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Foreword

the truly staggering achievements of Space probes to the planets
involving the expenditure of unbeh’evably vast sums of money
by several national governments.

Accompanying this more recent explesion in astronomical
knowledge there has been 4 tremendous increage in the number
of astroriomy bookg published. A very large proportion of these
are of a highly technical natyre primariiy intended for readers
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is often referred to as a great upsurge of public interest in
astronorny is largely an interest iin whai is being done in these
fields of highly specialised advanced technology, something
very different from what was meant by astronomical interest
up to the middle of this century.

There has also been, however, a very steady cutput of the
more traditional kind of astronomical textbooks for students,
from O level to degree courses, and of a wide range of popular
introduciory books, mainly descriptive of what can be seen with
one’s own eyes and simple telescopes and binoculars. It is
these latter which are specifically directed to readers who have
already actually looked at the night sky and have been impelled
by a senise of wonder and curiosity to find-out more about it.
Mony make astronomy their hobby, and some become serious
amateur astronomers who engage in systematic observing
programmes organised by local astronomical societies which
have grown greatly in number during recent years.

The British Astronomical Association was founded in 1890
with the prime object of promoting amateur astronomy by the
encouragement of its members with small teleccopes to under-
take systematic observational work under the guidance of the
directors of the various sections devoted to the study of the
sun. moon, planets and stars. For many decades it was the
cherished belief of a large proportion of the membership that
they were taking part in work of scientific value, a belief which
is increasingly difficult to sustain in the context of present-day
professional astrcnomy. It is certainly not held by hundreds of
the current 3,600 members who derive great personal satisfac-
tion from their own direct experience of the night skies in a
wide diversity of astronomical occupations. Thev gaze at the
celestial vista and wonder, as Man has done since time imme-
morial, seeking more than scientific expianation of phenomena
solely in terms of scientific principles alreadv educed in:other
fields. -

It is for the wondering sky observer that this book has been
written, a book quite different from any other among the
present proliferation of astronomy books referred to earlier.
it is fundamentally different in that, by its description and
explanation of the constantly changing celestial scene, it empha-

_sises at all stages that the watcher experiences a geocentric view of

the heavens and that his knowledge of a heliocentric planetary

Foreword * ix

system is acquired solely by inference. However assiduous his

-study of general and mathematical astronomy, he will never

experience the sun-centred theory he has undoubtedly proved
intellectually. His immediate knowledge of the objects beyond
the earth is akin to his knowledge. of what surrounds him on
the earth, just as it has been for all people throughout the ages.
In other words, heaven and earth are a totality of the experience
of human life, something not realised by those who seldom
look upwards.

This eoe
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at length in the introductory chapter to this book. The author
considers in detail the whole question of how Man has inter-
preted what he has learned of his cosmic environment from
ancient times right up into the space age. Many of those reading
his comments will be delighted at finding this particular
approach to astronomy which they will recognise as of special
appeal to them, an approach which they will have found
nowhere eise. Others will be ied to take a closer look at the sky
than hitherto and be enthralled by their discovery of how much
more - there is to see and notice than they had previously
realised.

Of still greater consequence, they will want to follow the
progress of the various phenomena they have observed, not
haphazardly but over weeks, months and years to witness from
their own experience the completion of many of the cycles
described in the book. They will also want to know the reasons
for these systematic changes in the aspects of the stars and the
cyclic returns to similar situaticrs involving the planets. They
will find simple explanations of the essential principles under-
lying the sometimes apparently complicated celestial happen-
ings. Vital to these explanations are the excellent diagrams,
many highly original, which form a large and indispensable
part of the book.

Eclipses of the sun and moon are not common phenomena
at any one place, and are often invisible because of clouds.
Nevertheless, they are an intriguing subject about which people
always want to know more than the circumstances of any
particular one they may have seen. The reader will find far
more information and explanation of these markers of history
in Chapter 7 than he is likely to find in any other single took.

The concluding chapters on light in the sky and the telescope



x * Foreword

are impressive examples of the whole intention of the book -
to urge people to look at the sky and to react to it with their
minds. My own experience over a great many years of teaching
astronomy in evening classes and of dealing with letters from
readers of the Daily Telegraph night-sky articles convinces me
that Norman Davidson’s new approach to astronomy will
supply a very real need feit by many whose interest in the stars
prompts questions which require more than factual answers
from textbooks. The great, incomparable Camille Flammarion
still has no successor as a marvellous presenter of the wonder,
beauty and philosephy of astronomy along with its science, but
he has clearly been a source of inspiration to Mr Davidson, who
has written just the kind of book I have long wanted to write.

According to Bertrand Russel], Pythagoras was intellectually
one of the most important men that ever lived. Mr Pavidson
has shown the way to the practical realisation of the truth of
the fundamental tenet of his phiioscphy: ‘I am a child of Earth

and Starrv Heaven.’
Leslie White, FRAS,

Astronomy correspondent of the Daily Telegraph
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Introduction

Today there is a conspicuous lack-cf publications on astronomy
dealing unashamedly with the sky as it is experienced by the
ordinary, naked-eye cbserver standing under the stars. Science
has become sc sophisticated that a serious study of sky
phenomena accessible to all is considered superfluous, outside
textbooks and purely descriptive works on where to find the
constellations, etc. Even in those, the earth-centred experience
often quickly lifts off beyond the realm of the unaided eye into
that of the large telescope, radio signals, and other up-to-date,
and adinirable, instrumentation.

Nowhere in print in English can [ find a satisfactory publi-
cation on observational astronomy which treats it as a part of
culture and as a creative science in itsclf. The present volume
attempts to rectify this and is directed towards the ordinary
member of the public who feels that the world of stars is a
meaningfui part of his greater environment and wishes to learn
more about it within the bounds of his own experience; and it
is also directed to the observational astronomer who requires a
text which takes a fresh, intimate look at the n.ovements and
appearances revealed to his nightly vigil. In addition, the theme
has a relevance to many aspects of culture including.philo-
sophy, psychology, history, literature and mythology. The aim
has been to reintroduce the human cultural element into a
basic science. Concordant with this is the inclusion, by modern
authors, of the history of science and the evolution of conscious-
ness into studies of, for example, history and literature. In this
context the present book offers a contribution to an under-
standing of earlier cultures, permeated as they were with obser-
vational sky lore. ‘

What it also offers, for a reader on any level, is one attempt
at a fresh entry into astronomy arising out of Goethe’s approach

xiti
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to.science. A literary figure of considerable stature, Gcecthe
(1749-1832) turned his comprehensive thinking and imagination
to the sciences, including optics, which gave rise to his far-
reaching and little-understood (if not misunderstood) Theory of
Colours. His scientific writings were edited by Rudolf Steiner
(1861-1925) whose further works and teachings resurrected
Goethe’s world view as the foundation for a renewal of culture.
Steiner’s A Theory of Knowledge Impiicit in Guethe's World Concep-
tion and Goethe the Scientist constitute a deep scientific revolution
which has not yet beer fully realised and which has its roots
in an inner need of the modern human being.

One requirement in astronomy is a study which is faithful to
the observed phenomena, within a total human experierce,
allowing the phenomena to revea themselves as a script. This
Is a creative process, the student being called on to make new
beginnings, with everything relying on his own activity. The
first chapter of the present text starts from an evaluation of the

basic question of the geocentric and heliocentric systems. The .

sun-centred system and its derivatives hold the favoured
position in science and the popular imagination. But the earth
as centre is the archetypai system which works on in the uncon-
scious despite Copernicus, because jt is the cosmic ordering of
'direct impression’. In this sense it is the most ‘effective’ order.
Dante’s hierarchies and Jung’s synchronicities have their
dwelling there.

The geocentric approach seems much misunderstood and
misrepresented in literature today. It is not realised how much
it plays into our earthly existence. (Husserl's text, quoted in
Appendix 1, investigates the experience and concept of move-
ment from a geocentric position.) For the earth inhabitant, the
earth is the centre and is not experienced as moving, but this
does not preclude a moving earth as understood from some
other position or viewpoint. For someone living on Mars, the
universe is Mars-centric. While citizens of 2arth, we cannot
ignore the geocentric view - or else cannot escape it even if we
ignore it. I have sat in a Planetarium and been lectured on the
obsolete nature of the illusory geocentric view and how modern
man has outgrown it, but the hapless lecturer could not avoid
pressing a perfectly modern button to darken the auditorium
and turn the night sky round the centra] audience. Phernomeno-
logically his action was entirely correct.

Introduction * xv

One question presenting itself to the student of astron'cfmy
with an eye for qualitative appearance, is what department of
science astronomy stands within. In one sense it is inorganic
and mathematica] and in another it is, in its wholeness, organic
and living. Thomas Aquinas in The Division and Methods of the
Sciences (a commentary on the De Trinitate of Boethius) placed it
among the “intermediate’ studies, along with music and optics,
between mathematics and natural science. Certain sciences he
called “arts because they involve not only knowledge but also
a work that is directly a product of reason itseif’ ~ such as
discourse, composing melodies or ‘reckoning the course of the
stars’.

It seems to me that astronomy can relate like a mother-study
to all the sciences and to many other aspects of human life. In
the form presented here, it has been sadly neglected in recent
times and needs to be reinstated into education and general
culture. Much is said and written today on cosmologies and
star lore past and present. For this to be fully effective it requires
a firm foundation in the experience of the circling stars.

The “imagination’ of the title of this book must not be confused
with any fanciful, other-worldly treatment of the subject.
Another author may use another word, but here it points to_a
vital and integral part of human consciousness which is today
‘00 often ignored and, when it is, inevitably reasserts itself -
but then emerges as a distortion leac ing into the realm of fancy,
loose association and mere invention. Thus, nature is not to be
denied and takes its revenge, for we end up with mental
creatiors which have no direct connection witk the actual
working of things.

If a Chinaman who always uses the floor to sit on looks at a
chair for the first time without imagination, then it is o him
just an incongruous fabrication of wood and glue. He may use
it as a table, but he wil] net penetrate to its origin and meaning
~ to the thought behind it and the effect it has for human life

In his Biographia Literaria Coleridge makes a clear distinction
between Imagination and fancy. His idea of a primary form of
Imagination is to see it as ‘the living power and prime agent
of all human perception’. A secondary form of Imagination
'struggles to idealise and to unify. It is essentially vital, even as
all objects (as objects) are essentially fixed and dead.’ He adds,

Y S
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‘Fancy, on the contrary, has no other counters to play with but
fixities and definites . . . equally with the ordinary memcry
it must receive all its materials ready made from the law of
association.’ ‘
“"Fancy works upon, and is led by, the exteriors of things but
imagination penetrates phenomena, bringing them alive. Fancy
brings something to objects from outside, whereas imagination,
at root, is the ‘prime agent of all human perception’ and unites
mind and object in the act of understanding, and of discovering
meaning.

Goethe once wrote te the philosopher Friedrich Jacobi: ‘God
has punished you with metaphysics and put an arrow in vour
flesh; me He has blessed with physics . . . You hold fast to f~'th
in God, I to beholding.” Goethe was a poet and what he meant
by physics and beholding was no dry rendering of these words.
His beholding was active and imaginative and was wedded
faithfully to the world of phenomena. In this way the power of
imagination finds its home in the realm of direct experience.
Such is the concept and role of imagination adhered to in this
book, taking its initial cue from Coleridge and Goethe.

Norman Davidson, quest Row,' 1984

B ]
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. : [TThe sight of day and night, the months and
: returning years, the equinoxes and solstices, has
caused the invention of number, given us the notion
of time, and made us inquire into the nature of
the universe; thence we have derived philosophy,
the greatest gift the gods have ever given or will
give to mortals. This is what I call the greatest good
our eyes give us.
PLATO

Who could deny the sacrilege of grasping an
unwitiing heaven, enslaving it, as it were, in its own
domain, and fetching it to earth?

MANILIUS

I . know that [ am mortal and ephemeral, but when I
scan the crowded circling spirals of the stars I do
no longer touch the earth with my feet, but side
by side with Zeus I take my fill of ambrosia, the

food of the gods.

PTOT FMY

[ know not what the world will think of my
labours, but to myself it seems that I have been but
as a child playing on the sea-shore; now finding
some pebble rather more polished, and now some
shell rather more agreeably variegated than
another, while the immense ocean of truth extended
itself unexplored before me.

NEWTON (in old age)

The paramount thing would be to comprehend
that everything factual is aiready theory. The blue
of the heavens reveals to us the basic law of
chromatics. Only let one not seek for something
behind the phencmena; they themselves are the
teaching.

GOETHE

e -



Thwe besi thing in the sciences is their philosuphicai
ingredient - like life in an organic body.
Dephilosophise the sciences and what is left?

Earth, air, and water.
NMOVALIS

The primary imagination I hold to be the living
power and prime agent of all human perception,
and as a repetition in the finite mind of the cternal
act of creation in the infinite I AM.

COLERIDCE

Poetry is indeed something divine. It is at once the
centre and circumference of knowledge; it is that
which comprehends all science, and that to which

all science must be referred.
SHELLEY

If we learn the writing spread forth in the COsMos,
in the stars, in their ordering and motions, we shall
find that out from the cosmos everywhere speaks
that which permeates our hearts with truih, love,
and that piety which carries forward the evolution

of humanity from epoch to epoch.
RUDOLF STEINER

Every phenomenon can be experienced in two ways.
These two ways are not arbitrary, but are bound up
with the pheneomenon — developing out of its
nature and characteristics: Externally - or -
inwardly.

KANDINSKY

[Slcience must rely upon ordinary language as well,
because this is the only language in which we can
be certain to get hold of the phenomena . . . If
harmony in a society depends on the common
interpretation of the ‘one’, of the unity behind the
multitude of phenomena, the language of the
poets may be more important than that o: the
scientists.

WERNER HEISENBERG

Chapter 1
The Earth as a Centre

This book attempts to make a new beginning in astronomy. It
supports the case for an earth-centred view but this neither
means a mere reversion to an old concept ner a denial of
modern research into a sun-centred or galaxy-centred or non-
centred universe. These recent advances are realities, but it

have a different validity. A study of these modern develop-
ments and their significance would £l ancther volume.

The attempt here is therefore not to deny modern research
but to encourage a process of placing matters in perspective,
which may everitually lead to a reassessment of this research
In terms of human experience.

Such reassessment is largely beyond the scope of this present
text which simply explores a new beginning from first piin-
ciples. In histories of astronomy or in basic books describing
the subject, the first chapter or so is often given over to “ancient’
earth-centred theories in a condescending way, seeing such
theories as the result of ignorance or the child-like concepts of

It is considered naive today to devote a whole book to a study
of celestial phenomena rooted in the direct experience of the
ordinary observer. But the neglect of this area has resulted in
a serious loss of the human element in this earliest and most

adhering to an earth-centred view are not fully appreciated. The
earth-centred view engendered a connection in feeling between

1
-~

-
e



2 * The Earth as a Centre

the individual and the universe; Man was part of the whole, an
idea which, since Copernicus, is considered out-moded. But

there is research to be done in continuing a study of modern-

man’s relationship to the universe from the aspect of direct,
personal experience.

It is even said that it is baffling why the Greeks persisted in
an earth-centred view even after Aristarchus of Samos (c.
310-264 BC) declared that the earth moved round the sun with
the other planets. But the Greeks had an innate feeling that
Mar. was connected directly with the whole universe, and a
sun-centred concept would have been pointless for the majority
of them. Traces of this feeling remained around ‘the time of
Copernicus in the Church’s resistance to the sun standing still.
It was not only a case of the Church authcrities resting on
Tradition - although that was also part of the picture. :

The Copernican Revolution had to come. It is one of the
greatest achievements of the human intellect. But that does not
mean it is the only way to see reality. Since Copernicus there
have been immense strides in physical science. But physical
science and the intellect do not make up the sum total of human
nature, even though they are an important part of it. They. do
not necessarily arrive at the meaning of phenomena for the
individual. As Goethe once said, nature is like 2 woman — ‘She
delights in iilusion. Who kills illusion in himself or others, him
she will punish as the sternest tyrant.” Put in ancther way, we
can intellectually and physically analyse what is female, but
this, although one form of reality, will never explain a man’s
love and why ‘she’ means everything to him, inspiring wider
horizons in human nature. Yet this is a reality of everyday
existence. If it is not included in the piclure then the picture
must be one-sided and our connection with life diminished.

The mistake is *n imagining that two fundamentd) sides of
reality contradict each other; the sun-centred view and the
earth-centred originate from different aspects of the one situ-
ation, but they do not contradict. Cne supplies the needs of
abstract, material thinking, the other of direct human experi-
enge. There is no need to choose between the two, though one
or the other will be uppermost depending on what we are
looking for.

The Copernican Revolution, resulting from the idea that the
earth moved, brought about the greatest psychological change
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in_human consciousness for many centuries. It had its effects
in all areas of life and changed society. It makes a huge psycho-
logical difference whether one believes one is living on an earth
which is moving in space round a centre outside it, or whether
one believes one is living on an earth at rest with the universe
moving round it. Copernicus’s idea, launched in the first half
of the sixteenth century, could not be established satisfactorily
until the first part of the eighteenth century.* Between these
times the movement of the earth was conjectured and calculated
by many astronomers who were already convinced of the fact,

and the general public followed in their wake. The time was

ripe for the change.

Man’s view of the universe he lived in was now based on
calculation and subtle scientific instruments, botk of which were
beyond the experience of the man in the street. Even stronger,
therefore, could the new world view be taken up by the general
public in rational thinking which could thrive on just such a
sense-free notion and lead at the same time to a materiaj concept
of the universe. This material concept was expanded by the
development of the telescope and perceiving planets as physical
bodics with shadows. Thisin tumn led to the idea that human life
was microscopic in relation to the stars and almost incidental.

With Copernicus’s great innovation and the discovery of the
telescope, the lay person was, in fact, less likely to lock up at
the stars and follow their movements. This latter activity was
unnecessary as he was looking at an ‘illusion’. He ‘knew’ that
the sun, planets and stars did rot rise and set of themselves,
but that the earth turned. But he only knew it and did not
experience it. Not even the scientist, in fact, experiences it in a
direct way. For the ordinary observer on earth the sun is. seen
to rise. He does not see or experience the earth turning. But he
can think the earth to be turning. If he takes the modern plane-
tary system entirely seriously he must think a lot more — for
instance, in which direction in space the earth is moving, from
where he stands, at any particular time in its passage round
the sun, something which few people would consider when
looking at a sunrise. The modern system of planetary movement
is, in fact, based on a hypothetical observer sitting in space far
enough away from the planets to enable him to view them,
within his immediate field of vision, guing round the sun. The
fact is that if he were placed thus far enocugh away he would
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nui see the planets at all. No one has ever seen or ever will see
the sun-centred system as drawn in books.

This typifies a fundamental division between sense experi-
ence and thought which lies unnoticed at the root of our modern
condition. It is the divorce of thinking from living experience,
which results in the domination of an abstract thinking. Almost
without realising it we are in the middle of a historical phase
in which the humar being has a split between his intellect and
his feeling for the world arourd him. The intellect, which is an
important faculty, has nevertheless grown to tyrannise the life
of feeling and imagination in their relaticn to phenomena. The
result is that imagination either withers or takes on fantastic
forms of its own (there is plenty cf science fiction in science
today) divorced from experienced reality. We must use all
human faculties to achieve a balanced understanding of the
world, and intellect and imagination should work together.
Otherwise the intellect by itself will create a cold, mechanical
world for us, as equally divorced from reality as fantasies.

The science historian Giorgio Santillana referred to the
psychological split caused by modern astronomy in Hamlet's
Ml when he said:

When [Man] discovers remote galaxies by the million,

and then those quasi-stellar radic sources billions of

light-years away which confound his speculation, he is

happy that he can reach out to those depths. But he

pays a terrible price for his achievement. The scien.e of

astrophysics reaches out on a grander and grander scale

without losing its footing. Man as man cannot do this.

In the depths of space he loses himself and all noton

of his significance. He is unable to fit himself into the

concepts of today’s astrophysics short of schizopiienia.

We are often obsessed with ‘explaining’ phenomena rather than
experiencing them humanly also. For the universe is meaning-
less if net related to the human being; space becomus a void,
dispossessed of a centre and.is therefore a concept wherein
Man cannot find a ‘place’. He is nowhere, and without, for
example, his dynamic sense of direction in ‘up’ and ‘down’,
‘left’ and ‘right’, etc.

The contention of this book is that direct human experience
snould not be neglected or passed over quickly and that, in
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fact, it must come first. The public is showing renewed interest
in this direction and the balance may already be swinging back
- though the spread of pseudo-occult scientific literature which
simply mystifies on the one hand and makes artificial connec-
tions on the other only prevents any healthy change.

There is a common conception that the earth-centred view of
earlier cultures was not only simple-minded but that it was
egotistic as weil. Putting Man at the centre of the universe is
considered to be too special a position for him, inflating his
sense of importance. Yet taking him away trom that centre and
denying its part in his experience has led to a disconnection
between the individual and the universe and the loss of a sense
of purpose in relation to it. In A Sense of the Cosmos Jacob
Needleman poinis out that

[I]n ancient geocentricism the spheres or forces that
surround the earth are both more powerful and more
subtle than anything originating on the earth itself.
Understood in this way, geocentricism humblgs man
and calls him to search for a finer understanding of the
influences that shape his life and the life of the world.
it 1s theretore a great mistake to assume, as all modern
writers have, that ancient geocentricism exaggerated
man'’s importance in the scheme of things. For to be at
the center meant in effect to be at the lowest rung in
the ladder of influences.

Then later:

But taken with the idea of the microcosm, geocentticism
reminds man that objective reality contains many kinds
of influences that can act upon us, that there is a scale
of being to which man is born would he but search for
it as diligently as he pursues the satisfactions of external
life.

Having a centre where oneself as a human being is situated, is
a normal experience - in fact one is abnormal if the experience
is diminished or absent. Sensing a periphery of influence in the
shape of one’s environment is also a part of normal experience.
Absence of a sense of this polarity between centre and periphery
and their interaction leads to imbalance and disorientation. The
healthy life of the individua! lics between the two, °
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1

Though the movement of the earth may be calculable it is
not, as put betore, a direct sense experience. A preiuninar
development of this fact from the philosophical standpoint wa)s/
made by Edmund Husserl in ‘The Earth Does Not Move’, a
§hort text vyritten in 1934, extracts from which are included ht’ere
in Append%x 1. Pure mathematics and calculation are indifferent
to the quality or import of phenomena. Sun-centred- astronom
is a mathematician’s astronomy. But the geocentric ex eriencz
unites earth, man and sky into a whole. This experiéncs should
ot be denied, because it is a direct connection with the enviren-
ment as it affects us and this is a primary not a secondary
reality. Obvious effects are day and night, the seasons t}z
moon ~ the various recognisable rhythms of life. Others’ma
pass unnot‘iced or unrecognised or be explained into silencey
For- exampie, merely to explain that Jupiter makes no ioo‘
against the stars-but instead the earth overtakes it once a earp
and to leg've the matter at that, gives rise to the thoughtytha;
the loop is only an illusion, not a phenomenon of nature, and
t}}erefore not to be taken seriously. But if a professor wéfe to
give his lecture while apparenﬂy'cfrjdino aronnd in loone all
the While, this would have a direct effect o; the studer\ts7 ;re;v;;
tdesplte any explanation that the students were in orbit or that
it was done with mirrors. The reality for the students is th;t
;l?e professor is walking in loops and that they feel ill watching
im.

'o express it in another way, the night sky is a theatre within
which the dramas and events of the universal environment take
pla-ce. To explain that, when not seen on stage, Romeo and
!.ul‘let are not interested in each other at all and are millions of
light-years apart emotionally; or that the pomegranate tree in
C‘a‘pulet.’s orchard is oil paint and plaster, is secondary to the
effect of the play on the audience. .

. Not‘ that inquiry into what the telescope and microscope show
1s. unimportant. It is part of our modern. experience in the
science of matter. Indeed, the development from ancient to
modern cosmology reveals the evolution of human conscious-
ness. But modern research must not separate itself off and stand
apart from a contemplation of the whole which starts with the
qbser\'gd phenon®na in their simplicity and retains a connec-
tion with the aesthetic, qualitative appreciation of life. For this
latter purpose a faithful study accessible to ordinary, unsophisti-
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cated observation is required. Then a living connection with

“nature is felt which employs the complete human being.

This question of uniting the human being with the
phenomena can be taken a stage further in observational
astronomy. This involves the reintroduction of mythology into
the experience of the turning sky. If one is honest, it is very
difficult to keep mythology out. The subject is dismissed as
superstition today, yet we replace it happily with mythologies
about cunved space, civilisations on other planets, black holes,
etc., none of which have been experienced. The human being
must provide a meaning or content to the universe, otherwise
there is a gap left in his thinking. In earlier times the stars were
looked at personally and were felt to be active participants in
the drama of life. Mythology readily springs out of geocentric
astronomy and strengthens the connection with the
phenomena. The emergence of mythology cannot be an arbi- |
trary process, but has its roots in the quality of what is experi-
enced. For example, the ancient designation of metals to the
natures of the planets can be understood by a study of the
planets’ characteristic movements, e.g. the slow heaviness of
Saturn and lead; the speed and liveliness of Mercury and quick-
silver. Likewise is the connection between the unmoving,
central position of the Pole Star and heavenly authority, etc. It
is well nigh impossible to shake free of unifying concepts of
one sort or another when contemplating the sky as it appears
- such concepts are naturally called forth in human experience,
even if the concepts are modern ones. 50 mythology emerges
as part of this present book of observed phenomena, not
because the mythologies add some irrelevant interast or should
be unthinkingly believed, but because they form a natural part
of the human activity of watching the stars shine. Many mytho-
logies are possible and only a few have been selected. But the
important thing is that the activity of myth-making is recognised
honestly and, for the future, that new mythologies arise as
human evolution develops - mythologies or metaphors or star
pictures transcending the current scales of distances in light-
years.

Two ways of observing phenomena emerge from this
discussion. There is the dualistic approach which observes the
phenomena then takes a separated, removed position and
imposes an explanaticn by means of other, unobserved factors
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(mathematics for exarnple) or indirectly observed factors (atomic
physics, etc.). Then there is the integrated approach which
observes the phenomena and enters them with the whole
human being involved, identifying with them and waking up
within them, so to speak. The total environment is not Jost and
the signature of the phenomena and their relaticn to lite can be
read.

Arising from this latter approach in astronomy, which starts
from the geocentric view, other astronomies can develop, be
they heliocentric or whatever. But they must be experienced
and not just abstractly thought. For instance, if the movement
of the earth became an experience, not just an abstract thought,
this could generate an entirely new astronomy, not necessarily
heliocentric; and it would remain part of the human being.

As for the geocentric starting point, nature responds to
eclipses, the apparent movements of the sun and moon, etc,,
and the human being can also. It is in his essential nature to
do so. If true to himself he will, out of his freedom, befriend
the appearance of the stars and let the phenomena, which make
up his greater environment, declare themselves.

* In 1729 James Bradley announced his telescopic discovery ot the aberration
of light which accounted for an apparent displacement of star positions close
to overhead as being due to the orbital moveinent of the earth. In 1638
Friedrich Bessel correctly established the annual parailax of a siar {a fain
nearby one in the constellation of the Swan) which directly showed, by minute
telescopic observations, the earth’s movement retlected in the star's apperent
movement.

Chapter 2
Seeing the Phenomena

The essential thing which astronomy requires of the human
being is for him to step outside, look upwards and consider his
widest environment. This is no trivial act. It achieves, princi-
pally, two things. -

Firstly, ordinary thinking is given over to the contemplatior:
of something patently beyond, and greater than, itself. There
is a refreshing release and expansion into a realm at once objec-
tive and awesome in its beauty and immensity. What pro-
fessional astronomer, with his instruments and books of calcu-
lations, or _lzy citizen has nat looked an the face of the starry
sky and been held by a feeling of natural wonder which arouses
questions of life’s very mystery?

Secondly, after study of the movements and appearances of
what confronts the observer, it is realised that the human being
is, consciously or unconsciously, deeply bound up with all the
celestial phenomena of time and rhythm. More than 2,000 years
ago Plato, in his dialogue Timaeus, went so far as to say that
the purpose of the gift of sight was that we should see the
movements and rhythms of the heavens and thus learn how to
put right those within ourselves. It is noteworthy that
astronomy is differentiated from the other sciences by relying
essentially on the faculty of sigat for its investigations. At root,
astronomy is the perception of lights in motion around us, and

even the most physical inquiries into its secrets start from this.

For the earth-centred observer three things are borne in on
him which form the basis of all that he then develops. Firstly,
that the sky above him is experienced and direetly thought of
as a dome or hemisphere traced out by the stars; secondly, that
this dome meets the Plane of the earth’s surface in a line or
horizon; thirdly, that the observer is a centre point to this

9
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picture. Hemisphere, plane, line and point comprise the theatre

£ cti rorbo - 3

;32 dceelle':.,txal events i ha‘ppen (Figure 2.1). This geometrical
is a concept l{Vlng in the imagination, but it still remains

a part of the immediate experience. ' )

- Figure 2.1

Ofstﬁinhrrom the observation point in any cne direction, the line
orizon, say at sea, is level, so it can b ese
the . , p e represented b
a straight line — though it gi sli P .
gives a slightly curved appearan
o . . : ce
d‘ut to its being concave to us. Above it'an approxinfa-te arc of
vision passes.oyefhead from side to side (Figure 2.2). This arc
1s not a stmi-circle, but is flattened at the top, as one sees

frarthor in antr As
further in 2 AN o venm b L S ot .
Ny CRC mement irom side Lo side than upwards

Figure 2.2

' Iffone thgn sweeps one’s gaze round the skv, an impression
is of standing at the centre of a sphere, half of which is visible

Cornea _

- Figure 2.3

Seeing the Phenomena * i1

This arises from the direct, phenomenological experience of the
eye and of our mental imaging. The shape of the eye itself is
modelled on a sphere and the technical name given to the eye
socket is the orbit. Both the outer front of the eye (cornea) and
the larger part of the inside which receives the image (retina)
are related to the sphere (Figure 2.3). _

How._the eye is not merely a mechanical camera is evidenced
by the fact that the image received by the retina is inverted, yet

we see the ‘right way up. As M. H. Pirenne points out in_.

tics Painii i anhy —
Optics, Painiing and Photography

Vision is an active, not a passive process. In order to see
it is necessary to look . . . The old theory of emission of
visual rays gave a direct suggestion of the active part
played by the observer in visual percepticn. In the
modern theory this might appear to be left out of
account.

He quotes the writer on optics Le Grand as saving that the eye

is the only optical instrument which forms an image which has

never been intended to be seen.

Tt can be made to appear that the eye, being separated from
the world around, stands apart as spectator. But it is not the
eye itself which sees, it is enly the vehicle to seeing. Therefore
it is moulded on the archetype of the greater visual environment
- the sphere, plus light and darkness. It is an interesting fact
that the reason for the blue appearance of the day-time sky is
the same as that for the blue in the human eye. Both are not
physical colours or pigments, but are colour effects arising out
of light and darkness. The blue sky is caused by the darkness
of outer space being overlaid by the lit, semi-transparent sub-
stance of the atmosphere. The black background is modified
into blue Uy the lit substance standing between the observer
and the background. The same principle holds for the iris of
the eye which, in blue-eyed people, has a dark backing overlaid
with a layer of thin, white substance, producing colour. The
pupil of the eye, having no such white surface substance, looks
as dark as night.

The principle of the eye and of the celestial vault cannot be
separated in the act of seeing. It seems no accident that
Johannes Kepler, one of the greatest of astronomers, researched
the eye and did for optics what he did for astronomy by laying
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the fourdations for modern science in both these ficlu.. Kepler
was the first to understand clearly that an inverted image is
formed on ihe human retina, as in a pirhole camera oy camera
obscura.

We can now take the next step into seeing what uppears to
hie upon the celestial sphere. The observer stands at the centre
on the plane of kis horizon (Figure 2.4). The celestial ephere of

\/‘\
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Figure 2.4

stars then appears to rotate round an axis, directed due north
and south. The turning of the sphere is from east to west,
explained as reflecting the rotation of the earth from west to
east. To help in determining the positions of stars on the sphere
we can again look at it from the outside and extend the plane
of the earth’s equator out to meet it in a circle called the celestial
equator. It can then be conceived that any star on it moves in
a day on a circle whose plane is paraliel to the celestial equator.
Let a broken line represent the celestial equator, which is an
extension of the earth’s equator, and it will pass from a peint
directly east on the horizon, curve upwards to the south and
meet the horizon again due west. The plane of the celestial
equator will, of course, be at right angles to the line of axjs
through the poles (Figure 2.5). If we add the daily paths of
stars, then they will appear to move in circles whose planes are
paralle] to that of the celestial equator (Figure 2.6). This is how
we draw the situation from outside and when we stand on the
earth looking around and upwards at the sky we have the
experience of the same thing from within the sphere.

Figure 2.6

Yet it is important to realise that geometrically Fhere is no
way of reproducing on a plane a picture of star positions exactly
as they appear on a sphere. Every star map must be basefi on
cne of many methods of projection onto a flat pla'ne, wh}ch
plane necessarily distorts the positions whxch.are-bemg_ plotted
from a sphere. A photograph of the night sky is a good example
of this, for the camera can never tell the truth about the .world
we see. An ordinary photograph of stars projects a fixed image
through one point of perspective onto the flat fflane 9f the fﬂm
and, eventually, onto the page. But the eyes are nelther. fixed
nor have only one point of perspective nor project an image
onto a flat plane. We have two eyes which move when we AIO.Ok
at a scene, which focus from different points of perspective
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with every movement, and which project the image onto their
spherical shape.

‘ Despite this, one is familiar with diagrams and photographs
in books on astronomy which do not explain this. Instead, for
instance, photographs are reproduced after pointing ’ the
camera, say, in an easterly direction, on long exposure and
sbowmg the resultant star ‘trails’ as curves which lie on either
side of a straight line representing the path of a star rising due
east (Figu‘re 2.7)7Some photographs or diagrams showiné this

4
/
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Figure 2.7

also state that these curves are the movements seen by the
observer from his perspective position at the centre of the

~~)

oabial e P 1 PP o~
colestial sphere. But this is only so for the camera, or for a

Figure 2.8 Dre.xwing a lute in perspective with pointer and
string (woodcut by  Albrecht Diirer)

——— e ——————

Seeing the Phenomena * 15

projection onto a flat plane. This photographic type of represen-
tation was pioneered at the time of the Renaissance by artists
who developed linear perspective (Figure 2.8), but it was
realised that this geometrical method was far from representing
correctly what is seen. A struggle then began, which still
continues, to break up this mathematical, photographic-type
perspective into a-subtler method which came-closer- to-what-

‘the eye sees (the subtler method has been called synthetic

perspective). Leonardo da Vinci experimented with both types
of perspective. In the mathematical type he stated that ‘Perspec-
tive is nothing else than seeing a place or objects behind a pane
of glass, quitc transparent, on the surface of which the objects
which lie behind the glass are to be drawn.” Applied to moving
stars seen through a window, this would produce the type of
curves shown in Figure 2.7. But he also tried to develop a
synthetic perspective in the plane which was more faithful to
the eye’s ‘spherical’ experience and based it on the rays of light
between object and eye being intersected geometrically by a
sphere. '

The problem is summed up by Pirenrie, quoted earlier, who

Retinal images occur as one link in the chain of events
which constitutes the process of seeing. It is not this
link that pictures, photographic or otherwise, are
intended to duplicate: it is the external visible world
itself. The purpose of phetegraphs is to be seen. It is not
the purpose of the photographic camera to see.
Consequently there is no reason why photographs
should mimic the peculiarities of the retinai image . . .
While photographs are intended to be looked at, retinal
images are not. The photographic camera is not an eye.

A study of astronomy should not only be linked with external

‘optics but with the inner activity of the observer. What we

‘passively” see and what we actively think about what we see
are different things. For instance, we can never actually see two
parallel lines as measurably equidistant along their length from
where we stand, but because of our position in relation to. them
we always see them as ultimately converging to a point — as’
when we look up a railway line. The rails we see as converging,
but in doing 0 we also ‘think’ of them as being paialiei, other-
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wise they would have no meaning for us. When we pick up a
cup we don’t imagine that the rim in itself begins as elliptical
when the cup is on the table and changes its shape to beccme
more circular as we tip it up to drink. The percept and the
concept are united in one single experience. Other situations
are more abstract and lead to more separated concepts, as in
observing sunbeams below a cloud and ‘seeing’ them radiate
from a point (the sun) behind, or in observing a radiant of
meteors issuing from a point in the sky. Both sunbeams and
meteors, in the light of further reasoning, are virtually parallel.

Even in the case of the united concept and percept, seeing is
active, requiring the thinking and understanding of the
observer, as the psychologist wili admit. Yet, apart from writers
like Pirenne, science today rejects the descriptions of Platc,
Euclid and other early thinkers of ‘seeing’ involving light, of a
kind, streaming from the eye of the beholder and blending with
the light emanating from the object. This light in the eye couid
be understood as the light of thinking, of active concept-

. forming.

