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Preface

For this new edition, the text has been brought fully up
to date - and the period covered is from 2005 to 2010.
Inevitably, this has meant that large sections of the book have
been completely rewritten. Much has happened since the first
edition was published in 1998.

Patrick Moore
December 2004
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Introduction

It was once said that ‘the night sky always looks much the
same’. In fact, nothing could be further from the truth. There
are 365 days in each year (366 in a Leap Year!), and from an
astronomical point of view no two are alike.

What I aim to do, in this book, is to go through a complete
year and point out some special items of interest for each
night. It may be a double star, a variable star or a nebula; it
may be a planet, or even the Moon in some particular aspect
- there is plenty of variety. (Anyone unfamiliar with astro-
nomical terms should consult the Glossary at the end of this
book.)

Let it be said at once that you do not need a large and
expensive telescope. A surprising amount can be seen with
the naked eye, and binoculars give increased range; indeed, it
is probably fair to say that good binoculars are ideal for the
beginner, and are far better than very small telescopes.

Telescopes are of two types: refractors and reflectors. A
refractor collects its light by means of a glass lens known as
an object-glass (OG); the light passes down the telescope tube
and is brought to focus, where an image is formed and is then
magnified by a second lens, termed an eyepiece. Note that
it is the eyepiece which is responsible for the actual
magnification, and each telescope should be equipped with
several different eyepieces to give different powers. The func-
tion of the OG is to collect the light in the first place - and the
larger the OG, the brighter the image, and the higher the
magnification which can be used. In general, it is probably
unwise to spend much money on a refractor with an OG less
than three inches in diameter. (Beware the Japanese 24-inch
refractor, on a spidery mounting!)

With a reflector, the light passes down an open tube and
falls upon a curved mirror or ‘speculum’. The light is sent
back up the tube on to a second, small mirror or ‘flat’; the
rays are then diverted into the side of the tube, where the
image is formed and magnified as before. (This is known as
the Newtonian form, because it was invented by Sir Isaac
Newton; there are other optical systems, but these need not
concern us for the moment.) Inch for inch, a lens is more
effective than a mirror, and with a Newtonian reflector the
minimum really useful aperture for the main mirror is six
inches. Of course, smaller telescopes are far better than
nothing at all, but they are bound to be limited.

@
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The cost of a telescope may seem high - for a good instru-
ment you need an outlay of several hundred pounds. Yet, if
properly cared for, a telescope will last for a lifetime, and the
price seems less when compared with, say, the cost of
a couple of British Rail tickets between London and
Edinburgh!

A pair of binoculars consists of two small refractors
joined together, so that both eyes can be used. They do not
cost a great deal, and astronomically they are remarkably
useful. Their main disadvantage is the lack of sheer
magnification, but a pair of, say, 7 X 50 binoculars
(magnification 7 times, each OG 50 millimetres in diameter)
will give endless enjoyment.

In the descriptions which follow, I have limited myself to
objects within the range of the naked eye or either binocu-
lars or small telescopes. However, there are problems. Light
pollution is one; city-dwellers of today can never enjoy the
beauty of the Milky Way. There is also the Moon, which
when near full will drown all but the brighter stars. It may
therefore be useful to give the phases of the Moon for the
period covered in this book: 2005 to 2010; it is then easy to
work out whether or not moonlight is going to be a serious
hindrance.

I have also listed specific events for the same period, and
in a few cases I have added historical notes as well. So I hope
that you will enjoy our trip through the year - beginning
fittingly enough, with New Year’s Day, January 1.

Introduction
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Phases of the Moon

2005-2010
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Phases of the Moon, 2005-2010
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The Northern Hemisphere in January
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The Southern Hemisphere in January
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The January Sky

When you start to learn your way around the night sky, the
first thing to remember is that the stars always stay in the
same relative positions - or virtually so; the constellations
which we see today are to all intents and purposes the same
as those which must have been seen by Julius Caesar or the
warriors of the Trojan War. It is only our near neighbours,
the members of the Solar System, which wander around from
one group to another. This makes star recognition very much
easier, particularly as there are only a few thousands of stars
visible with the naked eye.

All in all, 88 constellations are recognized by the
International Astronomical Union (a full list of them is
given in the Appendix). They are very diverse in size and
brightness, but they are purely arbitrary; the patterns have
no real significance, because the stars lie at very different
distances from us, and we are dealing merely with line of
sight effects. Still, the patterns are distinctive enough, and
during January evenings we can see one of the most striking
of them all: Orion, the celestial Hunter, with his two bril-
liant stars (Betelgeux and Rigel) and his Belt and Sword.
Orion is crossed by the celestial equator, and can therefore
be seen from every inhabited country. As a ‘signpost in the
sky’ Orion is unrivalled; from it we can locate many other
stars and groups - such as the brilliant Sirius, which lies in
line with the three stars of the Belt, and far outshines any
other star in the sky. In the other direction the Belt stars
show the way to the orange-red Aldebaran, in the Bull; and
SO on.

Almost equally useful is Ursa Major, the Great Bear,
whose seven main stars make up the pattern known as the
Plough or the Big Dipper. From it we can identify Polaris,
the northern Pole Star. Observers in Australia or South
Africa will not see Ursa Major during January evenings, and
will never see our Pole Star; but they do have the glorious
Southern Cross, together with the Pointers, Alpha and Beta
Centauri.

The charts given here show the evening sky in January as
seen from latitude 52° N, approximately that of London, and
35° S, corresponding to Sydney or Cape Town. The best way
to start learning is to find a few distinctive groups, and use
them as guides to the rest. If you have the patience to follow
me through the year, I assure you that you will end up with a
very sound working knowledge of the sky.

The Observer’s Year

Anniversary

On 1 January 1801 Piazzi,
at Palermo, discovered
Ceres, the largest of the
minor planets or asteroids.
Unfortunately it is never
bright enough to be visible
with the naked eye.




January 2

Anniversary

On 2 January 1959 the
Russians launched their
first unmanned rocket
toward the Moon: Luna 1.
It passed the Moon at 3700
miles on 4 January, and
sent back information
showing, for example, that
the Moon has no overall
magnetic field, so that
your magnetic compass
will not work there.

N

Future Points
of Interest

Earth at perihelion,
2005, 2008
0.9833 a.u.
91 400 000 miles.

The Two Most Famous
Constellations

Despite the splendour of Orion, there is little doubt that the
two best-known constellations in the sky are Ursa Major (the
Great Bear) in the northern hemisphere, and Crux Australis
(the Southern Cross) in the southern. Both are on view
tonight — but which you will see depends upon where you are!

From latitudes such as those of Britain, Ursa Major will be
in the north-east after dark. Its seven main stars make up the
Plough or Dipper pattern; though they are not outstandingly
bright, they cannot be mistaken, particularly as from Britain
or the northern United States they never set. They are:

Ursa Major

Greek letter Name Magnitude  Luminosity ~ Distance
(Sun=1) (light-years)
a Alpha Dubhe 1.8 60 75
B Beta Merok 2.4 28 62
v Gamma Phod 2.4 50 75
5 Delta Megrez 8.3 17 65
€ Epsilon Alioth 1.8 60 62
{ Zeta Mizor 2.1 56+1 59
7 Eta Alkaid 1.9 450 108

A little clarification is needed here. A star’s apparent mag-
nitude is a measure of how bright it looks; the lower the mag-
nitude, the brighter the star - thus Alkaid (1.9) is brighter
than Phad (2.4). Distances are measured in light-years. One
light-year is the distance travelled by a ray of light in one
year; roughly 5.8 million million miles. The table shows that
Alkaid is the most distant of the seven stars; it and Dubhe are
travelling through space in a direction opposite to that of the
other five.

The stars in any constellation are allotted Greek letters — a
system devised as long ago as 1603, and which has stood the
test of time. The Greek alphabet is given in Appendix C.

From Australia or South Africa you will not see the Plough,
but the Southern Cross will be high - looking more like a kite
than an X. Its leaders are:

Crux Australis

Greek letter Name Magnitude  Luminosity ~ Distance
(Sun=1) (light-years)

a Alpha Acrux 0.8 3200+2000 360

B Beta - 1.2 8200 425

v Gamma - 1.6 120 88

5 Delta - 2.8 1320 260



The stars of the Cross are much brighter than those of the
Plough, and are closer together; adjoining them are two more
brilliant stars, Alpha and Beta Centauri. Of the stars in the
Cross, three are bluish white, but the fourth (Gamma Crucis)
is orange-red; this is easily seen with the naked eye, and
binoculars bring out the contrast beautifully. I will have more
to say about star colours later.

The Poles of the Sky

In learning your way around the sky, it is obviously useful to
become familiar at an early stage with the stars which can
always be seen from your observing site. Stars which never
set are said to be ‘circumpolar’. Thus the Great Bear is cir-
cumpolar from Britain, while the Southern Cross is circum-
polar from New Zealand.

Just as the Earth’s equator divides the globe into two
hemispheres, so the celestial equator divides the sky into
two hemispheres - north and south. Northward, the Earth’s
axis of rotation points to the celestial pole, marked within
one degree by the fairly bright star Polaris in Ursa Minor
(the Little Bear). Polaris seems to remain almost motionless
in the sky, with everything else - including the Sun and
Moon - revolving round it once in 24 hours. It is easy
to locate, but in case of any problem it may be found by
using two of the stars in the Plough, Merak and Dubhe, as
pointers.

To an observer at the Earth’s north pole, Polaris would be
directly overhead; from the Earth’s equator Polaris lies on the
horizon, and south of the equator it can never be seen at all.
There is a corresponding south celestial pole, but unfortu-
nately it is not well marked; the nearest naked-eye star, Sigma
in the constellation of the Octant, is below the fifth magni-
tude, so that it is none too easy to identify. Any mist or
artificial lighting will drown it. The whole of the south-polar
region is in fact remarkably barren; the pole itself lies around
midway between the Southern Cross and the brilliant star
Achernar, in Eridanus (the River).

It is a pity that Sigma Octantis is so insignificant. Southern
navigators are always envious of the northern hemisphere’s
convenient Pole Star.

From Sydney or Cape Town, the Southern Cross is circum-
polar, while Achernar just grazes the horizon when at its
lowest. During January evenings the Cross is in the south-
east, while Achernar is high in the south-west.

The Observer’s Year

Future Points
of Interest

Earth at perihelion, 2007,
2010.
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Future Points
of Interest

2004: Western elongation
of Mercury.

2005: Occultation of
Jupiter, 01 h

2005: Occultation of
Jupiter, 1 h, Africa,
SW Australia.

2006, 2009: Earth at
perihelion.

O

The Quadrantid Meteors

The night of January 3-4 is always an interesting one,
because it marks the peak of a major meteor shower - that of
the Quadrantids.

A meteor is a tiny piece of material, usually smaller than a
grain of sand, moving round the Sun: it is part of the dusty trail
left by a comet. If one of these particles dashes into the Earth’s
upper air, moving at a rate which may reach 45 miles per
second, it rubs against the air particles, and becomes so heated
by friction that it burns away in the streak of radiance which
we call a shooting-star. It burns away before it has penetrated
to around 40 miles above sea-level, and finishes its groundward
journey in the form of ultra-fine dust. What we see as a shoot-
ing-star is not the tiny particle itself, but the effects which it
produces during its headlong plunge through the atmosphere.

Meteors tend to move round the Sun in shoals. Each time
the Earth passes through a shoal we collect vast numbers of
particles, and the result is a shower of shooting-stars. The
meteors of any particular shoal seem to radiate from one
definite point in the sky, known as the radiant of the shower.
This is purely an effect of perspective: the shower meteors are
travelling through space in parallel paths.

The meteors of tonight’s shower radiate from a point in the
constellation of Bodtes, the Herdsman, not far from the
Plough; they are known as the Quadrantids because the stars
in this region were once grouped into a separate constella-
tion, Quadrans (the Quadrant) which has been deleted from
modern maps. The shower has a very short maximum,
though a few Quadrantids can sometimes be seen as early as
January 1 or as late as January 6.

The richness of a shower is measured by what is termed its
ZHR, or zenithal hourly rate. This is defined as being the
number of naked eye meteors which could be seen by an
observer under ideal conditions, with the radiant at the
zenith. In practice these conditions are never met, so that the
actual observed rate is always less than the theoretical ZHR:
all the same, it is a useful guide. The average ZHR of the
Quadrantids is about 60, and there may be blue meteors with
splendid trains; but because of the shortness of the
maximum, the observer has to be very much on the alert.
Peak activity lasts for only a few hours at most.

The Horse and his Rider

Look carefully at Mizar or Zeta Ursa Majoris, the second star
in the tail of the Great Bear (or, if you like, the handle of the



Plough). Close beside it is a much fainter star, Alcor, of the
fourth magnitude. Its angular separation from Mizar is over
700 seconds of arc, and it is very easy to see with the naked
eye whenever the sky is reasonably dark and clear.
Telescopically, Mizar itself is found to be double, with one
component decidedly brighter than the other. The separation
between the two is just over 14 seconds of arc; this is rather
beyond the range of binoculars, but even a small telescope
will give an excellent view. The Mizar-Alcor pair has often
been nicknamed ‘the Horse and his Rider’.

Double stars are of two types. With optical pairs there is no
genuine association; one star merely happens to lie in almost
the same direction as seen from Earth, so that its companion
appears well in the background. However, in most cases we
are dealing with physically associated or binary systems, with
the components moving round their common centre of
gravity much as the two bells of a dumbbell will do when
twisted by the arm joining them. Mizar is of this type. The
components are a long way apart - well over 30 000 million
miles - and the revolution period amounts to thousands of
years. Alcor is also a member of the group, but must be at
least a quarter of a light-year away from the main pair.

It is rather surprising to find that the Arabs of a thousand
years ago regarded Alcor as a difficult naked-eye object. There
is nothing difficult about it today, so that we have a minor
mystery on our hands. One suggested solution is that the star
referred to by the Arabs was not Alcor at all, but a much
fainter star (of the 8th magnitude) which lies between Alcor
and the main pair; it has no association with the group, and is
much further away. Apparently it was first seen in 1671 by an
astronomer named Georg Eimmart. It was reported again in
1723 by a German observer whose name has not been pre-
served, and who regarded it as new; he named it Sidus
Ludovicianum in honour of Ludwig V, Landgrave of Hesse.

If Ludwig’s star were brighter, it would indeed be a naked-
eye test, but the evidence is against its being variable, because
the group has been so consistently observed during the past
200 years that any fluctuations would have been noticed. So
the mystery remains, and we still do not know why the keen-
eyed Arabs regarded Alcor as so elusive. If the sky is clear
tonight, go out and look at it for yourself!

The Faintest Star in the Plough

Even a casual glance at the Plough shows that one of the
seven stars, Megrez or Delta Ursa Majoris, is much fainter
than the rest. Its magnitude is well below 3; all the others are
above 2.5.

The Observer’s Year

Future Points
of Interest

Around 3-4 January each
year the Earth is at its
closest to the Sun: 91.5
million miles, even though it
is winter in the northern
hemisphere. We are at our
greatest distance from the
Sun (94.5 million miles) in
June.

Future Points
of Interest

2007: Occultation of
Saturn, 19 h, N. Europe.
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Future Points
of Interest

Magnitude 6.2.

2007: Occultation of
Regulus, 6 h, NE Europe

Occultation of Antares,

20 h, N. Pacific.

2006: Opposition of Vesta.

)

Magnitude, as we have seen, is a measure of a star’s appar-
ent brightness (nothing directly to do with its real luminosity,
because the stars are at different distances from us - a star
may be brilliant either because it is relatively close, or because
it is intrinsically very luminous). The brightest star in the sky,
Sirius, is of magnitude -1.5; the faintest stars normally visible
with the naked eye are of magnitude +6, while electronic
equipment used with giant telescopes can delve down to +30.
Conventionally, the 21 brightest stars are classed as being of
the first magnitude. On the same scale, the magnitude of the
Sun is about -27, and the full moon about -12.7.

The naked eye can easily detect a difference of one-tenth of
a magnitude, and the relative faintness of Megrez compared
with the other Plough stars is very striking. Yet in some of the
old catalogues, Megrez was given as equal to the rest. Can
there have been any real change?

Almost certainly the answer is ‘no’. Megrez is a normal
star, and appears to be absolutely stable, so that it is not
likely to show any permanent or secular change over an
immense period of time. Of course, many variable stars are
known, but Megrez is not one of them. It is never wise to
place too much reliance on old naked-eye estimates, though
in the case of Megrez it seems more probable that we are
dealing with an error in interpretation rather than sheer
observation.

The Little Bear - and the
Guardians of the Pole

Once you have found the Great Bear and the Pole Star, it is
easy to trace the outline of the Little Bear, Ursa Minor. In
form it is not unlike a very faint and distorted version of the
Plough; the pattern curves from Polaris in the general direc-
tion of Mizar and Alkaid.

The seven ‘Little Bear’ stars are:

The Little Bear

Greek letter ~ Name Magnitude Luminosity ~ Distance
(Sun=1) (light-years)
a Alpha Polaris 2.0 6000 680
B Beta Kocab 2.1 110 95
v Gamma Pherkad
Maijor 3.0 230 225
5 Delta Yildun 4.4 28 143
€ Epsilon - 4.2 65 200
{ Zeta Alifa 4.3 16 108

7 Eta Alasco 4.9 8 90
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I have given the old proper names, but apart from Polaris
and, occasionally, Kocab they are almost never used. No stars
are named today. There are various unscrupulous agencies
which claim to be able to name stars (on payment of a sum of
money, of course!), but these agencies are completely bogus,
and the names they give are not recognized anywhere.
Unfortunately, many people have been taken in, and it is not
too strong to say that these schemes are nothing more than
confidence tricks.

Polaris is very slightly variable, but its fluctuations amount
to less than a tenth of a magnitude, and are too small to be
detected with the naked eye. Telescopically it is seen to have a
9th-magnitude companion, at an angular separation of over
18 seconds of arc; a three-inch refractor shows it easily, but it
is well beyond the range of binoculars.

Beta and Gamma are known popularly as the Guardians of
the Pole. Beta is notable because of its colour; with the naked
eye it is seen to be somewhat orange in hue, and binoculars
bring out the colour very clearly. This means that its surface
is decidedly cooler than that of our yellow Sun, though it is
much larger and more luminous.

Apart from Polaris and the Guardians, the stars of the
‘Little Plough’ are so dim that mist or strong moonlight will
hide them completely. There is nothing else of immediate
interest in Ursa Minor.
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As we have seen, there is no bright south pole star, and
neither are there any ‘Guardian’. The nearest reasonably
bright star to the south polar point is Beta Hydri, in the con-
stellation of the Little Snake; it is of magnitude 2.8, but is
more than a dozen degrees from the actual pole.

The Legend of the Bears

It has been said that the night sky is a vast picture-book. The
constellation patterns which we use are basically those of the
Greeks; if we had followed, say, the Chinese or the Egyptian
systems our maps would look very different, though of
course the stars themselves would be exactly the same. The
names are quite arbitrary, and few of the constellations have
the slightest resemblance to the objects they are meant to
represent — which is one of many reasons why the pseudo-
science of astrology is such rubbish.

Ptolemy, last of the great astronomers of Classical times,
listed 48 constellations, and all of these are still in use, though
in most cases with altered boundaries.

Many of Ptolemy’s groups are mythological, and have
legends attached to them. One of these concerns the two
Bears. It was said that Callisto, daughter of King Lycaon of
Arcadia, was very beautiful - indeed, even lovelier than Juno,
the queen of Olympus. Juno was so jealous that she ill-
naturedly changed Callisto into a bear. Years later Arcas,
Callisto’s son, was out hunting and came across the bear.
Naturally he had no idea that it was his long-lost mother, and
was about to shoot when Jupiter, the king of the gods, inter-
vened. He changed Arcas into a bear also, snatched up both
animals by their tails and swung them up, to the safety of the
sky, where they still live. That is why both the Bears have tails
of decidedly un-ursine length!

As we have noted, the stars in any particular constellation
are not genuinely associated with each other, and we are
dealing with nothing more significant than line-of-sight
effects. Still, the old stories are attractive, and are always
worth retelling.

If we had followed the Egyptian system, there would be no
Bears in the sky. However, we would at least have a Crocodile
and a Hippopotamus!



Lunokhod 2 on the Moon

The Soviet vehicle Luna 21 was launched Moonward on
8 January 1973. It was an ambitious mission, it carried a
rover, Lunokhod 2, designed to move around taking pictures
and sending back data. It was not the first such experiment.
Lunokhod 1 had been sent to the Moon on Luna 17, on
10 November 1970, and had been a great success, returning
over 20,000 images from the lunar surface.

Lunokhod 2 was similar. The target point was latitude
24°N, longitude 30.5° W, near the ruined crater Le Monnier,
which has lost its seaward wall and is really a bay. The
Moonward journey was uneventful, and Lunokhod 2 landed
as planned. It began functioning at once, and all in all
returned 80,000 pictures, it travelled 6 miles, and the pictures
were of remarkably good quality. It was a distinct surprise
when, on 3 June, the Soviet authorities announced that the
experiment was at an end. It may well be that faults had
developed, but at that time the Russians did not give out
much information.

