, and are freely used under the following licenses:
Creative Commons Attribution-Share Alike 3.0
Creative Commons Attribution-Share Alike 4.0
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Update on the replacement of the 16inch dome
The Hampshire Astronomical Group has in my opinion one of the best and
largest amateur built observatories in the UK. We have over the last 20
years slowly improved the observatories and telescopes. The last major
upgrade to the facilities was to the 24 inch (0.6mtr) telescope, where the
old telescope was removed, the dome gutted and rebuilt and a new
research grade telescope installed. The total cost was in the order of
£110,000. You may realise that this was a major undertaking for the
Group.
The last dome to see any refurbishment is the 16inch observatory. The
original observatory was 36 years old; the base was of wooden
construction and although it was subject to some remedial works in 2013,
the structure was obviously deteriorating badly with wood rot.

In addition, the Committee had decided to upgrade the 16inch telescope
which had been rebuilt by Brian Knight about 26 years ago. Our concern was that if there should be
any failure on that mount, we no longer had the engineering expertise to make a repair. So, the Group
is now looking for a commercially built telescope and mount to replace the current 16inch telescope,
and the observatory is being rebuilt to house the new telescope.
The following is a pictorial record of the rebuilding of the 16inch dome.

The old 16inch observatory having a new door fitted
during the early 2000s

The old fibreglass dome being cut up
ready for the skip

Engineering bricks
form the first few
courses of
brickwork over the
dampcourse. The
door was to be
raised for ease of
access into the
observatory
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Corners of the blockwork laid (old mount wrapped to protect it from the weather)

More blockwork laid

Final height of blockwork achieved, higher than the previous observatory walls.
The door frame to be inserted and blockwork inserted to secure it in place
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Topping out – the last block to be
laid. Door frame secured to the
blockwork and in position

Blockwork finished

Roof frame in place and screwed down to blockwork
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25mm exterior ply cut and placed on observatory with dome hole cut out – plenty of wood
preserver lavished on all wood

It seems strong enough!

Rubber roofing material is glued to the
observatory

Batons secured to the
external walls to hold the
metal profiled steel cladding
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Steel cladding and rubber roof finished

New dome collected from Norfolk delivered to the observatory

Dome short wall with dome running wheels visible, installed on the observatory
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The new dome being assembled. It was cold and windy – the tarpaulin on the 16inch
observatory (in the background) is blowing in the wind

The dome finally assembled ready for placing on the observatory

With the help of 7 members for the
‘lift’, the Dome is now placed on the
observatory, still some work required
on the exterior of the observatory.
Now for the job of ‘fitting out’.
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Early December – The door now fitted
making dome secure.

Fitting out the interior is now the next stage of the project.
Thanks are offered to all members who have helped create this new facility and keep an eye out for the
next issue of Hampshire Sky where we hope to show you the finished observatory.

Graham Bryant: President
Image credits: Steve Futcher, Graham Bryant

Open Evening Dates
Open evenings from
January to April 2022
are now sold out
Our tickets sell out really fast

New dates for September to December
2022 will be uploaded to the website
around the 15th April 2022

https://hantsastro.org.uk/openevenings/index.php
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Useful Websites
Free Virtual Moon Atlas
Find your way around the moon with this freebee?
http://astrosurf.com/avl/UK_index.html
NASA Astronomy picture of the day
http://antwrp.gsfc.nasa.gov/apod/archivepix.html
A good site for looking up sunspots and solar activity
http://spaceweather.com/
Why not visit
The South Downs Planetarium based in Chichester?
http://www.southdowns.org.uk/
Why not visit
Winchester Science Centre & Planetarium Winchester
https://www.winchestersciencecentre.org/
Find out when you can see the ISS or Starlink Satellites
flying over your home
https://www.heavens-above.com/

16

Hampshire Sky

Tim Nelson

Iss ue 38 - Januar y 2022

Hunting Outbursting Young Stars (HOYS)
by Lead Member Tim Nelson
This Autumn has been a more productive time for the project. Despite some
cloudy conditions there have been some periods of clear nights. Since the
clocks went back in October, the Winter Targets in and around Orion have
been rising earlier in the evening. The Group have once again been active
in contributing to the database. So far HAG has contributed over 2800
images to the project.
The current Database comprise of over 53,500 images giving over 239.5
million magnitude measurements.
At the moment a new paper is being produced including several stars in the
Pelican Nebula (IC5070) which the project hope will be published later in the
year. This was delayed because of Covid isolation restrictions.