To return to star ‘trails’. one appropriate way of representing
the movements of stars on the east and west sides of the celestial
sphere is to draw their paths in paralle] straight lines. When
standing under the sky, all star paths. in fact, appear to move
‘parallel’ to ¢ach other on curves which are experienced as
circles as a star always appears the same distance away from the
observer. The picture seen in eastward and westward directions
above the horizon in mid-northern latitudes could be shown as
in Figures 2.9 and 2.10.

SO

. Figure 2.9

ASSNNN

Figure 2.10
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If, however, the north and south points of the horizon are
included in the drawings, as shown, then this represents ,.somg-
thing which the observer cannot perceive cleagly within his
field of vision while looking in one direction. Therefore such a
drawing assumes that the observer turns left and right to take
in further points on the level horizon. Consequently, the south
and north sides of the horizon appear as in Figures 2.11 and

2.12. On the plane of the page, these are oval-type curves, here
related partially to height above the horizon and distauce along
it We stand, of course, within the plane of one ot them, the
celestial equator, which passes from due east to due west
(Figure 2.11) but the impression to the picturing eye under the
stars is not of a straight line but of a line curved concavely to
us, and to which other movements in the south are ‘parallel’.

The degree of curve should alter with the latitude on earth

of the observer, and is represented here as circular when

Figure 2.12

N
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Figure 2.13
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looking south from the equator (Figure 2.13) and flattening to

straight lines at the poles (Figure 2.14). *

It is worth noting that anywiiere in’ the northern hemisphere
the movement of §tars immediately above the horizon is always

from Jeft fo right.

v

v

S
Figure 2.14

The only actual circles we can draw on the page which
approximate closest to what is seen under the sky in mid-
northern latitudes are the paths of those stars which are near
the north celestial pole, and do not rise or set in consequence
(Figure 2.15). Here our line of sight can be at or near the centre
of the stars’ turning and a photograph or drawing will represeni
circles as circles, though without the concave element.

e

\’ _/
Figure 2.15

The difference between what is actually seen in the sky and
what can be represented in the plane is considerable. Not only
star paths are changed but also the appearance of star groups.
Maps using different projections will give different shapes of
copstellations. But the celestial sphere is an integral part of the
primal phenomena. The professional astronomer’s calculations
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for the positions of stars and planets are made on the modeli of
this sphere — even the sun-centred positions must be derived
from it. In the next chapter we shall mention changes in the
shapes of constellations which are experienced directly by the
observer under the stars, without the intervention of the plane
of the page.

To return to movement in relation to the horizon, the
swiftest and strongest in this respect is that of stars on or near
the celestial eguator, 2 band of them rising either ‘side of the
due east point (Figure 2.16) and setting either side of the
due west point. The equatorial stars are swiftest or most active

. E ) .
Figure 2.16

in that they have furthest to travel, being placed on the largest
of the celestial sphere’s star circles. A milder and more brief
movelneni veeurs {0 ihe south, where a passing over of the
horizon takes place, distinguished from the thrust of east and
west movements. Different again is the circling of the circum-
polar stars which remain separate and aloof from the horizon,
independent of the zodiac and earth. It is the stars on the
celestial equator and within the zodiac which keep the greatest
balance between rising above the earth and passing beneath it.

The stars appear to move, then, on a celestial sphere, even
though they may be determired by instruments to be at various
distances from us. Their distances cannot be determined by
the naked eye for the faintest stars are sometimes the closest.
However close or distant the star is, our vision virtually projects
it onto a huge, but not infinitely distant, sphere (Figures 2.17
and 2.18), for an infinite sphere would be outside the visible
realm and would resolve, by projective geometry, into a flat
plane. Anyone who has gazed at the sky on a clear night must
have felt the amazing ‘proximity’ of the celestial sphere. In fact
the starlit sky at night looks nearer than the blue sky during
the day. The clear day-time sky draws cne cutwards while the
clear night sky encloses.

A consequence of the stars appearing to move on a sphere is
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Figure 2.18

that any single star appears to rise or set at the same place on
the horizon throughout the year. This is another aspect of the
concept of ‘fixed’ stars, reflected in the word ‘firmament’, They
maintain a fixed relationship to each other on the sphere and
to the horizon (Figure 2.19). Sirius always rises at a certain point
on the south-east horizon and sets south-west; Frocyon always
rises ciose to due east and sets close tn-due west; Castor always
rises in—the north-east and sets in the north-west.

A memorable moment in any early evening is to watch as the
blue sky darkens and, suddenly, the first pin-point star is seen,
heralding the night. Maybe it is bright Vega, high overhecad in
early autumn, and one realises it is already visible yet unseen
before one perceives it. At first sighting one must look directly
at it, yet it becames surprisingly obvious when looked for again.
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It is aiso felt how much higher it looks when alone, compared
with its appearance when its companions are out all around.
At any one time on a clear night in the countryside, from
2,000 to 3,000 stars can be seen, with the average naked eye,
above the horizon. Fewer are visible in a city, but surprisingly
mauy still are if one looks carefully; it provides a challenge to
identify principal bright stars when their neighbours are hidden
by haze or streetlights. Everyorne’s horizon is different and the
student of astronomy should acquaint himself with the stars his
sky presents and know thom perscnally at sight like fainiliar
faces. Nothing is better to this end than to discover their identi-
ties for oneself from a map or planisphere studied beforehand.
In his autobiography, Starlight Nights, the renowned Amer-
ican amateur astronomer Leslie Peltier explained that, for him,

Each star had cost an effort. For each there kad been
planning, watching, and anticipation. Each one recalled
to me a place, a time, a season. Each one was now a
personality. The stars, in short, had row become my
stars.

To conclude on the question of optical impressions: the differ-
ence between our normal seeing.of terrestrial objects and of
celestial objects is that the former is essentially a perspective
experience while the latter is not. In ‘terrestrial seeing’ the vision
is drawn in towards vanishing points and lines, whereas in
‘celestial seeing’ the eye is released from these elements and
lives on the sphere. The phenomenon of the stars is therefore
essentially two-dimensional and that of earthly objects essen-
tially three-dimensional.

Historically, it tcck time for the three-dimensional aspedi iv
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geographical position: indicated, and do not conform to
of projection.
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develop in art and consciousness, as evidenced by two-dimen--

sior:al representation which pre-dates the Renaissance change
to fattempting the picturing of three dimensions. Terrestrial
seeing not only fecuses on the object but on the distance
rel.atlonships of objects, whereas celestial seeing focuses on
ol?]ects which stand in space freely and equally, so t;) speak
without comparison of distances being required - a]thoug};
.what appears simply ‘behind’ or ‘in front’ in the sky will come
into later considerations - for example, when studying eclipses.

-

-2.14 are only representative, chosen for the
any single method

Chapter 3
Circling Stars

We are now in a position to describe, visually and qualitatively,
certain patterns of stars in the observed sky, and their move-
ments. Firstly we shall turn towards those stars which appear
to circle round an imaginary centre point or celestial pole. These
are the stars seen when we look northwards from the northern
hemisphere of the earth. One group, within the constellation
of the Great Bear, moves in a quarter of a circle roughly every
six hours (Figure 3.1). ' :

Figure 3.1

[t should be noted that the two ‘pointer’ stars do not align
exactly with the celestial pole. Neither are they exactly in line
with the so-calied Pole Star or Polaris. The pole lies somewhere
between this iine and Polaris (Figure 3.2). There is no ordinarily

23
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visible star exactly at the pole — in fact the pole moves siowly
cver thcusands of years in relation to the stars; this will be dealt
with iater. The pole approaches closest to Polaris (by about the
diameter of the moon) in AD 2100.

The north celestjal pole and the Pole Star figure interestingly
in history and mythology. In ancient China this moticnless
region round which all else moved was the throne of a heavenly
emperor, the god Shang-ti, who sat behind the emperors on
earth who were called ‘Sons of Heaven'. In fact when a subject
was granted imperial audience, the emperor faced south like
the Pole Star and those meeting him faced both the earthly
throne and the god at the pole above.

Here we introduce aspects of earlier cosmological pictures as
they are part of Man's ‘seeing’ of the stars on another level —
that of their appearance to the imagination which arose out of
an earth-centred view. Historically, stories and pictures have
always gone hand in hand with observation of the stars as an
expression of Man’s relation to the universe, so that cven very
recently groups of stars, or asterisms, within = larger constel-
lation have been given names like the Teapot (in the Archer)
or the Keystone (in Hercules). Earlier examples are the Plough
or Big Dipper (in the Great Bear) and the Northern Cross (in
the Swan). ’

Such names arose out of constructing a pattern within an
area of stars and relating it to some familiar earthly object, This
is not, however, how the ancient peoples are likely to have
begun naming the actual constellations. Their picture of what
stood in the sky in a particular region would have been a pure
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imagination and a pattern of stars would not have been its
outline. For example, it has been suggested that certain early
zodiac-division names were related to individual stars, one star
representing the whole area - our star Hamal representing, for
the Babylonians, the Ram; or early texts denoting the Bull by
writing Pleiades or Hyades-Aldebaran. The circular zodiac on
the ceiling of an Egyptian temple at Dendera shows zodiacal
figures marking areas of sky; later, medieval Eurcpean painters
filled the consteilation areas with their artistic impressions of
creatures and figures, with stars embedded in them.

On the other hand, joining up stars with lines to form
patterns is a naturai and useful step to assist recognition in face
of the hundreds of points of light presented to the observer,
provided he does not trivialise the phenomera by making
cartoon figures out of them. Also, it should be realised that the
stars were joined up into different patterns by various peoples,
past and present. )

As to naming the star groups in recent historical times, Erhard
Weigel, a seventeenth-century German profeigor and teacher
of Leibniz, proposed a scheme in which tBe constellations
formed the coats of arms of the ruling families of Europe. In
the same century two German lawyers, Bayer and Schiller, drew
up a ‘Christian sky’ renaming not only the constellations but
the planets too, so that Saturn was called Adam and Jupiter
called Moses, etc. More recently, in 1944, the English writer
and politician A. P. Herbert published a booklet and map cailed
A Beiter Sky in which the Great Bear became Great Britain with
the pointer stars as Shakespeare and Caxton; Cassiopeia became
the United States with two of its stars named Tom Jones and
Roosevelt, etc.

For observers in early civilisations, however, the stars were
presumably contemplated for their positions and qualities of
light and movement, and then experienced imaginatively. For
instance, six stars in the present Little Bear constellation were
known in classical times as the Circlers, Leapers or Dancers
round the celestial pole (Figure 3.3). The Egyptians called the
circumpolar stars which never set the ‘Imperishable Ones’ and
‘Rowers of the Ship of Ra’ ~ the sun god. They were pictured
as swallows which flew back and forth above a heavenly tree,
feeding on its immortal fruit and therefore never dying or
setting. This area of the sky was also where the pharaohs went

o
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Figure 3.3

after death. Other Egyptian writings give the narme of the Jackal
to what we call the Little Bear and connect it and the Great Bear
with death in that they were conspirators in the killing of Osiris,
the Pole Star representing his coffin. .

In India a story tells of how the Pole Star is where Prince
Dliruva siis mediiating so intensely that the whoie universe
revolves about him.

We can now turn to the wider view of circumpolar stars seen
from roughly latitude 52 degrees on earth. We can simplify their
relationships by means of circles imagined on the sphere of the
observer’s sky. One set of circles, concentric to the pole, is an
indication of declination (angular distance) between the celestial
equator and the pole. Another set of circles passes through
the pole and measures the distance the sky turns round the
pole in hours, and are called hour circles; each makes one

round the pole, which is just over 23 hours 56 minutes. This is
about four minutes shorter than an average solar day, the latter
being used for our clock time.

Both types of circle put together make up a system of co-
ordinates to establish the positions of stars in relation to each
other and to the observer's sky (Figure'3.4). This system we
can use in particular to plot the positions o{ stars in the northern
sky. Projecting this region onto the plane of the page, we
produce an elementary map (Figure 3.5). The circles of decli-

Circle of ~

declination

/<‘
Dragon\/ \

/

North point
of hotizon

Figure 3.5
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nation parallel to the celestial €qualor remain circles in appear-
ance, whiie the twenty-four hour circles through the pole
appear as straight lines, being seen edge on.

A part of the celestial sphere curving from the horizon to
overhead and to left and right of the viewer has been flattened
onto a plane. The ‘straight’ lines in fact curve concavely through
the pole like the spokes of an umbrella. This is the sky looking
towards the north mapped for 7 p.m. on 1 October at a
8eograpbhical latitude of 52 degrees north.

The star Deneb in the consteliation of the Swan is near the
overhead position. The Great Bear is moving downwards
towards its lowest point just above the horizon, where it will
appear around midnight on the same day, 7 October. As the
star sphere turns one revolution four minutes quicker than the
sun does in a day, as mentioned before, the sphere will slip
round further ar+-clockwise each solar day and there will be a
time ip the Year when, for instance, the star Vega in the consiel-
lation Lyra will be down at the north point of the horizon, or
just below, at midnight (end of December).

The stars of the Great Bear or Ursa Major have been connected
with this animaij by widely separated peoples in ancient times.
This perception of the same imaginative picture for 4 particular
region of the sky among differing cultures is common in the
naming of constellations. The early Babylonians saw Ursa Major
as a bear, as did the North American Indians, and one notices
that the star grouping does not even resemble such a creature.
Aristotle explained it by saying that the bear was the animal
which could inhabit the coid and solitude of the north.

On the other side of the pole from the Great Bear stands {or
rather sits) Cassiopeia, or the Lady in the Chair as the constsl-
lation was called by the Greek-influenced Arabs. Greek niyth-
ology has it that she was the queen of King Cepheus of Ethiopia.
She boasted that she was the most beautiful woman on earth
or in heaven, fairer even thar the water nvmphs. Neptune
became angry at this and took his revenge by creating the
monster Cetus to plague Ethiopia, resulting in the chaining to
a rock of Cassiopeia’s daughter, Andromeda, later rescued by
Perseus. Cassiopeia was given a seat in the heavens which,
however, humiliatingly turned upside down as it swung round
the pole day and night. It is alsc understood that this was the
constellation which the Egyptians called the Leg or Thigh

Circling Stars * 29

which, along with what we now call the Great and Little Bear
llati i inst Osiris.
constellations, was a conspirator against Os _
Passing between the two Bears is the ancient constel[atlcin o§
the Dragon which twines part of its lengtvh round thg ploi (:S
the zodiac, to be discussed later. Representmg the godxaca sha
by signs for a moment (Figure 3.6) we can imagine that they

+ Pole of the ecliptic
]

-

Figure 3.6 .

a celestial pole which, however, is not thrc same as ?he
ggftslfs;ole (of the Eelestial equator) alr.eady de§cnbeq. Lear\;mgt
technicalities aside, this zodiac (ecliptic) pole is an 1mpoda}:
point on the celestial sphere, and the Dragon curls roxcl;n it.
There are many legends about this Dragqn. One from reel:
describes it as the guardian of the stars which are golden appAt
hanging from the Pole Tree in the Garden. of Darkness.(7 :
another time the Greeks described it as having been ﬂ;:no in
battle against the star sphere by Athene and caught on the axcl);
of heaven. In Egypt the Dragon was Typhon. - or one
Typhon’s variants, the Hippopqtamus or Crocc>d.11e.h el

The star Vega at the top of Figure 3.5 stands in the co stel
lation of Lyra or Harp, which instmment‘ Orpheus usefhis
charm Pluto, king of the Underworld, to gain the re}ga;e o s
captive bride. This constellation has al'so been descril E da§t e
of the birds opposed to Hercules, while thg Arabls ca eV é the
Swooping Eagle and the star Vega the Falling Vq tlurei\ l:egand
the brightest star in the northern half of the celestia sphe

& bluish tint. )
lr‘aSsucll:,l ‘;;f:n,lis a descriptior: of some moveménts and appear-

ances in certain paris of the observer’s sky. One last effect of
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interest §h01}ld be mentioned ~ the changing shapes and sizes
of constella}hons depending upon which part of the sky they
are seen (Figure 3.7). At first this may seem strange or unlikely,

* *
* *x K
*
*
x4 * *
* *
Figure 3.7

but it is consistertf with the well-known ‘moon illusion” where
fl:f: fulanfoc')n. th.en seen close to the horizon appears larger
ian waen il is high above. Photography reveals the moon in
both positions to be the same size - and technically, in fact, the
moon is almost an earth radius nearer when high above/ the

horizon than when on it (Figure 3.8). Many reasons have been

S O~
OMoon
OEanh Horizon

Figure 3.8

suggested for the ‘illusion’ down the ages. The "astronomer
Ptolemy (second century AD) proposed that any object seen
through filled space, such as the moon seen across terrain at
-the horizon, is perceived as being more distant than an object
Just as far away but seen through empty space, such as ]the
moon at the zenith<Hf the images of these objects in the eye are

*
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in fact of equal size, the one that appears farther away will
seem larger.* '

Another theory was proposed about forty years ago after
experiments at Harvard University. This postulated that the
apparent size of objects depends on the direction of vision —
e.g. turning the eyes upwards diminishes the size of objects.
This, however, was discounted twenty years later by further
research at Yeshiva University which established by careful tests
that from the lying position while looking ’straight ahead’
towards the zenith, the illusion is still present - the zenith
moon still looks smaller. But the illusion disappeared when the
horizon was obscured when viewing the moon ‘straight ahead’
horizontally, and it also disappeared when an artificial horizon
was added to the zenith moon when viewed ‘straight ahead’
with the subject lying on his back.

This showed that apparent horizon distance was connected
with the effect, substantiating Ptolemy’s claim. This should not
be confused with another theory which says that the horizon
moon appears larger because it is seen along with distant objects
like houses, trees, etc., and seems large by comparison. This
cannot be a satisfactory explanation as the moon still seems
larger when low over the sea or over a flat, featureless horizen.
Experiments show that what is important is the apparent
distance of the horizon - the more distant it is felt to be, the
greater the moon'’s apparent size. This impression of varying
distance also takes effect, interestingly enough, in a planetarium
where the moon on the artificial horizon tooks larger than the
one overhicad. So the effect has to do with the human being’s
inner experience of space.

This ‘moon illusion’ episode is of interest in the light of the
distinction made at the end of Chapter 2 between ‘terrestrial
seeing’ and ‘celestial seeing’. It harmonises with. Ptolemy’s
solution to say that looking across terrain invokes a perspective
impression and this enlarges the apparent size of the moon as
perspective carries the sight into distance. This impression is
missing on the two-dimensional celestial sphere.

In fact, when the horizon moon is looked at with one eye
only, then the illusion of largeness disappears. The three-dimen-
sional, lateral view with both eyes has been changed to two
dimensions through one eye, and as the vertical view above is
two-dimerisional on the sphere, both moons look the same size.
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The horizon moon alse looks smallcr when seen on a mirror (a
two-dimensional surtace), through a tube, or through a pin-
hole in a piece of card.

It is also confirmed that people ‘see’ the horizon moon as
being closer - presumably because it appears larger. But their
subconscious picture must be that the horizon is {urther away
than the overhead position on the celestial sphere. This
coincides with Ptolemy’s view and suggests that our subcon-
scious picture of the sky is of a dome flattened at the top (or
half of an oblate spheroid). Experiments support this, dating
back to investigations by the English matheimatician Robert
Smith in 1738. Most people, when asked to raise ar: arimn along
a lire half-way between horizon and zenith, point in a direction
well below 45 degrees from the horizon. A section through this
flattened dome is not unlike the arc of vision in Figure 2.2 and
also resembles the shape of the top of the human head. The
effect the dome has on the apparent size of the moon at different
altitudes is illustrated in Figure 3.9 where the anguiar diameter
of the moon is kept the same for the observer and the ‘more
distant’ moon or: the horizon looks larger.

/

Horizon

Figure 3.9

An effect of this sort also appiies to the apparent sizes and
shapes of star constellations. A good exampie is the Great Bear
which appears to grow smaller as it turns upwards from just
above the horizon to being-high-above the pole. Something
similar to this effect is produced by the stereographic method
of projection used in some star maps which give the effect by
chance rather than design because, as previously mentioned,
no plane map can reproduce the positional relationships occur-
ring on a regular sphere.

To return to the question of circling movement ~ despite our

Circling Stars = 33

modern technical knowledge of the motions of the solar system,
it is important to appreciate that a rotating earth creates the
effect of a moving, spherical space round itself. This effect
shouid 1ot be dismissed. It is an integral part of the observed
sky and encompasses and unites the other movements of sun,
moon, planets, etc. It is faster than other apparent movements

—and provides the element within which they swim, with or

against its tide. It has its simplest and purest expression in the
circling of the northern stars round the throne of the celestial
pole.

Copernicus himself, with a qualitative concept of the realm
of stars, begins Chapter 1 of his major work on astronomy, On
the Revolutions of the Heavenly Spheres, with the words:

First we must remark that the universe is_globe-shaped,
either because that is the most perfect shape of all,
needing no joint, an integral whole; or because that is
the most capacious of shapes, which is most fitting
because it is to contain and preserve all things; or because
the most finished parts of the universe, I mean the Sun,
Moon and stars, are observed to have that shape, or
because everything tends to take on this shape, which
is evident in drops of water and other liquid bodies,
when they take on their natural shape. There should
therefore be no doubt that this shape is assigned to the
heaverly bodies.

Even quantitatively, the modern astronomer visualises a sphere
to position the stars upon before deriving everything else from
it. For the stars, in the first iustance, behave as if they were on
a sphere and according to its laws. A celestiai globe remains
the best star map.

. * This wording of Ptolemy’s opinion is taken from The Moon Hlusion by Lioyd

Kaufman and Irvin Rock.

P




Chapter 4
Stars Which Rise and Set

The horizon is a dynamic event-threshold where not only the
sizes of things seem to increase, as discussed in the last chapter,
but where the drama of appearances and disappearances takes
place. :

To observe a celestial object rising or setting is to form a
relationship with it which is quite different in quality to that
formed when the object is high above, in the same way that
when we meet someone or part from them our experience is

not the same as when we relate to them between those times.
Alsa, when an obiect is near the harizon it meets us on the
level of our normal horizontal seeing and the relationship is
direct and immediate. When we have to turn our gaze upwards
against gravity, the relationship changes - the star or planet
enters its own celestial realm and presides there.

Rising and setting are like birth and death and the
accompanying greeting and farewell. At the earth’s equator all
stars move through this birth and death, while at the poles
there is an eternal circling. '

The Babvionians divided the celestial sphere into three parts
named after their gods Enlil, Anu and Ea (Figure 4.1}. The

ANU

EA /
\/
Figure 4.1 - 35
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uppei part of the sphere from the north pole to about four-
fifths of the way down towards the equater was apportioned
to the air-god Enlil who had separated heaven fromr earth; the
middle band of the sphere on either side of the equator was
apportioned to the sky-god Anu; and the lower part down to
the south pole was apportioned to Ea, god of earth and water.
These were the three celestial ‘ways’. The sun in its yeaily path
then spent three months, or one season, in a particuiar heavenly
regicn (Figure 4.2).

Fignre 4 7
w

In the last chapter we dealt with part of the Babylonian region
of Enlil in depicting the circumpolar stars seen from 2 degrees
north latitude. The whele region of Enlil would be encompassed
by the circumpolar stars at about latitude 73 degrees north,
as travelling north raises the pole above the horizon and
increases that part of the sphere which turns in circumpolar
fashion without rising or setting. Now we shall lock at stars
seen from mid-northern Jatitudes which rise and set, which
include the middle third of the celestial sphere or the realm of
Anu.

Running along ihe centre of this middle band is the celestial
equator, with the zodiacal stars set at an angle to it. The zodiacal
stars are those which lie close to the sun’s annual path or
ecliptic. The ecliptic is therefore tilted to the path of its own
motion on the sphere in a day (Figure 4.3). All daily motions
on the sphere are ‘parallel’ to the celestial equator. The best
demonstration of the resulting twisting motion of the ecliptic in
the course of twenty-four hours is to use a celestial globe, but
some indication is given with four of its positions as shown in
Figure 4.4.
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Celtlastiat equator

Ecliptic

Figure 4.4

\{afious relationships then arise between the ecliptic and
Positions on the sphere. One is that which is formed with the
hor'xzon, looking south, in the course of twenty-four hours. In
periods of six hours the ecliptic (short pieces of it represented
by straight lines) appears as in Figure 4.5,

=

South
Figure 4.5

In twenty-four hours the ecliptic weaves round the horizon
and sk‘y, its intersection with the eastern horizon, for instance,
occurring to the north-east, east, south-east, and back again. In
periods of six hcurs the relationship of ecliptic to eastern
horizon and the equator (Lioken line) is shcwn in Figure 4.6,




38 * Stars Which Rise and Set

-

East

Figure 4.6

anf:1 ifs."relaﬁonship to the western horizon in Figure 4.7. Th
ecliptic varies between curving at a particular mo'nen-t 'f .
north-east to south-west, east to west, south-east to r;orth-wreoslz1
and east to west again; its arc at one due east-west positi .
curves above the celestial equator and at the other ez ut
position curves below it. e sastest

West
Figure 4.7

o

Picturing these relationships is essential to understanding the
appearances of sun, moon and plarets in their risings sett;’n S
and daily or nightly travels. This movement of the eclliptic aigs(;
expresses, of course, the movement of the zodiacal stars which
Iie near it. This allows us to characterise the various parts of
the ;odiac in terms of movement with regard to the horizon
In Figure 4.8, the constellation which lies along that pa‘rt o?thé

ecliptic marked by the line (a) will rise paralle] ta the celestial
equator (broken line) and pass high o‘verhead. The cor:tl;:
lations along the lines (b) and (c) will rise close to the celestial
equator and trace out its curve. The constellation along line (d)
will pass low over the southern horizon and below the ce‘léstial
equator.

Stars at line (a) will pass overhead seen from latitude 23V,
degrees north on the earth, and this parallel of latitude was
called the Tropic of Cancer (the Latin term for Crab) because of
this. In earlier times, when the sun stood in the ctar. constel-

&

@
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lation of the Crab it was overhead at noon at geographical

latitude 23V2 degrees north. But the stars move over hundreds
and thousands of years in relation to our co-ordinates and today
the stars of the Twins pass above the Tropic of Cancer.

So the constellation of the Twins is angled parallel to the
celestial equator (line (a) in Figure 4.8) as is the constellation

Figure 4.8

along line (d). The difference is that the constellation along line
(d) passes low over the southern horizon and in ancient times
this led to the naming of the Tropic of Capricorn. Nowadays
the stars of the Archer pass overhead at geographical latitude
23%2 degrees souih.

It will be noticed that while lines (a) and (d) are parallel to
the celestial equator and each makes the same angle to the
horizon, lines (b) and {(c) are not parallel to the equator and
each is differently angled to the horizon. These factors deter-
mine how fast or slow a constellation will take to rise. The result
is that the fastest- and siowest-rising constellations are those
which lie near the crossing points of ecliptic and equator (lines
(c) and (b)) - i.e. the Waterman and Fishes are fastest, the Lion
and Virgin slowest. The other constellations have intermediate
speeds of rising (Figure 4.9).

Again, it is best to follow these movements on a celestial
globe or planisphere, seeing how the angle of the zodiac to the
horizon and equator changes in its rising over twenty-four
hours (Figure 4.10). Copernicus tabulated these angles to the
horizon in his description of phenomena in On the Revolutiors
of the Heavenly Spheres, which angles express the rotation of the
earth about an axis tilted to the ecliptic.

The varying speeds of rising form a qualitative relationship
between zodiac and earth with regard o objects’ ‘arrival’ above
the eastern horizon. Seen imaginatively, one could picture
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Archer Scorpion
g A

‘/Less than

2 hours Virgin

Slowest

Fastest

More than
2 hours v

Figure 4.9 Speeds of rising of the visible star constellations of
the zodiac
7

5 /6 //

P 4 4 ,
LT s

<+

East
Figure 4.10

speed in terms of colour, with the fast-rising movement tending
to the red side of the spectrum and the slow risings tending
towards the blue side. One could imagine a swecp of colour
round the zodijac expressing the dynamics of the rising constel-
lations. The Spring equinox point which marks the businning
of the ‘sign’ of Aries (not the star constellation of the Ry m - sae
Chapter 5) would stand in the fastest-rising parr and cor. vspond

—— e —
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to red, and the opposite autumn equinox point would corre-
spond to violet. If the ordinary spectrum colours (rainbow) were
spread between these two signs, along the path of the sun,
then the summer solstice, for example, would correspond to
green. The winter portion of the zodiac could then take on
ancther series of prismatic colours, this time arising out of a
dark background (see Goethe's Theory of Colours) with the
winter solstice representing peach-blossom, or ruby-magenta.
This would mean a circle of twelve colours displaying a full
range of prismatic hues arising out of light and dark, as do day
and night and the scasons, and present a picture of swiftness
of zodiacal rising -~ with dynamic red the fastest, the darkest
colours the slowest, and the intermediate colours representing
the intermediate speeds. The zodiacal areas between these four
cardinal points would show the transition from, say, fast to
slow or light to dark, illustrating their character in relation to
the eastern horizon.*

One can also differentiate between constellations which cling
to the earth in their slow rising and those which readily lift
upwards in the east. The stars of the Lion and Virgin take
almost three hours to rise, while those of the Waterman and
Fishes take less than one hour. In early times, that section of
the zodiac which was rising was considered a most important
aspect of a horoscope - in fact this rising section was known as
the ‘horoscope’ and the word was only later applied to the
whole chart. These remarks are in place as old astronomy and
astrslogy were inextricably bound up with each other. The fast-
rising parts of the zodiac were referred to as being of ‘short
ascension’ and the slow-rising parts were of ‘long ascension’.

Interestingly enough, the sequence of rising phenomena
reverses for setting. For instance, that part ofthe zodiac which
inclines steeply when appearing above the eastern horizon, has
a shallow incline when disappearing below the western
horizon. Constellations midway between the extremes of angle
rise and set at the same inclination.

Another aspect in forming a qualitative picture of the zodiacal
stars is to consider their compass positions of rising and setting
on the horizon, and their high or low passage across the sky.
In mid-northern or mid-southern iatitudes the zodiacal stars
describe a living, weaving movement in relation to the earth,
while at the geographical equator and poles the extremes take
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to Mars’. Alchemists said that only when the sun was in this
area could iron be transmuted into gold. ‘

The name Aldebaran is from the Arabic Al Debaran, the
Follower — i.c. of the Pleiades. The nearby Pleiades is a
beautiful, hazy cluster of stars (six normally visible to the naked
eye) and they seem to be among the first stars mentioned in
astronomical literature (in the Chinese annals of 2357 BC) and
have featured prominently in the history and literature of many
cultures ever since.

The importance of Aldebaran and Antares lying almost

exactly oppostte each other in the zodiac is that the twelve
zodiacal constellations can be positioned and measured from
them round the circle. Robert Powell and Peter Treadgold, in
their book The Sidercal Zodiac, have researched this relationship
and concluded that the Babylonians based their star constel-
lation zodiac (as opposed to the later tropical zodiac) on these
two stars and thev place Aldebaran (as at the year AD 1950)
exactly in the middle of the Bull, measuring the star constel-
jations in equal areas of 30 degrees from there. This results in
a sidereal zodiac as shown in Figure 4.11 which the present
author uses when referring to a sidereal zodiac of equal
divisicns. A. Pannekoek, in his classic A History of Astronomy,
also states that the Chaldeans developed a zodiac of equal
divisions based on star positions. A sidereal zodiac of unequal
divisions which dates back to the star charting of Ptoiemy is
nermally used by the modern astronomer.

The fourth Roya! Star of the Persians, understood to be
Fomalhaut, . of reddish colour** and stands in the constellation
of the Southern Fish. lts name, from the Arabic Fum al Hut,
means Fish’s Mouth. In early legend the Southern Fish was the
parent of the zodiaca! constellation of the Fishes. It lies beneath
the constellation of the Waterman and has been depicted as
drinking water flowing from the latter's jar. In mid-northern
latitudes Fomalhaut passes very low over the southern horizon
but its brightness is enhanced by the absence of other nearby
bright stars. ’

The ancicnt Egyptians observed the rising of the zodiac in
stages of ten days each (decans) with thirty-six decan stars
marking out the year. As a decan star makes its first appearance
of the year above the horizon at dawn on a particular date, a
division of the adjacent zodiac is indicated (Figure 4.12). The
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decan stars were positioned in an area of the sky to the south
of the zodiac. Sirius, thé brightest of all stars in the sky, marked
the thirty-sixth decan and a position on the zodiac beside the
stars of the Lion. Decan stars like Sirius leave the night sky
for more than two months between their evening setting and
MmOrning rising with the sun. An Egyptian papyrus describes
the decan star as remaining ‘in the underwerld, in the house
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of Geb’ (the carth god) for seventy days where ‘it purifies itself
and rises on the horizon like Sothis’ (Sirius). One is reminded
of a description in Cairo Museum of the embalmment of Tutan-
khamen in which his body was prepared for burial by the priests
for seventy days, during which time hymns were chanted and
pravers and spells recited for the soul of the dead.

We can now  depict ‘on—a map the zodiacal stars and
surrounding constellations as seen above the horizon (Figures
4.12 and 4,14}, The northern stars, as shown in Figure 3.5, turn
free of the horizon with their co-ordinates of latitudes and hour
circles turning with them. But the stars which rise and set relate
themselves strongly to the horizon, sc our co-ordinates this
time are {ixed in relation tc the earth, and the stars move behind
them. These co-ordinates are called azimuths (compass points
aleng the horizon) and altitudes (heights above the horizon).

Two positions have been chosen for the zodiac in the course
of the year - the stars seen at midnight in midwinter and those
seen at midnight in midsummer. This allows us to view both
halves of the zodiac and see two of its extreme positions with
regard to the horizon. The zodiac assumes these positions cnce
every day, and the positions have the sun at an opposiie side
of the sky (beneath the northern horizon) only once a year. |

Sirius can now be seen in Figure 4.13 near the constellation
of Orion, the latter associated with Osiris by the Egyptians.
Sirius itself they connected with Isis. A prominent star in the
sky as depicted in Figure 4.14 is pale-yellow Arcturus whick,
in 1933, demcnstrated an influence from the stars when its light
was transmitted via a 40-inch telescope to operate a switch
which turned on the lights of Chicago’s Century of Progress
Exposition.

One geometrical aspect of the relationship between the
zodiac, or ecliptic, and the horizon is that, seen from the earth’s
equator, the mid-point of the ecliptic or its highest point
describes a lemniscate (figure of eight) on the celestial sphere
in a day (Figure 4.15). At the poles this form smoothes out into
a straight line {circle) above the horzon, with intermediate
forms at intermediate latitudes. Other connections with the
lemniscate will be dealt with later; in particular concerning
the apparent loops of the planets. The above lemniscate is
essentially in connection with the sun’s path. For a vearly
representation of this form at the equator, one would plot the
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mid-point of the ecliptic arc for a particular time of day
throughout the vear. say midnight.

Astronomers describe the rising and setting of stars, planets,
sun and moon in the context of atmospheric refraction or the
shift upwards given to celestial cbjects above the horizon
through the deflection of their light by the density of the air.
The elimination of this effect, called a correction, is necessary
in order to calculate positions accurately on the celestial sphere
for navigation, surveying, etc. An object just above the horizon
by observation will be below it by calculation, this calculated
position being called its ‘true’ one. One also speaks of a "tech-
nical” horizon as opposed to the visible one. Yet the visible
position of a'star cannot be calcuiated exactly due to variations
it aimospheric density. Technical and observed positicns
coincide when an object is overhead and are most separated
from each other at or near the horizon.. At the zenith the
apparent and the idea! are one.

The result of this subtle effect i5 that rising objects will appear
higher than their technicai positicrs, then as the effect wears
off with increasing altitude above the atmosphere, they will fall
back towards their technical positions. Thus rising and setting
objects will linger a little in the vicinity of the horizon. This is
built-in to the experience of the earth-based observer and is part
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of the drama of the moving sky. It also raises the question of
‘where” a star really is. But if a tennis player strikes a ball
downwards to the opposite side of the court so that ft deflects
upwards towards his opponent, the opponefit cannot say the
ball is not travelling towards him just because it was not s'tn'xck
directly towards him in the first place. A refracted star is shining
towards us when we see it and ‘is’ where it is seen. This is its
‘true’ position. It then slows down its motion from where we
stand. Otherwise one falls into the habit of saying that though
a star is visible, it has not yet risen or has already set. We
should not phase out the dynamic element in ob§er'Jatiox1 too
readily and shouid allow, when appropriate, the ideal concept
of the celestial sphere to flatten as if it were a rcof above our
heads and become like an oblate spheroid (Chapter 3};*** and
we should allow it to be flexible enough to siow down slightly
near the horizon. Visually, due to refraction, there is always
more of the star sphere above the horizon than below it, to the
extent of about one moon diameter.