Lunokhod 2 is still standing quite happily upon the Moon.
We know exactly where it is, and there it will stay until future
astronauts collect it and remove it to a lunar museum - as
will certainly happen eventually. It is a vital part of the
history of lunar exploration, and, moreover, it paved the way
for later rovers, of which the latest (2004) are Spirit and
Opportunity, moving around on the surface of Mars. So do
not forget Lunokhod 2, that pioneer vehicle of more than
30 years ago.

Colours of the Stars

It is very easy to see the difference in colour between the two
Pointers to the Pole Star, Merak and Dubhe; Merak is pure
white, Dubhe decidedly orange. As we have seen, differences
in colour indicate differences in surface temperature, so that
Dubhe is cooler than our yellow Sun, while the Sun is cooler
than Merak. This brings us on to that vital tool of astronomi-
cal research: the spectroscope. Just as a telescope collects
light, so a spectroscope splits it up.

Light is not so simple as it might appear; for example a
beam of sunlight is a mixture of all the colours of the
rainbow. Moreover, light is a wave motion, and the colour of
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Spectral Classification

Type Colour

W Bluish-white
(@) Bluish-white
B Bluish

A White

F Yellowish
G Yellow

K Orange

M Orange-red
R Reddish

N Reddish

S Reddish

Future Points
of Interest

Occultation of Spica, 19 h,
S. Indian Ocean.

2008: Occultation of
Neptune, 2 h, S. Australia,
New Zealand.

2010: Occultation of
Antares, 13 h, N. Atlantic.

O

Surface temperature (°C) Examples

Up to 80 000 Zela Puppis (rare)

40 000-35 000 Regor (rare)

25 000-12 000 Rigel, Alkaid

10 000-8000 Merak, Vega
7500-6000 Polaris, Procyon
6000-5000 The Sun, Capella
5000-3400 Arcturus, Aldebaran
3400-3000 Betelgeux, Antares
2600 V Acrietis
2500 R Leporis
2600 Chi Cygni

the light depends upon its wavelength - that is to say, the dis-
tance between two successive wave-crests. For visible light,
red has the longest wavelength and violet the shortest, with
orange, yellow, green and blue coming in between.

Pass a beam of sunlight through a glass prism, and it will
be split up; there will be a rainbow band, from red at the
long-wave end through to violet at the short-wave end. This
band will be crossed by dark lines, each one of which is the
trademark of one particular substance. For instance, there
are two dark lines in the yellow part of the band which are
due to sodium (one of the main elements in common salt)
and cannot be reproduced by anything else; therefore, we can
tell that there is sodium in the Sun.

The Sun is an ordinary star, and all the stars produce
spectra, but they are not all alike - and again everything
depends upon their surface temperatures. Conventionally,
the stars are divided into certain definite types, each denoted
by a letter of the alphabet. These spectral types are shown in
the table above.

Most of the stars are contained in the sequence from B to
M. Each type is divided into subdivisions, from 0 to 9; thus
Polaris is of type F8 - three-quarters of the way from F to G.

Phases of the Inferior Planets

By mid-January there has been a definite change in the sky
since the start of the year. At the same time in the evening,
northern observers will see that the Great Bear is a little
higher and the Square of Pegasus a little lower, while to
southern observers the Cross will have gained in altitude. Of
course, the positions of any visible planets will have shifted
against the starry background.



Mercury and Venus have their own way of behaving. They
are known as the Inferior Planets, not because of any reduced
status but because they are the only planets in the Solar
System which are closer to the Sun than we are.

The diagram shows the orbits of Venus and the Earth - not
to scale, but for our present purpose this does not matter. In
position 1, Venus is more or less between the Earth and the
Sun; its dark side faces us, so that it is ‘new’, and we cannot
see it. As it moves along it will appear in the morning sky, in
the east before dawn, and will be a crescent, increasing until
it reaches position 2, when it will be the shape of a half-moon;
this is termed western elongation, and the actual time of half-
phase is termed dichotomy. It then becomes three-quarters
in phase (gibbous); by the time it reaches position 3 it is full,
though it is then on the far side of the Sun and is to all intents
and purposes out of view. It then reappears as a gibbous
object in the western sky after sunset, reaching half-phase
(eastern elongation) at position 3, and then a narrowing cres-
cent until it returns to new at position 1.

The phases of Venus are detectable with binoculars, or
with any telescope; very keen-sighted people can see the cres-
cent form with the naked eye.

Mercury behaves in the same way, but is much less obtru-
sive, and the phases are well beyond the range of binoculars.
A telescope of fair size is needed to show them really well.

Venus is almost as large as the Earth, and is surrounded by
a dense atmosphere which reflects sunlight well, so that it is
very brilliant; at its best it can cast a strong shadow. Mercury,
on the other hand, is never prominent, and remains inconve-
niently close to the Sun, so that there are many people who
have never seen it at all.
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Orion, the Hunter

a
Betelgeux “

ORION j'g
O

Nebula

*" Rigel
B

Up to now we have concentrated upon stars which are in the
far north of the sky, and are therefore inaccessible from the
far south. Let us now turn to Orion, which is arguably the
most magnificent constellation in the entire sky. It is at its
best in January, and it is visible from anywhere on Earth
because the celestial equator passes through it. To British
observers, Orion is high in the south after dark; from
Australia, New Zealand or South Africa it is high in the north.

There are seven bright stars, of which two, Rigel and
Betelgeux, are among the most brilliant stars in the sky. The
leaders are shown in the table below.

The two leaders are very different. Rigel is (usually) consid-
erably the brighter of the two, though it is lettered Beta rather
than Alpha; it is bluish-white, and is a true cosmic search-
light. Betelgeux is orange-red, and though it is cooler than
Rigel it makes up for this by its size - its diameter is of the
order of 250 000 000 miles, so that it could swallow up the
entire path of the Earth round the Sun. It is decidedly vari-

Orion
Greek letter Name Magnitude Luminosity Distance Spectrum
(Sun=1) (light-years)

a Alpha Betelgeux 0.4, variable 15 000 310 M2
B Beta Rigel 0.1 60 000 910 B8

v Gamma Bellatrix 1.6 2200 360 B2

& Delta Mintaka 2.2 22 000 2350 09.5
€ Epsilon Alnilam 1.7 23 000 1200 BO

{ Zeta Alnitak 1.8 19 000 1100 09.5
x Kappa Saiph 2.1 49 000 2100 BO.5
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able, and though it can sometimes almost match Rigel it is
usually several tenths of a magnitude fainter.

Alnilam, Alnitak and Mintaka make up the Hunter’s Belt.
All are bluish-white; it is interesting to compare Alnilam with
Alnitak - Alnilam is perceptibly the brighter of the two,
though the difference is only one-tenth of a magnitude.
Below the Belt (as seen from northern latitudes) is the misty
Sword, marked by the Great Nebula, about which I will have
much more to say later.

The celestial equator passes close to Mintaka, thereby
more or less cutting the Hunter in half. As seen from the
Earth’s equator (for instance, from Singapore) Orion can at
times pass directly overhead.

aNUC Future Points
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orlon as a GUIde 2005: Opposition of
Saturn.
Because Orion is so conspicuous, and because it is so conve-

nient inasmuch as it can be seen from all parts of the Earth, it
is invaluable as a ‘sky guide’. This may therefore be the time

Capell
apetia @ Algol
.LEO »
® “ ° Castor Py Py
L]
. | Y Pleiades
Y Pollux yg§ .
Regulus Aldebaran
Betelgeux Diphda
! )
Procyon " ORION
Alphard ‘i Rigel
Sirius Betelgeux
' Bellatrix
‘ Mintaka
Alnnok‘ Aln llom
; ‘ Rigel
‘—gcnph
ORION




January 13

to do some serious star recognition, because Orion is so well
placed - and the stars become much more interesting when
you know which is which.

Let us begin with the sky as seen from northern-
hemisphere observers, with Orion high in the south.
Remember that because its stars are so bright, they can be
seen even in strong moonlight; they are far more brilliant
than those of the Plough.

Downward, the three stars of the Belt show the way to
Sirius in Canis Major (the Great Dog), which is much the
brightest of all the stars even though it cannot compete with
Venus, Jupiter, or Mars at its best. It stands out at once; its
magnitude is - 1.5, which means that it is more than 1.5 mag-
nitudes brighter than Rigel (though as so often in astronomy,
appearances are deceptive; Sirius owes its eminence to the
fact that at a mere 8.6 light-years, it is one of the very nearest
of all our stellar neighbours). In the opposite direction -
upward - the Belt shows the way to Aldebaran in Taurus
(the Bull), of magnitude 0.8; Aldebaran, like Betelgeux, is
orange-red, though it is not nearly so large or so powerful.
Continue the line from the Belt through Aldebaran, and you
will come to the lovely star-cluster of the Pleiades or Seven
Sisters, which looks at first sight like a misty glow, though
more careful inspection shows that it is made up of stars.

Next, take a line from Bellatrix through Betelgeux and
curve it slightly; it will lead to Procyon in Canis Minor (the
Little Dog), which is of magnitude 0.4. Procyon is white, and
like Sirius is a relatively near neighbour; its distance from us
is 11.4 light-years.

A line from Rigel through Betelgeux, and extended, will
reach Castor and Pollux, the Heavenly Twins, which are close
together; Pollux (magnitude 1.1) is appreciably brighter than
Castor (1.6), and is orange, while Castor is white.

Almost overhead during winter evenings is the very bril-
liant Capella, in Auriga (the Charioteer); its magnitude is 0.1,
and it is only marginally brighter than Rigel but as seen from
Britain it is far more prominent simply because it is higher
up. It is yellow, like the Sun; close beside it is a small triangle
of stars, known collectively as the Hedi or Kids - two
members of which are very remarkable objects, as we will see
later. Capella is one of only two first-magnitude stars which
can reach the zenith as seen from Britain; Vega is the other.

From the southern hemisphere the patterns of the stars are
the same, but now the Belt points upward to Sirius and
downward to Aldebaran, while Capella is always very low;
from the southernmost part of New Zealand it does not rise
at all. However, the brilliant Canopus, inferior in brilliance
only to Sirius, is not far from the overhead point. Finally,
take note of the Milky Way, which can be seen from either
hemisphere and which runs across the sky from one horizon
to the other. City-dwellers, alas, will not see it, because it is so
overpowered by artificial lights, but when the sky is dark the
Milky Way is truly magnificent.



The Legend of Orion

Since Orion is one of Ptolemy’s original 48 constellations, it is
only natural that there should be a legend about it. In fact
there are several, and in each version Orion is represented as
a great hunter.

Orion’s skill could not be doubted, but he was also a
boaster, and it was his claim that no creature on the face of
the Earth was a match for him. This offended the Olympian
gods, who decided to make an example of him. Certainly he
could deal with animals - but what about insects? So a scor-
pion crawled out of the ground, stung Orion in the heel and
killed him.

However, the gods could at times be merciful, and it was so
on this occasion. Orion was brought back to life and swung
up into the sky, where he still shines down in all his glory. It
was perhaps fitting that the scorpion too should be elevated
to celestial rank - and this was done, but the scorpion was
placed so far from Orion that the two can never meet again;
from Britain, Orion and the scorpion can never be above the
horizon at the same time.

Of course we must always remember that the main stars of
Orion have no genuine connection with each other. According
to the Cambridge catalogue, Betelgeux is just over 300 light-
years from us, Rigel just over 900. It is true that other cata-
logues give rather different values, and place Betelgeux at over
500 light-years, but in any case it is clear that Rigel is just as
far away from Betelgeux as we are. If we ware observing from
a different vantage point in the Galaxy, Rigel and Betelgeux
could well be on opposite sides of the sky.

The Orion stars are so remote that their individual or
‘proper’ motions are very slight (see 21 August) but the
pattern will not persist indefinitely, and neither would it have
been recognizable a million years ago. At that time the
brightest star in the entire sky was Saiph, shining with a bril-
liancy greater than that of Venus today - and it would have
been in the far north, whereas now it lies well south of the
celestial equator.

Betelgeux

Betelgeux may not be the most brilliant star in Orion, but it is
certainly the most beautiful. Its orange-red colour is striking
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even with the naked eye, and is well brought out with binocu-
lars. The nineteenth-century astronomer William Lassell
called it ‘a most beautiful and brilliant gem. Singularly beau-
tiful in colour, a rich topaz, in hue and brilliancy, different
from any other star I have seen’.

It ranks as a supergiant star, but in spite of its immense
size it is not so massive as might be thought, and is no more
than around 15 times as massive as the Sun. This means that
it is relatively rarefied, at least in its outer layers, and in fact
large stars are always less dense than smaller ones. If you
could put a stellar giant and a stellar dwarf on opposite sides
of a vast pair of scales, it would be rather like balancing a lead
pellet against a meringue!

It used to be thought that Betelgeux must be a very young
star, but this is now known to be wrong. It is well advanced in
its evolution, and qualifies as a stellar OAP. It has used up its
original store of ‘fuel’, and is drawing on its reserves. It is also
unstable; it swells and shrinks, changing its output of radia-
tion as it does so. The variations are slow, but they are notice-
able enough, and there is even a very rough period of the
order of 53 years. At its best, Betelgeux can match Rigel or
Capella; at its best, it is comparable with Aldebaran. Usually
it is more or less equal to Procyon.

To estimate the magnitude of a variable star, the method
is to compare it with other stars which do not fluctuate.
Unfortunately, Betelgeux is an awkward star to estimate
with naked-eye methods, because it has to be compared with
another star which is not too unequal to it, and the only
useful comparisons are Capella (magnitude 0.1), Rigel (also
0.1), Procyon (0.4) and Aldebaran (0.8). We have to allow
for the effects of what is termed extinction. The light from a
star which is low over the horizon will have to pass through
a thick layer of the Earth’s air, and will be weakened; the
effect is very marked, as can be seen from the following
table:

Extinction
Altitude (degrees) Extinction (magnitudes)
1 3
2 2.5
4 2
10 1
17 0.5
20 0.3
43 0.1

Above 43°, extinction can safely be neglected.

For Betelgeux, it is not easy to find a comparison star at
equal altitude; from Britain, for example, Betelgeux is always
higher up than Rigel, while from Australia it is always lower
down. However, with a little practice it is possible to make
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reliable estimates, and it is always interesting to keep track of
Betelgeux as it slowly brightens and fades.

Many red supergiants are similarly variable; I will have
more to say about them later. Betelgeux is the brightest of
them, because it is the closest star of its type.

Rigel

We have looked at the Giant’s Shoulder. Now let us turn to
his Foot, marked by the brilliant Rigel. This name too is
Arabic, and comes from ‘Rijl Jauzah al Yusra, which has been
translated as ‘the Left Leg of the Giant’.

Rigel is only the seventh apparently brightest star in the
sky, but in sheer power it far outstrips most of its rivals, and
is matched only by Canopus. However, it is very remote -
just over 900 light-years away according to the Cambridge
catalogue. Of course this value is bound to be uncertain to
some extent, but it is certainly of the right order, in which
case Rigel must be some 60 000 times more luminous than
the Sun.

Rigel is pure white, with a surface temperature of about
10 000 °C. The temperature near the centre of its globe is
very high indeed, and may soar to around 100 million
degrees, so that Rigel is a very energetic star. Its life
expectancy is much less than that of the Sun, because it is
pouring out radiation at such a furious pace that in its
present condition it cannot survive for more than a few
million years at most, whereas it will be several thousands
of millions of years before anything dramatic happens to
our relatively mild Sun.

Rigel is not alone in space. It has a dim companion, of just
above the 7th magnitude which would be an easy binocular
object were it not so overpowered by the glare of its primary.
The angular separation between the two is 9.5 seconds of arc.
The two are genuinely associated, so that we are not dealing
with a mere line-of-sight effect, but the real separation is
thousands of times greater than the distance between the Sun
and the Earth. A modest telescope (say a three-inch refractor)
will show the companion easily; insignificant though it may
look, it is well over 100 times as luminous as the Sun. It is
actually a very close double.

Rigel is a true celestial searchlight - so powerful that it is
able to illuminate clouds of gas and dust in space which are
many hundreds of light-years away from it. It is not the sort
of star which would be expected to be the centre of a plane-
tary system but if such a planet did exist its inhabitants
would indeed have a truly glorious sun.
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Comets

This is an ‘anniversary day’ - or, rather, night; in 1786 the
French astronomer Pierre Méchain used a small telescope to
discover one of the most famous of all comets. Let us, there-
fore, content ourselves for the moment by saying something
about comets in general.

A comet is a member of the Solar System, but it is not a
solid body similar to a planet. It consists mainly of a piece of
ice, mixed with ‘rubble’, only a few miles across. When it is a
long way from the Sun it is inert, but when it nears the Sun,
and is warmed and the ices begin to evaporate; the comet
produces a ‘head’ or coma of gas and dust, and very often a
tail or tails stretching away from the Sun.

The planets move round the Sun in orbits which are not
very different from circles (Pluto is an exception, but, as we
will see, it is quite different from all the other planets of the
Solar System, and seems to be in a class of its own). Not so
with comets. In general their orbits are very elliptical, and
they have revolution periods ranging from a few years up to
millions of years. Of course, comets of very long period
cannot be predicted, and are always apt to take us by surprise;
they are seen only once over many lifetimes - thus Comet
Hyakutake, which made such a brave showing for some weeks
during 1996, will not be back again for around 15 000 years.
The even brighter Comet Hale-Bopp of 1997 was last in the
inner Solar System about 4000 years ago. However, there are
also many comets of short period which return regularly.

Hare in the Sky

Orion, so the legend tells us, was particularly fond of hunting
hares, and so it seems appropriate that a hare - Lepus -
should be placed next to him in the sky. The little animal lies
below the Hunter’s feet as seen from the northern hemi-
sphere; to southerners, of course, Lepus is higher than Orion.

It is not bright, but it is easy enough to identify. Its bright-
est stars are shown in the table overleaf.

Binoculars will show that Epsilon is decidedly orange in
hue. If you have a telescope look at Gammaj; you will find that
it is double. The secondary star is of the sixth magnitude, and
the separation is over 96 seconds of arc, so that this is a very
easy pair.



Lepus
Greek letter Name Magnitude Luminosity
(Sun=1)
a Alpha Arneb 2.6 7.500
B Beta Nihol 2.8 600
y Gamma - 3.6 2
5 Delta - 3.8 58
€ Epsilon - 3.2 10
! Zeta - 3.5 17
7 Eta - 3.7 17
nMu - 3.3 180

Still with a telescope, follow a line from Alpha through
Beta, and extend it until you come to the next reasonably
bright star, which has no Greek letter and is known simply as
41 Leporis; its magnitude is 5.5. In the same telescopic field
with it is a misty patch which proves to be what is termed a
globular cluster - a spherical system of stars, perhaps a
million in all; it was discovered in 1780 by Pierre Méchain. A
small telescope will show it, and it is just within the range of
strong binoculars. It is very remote; we see it as it used to be
about 43 000 years ago.

In 1781 Charles Messier, Méchain’s friendly rival, drew up
a catalogue of over 100 star-clusters and nebule. The globu-
lar cluster in Lepus was No. 79 in his list, and we still refer to
it as M79.

Perhaps the most interesting object in the Hare is the vari-
able star R Leporis. Generally it is well below naked-eye visi-
bility, but when at its best it can be well seen with binoculars,
and it cannot be misidentified; its intensely red colour has led
to its being called the Crimson Star. The period (that is to
say, the interval between one maximum and the next) is
432 days, and the magnitude range is between 5.9 and 10.5, so
that the Crimson Star is always within the range of a three-
inch telescope. It is over 100 light-years away, and at least
500 times as luminous as the Sun.
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South of Lepus - below it as seen from the northern hemi-
sphere, above it from the southern - is another small constel-
lation, Columba, the Dove. Adjoining it is Celum, the
Graving Tool, which has no bright star, contains nothing of
interest and is clearly unnecessary.

Columba is marked by an irregular line of stars, of which
the brightest are Alpha (magnitude 2.6) and Beta (3.1). Well
south of this line is Eta Columbaee, of magnitude 4.0, which
never rises at all as seen from the British Isles. Its declination
is 43° S, or —-43°.

On Earth, the position of any particular point is given by its
latitude and longitude. Latitude is the angular distance from
the equator, reckoned from the centre of the globe; thus
London is at approximately latitude +52° N, Athens +38°,
Alexandria in Egypt +31°, Johannesburg in South Africa -28°,
and so on; Singapore, at +1°, is practically on the equator.
The latitude of the north pole is +90°, and of the south pole
(where an observatory is now being built) -90°.