This issue’s Star of interest is in Orion

For this issue we are looking at the Sigma-Ori cluster in Orion. The object we are looking at is known
as 2MASS J05385410-0249297. The Gaia data places the star at the correct distance for the cluster,
and it is a known T Tauri star. The spectral energy distribution shows some scatter, indicating variability,
as well as a weak hint of mid-infrared excess emission, which is indicative of an active star forming disk.
We show all of the V, R, and I data we have for the star from the last observing season. Similar to other
objects in the same region, this source also shows more than one type of variability. We ignore the
outlying data points, especially in the I-Band, which need colour correction applied or to be removed
before a detailed study of the object is made.
At first sight the most obvious change in brightness is the initial slow drop by about 0.1mag during the
first 100days of the data. After that a steady increase in brightness by a total of 0.2mag was observed
during the last 200days that are shown. Indeed, the long term light curve shows the object had
undergone a slow and steady fade of 0.2mag during the last five years, before the ‘rapid’ 0.2mag rise
during the last 200days of the recent observations. These slow and smooth changes in brightness are
usually caused by occulting disk material far out in the accretion disks, or small long term changes in the
mass accretion rates.
The second obvious feature in the data is the apparent scatter of about 0.1mag from the ‘smooth’ long
term behaviour. This is not noise in the data, as the typical photometric uncertainties are of the order of
0.05mag or slightly better. Zooming into the data shows short term variability that is correlated in all the
filters. Indeed, as has been shown by the ASAS-SN survey, there is an underlying periodic signal with a
period of 2.74days. This indicates there are spots on the surface and we are seeing the rotation period
of the star. It thus becomes clear, that if we wish to study the amplitudes of the variations, we need to
correct for the longer term trends in the brightness of the star first.
(Analysis by Dr Dirk Froebrich) For more information on HOYS and details of other light curves please
go to: https://hoys.space/
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Resumption of ‘In-Person’ meetings at the Clanfield
Memorial Hall 2022
The committee have made the decision to begin in-person meetings for the
main lecture hopefully from either from January or February 2022. We have
noted that there are several astronomical societies around the country that
are beginning to hold in-person meetings, with some having abandoned
Zoom altogether in favour of just in-person meetings.
We are acutely aware that the pandemic is not over, and the infection rates
are currently fluctuating around 40,000 per day (as of beginning of
December 2021). Many HAG members are in the 'over 60yrs ' category and
several members have health issues. However, we are also noting that the
hospitalisation rates (indicative of severe disease) are very low in those
who have been vaccinated.
In order to allow members who wish to meet in person
safely, we have agreed that to attend the in-person
meeting at the memorial hall, EVERY person attending
will need to show evidence of vaccination. This can be
through the NHS App on your phone ... or the blue card
that everyone is issued with when they receive their
vaccine. Simply show either to the members at the desk
by the door.

In order not to disenfranchise those who, for medical reasons, cannot be
vaccinated, they will need to show evidence of a recent PCR or Lateral Flow
Test, either of which giving a negative result for COVID-19. If you have had a PCR test, the
lab report will need to be shown - for the Lateral Flow Test, bringing the test result strip or an
image of the test strip on your phone will be sufficient.
Obviously anyone showing signs of COVID-19 should not attend. Children under 12 years of
age are exempt from vaccinations and can be admitted.