Atmospheric effects also result in stars twinkling, cause'd‘ by
variations in atmospheric density at different heights. .Smus,
never achieving a very high altitude at mid-nerthern latitudes,
is conspicuous in its flashing out the colours of the spectrum.
{f a star is high above the horizon it achieves a steady, celestial
light. Another effect of atmosphere is that sun, moon and
planets take on a yellow or reddish tint due to a darkening of
their light. - ,

Disregarding refraction for the moment, the observer's
horizon (a plane which is tangent to the surface of the earth)

CELESTIAL

SPHERE
TN - “

Earth

Figure 4.16




. Seg also the zodiacal colour circle described in
Principles of Eurhythmy by
Steiner Publishing Co., 1937).

. .
" To the naked eye it often appears reddish, cause
low position in the northern hemisphere. Objectively it is white

*** The earth, too, is an oblate sp
to become a similar sﬁap»:
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3, as far as the stars are concerned, also an earth-centred

position; it has the same star nemisphere arching above it
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and varied pag&ant for the perceptive or informed ohlobker ¢

chapter XXIi of The Basic
Annemarie Dubach-Donath (London, Rudolf ‘

d by the atmosphere at its

3 her_oid. Stones worn down by the sea tend
- i.e. ellipsoids. )

e

Chapter 5

The Sun

The sky and the human eye are spheres with parts in common
which act like refracting lenses. The atmesphere round the earth
refracts light on the horizon to the extent of about the sun’s
apparent diameter (roughly half a degree of arc), allowing us
to see more than a hemisphere of stars. This also means that
we sec more of the sun than we would otherwise, and on
average it appears abowve the horizon for a longer time, in the
course of a vear, than it spends below.

The corneal surface of the eye refracts extra light into the eye
and the huiman being can see, peripherally, at an angle wider
than 180 degrees. A small central area at the back of the retina,
about 1.5 mm in diameter, is called the yellow spot and
possesses vellow pigment. Within this is the fovea centralis, a
depression about 0.3 mm in diameter which gives us the most
sharply defined vision in daylight and is also the most important
region of the retina for colour perception. The diameter of the
fovea centralis, when projected through the eye, covers an area
on the celestial sphere of about 1 degree. This ccrresponds to
the apparent diameter of twe stms or sun plus moon. Eye and
celestial vault together form a type of spherical lemniscate with
sun and moon on the external hemisphere and the yellow
hollow of the fovea centralis on the hemisphere within.

In the course of twenty-four hours the sun moves against the
stars a distance, again, of about 1 degree, or twice its diameter.
This moveraent is towards the east, ‘whick means that the sun
will rise a little later each day (Figure 5.1) — by the amount of
time it takes the celestial sphere to move through one degree
of arc, which is about four minutes in time. A Babylonian
measurement of time was in intervals cf four minutes, called
us. This registers the difference betweeen the sidereal day and

51
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Figure 5.1

the solar day. Again, from sunrise to sunset on an average day
(twelve hours) the sun moves its own diameter against the
stars, while it moves through an average of about 260 diameters
in its diurnal movement from eastern to western horizons.
The rising and setting of the sun means that there' is a
perpetual dawn and dusk rotating round the earti where light
meets darkness (Figure 5.2). Travelling with this shado edge

Figure 5.2

are the reddened colours of the sky, and the dawn and dusk
chorus of birds. This also means that all times of day or night
are perpetually somewhere on earth - for instance, at every
moment there is a midnight and a midday stretching along the
great circle which passes through the centre of the shadow and
the centre of the lit part. In fifteen minutes the shadow's edpe
will have passed from Amsterdam to London while it wil] take
about another four hours to cross the North Atlantic.

Because the sun does not keep the same height above our
horizon from day to day, this brings about the seasons. In
relation to the earth, the sun spirals up and down round the
axis cf the poles in each year (Figure 5.3). When the sun is half-
way up or down the spiral the shadow passes through the poles
and night and day are equal everywhere (Figure 5.4), hence the
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Figure 5.4

term ‘equinox’. When it is at the most northerly point of its
movement it is summer in the northern hemisphere (which is
most lit) and when it is at the most southerly point it is summer
in the southern hemisphere (Figure 5.5). Sun, moon and planets
spiral round the earth in a similar way that consecutive leaves
spiral (as Goethe realised) in their growth round and up the
stalk of a plant.
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Equinoxes

Figure 5.7

dark mgnt as such lasts for about 2 and a halt months at the
poles, after which there are almost two months of dawn.

The shortest duration of twilight takes place in equatorial
regions, where the sun meets the horizon at an angle of 90
degrees. Here it lasts about an hour. Elsewhere, apart from the
polar regions, longest twilight takes place at midsummer, the
twilight lasting longer the further north one goes. Beyond 482
degrees north or south, which includés the whole of Britain,
twilight at midsummer iasts all night. The shortest duration of
twilight at any place depends on its latitude and there are two
shortest times in the year — before and after midwinter. This is
becauge twilicht depends not only on the path which the sun
travels beneath the horizon but also on its speed on the celestial
sphere. Cbjects travel fastest, as explained earlier, on the
celestial equator, so the midwinter movement of the sun belcw
the horizon will be relatively slow, thus lengthening twilight.
At a geographical latitude of 52 degrees, shortest twilight will
last 1 hour 30 minutes in the middle of October and the end of
February.

Twilight is a most sensitive part of the day, bringing colour
into the sky, songs into the throats of birds, and a delicaie
atmosphere as nature seems to pause and the human being
reflects.

The Egyptians, according to the astronomer Norman Lockyer,
said that dawn and twilight were the goddess Isis. Her offspring
was Horus, the rising sun, which became Ra at midday and
Qsiris (husband of Isis) at sunset. The setting was a death,
Osiris being killed by the circumpolar constellation god of dark-
ness, Typhon. Horus then rises to avenge the death of his
father, Osiris, and kills Typhon. This is a simplification of Lock-
yer's account, but it indicates a mythology in which the direc-
ton in space or the moment in time are themselves deities.
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or ‘hours’ of darkness were longer than those of daylight, and
in summer the daylight ‘rhours” were longer. Aspects of such a
system became reflected in Greek, Roman and European prac-
tice, and there are sundials showing these ‘unequal’ hours
throughout the year (e.g. at the Old Royal Greenwich Observ-
atory) called temporai hours, which prevailed for civil purposes
in Europe during the Middle Ages. The day was alsc measured
in early Europe from sunrise, or the mean sunrise of 6 a.m., 5o
that the time of Christ’s crucifixion, 3 p.m., was written as ‘the
ninih hour’. Apart from civil time, the asttonomer down the
ages has often preferred to use midnight or midday for the
starting point of a daily cycle.

Early divisions of the day inclined to follow the visual position
,of the sun, to move with it throughout the year. Later this “true’
or actual timing for a particular place was changed as swifter
communications grew between territories. This brought in
‘mean’ or average time which a wide area could share, and in
England was called ‘railway time’ and was adopted nationally
in 1880. Before then the traveller had to adjust his watch as he
travelled east or west, the sun marking noon at Bristol ten
minutes after having done so at London. Mechanisation, in the
ferm of clocks, brought a second distortion f the true day by
inaking eveiy day the same length so that circular cogs and
wheels could better deal with it. But the apparent sun speeds
up and slows down rhythmically in the course of the year so
that days are a little longer in winter in the northern hemisphere
than they are in summer. This results in mean time and true
(apparent) solar time falling out of step during the year. A
second reason for this effect is that the sun is not travelling
along the celestial equator, which keeps an even path round
the earth, but travels along the ecliptic which is at an angle to
the equator and does not share its divisions. Mean time, so to
speak, places the sun on the celestial equator all year. The
disparity between mear and apparent time is called the
equation of time. Figure 5.9 illustrates this; the lemniscate is
traced out by the tip of the shadow of a vertical stick in the
ground at mean middays. At apparent noon during the year
the tip of the shadow would move up and down a straight
line lying due north from the stick. The lemniscate shows the
difference between a sun moving on the circle of the celestial
equator (mear) and a sun moving on an ellipse in the ecliptic
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27,692 years or 29,862 years. The present-day estimate of this
cycie is 25,770 years.

Ptolemy, however, who lived later than Hipparchus, was less
accurate than the Jatter and gave cycle of 36,000 years which
is identica] to what wae beliaveq by early asironomers to e
Plato’s ‘Great Year'. Plato defines the Great Year (in Timacus)
as the period after which al] the Plarets and siars repeat thejr
relative positions. Whether he means this to be 4 period of
36,000 years is net easily deducible from his writings. But this
numberis said to be mentioned, for example, by the En glish math-
ematician and astronomer Sacrotosco {c. 1190 to c, 1255) who is
quoted in 4 presumed versjon of his Tractatys 4, Sphacra*** _ the

number with the slipping back of the celestiaj sphere one revo;-
ution, it is not Certain that 3 fonnection with 3 ‘Platonic Year’

a Platonic Year with a movement of the stars through the syn’s
S€asons should not pe taken for granteqd and may exist in name
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against the stars and the movement is called the ;_)rectessuf)r\t 1:):
tfe equinoxes. Figure 5.15 shows a modern estima iegaﬁop
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Figure 5.15 Dates for the spring equinox standing at the centre
peints of equal constellations

in Ptolemy’s time the sign of Aries and the stars of Aries more
or less coincided, causing controversy later over which zodiac
he must have used.

Broadly, there are three zodiacal systems to choose from and
Ptolemy probably used all three. Each has its own validity, and
grew out of man’s evolving relationship with the sky. Isirstlv,
perhaps, there is the contemplation of the stars for the picturés
they form in the imagination. Qualities of light, position and
movement of individual stars and groups of stars is foremost,
with little or no consideration given to measurement on the
celestial sphere. Later this develops into painted pictures, of
the creatures imagined, on a star map with the figufes covering
unequal areas of the codiac. As mentioned already, this was
one of Ptolemy’s ways of depicting the sky and is the basis for
the unequal zodiacal constellations of modern astronomy.

Secondly, there is the equal division of the zodiacal con-
stellations known to have been used by the Babylonians.
Measurement and caiculation here become as important as the
constellationfigures.

Thirdly, there is the Greek division of the ecliptic into twelve
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equal parts measured from the sun’s seasonal points (e.g. the
spring equinox). This is a moving zodiac, its ‘signs’ shifting
against the stars with precession (Figure 5.16).

Unequal
constellations

Equal
constellations

<+—— Spring
equinox

Virgin ¢
Virgin point

- Sccrpron/ Archer \ Goat
\ !
AN Scorpion y

Figure 5.16

The latter tropical zodiac is based on the sun and was intro-
duced later in history when the development of individual
consciousness was greater. It was used by the astrologer who
wanted to calculate the horoscopes of individuals. The sun
and the personal element seemed tc go together. The personal
eleinent was the one which moved independently of the stars.
This is a qualitative assessment of the historical validity of the
tropical zodiac besides its facilitating geometrical simplicity, etc.
The heavens and huinan destiny were not considered apart in
early times. Essentially, the tropical zodiac emphasised the sun
whereas the sidereal zodiac was, of course, oriented to the fixed
stars which maintained a constant relationship to the earth. In
the Babylonian culture in which this zodiac was used, predic-
tions concerned nature, the iund and social and political ques-
tions. The situation was less personal and more objective, more
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to do with the life forces of narure and man. Aristotle called
the zodiac the Tife-bringer’ and each zodiac would have been
considered to carry this out in its own v y

The sun is both planet and star, depending on which plan-
etary system one uses — in the earth-centred system it is a
planet, in the sun-centred system it is a star in the present-day
sense. In both systems the sun is a centre. Geocentricaily, the
sun is chief of the planets and anciently, though designated a
planet, was called a star. The term star’, in Greek ‘aster’ (as in
our words “asteroid’ and ‘astral’), applied to almost any point
of light on the celestial sphere, even comets whick were,
according to Apollonius (c. 262 BC to c. 190 BC) ‘proper stars
like the sun and moon'.

Much imagination was put into describing the sun by the
ancient Greeks. It was said of Philolaus (second half of the fifth
century BCj that he spoke of a threefold sun — firstly, the
universal fire; secondly, the light and warmth emanating from
this; and thirdly, the beams which reach the earth. These latter
beams, he said, are reflected from the sun as through a trans-
parent glass and are the image of an image. Ie also taught that
sun, earth and pianets moved round a central hre. The
inhabited side of the earth was turned away from it and between
the central fire and the earth there revolved a counter-earth.
Philolaus was a Pythagorean and here one sees the seeds of
Copernicanism. :

At night we stand in the shadow of the earth. If we look
carefully in clear conditions, the shadow can be seen at sunset
curving in the atmosphere above the western horizon. Later in
the evening it remains invisible above the horizon, stretching
towards the ecliptic. Oceasionally it becomes visible when the
illuminated moon enters it in an eclipse (origin of the word
‘ecliptic’). It also takes an effort to realise that the dark night
sky is filled with sunlight. It simply needs the moon or a planet
Or a satellite to enter the sky for us to see it lit up in the sunlight.
But light itse!f is invizible. We only see illuminated objects, not
light. The human being can see, as he does a faint star, a candle
flame from a distance of 27 kilometres, but what he ‘perceives’
is illuminated gas in the flame. Sunlight can be understood in
the same way.

Light is a mystery and a distinction has to be made between
manifest and unmanifest light. We claim to detect light, to
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quantify it, to measure its velocity, and yet light itself may not
in fact be accessible to any of these things. We perceive its
effects and incorporate these effects into our experience of the
physical world. Somewhere there is an illustion involved, and
the ideas of Philolaus may prove to have more in them than
meets the eye. Subtle questions on the nature of light are raised
by Ernst Lehrs in his book Mai or Matter and, in this connection,
aspects of Einstein’s Theory of Reiativity are criticised in Science
at the Ciossroads by Herbert Dingle and The Cinsiein Myin and ihe
Ives Papers — A Counter-revolution in Physics edited by Dean
Turner and Richard Hazelett. As yet such publications are not
taken very seriously by orthodox scientists.

An early enthusiast on the nature and - mystery of the sun
was Julian the Apostate, Roman emperor from AD 361 until his
death in battle against the Persians two years later. Connected
with the Mysteries of Mithras, he propounded a threefold sun
- firstly, the archtypal offspring of the Good in the realm of
Ideas; secondly, Helios, ruler of the intellectual gods; and
thirdly, the visible sun.

Julian wrote a ‘Hymn to King Helios’ in which he spoke of
the sun’s beams culminating in the Fifth Substance or ether.
‘[Tlt is hard,” he said, ‘as I well know, merely to ccmprehend
how great is the Invisible, if one judge by his visible self.’
Julian’s writing has behind it an intense inner experience of the
stars from his early years and, whatever his opinions, he reveals
the best prerequisite for a study of astronomy - a sense of
wonder. .

On the first page of his ‘Hymn to King Helios’ he says:

[Flrom my childhood an extraordinary longing for the
rays of the god penetrated deep into my soul; and from
my earliest years my mind was so completely swayed by
the light that illumines the heavens that not only did I
desire to gaze intently at the sun, but whenever I walked
abroad in the night season, when the firmament was
ciear and cloudless, I abandoned all else without
exception and gave myself up to the beauties of the
heavens; nor did I understand what anyone might-say
to me, nor heed what I was doing myseif.<f was
considered to be over-curious about these matters and to
pay too much attention to them, and people went so

§
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far as to regard me as an astrologer when my beard had
only just begun to grow . . . Byt let what I have said
bear witness to this fact, that the heavenly light shon

all gbout me, and that it roused and urged me on to 'i
contemplation, so that even then I recognised of m l li‘ '
t}}at t}.xe movement of the moon was in the o osityse
direction to the universe, though as yet ] hadprrjl t )

of those who are wise in these matters snoone
fj;iZdth;I ainner h'uman experience and the phenofnena are

L, vany a scientist will have begun hjs | i
with an enthusiasm and teeling suchg:s ngisa;n:;?i;};f;s?:gl;e

xternal quanti-

'I:l"ne ancient Babylonians described, in their texts, the dail

g:r‘aixlr.l;nt off ;:he;l sun as ‘zi sha Shamash’ or ‘kife of the sun god’y
itus o pesus(c,SOOBC)isreotd i :

the sun is kindled at its risi xtinguishod o pe o hat

1SIng and extinguished at jts i

,  ar Sing ) setting,
ttgat;] the s(;m is ngw)every.aay'. Such sentiments are antiquategd
€ modern mind, but if we are to penetrate the meaning of

* This anglg, the obliquity of the ecliptic, varjes ana is
d_)egrees. Itis decreasing, reaching a limit of about 22.5
12,500 AD. In about 7,500 BC it was at a higher limit o

at present about 23,44
8 degrees iy, roughly
f around 24.25 degrecs.

T.]};e eccentr%city (deviation from a circle) of the earth’s elliptical orbit
oscillates and is at present decreasing over thousands of years i

e .
Scholars disagree over this source.

Chapter 6
The Moon

Man'’s view of the universe changes with his development and
there is no better demonstration of this than in the science of
astronomy. Man’s view of the moon has variously seen it as —
beyond the stars; closer than the stars; a male deity; a female
deity; as parent of the sun; as offspring of the sun; having its
own light; having only reflected light; being a globe with one
half it and the other half dark; not being a solid body at all;
being a mincral body once part of the earth; being a mineral
body with origins outside the earth; being a planet of the sun,
describing a curve round it which is never convex but flattens
twelve times {modern view); and so on.

The further back one goes in histery the more important the
moon appears to become in terms of influence. The Roman
Emperor Augustus had a siiver coin issued during his reign
which bore the sign of Capricorn - i.e., where the moon stood
at his birth on 23 September 63 BC. The oldest document
surviving of scientific astronemy from Babylonia, dated 523 BC,
lists information or the first and last moon crescents of the
months and on phenomena around full moon. Such details had
religious and predictive importance, as indicated by an earlier
Assyrian text: :

When the Moon reaches the Sun and with it fades out
of sight . . . there will be truth in the land and the‘son
will speak the truth with the father. On the 14th the god
was seen with the god . . . when the Moon and Sun

are seen with one another on the 14th, there will be
silence, the land will be satisfied; the gods intend Akkad
for happiness

67
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or ‘when the Mocn does not wait for the Syn and disappears,

most observed object in the sky. In faci the moon’s motions, jf
considered in detail, are highly complicated and j; has been
said that it weylq take a good Mathematician 5 lifetime to detect
and understand them al].

Seen from earth, the moon’s movements ang appearances
are entirelv boynd Up with sun ang earth, forming » celestial
trinity which containg Correspondences and rhythmg which can
toc easiiy be explained away. Science has 3 habit of observing
Something then explaining it with, , theory which then makes
the phenomenon look inevitable. But if the observations change

to fit a" scheme which scaleg them down o Serve laws of
necessity, and there is nothing Jef: ¢ wonder at,

hether conformable to laws or NOL, various detyj)s charac-
terise a celegtial body in , SPecific way and deterniine jrg
relationship t0 us. Moon ang Sun appear dPProOXitnately the
Same diameter in the sky, the moon keeps the same tace turneg
to the earth, the sun’s diameter is 109 times that of the earth,
there are 109 Sun diameters between the SUn and the tip of the
earth’s shadow, there are 108 sun diameters between syn and
carth, the earth’s shadow js 108 earth diameters long, earth to
moon is 111 moon diameters, the length of the moon’s shadow
is 111 moon diameters, the moon’s lunatjop (e g. full moon to
full moon) is thirty days, the distance from carth to moon s 30
earth diameters, the moon’s sidereal peripd (retuming to the
same star} .is twenty-seven days, the rotation of the sun’s
€quator seen from earth {synodic) js twenty-seven days .,
These times and distances are abproximate figures, i, ken 1o
the nearest whole numbers.

‘mona’ for ‘moon’. Of Primal interes; In ancient times, and ajso
today in certain religions, was the first 5 PPearance of he waxing
crescent moon at sunset (Figure 6. 1). For the Babylonija s this
marked not only the beginm'ng of a month but the beginning
of a day. Today the Islamic calenda, is still based on the Sighting
of the évening crescent moon.

hori
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Figure 6.1

i tern
Sun and moon are both setting when t.hey are at thle w;fr "
izon, and as the moon’s crescent is tpe:n so shend;T;in_
requires/ the sun to set before the moon 1; visible in tt 'en 0(1) nin-
i ight j i sees the first crescent r _
ished light just above it. So one . Bt

it is di ing below the horizon.

the month as it is dlsappear.mg ' e
moon moves eastwards with its own motion day by day fas

i i is
than the sun, so the following evening the crtes§le131'1t;1 ;n:(i?rse
i isib] kes longer to set. :
her and more visibie and ta :
hflgtwo weeks the moon will have traversed half of the celestial
; se to full as it moves away from

. and its phases increa _ ' .
f}l\’: zfxen to the ogposite side of the horizon (Figure 6.2). These

Monthw mo:,-o,,

~ D D\\

Figure 6.2 .
ari if
are the moon phases seen at sunset. At sunrise” the other ha

rom
of the moon’s journey can be seen, and the phases ;e.\t/ersfbfi ; ;O
full to waning crescent as the moon moves round its

meet the sun a
this seen from
from the sun always
which is seen at vario
phases. The sun is so
are virtually parallel.

above the earth is shown in Fi

us angles from the eart‘h,
distant and large that line

in (Fi lagrammatic illustration of
gain (Figure 6.3). A diagr. ure 6.4 The fubs
i i half of the moon’s sphere,
illuminates ha broduciig e
s of sight to it
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It will be noticed that, as seen from eari]
noon never appears to curve directly to
'magines a straight line from the centre
the centre of the edge (Figure 6.5). T
have the impression that sun an
similar, and the line between the
of the zodiac) on its two-dimensio
the centre of the moon and the

1, the lit edge of the
wards the sun if one
of the moon through
he reason is that we
d moon lie on a sphere, or
m traces out a curve (section
nal surface. The line between
centre of the sun in three-

~ [ v
/ N
I
Figure 6.5
dimensional space is, in faci, siraight but seems to be curved

concavely to the observer. When picturing three-dimensionaily it
should be remembered that the moon is spherical, not a disc,
and the centre of the lit edge, as seen from earth, is not neces-
sarily the centre of the lit half of the moon. But it is an appar-
ently curved line through the centre of the moon and its lit edge,
approximately following the ecliptic, which passes through the
sun — a phenomenon sometimes neglected by artists. Turner’s
moons are a good example of well-observed phases.

The moon’s orbit is inclined just over 5 degrees to the ecliptic,
so its path lies within the zodiacal consteilations. This means
that when the moon is full it occupies that part of the zodiac
which is opposite to the sun and which the sun occupies in the
opposite season - a difference of six months. Therefore, to
observe the full moon in a starlit sky is as though to observe
the sun in the opposite season but to see the stars it stands
before. With sun and moon the same diameter, comparison is
close. But the full moon’s light obscures many stars.

In midwinter the full moon wiii rise high above the horizon
and at midnight assume the position of the midsummer midday
sun. More zodiacal stars are visible round the first and last
quarter moons, and here one observes the equivalent of the
sun’s position one season removed. In spring tne first quarter
will show the sun’s midsummer position and the last quarter
will show the sur’s midwinter position. The moon’s nightly
path above the horizon will also mirror the sun’s daily path at
a particular season. An indication of these sun—moon relation-
ships is given in Figures 6.6 and 6.7. Through this it is as though
the davtime stars became visible.

A consequence of the time between two full moons being
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Figure 6.7 Paths of the fu]] moon

29%: days is that the fraction of half a day causes the exact
moment of full moon to alternate between day and night from
month to month. In 2914 days the sun has moved one zodiacal
constellation further on, so the éxact moment of full moon
can, in the course of the year, occur in each constellation in
successic,, being a ‘day’ event in sjx of them and 3 ‘night’
event in the other six.

One characteristic of the moon’s crescent phases is that their
tilt to the horizon changes with the seasons. This is because the
moon is always close to the ecliptic and reflects the ecliptic’s
changing relationships to the horizon, as demonstrated in
Chapter 4. Figure 6.8 shows the waxing crescent’s relationships
to the western horizon at sunset and Figure 6.9 the wanmng

T s i
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Winter Spring Summer
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e
Autumn
West
Figure 6.8
Summer & Autumn Winter
N
/g &Spring
East
Figure 6.9

. . ‘or
crescent’s relationships to the eastern hprlzc?n at su(;mse. :1(;
the waxing crescents it can be seen that in winter an s:glmes
the tilts are the same, and half-way between t\fslloc Sx rm oon;
while the spring crescent lies on its back (-thftcil, th‘ep",var‘(mc
and ihe autumn crescent stands most upright. Ulh'll Utum;,
crescents, summer and winter are again the same while a T

d sprin 1 ent extremes.

d spring reverse the waxing cresc -
an[f tk}:e crgscents are equaily distant (lTxa\'Ie the.same elox'\s‘iathaci1 C{
from the sun, then greatest visibility is 1r;‘ sprxgg s;ls;gas F and
i i these tirnes the zodia
in the autumn at sunrise. At : o
to the sun reveal more of their secrets to ear}tlh obfsg;;sg a;;le

i i he astronomer when s
are of particular interest to t : ‘ e
interioxP planets Mercury and Venus Wh:jCh afrriissﬁi :izzlzlow
i ing sunset and autu
tively close to the sun. Spring aut sunrise oW
i hold of the ‘hiding places :
a deeper glance into the thres : !
and Iflangts as they alternate between evening artd morning
earances (see Chapter 5). o ’ for the
apé)\"axing cre(escent visibility is stiil 1lxlnpoxl;tants tgfdze-:);oon
i ich i d on the phases o .
Islamic calendar which is base S ¢ n
Cs)ur western calendar ignores the moon and divides tl;\e :(ﬁw
year into twelve fixed parts. But the [slamic czli)len.dali a e
ighti ing crescent as the beginning '
first sighting of the waxing it as ginning of 2
h ‘lunations’ in a sclar year, /

onth. There are twelve suc a solar t
;ﬂ roximately eleven days left over externding into the rfltrhss
n}:g)nth of the next cycle. This means that the lunar mo
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meve tarough the solar year and its seasons and return to a
similar date in a period of about thirty-three years.

Of prime importance is the determination of the start of the
holy month of Ramadan, a time of fasting and devotion. But
Musl.xm-corrmmnities have a habit of starting their ceiebra.tions
on different days in any one year due to their varying locations
and sky conditions for sighting the crescent moon. Places | in
westwards of where the crescent moon can first be seen f};org
the earth have a better chance of seeing it; the movement of
sun and moor is westwards and more time elapses, before the
arnve at the horizons of these places, for the moon to mov}e,
out of the sun’s light at the start of its monthly journey. Also
some latitudes will have the zodiac standing at a steep.ér. moré
visible angle to the horizon than others. Then there are /dela s
caused by the weather. Under good conditions it is possible i,o
sxgh? a first crescent less than twenty-four hours after new moon
(Cor}]urlction) but it is common to sight it thirfy hours z;fte‘
T(? Increase the Islamic observer's chances (two independex;é
e LR

There are efforts to standardise the Islamic calendar so that
Ramadan is started on the same day in the various communities
Bgt the relationship of celestial bodies to the earth is a living
thlpg, and every location has its own sky. So why shouldn’%
religious festivals begin on dates peculiar to partiC{Jlar places?
But the modern mind wishes to generalise and abstract the.;
situation so that the phenomena are by-passed. As with the
length of the day, the average is calculated and becomes the
accepted truth to accommodate the limits of circular wheels in
clocks. Yet none of the celestial bodies moves in circles.

In Jewish tradition the month begins with the first crescent
moon and in early times when this was sighted it was
announced with a sgunding of trumpets. The sighting was
declared by the religious high court after hearing witnesses
and other Jewish communities were informed by fire bea;onsl
or messengers. The first day of the year, however, does not
move through the seasons as does the Mohammedan, but an
lezxi.‘ra t(;ntt;)rcalary) month is added to the years every soloften to

eep the beginning of the fi ishri
equ}i)nox. g g e first month (Tishri) near the autumn

Here we can take the opportunity to explain the so-called
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Harvest Moon as it also involves the relationship of the ecliptic
to the horizon. Harvest Moons are those which rise shortly
before, at and after full, on successive nights at approximately
the same time so that when the light of the setting sun dimin-
ishes in the west, the light of the moon takes over from the
east. This happens near the autumn equinox when the ecliptic
at sunset lies low along the eastern horizon (Figure €.10). There-

Ecliptic

Moon’s
monthly path

Fieure 6.10

fore the moon’s monthlv movement does not carry it very far
bélow the horizon at sunset from night to night, and its rising
© to each other around sunset. The time difference
on consecutive nights can, at the latitude of London, be around
twenty minutes at Harvest Moon, while in spring the moon can
rise 1 hour 20 minutes later on consecutive nights. The full
moon following one month after Harvest Moon is called the
Hunter's Moon when the quick consecutive rising effect is
similar but decreased.

It will be noticed that on different nights the moon rises at
different points along the horizon. In one month the moon will
rise and set roughly at the places which the sun occupies on
the horizon in the course of a year. In addition, the moon’s
path in the sky in 2 month will imitate the sun’s path, high or
low, in a year. But one particular phase of the moon will take
a year to rise, pass over, and set in imitation of all the sun’s
annual motions. This follows from what was discussed in
conneciion with rigures 6.6 and 6.7. It results in every season
having its own individual pattern of lunar phenomena. Figures
6.11 to 6.18 show moon phase risings, diurnal paths, and

{imes are clos
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Figure 6.13 Autumn sunset

Figure 6.14 Winter sunset
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settings for the four seasons.

The rising and daily passa
i sage of the moon across the sky i
reflected in the ocean tides which travel round the earihsfr)c’nlj

?bcut 50 minutes later from day to day on average. Most tides
+o{low the same time pattern. But the overall picture of tides
th oughout the world, even if they are similar in the rhyth f
their occurrence, is extremely complicated. o ryhme
l:eavmg aside a theoretical approach to the moon, the earth
and the earth’s envelope of water — a major phenlomenon is
that the earth’s main tidal wave originates off the west coast l?
South America shortly after the moon has passed overueaod
tbere. It travels westwards across the Pacific, moving i
dlfferer?t directions at different speeds. It reaches, Austral'g in
apout fifteen hours, the Cape of Good Hope in about tw .
nine hours, the east coast of the United States in about (;nty-
: ?oourz, t;:e west coast of Ireland in about forty-four hours 2;?!,
u X ~7
»s:&\(t; ! r;;:S‘north coast of Scotland down to London in about
Th1§ tide started when the moon was overhead off South
Ame;;;a, z?nd when the moon is directly ‘underneath’ on th‘
opposite side of the earth 12 hours 25 minutes later, a sec s
t3de starts across the Pacific from South America A,t an “on
time there are about five or six tides travelling rou.nd the);aor‘f -
and separated by 12V-hour intervals. Tides are also set u '
the At.lantic and Indian Oceans which join the main ~Pa§ifl' .
tide. Txde_s also approach a coast from opposite directions (thTC
happens in the North Sea) and in some parts of the world th'}s
;;:gctries;lllt in :]h;m cancelling each other out so that there ;:
cally no tide a in hi i
hours‘25 minutes apart, and each of the;é is ‘;;ueaa?;dwt}:‘-
following c.day about fifty-one minutes later. Howeverp tides t ke
Place at different places at different lengths of time afte ?he
moon has passed the meridian. In London the tide is én a:/ rage
of ]u§t ugder two hours behind the moon, while at New eYragl(:
the tide is an average of 8% hours behind. The astronomicz;l
clo‘ck‘above a gateway to Hampton Court Palace on the Tham
built in the reign of Henry VIII, still indicates the time the on
crosses the meridian every day in the deterrﬁining of f‘id—er:()on

Ems e
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Spring tides have nothing to do with the spring season, but
the term comes from the Old English word “springan’, meaning
to rise. They are the highest tides of the month and are associ-
ated with full and new moons. The highest spring tides take
place in connection with the full or new moon coinciding with
the moon’s perigee (the time when the moon is nearest to the
earth) and with the earth’s perihelion*™ (when the sun is nearest
to the earth ~l.e. in January). January is also a time when strong
windg can raise the tide above normal. Neap tides are the low
tides of the month occurring between the two spring tides and
associated with first and last quarter moons. Highest spring
tides have been recorded as occurring in a cycie of 18.6 years,
which is in accordance with the movement through the zodiac
of the moon’s perigee and node, these latter movements to be
discussed in the chapter on eclipses (Chapter.7).

Tidal patterns throughout the world are so complicated that
they ailow one place, the island of Tahiti, to have high tides

“which occur at almost the same times each day (noon and

midnight) and neap tides at 6 a.m. and 6 p.m. Here the
influence of the sun is predominant and for some reason the
rhyvihm of the moon does not manifesi.

The heavens move in their cycles and the earth responds,
taking up the rhythms in its own way in a particular place. It
is interesting to note that the place of crigin of the tides, the
Pacific, where the ocean most strongly responds to the moon’s
presence, is also the place of origin that has been claimed for
the mcon itself. It has been suggested that at an earlier stage
of evolution the moon was part of the earth and that the earth’s
molten liquids came under the influence of the sun in huge
tides which separated the moon from the Pacific area and threw
it into orbit (fission theory). Scientists are not agreed on the
origin of the moon, two other theories being that it was a
separate body in space which was ‘captured’ into an earth orbit;
or that earth and moon formed together as a ‘double planet’.

The Apollo series of American spacecraft brought samples of
moon rock to earth for analysis and in The Moon Book Bevan
French sums up —

Despite the flood of chemical and historical information
obtained by the Apollo Program, we still do not have a
single, universally accepted theory for the origin of the
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meon. Because scientific theories always die hard, the
three pre-Apollo theories (doubie planet, fission, and
€apture) have ali surviveqd the Apollo results, though
often with considerable modifications. A completely
successful theory of Junar onigin . . . must accoupt for
significant differences in the chemistries of the earth and

argues that the earth ard moon were formed together

in the collapsing dust cloud that became the solar system
-+ - A newer variation of the fission theory suggests

that the moon was built up gradually from a heateq
atmosphere that wag thrown off a hot, rapidly Spinning
primerdial earth . | As the almosphere cooled, the less

One problem with the “capture’ theory is that the captured body
has to be slowed down in order to 80 into orbit around jz
Planet like the earth. The earlier tida] fission theory, originally
Propounded by G. H. Darwin, son of Charles Darwin, in 1880,
would now require the moon to have been a pocket of some-
what differently ¢Omposed material to the rest of the earth when
it was flung off. In addition, if it is to be tenable that the moon
Separated from the region of the Pacific, then, in the light of
recent research, it must have had a constitution such that, on
analysing it today, it appears 1o be of a greater age than the
floor of the Pacific, as has bee revealed by deep-sea drilling.
Because one s dealing with earlier, unknown states of matter, i(
draw final conclusions from present research is not easy. That
the meon came out ofthe Pacificwas Froposedby W Pickering
(1858—1938), the American astronomer who discovered Saturn’s
ninth satellite, Phoebe. Whatever the conclusions of the
" sCientific world, the Pacific waters continue to respond to the
moon by setting up the earth’s primary tidal rhythm.

The influence of the Moon on the earth hag long been a
subject of debate. Plant growth and weather are two prominent
areas in the discussion and it is difficult for Science to provide
experiments which are sufficiently sensitive and prolonged. The
researcher Agnes Fyfe in Switzerlang tackled this problem using
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a filter-paper method of ’capillary-c.lynam.olysw’ ono;())l;onE :fsp
over a period of about twelve years, involving over.7 , 0 ests.
The results were positive, in favour of a correlation e~wee;
sap activity and the moon, as described in her bciok Moo;'1 zlzln
Plant. The rise and fall of tides and plant sap are riot, esseﬁt'ltl}a1 v,
separate phenomena. Creatures whlch live in the sea, ;utc t}z::
oysters, sea urchins, worms, and grunions; also respond to .
moon rhythms, as described, for example, by Rachel Carson in
the chapter on tides in her book The Sen Argund s, . .
;X;l a;ticle in Nature by Peter Kahn of l.’rinc.etox_l Umve;sxlzy
and Stephen Pompea of Colorado State Ugwersxty in 1978 1tn s
rhythms of the moon with fossilised nautilus shells, sugglefs i;g
that there was a time when the moon was a!?out lr‘la e
distance from the earth than it is now and that it orbited the
earth in about one-third of the time it takes now. Thg present-
day astronomer understands that the moon is driwmg 'avya}l'
from the earth at a rate of about 3 metres a century. The physica
dynamics of the earth-moon system also require that the_moon
is, at the same time, speeding up its motion. 'Accordm'g to
calculation, this would end up with the moon orbll‘thg' 'the earth
in the same time it takes the earin to rotate, so fnat the mo;n
would hang motionless in the earth-observer’s sky. \l/ A
Firsoff, in his The Old Moon and ihe New, takes the calcu ah?n
further to the stage when the moon migh't return tou:i:ds the
earth, adding ‘I will not pursue this cosmic Ragnarok*** to its

tas ic conclusion’. ' .
Ca’i‘?ﬁ.seter(;ggve considerations on lunar science are zncluded. in
this exposition on observational astronorr.xy as the moon, b(lefu:g
the closest of the ‘Planets’, has since earliest times lent 1tie . (;
the impression of being a physical body as wgll as a celestia
one. Unlike the more distant planets, its ’face" 1s visible and its
physiognomy available to be read as one 'wa-shes. A §tlrar;§leé
pre-Christian quotation places .Bntam in a speaaI o
concerning the physical and celestia] faces of .tl.le moon. In e
first century BC, the historian Diodorous of Sicily wrote how i
was said that, in Britain,

(Tlhe moon, as viewed from this island, appears to be but
a little distance from (he earth and to have upon it
Prominences, like those of the earth, which are v151.bl.e

{o the eye. The account is also given that the god visits
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the island every nineteen years, the period in which the
return of the stars to the same place in the heavens is
accomplished; and for this reason the nineteen-year
period is called by the Greeks the year of Meton.