In the sky, the equivalent of latitude is declination, defined
as the angular distance of the star (or other object) from the
celestial equator. Thus Betelgeux is at declination +7° (in
round numbers; actually it is +7° 24), Rigel -8°, Mizar in the
Plough +55°, and so on. If Polaris were exactly at the north
pole its declination would be +90°; actually it is +89° 16". The
altitude of the celestial pole is always the same as the latitude
of the observer on the surface of the Earth, so that from
London the pole will be 52° above the horizon; from
Singapore it is virtually on the horizon, and from southern
latitudes it is invisible, though of course the south celestial
pole can be measured in the same way.

Next let us consider what is termed co-latitude, which is
defined as the observer’s latitude subtracted from 90°; thus



for London the co-latitude will be 38° (since 90-52 = 38). Any
star whose declination is north of +38° will be circumpolar,
and will never set; any star south of declination -38° will
never rise. Thus Mizar is circumpolar from London, but
Betelgeux is not.

The brightest star in Columba, Alpha, is at declination
-34°. This means that it can be seen from London, though it
will always be very low. But Eta Columbsze, -43°, is below the
38° limit, and is permanently out of view.

Well south of Columba is the brilliant Canopus which,
apart from Sirius, is the brightest of all the stars. During
January evenings it is very high up as seen from Australia or
South Africa, and from most of New Zealand it is circumpo-
lar, but as its declination is -53° it can never be seen from
London; it does not rise from anywhere north of latitude +37°
(since 90-53 = 37). It can be seen from Alexandria, but never
from Athens - and this was one of the earliest proofs that the
Earth is a globe, rather than being as flat as a pancake.

The Belt and the Sword

One of the most striking features of Orion is the Belt, made
up of three hot, bright stars - Delta (Mintaka), Epsilon
(Alnilam) and Zeta (Alnitak). All are many thousands of
times more powerful than the Sun, and all have surface tem-
peratures of the order of 20 000 °C. Alnilam is the brightest of
them (though it is less than one-tenth of a magnitude supe-
rior to Alnitak). Mintaka has a sixth-magnitude companion
at an angular separation of over 52 seconds of arc; the sec-
ondary star is beyond the range of binoculars, but is very
easy to see with a small telescope.

Extending away from the Belt is the Sword, which is visible
with the naked eye as a misty patch. This is the site of the
Great Nebula, M42 (No. 42 in Charles Messier’s catalogue),
the finest example of its type.

‘Nebula’ is Latin for ‘cloud’, and the Sword is indeed a
cloud in space, but it is not made up of water vapour; it con-
sists of very tenuous gas - mainly hydrogen - together with
‘dust’. It is over 1000 light-years away, and is well over 30
light-years in diameter. It is shining because of the hot stars
at its Earth-turned edge. There are four main stars in the
group, known officially as Theta Orionis but always nick-
named the Trapezium because of the way in which the four
are arranged. They can be well seen with a small telescope,
and there is nothing else quite like them in the sky.

The stars of the Trapezium are extremely hot, and their
radiation not only lights up the Nebula but makes the
nebular material send out a certain amount of light on its
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own account. A nebula of this sort is termed an ‘emission
nebula’ or H II region. With other nebule, illuminated
by stars which are less hot, the light is purely due to
reflection; such is the nebulosity in the star-cluster of the
Pleiades.

We cannot see through the Nebula, but we know that deep
inside it there are very powerful stars which are permanently
hidden from us. We also know that the Nebula is a stellar
nursery, inside which fresh stars are being created. More than
4500 million years ago, our own Sun was born inside a nebula
in just this way.

The gas making up the Nebula is incredibly thin, and is
many millions of times more rarefied than the air which you
and I are breathing. It has been calculated that if you could
take a one-inch ‘core sample’ right through the cloud, from
one side to the other, the total weight of the material col-
lected would be no more than enough to balance the weight
of a fifty-pence coin. Yet the Nebula is so large that the total
mass is very great indeed.

Many other gaseous nebula can be seen, but M42 is the
supreme example. In fact it is merely the brightest part of a
huge ‘molecular cloud’ which covers most of the constella-
tion. It is fascinating to observe - and, predictably, it is a
favourite target for astronomical photographers.

Features of the Moon

The Moon is gibbous on 21 January 2005, and the craters and
mountains are beautifully displayed. Many of the favourite
features, such as the Mare Crisium, are in sunlight, and the
rays from Tycho and Copernicus do not yet dominate the
scene and make some of the craters hard to identify.

A crater is best seen when not far from the terminator, or
boundary between the sun-lit and night hemispheres. At
such time, the crater walls will cast shadows on to the
sunken floor; a crater which is truly magnificent may
become obscure when the Sun is high above it. The rays are
surface deposits, with no vertical relief, so that they are
conspicuous near full phase, and do not appear under lower
illumination.

It takes time to learn one’s way around the Moon. The best
plan is to make a list of suitable formations, and then draw
them with a telescope under several different conditions of
illumination. You may be surprised at how greatly the
appearances alter.



Right Ascension

We have seen that the declination of Betelgeux is (in round
numbers) +7°, and that of Rigel -8°. Declination is the sky
equivalent of terrestrial latitude. But we also need an equiva-
lent of terrestrial longitude, and this is termed Right Ascension.

On Earth, the zero for longitude is the great circle on the
terrestrial globe which passes through both the poles and also
the Greenwich Observatory, in Outer London. Longitude is
the angular distance of the site either east or west of the
Greenwich meridian - thus the longitude of Athens is 24° E,
Tokyo 139° E, New York 74° W, and so on. The actual zero is
reckoned from one particular instrument at Greenwich,
known as the Airy Transit Instrument. Straddle the line, and
you will have one foot in the eastern hemisphere and the
other in the western.

We need a zero point for the celestial equivalent of longi-
tude, and fortunately there is one to hand. The Sun makes
one full circuit of the sky in a year, but it does not travel
along the celestial equator, because the Earth’s axis of rota-
tion is inclined to the perpendicular by an angle of 233°.
Therefore the apparent yearly path of the Sun against the
stars, termed the ecliptic, is inclined to the equator at the
same angle: 231°. Around March 21 each year (the date is not
quite constant, owing to the vagaries of our calendar) the Sun
crosses the equator, travelling from south to north; this point
is known as the Vernal Equinox, or First Point of Aries. (It is
not marked by any bright star, but used to lie in the constel-
lation of Aries, the Ram, hence the name.) Six months later,
around September 22, the Sun again crosses the equator, this
time moving from north to south; this is the autumn
equinox, or First Point of Libra.

It is the Vernal Equinox which is taken as the zero for right
ascension (RA), and the RA of any star or other object is
defined as the angular distance from this point. However, it is
generally given not in degrees, but in units of time. The
Vernal Equinox is bound to culminate - that is to say, reach
its highest point in the sky - once every 24 hours. The right
ascension of an object is given by the time which elapses
between the culmination of the Vernal Equinox, and the cul-
mination of the object. Betelgeux culminates 5 hours 55
minutes after the Vernal Equinox has done so; therefore the
RA of Betelgeux is 5 h 55 m.

The Vernal Equinox is no longer in Aries. The position of
the celestial equator shifts slowily, because of an effect known
as precession, and the Equinox has now moved into the adja-
cent constellation of Pisces (the Fishes), though we still use
the old name. The right ascensions and declinations of the
stars alter only very slowly from year to year, but those of our
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1962: Launch of Ranger 3
to the Moon. This was an
early American attempt,
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missed the Moon by 34 000
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were received.
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nearer neighbours, the members of the Solar System, are
changing all the time.

Clusters in Cassiopeia

Now let us return to the far-northern sky. The Great Bear is
still in the north-east, and can be used to find Cassiopeia,
which is also circumpolar as seen from Britain or the north-
ern United States. To locate it, simply prolong the line from
the Pointers through Polaris for about an equal distance on
the far side. Cassiopeia cannot be mistaken, because even
though its main stars are not particularly bright they make
up a well-marked W or M pattern. They are listed in the table
below.

The Milky Way runs through Cassiopeia, and the whole
area is very rich in faint stars, so that it is well worth sweep-
ing with binoculars. There are also several open or loose star-
clusters, and although they are below naked-eye range they
are easy to see with binoculars or a small telescope.

One of these is M52 (No. 52 in Charles Messier’s cata-
logue) which lies in line with Alpha and Beta. Its leading
stars are hot and white, so that by cosmical standards it is
fairly young. Also in the Messier list is M103, in the same
binocular field with Delta, but it is not particularly distinc-
tive, and it is not obvious why Messier considered it to be
worthy of inclusion.

More than a century after Messier, the Danish astronomer
J.L.E. Dreyer produced a much more extensive catalogue, the
NGC or New General Catalogue, including all Messier’s
objects and many more. In 1995 I published the Caldwell
Catalogue, which includes many of the bright objects omitted
by Messier, and there seems no reason why the C numbers
should not be used here.

Magnitude Luminosity Distance Spectrum
(Sun=1) (light-years)
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The cluster NGC 663 (C10) is easy to find, in the same low-
power binocular field with Delta and Epsilon. Of more inter-
est is NGC 457 (C13), which lies between Delta and the
fourth-magnitude Theta. Its distance seems to be of the order
0f 9000 light-years, and it is at least 30 light-years in diame-
ter; it contains several thousands of stars. On its south-east
edge is the star Phi Cassiopeize. If Phi is a genuine member of
the cluster (and there is a definite doubt about this), it must
be at least as powerful as Canopus. The cluster itself is an
easy binocular object, in the same low-power field with Delta.

Variable Stars in Cassiopeia

Of the five stars in the W of Cassiopeia, one (Gamma) is
definitely variable in light, and another (Alpha) probably is.
Gamma has never had an accepted proper name, though it
has sometimes been called Chi; but it is of special interest,
and has given its name to a whole class of variables.

Normally it is just below second magnitude, but at times it
can suffer outbursts which make it brighten appreciably. This
happened in 1936, and by April 1937 the magnitude had risen
to 1.6, much brighter than Polaris. It then declined, and by
1940 was below third magnitude. It then slowly recovered,
and for the past few decades the magnitude has hovered
around 2.2.

The spectrum is of type B, but is officially listed as ‘pecu-
liar’ because the rainbow band is crossed by some bright lines
as well as dark ones. What apparently happens is that during
an outburst the star throws off shells of material, fading back
to normal when the shell material dissipates. Other similar
stars are known, but Gamma Cassiopeiz is the brightest of
them.

Alpha, often still known by its proper name of Shedir, is of
type K, and binoculars show it to be decidedly orange. It has
long been suspected of slight variability. In official cata-
logues, its magnitude is given as constant at 2.2, but my own
estimates indicate that it fluctuates slightly by a few tenths of
a magnitude. Beta is a normal star which does not vary, and it
is always worth comparing Alpha, Beta and Gamma; usually
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Gamma is the brightest of the three, but not always. As they
are close together in the sky, there is no need to worry about
extinction.

Also of note is a much fainter star, Rho Cassiopeie, which
lies close to Beta, and is flanked to either side by Tau and
Sigma, each of magnitude 4.9. Usually Rho is of about the
fifth magnitude, but on rare, unpredictable occasions it can
fall below naked-eye visibility, remaining dim for several
months. This last happened in 2004, and a new minimum
may start at any time.

The interesting point about Rho is that nobody knows
quite what sort of variable it is; it does not seem to fit into
any ordinary class. It is very remote - at least 1500 light-years
away - and also highly luminous; it must be more than
100 000 times as powerful as the Sun. Compare it with Tau
and Sigma, and estimate its brightness. This is the sort of
observation which can usefully be made by amateurs; if Rho
starts to decline, this will probably be first noticed by an
amateur, and once minimum has started it will be carefully
studied by professional astronomers with their sophisticated
modern equipment.

Tycho’s Star

We have looked at several variable stars in Cassiopeia. Now
let us pause to say something about an extraordinary star
which you will certainly not see this evening - though for a
while in the year 1572 it was so brilliant that it could be seen
with the naked eye even in broad daylight. It flared up near
the star Kappa Cassiopeia, not far from the W. (Kappa is
itself very remote and at least 50 000 times more luminous
than the Sun, but there is nothing particularly notable about
it.)

On 11 November 1572 a young Danish astronomer, Tycho
Brahe, was taking a stroll when he looked up at Cassiopeia
and saw something which caught his eye at once. In his own
words:

In the evening, after sunset, when, according to my habit. I
was contemplating the stars in a clear sky, I noticed that a
new and unusual star, surpassing all others in brilliancy, was
shining almost directly above my head; and since I had,
almost from boyhood, known all the stars of the heavens per-
fectly (there is no great difficulty in attaining that knowledge),
it was quite evident to me that there had never before been
any star in that place in the sky, to say nothing of a star so
conspicuously bright as this. I was not ashamed to doubt the
trustworthiness of my own eyes. But when I observed that
others, too, having this place pointed out to them, could see
that there really was a star there, I had no further doubts. A
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miracle indeed, either the greatest of all that have occurred in
the whole range of nature since the beginning of the world, or
one certainly that is to be classed with those attested by the
Holy Oracles.

Naturally, Tycho had no real idea of the nature of the star.
It remained very prominent for months, but finally it
dropped below naked-eye visibility, and he could no longer
track it. We now know that it was a supernova - a tremen-
dous stellar outburst which resulted in the total destruction
of a dwarf star. Supernovze are of two distinct types, but we
are sure that this was a Type I, because its remnants can still
be identified in the form of wisps of gas and nebular material;
the remnant sends out radio emissions, and in fact this is
how it was first identified in modern times.

Supernove in our Galaxy are rare, and during the last
thousand years only four have been seen with certainty: the
stars of 1006, 1054, 1572 and 1604. However, supernova have
often been found in other galaxies, and to astronomers they
are of immense importance. When the next flare-up will
occur in our Galaxy we do not know; it may be many cen-
turies before we see anything to rival the magnificence of
Tycho’s Star.

Northern and Southern Lights

Aurore, or polar lights (Aurora Borealis in the northern
hemisphere, Aurora Australis in the southern) are due to
electrified particles sent out from ‘storms’ on the Sun. These
particles cross the 93 000 000 mile gap between the Sun and
the Earth, and enter our upper air, admittedly in a rather
roundabout fashion; the result is that the air begins to glow,
rather in the manner of a spark coil. Because the particles are
electrically charged, they tend to make for the Earth’s mag-
netic poles, which is why aurore are best seen from high lati-
tudes. Go to Tromseg in northern Norway, and you may
expect to see aurora on at least 240 nights per year, but the
frequency drops to only 25 nights per year in central
Scotland, and no more than one or two nights per year in
southern England - which is why the auroral display of 1938
caused such interest. From equatorial latitudes there are
almost no aurore to be seen, though it is claimed that one
display was detected from Singapore. Southern Lights are
fairly common in places such as the Falkland Islands and the
southernmost tip of New Zealand.

Aurorz may take many forms. There are glows, arcs, with
or without rays; bands, draperies and ‘curtains’. There are
often vivid colours to be seen, and quick movement.
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The heights of aurore vary, but in general maximum activ-
ity is thought to occur at around 68 miles above sea level.
Very low aurore have been reported now and then, but not
with any certainty. There have been reports of sounds associ-
ated with aurore, and even odours, but there is no proof; it
would be difficult to explain associated sounds, and it must
be said that smelly aurora appear even less plausible than
noisy aurore!

The frequency of aurorae depends upon what is happening
in the Sun. Every eleven years or so the Sun is at its most
energetic, with many of the dark patches known as sunspots,
and violent outbreaks which are termed flares; when the Sun
is in its quietest mood there may be no spots for many con-
secutive days. Solar minimum last fell in 1996-7, so that the
next maximum fell around the turn of the century - and the
new millennium was ushered in by a number of brilliant dis-
plays of Polar Lights.

King Cepheus

Of the important constellations of the far north, we have yet
to mention Cepheus, which lies more or less between
Cassiopeia and the Little Bear. It was one of Ptolemy’s origi-
nal 48 constellations. The leading stars are given in the table
below.

Cepheus is, of course, circumpolar. The north celestial pole
shifts very slowly in the sky, and it is interesting to note that
in a few thousand years’ time the pole star will be not our
present Polaris, but Gamma Cephei.

Cepheus is not hard to identify; you should have no
trouble in locating the rather distorted square formed by
Alpha, Beta, Iota and Zeta. Pay special attention to the neat
little triangle of Delta, Epsilon and Zeta. To astronomers,

Magnitude Luminosity Distance Spectrum
(Sun=1) (light-years)

2.4 14 46 A7
3.2 2200 750 B2
3.2 10 59 K1
3.5-4.4 var. 6000 var. 1340 F8
4.2 15 98 FO
3.3 5000 7000 K1
3.5 4.5 46 KO
3.5 82 130 K1
3.4-5.1 var. 53 000 1560 M2
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Delta Cephei is one of the most important stars in the sky; I
will say more about it tomorrow.

aNuc . Future Points
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Variable S'I'CII'S il“l CepheUS 2001: Eastern elongation
of Mercury.

Let us turn straight back to Delta Cephei, which, as we have
seen, makes up a small triangle with Epsilon (4.2) and Zeta
(3.3). Delta is a variable star, with a range of magnitudes from
3.5 to 4.4. It is not hard to estimate its brilliancy by comparing
it with Zeta and Epsilon; with a little practice the estimates
can be made accurate to at least a tenth of a magnitude.

The period of Delta Cephei is 5.37 days. This is absolutely
constant; the star is as regular as clockwork, so that we can
always predict how bright it will be at any particular moment.
It is one of many stars to behave in this way, and as it was the
first of its type to be identified (by John Goodricke, in 1783),
these variables are always known as Cepheids.

In 1912 a famous American astronomer, Henrietta Leavitt,
was studying photographs of Cepheids in a nearby galaxy, the
Small Cloud of Magellan, when she noticed something very
interesting indeed. The Cepheids with longer periods were
always brighter than those with shorter periods. To all intents
and purposes the stars in the Small Cloud could be said to be
at the same distance from us, just as for all practical purposes
it is good enough to say that Victoria and Charing Cross are
the same distance from New York. It followed that the
longer-period Cepheids really were the more powerful; there
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was a definite link between period and real luminosity. This
meant that once the period had been measured, the luminos-
ity could be found - and from this, the distance of the star.

It is difficult to overemphasize the importance of Miss
Leavitt’s discovery. Cepheids act as ‘standard candles’ in
space, and since they are very powerful giants they can be
seen over vast distances. Without them, we would be much
less confident about our measurements of distances of galax-
ies far beyond our own Milky Way.

But by no means are all variables as regular in behaviour as
Delta Cephei. One which is not is Mu Cephei, which can be
located some way from the centre of a line linking the ‘trian-
gle’ with Alpha. Mu is so intensely red that it has been nick-
named the Garnet Star; it fluctuates between magnitudes 3.4
and 5.1, but there is no well-marked period. Usually the mag-
nitude is comparable with that of the adjacent star Nu (4.3).
Mu Cephei is a red supergiant of the same type as Betelgeux
in Orion; it is actually much more luminous than Betelgeux,
but it is also much further away. Binoculars bring out the
colour beautifully; it has been said that Mu Cephei looks
rather like a glowing coal in the sky.

The Celestial Lizard

It is only too obvious that the constellation patterns which we
follow are chaotic. The various groups are wildly unequal in
both size and importance, and some of the smaller groups are
so obscure that it is hard to justify their separate existence.
We have already singled out some of these; Ceelum, the
Graving Tool, is a good example; for tonight’s ‘exercise’ I rec-
ommend looking back at the notes for 19 January and re-
identifying Ceelum. True, it contains nothing of immediate
interest, but it is always useful to know your way round the
entire sky. Recall the words of Tycho Brahe: ‘There is no
great difficulty in attaining that knowledge.’

Another very dim constellation is Lacerta, the Lizard. It was
created by Hevelius of Danzig in his star-maps of 1690, and has
survived till the present day. It adjoins Cepheus, and may be
found by using two of the stars in the famous triangle of Delta,
Epsilon and Zeta. A line from Zeta, passing through Epsilon
and prolonged, will come to the diamond pattern which marks
the main part of Lacerta. Only the two brightest stars in the
diamond have been given Greek letters: Alpha (magnitude 3.8)
and the rather orange Beta (4.4). The other two members of
the pattern are merely listed as 4 and 5 Lacerteae.

Lacerta is crossed by the Milky Way. It contains an open
cluster, NGC 7243 (C16) which makes up an equilateral



triangle with Alpha and Beta. However, it cannot be said to
be at all conspicuous, and there is nothing special about it. It
can be identified with binoculars, though not easily; a tele-
scope resolves it without difficulty.