So the main message here is .....If you do not show evidence of either vaccination or a negative test
result then you will not be admitted in person to the HAG event. This approach (evidence of COVID19 vaccine or Testing) was taken by the Federation of Astronomical Societies at their recent
convention and was very successful with many attendees considering this a sensible and safe
approach to holding a meeting.
In addition to the above we shall be adhering to Clanfield Memorial Hall management advice on
cleaning down chairs after use; keeping a safe distance from one another and maintaining fresh air
in the hall. Also wearing face masks until you are sat down.
It would also be wise that if you are feeling ill with any infectious disease you should stay away and
attend the meeting via Zoom.
All Memorial Hall meetings will also be Zoomed - the Group has invested a considerable sum of
money in ensuring that the Memorial Hall Audio/Visual and IT equipment has been upgraded and
should be a better experience for in-person and Zoomed attendees.
We hope you will all understand that these measures are undertaken for the safety and comfort of all
members. If you have any queries, please do not hesitate to contact Graham Bryant on number
below.
Graham Bryant: President
Contact Details: Tel: 07585 641 741 - Email: graham.g.bryant@btinternet.com
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A Menagerie of Moons – Part 2 by Geoff Burt
Introduction
In the previous issue we embarked on a whistle-stop tour of the most weird
and wonderful moons of the Solar System, based on the Open University
‘Moons of Our Solar System’ Massive Open Online Course (MOOC). In this
concluding part, we continue outward to Saturn and then on to the mysteries
of the outer Solar System.
The Moons of Saturn
Saturn has the “Wow factor”. Most people who see Saturn’s magnificent ring
system through a telescope for the first time tend to say, “Wow!”, or at least
words to that effect. The ringed planet also has an astonishing entourage of
moons, some of which defy belief because they look like something from
science-fiction.

During the previous part, we took a look at asteroid Ida with its own tiny moon Dactyl and asked what the
definition of a moon is. Even the International Astronomical Union has not settled on a lower size limit for
a moon, but clearly it is not practical to regard the countless chunks of dusty ice that make up Saturn’s
rings as moons.
There are seven rings, ordered D, C, B, A, F, G and E from Saturn outwards, lettered in the order they
were discovered. The rings were first observed by Galileo in 1610 but he was unable to discern what
they were. A few decades later, Dutch astronomer Christiaan Huygens identified the ring disc and within
another couple of decades Italian astronomer Giovanni Cassini had discerned the A and B rings, divided
by the gap now bearing his name. Rings C to E were discovered by telescopic observations much later,
while the faint F and G rings had to wait for the arrival of space probes.
Perhaps ironically, the rings may be the remains of a shattered moon broken apart by tidal forces when it
strayed within Saturn’s Roche Limit. The Roche Limit (or Radius), named after 19 th century French
astronomer Eduoard Roche, is the distance within which the gravitational field of a primary body is
strong enough to overcome the internal gravity of an orbiting secondary body, thus breaking the
secondary body apart by tidal forces. Roche proposed the aforementioned origin of the rings.
Another aspect we need to consider is the barycentre, the centre of mass about which objects in space
orbit. For example, we say the Moon orbits Earth but strictly both bodies orbit their barycentre. In this
case, the barycentre happens to be well beneath the Earth’s surface because the Earth has about 80
times more mass than the Moon.
Now think about Pluto and its largest moon Charon. Pluto is classified as a dwarf planet, being only
about two-thirds the diameter of the Moon, while Charon is half the diameter of Pluto. This means that
the barycentre between Pluto and Charon is in space between them so really they orbit each other. I am
reminded of a neat description by American physicist John Wheeler, based on Einstein’s Relativity,
“Space-time tells matter how to move; matter tells space-time how to curve”, but that is a whole other
story!
I will leave you to ponder the definition of a moon and you might even like to enter the discussion about it
during the next MOOC or perhaps post your opinion on our Moons Facebook page; meanwhile, on with
our tour of the moons of our Solar System.
Pan and Atlas

Imagine an irregular-shaped flying saucer or, if you prefer, a walnut crossed with
a piece of ravioli mostly made of ice and about the size of the Isle of Wight. This
curious object is Pan, one of Saturn’s innermost moons although perhaps in this
case we should say ‘moonlet’.
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Pan is a ‘shepherd moon’, orbiting in the Encke Gap within the outer ‘A’ ring. The term ‘shepherd moon’
refers to the gravitational effects of the small moons or moonlets within Saturn’s ring gaps, either
clearing the gaps of stray material or sometimes attracting it. Pan’s odd shape is due to a prominent
equatorial ridge that is thought to have formed from accumulated ring material.
A little further out, orbiting close to the outer edge of the ‘A’ ring, Atlas has a similar flying-saucer shape
to Pan and is of similar size. Atlas was thought to be a shepherd moon too but the unique pair of moons
we are about to meet have the greater influence on the ‘A’ ring.
Janus and Epimetheus