(See Chapter 7 for a description of the ‘Metonic Cycle’.)
Plutarch (AD 50-120), in his celebrated discussion On the Face
in the Round of the Moon which influenced both Copernicus and
Newton, has one contributor to the conversation say: ‘It is not
probable that the moon has but one superfices all plain and
even, as the sea; rather, that of its nature it principally resembles
the earth.” On the other hand, he adds: ‘And we are very far
from thiniing that the moon, which we hold to be a heavenly
earth, is a body without soul and spirit, exempt and deprived
of all that is to be offered to the Gods.’ This conversation on the
moon includes references to earlier astronomers like Aristarchus
and consideration _of the earth’s orbital movemernt, and to the
germinal idea of the moon moving according to the laws of
gravitation. Yet at the same time the discussion concludes with
a description of one of the moon’s functions as that of a staging
area for departed souls before they move out into the cosmos.
The moon has stood in the sky as an intermediary, a stepping-
stone on the border leading to the materialisation of the
universe on the cne hand and to the hierarchies on the other.
In the ancient east the moon had its own zodiacal divisions.
Among peoples like the Chinese, Indians, Persians, Arabs and
Copts, a system of dividing the ecliptic into twenty-eight (or
twenty-seven) parts was used, within one of which the moon

would remain for about a day. For the Chinese they were

‘mansions’, for the Indians they were ‘wives of the moorn’ and
the Arabs called them “alighting stations’. Some of the divisions
were marked by major zodiacal stars including the Pleiades,
Aldebaran, Betelgeuse, Castor and Pollux, Regulus, Spica, and
Antares. - A twenty-fourth century BC Chinese chart of the
mansions shows the divisions as uniequzl but orgém’sed into
four groups which start and fnish in alignment with the four
seasonal points of the sun. In addition, the Chinese mansions
derive their areas from measurements made along the celestial
equator, not the ecliptic, thus indicating a system related essen-
tally to the celestigl pole. Also, the divisions as used by
different cultures do not always coincide with each other,
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though nine ‘boundary’ stars in the Chinese system are the
same as those in the Indian.
The precise movement of the moon against the stars is, as

-said before, extremely complicated. However, two fundamental

aspects for ordinary observation are the positioning of the
phases against the zodiac, and the surface area of the moon
which is revealed at these phases.

Firstly, when the moon has moved from conjunction with the
sun to {irst quarter, it stands more than 90 degrees round the
zodiac from the conjunction point. The reason is that the sun
moves constantly through the zodiac in the same direction. It
therefore takes longer for the moon to move 90 degrees from
the sun than it does to move 90 degrees from a star. Subsequent
phases, linked to the sun, increase the disparity, until the next
new moon occurs at the sun’s position a month later and about
one constellation further round the zodiac (Figure 6.19). This
expresses the difference between a synodic month and a
sidereal month.

irst quarier

2]
<
mn

Figure 6.19

Secondly, more than half of the moon’s surface is visible from
one place on earth in the course of a month. The moon appears
to dance gently against the stars, nodding vertically and swaying
horizontally through the zodiac. The nodding ‘is ‘libration
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in latitude’ and occurs because the moon keeps its poles in a
constant direciion in relation to the stars while orbiting the
earth, so that now more, now less is seen of its north and south
areas (Figure 6.20).

6 O ¢

! Earth

Figure 6.20

The horizontal swaying, or libration in longitude, takes place
because the moon is moving on an ellipse, not a circle. The earth
is at one focus of the ellipse and when the moon approaches this
(the moment of perigee) it moves faster. But the turning of the
moon on its axis does not change, so the two movements fall
oout of step. The axial movement is synchronised wiih the earth,
and the moon would keep onc unchanging face to the earth if
it moved in a circle. But with the speeding up of the orbital
movement on an ellipse, the face which would otherwise be
turred to the earth is swept on past the earth before it can turn
sufficiently, so to speak. The observer then sees further round
one side of the face as it turns away slightly. The interesting
outcome is that the same face of the moon is found always to
be turned towards the focus of the ellipse which the earth does
not occupy. This is the ‘focus’ of the moon'’s rotation on its axis.
The earth is the focus of its orbit. Figure 6.21 exaggerates the
ellipse for the sake of clarity and places new moon at perigee —
though perigee can coincide with any phase.

Maximum libration occurs twice a month at whatever phase,
each occasion revealing an area on the oppgsite edge of the face

to the other (Figure 6.22). At perigee and apogee the libration

effect does not occur as the moon is turned towards both foci
at once. Over a number of years (there are many other move-
ments to be considered) up to 59 per cent of the total surface
of the moon can be mapped from carth.

In legend, a creature frequently associated with the moon
is the hare, which figures in stories from diverse cultures.
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According to a Hindu legend, Buddha was a hare in an early
stage of his existence. He travelled in the company of an ape
and a fox and one day they were met by a beggar who asked
for food. The hare alone was unsuccessful in {inding anything
for the beggar but instead had a fire built and cast himself in.to
it to roast for the man’s supper. The beggar was.the god Ind‘ra in
disguise and had the hare placed on the moon for his sacnﬁFe.
Likewise the moon gives itself up monthly to the light or fire
of the sun at conjuniction. In Sanskrit the moon is called Sasan'ka
- ‘having the marks of a hare’. The hare is also associated with
the moon in China and South Africa, and in Mexico the moon’s
face marks are said to be those of a cabbit. Taoist fable depicted
a hare pounding the drugs which compose the elixir of life, apd
the Chinese also represent the moon by a rabbit pounding rice
in a mortar. It has been noted in literature on moon mythelogy
that the rabbit has a gestation period of thirty days - comparabie
to the synodic month.
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One’s little finger held up at arm’s length covers the face of
the moon in the sky. Yet this celestial body has prompted a
vast amount of literature, imaginative and scientific, throughout
history. It is the closest neighbour to earth and moves round it
assuregd of the response of nature and man from tides to calen-
dars. It stands in the sky as a stepping-stone to the heavens
beyond, whether physical or imaginative, faithfully keeping the
same face turned towards the earth as if linked by an invisible
umtilical cord.

What if the moon were not in our sky? This question is
investigated in an essay by the science writer Isaac Asimov. His
opening words are:

There was a full moon in the sky this merning. I was
awake when the dawn had lightened the sky to a slate
blue (as is my went, for I am an early riser) and, locking
out the westward window, 1 saw it. It was a fat yellow
disk in an even, slate-blue background, hanging
motiorless over a city that was still dreaming in the
dawn. Ordinarily I am not easily moved by visual stimuli,
as I am relatively insensitive to what goes on outside

the interior of my skull. This scene penetrated, though.

Let it be hoped that the visual stimulus of the moon continues
to penetrate the skuli of modern man and draw him out to
experience directly the phenomena of the heavens. ;

. , .
It appears that the moon reaching the sun means new moon or conjuniction;

* that'thie moon and sun being séen 'togéther on the 14th means that the near-

full moon rose before the sun set; and the moon not waiting for the sun
means that when near-full it sets before the sun rises. .

™" This perihelion point (an apse of the earth’s orbit) makes one eastward
revolution round the zodiac ir: about 110,000 years.

e 1 N . '
) VFwnlxght of the gods, or day when tive world will be annihilated before
bang iater reconstructed on an imperishable basis.

The phenomenon of eclipse is that of light being darkened over
and above ordinary day-to-day changes of light and darkness.
Itis as if an intervention took place in the usual affairs of nature.
Yet the interventions, if examined closely, have a remarkable
rhythm of their own which Man has studied and tried to analyse
since very carly times.

Tvace a year there are eclipse periods. During these times the
light of the sun and moon is diminished or well-nigh
extinguished. At least four eclipses occur in any one year,
though two of these (darkenings of the moon) may not be
visivlz to the nakeda eye. At least two visible darkenings of the
sun must take place within twelve months. A maximum of
seven normally visible eclipses can occur in a year - five of the
sun and two of the moorn, or four of the sun and three of the
moon.

The eclipse periods are opposite each other in the year, about
six months apart. These periods are called ‘eclipse seasons’.
They rotate once through the four seasons of the year in 18%
years.

Sun eclipses are awesome spectacles, even for the modern,
unsuperstiticus observer. One is conscious of a gigantic event
of nature taking place, over which the human being has no
control. With a total sun eclipse the day-time sky darkens into
an eerie light with a reddish glow round the circle of the
horizon. Bright stars shine out, day-time birds and animals fall
silent and flowers and leaves close up which normally only
close at night. The atmosphere grows cold and dew may fall.
The sun becomes a ring of diffuse light in the sky, rose-coloured
around the edge of a dark disc. This can last for a maxiinum
period of about 72 minutes (near the earth’s equatcr) and just
ovar six minttes at a latitude of 50 degrees. The return of the

87
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sun to visibility is with 2 sudden flash of light across the land-
scape. The time of the whole process from the commencement
of darkening to full restoration of light carn approach four hours.

A dramatic diminution of light occurs just before ‘otal sun
eclipse and unless one is watching for it the earlier stages can
pass unseen. The sun, even as a slender crescent in a clear sky,
is' very bright, and it has been estimated that a 98 per cent
eclipse in clear conditions could 80 unnoticed. Yet thin cloud
cover over even a small partial eclipse makes it readily visible.
Turning our attention to the earth at our feet, we can notice
that the light filtering dowr through trees throws patches of
light on the ground which are crescent-shaped, arising from
projections of the sun’s crescent shape through narrow open-
ings. This is on the principle of the camere obscura and ‘was
observed and commerited upon by Aristotie. It should be added
that a projection: of the sun’s image onto a screen i, the safest
way of observing a solar eclipse to avoid eye damage. Certainly
the sun must never be looked at with the unprotected eve, and
professional advice should be sought on the use of darkened
glass, etc. '

As to eclipses of the moon, the complete process of a total
lunar eclipse from the first faint darkening (not visible to the
naked eye) can take up to six hours. As the eclipse propresses
the moon frequently reddens or takes on a copper colour. On
rare occasions it can disappear completely from the sky. From
beginning to end the readily-visible darkening can take almiost
4 hours. The length of the middle stage of greatest darkening
(total eclipse) can last aimost 1% hours.

The word “eclipse’ comes from a Greek word rendered vari-
ously as ‘failure’, ‘abandonment’ or ‘disappearance’. From it is
derived the term ‘ecliptic’ ~ that is, the circle on the celestial
sphere on or near which eclipses of sun and moon occur. Early
peoples spoke of a celestial dragon which caused the darken-
ings, and in old illustrations it is shown with its head a! one
eclipse area in the zodiac and its tai! at the other, on the oppesite
side of the zodiac. According to Babvlonian ‘myth, the god
Marduk created this Great Dragon, making it carry six of the
zodiacal constellations on its back and six under its beliv.

In India, people immersed themselves i water up to therr
necks during eclipses and in Japan wells were covered to
prevent poisening. In arctic America the Eskimo, Aleul and
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Tlingit peoples said that during an ecl'ipse the sun g;dlenrogﬁ
temporarily left the sky to see that things were in der on
earth. Plutarch reports how, at a total moon‘ eclipse qn <
of the battle of Pydna, ‘[t]he Romans, according to thglr ctis }?e]ci
made a great noise by striking upon ve.ssgls of brass’ana“ e
up lighted faggots and torches in the air in opder tohrec ot
light.” Tacitus mentions an eclipse of the moon as ;p;i 1 ug
scon after the death of Augustus when soldiers made 2 oets
noise, by ringing upon brazen mgtal, and’by' blowing tr‘uxtng ©
and cornets; as she appeared brighter or darker they exuite t
lamented’. In medieval European chronicles it was comTon 0
describe the moon as ‘turned into blood” when it took on a
dish colour when eclipsed. 3
recljliclipses have been long locked upon as events of ill orgevx\\,ict);
change. Also, there is a tradition tn'at they are corm-ec;e win
earthquakes. The Book of Revelation has been c1(§etl aSixth
example; it says, ‘And I beheld when he had opene Le ah
seal, and, lo, there was a great earthquake; and the sun beica me
black as sackcloth of hair, and the moon becgme as 't}:)% .S
Thucydides states that during the Peloponnesian wfa}r dx g
formerly reveated on hearsay, but very rarely confirme 21]
facts, became not incredible, both about earthquak?s t;r;n
eclipses of the sun which came to pass more frequently
membered in former times’. .y
hagai‘lirer(llkr\?nese records make it clear that astronomical obse(r);
vations, including those of eclipses, were for th.e fpurgosc—:r o
political astrology on behalf of the emperor and his ar(r)n yt he
record of a near-total eclipse, on 18 January AD 120, s (aj or;
‘There was an eclipse of the sun. It was almostcomplete ;n o
the earth it became like evening . . . The woman ruler show
aversion to it. Two years later, Teng, the Er.npresg Dowaggr:
died.” The Chinese character for eclipse tptahty (chi) wafs; orig
inally the pictogram of ahma: turnir'tg‘.il:z2 c};ead away from a
food, signifying that he was sat . '
plﬁ cf)ir as exisgtingyre%ords are concerned, ngyloman ast;(;-
nomers made accurate observations of celestlal‘ pheno;ne. ;;
including eclipses, since 750 BC. This is shown in Baby onlx:st
astronomical tablets which were accidentally dugb :.li o
century by peoplc looking for ancient, baked-clhay hr‘z:B:itiSh
their buildings. Most of these tablets are now in the Jash
Museum, but all of them represent only about 5 per cent of tne
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original archive. Older texts, dealing with astrology, inc_lude t'he
exicnsive collection of omens cailed Enuma Anu.ETllll which
appear to date back to before 2000 BC. A characteristic of these
old texts is that, in eclipses of the moon, the four quarters of
the face of the moon represented the four countries of the land.
A partial eclipse over one of the quarters 1.nd1cated an omen for
the appropriate territory, with a total echpsg related to a}l "che
countries. Particular territories were also indicated by the timing
of the eclipse in terms of month, day, and hogr. In thls‘way
astrology led to the necessity for an accurate science of obser-
vational astronomy. »

The basic phenomenon of a solar eclipse is that the sun
appears to pass through ‘phases’, some of which resgmble those
of the moon when cresceni-shaped. As a total eclipse of the
sun can take almost four hours, the sun will move in diurnal
motion westwards in this time, so Figure 7.1 must be read frpm
Jeft to right. However, the effect is caused by the moon passing
across the face of the sun from right to left as part of its own

mornthly motion (Figure 7.2).
GQCC@DIDDU
Figure 7.1

. Figure 7.2

the

A total lunar eclipse has an opposite appearance. Here
diurnal movement is again from left to right (Figure .3)»‘but
the darkness is caused by the moon entering the earth’s shadow

from right to left (Figure 7.4).
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Figure 7.3
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Fiovre 7
Figure 7.4

The technical reason for these phenomena is the afore-
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earth and moon (Fig

relationsiup between sun,

Seen from the surface of the earth,

ure 7.5

).

Sun

Figure 7.5

the diameter of the moon is approximately the same as the
diameter of the sun. When the moon is new and also stands
exactly between earth and sun, there is an eclipse of the sun.
When the moon is full and sun, earth and mcon are also in line
in space, thwere is an eclipse of the moon (Figure 7.6). The
drawings are diagraminatic to show the geometry of the situ-
ation. In an eclipse of the sun, the moon overtakes and passes
directly in front of the sun; in an eclipse of the moon, the moon
overtakes and enters the earth’s shadow.

The distances between sun and earth and moon and earth
vary rhythmically, giving rise to three basic types of solar
eclipse. For instance, when the moon is ciosest to the earth
(perigee) it will appear laiger than the sun and if an eclipse
occurs during this time, the discof the moon wili anpear larger

B
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Figure 7.6
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. than that of the sun and cover it completely, resulting ir: a total
solar eclipse. When the moon is furthest from the earth {apagee)
its disc will appear smaller than that of the sun and an annular
(Latin: “little ring’) eclipse can result (Figure 7.7). Hcre the

e

Figure 7.7

shadow of the moon is not long erough to reach the earth
(Figure 7.8), sometimes being short by more than a moon diam-
eter. Thirdly, when the observer is not directly within the

moon’s shadow but to ore side of it, a partial eclipse occurs for

him (Figure 7.9).

As the moon passes across the face of the sun from west to
east, this causes its shadow to move across the surface of the
earth from west to east, a journey which can take in the region
of six hours at a ground speed of over 1,606 kilometres per
hour. Geographically the shadow traverses less than the semi-
circumference of the earth as the earth is rotating in the same
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Figure 7.8

Figure 7.9

direction as the moon’s shadow. In space the shadow travels
at about twice its ground spead on earth. Its maxiinum diameter
on the surface of the earth when perpendicular to it is about
250 kilometres. Figure 7.10 shows the general direction of the
shadow’s movement.
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Figure 7.10

A solar eclipse makes its first appearance at thos.e p.laces
geographically westwards experiencing sunrise, and will last be

D =
secn from places eastwards experiencing sunset (Figure 7.11).

Places at the western limits of eclipse visibility will view the
end of an eclipse as the sun rises, and places at the eastern
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observer within the moon’s umbra will see a total solar eclipse
| and from within the moon’s penumbra he will see a partial
solar eclipse. ,

The earth too has its umbra and if the moon stands within it
the observer on that side of the earth which faces the moon will
see a total Junar eclipse (Figure 7.13). If the moon passes only

e
—_—

Figure 7.11

limits will view the beginning of an eclipse as the sun sets. At
these two extremes the least part of an eclipse is seen. Between
these extremes, eclipses will be experienced at times of fore-
noon, noon, or afternoon, depending on the location. There are

also northern and southern limits, about 3,500 kilometres '
distant from the shadow path, within which the observer sees / - Umbra
a pariiai eclipse and at the extremities of which an eclipse ends / \
the moment it begins. ; / Y Penumbra
‘The shadow of the moon is called the umbra (Latin: ‘shadow’) , /
and surrounding it is an area part-light and part-shadow called } : /
the penumbra (Latin: ‘almost shadow’) - Figure 7.12. An
i Figure 7.13

partly through the cone of the earth’s shadow, a partial lunar
eclipse will be seen from earth (Figure 7.14). If the moon misses
the earth’s shadow but enters the earth’s penumbra, then a
penumbral lunar eclipse wiil occur in which the face of the
moon will only darken slightly. sometimes not vigibly to the
naked eye.

Penumbra Umbra

Figure 7.12

Figure 7.14
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So, solar eclipses can be total, annular or partial; and lunar
eclipses can be total, partial or penumbral.

Normally, at new moon the moon’s shadow misses the earth
(passes to north or south of it in space) and there is no solar
eclipse; and at full moon the moon rormally misses the earth’s
shadow and there is no lunar eclipse. But there are two periods
of the year when the situation is different and sun, moon and
earth can come into line in'three-dimensional space. This occurs
at the meon’s nodes (Latin: ‘knots’) where the yearly path of
the sun and the monthly path of the moon cross, as seen from
earth (Figure 7.15). The diagram shows new moon when there

Noije O

is no eclipse as sun and moon stand apart in the skv. But if
they stand together near one of the nodes, within certain limits,
there is a solar eclipse situation and if the sun is at one node
and the moon at the other, there is a lunar eclipse situation as
in both cases sun, earth'and moon can lie in a line. The place
where the moon crosses the ecliptic from below upwards or
from south to north, is called the aécending node, and the place
where it crosses the ecliptic from north to south is called the
descending node. The ascending node has the symbol & and was
designated the Dragon’s Head in early times, and the descending
node with the symbel @ was designated the Dragon’s Tail.
In one year a maximum of seven eclipses are possible,
excluding lunar penumbral eclipses. This is what was meant by
seven ‘normally visible” eclipses in a year mentioned on page
87. An example of how these could be placed is shown in Figure
7.16. The eclipses, taking place within twelve new moons, are
numbered in order of occurrence with 1, 3, 4, 6 and 7 as solar
eclipses and 2 and 5 as lunar eclipses. A solar eclipse must
happen when new moon occurs within 15 degrees 23 minutes
of a node, and a lunar eclipse (not penumbral) must happen if
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Figure 7.16

full moon occurs within 9 degrees 39 minutes of a node.
Further, these nodal points move westwards round the
ecliptic, making a complete rotation against the stars in 18.6
vears. Therefore in nine years, eclipses of sun and moon will
be spread round the whole zodiac. The movement of the nodes
by about two-thirds of a consteliation per year is caused by the
turning of the plane of the moon’s orbit in space (Figure 7.17).
This also means that the sun, moving eastwards on the ecliptic,
will meet a particular node in less than a year - about 18.6 days

S

Figure 7.17
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less in fact. This amounts to 346.62 days, known as a synodic
revolution of the mocn’s nodes or an eclipse year.

As said, the nodes precess westwards completely round the
ecliptic in 18.6 years. Within these moving nodal regions dozens
of eclipses take place at various points, but in a special period
of 18 years 11Y/3 days (referred to as a Saros period) two eclipses
of the sun take place adjacent to each other in relation to a
node, and likewise two eclipses of the moon. The reason is that
in this time (6,585 days) one node will have made a whole
number (nineteen) of meetings with the sun (eclipse years) and
the moon’s synadic periods (full or new moons) will also have
completed a whole number (223) of circuits in relation to the
sun. Therefore the sun, moon and moon’s node will stand
almost exactly in the same relationship to eack other in the sky.

There is a further lunar motion, strangely synchronised with
the above, which adds an astonishing finishing touch to the
these adjacent Saros eclipses. Not only does the plane of the

moon’s elliptical orbit turn as shown previously in Figure 7.17, -

but the ellipse itself rotates within this plane (Figure 7.18). It

—e
Figure 7.18

does so anti-clockwise, or eastwards seen trom the earth, taking
about nine years to complete a rotation. The effect is that the
point of perigees~for instance, moves eastwards-through the-
zodiac constellations, making one circuit in nine years, two in
eighteen years. Therefore, when two Saros cycle eclipses take
place adjacent to each other in the sky, the apparent sizes of
sun and moon are approximately the same and there is a near
repetition of the eclipse phenomenon 18 years 11/; days earlier
(the exact whole number of days depending on the number of
leap years between).

y—
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In relation to the node, the repeated eclipse of sun or moon
will take place about one sun (or moon) diameter further west-
wards. To take the case of the solar Saros cycle, these eclipses
will step through the entire nodal region in a period of between
1,244 and 1,515 years. This stepping is diagrammatically shown
in Figure 7.19. The first eclipse (1) of this series at the ascending

node
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node will be visible as a small partial solar eclipse seen only
from the earth’s north pole region because the obscuring moon
is north of the sun in latitude (Figure 7.20). The next eclipse in

Figure 7.19

Figure 7.20

the series will bring a shadow path further south on the earth
but about one-third further round the globe. This is because
the eclipse occurs 18 years 11%/, days after the last one, so the
earth will have rotated one-third further on. So consecutive
eclipses move progessively southwards and westwards when
at the ascending rode, spiralling clockwise round the earth from
north pole to south pole in, as said, a period of between 1,244
and 1,515 years (Figure 7.21}. During this time betwcen seventy
and eighty-five solar eclipses occur. At the. descending
node the first solar eclipse of a series appears as partial at the
south pole. )

As can be seen from Figure 7.19, the eclipses in the middle
of a series bacome total or arnular. This stage lasts for about
forty or more eclipses, or over two-thirds of the series. At any
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Figure 7.21

one time there are about forty solar Saros series in the process
of spiralling southwards or northwards. On average a new
eclipse series begins every thirty-one years, and series come to
an end at the same rate. In a Saros period of 18 years 113/; days,

an average of 86.4 eclipses, comprising solar and lunar events

(including Iunar penumbral) take place, involving both nedes.
If one excludes the lunar penumbral events, the average drops
to 70.6. Because of the special geometrical relationships
involved, for the area of the whole earth there are roughly the
same number of total solar*eclipses occurring as there are
annular eclipses — the frequency being once every 1.4 years on
average for each type.

Looking at eclipse phenomena against the background of the
stars, it is found that successive eclipses in a Saros cycle
(adjacent to each other in relation to the node) take p%ace
roughly one-third of a constellation apart, progressing east-
wards. This is an expression of the eleven days in oveess of a
whole number of years of the Saros period. (From year to vear,
new moons or full moons which are separated from w.ch other
by twelve synodic months also step through the zodiac approxi-
mately one-third of a constellation apart - though westivards -
explaining the difference between a funar year and a solar vear:

t.e., about eleven days which is also the fractior invoired in

the length of a Saros period.)

The term ‘Saros’ commonly used for this period of 18 vears
115 days {6,585.32 days) is a Greek word swith the Babvlenian
root ‘Sar’. However, the Babylonians never used this term in
connection with this period, instead sometimes calling it ‘the
eighteen’. In fact, the word 'Sar’ related to a period of 3,600

»
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vears. But ‘Saros’ is now part of the astronomer’s vocabulary
concerning eclipses.

The Babylonians are also often credited with the discovery of
the eighteen-year Saros to predict eclipses. But it is not feasible
that this referred to solar eclipses as Babylonia is a small area
on the globe and successive solar eclipses in a Saros are only
visible from different iongitudes and latitudes as their paths
spiral round the earth. From any one point on earth (not an
extended area) an average of one total or annular solar eclipse
is visible very 140 years. Total solar eclipses are only seen on
average once every 375 years from one point. .

The mean frequency of total solar eclipses is highest in the
northern hemisphere due to the earth being furthest from the
sun (aphelion) in July when the sun spends more time above
the horizon in the north and when the moon’s shadow is
longest. As to the moon's closeness to the earth, it is wort.h, in
passing, to note the extraordinary fact that ‘extreme’ perigees
and apogees take place only during the winter in the northern
hemisphere when the earth is nearest to the sun; and that these
extremes (say of perigee) have a habit of occurringeat intervals
of 18 vears 11 daye — the Saros peried! Yet#hege events are not
involved with eclipses. For the period AD 175C to AD 2125 the
closest approach of the moon to the earth was on 4 January
1912. That night was also full moon (not eclipsed) and with the
earth’s perihelion occurring the day before, the moon would
have been slightly brighter than usual. The furthest distance
between earth and moon for this period occurred on 2 March
1984 — also the furthest to be reached until the first quarter of
the twenty-second century AD.

However, concerning the Saros period, the Babylonians can
be credited with discovering or knowing about 18-year 11-day
intervals between lunar eclipses, the reason being that a lunar
eclipse’is visible from an area of about haif the surface of the
earth - that half turned towards the moon when it enters the
earth’s shadow. Therefore there are a greater number of visible
lunar eclipses from any one place than solar - about twice as
many, even excluding lunar penumbral. ‘

Because a Saros period has one-third of a day as one of its
factors, every third eclipse in a series will occur at roughly the
same time of day as well as its bcing roughly in the same place
in the sky, and in the case of Junar eclipses this allows them tc

»
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be experienced from one location regularly every 18 x 3 = 54
years. The Greek writer Geminos (c. 70 BC) ascribes this period
to the Chaldeans and it is also mentioned in a cuneiform text
from Uruk. Greek authors called this period ‘exeligmos’ which
means ‘full rolling-off’. There are, in addition, many references
to an eighteen-year period for lunar eclipses in late Babylonian
times ~ from the reign of the Persian King Cyrus (529 BQC)
onwards. A lurar Saros cycle (of umbral eclipses only) lasts for
between 685 and 1,046 years, containing from thirty-nine to
fifty-nine eclipses.

Knowledge of the lunar Saros period in ancient times is
remarkable, considering the limited geographical area which a
particular culture covered and the amount of systematic obser-
vation and calculation required to detect regularities. With the
development of fiodern, global COSCIOUSness, vne can riow
speak of phenomena like eclipses as they occur for the whole
earth. For example, the suirface of the earth experiences the
same number of solar eclipses as it does lunar eclipses to a high
degree of accuracy - if one includes those penumbral lunar
eclipses which are faint cnough to cscape th
works out at an average of 2.38 solar eclipses and 2.41 lunar
eclipses in one year. On this basis there is at least one solar and
cne lunar eclipse in each eclipse season or period. However, if
the faint penumbral lunar eclipses are not included, then it is
possible for there to be no lunar eclipse during a calendar year.
On average, for the whole surface of the earth, there are twenty
solar eclipses to thirteen visible (non-penumbral) lurar ones.
Lunar eclipses which are not pennmbral have an average
frequency of only 1.54 per year.

Again considering the whole earth, a rare type of solar eclipse
can be detected which is a combination of total and annular. At
the beginning and end of the shadow irack iie eclipse is seen
as annular, but in the middie where the surface of the earth is
-closerto-the-moon.it-becomes total. These are called annular-
total or certral eclipses and they occur about twice in a Saros
cycle. There was one in April 1912, just total in Portugal, and
its successor was just total in California in April 1930. It appears
that in early times”a distinction between total and annular
eclipses wa% not made, both types being regarded as total.
Distinction between them begins to occur only after about AD
10C0.
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Tocay the calculation of where and when eclipses took place
in carly times can sometimes help to ascertain the dates of
historical cvents in connection with  which eclipses  were
mentioned i contemporary  texts. A well-known example
which, howuver, has had a history of some controversy among
modern scholars, is provided by Herodotus who writes about
the prediction of a solar eclinse by Thales in connection with a
battle between the Medes and the Lydians. He says:

As the balance had not inclined in favour of either nation,
another engagement took place in the sixth vear of the
war, in the course of which, just as the battle was
growing warm, day was suddenly turned into night.
This event had been foreiold to the lonians by Thales of
Miletus, who predicted for it the very year in which it
actually took place. When the Lydians and Medes
observed the change they ceased fighting and were alike
anxious to conclude peace.

Modern calculations show that a total solar eclipse occurred on

28 May 585 BC, at the place of the battle in northern Turkey.
An example of the dating of a piece of writing concerns Deiia

Corposizionie del Mondo by Ristoro d’Arezzo, which states:

And while we were in the city of Arezzo, where we were
born, and in which we are writing this beok, in our
monastery .. . one Friday at the sixth hour of the day,
when the Sun was 20 degrees in Gemini, and the
weather was calm and clear, the sky began to turn
yellow, and we saw the whole body of the Sun covered
step by step, and obscured, and it became night; and we
saw Merctiry close to the Sun, and all the stars which
vrere above the horizon; and all.the animals and birds
were terrified; and the wild beasts could easily be caught
. and we saw the Sun entirely covered for the space
of time in which a man could walk fully 250 paces; and
the air and the ground began to become cold; and it
began to be covered and uncovered from the west.

The date can be calculated as Friday, 3 June AD 1239.
In other instances, dates recorded in the past can be corrected.
Clavius’ In Sphaeram lonnis de Sacrobosco states: :
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{IIn the year 1559 about midday at Coimbra 1 Lusitania
(Portugal) . . . the Moon was placed direc:y between
my sight and the Sun, with the result thag 1t cuvered the
whole Sun for a considerable length of timy.c and there
was darkness in some manner greater thar, 'rat of night.
Neither could one see very clearly where | 10 placed his
foot; stars appeared in the sky, and (miraculous to
behol4) the birds fel] down from the sky to the ground
In terror of such horrig darkness.

‘Clavius’ memory (he was writing in retrospect) cannot have
served him well for the only tota] solar eclipse visible in Portugal
between 1540 and 1600 occurred on 21 of August 1560, reaching
maximum totality there just before noon.

These examples are given not ouly to demonstrate the
precision in time and place which eclipse phenomena offer o
an historical perspective, but to present something of the quality
of these awesome events through the words of the writers.

. Another modern mnsight provided by eclipses is evidence for
a slowing down in the speed of the rotation of (he earth. One
important total solar eclipse in this connection wwocurred on 15
April 136 BC at Babylon. It is the only total sular velipse yet
discovered in Babylonian records and, in addition the British
Museum has two Separate tablets recording the wame eclipse,
Calculation shows that if the earth rotated at the vame speed
in 136 BC as it does now, then the eclipse shacdo,. wotld have
passed instead over the western tip of Africa, F.y.« e and the

Baltic. This fepresents a time difference (measur -« . sinst an
‘ideal’ clock) of over three hours. Some factor .rease the
earth’s rotation, others decrease it Gradually, “eawever, the

spin is decreasing, though vanably so.

The spectacle of a rotating earth ig today within roach of the
direct experience of the human being. The astronauis who set
foot on the moon did s¢ during ‘davtime’ on that part of the
moon turned to the earth. Ag there is no atmosphere on the
moon, the sunlit sky for them was black, with (i« unable to
shine in the glare of day. However the carth wou.d pe visible
as a large moon and, if fairiy close to the Sun, wou.d appear in
crescent phase and seem to rotate slowly. If the cari;, eclipsed
the sun, the astronauts would stand in the reddish snadow of
the earth.
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Moon-centred astronomy experiencgs the earth int;h?tavxqu'
we have discussed it'in r}f‘slatlio:drto :;lrlt}'r)ls_:a:;esijr h:nginé
irtually motionless in the lunar, t .
el o e o B s i 1
L e
::&"i:;;f:1&1?;:2“5‘22?;). In that time the earth will be seen
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ibbous, full, etc. Figure 7.22 shows the garth full inha starlit
;gky as seen from that half of the moon facing the earth.
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Figure 7.22

Yet the earth will not stand exactly motionless in tchg lx:a:
sky. As mentioned in Chapter 6, the moon has al..l e akzs
‘dancing’ movement called libration in long}tudef, It a slo ?mde
a smaller movement up and down called libraticn 1‘nhab't nt.
These two motions put together cause,hfor a m(l)ox; c:?izgnl ?fhe’

i inst the moon’s h .
the earth to do the same thing agains :
earth then ‘dances’ left-right, up-down in tl"le coursg (1);‘ :elcttxir;zr
day and night, tracing loops varymg) in snage and di

2 in Figure 7.23).
(three examples shown in ) - .

As said before, our astronauts would stand in th;: ea_ril;rs
shadow if the sun were eclipsed. People on earth, however,




Moon's horizon
: Figure 7.23 :

would observe an eclipse of the moon at that moment. This
picture was used by Kepler, in his little book Somniwﬁ or
‘Dream’ on lunar astronomy. Here the shadow of the earth in
a lunar eclipse becomes the vehicle for mysterious beings to
transport a young man (a student of Tycho Brahe) along it and
deposit him on the surface of the moon. From there the singular
appearance of the sky is described, with an earth which
‘remains fixed in place, then, as though it were aitached to
the heavens with a nail’. Much detail is imparted through the
apprentice astronomer’s eye on these strange skies. ‘As t!('n’e sun
ana stars move non-uniformly about the moon-dwellers every
day’ the regular rotation of features on the earth becomes their
only measure oftime. They cannot rely on the sun as it ‘seems
tC make, as il wege, certain jumps in relation to the fixed stars,
separate jumps each day’ - the sun accelerating through the
zodiac at noon for those dwellers on the earthward side of the
moon (a parailax effect). It is also pointed out how the phases
of earth and moon are always opposite to each other at any one
time - for example, when the moon is at waxing crescent as
seen from earth, the earth is at waning gibbous as seen from
the moon.

It is a brilliant little text and more should be known today
about lunar astronomy. After all, Man has stood on the moon
and we should do it the honour of understanding its sky. Yet
‘su’rprisingly little is written on the subject, and the public is stil
Jert,’ in its filrps and books, with interplanetary space travellers
gazing out of their craft at star-spangled skies. No one seems
to have asked ‘the real-astronauts what they saw out of their
portholes — a biack sky with only the brightest star or planet
visible. The same is the case from the surface of the day-time
moon. ’

Back on earth, technology continues to serve the astronomer
f'md when a sun eclipse occurs scientists are sometimes ﬂowr;
In & supersonic aircraft within the moon’s shadow, remaining
within it for more than an hour. Returning to our back garden

-
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after vovaging along the earth’s shadow with Kepler and within
the moon’s shadow with the scientists, we can look up at a
crescent moon in early evening noticing how the unlit part
glews with an ‘ashen’ light. When this occurs in spring with
the inner crescent turned downwards like a cup filled with
sifvery substance, this is sometimes called the Grail Moon. After
our vovage we now realise that the inner crescent is filled with
our ownodight, for seen from the mocen the earth is shining in
oibbous phaee, and with o bluish colour, towards it The first
purson to understand this reason for the ‘old moon’ held in the
vouny, moon’s arms’ was Leonardo da Vinci. The ashen glow

vithin the crescent of the moon is a signature of the earth’s
activity i the realm of light as it shines, normally invisibly to
us, into space.