Introduction to Eridanus

One of the the largest of all the constellations is Eridanus, the
River. It covers a total area of 1138 square degrees (as against
only 125 square degrees for Ceelum), and is immensely long.
It begins close to Rigel in Orion, and ends not far from the
south celestial polar region. This means that only part of it is
visible from British latitudes and its brightest star, Achernar,
is permanently out of view, though to observers in the south-
ern hemisphere it is very prominent in the south-west during
January. From New Zealand Achernar is circumpolar, and
from Australia and South Africa it sets only briefly. The
brightest stars in Eridanus accessible from Britain are Beta
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1910: Maximum brilliancy of the Daylight Comet. This was the most brilliant comet of the twentieth century. It
was discovered on 13 January by some diamond miners in South Africa, and soon become so bright that it
could be seen in broad daylight. On 15 January the well-known astronomer R.T.A. Innes had a fine view of it
when it was only 4.5° away from the Sun’s limb; it was described as a snowy-white object with a tail 1° long.
During January it moved into the evening sky, and was spectacular by any standards; on 30 January the tail
reached its maximum length - at least 30°. It reached perihelion on 17 January, at magnitude -4. It then faded,
and dropped below naked-eye visibility during the first week in February, but it was followed telescopically
until 15 July when the magnitude had fallen to 16.5. It has an elliptical orbit; as its period is around 4 000 000
years it will not be seen again in our time! It was much brighter than Halley’s Comet, which was at its best a
few weeks later, and it is fair to say that many people who claim to remember Halley’s Comet in 1910 actually
saw the Daylight Comet instead.
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1966: Launch of the
Russian probe Luna 9 to
the Moon. This was an
attempt to achieve a soft
landing, and obtain
pictures direct from the
lunar surface - which had
not been done before. The
mission was successful; on
3 February Luna 9 came
down in the Oceanus Pro-
cellarum, and excellent pic-
tures were obtained.
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(magnitude 2.8) and Gamma (2.9), both of which are well on
view at the moment.

Eridanus has been linked with the legend of Pheathon’s
ride. Pheethon was a boy with a mortal mother but an immor-
tal father - no less than Helios, the Sun-God. He persuaded
Helios to allow him to drive the Sun-chariot across the sky
for one day, but the results were disastrous; the white horses
pulling the chariot bolted, and as Phathon lost control the
chariot swooped down, setting the Earth on fire. Jupiter, king
of the gods, had no alternative but to strike the boy with a
thunderbolt, toppling him down to his death in the waters of
the river Eridanus.

This is one version. Others, however, identify the river with
either the Nile or the Po. At any rate it is easy to track in the
sky, though it contains few bright stars and only one -
Achernar - which is outstandingly brilliant. The declination
of Achernar is -57°, and that of Beta -5°, so that all in all
Eridanus sprawls over a total of more than 50°.

Lunar History

Since the Moon dominates the night sky for part of every
month, and this is an important ‘lunar anniversary’ day, it
seems logical to say something about it here.

Luna 9 was launched on 31 January 1966 and made a suc-
cessful soft landing on the Moon on the following 3 February:
latitude 7.1° N, 64° W, in the Oceanus Procellarum. Earlier
Russian attempts at soft landings had failed (Luna 5, May
1965; Luna 7, October 1965; Luna 8, December 1965).

There had been a theory, popular in America, according to
which the lunar maria were coated with deep, soft dust. One
astronomer, Thomas Gold, went so far as to say that any
lunar lander ‘would sink out of sight, together with all its
gear’. Luna 9 showed that this was wrong: the surface was
quite firm enough to bear the weight of a space craft.

Luna 9 sent back excellent images, and a great deal of mis-
cellaneous information. Contact was finally lost on 7 February,
but not before several vitally important points had been
cleared up. We now know a good deal about the past history
of the Moon.

Its age is virtually the same as that of the Earth: 4.6 thou-
sand million years. Initially it was so hot that the outer
layers became molten down to a depth of many miles; the
less dense materials separated out on to the surface, and
over the course of time produced a crust. Then, between
4400 and 4000 million years ago, came the Great
Bombardment, when meteorites rained down to produce the



oldest basins such as the Mare Tranquillitatis. The Imbrium
basin dates back around 3850 million years. As the Great
Bombardment ceased, there was widespread vulcanism, with
magma pouring out from below the crust and flooding the
basins to produce features such as the Mare Orientale. Craters
such as Plato, with dark floors, were also flooded at this time.
The lava flows ended rather suddenly, and since then the
Moon has seen little activity apart from the formation of occa-
sional impact craters such as Tycho and Copernicus. To all
intents and purposes the Moon looks the same now as it must
have looked almost a thousand million years ago.

The Observer’s Year
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The Northern Hemisphere in February
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The Southern Hemisphere in February
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The February Sky

As this is the start of the month, it will be useful to ‘look
round’ and see which stars are on view. Fortunately, in the
evening sky northern-hemisphere observers have both their
main guides, Ursa Major and Orion. Ursa Major is in the
north-east, with the Bear ‘standing on its tail’; the W
Cassiopeia is in the north-west, about the same distance from
the Pole Star. The Square of Pegasus is disappearing in the
west, and will not be well seen again until autumn. The bril-
liant yellow Capella is almost overhead — which means that
the equally brilliant Vega is very low over the northern
horizon, even though from the latitude of the British Isles it
never actually sets. Arcturus, actually the most brilliant star
in the northern hemisphere of the sky, is starting to appear in
the east. The Milky Way is beautifully displayed, running
from the southern horizon past Orion, Cassiopeia and
Capella down to the northern horizon.

Observers in southern latitudes - such as that of Australia
- also have Orion, with Betelgeux lower down than Rigel.
Canopus is near the zenith, with the Southern Cross in the
east. Of course there is no sign of Ursa Major, but Leo, the
Lion, is coming into view in the north-east. This is a good
time to look for the two Clouds of Magellan, about which I
will have much more to say later (24 February).

Oppositions of the Planets

When a planet reaches opposition - as Jupiter did on 2
February 2003 - it was exactly opposite to the Sun in the sky,
and is best placed for observation. (Obviously the inferior
planets, Mercury and Venus, can never come to opposition.)
The mean interval between successive oppositions is termed
the synodic period. The values for the various planets are:

Synodic Periods of the Planets

Planet Synodic period (days)
Mars 780
Jupiter 399
Saturn 378
Uranus 370
Neptune 368

Pluto 367

The Observer’s Year

Future Points
of Interest

2008: Occultation of
Antares, 18 h, Australia,
New Zealand.

Anniversary

1964: The US probe
Ranger 6 landed on the
Moon. It came down in the
Mare Tranquillitatis, but
owing to a TV failure no
images were received.

Future Points
of Interest

2007: Occultation of
Saturn, 24 h, Greenland,
NE Europe.
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Jupifey

2 Feb 2003

Jupiter

Earth 1 Jan 2002

1 Jan 2001

(Not to scale)

fa

Anniversary

1966: Luna 9 landed on the
Moon.

1967: Launch of Lunar on
Orbiter 3.

N

Future Points
of Interest

2007: Occultation of
Regulus, 15 h, Arctic.

The diagram shows the situation with regard to Jupiter. An
opposition fell on 1 January 2002. A year later, the Earth had
completed a full orbit, but Jupiter had not had time to do so:
its orbital period is nearly 12 years. It takes the Earth time to
‘catch it up’, and, on average, Jupiter comes to opposition
just over a month later each year: 1 January 2002, 2 February
2003, 4 March 2004, 3 April 2005, and so on. Between 2005
and 2010, Jupiter will be in the southern hemisphere of the
sky, reaching its greatest southern declination in 2008.

Touchdown in the Ocean of
Storms

On 3 February 1966, Luna 9 landed in the Oceanus
Procellarum and gave the first proof that the lunar surface is
pleasingly firm. The lunar maria are less crater-scarred than
the bright uplands, and there is no doubt that they were once
seas of molten lava. Some, such as the Mare Imbrium and the
Mare Serenitatis, are basically circular, whereas others are
much less well defined. The Oceanus Procellarum belongs to
the latter category: it is the largest of the maria and the only
one to be given the title of ‘ocean’: its area is greater than that



of the Mediterranean. It contains the brilliant crater
Aristarcbus and the ray-crater Kepler. It is connected with
the Mare Imbrium, the Mare Nubium, and the Sinus Raris.

Gemini

The constellation of Gemini (the Twins) adjoins Orion, and is
easy to locate, mainly because of the presence of its two
bright leaders, Castor and Pollux. It lies in the Zodiac, so that
it may contain planets; it is in fact the northernmost of the
Zodiacal constellations, and it is also one of the largest and
most conspicuous. The leading stars are listed in the table
overleaf.

Though there is a bare half-magnitude difference between
Pollux and Castor, Pollux is always included in the list of
‘first-magnitude stars’, while Castor is not. The reasons for
this distinction seem decidedly obscure!

Gemini is crossed by the Milky Way, and the whole area is
very rich, so that it is well worth sweeping with binoculars or
a wide-field telescope.
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Future Points
of Interest

2005: Occultation of
Antares, 5 h, Central and
E. Europe.
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February 5
Gemini
Greek letter Name
a Alpha Castor
B Beta Pollux
v Gamma Alhena
8 Delta Woasal
€ Epsilon Mebsuta
¢ Zeta Mekbuda
7 Eta Propus
6 Theta -
¢ lota -
k Kappa -
A Lambda -
w Mu Tejat
EXi Alzirr

Anniversary

1971: Landing of Apollo
14 on the Moon. The
astronauts (Alan Shepard
and E. Mitchell) came
down at latitude 3° 40”S,
longitude 17° 28’ W, near
the crater Fra Mauro. They
were the first to take a
‘lunar cart’ to the lunar
surface.

1974: Mariner 10 passed
Venus at 3600 miles, en
route for a rendezvous
with Mercury.

Mognitude Luminosity Distance Spectrum
[Sun=1] (light-years)
1.6 36 46 AO
1.1 60 36 KO
1.9 82 35 AO
3.5 14 59 F2
3. 5200 680 G8
3.7 max 5200 1400 GO
3.1 max 120 186 M3
3.6 82 166 A3
3.8 60 163 KO
3.6 58 147 G8
3.6 17 81 A3
2.9 120 230 M3
3.4 46 75 F5
Fra Mauro

Fra Mauro is the largest member of a group of craters in the
Mare Nubium (Sea of Clouds). It had been the target for the
unsuccessful Apollo 13 mission. Fra Mauro is 50 miles in
diameter, and has low, broken walls. Adjoining it is Bonpland
(36 miles across) which is in a rather better state of preserva-
tion; Parry (26 miles across) is more regular. These forma-
tions have common boundaries, and are crossed by various
rills. Further south is Guericke (33 miles across), with incom-
plete walls which are broken in the north and in places have
almost been levelled by the Mare lava.

Groups of walled formations are common enough on the
lunar maria; the overall distribution is not random. The low
walls of the members of the Fra Mauro group mean that they
become very obscure under high solar illumination.

The names given to them are of some interest. Fra Mauro
(?-1459) was a Venetian monk who is best remembered for
his excellent world map; Aimé Bonpland (1773-1858) was a
French physician, explorer and naturalist; Otto von
Guericke (1602-1686) was a German engineer and natural-
ist, and Sir William Edward Parry (1790-1855) was a British
explorer of the Arctic who once made a gallant if unsuc-
cessful attempt to reach the North Pole by boat and sled.



The Non-Ildentical Twins

Though Castor and Pollux lie side by side in the sky, there is
no genuine connection between them; Castor is a full ten
light-years further away from us. However, there is a famous
mythological legend about them. Castor and Pollux were twin
boys, but there was one important difference between them;
Pollux was immortal, while Castor was not. When Castor was
killed in battle, Pollux pleaded to be allowed to share his
immortality with his brother - so that both were transferred
to the sky.

They differ also in colour; Castor is white, and is a multiple
system, while Pollux is decidedly orange. The contrast
between them is obvious even with the naked eye, and binoc-
ulars bring it out very well. This means, of course, that of the
two Pollux has the cooler surface - a point about which I will
have more to say when discussing stellar spectra.

As we have seen, Pollux is the brighter by half a magnitude,
but there are suggestions that this may not always have been
so. Both were listed by Ptolemy, the last great astronomer of
Classical times, who rated them equal at magnitude 2. So did
the Arabs of a thousand years later, whose magnitude esti-
mates were in general very good. When Johann Bayer gave
the stars their Greek letters, in 1603, he made Castor Alpha
and Pollux Beta, while in 1700 John Flamsteed, the first
British Astronomer Royal, rated Castor as being of the first
magnitude and Pollux of the second. Since the early nine-
teenth century there has been no doubt about the superiority
of Pollux.

The rest of the constellation Gemini is made up of lines of
stars extending from Castor and Pollux in the general direc-
tion of Orion; Alhena or Gamma Geminorum, not very far
below first magnitude, lies between Pollux and Betelgeux.
There are several interesting telescopic objects in the constel-
lation, as well as two variables, Eta and Zeta, whose fluctua-
tions may be followed with the naked eye.

William Huggins and his
Spectroscopes
This is a memorable ‘anniversary day’. On 7 February 1824

William Huggins was born. He was never a professional
astronomer; he had to enter the family drapery business, and
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Anniversary

1824:  Birth of  Sir
William Huggins, the great
astronomical spectroscop-
ist. Huggins was a great
pioneer. He was knighted
in 1897, and served as
President of the Royal
Astronomical Society. He
lived until 1910.
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Anniversary

1936: The asteroid Adonis
passed Earth at a little
over a million miles. This
was one of the earliest-
observed NEA or Near-
Earth-Approach asteroids,
though its record has been
broken many times since.

Future Points
of Interest

2007: Eastern elongation
of Mercary.

2008: Annular eclipe of the
Sun, (04) visible from
Antarctica, S. Pacific.
Annularity lasts for 2 h
14s.

2008: Occultation of
Neptune, 11 h, S. and E.
Africa, India.

2010: Occultation of
Antares, 19 h, N. Pacific.

Anniversary

1992: The polar
probe Ulysses passed at
Jupiter at 235000 miles.
Jupiter’s powerful pull of
gravity was used to put
Ulysses into the required
orbit.

solar

it was only when he was able to retire from the firm, that he
was able to devote his whole time to astronomy.

He set up an observatory at Tulse Hill, in Outer London,
and concentrated on astronomical spectroscopy. As we have
noted, a spectroscope splits up light, and a normal star pro-
duces a rainbow band crossed by dark lines, each of which is
the trademark of some particular element or group of ele-
ments. Huggins found that the stars could be divided into
definite types according to their colours; a red star showed a
spectrum very different from that of a white star - so that, for
example, the orange Pollux has a spectrum which is easily
distinguished from that of a white star such as Castor. Similar
work was being carried out in Italy by the Jesuit astronomer
Angelo Secchi, and the stars were put into four distinct
classes (the more detailed Harvard classification system came
much later):

I White or bluish stars, with broad, dark spectral lines due
to hydrogen. Example: Sirius.

IT  Yellow stars; hydrogen lines less prominent, but more
evidence of lines due to metals. Examples: Capella, the
Sun.

III Orange stars, with complicated banded spectra.
Example: Betelgeux.

IV Red stars, with prominent lines due to carbon. All were
below magnitude 5, and many of them were found to be
variable. R. Cygni in the Swan is a good example.

What about the nebula? Some, such as the Great Nebula in
Andromeda, seemed to be made up of stars, but others, such
as the nebula in Orion’s Sword, looked more like patches of
gas. Huggins knew that he could find out. The spectrum of a
shining gas at low pressure does not yield a rainbow; instead,
it produces isolated bright lines. When Huggins examined
nebulz such as Orion’s Sword, he saw only bright lines — and
this proved that the nebula themselves were indeed gaseous.
On the other hand, the spectra of ‘starry nebule’ proved to be
made up of the combined spectra of many millions of stars.
We now know that they are galaxies in their own right, far
beyond the Milky Way.

The Castor Family

Look again at the Twins. With the naked eye, they seem like
normal stars — one orange, one pure white. But with a tele-
scope, things are different. Castor is seen to be double. Like
Mizar in the Great Bear, it is made up of two components,
one considerably brighter than the other; the magnitudes are
respectively 1.9 and 2.9.



Castor was the first binary system to be recognized as such.
In 1803 Sir William Herschel was busy trying to measure star
distances, using the parallax method, and one of his targets was
Castor. He did not succeed in measuring its distance (the first
success in this field came later, in 1838, with Bessel’s determi-
nation of the distance of the faint star 61 Cygni), but he did find
that the two Castors were moving round their common centre
of gravity. We now know that the orbital period is 420 years,
and that on average the real distance between the two is around
8000 million miles. A three-inch telescope will show them well;
the apparent separation is 2.5 seconds of arc.

This is only a beginning. Each component is again a close
binary - too close to be split with ordinary telescopes, so that
we have to use indirect methods. The brighter component
(Castor A) is made up of two stars, each about twice the
diameter of the Sun and rather over 4 000 000 miles apart;
they orbit each other in 9.2 days. The secondary component
(Castor B) has its two stars each about 1.5 times the diameter
of the Sun, with a separation of a little over 3 000 000 miles
and a period of 2.9 days. To complete the picture there is a
third member of the group, Castor C, orbiting the main com-
ponents in a period which may be as much as 10 000 years, at
a distance of 100 000 million miles. It too is a close binary;
each star is around 600 000 miles in diameter (as against
865 000 miles for our own Sun). Both components are dim
and red, and below the 9th magnitude, so that they are none
too easy to locate even with a telescope. Normal telescopes
will not show them separately; they are less than 2 000 000
miles apart, and their orbital period is a mere 19.5 hours.

Interestingly, the two components of C seem to eclipse each
other regularly as they move round their common centre of
gravity, so that the brightness as seen from Earth changes, and
Castor C has a variable star designation - YY Geminorum.

Castor, then, is a true stellar family, made up of six compo-
nents - four hot and white, two faint and red. Multiple stars
are by no means uncommon, but Castor is a particularly good
example. Certainly it is quite unlike its solitary orange ‘twin’.

Variable Stars in the Twins

Still with ‘this week’s constellation’, Gemini, we have two
more objects of interest. Both are variable stars, and both can
be studied with the naked eye.

The first is Eta Geminorum, still sometimes called by its
old name of Propus. It lies near Mu, which is a reddish
M-type star of magnitude 2.9. Eta, also of type M, is variable
over a magnitude range of from 3.1 to 3.9, so that it is never
quite as bright as Mu.

The Observer’s Year

Future Points
of Interest

2007: Opposition of

Saturn.
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Anniversary

1974: The Russian probe
Mars 4 missed Mars by
over 1200 miles. It had
been launched on 21 July
1973.

1990: The Galileo probe,
en route for Jupiter,
passed Venus at just under
10 000 miles, and returned
data.
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Eta is what is termed a semiregular variable, because it has
a rough period of 233 days - that is to say, there is an interval
of 233 days between one maximum and the next - it is never
predictable, and sometimes fluctuates quite erratically. In
any case, the variations are slow, and you will have to watch it
for a week at least before any definite change can be noticed.
Apart from Mu, useful comparison stars are Xi Geminorum
(magnitude 3.4) and Zeta Tauri (3.0).

The second variable is Zeta, which lies roughly between
Alhena and Pollux. Here the range is from magnitude 3.7 to
4.1. The star is a Cepheid variable (see the notes for January
28) so that we always know how it is going to behave. Useful
comparison stars are Delta (magnitude 3.5), Lambda (3.6).
Iota (3.8) and Upsilon (4.1).

Follow these stars from night to night, and it is possible to
draw up a light-curve. Variable stars are very common - it is
lucky for us that our Sun is so sober and stable.

Messier’s Catalogue - and M35

There is a great deal of interest in Gemini, which is still very
well placed for observation during evenings - even from
countries such as Australia and South Africa, where it is
never very high above the horizon. Tonight let us turn to a
cluster of stars, Messier 35 (M35 for short).

Charles Messier was a French astronomer who was inter-
ested mainly in hunting for comets. He kept on being
deceived by star-clusters and nebulz, and in the end he drew
up a list of them as ‘objects to avoid’. Ironically, we still use
Messier’s numbers, though few people remember the comets
which he discovered.

M35 lies in the ‘foot’ of Gemini, near Mu and the variable
Eta. The cluster is visible with the naked eye, though it is not
too easy to sort out from the Milky Way. Binoculars show
many stars in it, and a telescope reveals dozens; the total
membership amounts to several hundreds, and the true
diameter of the cluster is of the order of 30 light-years. It is
thought to be about 2850 light-years away from us. It is a
typical open or loose cluster, with no definite shape, butin a
telescope it is a magnificent sight.

In the same region there is another open cluster; it
was not listed by Messier, but is contained in the
‘New General Catalogue’ drawn up by J.L.E. Dreyer, so that
we know it as NGC 2129. It contains about 40 stars, and is
not a difficult telescopic object. Incidentally, Dreyer’s cata-
logue is no longer ‘new’; it was compiled more than a
century ago.



€

In 1995 I drew up the Caldwell Catalogue, listing 109 objects
which had not been listed by Messier; these C numbers now
seem to be coming into general use. (The ‘Caldwell’ comes
from my surname, which is actually Caldwell-Moore. I could
not use M numbers, for obvious reasons.)