Janus and Epimetheus do something that defies belief; they swap orbits! Both are of irregular shape,
looking like heavily cratered giant potatoes. Janus is the largest at 196 kilometres along its greatest
dimension while Epimetheus is 135 kilometres. They orbit just outside Saturn’s ‘A’ ring and, like Pan,
act as shepherd moons, in this case keeping an orderly outer edge to the ring.
The difference in orbital radius of Janus and Epimetheus is only a matter of tens of kilometres.
Whichever moon is on the inner (slightly faster) orbit, takes four years to lap the one in the outer
(slightly slower) orbit. As the distance between them closes, their gravitational influence on each other
causes them to swap orbits, by either slowing down or speeding up. Four years later the process
repeats.

Now for Saturn’s innermost major moon, which you may find has a strangely familiar appearance.
Mimas

“That’s no space station, it’s a moon”. I am paraphrasing a famous cinematic line uttered by Stars Wars
character Obi-Wan Kenobi, when first encountering the enormous spherical space station known as the
Death Star. The actual line was, “That’s no moon, it’s a space station”. Nowadays so many people are
familiar with the Star Wars franchise and the aforementioned Death Star it comes as a surprise, when
seeing an image of Mimas for the first time, to discover this moon looks uncannily like the fictional
space station. Or is that the other way around? The resemblance is mainly due to an enormous crater
called Herschel, some 130 kilometres across, which extends for a third of Mimas’s diameter although
the sci-fi space station look-alike appearance is nothing more than coincidence.
At slightly under 400 kilometres in diameter, with a composition of mostly ice plus some rock, Mimas is
the smallest of Saturn’s major moons and does not have quite enough mass to gather itself into a
completely spherical shape. The impact which made Herschel crater was so great that it almost broke
Mimas apart and the opposite surface has fractures where the shock passed right through the entire
moon. Like most major moons, Mimas is tidally locked and keeps the same face toward Saturn, orbiting
in slightly under an Earth day.
The MOOC goes into impact cratering in detail, exploring crater morphologies and the varying factors
relating to crater size. By the way, there is very little maths throughout the course. There are
straightforward multiplications or divisions a few times and no equations!
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A Menagerie of Moons - Part 2 (more or less to scale)
Graphics by Geoff Burt
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Enceladus

Beyond Mimas we come to Saturn’s version of Jupiter’s Europa. Enceladus is slightly larger than Mimas
and is another icy world of surprises, most notably in 2005 when the Cassini probe made the exciting
discovery of water-ice plumes erupting into space from the southern polar region. The plumes originate
from a series of fissures which are nicknamed ‘tiger stripes’ and provide material for Saturn’s outer ‘E’
ring.
Current thinking is that the source of the plumes is a vast pocket of sub-surface water warmed by tidal
heating, although there is probably not a global ocean as at Europa. The surface of Enceladus
approaches a temperature of minus 200 oC, but Cassini’s instruments were able to measure the
temperature of the plumes at some 100oC warmer.

The plumes had not been anticipated so Cassini was diverted from the original flight plan to swoop
through them, revealing their composition to be almost completely water-ice with trace amounts of
ammonia, carbon dioxide, methane and other organic molecules. Note that organic chemistry does not
necessarily mean life and the chances of life are thought to be less than at Europa, but the possibility of
Enceladian microbes has not been discounted yet.
If life of any sort is discovered on an icy moon it will have arisen separately to life on Earth. This would mean the
inevitable and fundamental conclusion that life can be anticipated at any similar location throughout the universe.
We will have to wait until new space probes arrive with the purpose of searching for life. The NASA Europa Clipper
and ESA Jupiter Icy Moon Explorer (JUICE) are due to arrive at Jupiter in the early 2030s and perhaps then we
may discover the answers. Time will tell!