To retuin directly to our theme, something further should be
said about eclipse periods and some particular eclipses in
history. The Saros period has been mentioned, but the peculari-
ties of the sun-earth-moon system allow several others. It has
been said how unlikely it would have been for the Babylonians,
particularly at the early stage of their history, to use the Saros
peried for predicting solar eclipses (though not iunar). The
possible {approximate) eclipse periods of less than thirty years
are those of the following number of months - 6, 41, 47, 88,
135, 223 and 358. The Saros is 223 menths iong. Babylonian
records show that it is possible they used the period of forty-
seven months to predict soiar eclipses.

For interest, a longer cycle consists of 521 years 3 or 4 days
(the number of days depending on how many leap years there
are in that time) which has eclipses repeating near a particular
iatitude. For example, the solar eclipse of 17 June 157 BC was
total in England; that of 16 June AD 364 was total in Scotland;
that of 156 June 855 was total in Scotland; that of 16 June 1406
was total in Belgium; and that of 29 June 1927 was total in
Wales, Lancashire and Yorkshire. A cycle which, like the Saros,
restores the diameters and motions of the sun and moon almost
exactly is that of 1,805 years and a few days. For example, the
cclipse of 1927 (mentioned abeve) occurred in the morning in
Scotland, and its partner on 21 June 122 was total in the Shet-
lands area in the evening.

Then there is the Metonic cycie of eclipses which produces
an eclipse every nineteen years on the same calendar daie.
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However, this is not very usefui for prediction as the cvcle only
contains four or five eclipses and it would be ditiicult 10 know
when the series began or ended. The nineteen-year cycle essen-
tially reiates to the calendar, for after 19 years the phases of the
00N recur on the same days of the same months, within about
two hours. This cycle was used by the Greeks tc predict the
days on which their religious festivals, determined by the
moon’s phases, should be celebrated. It is still used by churches
today and the number of a year within a particulor span of
nineteen years is called the Golden Number. The Christian
calendar dates the start of its Metonic series from the year 1
BC. It is said that the Greek astronomer Meton (fifth century
BC) had the years of this nineteen-year cycle inscribed in gold
letters on a temple in Athens, hence the name Golden Number.

Some furither details can be given of particular eclipse
phencmena. At the time of writing, the United States of
America and Canada have experienced their last total solar
eclipse this century — on 26 February 1979. The next to appear
there will be on 21 August 2017. But in Britain the track of a
tofal salar eclipse will pass over Cornwall on the morrna of 11
August 1999, and continue eastwards to pass abour 25 kilo-
metres north of the centre of Paris (near Chantilly). The track
will begin in the Western Atlantic, cross Europe, the Biack Sea,
Turkey, Iran and India, and end in the Bay of Bengal. This also
is the year and season mentioned in a prophecy by Nostra-
damus - ‘In the year 1999, and seven months, from the sky wili
come the great King of Terror. He will bring back t.. life the
great king of the Mongols. Before and after War reigns happily .
The 1999 eclipse belongs to a Saros series which began 1n 1639
at the north pole. The series first became total in 1891 and the
eclipse of 29 June 1927, visible in England, was also a member
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Lunar eclipses suffer less distinction historicaily as they do
not relate to specific locations but rather to about halt of the
earth’s surface at once. However, the dating can be ot interest,
and one lunar eclipse that may be considered worthy of note
is that of 3 April AD 33. This is considered by some autiors to
be the day of Christ’s crucifixion (see Ormond Edwarde's A
New Chranology of the Gospels). On that day the moon was
eclipsed partially to a maximum of 60 per cent of its disc one
hour before moonrise (about 6.15 p.m.) at Jerusalem. When the
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MOCn rose at sunset it was still eclipsed (by 20 per cent) and
remained partially in the earth’s umbra for half an hour after-
wards. This, plus its low position in the atmosphere, woul.d
have given the moon a red appearance. This phengmenon is
pointed to by Colin Humphreys and W. G. Waddlngtf)xw‘ ‘(m
the science journal Nature in December, 1983) as convincing
evidence that the Crucifixion indeed took place on Friday, 3
April AD 33. Among other sources they cite The Apocryphal
Nezw Testament which has a ‘report of Pilate’ saying that at tl_1e
Crucifixion ‘the Sun was darkened; the stars appeared and in
all the world people lighted lamps from the si‘xtH hour till
evening; the Moon appeared like blood’. TK% eclipse was one
of a Saros series which began as a penumbral eclipse at the
moon’s descending node (dragon’s tail) on 4 June 473 BC and
ended on 11 July AD 808. The series produced total eclipses
from 16 May AD 105 to 1 September AD 285. _
However, the sun was said to go dark on the afternoon of
the Crucifixion, and of this Sacrobosco wrote in hijs Sphere -

[W]hen the sun was eclipsed during the Passion and the
same Passion occurred at full moon, that eclipse was
not natural - nay, it was miraculous and contrary to
nature, since a solar eclipse ought to occur at new moon
or thereabouts. On which account Dionysius the
Areopagite is reported to have said during the same
Passion, Either the God of nature suffers, or the
mechanism of the universe is discolved.’

Also, reports of a darkening of the sun for a three-hour. period
at the Crucifixion do not tally with a solar eclipse, which can
only last a few minutes. ‘ '
Examining Junar eclipse frequency for a moment, we find that
the maximum number of lunar eclipses (including pengmbral)
which can occur in a year is five. This last happeneg mv1879
and will take place again in 2132. In one ca};ndar year there
can be a maximum of three total lunar eclipses and this has
occurred twvice this century, in 1917 and 1982. There are !ongl
gaps prior to and following these events, so that the ’tfxple
before 1917 was in 1544 and the next ‘triple’ after 1982 will be
in 2485. In one century an average of about 241 lurar ech}zses
(including periumbral) takes place. In the period 1501 to 2200,
the twenty-first century has the highest numoer of total lunar
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eclipses (eighty-four) with the twentieth century ranking second
with eighty-one. The nineteenth century had only sixty-two.
An additional phenomenon is that four total lunar eclipses can
succeed each other at intervals of six months. This is referred
to as a "tetrad’ and several of these take place in groups of years
which are separated by an average period of 586 years. This
interval was discovered by the Italian astronomer Schiaparelli
(1835-1910). No tetrad took place between 1582 and 1908, while
from 1909 to 2156 there will be a total of sixteen tetrads, one
occurring in 1985-6.

To return to the Saros, it would take a very long period of
time for this cycle no longer to work. So far it has accompanied
humanity’s development over many thousands of years, thread-
ing it through with amazingly regular rhythms and calling on
Man's pure thinking to unravel and understand the thread with
mathematical insight. If someone asks ‘What is an eclipse?”’, the
answer is — ‘When a dragon comes along and swallows up the
sun or moon.” The dragon today is mathematics, but it is a
benign creature, leading us into the clear air of number, plane,
point and line which stands behind the phenomenon of
darkening. _

The study of eciipses is not diminished by an approach based
on quantitative caleulation and celestial mechanics, for the very
details of ¢heir number and geometry are remarkable enough
in themselves and speak their own language of order and organ-
isation in the relationship between sun, moon and earth, In
ancient times the priest-astronomer felt that the advent of a
particular eclipse carried influence and meaning with it. Today,
science does not recognise this aspect, but nevertheless can
preduce its own experiences out of the phenomena to match it.
For example, experiments have been conducted in Switzerland
on the behaviour of plant saps in connection with the moon,
as mentioned in the last chapter. It was found that during a
total eclipse of the sun in New Zealand and the southern Facific
Ocean, plant saps in Switzerland were weakened in their
activity. This suggests that the earth, like a living body, is a
whole organrism in itself and what happens in one part affects
the rest. Science has further steps to make in understanding
such aspects of nature. The phenomenon of eclipses can yield
as much awe and insight today as it did in ancient times, though
in a new way. .

b

Chapter 8
The Interior Planets

The word "nlanet’ comes from the Greek meaning a wanderer.
Sun and moen were seen to wander against the background of
the stars, the sun moving through all the zodiacal constellations
in a year, the moon in a month. This was a “direct’ motion
eastwards. Therefore sun and moon were designated as pianets
along with five other wanderers — Mercury, Venus, Mars,
Jupiter and Saturn.

The average daily speed of their motion varies, the moon
being the fastest and Saturn the slowest (Figure 8.1). This was
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the ancient order of the planets, experienced as movement in
time. If wu now place these planets in this sequence round a
circle, we obtain the sequence of the days of the week (Figure
8.2a). In English, Saturday, Sunday and Monday retain their
obvious derivation from Saturn, sun and moon. In French the -
planetary connection is evident in mardi (Mars’ day), mercredi
(Mercury), jeudi (upiter) and vendredi (Venus). One obtains
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Figure 8.2a

the same weekly sequence if one designates a planct to every
hour of the day (as was done anciently) in the order in Figure
8.1, from Saturn to moon, and names each day according to
the planet occupying the first hour (Figure 8.2b).
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Figure 8.2k

In this time-sequence of planetary order, Mercury and Venus -

lie between earth and sun, and we shall refer to them as the
interior planets. {An oider demgnation for them hos been
‘inferior planets’. In this text it i preferred to employ the term
‘interior’, also used by the astronomer V. A. Firsoft. ‘Inner
planets’ has been applied to them by some writers, though
the modern astronomer means this to denote celestia! bodies
(including the earth) within the asteroid belt.) A clear distinction
has to be made, as far as earth observation s concerned,
between these interior planets and the ‘exterior’ ones, Mars,
Jupiter and Saturn. The Phenomena of appearance of coch type
are different, and by nature thev fall into two Separate groups.

i
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Firstly, the interior planets. If one took the light of all the
naked-eye visible stars in a hemisphere and brought it together
in one point, it would have the same magnitude of light as
Venus at its brightest. Venus is always far brighter than any
star or, in fact, than any of its planetary companions. Indeed,
it can be seen in daylight if looked for carefully at the right time
and can cast a shadow at night. Its partner Mercury, on the
other hand, is modest in brightness by coraparison and was
anciently referred to as the ‘faint’ planet. Mercury an8i Venus
are very different, even opposite, in individdal character but
they perform the same interior planet dance witnessed from
earth,

The nature of their performance is that essentially they make
their appearance as morning or evening stars. They appear in
the vicinity of the sun for a while after it has set or before it
rises, their territcry being easterly or westerly above the
horizon. While doing this they describe curves in relation to this
horizon which vary in shape from one appearance to another ~
Venus in particular displaying variations. Venus makes long,
elegant forms over a comparatively extended period of time,
while Mercury makes quick, frequent curves of short duration.
Venus proudly announces itself for all to see; Mercury slips
quietly into the sky and challenges one’s knowledge and
eyesight to find it.

For example, within a six-month period, Venus can make the
movement shown in Figure 8.3, but Mercury in that time is
capable of appearing three times — twice in the east and once
in the west, as in the case of Figure 8.4. :

2
West
Figure 8.3
3 1 2
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East West
Figure 8.4
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lines from the earth touch the planets’ orbits (Figure 8.8). The

The geometri tangent points t opposite each other on their separate
cal back round . . angent points are not opposi e p
Ero to the interior Planets ig that, circles. Therefore, seen side-an, as the situation is for the earth

seen from earth Ven
g us and Mer . S A . .
s one side of tHe sun to the other C;’Il;]ry appear to oscillate from : observer, an interior planet will describe an ellipse, but the
; to the $un can be deduced to be -elrF.movementS in relation points V and V' do not represent the ends of a diameter through
as In Hgure 8.5. When either the centre of the orbit (Figure 8.9). In space, the planet has
' further to go between V' and V than between V and-V'.
—F =

O Earth

Figure 8.5

planet is close to the
;’lSlble. But when they draw to left or ri
€ seen in the evening or i
' morning sky (Fj
_then moves in relation to the sun agnd i,h(e cun amd pone planet
in relfatlon to the horizon from 4
combines to give the sort

East 1 —_—
‘,Q‘ - A West {
_,Q‘ Figure 8.9

\ Figure 8.6
\ The result is that in travelling from V' to V the planet will
\ ' appear to maove more slowly than from V to V'. At the tangent
m - points themselves it will appear to stop its movement east or
west in relation to the sun, and turn (Figure 8.10).
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When the planet is between earth and sun or dir. ctly en the
far side of the sun, it is invisivie in the sun’s iasht. These
positions are, respectively, inferior conjunction and superior
conjunction (conjunction symbolised by ). At the tangent
points it is at greatest elongation (Figure 8.11).

Superior (§
Greatest Greatest
elongation elongation
east west
Inferior &
Figure 8.11

An interior planet is thus fastest in reiation to the sun at
inferior conjunction. With respect to trightness, Veaus and
Mercury do opposite things. Venus has two positions of
‘greatest brilliancy” between inferior conjunction and greatest
elongation, but Mercury’s greatest brilliancies oceur, In general,
Rear superior conjunction (Figures 8.12 and 8.13). The reasons
for this are discoverable by ¢ : '

felescopic choervation, wiv howill
be discussed in Chapter 12.

Figure 8.13

There follow from the above certain laws of movement and
light concerning both planets. Venus will move swiftly into the
morning sky, brightening quickly before dimming and leaving
the sky slowly (Figure 8.14). Mercury will move swifth but

The Interior Planets * 117

?

{

N

—O- Dawn -

i R S
Figure 8.14

dimly into the morning sky, hrightening as it departs slowly
(Figure 8.15). On the other hand, Venus will m(?ve slpwly but
dirﬁly into the evening sky, departing from it swzf.tly a‘nd
brigﬁtly, while Meicury will move slowly and brightly into the
evening sky, leaving it quickly and dimly.

~ ' G
—O" Dawn
N
|
Figure 8.15

Venus and Mercury are guardians of eastern and western
horizons which are the entrance and exit places for the stars.
Particularly in the case of Venus, one is aware of its strong
presence when presiding over, say, the evening western sky -
and when it is not there one feels the loss and the character of
the sky is different. One is made consciou§ of when the queen
is in her palace or when she is not. When in her we.*.stem.home
she sets serenely in the darkness and at sucl:vtxmes_, was a
goddess of love for the Babylonians. When a morning star
Venus rises into daylight, battling to outshine even the sun,.
and at such tmes it was known to the Babylonians as tl‘w .
goddess of war. One tablet identifies Venus as fgmale at its
sunset appearance and male at sunrise. The morning appear-
ance of Venus was also connected in ancient times with Lucifer
as a herald of the light, or Phosphoros. o

Mercury, on the other hand, complements Venus with its
short but rhythmic visits low over eastern and western
horizons. In this role it keeps close to the earth and seems to
mediate at the threshold between above and below. It was
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known as the messenger of the gods, the Greeks naming it
Hermes at its evening appearance and Apollo in the morning.
Its light is enlgely different to that of Venus. The latter
announces itself and radiates towards one. Mercury asks the
cbserver to be active and iook with concentiation. When it is

seen, one is often met with a sharp, steady point which pierces

the veil of light shed by the nearby sunset or sunrise. One
Turkish name for it was Tiz, meaning an arrow. Mercury is, in
fact, a bright planet, but is mostly seen when the twilight glow
of the sun is in the sky, and so appears relatively faint. Proclus
Diadochus (410485 BC), head of the Platonic Academy in
Athens, described it as ’Mercury the elusive’ and the Plat'onic
philosopher Apuleius (born ¢. AD 124) called it ‘the nimble
one’. It seems always to shine from afar, from some distant
realm. It can stand unnoticed and one has to seek it out. To see
Mercury consciously for the first time is a moment of initiation
into the lore of the stars,

Quicksilver has for centuries been associated with the planet
Mercury, and researcher Agnes Fyfe in Switzerland has found,
in experiments with plant sap and metal salts, 2 resmonce in
quicksilver, in particular, to movements of the planet Mercury.
She also found a connection of the sun with gold, the moon
with silver, and Venus with copper. Medieva! alchemists made
the same connection between these particular metals and
Planets, further relating iron to Mars, tin to Jupiter and lead to
Saturn - a correspondence supported in experiments using
metal solutions ~ and capillary action by L. Kolisko in
Switzerland,

Venus takes over nineteen months (584 days) to swing from
one side of the sun to the other and back again, as seen from
earth. This is its synodic period and means that any of its
Positions In relation tu the sun {e.g. yreatesi evening briiliancy)
Is repeated in that time. But the time it takes to move from
-western-elongation to eastern is greater than from eastern to
western elongations, as the latter journey is swifter (see Figure
8.10). The passage from furthest west of the sun, through
superior conjunction to furthest east, takes aimost fifteen
months, while the opposite passage threugh inferior conjunc-
tion approaches five months only.

Mercury’s synodic period is four months (about 116 days on
average). Its journey through superior conjunction “from
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western elongation to eastern is 2¥2 months, while the journey
from furthest east to furthest west takes 1%2 months.

Verius moves far enough away from the sun to be seen in
darkness against a background of stars. Taking a particular
point in its synodic revolution, say greatest elongation east, it
may happen that this places it near the star Hamal in the Ram.
Nineteen months later, greatest elongation east will again take
place, this time near the star Antares in the Scorpion. These
events are almost exactly seven equal constellations apart and
the result is that in eight years the eastern eiongation point will
return close to where it started - only about 2 degrees short —
marking out a pentagram on the zodiac (Figure 8.16).
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Figure 8.16

If such observations were made for Mercury under good
conditions, say near the earth’s equator, then greatest elonga-
tions east would step almost round the zodiac in twelve months
(though not in a calendar year) falling short by about half a
constellation. There would be four eastern elongations in that
time, forming an unfinished triangle (Figure 8.17). Greatest
elongations west would form a similar triangular figure close to
the other one, differing by orly a few degrees - as, for exampie,
in Figure 8.18 (which covers a period of about fourteen months).
The synodic positions of Mercury seen against the stars repeat
themselves with accuracy after forty-six years.

The best times of the year in the northern hemisphere for
observing clongations of the interior planets are in spring (when
the ecliptic has a steep angle to the horizon at sunset) and
autumn (steep angle at sunrise). However, it so happens that
Mercury is in that part of its motion which is rearest to the
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sun (perihelion) when it is spring and autumn in the northern
hemisphere, therefore at these times of ‘best seeing’ the planet
is in its least favourable position for elongations and wil] be
Placed at an angular distance from the sun of only 18 or so
degrees. In the southern hemisphere Mercury is best seen and
is at its furthest from the sun (about 28 degrees) in spring and
autumn, so.its visibility is much increased.

Mercury makes an appearance in the morning sky every four
months, and in the evening sky every four monthe. Thus, in a
calendar year, six completed appearances fall betwoen January
and December, diagrammatically shown in Figure 8.10. Perhaps
one may be permitted to note that these frequent passages trony
one side of the sky to the other are reminiscent of the caduceus
traditionally carried by the god Mercury - the statt with two
snakes intertwined round jt {(Figure 8.20).

As Mercury and Venus pass between sun and eorth, it can
be expected that from time to time they will stand directly

— e ey
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Figure 8.20

between and appear as black dots on the facg of the sun. ?he
twelfth-century Arab astronomer Alpetrag}us, noting :jna:jt
Mercury had never been seen to cross the sun'’s face, conclu ;d
that the planet was self-luminous or translucent. But he di
not realise that Mercury is too small to be seen th’us py tl}e
naked eye. Mention of Mercury’s “transits’ f’f the sun’s disc will
be delayed until Chapter 12 and a discussion of the tejescope,
the latter being necessary to observe the phengmenon. o
However, Venus is large encugh to be seen in transit Wlth
the naked eye -- though it must be done using protection agalrltst
glare or indirectly with a camera obscurz, as in the case of solar
eclipses. It is safest, to avoid retinal damage, for the sun never
to be observed directly but always using the camera obscura
method of projecting the sun’s image through an aperture onto
reen or wall.
) ffcraensits of Venus are rare, there being none this century. The
last was in 1882 and the next will be in 2004. The first historical
prediction of a transit of Venus was calculatfed by Keple; for
1631. An attempt to observe it was wade by Flather flgne
Gassendi who, however, saw nothing. But Kepler's prediction
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was right and the transit took place, though after sunset in
France. Yet Kepler did fail to predict a second transit for eight

years later and this was rectified by a young English clergvman,

Jeremiah Horrocks of Lancashire, who completed his calcu-

lations just before the event on 4 Deceinber 1639. This turned
out to be a Sunday (not good due to ecclesiastical duties) with
bad weatl}er (not good for astronomical observation). However
On returning from church to hjs darkened room into which an'
Image of the sun wag projected through a telescope, a break in
the clouds aH8wed him to see the dark spot of Venys already

N
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each other at intervals of 121%; years, 8§ years, 105%2 years, 8
years, 121% years . . | and so on. A serjes of five transits cove,zrs
@ period of 243 years, afier which ithe combination of €ar
intervals js repedfed for another 243 years. g
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to the moon.

[t is sometimes said that people with extremely acute vision
can sec Venus develop phases like the moon. The mathema-
tician Gauss is said to have tried to surprise his mother by
asking her to look at Venus through his telescope, but the
crescent shave she saw was already familiar to her and she
simply asked why the crescent was turned the wrong way (the
astronomival telescope inverts the image). The surprise was
Gauss's Uit his mother could see the phiases of Venus with the
naked eye. [ imagine that the evesight of few readers would be
equal o that told of Gauss's mother, and shall reserve the
phase appearances of the interior planets until discussion of the
telescope in Chapter 12.

The interior planets are ‘wandering’ rebels against the
celestial sphere of stars, displaying independent action. Their
centre, or central reference point, is the sun, to which they keep
close. Alsu independent of the stars are the exterior planets,
and the sum of planets (even including the moon) relates itself
by nature to the rhythms of their chief wanderer the sun as it
moves through its own sel{-created zodiac which begins at the
spring equincx point (see Chapter 5). One can treat the star
sphere as fixed and regular, and the planets as the element of
animated iife with rhythms of its own — waxing and waning,
lifting and falling, appearing and disappearing. These rhythms
can be found reflected in many aspects of life on earth. Blended
with them is the turning of the star sphere which provides a
slow, majestic background. In this contex* can the script of the
planets be read and their appearances hecome consciously part
of cur environment.




Chapter 9 -
The Exterior Planets

Just as the essential characteristic of the interior planets is to
describe curves in relation to the horizon, so the main character-
istic of the exterior planets is to describe curves or loops in
relation to the stars. The interior planets stage their performance
at the horizon at sunset and sunrise, whereas the exterior
planets can appear all night, visibly traversing the sky from east
to west and shining boldly in the south at midnight. This means
that they stand opposed to the sun at certain times, instead of
always being drawn back into it before venturing too far.

An exterior planet moves round the zodiac in an anti-clock-
wise direction in the course of the year, but slower than the
sun (see Figure 8.1). Therefore the sun catches up with and
overtakes it periodically. At the moments of being overtaken it
is, of course, in conjunction - ‘superior’ conjunction, as the
planet is beyond the sun. At another stage the planet is in
‘opposition’ (symbolised by § ) to the sun when the planet
appears or. one side of the zodiac and the sun directly opposite
on the other. The earth-centred picture is shown in Figures 9.1
and 9.2.
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Figure 9.2
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Mars, Jupiter and Saturn always enter the evening sky in the
east, Mercury and Venus always enter it in the west. Techni-
cally, an exterior planet begins its life as an evening star when
it is in opposition and therefore rises at sunset. As the sun is
moving about 1 degree eastwards every day through the zodiac
to catch it up, the exterior planet will rise earlier each evening.
This will place it higher in the sky from evening to evening at
sunset (Figure 9.3). Its appearance as an evening star ends
when it sinks into the sunset glow when the sun has caught it
up (Figure 9.4) and it moves into conjunction.
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Figure 9.4

When the exterior planet moves into the skyv at opposition it
is at the other side of the horizon to the sun and away from its
light. For the rest of the evening it climbs into a dark sky with
the stars as background, and it is in this environment that its
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special movements and variations of brightness display them-
selves. Interjor planets never appear in opposition to the sun
and therctore cannoct emulate the exterior planets’ movements
against the stars.

If ' we begin observing an exterior planet earlier than oppo-
sition, say at quadrature (90 degrees from the sun), when it
rises at midnight(Figure-9.5)-to-when it sets at midnight at the
other quadrature position (Figure 9.6) then we have opposition
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Figure 9.5

Horizon
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rigure 9.6

between these times and a chance to obtain an overview of ar:
important part of the planet’s metion. Seen against the stars,
over a period of months, it will perform a loop or similar form
(Figure 9.7). Often the modern person cannot believe at first
that exterior planets make such forms before our eyes, until he
is shown a heliocentric reason for it. Then he has the rational,
geometrical explanation, but the sense of wonder 2nd the quali-
tative fecling for the appearance is lost. Mechanical laws here
overtake the prima! experience.
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Figure 9.7

The phenomenon is that a loop, or similar, is made during
which the planet speeds up while moving backwards from left
to right (retrograde) and when at or near the middle of this
backward motion it shines brighter than at any other fine
(Figure 9.8). At this brighiest stage it is retzograding swiftly
westwards and is in opposition to the sun precisely in the
middle of the loop. Therefore half of the mevement will take
place when it is technically an evening star and haif when it is
a morning star (Figure 9.9 shows the two halves). As ev

¢ning
star it rises before sunset, as morning

star it rises before sunrise.
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Figure 9.8
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Figure 9.9

Morning star

It can be seen that, in relation to an e

ast-west direction along
the zodiac an exterior

planet reaches tiwe ‘stationury Points’
against the background of stars (points Stand S?in Figure 9.10).
At these positions the planet moves

as the stars move, rising
at the same speed and setti

ng at the same speed. If we mentally

project the loop onto the eastern sky at sunset, then we see the
following consequence. A
the planet’s loop movement will carry it swifter than the stars
into the evening sky from night to night (I

t opposition, the retrograde part of

tgure 9.11). At the

stationary point 52 (Figure 9.10) it will coincide with the speed
. of the rising stars, and after that it will ri

se slower than the

-
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Horizon

Figure 9.11

stars. If we then follow the planet to superior conjunction, we
find the sun overtaking it, both moving westwards among the
stars (Figure 9.12). Therefore, before superior conjunction the
planet will set in the evening western sky more slox.vly .than the
stars {Figure 9.13). After superior conjunction it w:l_l rise more
slowly than.the stars into the morning eastern sky (Figure ‘9.14).
So the’exterior planet rises and sets swiftly and brightly in the
middle of its loop at opposition, and rises and sets reluctantly
and dimly when close to the sun near conjunction. Such are
the exterior planets’ relation to the stars and, consequentiy, the
horizon - quite different to that of the.interior planets.
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back agzinst their normal motion eastwards, intensifying their
activity and the gesture of independence. They do this between
quadrature, nppoSition and the next quadrature, while the
interior pldnets never reach quadrature and perform their piece
on the other side of the circle of configurations - in the region
where conjunctions take place. Exterior plarets, on the other
hand, never have inferior conjunctions; along with the stars of
e zodiac, they pass threugh oppositicn instead. This is an
indication of their closer affiliation to the stars.

We can now turn to individual planets, taking Mars first.
There are wide variations in the brightness of Mars’ red light.
When near tc the sun it shines as modestly as the Poje Star,
but when in opposition to the sun it can exceed the brilliance

fifteen years and is at its best if opposition occurs on about 28
August. The oppositions of 1986 and 1988 both take Place close to
the favourable position in the Waterman, the former on 10 July
and the latter (slightly brighter) on 28 Sepiember.

In fifteen years the loops of Mars move round the zodiac in
S€ven steps, returning to the area where the first loop was made
with the seventh loop. Figure 9.15 shows opposition points of
Mars from one favourable position (1971) to another fifteen
years later (1986). “Each step or interval between loops
Tepresents a svnodic period of Mars, lasting an average of two
years and seven weeks. Therefore the planet performs a loop
during aiternate years. This is the longest synodic period of a]]
the planets. Figure 9.16 shows the distance along the zodiac
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1971 (August)

\/-1985 (Julv) —

Figure 9.15
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Figure 9.16

which it travels between oppositions. The zodiac phenomena

. seventy-ni ears
of Mars repeat themselves accurately every sev enty-nine y

i i thirty- loops.
during which there are thirty-seven .
Like the other exterior planets, Mars performs four basic types

of lcop, with minor vanaticns. Whex? above the ec}ipticvt(}i\s l?og
is turned upwards, when below it is turned duwnw.aA s, an

when it crosses the ecliptic from above or below durlqg oppg-
siticn, it assumes a zig-zag shape (Figure 9.17). The Zig-zag is

S

Figure 9.17
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the least frequent of these forms and occurs, in the case of
Mars, when opposition takes place among the stars (not the
sign) of the Ram in November, and among the stars of the
Scales in May. In these areas lic the ascending and descending
nodes of the planet respectively. Conjunction with the »un takes
place between the loops (Figure 9.18). Here the pianct s at its
dimmest.
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Figure 9.18

Mars makes the largest loop of the exterior planets. Its retro-
grade motion between stationary points covers over half a
zodiac constellation which, however, it achieves quickly — in
about 2 months and 12 days - compared with the retrograde
motions of other exterior planets.

There is strength and swiftness in the apparent movements
of Mars. It waite longest before entering the mianight sky to
perform, then does so in large measure and with fiery colour.
The Chaldeans named it Negral - the king of conflicts and
master of battles. In Persia it was known as Bahram and Pahija-
vani Siphir, or the celestial warriot. The Greeks called it Ares,
the god of war. The god Mars was the legendary father of
Romulus, founder of Rome, and our boisterious month of
March is named after the same god. There is a storv that Mars
and Venus had a secret love for each other and met oniy during
the night when Arpolio, the sun god, could not sce them. Mars's
servant, Alectryon, was appointed to keep watch for the sunrise
but on one occasion oIl asleep at his duty and the lovers were
discovered and ridiculed by the olhier gods. Mars angrily
changed Alectryon into a cock to give warning every day of (he

.-sunrise. Thesc exterior and interior planets are like Romeo and
Juliet — members of different families whose close relationship
is irregular.

The names Jupiter and Saturn were assigned high positions
in mythology. In the Indian Rig-Veda, Jupiter was Dyaus Pitar,
or Father of Heaven, and was embodied in the entire sky. In
Babylonia the creation god Marduk was also called Nebiry,
usually meaning the pianet Jupiter. Nebiru can also mean the
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whole central band of the heavens, or a central point or Pole:
The planet was known by the Babylonians as the ‘bull of light
and as the shepherd of the stars. .

Deities took on different planetary and stellar appellations at
various times. For example, the goddess Ishtar was the star
Capella in January and February, but in May and Jl}ne the
god Marduk was Capella. Marduk could alsq be the daily sun,
fupiter, Mercury or the star Regulus, dependmg on the season.
Gods assumed their sky appearances according to the time
aid nature of the phenumena, which they wore like celestial
raiment. They could also take on more than cne appearance at
the same time.

Saturn has enjoyed an exaited position among the planets.
For the Babylonians it could even replace the sun, when/ the
latter disappeared below the horizon, and was linowx} as ‘sun
of the night’. The Greek historian Diodorus (c. 50 BC) said of
the Chaldeans - ‘the star which the Greeks name Kroncs
(Saturn) they call the “star of the sun” because it is. the most
prominent and gives the most numerous and grost important
predictions.’

Jupiter and Saturn have the least irregular or retrograd}e
motion of the naked-eye planets, and come closer to the sun’s
regular movement against the stars. Their loops are relatively
small - Saturn’s being about half the length of that of Mars,
with Jupiter’s between the two in size. For Saturn the godlacal
distance travelled between the extremities of two loops is about
the same as the length of the loop itself, while for Jupiter the
distance is about twice one of its loops. Mars, as indicated,
travels more than one circuit of the zodiac betweer. one loop
and the next. '

Unlike Mars, Jupiter and Saturn perform loops with a
duration of just over a year belween them. Sqtum’s synodic
pariod is about 1 year and 13 days, and Jupiter’s 1 year and 34
days. With its larger loops and longer distances betw:een them,
Jupiter moves round the whole zodiac more quickly than
Saturn, taking almost twelve years and producing almost elev.en
loops in that time, whereas Saturn moves through the zodiac

in about 29 years, completing just over 28 loops. The loops

of Jupiter and Saturn are smaller, flatter, and are f'orrx.\_ed more

slowly than those of Mars. Their flatness mgke.s it d%h‘i(;ult to

distinguish the zig-zag shapes which occur twice in their Cjrcuits
e
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round the zodiac.

Jupiter in opposition is usually the brightest of the exterior

'planets (only Mars can occasionally surpass it). At best it can

out-shine Sirius, and at its least brilfiant it appears about the
same as that star. When oppositions occur.in October among
the stars of the Fishes or Ram, the planet achieves its highest

level of brightness.

' Saturn, on the other hand, has two periods of brightest oppo-
sitions,"occurring in winter in the stars of the Bull or Twins and
In summer in the Scorpion or Archer. When most bright it
shme§ more strongly than Arcturus, and this takes place during
the winter oppositions. The planet’s two brightest points are at
opposite sides of the zodiac and occur every fifteen years, the
reason for these brightenings not being known until the d;vel-
opment, of the telescope and observations by Christiaan
Huygens in Holland in the seventeenth century (see Chapter
12). Figure 9.19 shows those positions in the zodiac constel-
lations where Jupiter and Saturn are brightest.

\Fishes
*

ot e

Bull * Archer
*h O ® ha——
Twins " * Scorpion
TN
Figure 9.19

.Every twenty years Jupiter and Saturn stand in conjunction
with each other. There are two important but quite different
ways of determining this moment - either in relation to the
ecliptic or,to the celestial equator. The date of a conjunction
can vary by days or weeks, depending on which of these two
approaches is used. Figure 9.20 illustrates the reason - the
planets must lie on a line at right angles to the ecliptic or the
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gchiple

Figure 9.20

equatos. The figure shows a conjunction by the ecliptic method,
but not by the equatorial. The ecliptic relationship with the
planets seems the more natural one for observation, and it often
marks almost exactly the planets’ smallest angular separation
or ciosest approach.

Ceonjunctions of jupiter and Saturn are traditionally called
Great Conjunctions and were looked upon with special interest
in the days when astrology was part of science. The sixteen-
year-old Tvcho Brahe observed the Great Conjunction of August
1563 with the-eyes of an astronomer as well and, holding the
end of a pair of geometry compasses close to his eye, measured
the planels’ angular separation. Iie found that the forecast in
the Ephemerides of Johannes Stadius, based on the work of
Copernicus, was several days in error, and was then to devote
his life to establishing accurate astronomical positioning. As
Great Conjunctions take place approximately 117 degrees apart,
they step through the zodiac in triangles. Zodiacal signs in
triangular relationship were referred to as ‘trigons’ by the astrol-
oger and shared the same element of earth, or air, or fire or
water. The Greatr Conjunction of April 1583 took place within
the sign (not the star constellation) of Pisces, marking. the
conclusion of the dornination of the “watery’ signs which had
been the zodiacal areas for Great Conjunctions since 1365. These
conjunctions remain in a particular trigon for about 200 years
and pass through all four trigons or signs of the zodiac in about
800 years. This latter cycle was considered of much importance
in earlier times, Tycho Brahe referring to its relevarce to history
in his writings cn the New Star of 1572.

He spoke of the 800-year period beginning with a Great
Conjunction in the ‘fiery’ sign of Sagittarius in December 1603
as ushering in an age such as foretold by thc prophets Isaiah
and Micah when the lion shall eat straw like the ox, and the
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suckling child shall play on the hole of the asp (see alsu Chapter
10). Great Conjunctions in the zodiacal signs this festury are
shown in Figure 9.21 (198011 marking an initial entry i"to the
air signs).
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There are occasions when Jupiter and Saturn are in oppo-
sition less than 1.7 days of each other, and then a ‘triple conjunc-
tion is likely. The Planets’ Joops coincide in longitude and
Jupiter, with its bigger loop and faster movement, paa.ses in
lire with Saturn three times (Figure 9.22). These events are e,
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happening On average about every 139 years. The last one took
place in 1980/1 and the next will be in 2238/9 (calculated in
relation to the ecliptic). If we include all the exterior planets in

the last was in 1979/80 and the next will be in 2123; and for
Mars and Saturn the last was in 1945/ and the next will be in
2148/9. Triple conjunctions canm also take place between exterior
planets and stars, and those occurring with bright zodiac stars
towards and around the end of this century are: Saturn/Antares
1986; Mars/Aldebaran 1990/1; Mars/Regulus 1994/5; Jupiter/
Antares 1995; Iupiter/Aldebaran 2000/1; and Saturn/Aldebaran
2001/72. It is interesting to note that a triple conjunction of Mars
and Spica is always followed two years later by a triple conjunc-
tion of Mais and "Antares.