The Eskimo Nebula

Before taking our leave of Gemini, let us try to locate a much
more elusive object - C39 (NGC 2392), the so-called Eskimo
Nebula. This time you will need a telescope of some size. The
nebula lies about midway between Kappa and Lambda
Geminorum, but its integrated magnitude is not much above
9, and 1 for one have never been able to see it in binoculars.
Telescopically it appears as a small fuzzy blur; photographs
taken with powerful instruments are needed to bring out its
details. It is sometimes called the Clown-Face Nebula, though
personally I prefer the more dignified Eskimo. It was discov-
ered by Sir William Herschel in 1787.

It is known as a planetary nebula, but the name is mis-
leading, since it has nothing whatsoever to do with a planet
and is not truly a nebula. It is a very old star which has
thrown off its outer layers; the star itself is of about the 10th
magnitude, and is very small (by stellar standards), very
dense and very hot. The distance from us is of the order of
3000 light-years.

It is something of a challenge; see if you can identify it! The
position is: RA 07 h 29 m, declination +20° 55.

Messengers to Venus

Yet another important anniversary falls today. On
12 February 1961 the first of all interplanetary space-craft
was launched: Venera 1. It was sent up by the Russians
from their rocket base at Baikonur, in what is now
Kazakhstan (then, of course, it was in the old USSR). It was
aimed at Venus.

Venus is the nearest of the planets; it can approach us to
within 24 000 000 miles, which is much closer than Mars can
ever be. However, we cannot simply wait until the two worlds
are closest together and then fire a rocket across the gap. This
would mean using fuel for the whole journey, and no vehicle
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Future Points
of Interest

2007: Occultation of
Antares, 22 h, S. Indian
Ocean, Antarctica.

Anniversary

1961: Launch of Venera
1, the first attempted
interplanetary mission.

Future Points
of Interest

2009: Western elongation
of Mercury.
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could possibly carry enough. What has to be done is to put
the space-craft into a path which makes it ‘coast’ inward
toward Venus without needing any extra power; this is what
is officially termed free fall - and of course the Earth itself is
in free fall around the Sun.

This is what the Russians did. Unfortunately, the mission
was not a success. Contact with Venera I was lost at a dis-
tance of 4 600 000 miles, and was never regained. It is likely
that the probe passed by Venus in mid-May 1961 at a dis-
tance of around 60 000 miles, but we will never know for
certain; presumably it is still orbiting the Sun, but we have no
hope of finding it again. It was not until the following year
that success came, with the fly-by of America’s Mariner 2,
which was launched on 27 August 1962 and passed Venus at
21 700 miles on the following 14 December. Since then there
have been many missions to Venus, but we must not forget
these pioneer efforts almost four decades ago.

Introducing the Milky Way

This is a good time of the year to start looking at the Milky
Way. Ideally, you need a moonless night, and the Moon will
not be obtrusive on 13 February in 2005, 2007, or 2009,
though it will be near full in 2006.

Whether you are observing from the north or south of the
Earth’s equator, the Milky Way runs right across the sky and
passes near the zenith or overhead point; it cuts through
Gemini, which has been our ‘constellation of the week’,
though it is at its brightest in Cygnus and Sagittarius, neither
of which are properly on view during evenings in February.
The Milky Way is made up of stars, and there are so many of
them, apparently so close together, that they may seem in
danger of colliding with each other.

This is not true; as so often in astronomy, appearances are
deceptive, and the Milky Way stars are not genuinely crowded
together. We are dealing with a line-of-sight effect. The Galaxy
is a flattened systen, and the Sun, with the Earth and the other
planets, lies near the main plane - so that when we look along
the main ‘thickness’, we see many stars almost one behind the
other. This is what causes the Milky Way effect. The whole
system is perhaps 100 000 light-years across, and the Sun is
rather less than 30 000 light-years from the centre, which is
beyond the lovely star-clouds in Sagittarius.

If it could be seen from ‘above’ or ‘below’, the Galaxy
would show spiral arms, like a Catherine-wheel. The Sun lies
near the edge of one of the arms.



The Solar Cycle - and Solar
Max

So far we have said virtually nothing about the Sun, so it is
time to turn to the daytime sky. The Sun may be a junior
member of the Galaxy, but to us it is all-important.

The Sun is very large compared with the Earth; its diame-
ter is 865 000 miles, and its huge globe could contain more
than a million Earths. It is shining not because it is burning
in the manner of a coal fire, but because of nuclear reactions
going on deep inside it; as with other stars of its type, the
main ‘fuel’ is hydrogen.

The Sun shows a more or less regular cycle of activity.
Every eleven years it is energetic, with many sunspots and
flares; it then dies down, until at minimum there may be
many successive days with no spots at all (as happened, for
instance, in April and May 1997), after which activity builds
up once more. It would be idle to pretend that we yet have a
full understanding of this cycle, and it was to gain extra infor-
mation that the Solar Maximum Mission (‘Solar Max’) was
launched in 1980. The Sun had been at minimum activity in
1976, so that the next maximum was due, and SMM was pro-
grammed to take full advantage of it. In the event there were
serious operational problems, but a rescue mission by Shuttle
astronauts put matters right, and Solar Max continued to
operate almost up to the time of the next minimum. It came
to the end of its career in December 1989, when it dropped
back into the Earth’s atmosphere.

The cycle is not completely regular, and 11 years is merely
an average. The next maximum is timed for around the start
of the new millennium, and solar workers will have an inter-
esting time. Always remember, however, that the Sun is
dangerous, and direct observation with any telescope or
binoculars is emphatically not to be recommended, even with
the addition of a dark filter. I will have much more to say
about this later.

Lunar Insects?

Today we honour the memory of Galileo, the first great ‘tele-
scopic astronomer’, who looked at the Moon in 1610 with his
newly built instrument and described the mountains
and craters. But for the moment let us turn to another
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Anniversary

1980: Launch of the
Solar Maximum Mission
probe (‘Solar Max’). This
was a long-term mission
designed to study the Sun.
It was repaired in orbit in
April 1984, when it was
drawn into the Space
Shuttle, overhauled and

re-launched; it finally
decayed in December
1989.
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Future Points
of Interest

2006: Conjunction of
Mercury and Uranus, 15 h
42 m, separation 83"

Anniversary

1564: Birth of Galileo.

1858: Birth of W.H.

Pickering.




February 16

Anniversary

1996: Launch of NEAR
(Near Earth Asteroid
Rendezvous) to the minor
planet Eros.

&

astronomer, whose ideas about the Moon were, to put it
mildly, unconventional.

William Henry Pickering worked at the Harvard
Observatory, in America, where his brother Edward was
Director. In 1904 he produced an excellent lunar photo-
graphic atlas, and then, between 1919 and 1924, went to
Jamaica and carried out a detailed study of the lunar crater
Eratosthenes, which lies at the southern end of the Apennine
range; it is 38 miles across and is very deep, with high, ter-
raced walls and a massive central peak. Inside it, Pickering
saw strange dark patches which seemed to move during the
course of each lunation. Pickering believed them to be due to
low-type vegetation or even swarms of insects, and in a paper
published in 1924 he went even further.

While this suggestion of a round of lunar life may
seem a little fanciful and the evidence upon which it is
founded frail, yet it is based strictly on the analysis of
the migration of the furbearing seals of the Pribiloff
Islands . .. The distance involved is about 20 miles,
and is completed in 12 days. This involves an average
speed of about 6 feet a minute, which, as we have seen,
implies small animals.

Pickering believed that the Moon’s atmosphere was dense
enough to support low-type life, but we now know that this is
wrong; the Moon’s gravitational pull is so weak that it has
been unable to hold on to any atmosphere it may once have
had, and today the Moon is an airless world. The patches in
Eratosthenes are obvious enough, and can be seen with a
small telescope, but they do not move, and they are not due
to any living thing. There has never been any life on the
Moon.

Eratosthenes itself is one of the noblest of the lunar craters,
and is conspicuous under almost any angle of solar illumina-
tion. The lunar Apennines form part of the border of the
large, regular Mare Imbrium or Sea of Showers.

Touchdown on Eros

The NEAR probe was later renamed Shoemaker, in honour of
the great astronomer/geologist Eugene Shoemaker. In
February 2000, it entered an orbit round Eros, which is a
small asteroid with a maximum length of less than 20 miles: it
was the first asteroid known to come within the orbit of Mars
and it can pass only about 15 000 000 miles from the Earth.
On 12 February 2001, the Shoemaker probe made a con-
trolled landing on Eros, sending back excellent pictures of
craters, ridges, and boulders. Eros is apparently a very ancient



body, made up chiefly of iron and magnesium-bearing sili-
cates. The rotation period is 5 h.

The last signals from the probe were received on 28
February 2001.

Missions to the Sea of Crises

One of the most prominent of the lunar seas is the Mare
Crisium (Sea of Crises), which is easily seen even with the
naked eye. It lies not far from the Moon’s limb, and is
detached from the main Mare system. It measures 280 miles
by 348 miles, so that in area it is about equal to Great Britain.
It is fairly regular in outline; the longer diameter is east-west,
not north-south as might be thought, because of the effects of
foreshortening. Its floor contains a number of craters of
which the largest are Picard (21 miles in diameter) and Peirce
(12 miles). Some distance south of it is the 30-mile crater
Apollonius, and it was near here, on 17 February 1972, that
the unmanned Russian probe Luna 20 came down. The exact
position was latitude 3°.5 north, longitude 56°.6 east.

Luna 20 was a new kind of space-craft. It landed, drilled
into the lunar surface, collected samples, and then took off
again, returning safely to Earth on 25 February. This was a
technique perfected by the Russians, and was a notable ‘first’,
though it certainly did not compensate for their failure to
send a man to the Moon before the Americans were able to
do so.

Since then there has been one more sample-and-return
probe: Luna 24 of 1976, which landed right inside the Mare
Crisium (latitude 12°.8 north, longitude 52°.2 east), drilled
down to six feet below the surface, and landed back on Earth
on 22 August.

Twinkling Stars

Let us start this evening by looking at Sirius, the leader of
Canis Major - the Great Dog. It is easy to see why Sirius is
often referred to as the Dog-Star. It lies in line with Orion’s
Belt, but it cannot be mistaken, because it is so brilliant.
From British latitudes it is fairly low down in the south; from
Australia, New Zealand or South Africa it is very high up, and
indeed not far from the zenith.
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Anniversary

1972: Landing of Luna
20 on the Moon.

Future Points
of Interest

2009:  Occultation  of
Antares, 17 h, Australia,
north of New Zealand.

Future Points
of Interest

2006: Occultation of Spica,
5 h, Atlantic and Central
Africa.

2007: Occultation of
Uranus, 17 h, America,
Iceland, W. Europe.
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Anniversary

1473: Birth of Copernicus.
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Sirius is a pure white star, but a casual glance is enough to
show that it is not shining steadily; it is twinkling, and as it
does so it flashes various colours of the rainbow. This effect is
known commonly as twinkling, officially as scintillation (who
does not know the old nursery rhyme, which begins ‘Twinkle,
twinkle, little star’?). But twinkling has nothing directly to do
with the stars themselves; it is purely an effect of the Earth’s
dirty, unsteady atmosphere, which, so to speak, ‘shakes the
starlight around’ as it comes in from airless space.

A star which is low down in the sky will twinkle more than
a star which is high up, because its light has had to pass
through a thicker layer of atmosphere. All stars twinkle to
some extent, but Sirius shows the effect most obviously,
because it is so bright. Even from southern latitudes it will
still twinkle.

It is often said that a planet will not twinkle. This is not
completely true, but certainly a planet twinkles less than a
star, because it shows up as a small disk rather than a mere
dot of light.

Twinkling may be beautiful, but to an astronomer it is irri-
tating; the steadier the image, the better. Of course, from
space, and from the surface of the Moon, there is no twin-
kling at all.

De Revolutionibus

When the Moon is near full, the lunar scene is dominated by
the systems of bright rays coming from a few of the craters.
These rays are surface deposits, and cast no shadows, so that
they are obscure when the Sun is low over them, but when the
Sun is high above them they tend to drown much of the deli-
cate surface detail. There are many ray systems, but two are
particularly prominent; those from Tycho in the Moon’s
southern uplands, and from Copernicus in the Mare Nubium
(Sea of Clouds).

The crater Copernicus is massive and terraced; it has been
nicknamed ‘the Monarch of the Moon’. It is 56 miles in diam-
eter, with a central mountain group. Its walls are bright, and
its rays extend far across the lunar surface. It is easy to iden-
tify with binoculars.

It is named after one of the most famous men in the
history of science: Mikolaj Kopernik, always known to us by
his Latinized name of Copernicus. He was born on 19
February 1473 in the little town of Torus, in Poland.

At an early stage he began to question the truth of the
‘Ptolemaic theory’, in which the Earth is regarded as the
centre of the universe with everything else revolving round it.
He realized that many of the clumsy features of the system



could be removed by the simple expedient of removing the
Earth from its proud central position and putting the Sun
there instead. His theory was probably more or less complete
by 1533, but he was reluctant to publish it, because he knew
that the Church would regard it as heretical - and Copernicus
was a Church official. So he kept quiet, but finally he was per-
suaded to allow the book to go forward, and it appeared in
1543, just before Copernicus died. Its title was De
Revolutionibus Orbium Celestium - or in English,
‘Concerning the Revolutions of the Celestial Orbs’.

His misgivings were amply justified. The Church was bit-
terly hostile, and its attitude was aptly summed up by Martin
Luther, who thundered: ‘This fool seeks to overturn the
whole art of astronomy!” The book was placed on the Papal
Index of forbidden works, where it remained for many years.

Copernicus made many errors, and his one real contribu-
tion was in replacing the central Earth with a central Sun, but
it is fair to say that De Revolutionibus marked the beginning
of what we may term the modern phase of astronomy,
though the revolution in thought was not complete until the
work of Isaac Newton, almost a hundred and fifty years after
Copernicus’ death.

The Great Dog

Canis Major, Orion’s senior Dog, is of course dominated by
Sirius, but it is a large and important constellation in its own
right. Its brightest stars are given in the table below.

It seems strange to find that of these Sirius is much the
least powerful! If Wezea lay at a mere 8.6 light-years from us,
it would cast strong shadows. Adhara is only just below the
official first magnitude, and is a particularly strong emitter of
short-wave radiation. It is interesting to note that Gamma
Canis Majoris is below fourth magnitude, so that the usual
scheme of Greek lettering has been abandoned.

Canis Major

Greek letter Name Magnitude Luminosity
(Sun=1)
a Alpha Sirius -1.5 26
B Beta Mirzam 2.0 7200
5 Delta Wezea 1.9 132 000
€ Epsilon Adhard 1.5 5000
¢ Zeta Phurad 3.0 450
n Eta Altidra 2.4 52 500
0? Omicron? - 3.0 43 000

The Observer’s Year

Future Points
of Interest

2008: Occultation of
Regulus, 24 h, S. America,
S. Atlantic.

Distance Spectrum
(light-years)

8.6 Al
720 B1
3060 F8
490 B2
290 B3
2500 B5

2800 B3
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The declination of Sirius is around - 16°, so that it can be
seen from every inhabited country; even from places such as
the Arctic towns of Tromsg in Norway or Fairbanks in Alaska
it rises above the horizon, though admittedly not for long.
The name Sirius comes from the Greek for ‘scorching’, and
should really be pronounced with a long i - ‘Syrius’, not
‘Sirrius’. To the Egyptians it was of special importance. It was
worshipped as the Nile Star. So this, and its first appearance
in the dawn sky every year (‘heliacal rising’) marked the
imminence of the annual flooding of the Nile, upon which the
whole Egyptian economy depended. Rather surprisingly, the
Greeks and the Romans regarded it as an unlucky star, and in
the £neid Virgil refers to it as the star which ‘brings drought
and disease on sickly mortals’, though later the Roman writer
Geminus claimed that ‘it is generally believed that Sirius pro-
duces the heat of the Dog Days, but this is an error, since the
star merely marks the season of the year when the Sun’s heat
is greatest’.

Apart from Alpha Centauri, Sirius is the closest of the
really brilliant stars. It is around 1 700 000 miles in diameter,
larger than our own Sun; it is also hotter, with a surface tem-
perature of 10 000°C. Its spectral type is Al. It is the equal of
26 Suns - and yet astronomers still class it as a stellar dwarf.
Telescopically it is a magnificent sight, and it has been said to
give the impression of a flashing diamond.



The Celestial Pup

Because Sirius is relatively so close to us, it has an apprecia-
ble individual or proper motion. In 1712 Edmond Halley
realized that it had shifted in position against the background
stars since Ptolemy of Alexandria drew up his catalogue in
about AD 150; Sirius had crawled across the sky by a distance
equal to one and a half times the apparent diameter of the
full moon.

In 1838 the German astronmer F.W. Bessel found that
Sirius was not moving in a direct line; it was ‘weaving’ its way
along. Bessel saw that there could be only one explanation.
Sirius is not a solitary traveller in space; it has a binary com-
panion. Bessel looked for the companion, but could not see
it, though from the motions of the bright star he calculated
that the orbital period of the binary system must be 50 years.
Then, in 1862, the American optician Alvan Clark was testing
anew telescope when he saw a speck of light close to Sirius. It
was the expected companion, almost precisely where Bessel
had said it ought to be. Officially it is termed Sirius B, but
since Sirius itself is the Dog-Star the companion is often
referred to as the Pup. It has only 1/10 000 the brilliance of its
primary, and it is not too easy to locate, simply because it is
so close to Sirius; the angular separation can never be as
much as 12 seconds of arc. Actually it is not really faint, and
if it could be seen shining on its own it would be within the
range of good binoculars.

It was naturally assumed that it must be large, cool and
red, but in 1915 its spectrum was examined by W. S. Adams,
using the 60-inch reflector at Mount Wilson in California.
The result was surprising. Far from being cool, the Pup is
extremely hot. It must therefore be small, and we now know
that its diameter is less than that of a planet such as Uranus
or Neptune. Since it is as massive as the Sun, it must be very
dense. If we could bring a cubic inch of its material down to
Earth, the weight would be 2.5 tons; the density is 125 000
times that of water.

Sirius B is a white dwarf - a star which has used up all its
nuclear ‘fuel’ and has collapsed; its atoms are crushed and
broken, and packed together with almost no waste space. In
the future it will simply go on shining feebly until all its light
and heat leave it, and it becomes a dead star - a black dwarf,
sending out no radiation at all.

Many other white dwarfs are now known, but Sirius B is
the most famous of them. It is indeed a remarkable Pup.
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Future Points
of Interest

2006: Occultation of
Antares, 21 h, Australia,
New Zealand.

2008: Total eclipse of the
Moon, mid-eclipse, 03 h
27 m. Totality lasts for
24 m.




February 23

Anniversary

1824: Birth of Pierre
Janssen. In 1876 Janssen
became director of the
Meudon Observatory,
outside Paris, which has
many powerful telescopes,
including the great 33-inch
refractor - one of the
largest in the world. In
1904 he published an
elaborate solar atlas,
containing more than 800
photographs, and he
continued his researches
almost up to the time of
his death in 1907. The
square at the entrance of
the Meudon Observatory
is named the Place Janssen
in his honour, and his
statue is to be seen there.
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Future Points

of Interest
2009: Occultation of
Mercury, 21 h, N. Pacific.

2010: Oppostion of Vesta.
Magnitude 6.1.

Anniversary

Re-entry of the Mir space
station, 2001.

2009: Occulation of Jupiter,
1 h, Japan, Indonesia.

The Sun’s Surroundings

So far we have said little about the Sun, but this may be a
good moment to start discussing it, because 22 February is
the anniversary of the birth of a great French solar observer:
Pierre Jules César Janssen.

Observing the Sun must be undertaken with caution. On
no account look directly at it with any telescope or binocu-
lars, even with the addition of a dark filter; to focus the Sun’s
light and (worse) heat on to your eye will certainly result in
permanent blindness. The only sensible method is to use the
telescope to project the Sun’s image on to a white screen held
or fixed behind the eyepiece. In this way it is easy to see the
dark patches known as sunspots. Janssen, however, was more
concerned with the Sun’s surroundings, which cannot be
seen in ordinary light except during the fleeting moments of
a total solar eclipse, when the Moon passes in front of the Sun
and blots it out.

Using a spectroscope, Janssen was able to isolate the light
coming from hydrogen only, and he was able to study what
was later known as the chromosphere, above the bright
surface, as well as the masses of gas which used to be called
red flames and are now termed prominences. This success, in
1868, may be said to mark the start of modern solar research.

Messier 41

Canis Major is so dominated by Sirius that we sometimes
tend to forget that it contains anything else! In fact there are
several very interesting objects, and one of these is an open
star-cluster, No. 41 in Messier’s list. Against a dark back-
ground it is easily visible with the naked eye.