Rhea

Rhea is Saturn’s second-largest moon, being slightly less than half the diameter of Earth’s Moon. Rhea
is a good example of scientists’ original expectations before the Voyager missions, that any moons
encountered would be heavily cratered and lack resurfacing mechanisms.
However, both Voyager probes and then Cassini imaged faint lines on the surface which turned out to be
icy canyons, indicating there was tectonic activity in the past. Rhea’s composition is essentially that of a
‘dirty snowball’, roughly three parts water-ice to one part rock, and low density. The low density means
the interior is probably homogenous and therefore lacks differentiated layers with a rocky core.
Cassini also detected an extremely tenuous oxygen/carbon-dioxide atmosphere, thought to be produced
by surface interaction with Saturn’s magnetic field. The atmosphere is oxygen ‘rich’, in the sense that
there is more than twice as much oxygen as carbon-dioxide, but the pressure is mere trillionths that of
the atmospheric pressure on Earth. There may also be a tenuous ring system which, if confirmed, would
make Rhea unique.
Titan
Now we arrive at Titan, Saturn’s largest moon and the second-largest in the Solar System
at about one-and-a-half times the diameter of Earth’s Moon. Titan is second in size only
to Jupiter’s Ganymede and is slightly larger than Mercury, so would qualify as a planet if it
was in its own orbit around the Sun.

Titan is a fascinating world. To begin with, it is unique in having a dense atmosphere and
the ratio I just mentioned crops up a second time, because Titan’s atmospheric pressure
is surprisingly about one-and-a-half times that of Earth’s atmosphere. The atmospheric composition is
mostly nitrogen, similar to Earth, with small proportions of methane and hydrocarbon compounds. The
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compounds produce orange smog, which makes surface features difficult to observe from orbit. The
average surface temperature is a chilly -180oC, which means that water-ice behaves like rock and
methane is liquid. Indeed, Titan has a methane cycle analogous to Earth’s water cycle; there are
methane clouds, rain, rivers and lakes.
Titan is the only moon beyond Earth’s Moon that has so far been landed on by a space probe. The
Cassini mission carried the Huygens lander, which arrived on Titan’s surface in January 2005 and set
the record for most distant lander probe. The MOOC includes a video with animated graphics, showing
a time-lapse sequence of Huygens’ descent, compressing four hours into five minutes. At first there is
nothing to see apart from the featureless orange smog. Then, below an altitude of about 20 kilometres,
a surprisingly Earth-like topography emerges, complete with mountains, valleys, river channels and
coastlines but all in deep freeze.

Figure 1: Huygens Descent Graphic
Huygens settled either on a flood plain or dry lake bed, strewn with pebbles of water-ice. The pebbles
had evidently been rounded by the action of liquid methane and were resting on a layer of
hydrocarbons. Titan’s interior is differentiated with an icy crust, a sub-surface ocean perhaps tens of
kilometres below the surface and a rocky core. The complex chemistry means the potential for some
form of life has not yet been discounted, either in the sub-surface ocean or on the surface.
Despite the dense atmosphere, there were expectations of cratering but only a few craters have been
identified. For now, it is not certain whether erosion alone explains the lack of craters or whether
cryovolcanism is a factor. Cryovolcanism is analogous to conventional volcanism, as on Earth or Io,
except that the erupted lava is not molten rock but ice of various types.
Titan has it all and plans are already afoot for a return visit. NASA is planning the Dragonfly mission, an
autonomous multi-rotor helicopter/drone, to land on Titan by the middle of the next decade. Dragonfly
will make use of the dense atmosphere and low gravity to visit multiple destinations on the surface.
Earth’s Moon may be the focus of attention in this decade but Titan may well be centre stage in the
next.
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Outwards from Titan we reach Hyperion, the largest of Saturn’s irregular-shaped moons at
over 400 kilometres along its greatest dimension. The current thinking is that this is a
fragment of a much larger moon broken apart by a catastrophic impact, perhaps billions of
years ago.