Ptolemy gave planetary qualities to stars, stating that Alde-
baran had the nature of Mars; Regulus that of Mars and Jupiter,
and Antares that of Mars and to a moderate extent Jupiter.

In triple conjunctions between Planets, these celestial bodies
come into closest relationship to each other while at the same
time being at their strongest and brightest stages in opposition
o the sun. They virtually share an Opposition puini in ihe

Eudoxus (c. 370 BC). This brings us again to the figure of the
lemniscate which can, under certain circumstances, have
special connections with movements in longitude and latitude
= with movements on the celestial sphere related to the primal
orientations of left-right and up-down. Eudoxus tried to
incorporate the gesture of planetary loops into a geometrical
model whick contained built-in Jemniscates. He devised a
system of concentric spheres rotating within each other. In a
group of spheres relaied to @ parficular planet, the pole of one

sphere was attached to the inner surface of the other, Four

moved the planet on an apparent lemniscate along?the ecliptic,
Supcrior or inferior conjunction with the sun being at the double -
point (Figure 9.23). The combinztion of these movements pro-
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.duced an apparent motjon among the stars, Examples of Doss-
ible resulting motions are shown in Figure 9.24. Thjc was an

v Figure 9,744

Figure 9.24p

Figure 9,24

Figure 9244

Altogether, Eudoxys’ System contained twenty-seven concen-
tric spheres (three each for the sun ang moon and one for the
stars). The system was later improved with additiona] spheres
(bringing the tota] to thirty-three) by the astronomer Callippus
of Cyzicus. For this he worked with Aristotle In Athens.
Additional spheres were supplied not only to the planets
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Venus, Mercury and Mars, but to the sun and moon also. Sun
and moon were given five spheres each which appear to have
incorporated lemniscate motions into the progress of thege lumi-
naries along the ecliptic, accounting for unequal motion in longi-
fude. Aristotle himself then added severa] intermediary spheres
between the Planets, designed to unite their motions into ope
mechanical whole with moving contact throughout, replacing
Eudoxus’ purely abstract, geometrical system in which each
planet had an independent working. A further step wag thug
taken towards ‘saving the appearances’.

Mars has now been reached by unmanned Spacecraft which
have anaysed soi] and taken ‘photographs’ from remote contro}
on earth. This planet wouid certainly be the next goal for Man
to set foot on beyond the moon. We are now familiar with
pictures of the red, dry Martian soifand pink skies seen through
the dust. What, then, is the Martian astronomy?

Measured against earth time, the Martjan year is almost twice
as long as the earth's (687 earth days) and the solar day is
longer, being 24 hours 37 minutes in earth time, There are 668.6
Martian days in a Martian year, and the Sun moves through
ene constellation of the 7odi

Hac in about 56 Maitian days. N
These solar phenomena are slower than on earth, but the
lunar phenomena are much faster and full of dynamic energy
and variety. There are two small moons, not large enough to
cover the sun in an eclipse. The largest, Phobos, inoves east-
wards completely round the zodiac more than three times in
the course of a siderea] day, and therefore rises in the west and
sets in the east. Casting a dim light, it appears about twice as
large when high in the skv than when near the horizon, as it
15 50 close to the surface of Mars. For an observer near the
Martian equator, Phobos speuds Jitle more than four Martian
hours above the horizon but stays longer beneath it, rising
about every eleven hours, Iy day (24 hours 37 minutes) it
completely crosses pver the Martian sky twice while passing
through its phases three times. Each time it appears above the
horizon it is in 4 different phase cvcie to before, each cycle
taking less than one-thirg of a day. It has a ‘month’ of 7 hours
39 minutes. It can appear full twice in a night from a fixed
location on Marg’ surface (Figure 9.25). Phobos is 80 close to
Mars that this lively display cannot be seen from the polar
regions of the plaret beyond 7 degiees north or south.
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Figure 9.25 Phobos in one night

Solar ‘eclipses’ by Phobos are very frequent, nearly 1,400
occurring in a Martian year. The moon would appear as a black
area transiting the sun’s face, only cos oning the solar disc to a
small extent. Eclipses of Phobos by Mars’ shadew would
number over 1,300 a year. Seen from Phobos, Mars with one ed ge
on the horizon would have a diameter extending half-way from

the horizon to the zenith. Mars’ relation to the horizon would

remain fixed and the planet would appear to rotate in about
eleven hours and g0 through its phases in just sver seven
kours.

The smaller and more distant moon Deimos has quite
opposite behaviour. It rises in the east and sets in the west very
slowly, taking more than two days (fifty-eight Martian nours)
to accomplish this journey and can become full. seen from the
Martian équator, twice while thus above the horizon {Figure
9.26). Between two risings Deimos passes through more than
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Figure 9.26 Deimos between rising and settin.
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four ‘months’ of phases, but most of this time is spent beneath
the horizon.

Being both smaller and more distant than its companion
moon, Deimos appears in the sky like a bright planet,
fluctuating in brightness with its phases. It has about 130 each
of ‘lunar eclipses’ and solar transits per year and there are rare
occasions when Deimos is totally eclipsed by Phobos. On other
oOccasions doth moons can pass together across the face of the .
sun or both be eclipsed simultaneously by Mars’ shadow. Seen
from Deimos, Mars would remain stationary above the-horizon
and have a diameter of about half a zodiac constellation. Phobos
would appear in all phases, passing across the face of Mars or
being occulted by it in a variety of phases.

These two moons were discovered in 1877 by the American
astronomer Asaph Hall, and named Phobos (Terror) and
Deimos (Panic) - attendants of Mars, after Homer’s [liad (Book
15) which describes the god Mars setting out to avenge the
death of his son Ascalaphus: ‘And he called to Terror and Panic
to harness his horses, .while he himself put on his glittering
arms.’

In 1610, after Galilen's discavery of four moons of Iupiter,
Kepler stated on a mathematical basis that Mars would be likely
to have two moons. Apparently taking up Kepler’s idea,
Jonathan Swift gave an astonishingly good approximate descrip-
tion of the moons in Gulliver's Travels 150 years before they were
discovered: Swift wrote that the advanced Laputan astronomers
discovered two satellites of Mars ‘whereof the innermost is
distant from the centre of the primary planet exactly three of
his' diameters, and the outermost five; the former revolves in
the space of ten hours, and the latter in twenty-one and a half’.

The world of Mars has long fired the imagination of Man. It
still can if we place ourselves in thought upon its surface and
sense the very different astronomy to ours which an inhabitant
would experience. The picture would include our earth taking

- to the skies as an interior planet and shining as a bright morning

Or evening star. Periodically the earth would transit across the
face of the sun, this event taking piace (on most recent dates
and dates close in the future by the earth calendar) on 8-S
November 1800; 12-13 November 1879; 8-9 May 1905; 11 May
1984; 10 November 2084; and 14-15 November 2163. They occuir
in either April-May when Mars is near the descending node of
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its orbit, or October-November when near its ascending node.
Mars, of course, is in opposition as seen from the earth when
these transits take place. The transit of 1984 (Figure 9.27) had
a duration of 8% hours.

Figure 9.27

Finally, we can bring all the naked-eye planets together as
seen from earth and note the phenomenon of planetary gather-
ings. ?etween the years AD 1007 and AD 2100 there are fourteen
oOccasions on which the sun, moon and five planets occupy an
2rea of fhe zodiac less than 30 degrees wide as seen fromn earth,
Strangely, there will be no other gatherings of this sort for more
than .’?00 years after 2100. The most compact groupihéitook‘
place in Septémber 1186 among the.stars of the Virgin within
an angle of 12 degrees. The next most compact grouping was
on 5 February 1962, when the planets came withi% a lé-de ree
angle in the constellation of the Goat. This occurrence %vas
exceptional in that the sun was at the same time totally eclipsed
by the moon, so that the planets could be seen in a darkpsk :
from any place within the moon’s umbra. The shadow track
startf:d in Borneo and moved over New Guinea and across the
}’acihc, ending short of the west coast of the USA. Observers
131 Nexv Guinea saw Venus, Mars, Jupiter and Saturn duriné
the eciipse. Meicury was just above the sun and 100 close to it
to be observed. Normally these gatherings are not observabl‘et
at all because they include the sun. |

The next grouping will take place on 5 May 2000, when the
planets will lie within a 26-degree span in the constellation of
thed I;am (Figure 9.28). Two more follow, both of 29 degrees
::d N%tge:bg;ezgggnstellatxon‘of the Virgin, in September 2040

In this chapter the principal aim has been, firstly, to open the
way-to a qualitative knowledge of the naked:eye planets
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through the phenomena, and secondly, to distinguish the
essential dillerence between interior and exterior planets as
experienced {rom earth. For instance, after a while one perceives
a certain nuality of youth in the interior planets and one of
older age in the exterior. This thought also occurred to Ptolemy
who, in his beok the Tetrabibilos described the ages of Man in
terms of the planetary spheres from moon to Saturn. The first
four years of lifc are adapted 1o the moon (the moon having
four quarters, he explains); age four to fourteen is adapted to
Mercury; fourteen to twenty-two corresponds to Venus (its cycle
of synodic periods being eight years); twenty-two to forty-one
is subject to the sun (he called nineteen the sun’s number,
perhaps in connection with the Metonic Cycle); forty-one to
fifty-six was claimed by Mais (synodic cycle of fifteen years);
fifty-six tc sixty-eight came under Jupiter (synodic cycle of
twelve years); and the age of sixty-eight onwards was regulated
by Saturn.

‘Such is 2n ancient reading of the qualitative script of the stars.
Commenting on the Tetrabibilos, the science historian George
Sarton said. in his Ancient Science and Modern Civilisation -

One cannot read the whole of that treatise or a part of it

witheut being terribly dismayed. If Ptolemv was really

the author of it, it is a thousand pities, but that only

shows that he was a man of his clime and time. Even

the greatest genius cannot transcend all those limitations

at once.
If the greatest genius cannot transcend all the ‘limitatiens’ of
an imaginative age, then neither can Dr Sarton transcend all
the limitaticns of a cynical one.




Chapter 10
Comets, Meteors and New Stars

-
Comets, meteors and new stars have in common the fact that
they are temporary phenomena and are often, if not always,
unexpected apparitions in our skies, crossing the threshold of
the visible and the invisible worlds.

Dramatic appearances of these phenomena easily take on the
character of announcements to the imagination. Comets have a
long history of being associated with human affairs,
accompanying positive or negative events. They were
consider=d to be coincident with disasters, or the births or
deaths of important people. Giotto painted a comet above the
head of the infant Jesus in a fresco in the interior of the Avena
Chapel in Padua. Shakespeare’s Julius Caesar contains the well-
known lines:

Wher: beggars die, there are no comets secn:
The Heavens themselves blaze forth the death of princes.
(Act II Scene ii)

In the same year that King Harold of England was defeated and
killed at Hastings in 1066, an early appearance of Halley’s
Comet stood in the sky and was woven into the French Bayeux
Tapestry which commemorated the invasion of William the
Conqueror. One picture shows a group cf Englishmen pointing
at the comet, and the text reads: ‘They are in awe of the star.’
John' of Damascus, a Greek Church Father, wrote ‘It cften
happens that comets arise. These . . . are rot any of the stars
that were made in the beginning, but are formed at the same
time by divine command and again dissolved.’

Giotto’s comet is remarkable for its naturalism, and evidence
points to his using as a model the 1301 appearance of Halley’s
Comet which he almost certainiy would have seen. It is under-
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stood that Giotto’s Avena frescoes were painted in 1303/4.
Giotto gives th& nativity comet a red colour and places at its
centre point, or nucleus, an eight-pointed star. The nucleus of
a comet is not actually visible, but there is often a bright area
near the centre of the surrounding coma. Together they make
up the ‘head’. Thus many comets have a threefold appearance
of coma, centre point and tail (Figure 10.1). The tail frequently

O ——

Figure 10.1

has two aspects — a straight edge or line, and a curved part.
Light from the straight part is luminous and bluish, from the
curved part is reflected sunlight as in the case of the nucleus,
and the coma has both properties. Some comets have only
straight or curved tails while others combine the two. Many
have no tails at all. Comet IRAS-Araki-Alcock in May 1983
glowed as a ghostly, circular patch in the northern heavens,
turning through the night round the Pole Star with the Great
and Little Bears. Even such a modest, tailless appearance
impressed one with its uncanny presence intruding upon
familiar skies — a nebulous amoeba drifting by.

It is, in fact, widlely understood that comets comprise attenu-
ated, elementary substance arising from the formation of the
sun and planets, and therefore represent solar system matter
at an early stage of evolution - visitors from the past. A Euro-
pean Space Agency missiori called ‘Giotto” (commemorating the
artist’s ‘nativity comet’ painted in Padua) will send a spacecraft
to intercept Halley’s Comet in 1985/6 and enter its coma in an
attempt to learn more about the physical nature of these strange
visitors from space. Two spacecraft from the USSR and two
from Japan will also approach the comet.

The diameter of Comet Halley’s coma will be many times that
of the earth. Some comét heads grow to be larger than the sun.
Yet one cannot speak of a comet head or tail as being physical
in any ordinary way. The density would be something equi-
valent to a dozen marbles scattered through an area of a cubic
kilometre. In 1910 the tailof Halley’s Comet may have sweptacross
the earth but nothing was detected.* Stars shine undiminished
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when seen through the tail of a comet as if it were not there. Even
astronomers this century have classified the nucleus as no more
thanan‘apparentphenomenaon’.

Comets are insubstantial veils of luminescence and reflected
sunlight with hardly any physical body at all. Yet they cause
the greatest dramatic appearance of all celestial phenomena.
Their characteristics-incline them to appear from-any-point-on--
the celestial sphere; to grow into visible existence as they
approach ihe sun; to respond to the sun with, verv often,
extending tais, huge comas and brightening nuclei; to curve
round the sun before shrinking in size, withdrawing their tails,
extinguishing their luminescence and disappearing when they
have gone bevond about twice the sun’s distance from the
earth. The tails of comets are always turned away frem the sun,
as if something is being syphoned off, and can stretch as far as
the distance between earth and Mars, and longer.

Figure 102 shows the simplified path of a comet. Comets
travel, in detail, in very complicated, three-dimensicnal cuives
due to deflection (perturbation) by large planets such as Jupiter.
If there were no deflections and comets were attracted to the
sun only. thev wonld mave in planes in mostly, parabolas. A

parabola is the curve shown in Figure 10.2 and its two arms-
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widen into space and only come together (mathematically) at
infinity. So the comet would not return. Mcst conlets are
deflected into ellipses (TFigure 10.3) and do return. They can
also be turned into hyperbolas which widen out further than

the parabolas (Figure 10.4) and cannot return either. Kepler
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Figure 10.3
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Figure 10.4

thought that comets moved ir. straight lines, which is notincom-
patibie with their appearance on the celestial sphere and which,
in fact, retains the essence of the parabolic, non-returning side
_of their nature. Kepler pioneered the thought that a straight line
has only one point at infinity, which is now part of synthctic, or
projective, geometry as taught today. Both straight line and
parabola, in one sense, emerge from and return to their same
points at infinity. - .
But most comets are deflected into elongated ellipses which
extend beyond the planets and their average time of return has
been estimated at some 40,000 years. At each returs a fresh
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coma is formed as it nears the sun. The shortest-known return
period is 3.3 years and belongs to Comet Encke, first seen in
1786. Periodic (returning) comets take on a planetary character
and approach becoming normal members of the planetary
system, their calculated orbits displaying loops all the way
round the celestial sphere when they are projected against the
stars. Figure'10.5shows the one-loop-persyear progress of
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Figure 10.5

Halley's Comet from its first detection on 16 October 1982, near
the star Procyon in Canis Minor. The comet was then a little
further out than the planet Saturn. Its direction and speed were
close to predictions, which meant that the comet would arrive
only half a day earlier than expected at its closest approach to
the sun {perihelion) on ¢ february 1986. Many comets with
calculated periodic orbits, however, are much more difficult to
predict on their return and sometimes do not return at all.
As seen, Comet Halley moves in a retrograde direction (west-
wards) against the normal movement of the planets. This is
unrusual for a ‘short-period’ comet, i.e., one which returns
within about 200 years. Almost all short-period ccmets have
direct motion, as do the planets. However, of the long-period
tvpe, as many have retrograde orbits as have direct opes.
Since a probable Chinese sighting in 240 BC, Halley’s Comet
seems to have returned at a mean period of almost seventy-
seven years. In 1985/6 its appearance will not be as favourable
as in 1510 - at perihelion it will be on the far side of the sun as
seen from earth, below the equator and among the stars of the
Waterman. In the northern hemisphere it will be best seen at
the beginning of 1986 in ihe evening sky, and best seen in
the southern hemisphere after perihelion in the morning sky.
However, it will also appear in evening and morning skies in
both hemispheres and Figure 10.6 shows positions seen from
geographical latitude 50 degrees north about half-an-hour after
sunset when the brightest stars are visible, Figure 10.7 shows
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the moiming appearance from the same latitude. At the end of
April it will enter the northern hemisphere evening sky once
again as it recedes, moving upwards above the southern
horizon (Figure 10.8).

During mid-january, the comet wili stand among the stars of
the Watern an in the evening. It is interesting to note that
exactly twvelve years earlier comet Kohoutek stood in almost the
same position in the evening sky, and as Jupiter has a twelve-
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as it was near Kohoutek in }anuary 1974. Venus was an evening
star in this area of the sky in 1974, but will be absent in the
middle of January 1986, replaced by a crescent moon. Venus
will be near superior conjunction with the sun, but will rise to
join jupiter in the evening sky after Comet Halley has moved
the other way to reach sun conjunction en 9 February.

Like Comet Halley, Kohoutek had perihelion on the far side
of the sun (28 December 1973) but moved in the normal ‘direct’
motion against the stars, following planetary motion. Another
difference is that Kohoutek becomes inherently brightest before
perihelion, while Halley tends to do the reverse. Therefore both
approach maximum brightness on the same side ot the sun
(west). Also, this is understood to be Kohoutek’s first appear-
ance and it is not expected to return for somethmg like a million
years, if it returns at all. So the picture is of a new, direct-
motion comet opposing the path, in the stars of the Watermarn,
of an old, retrograde-motion comet, with Jupiter in attendarce.
Kohoutek anficipated Halley and even prepared the public for
Comet Halley’s return. Although it turned out to be disap-
pointing visually, Comet Kohoutek created considerable world-
wide interest in 1974 and stimulated the imagination concerning
comets and astronomy in general. This was a precursor to the
same thing na avpening twelve years later, with attention focused
on the same constellation of the zodiac, on the same evening
skies in January.

It is estimated that there are about twenty to thirty naked-
eye comets every century, but these are only a fraction of
the number hich continua lly draw in towards the sun. Kepler
was on the right lines when he suggested that there were prob-
ably as many comets in the heavens as fish in the cea. When
visible, they can remain so irom a few days to more than a
year. During this time most comats seen in recent history, were



152 + Comets, Meteors and New Stars

white in colour, though there are many records of coloured
comets, particulaily in early accounts. They have been reported
as being blue, bluish, red or reddish-yellow, gold, and greenish.
It is difficult to know how much these descriptions represent
the comet’s own colour or the effects of the atmosphere. Comets
can also appear in the most varjed shapes. Multiple tails are
possible; for example, de Chéseaux’s Comet of 1744 had six tails
spreading out like a fan, and more have been noted on other
occasions. A sixteenth-century manuscript, attributed to Nostra-
damus, pictures and describes the effects of nine comet types
of varying colcur and shape, from star-like with the complexion
of the moon, to red and sword-shaped. Probably the brightest
of modern times was the Great Comet of 1843 which was
discovered during daylight. It passed verv close to the sun and
developed a tail over 70 degrees in apparent length, extending
in space the distance between the sun and Mars.

The word ‘comet comes from the Greek ‘aster kometes’,
meaning a long-haired star. This suggests a feminine nature.
According to Greek writers, the Egyptians before them made
the analogy between female tresses and the appearance of
comets. The Chinese called them ‘broom stars’ and a Chinese
description of a comet of 524 BC saw it as a ‘new broom’ to
Sweep away traditions and the old order of things.

The origin of comets is still a matter for conjecture and
theorising, and they remain something of a mystery. It is
usually considered today that they arise from within the plan-
etary system and do not enter it from the realm of stars. Yet
these wandering bodies are so delicate that half-way to the
nearest star is still an area in which, technically, they can stand
within the planetary system and be induced to approach the
sun. Many theories in the last two hundred years have been
put forward to explain their crigin and these fall into two main
groups - the concept that therc is a huge cloud of ‘captured’
inter-stellar matter at far distances in space under the influence
of the sun; and the concept that cometary material is first ejected
by bodies of the solar system.

One development of these theories is that the distant “cloud’
originated from the disintegration of a planet which once
orbited between Mars and Jupiter. This orbital area now
contains thousands of asteroids or minor planets which are too
smail to be seen by the naked eye. Other theories have
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suggested that comets are the result of ejections from planets
like Jupiter and Saturn. o

A once widely accepted theory was that coinetary material is
thrown off from the sun, but doubts arose concerning possible
trajectories for this to result in the paths of comets as observ:ed.
Yet there is a case for no possibility being ignored when dealing
with phenomena whose physical properties are- not-yet fully
understood. Science has been surprised too often. As late as
the 1950s the Cambridge astronomer R. A. Lyttleton proposed
that comets resulted from a process of accretion, near the sun,
of inter-stellar matter. The sun thus created the comets and
impressed on them their orbital forms.

On an imaginative level, the unpredicted appearance of a
new comet is like a Whitsun event among the stars - a sudden
flame from the depths of space, arriving from, and departing
to, the unknown. The very nature of comets is such that we
continually seek to know whence they come and they. remain
an enigma in our skies, prompting questions on the origin and
formation of matter. Yet the comet itself has, in modern times,
been pointed to as the origin of another elusive celestial
phenomenon — the meteor flash.

In 1861 the American astronomer Kirkwood suggested that
meteors were brought about by contact between the earth’s
atmosphere and fine debris scattered along the orbits of comets.
This theory is still held in favour today. The first cbservational
connection came in 1866 when the Italian asi-ronorner’SchiaPa-
relli announced that the famous Perseid meteoy shower, which
tlashes forth every August in the constellation of Perseus, was
associated with the orbit of Comet Swift-Tuttle (1862). Thfs
annual display, the most abundant of the regular shov'vers, is
traditionaily known as ‘the tears.of St Lawrence’ as it takes
place around 10 August when the Christian martyr is comme-
morated. The occurrence of these meteors can be traced back
to the tenth century and they have long been recorded in th.e
church calendar of England. The orbit of Halley’s Comet is
associated with the Orionids of October and the Eta Aquarids
of May. -

It so happens, though not for any technical astronomical -
reason, that the distribution of the major showers in the year
results in visible meteors being more abundant between Augusi




154 * Comets, Meteors and New Stars

o

a small circular area. This j
. . s called the radiant, an
he(ljgxng-bac.k along the paths of flashe in a chawer ;ciﬂa{pzc*)ugh
:i nlg:; po;nt. Thlds Is, in fact, the effect of perspec-ti‘\;;‘f;;ua;
ms descending from a cloud are vj '
tually parallel
they appear to conver : te streake o g hough
g€, 50 the separate streaks in
ear | . a mete
stream are also virtually parallel (Figure 10.9). The partic?er

e
-

~
o

7NN

—_——
- Figure 10.9

;tsul](mgl the earth’s atmosphere and causing the streak is rela-
fw;enyt}c1 ose - fvcferagmg about 150 kilometres — but Is projected
€ point of view of the observer onto th i
fro ' v of t e celestial sph
CII‘ lf;;: ;estults In the direction of the streak being differeitefr;r‘
rent observers but the radiant area bej
! ng more or }
same. Figure 10.10 shows a meteor path (m)gwhich bec:)?rsjeghs

Comets, Meteors and New Stars * 155

Radiant
el

// \\\ , } \

N >‘\\\

Figure 10.10

flash against the stars (a) for an observer at A, and the flash (b)
for an observer at B. Strictly speaking the two observers would
experience slightly different celestial spheres from their separate
positions, but the difference would be negligible for the purpose
of thic illustration. An observer standing immediately within
the flight path would see a point light up in the sky as the
meteoroid iravelled directly towards him. N
Muost meteor flashes are reported as being ‘straight’, but some’
are said t¢ be curved. Certainly a long flash appears, to the
author, often to be curved. Some bright ones have been
reported to change direction and even move on the arc of a
circle. Usually the colour of the Juminous streak is described as
white, though there are descriptions of greenish, reddish or
yellow trails. Colour has been noticed to vary with the height
and calculated velocity. A fireball (producing a fall of meteorites)
at Pultusk in Poland in January 1668 was observed to begin its
appearance as an ordinary meteor, then its light increased and
the colour changed to a bluish green, then towards red. In the
case of a fireball the increase in intensity of light at one stage
has the effect of making the trail seem to broaden out then
narrow again, lending the appearance of a spear (Figure 10.11).
A fireball is sometimes called 2 ‘bolide’ from the Greek word
meaning a thrown spear. Some of their trails remain hanging
in the sky for long periods, even for hours. The advent of a
fireball is often said to be accompanied by scunds described as
singing, buzzing, crackling, hissing or rustling.
In the town of Helston in Cornwall there is a store, built into
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Figure 10.11

the wall of the Angel Hotel, which joca] legend say: was cast
nto the centre of the town centuries ago by a dragon. The
patron of Cornwall and Helston js Archangel Mickael, the
dragon slayer, and beiween the eleventh and cighieenth

centuries meteoric fireballs were referred to as flying dragons. -

An old engraving of another fireball in AD 1000 shows, along-
side the fiery descent trail, 4 dragon with a luminous head and
blue feet careering headlong down tle sky.

The German scientist Alexander von Humboldt (1769-1859)
first suggested that meteors in a shower might originate from
the same position in the sky (radiant). In 1799 Humboldt and
his companion Bonpland, while on a journey to South America,
rose early one morning to enjoy the air and, quite by surprise,
witnessed a magnificent display of hundreds of thousands of
meteors lasting over two hours. These were later identified
as the Leonids, emanating from an apparent position in the
constellation of Lec. The suffix ‘jd’ attached to a constellation
name to designate a meteor stream comes from the Greek, here
meaning ‘children of Leo’.

The greatest-known Leonid display was on the mornine of
12 November 1833, observed from the West Indies to Canada.
At the peak of the shower one witness was reminded of a
snowstorm and ‘onz thousand meteor flashes might be counted
every minute’. The Leonids also provided what is understood
to be the greatest meteor display ever recorded. This was on
the morning of 17 November 1966, and also visible from

America. More than 2,000 meteors per minute at the peak of
activity were estimated:. These Spectacular displays of Leonids
tended to recur in periods of about thirty-three years and the

Comets, Meteors and New Stars *+ 157

shower has been identified with a comet of 1?66, disooverect:lulral);
Tempel and Tuttle, which has the same ’pgmd .(c.iue tg I;e "
in 1998). Another Leonid meteor ’storm' is anticipate Ooxl' ;
November 1999, though the occurrence is not certain. dr‘l {e;
few were seen in 1899 and 1933. In betw}elen tll:e ;:;e :Zcur
i i ids, like every other shower,
special displays, the Leonids, ‘
esery vear,p though modest in number. In fact, Leonid activity
is normally feeble. A
1 The Leonids are the swiftest of meteor phe‘nom..m *f.;;
patifxﬂacross the sky. The morning .hours brmg .thle sw; etsfs
meteors of any shower and are the time when. visible me,ften
are most abundant. The technical maximum is 6 a.mh: (gs °n
earlier visually due to dawn light) whekx: abOtht il;r:fierr:unset
i i Iso, the meteo
many occur than in the evening. Also, '
tendyto be slowest. Disassociated from the _showers.(ﬁr see;a!r
ingly so) are the sporadic meteors - the outsiders which app ar
from any direction at any time. An average of ab.o}L‘x: sev
sporadic meteors an hour can be seen on any one night.  the
An additional aspect of frequency is that in th'e cours}e;: o e
ear, most meteors are seen on autumn mornmgi \:ven
Zﬂ““"‘" stands high against the horizon. Also, as it uayl;::uo,
;no:t radiants are in the northern half of thf1 cele;nal.sgh:;:,
i i th’s northern hemis .
favouring observation from the ear ‘ : =
i t remain exactly stationary
However, meteor radiants do no .
the sky. From night to night they shift about 1—»deg1:ee iasz?;iigg
on the celestial sphere due to orbital elemer}ts. If nc:Niz;\l ted
by other disturbances, the date of a shower’s peak drlrl\e e
later in the year by about one day in se‘{enatl)letwo r;leila\r:h lue 1o
i f i will also va
recession of the equinoxes. A shower ! :
gf day it reaches maximum due to the caiendar year not being
a whole number of days. . . .
If a shower takes place during daytime, it can nics)ivg;dagstﬁe
is tects meteors inv:
detected by radar. This also det : -
naked eye Zlay or night. Daytime showers are most cofmmt:noxrrsl
June and it is estimated that thousands of mﬂl;on§ of me :, o
enicounter the earth’s atmosphere every day, brmtghmgmi o
them thousands of tons of material. Then there are the ek
meteorites which cause no flash but _slowly permeat.eCh ee o
environment from floating as dust in the outer reaches o :
sinki Y flocss.
atmosphere to sirking to the ocean .
Met}:or phenomena form a direct connection between th
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eart.h: and the region beycnd, flashing into view at the physical
p‘erlphery., plunging to earth or sea in the form of solid meuteo-
rites, or sifting through atmosphere and water in homeopathic
quantities. The upper regions thus penetrate the lower

When one gazes on the face of the night sky, surprise and aWe:
arise at the sight of a meteor slipping silently across the stars

One involuntarily becomes immobile and turns all attentior;
upwards, waiting for the next flash and extending the senses
into t}'ﬂ.e darkness which has acquired new mystery. The méteor
1s an intuition, flashing across the cranium of the sky.

Meteors are those innovations which move swiftly among the
stars, comets are those which move slowly, and new stars are
those which move not at all. New stars appear steadily in the
realm of the other fixed stars — announcements of events on
the grandest scale. '
Modern astronomy distinguishes two types of new star -
nO\IIJae and supernovae. To the naked eye both of these may
“;‘ri 1 j\p‘}i?ir fi‘fjifr:i’ Kuj radio astronomy after the Second
o Trer iGThuued Iac supernova as 2 onceonly event
marking the cataclysmic end of the life of a star with its
explosive brightening, and the nova as an outburst on a smaller
scale which may, theoretically, be repeated. Novae are the more
frequent phenomena, six bright naked-eye occurrences having
taken place this tentury in 1901, 1918, 1925, 1934, 1942 and
1975. The term supernova was coined in 1937 and thé last
known phenomenon of this kind in the visible star system
(galaxy) was in 1604. ¢
New stars feature in Chinese records dating back to before
Christ. Few records of such events occur in Europe and the
Arab co‘untries. Atist of seventy-five new stars derived from
reasonably“reliable sources and published in 1575 by Richan.i
Stephenson of the University of Newcastle apon Tyne, contains
-only-three. such events observed in the West - tho’se of AD
1006,. 1572 and 1604. The first sighting listed by Stephenson is
a Chinese one in the spring of 532 BC, followed by seven others
from the same nation before the time of Christ, ~
The Chinese called them ‘guest stars’ and they figured
strongly in astrological predictions concerning affairsc and
personages of state. The following description relates to 3 new
star which shone for five months in the year AD 369, high in
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the northern sky: ‘A guest star was seen at the western wall of
{the constellation of] Tzi-wei . .. The interpretation when a
guest star guards Tzi-wei is assassination of the Emperor by
his subjects. In the 6th month Huan-wei dethroned the
Emperor.” For the Chinese the earthly and the heavenly king-
domns reflected each other. and star groups were given such

“—titles as: Emperor; Crown Prince; Secretaries; Court Eunuchs;

Celestial Bed; Guest Houses, Inner Kitchen, etc.

The three new stars mentioned already which have been
observed in the West in the last thousand years appeared in or
beside the Milky Way - the richest field of siars, with an area
in the coustellation of the Archer which is the most dense.
Today this densest area is conceived of as the centre of our
galaxy. All stars visible to the naked eye are part of this galaxy
- a lens-shaped multitude of stars when pictured edge-on, and
made up of a spiral form when pictured in plan view. Our sun
and earth, if placed in the middle plane of this lens and some
distance frem the cenire, have a view which shows the main
part of the lens as 2 milky band of distant star glow encircling
the sky. Like the zodiac, this band is tilted to the earth’s celestial

throughout the seasons in a sirailar way to the zodiac. Figure
10.12 indicates some of the constellations lying within or near

Cassiopeia
o ——

— ~

Perseus Cygnus
Auriga Aquiia
[ \

" Twins Archer

\\ //
Monoceros Lupus

Argo Circinus

\\\ e
Crux

Figure 10.12
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the Milky Way. This includes stars in the southern hemisphere
as the Milky Way passes not far from the north and south poles,
crossing the zodiac twice (translated names are retained for the
zodiacal constellations, as elsewhere ir the text),

On autumn evenings in mid-northern latitudes the Milky
Way stretches from due east up to overhead and down to
due west, with Cassiopeia in the overhead position. On spring
evenings the Milky Way lies aiong the northern horizon from
east to west. On summer and winter evenings it stande high in
the sky again, this time meeting the horizon in north and south.
This cycle of positions is moved through, of course, in the space
of twenty-four hours, but unlike the zodiac we only see part of
the complete Milky way circle, onc part being among the
southern hemisphere stars beneath the horizon, The section we
see has one point, for example, at the star Deneb in Cygnus
which m_kes the movement shown in Figure 10.13 at Jatitude
52 degrees north. Figure 10.14 Sives a diagrammatic picture of
the four positions mentioned above. It g 4 misty, insubstantiaj
type of zodiac which weaves all round the horizon (in azimuth)
and from highest to lowest (in altitude).

Deneb
*

~

N
Figure 10.13

Figure 10.14

L i
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The word ‘galaxy’ comes from the Greek for.’milk’. The Milky
Way was their ‘circle of the galaxy’. It was milk dropped from
Juno’s breasts while she suckled Hercules. The Greeks‘also
called it ‘the road to the Palace of Heaver. Many ;ultures have
connected the Milky Way with the concept of a river or roac’i.
The ancient Akkadians called it ‘the River of the Shepherd’s
Hut’ and ‘the River of the Divine Lady’. Both Greeks and
Romans saw it as a pathway for departed souls wh‘g ex?terfed
oy the door where the Milky Way iniersecis the zodiac in the
Tivins and left it to return to the gods by the door in the Archer.

Such is the background within which were pla.ced the two
most renowned new stars (supernovae) of recent history which
blazed forth from the Milky Way within the phgnomenally shqrt
time of thirty-two years of each other. The ﬁr'st appeared in
1572 in the high-climbing constellation of Cassxqpela, and t.he
second in the low-lying southern tip of Ophiuchus w?uch
borders on the zodiac near the ‘door’ of the Archer. Each arrived
fortuitiously during the lifetimes of two of the greatest astron-
omers whose observations of these phenomena opened the way
to modern stellar astronomy. The earlier is known as the new
star of Tycho Brahe and the later as that of Johannes Kepler.
What was established was that the new stars shone from the
distant region of other fixed stars, overturning the old Greek
view that this was a changeless region. '

In November 1572 Tycho Brahe, a twenty-five-year-old
Danish nobleman, was living with his uncle at the Lutheran
Abbey of Heridsvad, about 20 miles east of Helsingborg. Brahe
had set up a laboratory in an outhouse of the .abbey and was
applying himself to chemical experiments, chgmxstry or axchen;y
being considered as a science which was an integral part of t f
cosmic order of things. In the study cf the metals, silver was
related to the moon, quicksilver to Mercury, cepper to Venus,
gold to the sun, iron to Mars, tin to Jupiter and lead to Satu}'n.