To find it, begin at Sirius and then locate the fourth-mag-
nitude star Nu?, which is definitely reddish when seen
through binoculars or a telescope (though not with the naked
eye, because the star is too faint for its colour to show up
without optical aid). M41 lies in the same binocular field with
Nu?, forming a triangle with it and Sirius. It has been known
for a long time; it was first noted on the night of 16-17
February 1702 by the first Astronomer Royal, John
Flamsteed.

The cluster is about 2400 light-years away, and is 20 light-
years in diameter, though there are no sharp boundaries. It



contains at least 80 stars, and probably more than 100. From
its centre, marked by a reddish star, issue curved ‘arms’. A
low-power eyepiece on a telescope shows it well, and even
good binoculars will resolve it into stars, so that it is well
worth locating.

Supernovae

One of the most important objects in the sky is the Large
Cloud of Magellan. It is an independent galaxy, 169 000 light-
years away, and ranks as a satellite of our Galaxy. It is promi-
nent as seen with the naked eye, but unfortunately for British
observers it lies in the far south, so that it is inaccessible from
any part of Europe. Its declination is almost 70°S, so that to
see it you have to go south of latitude 20°N. It lies mainly in
the constellation of Dorado, the Swordfish, and during
February evenings it is well placed for observation from
countries such as Australia and New Zealand.

It contains objects of all kinds, including glant and dwarf
stars, binaries, variable stars, open and globular clusters,
nove and gaseous nebule. There has also been one super-
nova, discovered on 24 February 1987 by Ian Shelton from
the Las Campanas Observatory in Chile, and known officially
as SN 1987A. At its peak it rose to magnitude 2.3, though it
has now become very faint.

Supernova are the most colossal outbursts known in
Nature. They are of two main types. A Type I supernova
begins as a binary system, of which one component is a
white dwarf; the dwarf collects material from its less dense
companion, becomes unstable, and literally blows itself to
pieces. A Type Il supernova involves the collapse of a very
massive star which runs out of nuclear ‘fuel’; the collapse is
followed by a rebound, and the shock-wave throws most of
the star’s material away into space, leaving only a very small,
super-dense core made up of neutrons. SN 1987A was a
Type II, and at maximum it shone as brightly as 250 000 000
Suns. Its progenitor star was not a red supergiant, as with
most supernovae, but a blue supergiant, classified as
Sanduleak -69°202.

SN 1987A is the closest supernova to have been seen since
the invention of the telescope, and is also the only one which
has been visible with the naked eye since the outburst of a
supernova in Ophiuchus in 1604. Many supernovz have been
found in distant galaxies, but all have been too remote to be
studied in detail so that SN 1987A proved to be of immense
value to astronomers.
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Anniversary

1987:  Discovery  of
supernova SN 1987A in the
Large Cloud of Magellan.

Future Points
of Interest

2006: Eastern elongation
of Mercury.

2008: Opposition of

Saturn.
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Anniversary

1842: Birth of Camille
Flammarion, a French
astronomer who was a
noted observer as well as a
populariser of astronomy.
He founded the Société
Astronomique de France.
He died in 1924.

Anniversary

1786: Birth of Frangois
Arago, a leading French
astronomer, who was one
of the first to realize the
importance of photog-
raphy in astronomy. From
1830 he was Director of the
Paris Observatory. He died
in 1853.

Canis Minor

Greek lefter Name

a Alpha Procyon
B Beta Gomeisa

Fritz Zwicky and his Supernovae

As we have seen, the supernova 19874, in the Large Cloud
of Magellan, was too far south to be seen from Europe.
However, northern observers have one supernova remnant
readily available: the Crab Nebula (Messier 1), near the
third-magnitude star Zeta Tauri, in the Orion area.
Binoculars show it as a dim patch, but photographs taken
with large telescopes reveal its intricate structure. It is all
that is left of the supernova of the year 1054, which became
so brilliant that it could be seen with the naked eye even in
broad daylight, and remained visible for months before
fading away. The gas patch contains a very small, very dense
object known as a pulsar, made up of neutrons; it is spin-
ning around 30 times per second, and it is this which is the
Crab’s ‘power-source’.

The great pioneer of supernova research was a Swiss, Fritz
Zwicky, who was born on 14 February 1898 (actually in
Bulgaria; he spent most of his life in the United States, but
retained his Swiss nationality). He worked out the theory of a
Type 1 supernova, and linked supernove with neutron stars.
He believed that he might be able to identify outbursts in
faraway galaxies, and a photographic search carried out with
the 48-inch Schmidt telescope at Mount Palomar, in
California, showed him to be correct. He carried out much
important work in other fields also, but it is as a supernova-
hunter that he is chiefly remembered. He died on 8 February
1974.

Procyon and the Little Dog

The second of Orion’s dogs, Canis Minor, is a very small con-
stellation. It contains only two fairly bright stars, listed
below.

Procyon is easy to find, using Orion as a guide; it is the
eighth brightest star in the sky. It is one of our nearest stellar

Magnitude Luminosity Distance Spectrum
(Sun=1) (light-years)
0.4 7 11.4 F5
2.9 106 137 B8



neighbours; of the first-magnitude stars, only Alpha Centauri
and Sirius are closer. Its diameter is around 3 500 000 miles,
and, like Sirius, it has a white dwarf companion - though the
companion is faint, and is a difficult object, well beyond the
range of small telescopes. Procyon lies within 6° of the celes-
tial equator, and during February evenings is prominent
from both northern and southern countries. There is nothing
else of immediate interest in Canis Minor.

The Little Snake

Just as the sky has a Little Dog, so it also has a Little Snake:
Hydrus. But while the Dog is not far from the equator, the
Snake is in the far south, and is never visible from any part of
Europe. It has three main stars, listed below.

Hydrus is high up as seen from Australia or New Zealand,
and one of its leaders, Alpha, is easy to find because it lies
close to the brilliant Achernar in Eridanus. There is little of
interest in the constellation, but it is worth noting that Beta is
the nearest fairly bright star to the south celestial pole,

The Observer’s Year

Anniversary

1826: Discovery of Biela’s
Comet, by W. von Biela -
or rather rediscovery,
since it had already been
seen in 1772 and in 1806. It
used to have a period of
6.75 years, but at the
return of 1846 it split in
two; the twins were seen
for the last time in 1852.
The comet has certainly
disintegrated, but for some
years afterwards a meteor
shower was seen coming
from the place where the
comet ought to have been.

1897: Birth of the great
French astronomer Bernard
Lyot, who invented the
coronagraph and became
Director of the Meudon
Observatory. He special-
ized in studies of the Sun,
and made many important
contributions to astrono-
my. He died in 1953 when
returning from an expedi-
tion to observe a total solar
eclipse.

Achernar
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of Magellan
'Y
Canis Minor
Greek letter Name Magnitude Luminosity
(Sun=1)
a Alpha - 2.9 8
B Beta - 2.8 3

v Gamma - 3.2 118

Distance Spectrum
(light-years)
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February 29

Anniversary

1843: The brightest comet. The
sky tonight looks dull when
compared with that of 27
February 1843! What is often
believed to have been the most
brilliant comet of near-modern
times was at its closest to the
Sun, less than a million miles
above the solar surface and was
visible close to the Sun in broad
daylight. It had been discovered
on 5 February; now it was at the
peak of its glory. At night it cast
strong shadows, and the tail
stretched right across the sky. It
was a ‘sun-grazer’, one of the
group of comets known officially
as the Kreutz family. Calcula-
tions indicate that it may be
back in 540 years. It was last
seen, as a dim speck, on 19 April
1843.
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though it is still 12° away from the pole itself. Southern
observers never cease to regret that they have no pole star
comparable with the northern Polaris.

An Equatorial Star

The celestial equator divides the sky into two hemispheres.
Not many stars above the third magnitude lie close to it, but
one of these is Mintaka or Delta Orionis, in the Hunter’s Belt.
Its declination is —00° 18" 27”.

It can be used to measure the angular diameter of a
telescopic field. The method is to measure the time taken for
the star to cross the field; this time, in minutes and seconds,
when multiplied by 15, will give the angular diameter of the
field in minutes and seconds of arc. Thus if Mintaka takes
1 m 3 s to cross the field, then the angular diameteris 1 m 3 s
multiplied by 15 = 15 45”. Another star which can be used in
the same way is Zeta Virginis (declination -00° 35" 45”).

Future Points of Interest

2009: Occultation of Venus, Oh, S. Pacific.

Future Points
of Interest

2008: Occultation of
Antares, 2 h, S. Atlantic,
S. Australia.

Leap Years

Nature is often very untidy. Thus the Earth does not go round
the Sun in 365 days; it takes 365.256 days, or, in everyday lan-
guage, 365} days. This means that the civil year of 365 days is
actually a quarter of a day too short. If nothing were done,
festivals such as Christmas would rotate round the calendar -
and we would be celebrating Christmas in June, with summer
in the northern hemisphere and winter in the southern.

The great Roman ruler Julius Casar took advice from an
astronomer, Sosigenes, and revised the calendar (giving the
year 46 BC no less than 445 days; not surprisingly, it was
nicknamed the Year of Confusion). An extra day was tacked
on to the shortest month, February, every four years; this
made up for the fact that the calendar year is a quarter of a
day too short. The 366-day years were called leap years. Any
year which is exactly divisible by 4 is a leap year.



A small error remained; this was met by making the
‘century’ years (1700, 1800, 1900, 2000, etc.) leap years only if
they could be divided by 400. Thus 1900 was not a leap year,
but 2000 was. By the time this ‘Gregorian calendar’ was
adopted in England, the error had risen to 11 days, so it was
decreed in 1752 that 3 September should be followed imme-
diately by 14 September. A favourite trick question is: “‘What
happened in England on 10 September 17522> The answer —
nothing, because there was no such day!

The Observer’s Year
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The Northern Hemisphere in March
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The Southern Hemisphere in March
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The March Sky

By March we are beginning to see the start of a major
‘change-over’ in our view of the evening sky. Orion is still on
view for the early part of the night, but is past its best, and by
the end of the month it will start to fade into the twilight.
From the northern hemisphere Ursa Major is very high; from
the northern parts of Australia and South Africa (not New
Zealand) a few of its stars may be glimpsed late in the
evening, but they are of course very low down.

Look tonight for the Lynx, which is a large but faint con-
stellation; it occupies most of the large triangle enclosed by
Capella, Castor, and Dubhe in Ursa Major. Its only fairly
bright star, Alpha Lyncis (magnitude 3.1), forms an equilat-
eral triangle with Regulus and Pollux; binoculars show that it
is decidedly red. It has been said that Lynx is so named
because you need lynx-like eyes to see anything there at all.

Southern observers may care to search for Lupus, the Wolf,
which lies near Centaurus (see 24 March). Here there are
several reasonably bright stars, but there is no well-marked
pattern, and very little of immediate interest. Lupus is one of
the original constellations listed by Ptolemy, but it does not
seem that there are any particular mythological legends
attached to it.
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The Celestial Crab

It is not easy to decide which is the most obscure of the con-
stellations of the Zodiac. One candidate is certainly Pisces,
the Fishes; another is Cancer, the Crab, which occupies most
of the space enclosed by Procyon, Pollux and Regulus.

There is a legend attached to it. The great hero Hercules
was doing battle with a particularly dangerous monster, the
Hydra, when he was attacked by a crab sent by Juno, the
Queen of Olympus, who had her own reasons for wishing
Hercules no good at all. Not unnaturally, Hercules trod on
the crab and squashed it, but as a reward for its efforts Juno
placed it in the sky.

Cancer looks a little like a very dim and distorted version
of Orion, but its brightest star, Beta Cancri or Altarf, is only
of magnitude 3.5. At least Cancer is redeemed to some extent
by the presence of two very fine open clusters, M44 or
Praesepe (5 March) and M67 (28 March) and of course
planets can pass through it.

The Observer’s Year

Future Points
of Interest

2007: Occultation of
Saturn, 2 h, Greenland,
Europe.

2007: Occultation of
Regulus, 2 h, Arctic.
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Anniversary

1969: Launch of Apollo 9.
This was an Earth orbiter,
used to test the Apollo
techniques, and did not go
to the Moon.

One interesting star is Zeta Cancri, or Tegmine. It is an
easy telescopic double; the apparent separation is almost
6 seconds of arc, and the orbital period is 1150 years. The
brighter component is itself a binary; magnitudes 5.7 and
6.2, separation 0.6 seconds of arc, orbital period 60 years.
There is a third, very much fainter component at 288
seconds of arc, and there may be yet another star in the
system. A small telescope gives a pleasing view of the main
pair; the brightest member of the group is about 3 times as
luminous as the Sun.
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Back to the Moon

In view of the Apollo 9 anniversary, let us look back at the
Moon, which, after all, is the most rewarding object in the sky
for the owner of a small telescope. We can check on its posi-
tion for 3 March during the period we are covering:

2005 Last quarter: good morning view: half-phase.

2006 Evening crescent, ideally placed for observation.
2007 Full. Ray systems dominant.

2008 Slender morning crescent, 4 days before new moon.
2009 One day before half moon: excellently placed.

2010 Gibbous: between full and half.



We have already noted that the border between the daylit
and dark hemispheres of the Moon is called the terminator;
it is here that the shadows are at their longest, and a crater
right on the dividing line will be very prominent. Later,
when the Sun is higher over the area, the shadows are less,
and the crater may become hard to identify unless it has
very bright walls or a very dark floor. When the Moon is
near full, the entire scene is dominated by the bright streaks
or rays which issue radially from a few craters, notably
Tycho in the southern uplands and Copernicus in the water-
less Sea of Clouds.

To learn your way around the Moon, the best procedure is
to select a number of craters and draw them whenever they
are in view. You will be surprised at the apparent changes in
aspect over even a few hours. Some formations - such as the
dark-floored, 60-mile Plato and the brilliant Aristarchus -
can be identified whenever they are in sunlight, but others,
very prominent under low light, may become very obscure
indeed.
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The Seas of the Moon

We are still concentrating on the Moon; yesterday’s notes will
show where it is at the moment, so let us now turn to the
most prominent of all the features on the lunar surface - the
‘seas’ (Latin, maria).

These are great dark areas, covering much of the Earth-
turned hemisphere of the Moon - remember that the Moon
always keeps the same face turned toward us, because its
orbital period is exactly the same as its rotation period (27.3
days). This means that to all intents and purposes the seas
keep to the same apparent positions on the disk. The seas
have been given romantic names which we still use, because
not unnaturally, the early observers believed that the dark
areas were true seas and that the bright regions were dry
land. For a long time now it has been known that this is not
so; the airless Moon can have no liquid water, and the ‘seas’
have never been watery, though certainly they must once
have been seas of lava. Most of them make up a connected
system, though one prominent sea, Mare Crisium (the Sea of
Crises) is clearly separate.

The main seas are shown in the table opposite.

Some of these seas are fairly regular in outline, with moun-
tainous borders; thus the vast Mare Imbrium is bounded in
part by the lunar Alps and Apennines. Others are irregular in
shape. They are easy to identify with the naked eye; they are
not really smooth, but have fewer craters than the bright
regions.

The Observer’s Year

Future Points
of Interest

2005: Occultation of
Antares, 12 h, S. Atlantic.

2007: Total eclipse of the
Moon. Mid-eclipse 23 h
22 m. Totality lasts for 37 m.

2008: Western elongation
of Mercury.
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Anniversary

1979: Voyager 1 passed
by Jupiter, at a distance
of 217500 miles. It had
been launched in 1977,
and sent back detailed
information, notably the
discovery of active vulcan-
ism on Jupiter’s satellite
To. Voyager 1 went on to
rendezvous with Saturn in
1980, and is now leaving
the Solar System.

The Lunar Seas

Mare Crisium

Mare Foecunditatis
Mare Frigoris

Mare Humboldtionum
Mare Humorum
Mare Imbrium

Mare Nectoris

Mare Nubium

Mare Orientale
Oceonus Procellarum
Mare Serenilotis
Mare Smythii

Mare Tranquillitolis
Mare Voporum

Lacus Somniorum

the Sea of Crises

the Sea of Fertility

the Sea of Cold
Humboldt's Sea

the Sea of Humours
the Sea of Showers
the Sea of Nectar

the Sea of Clouds

the Eastern Sea

the Ocean of Storms
the Sea of Serenity
Smyth’s Sea

the Sea of Tronquillity
the Sea of Vapours
the Lake of the Dreamers

Polus Somnii the Marsh of Sleep
Sinus Astuum the Boy of Heats
Sinus Iridum the Boy of Rainbows
Sinus Medii the Central Boy
Sinus Roris the Boy of Dew

Rocks brought home by the lunar astronauts have
confirmed that there has never been any water there. On the
other hand, the seas were molten in the past, say around
4000 million years ago; there was tremendous volcanic
activity, and often the lava has overwhelmed craters on the
sea-floors, or levelled the seaward walls of craters and
turned them into bays.

The Beehive

Praesepe, in Cancer - No. 44 in Messier’s catalogue - is often
said to be one of the finest open clusters visible from the
northern hemisphere, and this is certainly true. It is inferior
only to the Pleiades. It is a prominent naked-eye object at any
time except when there is a misty sky, or the Moon is too
bright. It was well known in ancient times, and around 280
BC two Greek astronomers, Aratus and Theophrastus, wrote
that rain was on the way if Praesepe seemed dim or could not
be seen in an apparently cloudless sky.

It lies almost in the middle of the large triangle formed by
Procyon, Pollux and Regulus, and can be identified easily
because it is flanked to either side by two stars - Delta Cancri
(magnitude 3.9) and Gamma Cancri (4.7). Presepe is often
nicknamed ‘the Manager’, so that Delta and Gamma are the
Aselli or Asses; but a more common name for Praesepe is ‘the
Beehive’.



It contains several dozens of stars, and is easily resolvable.
In many ways binoculars give the best view of it, because it
covers a wide area (70 minutes of arc) and cannot easily be
fitted into the small field of an ordinary telescope. Its dis-
tance is about 525 light-years. It is not connected with the
‘Asses’, which are much closer to us.

Preesepe is a lovely cluster. It is therefore hard to see why
the old Chinese gave it the unattractive name of ‘the
Exhalation of Piled-up Corpses’.

Future Points of Interest

2008: Occultation of Mercury, 14 h, S. and E. America, W. Africa.
2008: Occultation of Venus, 19 h, Pacific.
2008: Occultation of Neptune, 22 h, Australia, New Zealand.

(Three planets occulted on the same day!)
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Binoculars and the Sky

We have noted that the most spectacular view of Preesepe is
obtained with binoculars, and it is true that in some ways
good binoculars are far more valuable astronomically than
small telescopes. Their main drawback, of course, is lack of
sheer magnification, and for astronomical work ‘zoom’
binoculars are never really satisfactory.

If you need only one pair, then 7 X 50 is a reasonable
choice. (This means that the magnification is 7, and that
each objective lens is 50 millimetres in diameter.) The
magnification is high enough to be useful; the binoculars will
be light, and they will have a wide field of view, so that they
can be hand-held without excessive shaking. This is not the
case with very strong binoculars, with magnifications of 12 or
more; and above a magnification of 15, some sort of mount-
ing is more or less essential.

One solution is to mount the binoculars on a camera
tripod. This is straightforward enough, and it means that the
binoculars can be kept steady - even if it is sometimes rather
awkward to point them in the desired direction.

If you have only a limited amount of money to spend on
equipment, it is wise to invest in binoculars rather than a
small telescope. There is also the point that binoculars can be
used for everyday activities, while small astronomical tele-
scopes cannot.

The Observer’s Year

Anniversary

1787: Birth of Josef von
Fraunhofer, an outstand-
ing German optical worker
who was the first to map
the dark lines in the
spectrum of the Sun; these
are still often referred to as
the Fraunhofer lines. He
was also the best lens-
maker of his day. His
comparatively early death,
in 1826, was a tragedy for
science.

1986:  Russian  probe
Vega 1 bypassed Halley’s
Comet, sending back vital
data which were of extreme
importance to the Giotto
probe, which reached the
comet six days later.
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Anniversary

1792: Birth of Sir John
Herschel. He was the
son of William Herschel,
discoverer of the planet
Uranus, and a brilliant
astronomer in his own
right; he was the first to
undertake a really detailed
survey of the far-southern
stars - from 1832 to 1838
he was at the Cape of Good
Hope. He died in 1871.

1873: Discovery  of
Kohoutek’s Comet, by
Dr Lubos Kohoutek at
Hamburg Observatory. It
was expected to become
spectacular, but signally
failed to do so.

Future Points
of Interest

2009: Opposition of

Saturn.
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X Cancri

Strong colours are not common among the stars - except for
the reds. Of the really brilliant stars, Vega is always said to be
‘steely blue’, though its hue is not pronounced; Capella is
yellow, but not obviously so, and single green stars are
almost non-existent — there is only one alleged example, Beta
Libree (see 28 June). But orange and red stars are much more
in evidence.