Hyperion is a bizarre object. This strange looking moon has a chaotic rotation, meaning that it literally
tumbles along its orbit as if hurled by an angry giant. Hyperion’s density is very low, less than half that
of water, with a surface peppered by deep craters. The porous water-ice composition plus a tiny
amount of rock gives the appearance of a vast sponge, roughly the size of the Netherlands.
Hyperion is one of Saturn’s outermost moons and is in a 3:4 orbital resonance with Titan (3 orbits to
Titan’s 4) but is not tidally locked to Saturn, so experiences very little tidal force. The resonance with
Titan may contribute to the chaotic rotation.

Iapetus
The next moon also has a unique appearance. The surface of Iapetus is divided into two
distinct contrasting regions, one dark and the other light, resembling interlocked curvilinear
shapes like the pattern on a tennis ball.
Iapetus is about three times more distant from Saturn than Titan and yet is tidally locked. When
astronomer Giovanni Cassini first observed this two-tone moon back in the 1670s, he was only able to
see Iapetus on one side of its orbit. Years later he finally made a faint observation of Iapetus on the
opposite side of its orbit, correctly concluding that the leading region was much darker than the trailing
one.
The dark material on the leading region is thought to have accumulated both from swept-up material
distributed by impacts on other moons and from carbon impurities left behind by sublimated ice. Once
the latter process begins, the gradually darkening surface absorbs more heat, causing more ice to
sublimate and so on.
Iapetus is heavily cratered and has a prominent equatorial ridge, rising up to 20 kilometres high in the
dark region but only about half that in the light one. The origin of the ridge remains a mystery.
Ordering Saturn’s moons.
In the MOOC, there is an interactive exercise to order Saturn’s major moons. The information above
will hopefully help to some extent and remember the mnemonic, “Met Dr. Thip”!
Miranda
From Saturn, we move on to the mysterious outer solar system and the first of two “ice giant”
planets. Uranus more or less rolls along its orbit like an enormous bowling ball, because its
axis of rotation is inclined at more than a right-angle to the plane of its orbit. This means that
its moons, there are 27 at the latest count, have orbits that are similarly tilted.
Only the Voyager 2 probe has passed this way so far. In early 1986 as Voyager approached the
Uranian south pole from sunwards (remember Uranus is effectively on its side), the orbits of the moons
were arranged like target rings. A fly past of multiple moons as at Jupiter and Saturn was therefore
impossible. Only the innermost major moon, Miranda, could be imaged up close and, because only the
southern hemisphere was sunlit, the northern hemisphere remains a mystery. The composition is
thought to be about half-and-half water-ice and silicate rock, differentiated with a rocky core.
Miranda’s diameter is only about a seventh that of the Earth’s Moon and looks as though it has been
thrown together, using a complex assortment of mismatched pieces. The surface is a haphazard
mixture of heavily cratered regions and giant trapezoid features, the latter known as coronae. Voyager
discovered three coronae (there may be others in the northern hemisphere), each about 200 kilometres
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across with deep concentric ridges, valleys and towering cliffs. Their unique appearance has been
likened to racetracks.
The coronae may be the result of massive asteroid impacts which melted the surface, causing icy slush
to rise to the surface and freeze into the patterns seen by Voyager. Alternatively, Miranda may have
experienced episodes of tidal heating in the distant past, which then led to extensive fracturing and
cryovolcanism. The answers will have to wait until the next probe arrives. There are proposals but
currently no definite plans for another mission to the Uranian system.
Ariel
Moving out from Miranda we come to Ariel, the fourth largest Uranian moon and for
comparison about a third of our Moon’s diameter. As Voyager 2 sped through the Uranian
system, it turned its attention from Miranda to Ariel revealing a similarly complex surface but
this time without coronae. The composition is probably similar to Miranda too, a half-and-half
mix of water-ice and silicate rock.
The temperature out here hovers around a chilly minus 200 degrees centigrade. Parts of the surface
are heavily cratered and have not been altered by subsequent geological activity. In contrast, there are
extensive regions criss-crossed by parallel faults where the intervening surface has dropped by a
matter of kilometres to form deep, steep-sided valleys. There is evidence of resurfacing on the valley
floors, which have fewer craters than the surrounding surface. The cause may be cryovolcanic flooding,
perhaps by a viscous water-ice and ammonia slush.
Ariel has a complex geological history and most of it remains a mystery. As with Miranda and the other
Uranian moons, we will have to wait for answers for some time to come.
Triton
Outward from Uranus we reach the second ‘ice giant’ and outermost Solar System planet,
Neptune. There are fourteen known moons in the Neptunian system and, as with Uranus, only
the Voyager 2 probe has passed this way so far.
Only three Neptunian moons had been discovered by the time Voyager arrived in 1989. Voyager took
the total up to eight by discovering five irregular inner moons. A further six have since been discovered
in recent years through Earth-based observations. By far the largest Neptunian moon is Triton, roughly
three-quarters the diameter of Earth’s Moon and orbiting closer to Neptune than the Moon orbits Earth.
Triton was discovered by William Lassell in 1846, within three weeks of the discovery of Neptune.
Triton is unique in being the only major moon with a retrograde orbit. All other major moons orbit their
planets in prograde motion, that is to say, in the same direction as their planet’s rotation. The
conclusion is that Triton was captured in the distant past, having strayed into Neptune’s gravitational
field. Triton is slightly larger than distant dwarf planet Pluto and has a similar composition, inferring that
both objects originated in the Kuiper Belt, a vast region encircling the outer Solar System, containing
countless icy objects left over from when the Solar System formed. There are thousands of known
Kuiper Belt Objects (KBOs) and there must be countless others yet to be discovered.
Voyager 2 revealed a tenuous atmosphere of nitrogen with a trace of methane and wispy nitrogen
clouds. Some 40% of the surface was imaged, revealing complex terrain with a diverse mix of ices. The
surface shows evidence of cryovolcanism, perhaps caused by tidal forces in the distant past,
criss-crossed by furrows known as ‘sulci’. In places, the sulci appear to have been flooded by
cryovolcanic flows. One region is pock-marked by curious dimple features, resembling a melon skin,
nicknamed ‘cantaloupe terrain’. The cause is uncertain but again is probably due to some form of
cryovolcanism.
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Nereid
Moving out from Triton we come to Nereid. This irregular moon is some 340 kilometres along
its greatest dimension and has the most elongated orbit of any moon in the Solar System. At
its closest approach Nereid comes to within 1.5 million kilometres of Neptune but then wanders
way out to over 9.5 million kilometres, taking nearly an Earth year to complete one orbit.
This strange orbit may be due to Nereid being either a captured asteroid or Kuiper Belt Object.
Alternatively, Nereid may be the largest surviving remnant of a moon destroyed during the Triton
capture event and was hurled into its current orbit by the same event. Little is known of Nereid itself,
Voyager 2 came no closer than 4.5 million kilometres, other than the surface is mainly water-ice. Nereid
was discovered by Gerard Kuiper (of Belt fame) in 1949, over a century after Triton was discovered.
Leaving the Neptunian system, we now head towards our final destination, distant Pluto.
Charon