On the evening of 11 November 1572, Brahe was remng
from the laboratory to the house for supper, when he noticed
a bright star high overhead where, from his know!c.zdge of the
constellations, no star should be. He was so astonished that,
hardly believing his eyes, he turned to some servants who werl?
accompanying him and asked whether they saw it. Even thou g'_k
they answered that they did, he called out to some country fo
who were driving by and asked the same question. They gave
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;he same answer and by this time he could believe his cwn
senses. The star had added itself to those in the constellation

of Cassiopeia as sh in Fi X
any of thfm. own in Figure 10.15 and was brighter than

 New star

*

_ Figure 10.15
o Biihe }:ad just finished making a new measuring instrument
T the stars, a sextant, whichk afforded . .

r the s X greater accuracy tha
g?s previous one (a cross-staff). That night he measuré’d thIe1
wls'ttar:jce of the new star from the others in Cassiopeia, then
" 210 e ilor }:he next mght to see if the star was still theré and
rhan,c’:v ;td er it lflai cnanged its position. Its position did noé

change and, in fact, it remaj isi i
cange mained visible for about eighteen

fT'hlS canstellation is circumpolar, so he could, over an interval
;)f tgme, plot the new star’s position on a circle rcund the pole
. € new star was nearer to the earth than the others (that ic.
enea]th‘ thel changeless celestial sphere) then this would be
rfvea ed by ‘parallax’. In other words, the position of the new
s a.rtwould appear to shift against the distant stellar background
:1}:: it moved rounq the pole. This was a most important aspect

e answer a‘ffectmg the whole future of astronom and its
connection with theology. g e

The principle of daily parallax can be simplified, from Brahe's

voint of vioww  ac £All Y
Py U1 VICW, as (ClCwWSs. In Figurc 10,16 let E &
. vigure 10.16 let E be the centre of
::e earth, S a fixed star, N a new star and O the observer. If
‘ elneglvoséar is closer to the earth than the fixed star, then t.he
ngle NOS must 'be larger when th ,
€ € stars are near the horiz
. . On
:I}:an whexl high above it and therefore whén near the horizon
the stars will appear further apart. This expresses what is cal]
horizontal parallax. * catled
N Brahe carefully.measured the angle between the new star and
e star Schedar in Cassiopeia when both were at highest and

lowest positions (upper and lower culmination on the
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Overhead
- - -\\
v\

Horizon / —

Figure 10.16

meridian). He found no difference in their distances apart in
either position. Absence of parallax for a new star, shown
clearly for the first time in history, established that the ‘eighth
Sph‘?!"?l nr realm of fixed stars was Slei_&_.’Ct to change. This
discovery was at least cqual in importance to the theory of
Copernicus regarding Man's concept of the universe and
cpened the way to modern astrophysics. This is despite the fact
that the new star of 1572 pre-dated the telescope and all the
sophisticated instrumentation which later cast a fine trawl-net
over the sky to trap celestial objects into the confines of a new
philosophy.

Tycho Brahe, however, was a thinker who retained a belief
in-a stationary earth. In a brilliant stroke he devised a cosmic
system in which the earth stood at the centre, moon, sun and
stars moved round the earth, and the planets moved round the
sun — thus uniting the Copernican theory and the geocentric
experience (Figure 10.17). Calculations and observations for the
Tychonic system were identical to that for the Copernican. He

-f“made the orbit of Mars cross that of the sun as he believed,
Juﬂldfxbés('%akenly, that at opposition Mars came closer to the earth
than. the sun’s orbit. :

At first, Brahe did not want to publish anything on the new
star, partly because it was not proper for a nobleman to write
books. But he was persuaded to do so by friends and by wildly

e b O Mels was
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Figure 10.17

inaccurate German accounts of the star's position which placed
it at a distance of only twelve or fifteen semi-diameters of the
earth. His description was combined with an astroio.sical and
meteorological diary which he had prepared for 1573, ..ad was
given the title De Nova Stella. In this book he said that aothing
similar to the new star had been scen since Hipparchus reported
one in about 125 BC and which many had taken o be a comet.
No similar star had been seen since, for the star of ihe Magi
was not a celestial object, he said, but something relating exciu-
sively to them, and only seen and understood by them.

The new star, he continued, twinkled like other stars, while
the planets did not twinkle, which. was another proof of its
belonging to the eighth sphere (see Figure 12.18). Reterred to
division lines of longitude through the poles, the new star
belonged to the sign of Aries (the astrological sign measured
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from the spring equinox, not the star constellation of the Ram -
Figure 10.18). He pointed out that historically the star appeared

-

Figure 10.18

aimost at the conciusion of a ‘watery trigon’ in the sign of Pisces
and the commencement of a ‘fiery trigon’. This is connected
with conjunctions of Jupiter and Saturn discussed in Chapter
9. A conjunction af the end of 2 cycle in watery signs was to
take place in 1583, and one at the start of a fiery cycle in
Sagittarius in 1603 (Figure 10.19).

Water (1583)

‘ Figure 10.19 -
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‘In a later book, called Introduction tn the New Astronomy Brahe
said that the movement of the trigon from watery to fiery signs

period when the lion will eat straw like the o

' ' 1€ ox ag foreteld b

the prophet Is.alah gchap. I, v. 7). He said that the place ox}\l

}elarth from which .thlS change would arise was that place which
ad the star at its zenith (directly overhead) when j; first-

joins the north-east part of Finland’

\ .
: Yet the sta'r itself, apart from the Jupiter-Saturn cycle, had
its own particular, though shorter, influence with which to

was tbe? forerunner of vast changes, not only in politics but also
in religious affairs. It had shone forth from the spring quart
of the sky and therefore announced that some egreat ﬁgc}lnt wef
at hand, and as it was visible over most of the e.arthvso tlfh
effects of it would be felt over the greater part of the giobe ‘
Brghe cpnsidered that the new star became visible becaus.e it
was xllugunated by the sun and was formed from the substanc
of_the Milky Way. In his earlier book, De Stella Nova Brahe ha§
sald.that at first the new star had shone like Venus ’and Jupit
and its effects would therefore be pleasant: but as it then béczlrx;gé

sgfiitions, captivity, and death of princes and destructio f
cities together with dryness and fiery meteors in the air gsg-
]ner.xce, and, venomous snakes. Lastly, the star had sho;qsep like
2aturn and there would, therefore, finaljy ome a Hme of want
death, imprisonment, and all kinds of sad thing“s.mm o

Yet a second innovation in the heavens was in store for the
astronomers and prognosticators. With astonishing  coincj-

conjunction of Jupiter and Saturn in the new fiery trigon
another new star (supernova) blazed forth in the sky Braie’sl
star stood ‘high’ in the Milky Way, half-way along J)ts visible
arch and in that part of it which climbs overhead. The next ne

star stcod in the lower part of the Milky Way amom—g fh stars]
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of Ophiuchus, near the zodiacal constellation of the Archer. But

the most astonishing part of the coincidence was that this

second new star appeared in the same region of the sky as
Jupiter and Saturn which had recently been in conjunction, and
into which Mars had also moved.

The three exterior planets and a new star stood together.
Brahe was dead but his successor and former co-worker Kepler
was just approaching the age of thirty-three. The star of 1572
had appeared a year after his birth. Kepler was now imperial
mathoraatician to Emperor Rudolph i in Prague, On § October
1604, Mars was in conjunction with Jupiter and on the following
day an amateur astronomer among the court officials looked
through a gap in the clouds to observe the planets. To his
surprise there was a bright new star shining just above them.
At dawn the next day he went to Kepler with the news, which
Kepler hesitated to believe. The evening skies remnained over-
cast until 17 October when Kepler saw the spectacle for himself
{as shown approximately in Figure 10.20). The new star

« New star
d 2?1
<

e —

South Antares

Figure 10.20

competed with Jupiter in brilliance. After publishing a short
report rigit away in German, Kepler produced a Latin treatise
De Stello Nova in Pede Serpentanii twe years later, after the star
had moved into the morning sky, back into the evening sky,
and dimmed to disappearance in October 1605. In Italy, reports
of the star described it as ‘like Mars’ and ‘like half of a ripe
crange’ while a Chinese account siated: ‘At the beginning of
the night in the south-west there arose a strange star as iarge
as a crossbow pellet. Its body was orange in colour. It was
calied a Guest Star” A Chinese account of Brahe’s star of 1572
aiso described it as ‘like a crossbow pellet’, adding that the

<
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Emperor of Shén-tsung ‘saw it in his palace. He .5 alarmed
and afraid, and at night he prayed in the oper. ..r on the
Vermillion Steps’.

For the 1604 appearance, Kepler, in the Latin . <t, begins
with a discussion of conventional astrology which * cefers to
as an illness. Yet he rejects the possibility of the sta: ‘ppearing
by accident at the same place and time as the great conjunction.
God, he says, adapts himself to men and makes use of the rules
of astrology, which are in themselves objectionable, in order to
inform them of his opinion. Concerning interpretation, Kepler
is like a compelled ‘beast of burden’ which has to put’its foot
in this puddle’. He feels it would be best if, in the presence of
the celestial sign, people were tc commune wi'h themselves,
examine their mistakes and vices, and repent.

There has been no recurrence of a naked-eye Supernova since
the time of Kepler. The world's modern astrcnomers await the
next one with high anticipation, for Brahe’s and Kepler's stars
appeared on the historica] scene before the telescope did, and
they are now ready with extremely powerful and sophisticated
instruments. As Clark and Stephenson, in their book The
Historical Supernovae, say of a new supernova occurring within
our galaxy:

The immediate impact on modern astronomy woutld
undoubtedly be considerable - the long-term impact on
civilisation on the planet earth of 4 particularly ne.-py
supernova could be extremely dramatic . . . the world’s
astronomers and astrophysicists wait, hoping that during
their lifetime they may be privileged to witness one of
the Universe's greatest spectacles,

Man’s philosophy may change with the ages, but eacii phiic-
sophy cannot avoid turning upwards to the stars in recognition
of events which contain the very source and secret of fife
Between 1572 and 1604 there were other reports of pew siars,
one by David Fabricius in Frisia in 1596 when he noticed an
addition to the consteliation of the Whale between August and
October. A new star was also reported in the Whale in 1638 by
the Frisian astronomer Holwarda who wrote an account of s
discovery and eventual disappearance. But after sending his
text to the printer the star reappeared, and in an appendix he
gave the first account of a fluctua ting or variable star. This was
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- also Fabricius’s star, and in August 1659 Holwarda named it

‘Mira’ — the ‘wonderful’ star (Figure 10.21). It was left to I-sma.el
Bullialdus a few years later to recognise that the variation in
brightness was regular and reached a maximum every eleven

months.

FISHES

*

* Mira .
Figure 10.21 -
Today the astronomer, with the aid of the telescope, identifies

about 25,000 variable stars. Besides Mira, a naked-eye exan.\p.ie
is Algol in Perseus (Figure 10.22) noted by Montanari in

*
*
* PERSEUS
*
*
* Algol
*

Figure 10.22

November 1670. But the name is said to come from the Arabic
‘El Ghoul’ which authorities claim means ‘changing spiri¥’ or
‘mischief-maker’. Thus it has been known as the Demon Star,
the Blinking Demon, and (from Ptolemy) ‘the bright one of
those in the Gorgon’s head’. Unlike Mira, Algol dogs not disap-
pear from naked-eye view when at minimu.m brightness. Its
variation cycle is just under three days. The intervals betwet?n
maximum brightness of stars can range from hours to years in
a regular, semi-regular or irregular manner. In fact, 'all sta.rs ar'e
understood to be variable. A nova is a ‘cataclysmnic variable’.
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their degree of visibilit ; these a ishi
changes arising largely gut of the glgiii:?ﬁiils:?\?ihmg's wnd
Records of sunspots in China date back to 28 B‘C and i
Greece a re:ference to a sunspot in the mid-fourth centqy Blg'
can be attributed to Theophrastus of Athens, a pupil ‘ofr}f,\ is
totle. Seen from the northern hemisphere, these bIaIc)k spotsnc;r-

10.23 shows the paths of sung

: Spots for an observer looki d
south af noon at different times of year. It should be not:g thif
the sun’s equator does not lie in the plane of the ecliptic. .

\ [
. / / \
December March June July September ‘
Figure 10.23

If a spot happens to survive after one rotation round the
(‘large ones can linger for months) then a Strange simi] s with
the ’rotanon of the moon is reveajeqd. The spots move
sun’s disc at different speeds, depending on their

tha o

arity with
across the
1¢ sun. They are seen on its face (o, : ot on
S iace {og tunder a fortnight a
most, fmd indicate the motion of axljzzlt;r’1;;jfej Ic;}ntl;wlgm a(
xtse]f‘. This establishes an average synodic (seen from the . Stl;n
rotation period of 27.27 days — very" close to the siderea) e:r' d)
of the.moon. Spots nearest the sun’s equator move fas'tes}i rlod
at their usual highest or Jowest latitude of about 4¢ d ;e
they have a synodic period of 29 65 days - roughly th oF the

— e e

Comets, Meteors and New Stars * 171

corrected to an average of about eleven years when historical
records were examined. Then in 1887 Spoérer, and later

- Maunder, reported that there was a proloniged minimum when

the sunspot cycle seemed to disappear between 1645 and 1715,
though a recent reappraisal of Chinese records casts some doubt
on this. tlowever, it is evident that in the last 300 years the
cycle has varied between the extremes of eight years and fifteen
years. In an average cycle, sunspot activity increases for four
years to o maximum then decreases for seven years. After a
minimum, spots of a new cycle start at highest and lowest solar
latitudes. siter which activity gravitates towards the equator.

There have been attempts to link sunspot activity with the
weather and with the sidereal period of Jupiter (11.86 years).
There is sume evidence to show a possible iink with global
weather. However, it should be added that the oft-cited study
of tree-ring widths is found to revea! the domination of loca]
rather than global solar effects. As to a sunspot link with Jupiter,
this has not as yet been scientifically established.

Large sunspots are naked-eve phenomena and can be seen
when the sun is glimpsed through a dark medium. Two four-

fury sightings in Russia wero at times of forest firac

teenth-ce:
when smoke would dim the glare of the sun. The sinologist
Joseph Needham has suggested that in early China the sun .
might have been viewed through semi-transparent jade, mica
or smoky rack crystal. But possible damage to the retina of the
eye forbids any recommendation today that the sun be studied
directly, st least without professional advice. A safe method is
to siine an image of the sun into a darkened space where the
spots can readily be viewed, especially if the image is projected
through a telescope or lens. What was probably the first
‘ustration of a camera obscura is in a book by-Rein-
-Frisius. ™ A drawing shows an image of the sun
rough a small hole in the wall of a rcom onto the
opposite I'during the eclipse of 24 Januarv 1544, observed at
Louvain. The sun was observed in a similar way by Copernicus,
Brahe and Kepler.

Chinese descriptions of sunspots, however they observed
them, are charmingly imaginative as well as presumably having

published |
erus Gen
projected ¢

, . : at of th ; ;
moon’s synodic period. € some code of size and shape. The first extant record of 28
In 1843 Heinrich Schwabe discovered that sunspot frequency ; BC describes the spot as being ‘as large as a coin’ and others
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a flying magpie’; ‘the shape of a three-legged cr. " ‘as large
as a hen’s egg’, ‘as large as a peach’: ‘as large .- 4 cup’; ‘as
large as a plum’; ‘as large as chestnuts’, etc.

One interesting discovery of modern science . ihat these
tlack spots we see are, in fact, areas of light. They appear as
black because they emit less light than the rest of the sun’s
surface, and are also cooler. In addition, they are powerful
sources of magnetic activity which, in turn, has a connection
with other solar activity and the occurrence of aurorae or
‘northern lights’, which latter phenomena will be discussed in
the next chapter. Aurcrae occurring at high altitudes in the
earth’s atmosphere are more numerous during a decrease of
sunspot frequency, while aurorae at low altitudes tend to take
place mostly near a sunspot maximum.

Such, then, is a survey in this chapter of phenomena which,
according to their own mysterious laws, light up in our skies
for an unexpected season then pass away. We have concluded
with spots and shapes which are also light, but look dark.
Here the question of light is relative. However, the observed

‘phenomena are dark and they indicate a dimming of the sun’s

light, classifying it as a variable star. Also, one cannot predict
an individual sunspot. Phenomena from comets to SUNspots
shake us out of the regular, conventional run of things. We
need ‘broom stars’, ‘guest stars’, ‘constellation children’ and
‘three-legged crows’.

* Some astronomers doubt it did, though the nucleus transited (uncetectably)
the sun’s face.
** De Radio Astronomica et Geometrico (1545},

Chapter 11
Light and the Sky

Qbmemn bl

Between the observer and the drama of thc aircling stars thare
lies an intermediate realm of coloured lights which play, some-
times gently, sometimes strongly, onto the celestial stage. They
radiate like an aura into the earth’s air system,~Bringing colour
to its breathing. :

The brightest colours, yellow and red, lie between the poles
of day and night, light and darkness, and are strongest at the
horizon where sky and earth meet. These are the sunrise and
sunset colours, the lords of the horizon which manifest at the
time of day when a transition takes place between outer and
inner life. Red and vellow, in dynamic fashior:, stand at east
and west as no meek guaidians of these thresholds. These are
the colours which speak most, which announce. And every
day, every season the colour-face of the sky bears a different
expression and different thought behind it concerning Man,
nature and the heavens. A theory of colour must include a
poetic feeling for every passing mood. Here science and poetry
can join hands in a totality of human experience.

It was mentioned earlier that the general impression of the
shape -of the sky was half of an oblate spheroid ~ a flattened
dome. This impression is pronounced in the twilight of morning
or evening, lending greater apparent size to the setting or rising
full meon. The oblate celestial spheroid breathes in our experi-
ence in the course of twenty-four hours. Generally speaking,
the more atmospheric effects there are the more flattened the
sky seems. But earth and sky certainly seem to draw close at
sunrise and sunset when the strongest colours-also flood the
scene. With these colours an extraordinary sense of calm and
contemplation pervades the mind. Yet sunrise and sunset grow
in opposite ways and the joyful awe of a sunrise is quite
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different to the scbering splendour of a sunset. Turner had no

include it in his treatise on the effects of light.

In a sunrise or sunset jt Is important to observe the whole of
the sky drama. It is easy to ignore the subtler effects away from
€ast and west within thjs celestial cranium. If the sky is cléar,
for example in the morning, a more obvious observation is the
extraordinary moment of division between night and day when
the waning moon might be scen among the stars on one side
of the sky, the light of dawn having already put the stars to
flight on the other side. The so-cajled celestial hemisphere
arches above, and Jeft and right (east and west) resolve thern-
selves into two ‘cerebral’ hemispheres. The north-south
meridian marks the cerebra] ‘longitudinal fissure’ and the pole

a location fordiorizon colour - but each in 5 different way. st
as the two hemispheres of the brain are known to be the seat
of different faculties, so the morning and evening sides of the

To the east and jeft are the rising, awake elements of Ppractical
tonsciousness, while to the west and right are the setting,
Inward elemerits of feeling and imagination.

1S i tha Drocese Af o Ty ’ 11

15 in the process of setting in the west, 3 Counter-twilight’
de:'velops In the east. In clear sky conditions aboyt twenty
Minutes- after sunset, western and eastern horizon colours

castern colours at sunset haye a subtle transparency, altering
in blend and hue a5 one watches and manifesting a delicate
‘Peach blossom’ at one stage. The statement of the sun at one
herizon is answered at the other. The purple of the counter-
light seems strongest in late summer angd autumn,
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Above the setting or rising sun a tapering column of iight can
oftenn be seen stretching vertically into the sky and this is
referred {o as a sun pillar. Occasionally, before the sun sets, a
short column can be seen bejow the sun. The vertical position
of the pillar distinguishes it, in non-equatorial regions, from the

~rarer phenomenon called zodiacal light. As the name suggests,

this faint band of light above the rising or setting sun stretches
along the zodiac like a gentle, pointing finger. Most favourable
times for observation are whey the angle of zodiac and horizon
is greatest — je., at Spring sunsets and autumn sunrises.
Conditions must be dark with the the sun well below the
herizon, when a rounded pyramid of soft, glowing light not

unlike the Milky Way extends into the zodiac,
In summer the sun does not sink far enough below the
horizon in mid-northern latitudes for the zodiacal light to show,

but at other times the light can sometimes be seen extendin
& ; -

thinly round the whole arc of the zodiac, as if manifesting the
special Iife of this important cirle of stars. The zodiacal light
has been known since antiquity and is also referred to ag the
false dawn’. On Octeber mornings the star Regulus stands
within the pyramid of light in the east.

During a dark, clear night a counter-sun can be seen to move
from cast to west with the zodiac, in exactly the opposite

PR p

position to the sun. Averted vision from the exact spot reveals
this faint patch of light called Gegenschein or counter-glow,
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first discovered ir. 1854. It is or. the threshoid of v« Sy for
the naked eye, yet it cunnot be seen with binocuiars or {viescope
as they narrow the field of vision and separate the see.ang from
wider, darker contrasts. The eye also has an advasiaze over
the camera which can orly record the light with diffioidty and
possible distortion. If the zodiacal light is present aiso, the
Gegenschein lies within it as a broader, intensified area at the
anti-solar point. A good time for seeing the Gegenschein is in
October when it appears in the dark sky area of the Fishes.
Later in the winter it blends into the Light of the Milky Way in
the Bull and Twins.

Such phenomena as zodiacal light and Gegenschein are
essentially extensions of the sun into the dark nemisphere of
the sky. The night zodiac is not without the subtle, Juminous
influence of the sun within which moon and planets wander.

Considering the night sky as a whole, one can speak of the
sun’s subtle presence over all of it. If one steys under the stars
on a moonless night for several hours, it is surprising how well
one can see. Even newspaper headlines can be read without
difficulty. The stars contribute about one-third of such a dark
sky’s illumination, zodiacal light about another third, and the
rest is due to what is called nightglow or earth light. This
Gelicate and transparent veil of light, occurring many miles
high in the atmosphere, is thinnest (faintest) at the zenith and
thickest (brightest) about 15 degrees above the horizon. Even
in the darkest hours the sun’s light still has its effect.

Under clear conditions, the time when the sky is at its deepest
blue is at dawn or dusk and in the overhead direction After
the sun has risen, this bluest and darkest daytime point can
be found between 95 degrees and 65 degrees from the sun
(depending .on how high it has risen) along a line of altitude.
Again under clear conditions, the biue of the sky s always
darker at the zenith than it is along the horizon where it takes
on a whitisk tint. The complement to this is when the sky is
evenly overclouded and then the zenith becomes brighter than
the horizon.

This leads us on to other daylight phenomena and to ‘exten-
sions’ of the sun during the day itself. The simplest is a corona
(Latin: crown) or ring round the sun (also referred to as an
aureole). Such eifects are frequent, but not noticed because
of the brightness of the sun. Newton made his well-known
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observation of a corona by observing the sun’s dimmed reflec-
tion in calm water. They can also be seen if the direct line
between eye and sun is screened off by part of a building, etc.

The diameter of the corona is only a few degrees and much
smaller than another daytime phenomenon of this sort — a halo
(Greek: threshing-floor) round the sun. Here the sunlight in the
atmosphere (generally in veils of cirrus clouds) where hexa-

gonal, prismatic ice-crystals form, appears pressed ‘out and

refracted into a ring with a radius reaching from the thumb to
the little finger of one’s ouisireiched hand held ai arm'’s lengih
- about 22 degrees. Colours range inwards to outwards through
red, yellow, green, white and blue. The sky inside the ring
often seems darker than outside. The 22-degrge halo is most
readily seen in April and May.

Under favourable conditions, this halo is accompanied by
other, often more complicated georetrical workings of sunlight
into the water element in the atmosphere through refraction
and reflection in minute crystals. Figure 11.3 is taken from a

Figure 11.3

drawing made in 1820 by the explorer Sir William Parry du.ring
his voyage in search of a northwest passage. The smaller circle
of light round the sun is the halo previously desgribed, and the
outer circie is the 46-degree halo. The horizontal line of light
passing through the sun is the parhelic circle and at the intersec-
tion of this and the smaller halo are two ‘mock suns’ or ‘sun
dogs’ or parhelia which can glow quite intensely — red on the
inside, spreading out irito yeillow and bluish white. The circum-
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scribing arc abgye the small halo is named the upper Parry arc,
after the explorer, and the arc tangent te the top of the large
halo is the circumzenithal arc - part of a circle with its centre
at the zenith.

These are some of the main features of this drawing, but the
sun-geometry displayed by these phenomena can become much
more complicated and sometimes difficult to explain optically.
Also, the set patterns can vary at different appearances,
depending on the altitude of the sun, etc. Research still
continues, based on the geometry of hexagonal prisms and
reflectors. One aspect of this research is the use of the computer
to simulate the necessary geometrical and optical conditions
which otherwise could not be calculated. This discovers certain
geometrical principles involved, one example being found in
the Parry arc indicated in Figure 11.3. The upper Parry arc
above the 22-degree halo is shown in Figure 11.4. Simulations

,//’;T\
¥ /

/

Horizon

-
' Figure 11.4

of the optical situation reveal a lower Parry arc, which, indeed,
is seen when the sun and halo are higher above the horizon or
when the phenomenon is viewed from an aircratt. Figures 11.5
to 11.9 show the calculated metamorphosis of the Parry arcs as
they are seen at different elevaiions, the horizonial line
representing the horizon. In Figure 11.9 the sun is 70 degrees
above the horizon. Haloes ..represent,the,.geometry,v.of the ice-
crystal (parent of the sncwflake) and the sun raised to a high
degree. Human ingenuity is still struggling to solve these
exalted ‘theorems’. Writing a skilful technica) description of halo
phenomena in, the Scientific American of April 1978, David Lynch
ends by saying: ‘Halos stir one’s mind and soul, since they

probe both the physical environment of the cloud and one’s
awareness and appreciation of the natural world.’

Figure 11.6
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Famous representations of complex halo phenomena include
a painting by Olaus Petri of a display over Stockholm on 20 April
1535; a drawing entitled ‘Seven Suns’ by the Danish astronomer
Hevelius of the display he saw in Gdansk on 20 February 1661;
and a drawing of a display seen over St Petersburg on 18 June
1790, by Tobias Lowitz.

When certain effects combine, like the sun pillar, the parhelic
circle and the 22-degree halo, then crosses of light can appear
centred on the sun or to either side of it. Also, piilar and halo
effects take place at the opposite side of the sky to the sun,
centred on the anthelion or anti-solar point which can appear
as the intersection of arcs. This anthelion point, when the sun
is above the horizon, can form on nearby mist if the observer
is standing on a mountair top with the sun behind him. Against
the mist is seen the shadow of the observer's head surrounded
by a coloured halo. This is known as the ‘glory’ ~ or the ‘spectre
of the Brocken’ from its frequent appearance on the highest
peak of the Harz Mountains called the Brocken. Diffraction
rings appear in the mist and can also be seen from aircraft,
round the shadow of the plane cn cloud. The spectre of the
Brocken round someone’s head can only be seen by the person
to whom the shadow belongs. Looking at someone else’s
shadow, one cannot see it. It was on the Brocken on 4
September 1784 that Goethe felt moved to pen the words of
Manilius in the visitor’s book kept at the top: ‘Who could know
heaven save by heaven'’s gift and discover God save one who
shares himself in the divine?’

Connected with all these phenomena is the majesty of the
rainbow, which would require a chapter to itself if ireated in
any detail. Needless to say it too can manifest many suhtleties
including white rainbows, red rainbows, secondary bows,
reflection bows, interference bows, etc.

Or the night side of the sky the mcon can be the source of
pillars, coronae, haloes and rainbows. Even Venus, Jupiter and
bright stars can appear with faint coronae round them. The
moon affords the commonest observations of coronae and 22-
degree haloes which show up against thin clouds and dark sky.
Moonlight, as said, gives rise to rainbows, though they are
rather faint and usually colourless.

The mocen corona is often a small band with bluish light on
the inside, expanding into white ther reddish brown. It can
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sometimes be surrounded by one to three other colouied rings,
extending to a maximum radius from the moon of 13 degrees.
Thus on rare dccasions 2 ‘four-fold corona’ is referred to.

A special but well-known Phenomenon in connection witt,
the sun is the green flash or greer. ray. Just as the sun is settin
and the top edge is about to disappear, an emerald light shoots

“up above it for a moment. The best conditions are a distant sea
horizon and a bright sun, not too red. From the rolling deck of
a ship it can be seen several times in succession. The Dutch
scientist Minnaert prolonged a view of the ray for twenty
seconds by running up the slope of an 18-foot dyke. It can
also be seen above the rising sun, and during Admiral Byrd’s
expedition to the Antarctic in 1929 was observed on and off for
thirty-five minutes as the sun skimmed an uneven horizon in
the slow, 78-degrees scuth sunfise. However, normal sightings
are more common in the tropics than in temperate latitudes.

On one occasion the ray has been seen to charige from green

into blue and violet in the course of a few seconds. Green colour
is also seen to belong to the upper edge of the setting sun and

to the top section of the refracted, disterted disc which, at
one particular moment, appears to separate from the main body
of the sun. The green flash itself has been successfully
phctographed.

Here is an interimediate colour for precisely intermediate
phenomenon between day and night, when' the whole range
of other colours are manifest in the sky around it. In the Isle of
Man it is called ‘living light’. An old Scottish legend (writes
Jules Verne) says that anyone who has seen the green ray will
never err again in matters of sentiment. A ray of pure thought,
perhaps.

The green flash appears frequentiy above the clear desert
horizons of Egypt where, in ancient times, peopie seem to have
believed that the sun is green while travelling beneath the earth
at night. A stone pillar from about 2500 BC depicts the sun,
either rising or setting, as a semi-circle coloured green below
and blue above. Interest in the phenomenon in the West was
largely stimulated in 1882 when Jules Verne published a science-
fiction novel caljed Le Rayon Vert which describes a search for
the mysterious green ray of the sun. Green ray phenomena
have also been observed on rare occasions in connection with
the moon, Venus and Jupiter. There is, In addition, an
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infrequently-observed red ray wh.ich. has be«:‘n ;ee.riozt g:i
underside of the sun as it stands just abpve the Eml };eno_
the bright, emerald light above tbe sun is the\ c;a\n ral p eno-
menon which flashes persistently into our atmospheric environ:

i shown not achvit
ment and has, in recent times, been shown not to be an activity

of the eye or an after-image effect. It is a demonstration of

rher t hore acts as-a-prism.. ...
Goethe's Colour-Theory where the atmospt p

and displaces the image of the sun upwards so that sunlight
and skv colours overlap and produce green. o "
Turning our attention to stariight, we can notice .att(;ictst\;vrsx ”
do concern the activity of the eve. For e‘xa}n‘_pkle, re s.h.t,.lSLl
stared at directly and intently, are seen to brighten. Ygt wvelrte;i
to slightly red stars appear br'xghter when the giazle 1;, astarS !
than when they are viewed directly. Colo‘ur thus ebn l(si 5 2
‘spectrum of behaviour’ for the eye, ranging from ﬁ m;s,hite
shyness. Red stars also seem to scxvntxllate' more t alm hite
ones. If stared at directly, faint stars can disappeas .elto%ehtl
from the observer and 1‘ezxppear“v\/hen the gaze is 51%1 v)ef
averted. This demonstrates that different partslof th;e1 eye na ve
different receptivity and it is important to allow them a

- - colours are
ne inte play. Scme of the subtler cby effects and colours

come inte play ' .
obtained t}:rough peripherai vislxon‘ o the

In northern lands and alsoilr} the far s.outh, ;owar:vast
earth’s poles, inhabitants are pr’.vxl‘ege‘d to wxmessft he m}:)v st
and colourful of nature’s displays in the theatre‘o t }e:.s y; ;1
aurorae or northern lights. These great surfaces of sdlinrrtx};?ikg
colour can hang like huge curtain-s n thg sky or stan y or e
the shields of giant Neorse gods in l:\erpxc E)at'f.le. To live ux:3 o
such phenomena must be tg feel intimately the presenc

rerful S iR upper regions. ‘

polfzncel)t‘j'éfécé;urorgp come)s from the Latin, mean‘r;g tl-lte
goddess of dawn. The metaphor of an aurora bore?l’ls‘ (its
northern manifestation) was suggc‘sted by Gregory o _ OltU;
(AD 535-594) and established b}_r Galilec and the Frean} sc'xent;le.
Gassendi. The first report of an ‘aurora aus.trahs (1r(1: )
Antarciic) was that of 20 February 1773, by Captaln']axnes ook.

Aurorae are understood to arisg f¥om interaction bet;:ve[e\n
the sun's activity and the magnetlc.held rounc! t?ebeiitw.’ ;
mentioned in the last chapter, there is a rhythr:n;c 1r(1)“ u(.)f. i;e\e
the frequency of aurorae and the sunspot cycle. One

ichts i i v
most prominent disvlavs of northern lights i1 recent times topn
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place on 11 February 1558, after an intense solar flare at the
surface of the sun twe days previcusly. Above the wasth's geo-
magnetic pole, the aurora forms as a glowing ring which, during
high activity, becomes larger and descends to lower iatitudes.
At such times radio communications on earth are disturbed.
Seen technically, the aurora is a fluorescent lurninosity which
has been described by scientists as something of a nieor light
within nature (‘an electrical discharge phenomenon in low-
density air’) or similar to a television picture with the upper
atinosphere as the screen and the earth’s magnetosphere as a
cathede-ray tube.

Be that as it may, nature’s display is unsurpassed. Twe basic
forms emerge - ribbons or curtains, and cloud-like patches. At
times of high activity there is a development from the former to
the latter. The ribbons begin in a ‘homogeneous arc’ of smooinly-
graded luminosity, brightest al the bottom and fading into the
night sky at the top. Folds then appear (Figures 11.10 and 11.11)
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and majestically drape across the whole sky like huge curtains
or scrolls. These then dissolve and are replaced by separated
patches. Such patches appear most otten after midnight. In the
ribbon forms which deveiop as far as the stage reached in Figure
11.11. a pink glow appears along the bottom. Most aurcrae are
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green or blue-green, with occasional enhancements of pink and
red. However, what has been described are the more
commonly-observed forms and colours and tbere are other,
rarer varieties. On infrequent occasions there is a spectacular
rose-coloured type. ‘ .

It is thus fitting to conclude our theme for this cbaptgr with
the awesome beauty of one of nature’s most arresfm’g §1g11ts -
through which, incidentally, stars and planﬁs still shine and
only add to the splendour. Much of the hg.ht of the sky,
however, is not so obvious or dramatic. But if the observer
knows of its existence he begins to see it. Subtle, unearthly
iliuminations in a hitherto unconscious realm suddenly become
visible. ‘

Such, then, are some of the effects of light in the sky'—
atmospheric stage lighting for the celestial scene. Without it,
astronomy would be a plain affair.
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Chapter 12
The Telescope Image and Beyond

This book began with support for an earth-centred astronomy in
which appearance, or the immediate experience of the ordinary
human being without the intervention of sophisticated instru-
ments, was restored to dignity in order to enter on a fresh view
of our knowledge of the sky. For the ordinary person standing
under the stars unaided but for his own eyes and a constellation
map, this naturally leads to a non-Copernican system. The one
adopted here has been largely Tychonic (Chapter 10) with the
gaitiv cenival 10 il celesiial sphere and the sun central to the

planets. Now that an observer-based astronomy has been’
d

escribed, it is perhaps in place to relate it to other aspects.

Often the first thing an amateur astronomer is asked by the
inquirer into the lore of the night sky is: ‘Do you have a tele-
scope?” The answer, of course, is ‘Yes.” Then the second inevi-
tabie question comes: ‘Can i look through it?” The answer again
is affirmative, but maybe with the unexpected rider that the
stars will then appear as even smaller points of light and it is
much more interesting, at first, to look with the naked eye. As
the famcus amateur astronomer, Leslie Peltier, discoverer of a
dozen comets with his telescopes, said ‘fortunate is he whose
introduction to the skies comes to him through nature’s eyes
alone and not through any telescope’ and stated ‘most emphati-
cally’ that

a telescope is not essential to an enjoyment of the stars;
. even without optical aid of any kind one still can
become an accomplished star-gazer. No one, as vet, has
ever nearly exhausted all the possibilities of observing
with the naked eye alone.

187
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But the telescope has come to mean ‘astronomy”’. and in the
public mind has taken on a certain magic. And magic it is (o
peer down the tube and see, moving in the glass, iiie gliding
image of Jupiter and its moons, Saturn and its rings, or crescent
Venus. These are incredibly beautiful images which modern
invention has brought to the eye of Man. They stretch the mind
out into space to gaze wonderingly on other worlds. The tube
pushes against the celestial sphere and shatters it.

The moment one glances through a telescepe, the ordinary
senses retreat and the mind leaps into theory and speculation.
Sky phenormena are no longer encompassed by pure obser-
vation but for ever stretch beyond it, asking to be wnterpreted
in the rational terms which the optical instrument first lays
down. This is an entry into another realm. The universe
becomes purely physical. The acters and actresses on the
celestial stage are analysed in ferms of atoms and molecules.
Why did that character suddenly raise her arm and cry out?
Because certain muscles contracted, others expanded and there
was a vibration caused by compressed air in the region of the
larynx. The play is a forgotten myth. The shadows multipiy
and dance more vigorously at the back of Plato’s cave in his
allegory (Republic, Book 7).

Yet, in themselves, the images in the telescope are a fasci-
nating and wonderful world, just as the larynx is a wonderful
organ and yields much of its physical properties to the micro-
scope. The important thing is that the investigator does not lose
his sense of wonder ard his concept of the whole. But the
temptations of the optic tube in the other direction are great.