There is an excellent example of a very red star in Cancer. It
is known as X Cancri, and is not far from Delta Cancri or
Asellus Australis, the southern ‘Ass’ flanking Preesepe. Like
many red stars it is variable. The magnitude ranges between 5.6
and 7.5, so that it can always be seen in binoculars, and it is not
hard to find, between Delta and a little pair of stars (Omicron
and 63 Cancri). The spectral type is N, and there is a very rough
period of around 195 days. However, this is a ‘semi-regular’
variable, so that its period is subject to marked irregularities.

When at its best, X Cancri can just be seen with the naked
eye, but without optical aid you will not be able to see its
colour, because the light-level is too low. In fact its colour is
much the same as that of Mu Cephei, the Garnet Star (see
28 January), but Mu is much brighter, so that the colour is
more evident.

If you have a suitable camera, aim it at Preesepe and give a
time exposure. If all goes well, X Cancri should show up, and
with sensitive colour film it really will look red.

Adleo (] °

‘The Solitary One’

Some stars are easy to identify because of their brilliance;
others because of their colour - usually red - and a few
because of their particular positions in the sky. To this class
belongs Alphard or Alpha Hydre. It is not outstandingly
bright - its magnitude is 2.0, so that it is equal to the Pole
Star - but it is so much ‘on its own’ that it is always nick-
named ‘the Solitary One’.

To find it, use the Twins, Castor and Pollux, as guides. A line
from Castor, passed through Pollux and continued for some
distance, will lead you straight to Alphard. There are no other
bright stars anywhere in the region, and it is some way from the
Zodiac, so that there is little danger of confusion with a planet.

As seen with the naked eye Alphard is clearly orange, and
binoculars bring out the colour well. The spectrum is of type



K, and the star is fairly luminous, 115 times as powerful as
the Sun. Its distance is 88 light-years.

Orange or red stars of this kind are often variable, and
Alphard has been suspected of changes in brightness. Sir John
Herschel, on his way home from the Cape of Good Hope in
1838, made several observations of it from the deck of his ship,
and was convinced that there were pronounced fluctuations,
but these have never been confirmed, and Alphard is an
awkward star to estimate with the naked eye because of the
lack of suitable comparisons. If there are any variations, they
cannot amount to more than a very few tenths of a magnitude.
However, it is always worth finding ‘the Solitary One’, shining
down with a subdued orange light in its lonely glory.

The Watersnake

We have already located Alphard, ‘the Solitary One’, the
brightest star in Hydra, the Watersnake. There is, however, a
different mythological legend; Hydra was said to be a
monster with a hundred heads, living in the Lernzan
marshes. It was rather difficult to kill, because each time a
head was cut off another head appeared. It was during his
battle with the Hydra that the hero Hercules had his
encounter with a crab (see 2 March and 2 July). Needless to
say, Hercules prevailed in the end!

Today Hydra is the largest accepted constellation, covering
over 1300 square degrees. It sprawls all the way from the
‘head’, roughly between Procyon and Regulus, to the south of
Virgo; the southernmost part of it is always very low from
Britain, though none of it actually sets. Hydra, large though it
is, contains very few bright stars. The leaders are listed below.

The snake’s head, between the Twins and Alphard, is made
up of a group of four stars of which Zeta is the brightest; the
others are Delta (4.2), Eta (4.3) and Epsilon (3.4). Zeta is
orange, and the others white; binoculars bring out the differ-
ence at once.

The most interesting of these stars is Epsilon, which is a
multiple system. A small telescope will show that the main
star has a 7th-magnitude companion, at a separation of 2.8
seconds of arc. The bright star is itself a binary; the compo-

Hydra

Greek letter Name Magnitude Luminosity
(Sun=1)

a Alpha Alphard 2.0 115

y Gamma - 3.0 58

! Zeta - 3.1 60

v Nu - 3.1 96

The Observer’s Year

Anniversary

1870: Birth of E.M.
Antoniadi, a Greek astron-
omer who spent much of
his career in France and
made use of the Meudon
33-inch refractor. He was
probably the best planetary
observer of pre-space age
days, and his nomen-
clature of features on Mars
is still used. He died in
Occupied France in 1944.

1986: Russia’s  probe
Vega 2 passed Halley’s
Comet and sent back valu-
able data.

Distance Spectrum
(light-years)

85 K3
104 G5
124 KO
127 K2
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nents are rather unequal, and are very close together - their
real separation is about 800 000 000 miles, which is 8.5 times
the distance between the Earth and the Sun. The revolution
period is 15 years, while the more distant star takes 890 years
to complete one circuit of the close binary.

Eta Hydree, the faintest of the main stars of the ‘head’, is
actually much more luminous than Alphard, and could match
400 Suns, but it is well over 500 light-years away from us.

The Giraffe and the Southern
Pointers

On 1 March we looked at Lynx, in the far north of the sky,
which has at least one reasonably bright star. This is more
than can be said of Camelopardalis, the Giraffe, which
adjoins Lynx and the W of Cassiopeia. It is not an ancient
constellation; it was added to the sky by Hevelius in 1690, and
historians have claimed that it represents the camel which
carried Rebecca to Isaac. In fact, it looks nothing like a camel,
a giraffe or anything else, and consists of some dim, scattered
stars, none of which is as bright as fourth magnitude.
Probably the best way to locate the area is to look at the
region between Capella and the Pole Star.

Most southern observers know Crux, the Southern Cross
(see 26 April). It is almost surrounded by the much larger
constellation of Centaurus, the Centaur, and two of the stars
in the Centaur, Alpha and Beta Centauri, point to it. Once
again appearances are deceptive. The two Pointers lie side by
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side in the sky, but they are nowhere near each other. Alpha
Centauri is only just over 4 light-years away, and is the
nearest bright star beyond the Sun; Beta Centauri (Agena) is
480 light-years away, so that it lies far in the background. It is
also very luminous, and could match 10 500 Suns, whereas
Alpha Centauri is less than twice as powerful as the Sun.

To Australians and South Africans, Crux and the Pointers
are now high in the east. Unfortunately, they are too far south
to be seen from Britain or any part of Europe. From Sydney,
Cape Town or any part of New Zealand they are circumpolar
- that is to say, they never set.
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The Planet-Hunter

This is an anniversary day. Urbain Jean Joseph Le Verrier,
one of the greatest French astronomers of the nineteenth
century, was born on 11 March 1811. It was he who made the
calculations which led to the identification of the planet
Neptune, in 1846.

Uranus, the first of the giant planets beyond the orbit of
Saturn, had been discovered in 1781 by William Herschel (see
13 March). It was soon found that it was not moving as it had
been expected to do. Something was pulling it out of posi-
tion, and Le Verrier decided that this ‘something’ must be
another planet, moving at a greater distance from the Sun.
He was faced with a cosmic detective problem. He could
see the victim - Uranus - and he had to work out where the

Anniversary

1811: Birth of U.J.J. Le
Verrier. Le Verrier was
not universally popular
with his colleagues: in-
deed, he was compelled to
resign as Director of the
Paris Observatory, in 1870,
because of his ‘irritabil-
ity’, though he was
reinstated when his suc-
cessor, Delaunay, was
drowned in a boating
accident. Le Verrier died
in 1877.
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Future Points
of Interest

2005: Eastern elongation
of Mercury.

‘attacker’ must be. Finally he gave a position for the new
planet to astronomers at the Berlin Observatory, and almost
at once Johann Galle and Heinrich D’ Arrest used a telescope
there to find the planet, almost exactly where Le Verrier had
predicted. After some discussion, it was named Neptune.
(Similar calculations had been made by an Englishman, J.C.
Adams, but Le Verrier did not hear about them until after the
discovery had been made.)

Uranus and Neptune are not well placed this month, but
will be better seen later in the year (see 24 August).

Star Magnitudes

Various bright stars are on view this evening — whether you
are observing from the northern or the southern hemisphere
- so this may be a good time to do a little checking upon
apparent magnitudes. (Remember that this is a measure of
how bright a star looks, not how luminous it really is.
Absolute magnitude is different - see 21 May.)

Only four stars are above zero magnitude; Sirius (-1.5),
Canopus (-0.7), Alpha Centauri (-0.3) and Arcturus (frac-
tionally brighter than 0.0). Capella and Rigel are each of
magnitude 0.1, but if you compare the two you will find a
difference. In the northern hemisphere Capella will be
higher up, and Rigel’s light will be dimmed because it has to
come to us through a thicker layer of the Earth’s atmosphere
- an effect known as extinction. To southern observers Rigel
will be high and Capella low down, so that the reverse situa-
tion will apply. This is why it is always difficult to make reli-
able comparisons between stars which are at different
altitudes.

Here are some useful magnitudes to act as guides:

0.1 Capella
1.1 Pollux
1.3 Regulus
1.6 Castor
2.0 Polaris

3.0 Gamma Boétis (see 7 June)

3.3 Megrez in Ursa Major

3.9 Asellus Australis (Delta Cancri), brighter of the
‘Asses’ (see 5 March)

4.7 Asellus Borealis (Gamma Cancri), fainter of the ‘Asses’.

Stars below magnitude 5 can be seen only when the sky is
dark, and below magnitude 6 the average observer will need
optical aid. Sigma Octantis, the south pole star, is only of
magnitude 5.5.
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Solar System Anniversaries

This is certainly an ‘anniversary day’. First comes the discov-
ery of the first planet to be found in the telescopic era:
Uranus. The man responsible was William Herschel.

Herschel was born in Hanover, and trained as a musician.
He came to England while still a young man, and spent the
rest of his life there; he became an organist in the city of Bath,
and took up astronomy as a hobby. He made his own
reflecting telescopes, and using one of these, from the garden
of his home at 19 New King Street, Bath (now a Herschel
museum) he found an unstarlike object which proved to be a
new planet. Uranus is a giant, with about half the diameter of
Saturn, and is only just visible with the naked eye.

Percival Lowell came of a rich American family; after some
years as a diplomat he turned to astronomy, and established
a major observatory at Flagstaff in Arizona, equipping it with
a very powerful telescope (a 24-inch refractor). He was con-
vinced that Mars was inhabited, and that the ‘canals’ were
artificial waterways. Yet he was also an excellent mathemati-
cian, and from tiny irregularities in the movements of the
outer planets he worked out a position for yet another
member of the Sun’s family. In 1930, fourteen years after
Lowell’s death, the new planet - Pluto - was discovered pho-
tographically by Clyde Tombaugh, close to the position that
Lowell had given. Pluto has provided astronomers with
puzzle after puzzle (see 4 June), but there is no doubt that its
discovery was due to Lowell’s persistent work.

The British-built spacecraft Giotto penetrated the head of
Halley’s Comet, and sent back close-range pictures of the
nucleus. It survived the encounter, though the camera had
been put out of action by the impact of a particle probably
about the size of a grain of rice. Giotto then went on to
encounter a second comet, Grigg-Skjellerup, on 10 July 1992.

Adle []

The Greatest Globular Cluster

Globular clusters form a sort of ‘outer framework’ to the main
Galaxy. They are huge, symmetrical systems, sometimes con-
taining over a million stars; over a hundred are known. The
southern hemisphere of the sky contains more globulars than
the northern, because the Sun lies well away from the centre of
the Galaxy and we are having a lop-sided view; Sagittarius is
particularly renowned for its globular clusters.

Only three globulars are clearly visible with the naked eye.
These are Messier 13 in Hercules (4 July), 47 Tucane

The Observer’s Year

Anniversary

1781: Discovery of Uranus,
by William Herschel.

1855: Birth of Percival
Lowell.

1930: Announcement of
the discovery of Pluto, by
Clyde Tombaugh at the
Lowell Observatory in
Arizona.

1986: The Giotto probe
passed Halley’s Comet, at
1040 miles from the
nucleus.

Anniversary

1853: Birth of G.V. Schiaparelli,
the great Italian astronomer
who is, unfortunately, best re-
membered for his spurious
observations of the canals of
Mars, but who carried out much
valuable work, including the
discovery of the close relation-
ship between comets and meteor
streams. He died in 1910.

1879: Birth of Albert Einstein,
the greatest mathematician
since Newton and founder of
the theory of relativity. A
German Jew, he left Germany
in 1933 and spent the rest of his
life in America, where he died
in 1955.
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Future Points
of Interest

2006: Penumbral eclipse of
the Moon. Mid-eclipse 23 h
49 m. The whole Moon
enters penumbro, but not
the main cone of shadow
(umbra) so that only a
slight dimmina will be
noticed.
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(29 November) and Omega Centauri. Of these, Omega
Centauri is the brightest.

It lies in the northern part of the Centaur, and is now in
the east as seen from Australia or South Africa, high above the
horizon. Its apparent diameter is about the same as that of the
full moon, and although the outer edges can easily be resolved
into stars the central regions are very closely packed.
Telescopically, it is difficult to show the whole cluster in the
same field, because it is so large; you need a low magnification
- and of course binoculars give a splendid view. It is prominent
with the naked eye, looking like a hazy star. Obviously it is not
in Messier’s list, but it is No. 80 in the Caldwell catalogue.

The declination of Omega Centauri is approximately 48° S.
Subtracting 48 from 90 gives us 42; to see the cluster, therefore,
you must travel to a latitude south of 42°N. This means that the
cluster cannot be seen from most of Europe, but it does actually
rise over the southernmost part of the main-land; from Athens
it skirts the horizon, but is clearly visible under good condi-
tions. From Invercargill, in New Zealand, it is circumpolar.
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Choosing a Telescope

As we have seen, binoculars are very useful in astronomy,
and will give superb views of objects such as star-clusters. Yet
they have low magnification, and for more detailed views a
telescope is needed. With a telescope, for example, the rings



of Saturn can be seen, as well as the belts and spots on
Jupiter, the dark areas and the ice-caps on Mars and count-
less double stars, variables and nebular objects.

Unfortunately, most modern telescopes are either good or
cheap - not both! And in choosing a telescope, great care has
to be taken. In particular, it is unwise to spend much money
on a refractor with an object-glass less than three inches
across or a mirror below 6 inches across. Smaller telescopes
are bound to be disappointing, particularly if they have
unsteady mounts - as is usually the case.

Remember, the effectiveness of a telescope depends
entirely upon its aperture; the actual magnification is carried
out by the eyepiece. Therefore, do not buy any telescope
which is advertised as ‘magnifying so many times’. The
maximum possible for good results is a power of 50 per inch
of aperture, so that, for instance, a three-inch can never give
good views with a power of over 150. Many manufacturers
make exaggerated claims. Also, look for ‘stops’ inside the
tube which reduce the actual aperture; this is a well-known
method of concealing defective optics.

Lens-making is beyond the average amateur, but it is quite
possible to make a good mirror for a Newtonian reflector. It
takes time and patience, but all in all it is more laborious
than difficult.

The golden rule is - do not rush into buying a telescope
merely because it looks nice. If possible, obtain the help of an
expert. Your local astronomical society will almost certainly
be able to help; a full list of British local societies is given in
the annual Yearbook of Astronomy (Macmillan London).

Procyon

This is a good time to seek out Procyon, the leader of Canis
Minor (the little Dog). At magnitude 0.38, it is one of the
brightest stars in the sky and it is easy to find by using Orion as
a guide (see pages 69-70). It is one of our nearer neighbours,
only 11 light-years away, and it is 7 times as luminous as the
Sun. Its spectral type is F5 and, therefore, would be expected to
be yellowish, but most people will say that it is pure white.
Astrologers always associate it with wealth and fame!

Procyon is not a solitary traveller in space: it has a faint
companion of magnitude 13, discovered in 1896. It is so close
to the bright star that it is very difficult to see. Its orbital period
is 41 years, and the separation is about 1400 million miles. The
companion is a white dwarf, slightly smaller than a planet such
as Uranus or Neptune, but with a mass 65 percent that of the
Sun. Procyon itself has a mass 1.75 times that of the Sun.

There are no other bright stars in Canis Minor, but
Procyon is a major member of Orion’s retinue, so do not fail
to identify it.

The Observer’s Year

Anniversary

1713: Birth of Nicolas
Louis de Lacaille
(1713-1762), the French
astronomer who travelled
to the Cape and drew up
the first good catalogue of
the far southern stars. He
also introduced a number
of new constellations, in-
cluding Sculptor, Fornax,
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Reticulum, Pictor and
Octans.
L
/7
Anniversary

1750: Birth of Caroline
Herschel. She was William
Herschel’s  sister, who
acted as her brother’s
assistant throughout his
astronomical career. She
was a considerable astron-
omer in her own right, and
discovered eight comets.
After William’s death she
returned to her native
Hanover, and died there
at the age of 98.

1926: Launch of first
liquid-fuel ~rocket, by
R. Goddard, at Auburn,
Massachusetts.
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Future Points
of Interest

2006: Occultation of Spica,

11 h, Pacific, Hawaii.

2007: Occultation of
Mercury, 4 h, Ocran S of
New Zealand.

2009: Occultation of
Antares, 5 h, Atlantic,
Africa.

Anniversary

1965: Launch of Voskhod
2, carrying Alexei Leonov
and Pavel Belyayev.
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The Owl Nebula

This evening, for a change, let us look for a decidedly elusive
object - Messier 97, the Owl Nebula. Its integrated magnitude
is around 12, so that it is well beyond the range of binoculars,
and probably you will need a telescope of at least six inches
aperture.

At least it is high up; it lies in Ursa Major, which at present
is not far from the zenith or overhead point. It is not far from
Beta Urse Majoris or Merak, the fainter of the two Pointers
to the Pole Star. The position is: RA 11 h 15 m, declination
+55°01".

The Owl is a planetary nebula. The name is misleading,
because a planetary nebula has absolutely nothing to do with
a planet and is not truly a nebula; it is a very old star which
has thrown off its outer layers, and is surrounded by a shell
of very tenuous expanding gas. Its nickname was given to it
in 1848 by Lord Rosse, who observed it with his strange
72-inch reflector at Birr Castle in Ireland, and said that it
bore ‘a striking resemblance to the face of an owl’, with ‘a star
in each cavity’ giving the impression of an owl’s eyes. Its real
diameter is of the order of 3 light-years, and its distance
seems to be around 3000 light-years.

M97 is one of the dimmest objects in the Messier cata-
logue. Look for it by all means, but do not be surprised if you
fail to find it at the first attempt.
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Space-Walking

In the early 1960s the space programme of the old USSR was
in full swing. Voskhod 2 carried two cosmonauts, and it was
during their trip that Alexei Leonov carried out the first of all



‘space-walks’. Wearing a special suit, he went outside the
space-craft, undertaking a series of manceuvres before going
back through the airlock.

This has been done many times since, but Leonov’s ‘walk’
was the very first. The obvious question is: Why did he not
drift away from his space-craft? True, he was using a safety
line, but in any case there was no force which would have
separated him. He and the Voskhod were going round the
Earth at the same speed, and at the same distance; therefore
they simply stayed together. The best analogy is to picture
two ants crawling on the rim of a bicycle wheel. If the wheel is
made to spin, the ants will not drift apart, and this was the
situation with Leonov and the space-craft; they represent the
two ants, while the hub of the cycle wheel takes the place of
the Earth.

Leonov’s ‘walk’ was brief, but since then many complex
manceuvres have been carried out, including the repair of the
Hubble Space Telescope. In many cases the astronauts have
not even been attached by safety cords. The first American to
leave a space-craft in this way was Edward White, from the
Gemini 4 vehicle in June 1965. This was successful, though,
ironically, White later lost his life during a ground rehearsal
for a space mission.

Xl Ursze Maijoris: the First
Computed Binary

We have seen that the Plough is only part of the large constel-
lation of Ursa Major, the Great Bear. One of the much fainter
stars in the Bear is of special interest. It has a name - Alula
Australis, which means ‘the First Spring’ - but most
astronomers refer to it simply as Xi Urse Majoris. It lies close
by Alula Borealis or Nu Ursz Majoris, a rather orange K-type
star of magnitude 3.5. The pair is easy to locate; Nu is the
brighter of the two by three-tenths of a magnitude.

Xi is an easy double. The components are of magnitudes
3.4 and 4.8, and the present separation is 1.3 seconds of arc.
Its double nature was first seen by Sir William Herschel in
1780, during one of his ‘reviews of the heavens’. At that time
it was not realized that many (in fact, most) doubles are
binary or physically associated systems; this discovery was
due to Herschel himself, during his unsuccessful attempts to
measure star distances. By 1804 it was seen that Xi Urse
Majoris must be a binary, because the two components were
moving significantly with respect to each other. The angle of
a fainter object from a brighter one is known as the position

The Observer’s Year

Future Points
of Interest

2007: Occultation of
Uranus, 6 h, SE Europe,
Africa.

Future Points
of Interest

2007: Partial eclipse of the
Sun. Mid-eclipse 03 h
GMT; obscuration 88 per
cent visible from

N. America and Japan.

2008: Occultation of
Regulus, 19 h, New
Zealand, Pacific.
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angle (PA); in the case of Xi Urse Majoris, the PA had
changed by almost 60 degrees since Herschel had first
identified the pair.