Pluto was discovered in 1930 by American astronomer Clyde Tombaugh and for over 75
years was designated the ninth planet in the Solar System. Out here some 6 billion kilometres
from the Sun, Earthbound observations revealed little more than a faint speck moving slowly
against the background stars.

Pluto’s largest moon, Charon, was discovered in 1978. At first, this would seem to reinforce Pluto’s
status as a planet but it was always something of a misfit, because of its highly inclined eccentric orbit
that sometimes takes it inside Neptune’s orbit. Then from the early 1990s a number of other objects
similar to Pluto were discovered, leading to a new category called Trans Neptunian Objects (TNOs).
TNOs are also classified as Kuiper Belt Objects (KBOs), but most KBOs orbit much further from the
Sun than TNOs. In 2006, the International Astronomical Union declared that Pluto had been
designated a dwarf planet. The only alternative would have been to declare the dozens of other TNOs
discovered by then as planets.
As mentioned previously, Pluto is now known to be only two-thirds the diameter of the Earth’s Moon.
Charon, by far the largest of the five known Plutonian moons, is half the diameter of Pluto so the two
objects orbit a barycentre located between them in space. Is Charon really a moon or are Pluto and
Charon a dwarf planet binary? Both definitions can be applied.
In 2015, the NASA New Horizons probe flew past Pluto and Charon to make the first close-up
observations. Charon may be the result of a ‘giant impact’ event, similar to how Earth’s Moon is thought
to have formed, and the other four moons could be debris from the same event.
Charon’s composition is mainly water-ice with a trace of ammonia and is thought to be differentiated
with a small rocky core. New Horizons revealed a varied terrain including impact craters, plains,
mountains and fracture systems. There is evidence of cryovolcanism, perhaps generated by a
combination of tidal forces between Pluto and Charon plus the effect of the Sun’s gravity on their
inclined orbit.
Conclusion

We have reached the end of our tour but the story does not end here. To date, nearly 5000 exoplanets
(planets orbiting other stars) have been discovered. There must be countless exoplanets throughout
the galaxy and most will have exomoons. Confirmation of the first exomoon discovery is only a matter
of time, perhaps sooner rather than later. Who knows what awaits to be discovered?
I hope you have enjoyed this brief look at the weird and wonderful menagerie of moons in our Solar
System. If you would like to know more, the ‘Moons of Our Solar System’ online course is due to run
again in February. Check out the link below and see you there!

https://www.futurelearn.com/courses/moons
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© Yen Milne

© Yen Milne

Sunrise taken 22nd December 2021 at Fareham Creek by Yen Milne
Taken using a Nikon COOLPIX 69900 Camera
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© Allan Berzins

This was a 15 panel mosaic (5 x 3) obtained using an Atik 383L CCD Camera and Trutek filter wheel
attached to a Canon 180mm macro lens. This combination was used at f3.5 and tracked using on one
side of a dual mount Losmandy G11 setup.
Exposures per panel varied a little bit but on average it was 5 x 4min for each of R,G and B and 4 x
10min for Halpha.
The total acquisition project was spread over three and a half months in between other deeper sky
targets. Calibration and stacking
was with CCDStack with panel combination and Halpha
enhancement in Photoshop.
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Image Credit: © David Briggs

Not very astronomical but I think rather nice shots of the Belt of Venus.
First one taken from a kayak off Emsworth as the Sun was going down a
few days back.

© Adrian Wakeford
The second when we were back on shore a little later. This one also has the half
moon. Both only taken with a smartphone
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Clanfield Observatory Weather Station
The Weather Station can be viewed by HAG members and the public,
to find it go to the HAG website. The summary page gives an overview
of the current weather conditions for the Clanfield Observatory Sunrise
and Sunset times, and information from the Cloud Sensor. Selecting
“View Current Weather” will show the current weather such as
temperature, humidity, dew point, wind direction, wind speed,
barometric pressure, rain fall, etc. in more detail. It is also possible to
view the weather history for the past 1 or 3 days, 2 weeks, or 1 month.

Winter 2022 Session Timetable
For the most up to date details of events happening at the Observatory please check our Open
Evening & Sun Live and Lecture pages on our website.
Open Evenings - https://hantsastro.org.uk/openevenings/index.php
Sun Live - https://hantsastro.org.uk/solardays/index.php
Lectures at the Clanfield Memorial Hall - https://hantsastro.org.uk/publictalks/index.php
Clanfield Observatory Facebook Page - https://www.facebook.com/clanfieldobservatory
Disclaimer: All articles published within Hampshire Sky undergo review to ensure fair balance, objectivity independence and relevance. The
editors of the material herein have consulted sources believed to be reliable in their efforts to provide information that is complete and in accord
with the standards at the time of publication.
In view of the possibility of human error by the authors, editors or publishers of the material contained herein, neither Ham pshire Astronomical
Group nor any other party involved in the preparation of this material warrants that the information contained herein is in every respect
accurate or complete, and they are not responsible for any errors or omissions or for the results obtained from the use of such. Readers are
encouraged to confirm the information contained with other sources.
The views expressed in this publication are those of their authors and do not necessarily reflect the opinion or policy of Hampshire
Astronomical Group unless specifically stated.
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