The problem was taken up by a French astronomer, Félix
Savery. In 1828 he announced that the orbital period of the
binary was just under 60 years (actually it is 59.8 years), with
a separation ranging between 0”.9 and 3”.1. This was the first
binary to have its orbit computed, so that Alula Australis has
its place in astronomical history.

The distance from Earth is only 25 light-years. It seems
that each component is itself a spectroscopic binary, so that
in reality Xi Ursae Majoris is a quadruple system. If there are
any planets there, they must have a fascinating view of the
sky.

The Equinox

The spring or Vernal Equinox always falls around this date.
Owing to the idiosyncrasies of our calendar, the actual date is
not constant but it never changes much. During the period
covered here, the times of the equinoxes are:

2005 March20, 12h 34m 29s
2006 March20, 18 h 26m 39s
2007 March21, 00h 08m 30s
2008 March20, 05h 45m 23s
2009 March20, 11h 44m 44s
2010 March20, 17h 33m 18s

These times mark the moment when the Sun crosses the
celestial equator, moving from south to north. For the next
six months it will stay in the northern hemisphere of the sky,
before again crossing the equator (autumnal equinox) and
returning to the south.

The ecliptic - that is to say, the apparent yearly path of the
Sun against the stars - is inclined to the equator at an angle
of 231°. This is because the Earth’s axis of rotation is tilted to
the perpendicular to the orbit by this amount. The Vernal
Equinox, where the ecliptic and the equator intersect, is also
known as the First Point of Aries, because in early times it lay
in the constellation of Aries, the Ram. However, the Earth’s
axis does not always point in precisely the same direction; it
used to point to a position near the star Thuban in Draco (the
Dragon), which was the pole star at the time when the
Egyptian Pyramids were being built. The First Point has now
moved from Aries into the adjacent constellation of Pisces
(the Fishes), though we still use the old name. The wandering
of the pole is due to the effect known as precession (see
18 October).



In our time, Polaris will remain the north pole star.
Thuban is below the third magnitude; it lies between Alkaid
in the Plough and the two Guardians of the Pole, Beta and
Gamma Ursa Minoris.
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The Celestial Equator

Just as the Earth’s equator divides the world into two hemi-
spheres, so the equator of the sky divides the sky into two
hemispheres. Since we are now at the Vernal Equinox, when
the Sun is on the equator (either 20 or 21 March, depending on
the year), this is a good time to see just where the equator runs.

Orion is still visible, low in the west, and we can start from
there, because the equator passes just north of Mintaka or
Delta Orionis, the faintest of the three stars in the Hunter’s
Belt; the declination of Mintaka is only 18 minutes of arc
south (-00° 18"). The equator then runs across Monoceros,
the Unicorn, where there are no bright stars (see 27 March)
and thence into Canis Minor, the Little Dog, passing just
under 6° south of Procyon, whose declination is +5° 14”. Next
the equator runs across Hydra, south of the Watersnake’s
head (9 March); the brightest of the ‘head’ stars, Zeta Hydree,
is at declination +05° 56’. Between the Head and Alphard
(8 March) there are two dim stars, Theta and lota Hydre,
both of fourth magnitude; the equator runs between them.
Next it crosses the faint constellation of Sextans (23 April)
and then into Virgo (8 May), passing near two stars of the
main pattern, Eta Virginis or Zaniah (-00° 40") and Gamma
Virginis or Arich (-01° 27’), after which it passes into the
large constellations of Serpens and Ophiuchus.

Because the poles of the sky shift slightly, due to preces-
sion, the equator moves too, but the shift is much too slight
to be noticed with the naked eye over a period of many life-
times. In any case, there is no definite marker to show just
where the equator is.
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The Origin of the Planets

When making star maps, it is not possible to put in the posi-
tions of the planets, because they wander around the sky.
Remember, they are very close compared with the stars, and
are members of the Sun’s family or Solar System.

The Observer’s Year

Anniversary

1965: Landing of the
Ranger 9 probe on the
Moon. It came down inside
the crater Alphonsus, and
sent back 5814 images. This
was the last of the Ranger
series of crash-landers.

Future Points
of Interest

2006: Occultation of
Antares, 3 h, Atlantic,
S. Africa.

2010: Opposition of
Saturn.

Future Points
of Interest

2007: Western elongation
of Mercury.
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Anniversary

1394: Birth of Ulugh Beigh,
last of the great astron-
omers of the Arab school.
He established an obser-
vatory at his capital,
Samarkand; of course it
had no telescopes, but it
became an astronomical
centre, where tables of the
Moon and planets were
drawn up. Ulugh Beigh
was murdered in 1449 on
the orders of his son,
whom he had banished on
astrological advice.

The first man to propose a plausible theory to explain the
origin of the planets was Laplace, whose anniversary falls
today. He believed that the Solar System began as a shrinking
cloud of gas. As it became smaller, because of the effect of
gravity, it threw off various rings, each ring condensing into a
planet. When he put forward this idea, in 1795, the two outer-
most planets, Neptune and Pluto, were not known (and in
any case we can hardly regard Pluto as a proper planet), so
that on Laplace’s ‘nebular hypothesis’ Uranus would have
been the oldest planet and Mercury the youngest.

The nebular hypothesis was accepted for many years. In its
original form it was found to have fatal mathematical weak-
nesses, but modern theories are not too unlike it, and cer-
tainly it seems that the Earth and the other planets were
produced from a ‘solar nebula’, a cloud of material associated
with the youthful Sun. At least we are confident about the
timescale; the Earth is 4.6 thousand million years old, and in
all probability the other planets are of much the same age.
There is no doubt that Laplace made very important contri-
butions to astronomical theory.
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The Hunting Dogs
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Tonight’s constellation is Canes Venatici, the Hunting Dogs —
Asterion and Chara. The constellation lies close to Ursa
Major; it contains only one fairly bright star, Alpha (Cor
Caroli). In old maps the Dogs are shown being held on
leashes by Bodtes, the Herdsman - possibly to stop them
from chasing the Bears round the celestial pole.

Cor Caroli is of magnitude 2.9; it seems to have been given
its name by Edmond Halley in honour of the memory of King



Charles I, who had been executed in 1649 after the end of the
Civil War between the Cavaliers and the Roundheads. It is 65
light-years away, and 75 times as luminous as the Sun. What
makes it interesting is that it has a variable spectrum, and
apparently a strong and variable magnetic field. It is also a
fine double. The companion is of magnitude 5.5, and as the
separation is over 19 seconds of arc this is a particularly easy
telescopic pair.

The second star of the constellation is Beta or Chara,
rather below the fourth-magnitude. It is only 29 light-years
away, and is therefore one of our nearer stellar neighbours.
Its spectrum is of type G.

If you have binoculars, look for the very red variable Y
Canum Venaticorum, which lies about one-third of the way
along a line joining Cor Caroli to Megrez in the Great Bear.
Here we have one of the reddest of all stars; it is of type N, so
that its surface is relatively cool. It is a semiregular variable;
at maximum it is on the fringe of naked-eye visibility, but
optical aid is needed to bring out its colour, which is so
intense that the star has been christened La Superba. Its posi-
tion is RA 12 h 45 m, declination +45° 26”. There is a very
rough period of 157 days, which is however subject to
marked fluctuations. La Superba is certainly worth finding,
and it fully merits its nickname.
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The Whirlpool

While we are concentrating on Canes Venatici, let us search
for one of the most famous galaxies in the sky: M51, nick-
named the Whirlpool for reasons which are obvious from a
glance at any good photograph of it. Though it lies within the
borders of Canes Venatici, the nearest bright star is Alkaid in
the Plough: M51 lies about 3.5° from Alkaid. Its integrated
magnitude is 8. It is usually said to be distinct in binoculars,
though I admit that I have never been able to see it without a
telescope (observers with keener eyesight will certainly do
better). Telescopically, of course, it is easy enough. Small
instruments show it as a fuzzy patch, but a good 12-inch will
bring out the spiral form.

In fact the Whirlpool was the first galaxy to be recognized
as a spiral - by Lord Rosse in 1845, during the initial tests
with his strange 72-inch reflector at Birr Castle in Ireland. It
was also Lord Rosse who gave the galaxy its nickname. His
drawing of it was remarkably good, as is shown by comparing
it with a modern photograph. He also shows the satellite
galaxy, NGC 5195, which is joined to M51 by a bridge of lumi-
nous material.

The Observer’s Year

Anniversary

1893: Birth of Walter
Baade, a German astron-
omer who spent most of
his career in America. It
was he who established
that there had been a
serious error in the Cepheid
distance scale (see 28
January) and that the
universe was twice as large
as had been thought. He
died in 1959.

1975:  Contact finally
lost with the spacecraft
Mariner 10, which had
been launched in 1973 and
had bypassed Venus
(3 February 1974) and
Mercury three times (25
March, 21 September 1974
and 16 March 1975). It
remains the only probe to
have surveyed Mercury
from close range. No doubt
it is still in solar orbit.
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Anniversary
1655: Discovery  of

Saturn’s satellite Titan, by
Christiaan Huygens.
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Future Points
of Interest

2006: Western elongation
of Venus.

M51 was discovered by Messier himself in 1773. It is about
37 000 000 light-years away, and is therefore one of the closer
galaxies, though well beyond the limits of our Local Group. It
is a favourite target for astronomical photographers, and is
so striking because unlike the larger and closer Andromeda
Spiral, M31, it is almost face-on to us.

Titan

For most of the period covered here Saturn is in the region
of Cancer and Leo, so that it is well on view, and the rings
have opened out (they were edgewise-on in 1995). This is
therefore a good time to say something about its senior
satellite, Titan, which was discovered by the Dutch
astronomer Christiaan Huygens, using one of the small-
aperture, long-focus refractors of the time. It moves round
Saturn at a mean distance of 760 000 miles in a period of 16
days; it is of the 8th magnitude, so that almost any telescope
will show it, and it is just within the range of powerful
binoculars. It has a diameter of 3200 miles, so that it is
larger than the planet Mercury; it is in fact the largest satel-
lite in the Solar System apart from Ganymede in Jupiter’s
family.

What makes Titan so important is the fact that it has a
dense atmosphere; the ground pressure is almost 1.5 times
that of the Earth’s air at sea level. Moreover, the bulk of the
atmosphere is composed of nitrogen, though there is also a
great deal of the unprepossessing gas methane (marsh gas).
Unfortunately we do not yet know much about the surface
conditions, because of the constant cloud; the Voyager
images showed only the top of a layer of what has been
called ‘orange smog’, though recently the Hubble Space
Telescope has done rather better. The temperature is low;
about - 168 °C. This is near the triple point of methane, so
that methane could exist as a solid, a liquid or a gas, just as
H,O0 can exist on Earth as solid ice, liquid water or water
vapour. Titan may be covered, at least in part, by an ocean of
ethane or methane.

The Cassini probe, launched in 1997, should drop a
‘lander’ on to Titan in January 2005; this lander has been
named in honour of Christiaan Huygens. Whether it will
touch down on solid ground, or splash into a chemical sea,
we do not know. The chances of life there are minimal, if only
because of the low temperature, but certainly Titan is unlike
any other world in the Solar System.
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Messier Objects in Canes
Venatici

We have not yet finished with the Hunting Dogs. Dim though
it may be, the constellation contains a number of interesting
objects, quite apart from the Whirlpool (24 March). One of
these is the globular cluster M3, which has an integrated
magnitude of between 6 and 7, and is not hard to find with
binoculars.

M3 lies at the extreme edge of Canes Venatici, and proba-
bly the best guide to it is Beta Comae in the adjacent constel-
lation of Coma Berenices (18 May). M3 was discovered by
Messier in 1764, and is around 48 000 light-years away. It is
very symmetrical, and contains hundreds of thousands of
stars. It is one of the three brightest globulars in the northern
hemisphere of the sky; the others are M13 (4 July) and M5
(13 July), but in beauty M3 is the equal of any.

Canes Venatici is rich in galaxies. Apart from M51, the
Whirlpool, there are three galaxies in the Messier catalogue
(63, 94 and 106) and four in the Caldwell catalogue (21, 25, 29
and 32). Of these M63 is particularly notable. It is a tightly
wound spiral, with an integrated magnitude of just below 7; it
is about 24 000 000 light-years away, and lies roughly
between Cor Caroli and Alkaid. M94, of 8th magnitude, is
face-on to us, but again the arms are tightly wound.

These and other galaxies in the Hunting Dogs are below
binocular range, but the whole area is worth sweeping with a
wide-field telescope, and with a little practice many of the
galaxies may be identified.
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Monoceros

Monoceros, the Unicorn, is by no means a prominent con-
stellation. It adjoins Orion, and occupies most of the large
triangle outlined by Betelgeux, Sirius and Procyon. The
brightest star, Beta, is only of magnitude 3.7, but the Milky
Way runs right through the constellation, so that there are
plenty of rich star-fields. Beta is an easy double; the compo-
nents are of magnitudes 4.7 and 5.2, and the separation is
over 7 seconds of arc. There is a third component, of magni-
tude 6, at a separation of 10 seconds of arc, so that the whole
field is decidedly attractive.

The Observer’s Year

Future Points
of Interest

2006: Occultation of
Jupiter, 15 h, Indian
Ocean, SW Australia.

Anniversary

1989: Phobos 2 lost. This
was a Russian probe, in-
tended to touch down on
Phobos, the inner satellite
of Mars. Unfortunately
contact was lost before the
programme had
begun, and was never
regained.

main
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Future Points
of Interest

2006: Occultation of
Uranus, 16 h, S. Atlantic

2008: Occultation of
Antares, 10 h, New
Zealand, S. Pacific.

Though Monoceros has no brilliant stars, and no distinc-
tive shape, it does contain some interesting objects. Pride of
place must surely go to the lovely Rosette Nebula.

To locate it, first find the open cluster C50 (NGC 2244),
round the dim star 12 Monocerotis. The cluster is an easy
binocular object, and it is rather surprising not to find it in
Messier’s list; it lies slightly off the line joining Procyon to
Betelgeux, considerably closer to Betelgeux. The cluster con-
tains a small but distinctive quadrilateral of stars, which are
plain with fairly strong binoculars.

The Rosette Nebula, C49 (NGC 2237), surrounds the
cluster. It is none too easy to see visually - strong binoculars
or a low power on a telescope show a soft glow round the
cluster - but when photographed it is magnificent, and is a
favourite target. The colours are superb; note also the central
cavity, due to grains of material being ‘pushed away’ by the
hot stars in the middle of the nebula. The real diameter of the
nebula is about 55 light-years, almost seven times the dis-
tance between the Sun and Sirius.

Also in Monoceros is the open cluster M50, roughly
between Sirius and Procyon. Strong binoculars show individ-
ual stars in it. Beyond it lies the 3.9-magnitude star Alpha
Monocerotis, and in the same binocular field is the open
cluster C54 (NGC 2506), which is by no means a difficult
object even though it is unspectacular. It lies close to the
border between Monoceros and Puppis, the Poop of the old
Ship Argo (27 December).
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The Oldest Open Cluster

This evening let us turn back to Cancer, which is a Zodiacal
constellation and is so near the celestial equator that it can be
seen from every inhabited country. We have already looked
at the main cluster, Preesepe (see 5 March), but there is also
another open cluster in the Crab which is within the range of
binoculars, and is exceptionally interesting. This is M67.

It is easy to find, north of the head of Hydra and south of
Praesepe; it is close to the fourth-magnitude star Acubens
(Alpha Cancri), and is on the fringe of naked-eye visibility. It
is an attractive cluster, more symmetrical than Preesepe, and
is very rich, with hundreds of faint stars. Its distance is of the
order of 2700 light-years.

What makes it so unusual is that it seems to be much older
than most open clusters. It is thought that the stars in a cluster
are born out of the same ‘cloud’ of material, and start their
lives in the same area; but inevitably the cluster is perturbed
by non-cluster stars, so that eventually it is scattered and loses
its identity. M67, however, is well away from the main plane of
the Galaxy, so that there are not many stars near it to disrupt
it, and it has preserved its identity over a very long period. It
is thought to be at least 4000 million years old, and probably
older, whereas the ages of clusters such as the Pleiades can be
measured in a few millions of years.
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Miniature Worlds

This is an ‘asteroidal anniversary’ month. On 28 March the
German amateur astronomer Dr Heinrich Wilhelm Matthias
Olbers discovered the second asteroid, Pallas, and on 29
March 1807 he discovered Vesta, the brightest member of the
whole swarm.

The asteroid story began on the first day of the nineteenth
century, 1 January 1801, when Piazzi, at Palermo, discovered
Ceres, which remains much the largest of all the asteroids.
Ceres then vanished into the twilight but was recovered in the
following year, probably by Olbers (though there have been a
few other claimants!). During his search Olbers discovered
Pallas. The searches continued; asteroid No. 3, Juno, was
found by Karl Harding in 1804, and then came Olbers’ detec-
tion of Vesta in 1808. Vesta is the only asteroid ever visible
with the naked eye.

The Observer’s Year

Anniversary

1802: Discovery of Pallas,
the second asteroid, by
Olbers. Pallas is one of the
largest of the asteroids - it
measures 360 by 292 miles
- but is never visible with
the naked eye. It is a ‘main-
belt’” asteroid, moving
around the Sun at a mean
distance of 225 million
miles in a period of 4.6
years.

Anniversary

1807: Discovery of the fourth
asteroid, Vesta, by Olbers.

1890: Birth of Sir Harold
Spencer Jones, who was
Astronomer Royal from 1933
to 1955. He was an eminent
astrophysicist, who carried
out work of fundamental im-
portance: during his régime
as Astronomer Royal the
Greenwich ~ Observatory
moved from its old site in
Greenwich Park to Herst-
monceux, in Sussex. Spencer
Jones died in 1960.

1974: First close pass of
Mercury by the space-craft
Mariner 10. It sent back 647
high-quality pictures, giving
us our first close-range views
of the Mercurian craters.
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Future Points
of Interest

2006: Total eclipse of the
Sun. Mid-eclipse 10 h
GMT. Max. length of
totality 4 m 7 s. Visible
from N. Africa, Turkey,
Russia.

Future Points
of Interest

2005: Occultation of
Antares, 17 h.

Vesta is 358 miles in diameter. Surface details on it have
been recorded from the Hubble Space Telescope, and a rough
map has been drawn up; there seems to be a large basin, over
120 miles across, which has been provisionally named
‘Olbers’. The two hemispheres of the asteroid are different;
one seems to be covered with quenched lava flows, while the
other has the characteristics of molten rock that cooled and
solidified underground, and was later exposed when Vesta
was struck by wandering bodies, of which there must be
many in the main asteroid zone. It has even been suggested
that some particular meteorites, known as eucrites, come
from Vesta, though the evidence is very uncertain.

Olbers, who found the asteroid, was a medical doctor who
made notable contributions to astronomy. He also had the
reputation of being an exceptionally pleasant person. He was
born in 1758, and died in 1840.

Nu Hydrze

One of the brighter stars in the Watersnake is Nu Hydree. It is
now well placed, in the south for British observers, high up
for Australians and New Zealanders; its declination is -16°. It
is one member of the long line of stars leading from the
Watersnake’s head through Alphard and along to the neigh-
bourhood of Corvus, the Crow (23 May); it is also the best
guide to the inconspicuous but ancient constellation of
Crater, the Cup (25 May). Nu Hydre is of magnitude 3.1,
slightly brighter than Megrez, the dimmest of the seven stars
in the Plough. What sort of star is it?

It is of spectral type K, which means that it is rather orange
in hue. The colour is not evident with the naked eye, because
the star is not bright enough, but binoculars will show it. This
means that the surface temperature is only about 4000 °C, as
against over 5000 °C for our yellow Sun. It is much larger
than the Sun, and 90 times as luminous; it is 127 light-years
away, so that we now see it as it used to be 127 years ago.

The absolute magnitude is -0.1 (see 2 and 6 January), so
that as seen from our standard distance of 32.6 light-years it
would shine more brightly than Capella does to us. From a
planet orbiting Nu Hydre, our Sun would be faint, and you
would need a telescope of some size to see it at all. But Nu
Hydre does not seem to be the sort of star which would be
expected to have a planetary system, and it is well advanced
in its life-story, so that it has used up much of its store of
nuclear ‘fuel’.

Near it is U Hydree, which is of type N and is one of the
reddest stars in the sky; it rivals X Cancri (7 March) and R
Leporis (18 January). Like many of its kind, it is a semi-



regular variable with a rough period of 450 days; the magni-
tude range is between 4.8 and 5.8, so that it is always an easy
binocular object. Certainly it is worth finding, and with
binoculars or a telescope it is a beautiful sight.

AdYe ]

Van Maanen and the Galaxies

Today is the anniversary of a well-known Dutch astronomer,
Adriaan van Maanen. He was born on 31 March 1884, and
died in 1947. He achieved much useful work, but some of his
results proved to be wrong and held up progress for some
time.

In the early part of the twentieth century it was still widely
believed that the ‘spiral nebule’ were minor features of our
Galaxy