The word ‘telescope’ is from the Greek meaning a far view,
and is thought to have been devised by the Greek poet and
theologian John Demisiani and publicly conferred on the instru-
ment in the presence of Galileo oy Prince Frederick Cesi on 14
April 1611, at a banquet in Rome held in Galileo’s henour, at
which Demisiani was also present. To Galileo, however, it had

"~ “been simply an “ccchiale’ or eye-glass, sometimes also rendered

as spy-glass. Milton called it a glazed optic tube,

In May of 1609 when Galileo was forty-five years o/ age and
professor of mathematics at Padua, pe heard, whiie visiting
Venice, that a Dutchman had constructed such an instrument.
He returned to Padua and within twenty-four hours of his
arrival had constructed his own ‘by way of pure reasoning’ and
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‘through deep study of the theory of refraction’. A

According to the scientist Sir Oliver Lodge, C?ahleq--took an
old, small organ pipe and fitted spectacle lense3 into either end
to construct his first telescope. It magnified objects by three
times their diameter. In one end of the tube, probably about 2
feet long and described by Galileo as made of lead, he placed
a lens less than 2 inches in diamétér which“was convex on one
side, and in the other an eye-piece which waf conclave on one

no gaw wag tho miahle wav up
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Figure 12.1

unlike later astronomica! telescopes which are constructed
differently. His first thought for its use was mil‘itary, as was
that of the Dutch who were warring against Philip II of Spain
and who tried tc keep the invention secret. Galileo returned to
Venice with a second version of his instrument. Noblemen aqd
senators climbed the steps of the highest churc'h towers in
Verice to see ships heading for the harbour iwo hours before
they were sighted with the naked eye. .
Back in Padua, he carefully ground his own lenses and built
superior models. The next magnified by eight 'diameters a'nd
was followed by one magnifying by twenty diametess. W}th
this last telescope he observed that the moor~had nountains
on its surface. His next (fifth) telescope magnified by thxr'ty
diameters and he later affectionately called it his ’pxd
discoverer’. On 7 January 1610, he turned it towards Jupiter
which was rising fairly high in the east at sunset. The:. moon
was almost full, standing near the planet and shedding its
interfering light when Galileo aimed his spy-glass. He saw
three tiny points of light near Jupiter and took them to be
stars (Figure 12.2). The following night he happene.d, by mere
accident he says, to observe Jupiter again and, to his surprise,
the nearby ‘stars’ had moved (Figure 12.3). During subsequent
observations he saw four points of light (e.g. on 13 January as
in Figure 12.4) and later announced his discovery of four moons
of Jupiter. . ]
The telescope he was then using (his ’olsi dx§covere{) was
5V2 feet long with a convex leyws 2¥4 uches in diameter at the
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Figrre 12.3

Figure 12.4

opposite end to the eye-piece (the ‘effective’ diameter of this
convex or ‘object’ lens, however, was only 1%2 inches). This
lens, later broken, is now preserved in the Museum of Physics
and Natural History in Florence. This would show the moons
of Jupiter larger but less clearly than a pair of modern field
binoculars. Two of Galileo's telescopes plus the broken objective

Padga. There is no record of a constructed telescope support
and in his writings he simply speaks of fixing the “tube jn some,
stable place to avoid the trembling of the hand which comes
from the throbbing of the arteries and from breathing’. The
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modern [talian astronomers, after looking through his original
instruments, could only admire the sharpness of his eyesight.

Seeing moons (or satellites) move round Jupiter while it, too,
moves through space supported the thought that the earth and
its moon might do the same and vindicate Copernicus - though
none of Galileo’s observations proved that the earth was in
motion. Further support came with Galileo’s discovery in the
autumn of 1610 that Venus had phases like the moon which
were consistent with it orbiting round the sun. He had also
observed in the summer of 1619 that Saturn was ‘three-bodied’
having a ‘star’ on each side of it, which stars, however, gradu-
ally disappeared over the foliowing two-and-a-half years. In a
letter to o patron he wrote: ‘Now what can be said of this
strange mctamorphosis? . . . Has Saturn devoured his children?
Or was it indeed an illusion and a fraud? But the ‘children’
returned and Galileo further reported that in 1616 he saw Saturn
with two “mitres’ or ‘ears” on either side instead of round stars.
It had to wait until 1656 before the Dutch astronomer Christiaan
Huygens, using a long telescope which magniiled by a hundred
diameters, discovered the secret that ‘Saturn is surrounded by

a thin flat ring not touching it anywhere, which is oblique to

7
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the ecliptic.” This explained the fifteen-year cycle of brightening

and dimming, the planet’s brightness being enhanced when the
rings are scen ‘open’ from an angle and reflecting more light,
and dimirished when presented edge-on.

As well as engendening support and admiration, Galileo’s

- discoveries brought powerful opposition, as history knows. The

traditional cosmos was being threatened. Cne opponent said
[Tlhe catellites of Jupiter are invisible to the naked eye, and
therefore can have no influence on the.earth, and therefore
would be useless, and therefore cannot exist.” Clavius in Rome
said of Jupiter's satellites: ‘[Y]ou must construct a telescope
which would first make them and then show them.’ Some
dissenters refused to look through the telescope at all.

If they had looked through they would have seen those tiny
points of light which amazed their discoverer and today thrill
the novice astronomer with their strange and serene beauty
etched against a sky which is darkened to black velvet by the
telescope lens. It is one of the most moving of modern sights.
Yet it is so simple. It impresses because it whispers, from the
silent spaces, of life out in the universe like our own, Of import-
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ance to serious objectors tu the telescope’s revelations was
unease that the celestial world would become inciw ed in the
physics of the terrestrial.

The eye-piece of a telescope provides a peepsauw into a
plurality of worlds. If asked, most peopie today would probably
say they believed that there was intelligent life in t.r- universe
beyond our solar system. Although many of these sarae people
will not have looked through a telescope, and although the idea
of other worlds like ours pre-dated the telescope, tae work of
this marvellous instruraent has nevertheless by its very nature
promoted the concept of an inhabited universe. This tendency
is furthered by the spectroscope, which analyses the iight and
colour properties of stars as an indication of physical ;v perties,
and radio receivers which detect distant sources vehici, are even
invisible to the tel:scope.

As I write, a newspaper headiine has just proclaimed: ‘Tele-
scope lifts heaven’s veil.’ The story is that an orbiting satellite
(IRAS), carrying an infra-red telescope which is sens:itive to heat
and can penetrate inter-stellar dust, has detected ‘tiny varticles
gathered in a giant shell’ round the star Vega, which particles
‘may one day coaiesce into planets’. No planet h. . yet been
detected as a companion to ¢ny star except the sun, though
there are ‘binary’ systems of double stars. No ‘optical” telescope
can resolve the image of a planct on a distant star, yet the hope.
is that astronomy may one day somehow detect one. It may
do, though this is a long way from establishing the existence
of extraterrestrial life.

In fact, among scientists the pendulum has begur to swing
away from optimism and towards scepticism as regards intelli-
gent life in the universe beyond the carth. This . 4 recent
trend., Only thirty years ago, the Astronomer Rowal. 3ir Harold
Spencer Jones, wrote a bLook, [ o Diber Worlde, ir swhich he
says that on Mars ‘we appear to have direct evidenc. of life’
and it is almost certain that there is some form of vegetation

on Mars’ where ‘the Guestion at issue is not whether i canals -

exist or not. There can be no question about the existonce of at
least the most conspicuous of r..om.’

We now know that the Astropomer Roval, and m.nv others
with him, were working undc- an lusion. The iliv~ion was
created by the image in the telescope and the fertile inaeygination
of Man. It started last century when, in September 1677, the
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Italian astronomer Giovanni Schiaparelli made telescopic obser-
vations of Mars during its favourable opposition and noticed
between the ‘continents’ dark streaks which he called ‘canali’” -
[talian for channels or grooves. However, the word was trans-
lated as ‘canals’, and a term for “artificial’ water channels passed
into astronomical literature, leading to intense discussion and
speculation. Schiaparelli later described canals as becoming
double, forming two virtually parallel straight lines principally
in the months preceding and following the melting of the
Martian polar cap which appears in the telescope as a seascnaily
expanding and contracting white area.

The idea of artificial canals was followed up strongly in
America by the astronomer Percival Lowell who also saw the
straight, geometrical canal patterns (shown diagrammatically in
Figure 12.5) and concluded that they must have been made by

Figure 12.5

intelligent beings struggling to preserve life on a planet which
was drying up by using a great pumping system on a scale far
surpassing any of the works of Man, presupposing an advanced
type of intelligence. :
Spencer Jones dismissed the straight lines as optical effects,
but retained the concept of vegetation on the planet. Schiaparelli
himself, though he saw the lines, did not directly adduce the
presence of intelligent Martians, but commented: ‘I am very

careful not to combat this supposition, which includes nothing
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impossible.”

In 1902 the British astronomer Walter Maunder conducted a
Martian canal experiment with a group of boys at Greenwich
Hospital School. He hung at the front of the class a small
diagram of Mars .with surface features shown but without
canals. He asked the children to draw what they saw, and those
at the back of the room connected some of the smaller markings
into lines which looked like the mysterious canals. The French
astronomer Flammarion, who supported the idea of Martian
inhabitants, heard of the experiment and repeated it with
French schoolboys, none of whom drew lines. Perhaps the
French children had better eyesight. Perhaps the English chil-
dren had more~imagination. In any case, when spacecraft
orbited and mapped Mars at the end of the 1960s, the canals
vanished.

Spencer Jones was more cautious concerning the possibility

of life outside the solar system. In a more carefully argued
conclusion to his book Life on Other Worlds he says:
{Wle are certainly not justified in supposing that the colar
System is unique. It has somekow come into existence,
and it is not logical to Suppose that other systems could
not come into existence in a similar way . . . the number
of planetary systems in the whwie universe could be
considerable, because the number of stars in each of the
Separate stellar universes and the number of these
universes are both very great.

Spencer Jones does not then fall into the trap of saying that,
for the same reason, intelligent life must exist elsewhere in the
universe. Such a line of thought is often taken up today, but it
is aimost equivajent io saying ihatl if a team of monkeys were
taught to type and did so for a hundred years (or any consider-
able length of time) one of-them_would. produce a play by
Shakespeare. Instead, Spencer Jones says:
P

In any planetary system everything seems to be weighted

against the possibility of the existence of life . . . Life

elsewhere in the universe is therefore the exception and

nct the rule . . . We cannot hope ever to have any direct

infermation about these remote worlds.

———

.
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The astronomers Jeans and Eddington both questioned the
existence of intelligent life elsewhere in the universe and more
recently Sir Bernard Lovel!, Professor of Radio Astronomy, has
given further support in this direction. In his book In the Centre
of Immensities he points out that even if the theory of planetary
systems clsewhere were correct, then the growth of habitable
atmospheres. on them needed very special conditions, as
evidenced by Mars and Venus probes, and in addition, as in
the case of the earth, there was ‘almost zero probability’ of
organic life subsequently developing. losif Shklovsky, a leading
Soviet astronomer, wrote in the 1980 Yearbook of Astronomy:

If there are no visible signs of highly-developed
intelligences elsewhere in the universe, we must
conciude that such intelligences do not exist . . . No
visiting, super-intelligent beings will arrive to help us
sort out our problems on Earth. The respousibility is
ours, and ours alone . . . The realization that humanity
is a lonely and singular phenomenon in the universe,
coupled with an awareness of the vast scale of the
cosmos and the frailness and smallness of our beautiful
planet Larth, should become a major moral and ethical
factor in our thought.

Yet the modern mind persists in populating the universe at
distances veyond  the resolving power of the telescope,
depending on an idea no less fixed than that of Galileo’s critics
rather than on phenomena.

Sir Harold Spencer Jones also gives voice to a huge and
generally held assumption which has followed on from Galileo’s
first peering through his tube in his Italian garden. He says
unequivocaily that ‘[Throughout the whole universe there is
an essential uniformity in the structure of matter . . . matter
obeys the same laws throughout the universe.” This could well
be a statemment on the jeve! of his Mars observations. The spec-
troscope only reveals what the spectroscope can reveal and the
human mind can only make of it what it knows from experience
of the earih. But the universe may be more wonderfui than
present instruments and understanding allow. To assume that
the universe is just like ourselves, only bigger, conditions us i,
what we think we see and, in this sense, is strangely remi-
riscent of astrology which stands at the opposite pole ideologi-




196 * The Telescope Image a:.4 Beyond

cally. Traditional astrologv and pure astrophy-ws are the
extremes. YWiai i»> required is a cJear-minded hut inwardly
flexible balance between the 'wo.

At the threshold of outer p rcepticn, the reaim ot smagination
begins. Weak telescopes ha- - given us immateria’ canals on

Mars and even, this centur
imaginative sphere around 15
enough to dispel it. It will alw.
we like it or not. It invites .
intelligent beings. Ancient r

intelligences among the sta: .

places higher intclligences a..
become extrateniestrial civilis..

vegetation on the mooun. This
will never be pushed back far

-vs be part of the cosmros whether

i to populate the unsvesse with
igious mythology p-azcd higher
Modern scientific mythology
wong the stars. The pods have
ions.

There is ancther point to m.ntion about the telescope which
is not usually considered imporant. Not only does the astro-
nomical telescope narrow down the field of view and the part
of the eye used, separating thcm from the whole, but it also
inverts the phenomenon. The number of lenses used is reduced
to increase light-gathering properties, which resuits in the
image being seen upside-down; so that when fooking at Mars,
north is south and east is we .t. Optically, of cour-v, this is a
triviality, but the whole sense . f normal orientation i« dissolved
and left-right, up-down lose :mportance. It is interesting that
Galileo retained normal orient:tion with his particular arrange-
ment of lenses and when he looked at Jupiter's moons he saw
them placed as the naked eye would see them if it could — as
in Figure 12.6, and not as the modern astronomical telescope
would show the same phenomienon, as in Figure 1207

%
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Figure 12.6
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Figure 12.7
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Galileo’s telescopes showed an area of the sky of about half
a moon diameter. His drawings of the lunar surface show the
moon the right way up, as it is observed with the nakefi eye,
with: north at the top and east in the direction of sunrise on
earth (Figure 12.8). But later representations made with the
inverting telescope turned it upside-down in many maps gnd
books (Figure 12.9). Other maps mix the two axes qf orientation
{Figures 12.10 and 12.11}. This has led to confusion and it is

N

S
Figure 12.8

Figure 12.9

N

Figure 12.10
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.

Figure 12.11

sometimes difficult to know, when consulting a moon map
what the directions are. The area designated the ‘Sea o%
Serenity’, for example (marked with a dot in the diagrams here)
can appear in the east or west. The logic of the orientation in
Figure 12.11 is that, viewed thus from earth with the naked eye
and north at the top, it is also correct geographically for
somecrie on the moon in relation to an' eastern sunrise there
and this layout was preferred by astronauts. In 1961 the Inter:
national Astronomical Union adopted the latter orientation as
official. Cne remaining 'complicatinn is that the Mare Orientale
(Eastern Ses) now stands in the western hemisphere of the
moon’s globe. The term ‘sea’ is a relic of the days when
astronomers thought the dark patches on the surface were
water. '

When Galileo turned his telescope to the fixed stars he found
that they did not show up as round discs like the planets but
as bright points of light which, he said, had been stripped by
the telescope of the extraneous, sparkling rays seen by the
naked eye. His spy-glass pierced through what he considered
to be unnatural light effects and also confirmed the Milky Way
to be a myriad of stars crowded together ‘making its nature
maniiest o the very senses as well as to the intellect’. It also
pierced, without knowing it, to the realm of undiscovered
planets beyond Saturn. At -abcut 3.45.in_the. morning on 28
December 1612, he drew the positions of Jupiter and its satellites
and added a nearby ‘fixed’ star which was, in fact, according
to recent research, the planet Neptune. No other star visible ir?
his telescope was in that position at the time. Jupiter then
occulted Neptune on 4 January 1613, but Galileo saw the planet
ageir: on 27 and 28 January, noting at the bottom of his sketch

for the 28th that one star (Neptune) had ‘seemed further apart’
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from another the night before. Neptune had just passed its
eastern stationary point and had slowly begun to retrograde
westwards towards the other star (SAO 119234) in the modern
consteilation of the Virgin (Figure 12.12).

Figure 12.12

Given a few more observations & the moving star, and trust
in his first impression that it did in fact move, Galileo would
have been the first astronomer in history to discover a planet
beyond Saturn. As it was, Neptune then moved all the way
round the zodiac and into the constellation of the Waterman
before it was eventually seen and identified as a planet by
Johann Galle at Berlin Observatory on the night of 23 September
1346 (Figure 12.13). He used caleculations, made by the French
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Figure 12.13

astroniomer Le Verrier, for the position of the planet. Thev
assumed the planet to exist because of a gravitational disturb-
ance of the orbit of Uranus. On 13 March 1781, Sir William
Herschel discovered Uranus, with a ielescope irt his back garden
in Bath (though the planet, at best, is just visible to the naked
eye) and Plute was discovered (using photography} in the same
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constellation ot trie Twins ealy in 1920 by Clyde “ombaugh of
the Lowell Observatory, USA | Figure 12.14). The - ‘lescope has
also winkled out smaller bo.:ius in the solar sys:»m, the first
minor planet o asteroid k.tween Mars and !upiter being
discovered by the Italian astr.momer Plazzi on 1 January 1801,
This asteroid was named Ceres and since its discovery thou-
sands of others have been duiected, forming an asteroid belt
near the plane of the ecliptic and moving through the zodiac in
the same direction as the other planets. Cnly one, Vesta,
reaches naked-eye visibility.
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- Figu-« 12,14

The telescope has also reaped its share of misapy-ohensions
and mysteries. A rronch Lty doctor and amteur astro-
nomer called Lescarbault, living near Otieans, repoit.d that he
had seen what looked like a Planct cross the face ot L. sun on
26 March 1859. The astrononct Le Verner used thye s part of
evidence for a planet orbitine the sun within the orbit of
Mercury and named it Vulcan - e Reman god of five. cinperor
Napoleon III bestowed the Legion of Honour on Tescarbault,
Le Verrier gave Vulcan an orbital period of thirty-three days
and predicted that it would tranait the sun again on 22 March
1877. The astronomers of the world watched the sun on that
day, but no planct appeared and it has never been seen since.
There are other explanaiions as to what Losca rbault sav.. Perhaps
his telescope deceived him or. it has been suggested, he saw
an Apollo group asteroid which passes between sun and earth.

Telescopic study ot actual plancts revealed for the first time
that they have phases like the moon. Mercury or Venus pass
through all phases scen from the varth, as shown in plan view
in Figure 12.15. Scen side-on from the earth the picture s as in
Figure 12.16, with the half phase occurring at greatest elon-
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Figure 12.15
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Figure 12.16

gation, where a lire of sight from the earth is a t.ang.ent to the
planet’s orbit. The apparent diameter of Venus is elght times
greater at inferior conjunction than at superior conjurction, and
therefore shows a maximum lit area and is brightest when at
crescent phase. Mercury’s inferior conjunction is further from
earth than Venus’, and its superior conjunction is closer to
earth than Venus’, so its change in apparent diameter is less
and the lit-area and briiliancy maximums favour the giobous or

full phases. If we also place the exterior planets such that their .-

centre is the sun rather than the earth (though the telescope
cannct distinguish the difference satisfactorily as far as phetses
are concerned) then it can be seen from Figure 12..17 that they
never become less than gibbous. Their lea§t phasg is at quadra-
ture and at both superior conjunction and opposition they are
full. Even through the telescope the interior and exterior planets
dispiay quite different characteristics. The image in the tele-




202 » The Telescope Image and Beyond
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times. This meant that three synodic periods of Mercury (each
about 116 days) occurred between, say, two favourable evening
appearances. At these appearances the planet showed more or
less the same markings, so it was assumed that it always turned
the same face to the sun, like our moon. This was announced
by Schiaparelli in ftaly in 1891 and supported in France by
Antoniadi. It was not until 1965 that radio astronomy, tarried
out at an observatory in Puerto Rico, discovered that the situ-
ation was otherwise. Radar echoss from the nlanet establish an
axiai rotation relative to the stars of 58.6 days. This means that
six axial rotations will be completed in aboui three synodic
periods, thus leading to the deception. The surprising aspect is
that there appears to be no ordinary reason for this coincidence
between the rotational movement of one planet and its orbital
relation tc another. In addition, a day on Mercury (176 earth
days) is longer thar the planet’s year—in fact, the day is exactly
two years long.

An unexpected discovery by radar about Venus was that its
solid surface beneath cloud cover rotated clockwise seen from
its north pole — the opposite way to normal. [t does this in
reiation (o the stais in just over igit earth months. The Venu-
sian year is 7.6 earth months and in that time the planet experi-
ences just under two of its ‘days’ - the opposite situation to
Mercury. It is remarkablc that, while Mercury turns its same
face to the carth every three synodic periods, Venus does so
after every synodic period.

Bevond the planets the telescope forms images of deeper
space, yet the stars still do not yield up a physical nature to the
inquiring lens. They remain poinis of light, though sharper and
smaller (i.c., without irradiation) than to the naked eye. To
vision, the s:ars reach us not as physical entities but as qualities
of concentrated light.

In 1610 Nicholas Pieresc, using a telescope given to him by
his friend Galileo, discovered a nebulous glimmer round a star
in Orion’s sword. It is now known as the great nebula in Orion,
lying within our own galaxy, and is understoad to consist of
gaseous substance and stars. On 15 December 1612, the tele-
'scope of Simon Marius ot Kulmbach was aimed at a misty,
naked-eye putch of light in the constellation of Andromeda and
he described it as like ‘the Light of a. ourring candle, shining
through translucent horn, when seen at night from afar’. The
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optic tube was probing what now appears as a whole galaxy of
stars outside our own: another world. Marius’s candle flame is
today called the spiral galaxy in Andromeda.

At this stage, the imménsity which appears to stand in the
teiescope eye-picce brings the mind to the borders of incred-
ulity. No longer can the whole be honestly grasped. The detail
Is overwhelming. Cne can count it a blessing that the unaided
€ye cannot perceive such things, otherwise the celestial realm
would impose itself mercilessly on the observer from all direc-
tions, imprisoning him. As it is, we only perceive these things
along a narrow shait of vision at a time and, if we keep a sense
of orientation and selfhood, we seem to be looking into the
very inner organs of our cosmos when we glimpse the glowing
forms of tie galaxies and nebulae.

The telescope has not brought these distant worlds nearer to
us, but it has spread out the image of what we are alrcady able
to see, to allow us to detact more detail. It is the eve which
determines what, and how much, we see in the telescope. The
telescopic universe already lives in the £ye i s sense.
Further, if the eye s conditioned to earth existence then it seeg
what is appropriate to it. The same applies to other raethods of
detection other then the telescope, which detect what lies within
their specific realms. Likewise we cannot come to appreciate
the music of Beethoven unless something of the spirit of the
music already lives within us. The eye lives in the universe but
the universe lives in the eye.

In using the telescope which, with the micrescope, is one of
the most important scientific instruments of modern times, we
must keep cur sense of humanity and proportion in the light of
its fascinating revelations. We must not become like laboratory
technicians -analysing a painting by Raphael in terms of
pigment, colour grading, chemical formulae, etc., and not
seeing the painting or the painter. The telescope examines the
letters of the starry script. The unaided eye sees the woript. The
imagination reads it.

Resolving a perceptintoanimage is as active and imaginative as
forminga mythological picture. Both are partofthe acti Viiy perme-
ating the eye with consciousness. Thig brings us back to the
discussion of optics, which is integral to astronomy, tuwards the
beginning of this book (Chapter2). The experience of se. mig takes
place in space in a iving unity of image, object an itgoing
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thought. In his book Visizai Thinking, Rudolf Arnheim says:

In looking at an object we reach out for it. With an
invisible finger we move through the space around us,
go out to the distant places where things are found, touch
them, catch them, scan their surfaces, trace-their
borders, explore their texture. It is an eminently act»ivev._ )

occupation.

Astronomy, in addition to rather than despite modern tech-
nology, must become an ‘eminently active occupation’ in terms
of observation, thinking and imagination if it is to retain and
develop any real connection with the human being. Much time
has passed since the Babyionians used the star sign 3 for a
god or lord in their writings or since theatre avdiences properly
understood Lorenzo’s words to Jessica as they sat together in
a moonlit garden in The Merchant of Venice (Act V, Scene 1):

There’s net the smallest orb which thou behold'st
But in his motion like an angel sings,
Still quiring to the young-ey’d cherubins . . .

Here Shakespeare connects the cierubim wille e sphere of
fixed stars, a tradition handed down from Dionysius the Areo-
pagite and St Paul about the ordering and naming of the heav-
enly spheres. Nine hierarchies were depicted beyon.d the earth,
from angels to seraphim, concordant with the nine sphgre.?
from moon to primum obile ~ or sphere of ‘first moving
which stood beyond the fixed stars (Figure 12.18). Ea§h, sphere
had its specific quality and movement and the system is strange
to the observer of the sky today. Yet, familiar to the naked-eye
observer is a qualitative differentiation among planets and stars.
A careful and methodical study reveals a definite pattern of sky
lore riot often realised and which, in a purely phenomenological
way, builds up a many-tiered picture of the immediate effect
on our experience of celestial movements and appearances. The
behaviour of Mars and its satellites can certainly be character-
ised, as can be seen from the present book, by the Greek word
‘Dynameis’ (Figure 12.18). ) )
What, then, lies beyond the image in the telescope and xt.s
technical successors? Human thinking, imagination, and their
vehicle the eye. Today it takes an effot to perceive actively and
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Figure 12.18

unaided as in the days prior to the great discoveries of Galileo.
We should use the telescope knowing this and refresh the eye
with wide, peripheral views and grow as intimate as we can
with the face of the whole sky. The eye has three areas of seeing
- central, intermediate and peripheral - as has the mind in
understanding.{ ,

But since the time of Galileo no need is felt for another revol-
ution in seeing or an augmentation: of the spy-glass approach.
The situation is excellently put by Jung in his book, Synchron-
icity: An Acausal Connecting Principle:

When Galileo [he says] discovered the moons of Jupiter
with his telescope he immediately came-into-head-on.
collision with the prejudices of his learned
contemporaries. Nebody knew what a telescope was
and what it could do. Never before had anyone talked
of the moons of Jupiter. Naturally every age thinks that
all ages before it were prejudiced, and today we think
this more than ever and are Just as wrong as all previous
ages that thought sc. How often have we not seen the

T - Ty
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truth condemned! It is sad but unfortunately true that
man learns nothing from history. This melancholy fact
will present us with the greatest difficulties as soon as
we set about collecting empirical material that wouild
throw a little light on thjs dark subject, for we shall be
quite certain to find it where all the authorities have
assured us that nothing is to be found.

There is plenty to be found if we have the eyes to see it. As
seeing is active, what we see is equally as much a reflection of
the human being as of nature. This is increasingly being recog-
nisea today and the Galilean pendulum, so to speak, is
swinging back.

I hope that the foregoing chapters will have provided the
reader with a description of observationai astronomy which
lends itself to further precise investigation into the living
relationship of Man and cosmos. It has not been my task to
write a fanciful description or one which iabours ‘connections’
in an artificial way. instead, some support has been given for
a simple and direct experience of nature - an experience which
at best can become transparent, and thus provide a sense organ
for what lies behind the phenomena. If this book succeeds in
encouraging a few eves to turn to the heavens afresh, without
prejudice, and to wonder and learn about the phenomena of
stars and planets as theyv are seen, then it will have achieved
much. For what thi..gs are, as they are directly experienced, is
the effective environment and centains ajl of life’s sway - a
script waiting to be read. Perhaps it is fitting to end by
completing the sentence whic!: Lorenzo spoke to Jessica (earlier
referred to) and share his corcluding thought on Man’s usual
condition with regard to the voices of the stars:

Look how the floor of ieaven

[s thick inlaid with patines of bright gold;
There's net the smaliest orb which thou behold' st
But in his motion like an angel sings,

Stll quiring to the young-ey'd cherubins;

Sucl: harmony is in inunortal souls,

But whilst this muddy vesture of decay

Dotli grossly close it i, we casmot heor it.

A ST LA




Appendix 1
“The Earth Does Not Move’ — Extracts

from a Text by the Philosopher

Edmund Husserl

The following extracts are taken from a short, fragmentary text
by the German philosopher Edmund Husserl (1859-1938). On
the envelope containing the manuscript was written ~ ‘Over-
throw of the Copernican system in the usual ideological
interpretation. The original-ark earth does not move.’

The extracts are reproduced for their relevance to the subject
of geocentricism and for the fact that they come from the pen
of a modern thinker, rather than for any particular adherence
to Husserl’s philosophy or any attempt to represent his entire
thinking on the question at hand. 1 leave their aphoristic
sentences to the reader as food for thought as they may be
considered to have relevance to our theme in the area where
philosophy and science meet. For instance, they provoke the
question as to what movement really is, and the need to differ-
entiate between kinds of movement and rest.

Husserl’s language is peculiarly his own and the reader is
referred to the German original entitled ‘Grurdlegende Unter-
suchungen zum Phdnomenologischen Ursprung der Raumlich-
keit der Natur’ in Philosopical Essays in Memory of Edmund Husserl
edited by Marvin Farber (Harvard University Press, 1940). An
English translation was co-published.in 1981 by the University
of Notre Dame Press and the Harvester Press in Husserl: Shorter
Works under the title ‘Foundational Investigations of the
Phenomenological Origin of the Spatiality of Nature’. In his
introduction to the latter, the translator Fred Kersten explains
that such a work was part of what Husserl described as his
‘meditations’. He quotes Alfred Schutz, an editor of Husserl's
works, as saying of these meditations: ‘These manuscripts of
Husserl should not be considered as papers, not even as rough
drafts of future literary works, but rather as a philosophical
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diary, a scrapbook of hig thought.”

Kersten also quotes Hussex] himself in thjs context: ‘My work
is not that.of building but of digging, of digging in that which
1s most obscure and of uncovering problems that have not been
seen or if seen have not been solved.’

In Husserl's fragments on the immobility of the earth | find
the seed of a new thought which struggles to realise a truth of
human experience despite the overwhelming weight of current

-scientific teaching concerning the purely rationa] place of the
earth in the cosmos. Husserl'’s musings appear, at fj
and idiosyncratic. But, if worked over, they hold together as an
orgaric form in thou ght and can be growninto the flower which
strives upwards in the dark then eventually cracks open the
brick. For want of a more pertinent example from modern phil-
osophy, they are quoted here to serve their practical conse-
quences - g phenomenological astronomy; and perhaps
contribute to an understanding of Rudoif Steiner’s remark* that

a time will come when the Ptolemaic system will again be
correct.

Extracts from the aforementioned tex( by Edmund Husser]

The earth itself, in the original idea of its form, does not
move and is not at rest; only in reference to jt do rest
and movement first have a meaning.

But, as earth has become a world body in the unlimited
manifoldness of furrounding bodies, rest and
movement lose theijr absoluteness. Movement and rest
become necessarily relative. And if there could be 5
controversy about that, it could only be because the

modern-day apperception of the world as world of the
infinite Copernican horizon has not become, oy a

+ AfF
Fevaac, Ut et a

really followed-through world view, a verified
apperceived world.

The apperceptive process has occurred in a way, but jt
has remained only as an indicaticn for a verifying

approach, instead of jtself being construed as the ultimate
proof. '

-+ all proof has its subjective point of origin and

- T
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RSV o .
ultimate anchorage in the ego, the proving ego. I.A;.e y
proof of the new ‘world idea’, produced by a modi .xca ion
é)f interpretations, has its first footing and essence m'
my field of perception and the orientated representation
of that part of the world which has my body as the .
hat

central body among others . . .

i ily relative 1L is experienced
A movement is necessarily relative .wh(.,n 1t is gxpe~1 enc
in reference to a ‘ground body” which i experienced as
being at rest and with which my vody 15 in union.
eing at re

The relative ground body is itsg!f relatively at rest.a_x}id
relatively in movement in relation to the-sg.rface of the
earth which is not experienced, really originally
experienced, as a body.

- 3 3 oo d
As long as I do not have a conception of a new ground,
one from which, in coherent movement, the earth Land
have meaning as a self-enclosed body in :xmvementfan
. o » ) aclhieve a4 ciovreomts an
rest, and as long as I do not achieve a cenception of
interchange of grounds, and through that a conception
ER N ay S T8 = ) .
of both grounds becoming bodies, the earth is a ground
but not a body. The earth does not move — I still say
‘ g X S
perhaps, it is at rest, but that can only suv that each
A LA - b,y b L

part of the earth that | or others separate off, or that
separates itself off, that is at rest or moves, s a body.

i i ¢ parts — when 1 re
The earth is a totality, whose parts :vhu. ,‘lagy a
! i 5 the as bain
thought of on their own, as th.-y c‘an oe, ‘:g "
separated, separable — are bodies, but as 4 ‘otality” it is
not a body.

But how can it (the earth) move as a ‘whole’, how is‘that
conceivable? Not as if it could be firmly grasped - for
that the ‘ground’ is wanting. Has movenient, 'hen‘ce'
bodilyress a meaning for‘ it? Is its place in universai
space really a “place’ for it?

My body: in primordial experience it has no oufer .

3 , i ’ )
movement and no rest, only inner movement and inner
rest, unlike the external bodies.

nent; t il or move, [
I have no movement; whether I stand still or move,
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have my body as centre and around me hodies at rest
or in movement and an iimmobiie ground.

But-also the ground, on waich my body mcves cr does
not move, is not experienced like a body which as a
whole can move or not mave.

But for all ot us the earth is a ground and not a body in
the full sense.

‘T could fly so high that the earth would appear to be a
sphere.” The carth could a!so be so smail that I could
explore all ot it and indirectly come to a conception of it
as a sphere. [ thus discover that it is a big spherical
body. But that is the quesion, whether and how | would
come to the vanception of bedilvness, in the sense that
the earth wuuid be astronomically one body among
others, amonyg the celestial bodies.

The difficulty repeats itself in regard to the stars. In order
to be able to grasp them indirectly as ‘experienceable’

" bodies. I muxt alveady be 4 man on the earth as the
ground from which my experience originates. Perhaps
one could say: the difficulty would not arise if ] and wo
could fly and had two earths as ground-bodies, being
able to move between the two by flight. In that way one
vody would be ground for the other. But what docs it
mean, two earths? Two parts of one earth with one
humanity. Both together would become one ground
and each would at the same time be a body for the other.
They would have around them a common space, in
which each would have a possibly moveable positien,
but the movement would be always relative one to the
sther and not relative o the synihetic ground of thoir
togetherness. The positions of all bodies would have
this relativity, which would, in regard to rest and
movement, result in the question: in relation to which
of the two ground bodies?

The stars are hypothetical bodies in a certain as-if sense,
and so the hypothesis that twy are places of domicile
in the sense of being reachaole is of a singular type,

Perhaps on the plane of phenomenclogy it is 5o, that the

—— e
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calculations and mathematical theories of the Copernican

astrophysics and thus the whole of physics,have, within )_,
their limits, validity ~ but it is also the question, whether

a purely physical biology — which is biology by virFug of

the fact that it is physical - can have sense and validity.

All animals, all living beings, everything which exists at
all have validity of being only from the point of vigw of
my constitutive genesis, and this ‘earthly’ genesis is at
the beginning of everything.

There is only one humanity and one earth — all fragments
which separate themselves off or have ever done so belong
to it. But if that is true, need we say with Galileo: par si
muove? And not the opposite, that it does not move?
Certainly not in that way that it is at rest in space
although it could move, rather as we have tried to
represent it above: it is the ark which first enables the
meaning of all movement, and all rest, as a mode of
movement. Its rest however is not a mode of movement.

By way of further clarification ! here add a footnote from Vincent
Descombes’s book, Modern TFrench Philosophy;, which comments
on this Husserl text, referring to it as ‘The Earth does not
Revolve’. .

It is certainly a striking illustration of the o
pheromenological step which marks a return to the lived

world as being at the origin of everything we know, and

even the origin, die Ur-Arche. At first sight we tend to

think that the question of the earth’s motion must be

decided by astronomy, i.e. by a science dealing with

the planet as one celestial object among others. Since

astronomers have adopted the Copernican solution, we

live in one world in which we both see and say that ‘the

sun rises’, and we think in another, where we know

that the earth revolves around the sun. Conflict exists

between the lived world (Lebenswelt) and the known

world, between the percipio and the cogito. \‘
Pheriomenology invites us to resolve this conflict by

ceasing to identify the real with the objective, and the
lived-thrcugh with the apparent. It sets cut to show



Piie ?7, lectur? 6, of the cycle “The Spiritual Hierarchies and thei
1e Physical World’, Dusseldorf, 12-18 April 1909 (Anth sophi
New York, 1970). roposophi

truthful thar. the trye one. ' ’
t $c1ence deals W?l’h the earih as an object and ascribes
t}? ita movemf:nt In space. But this science was born o
, e.eart'h, land 1t was here on this earth that it provided
ol?]echvg fiefimtions of motion, rest, space, and

the Cpperm'can statement, take thejr meaning from
e€xperiences acquired here. The here, which is the la

qf th:§ ffrst experience, is not therefore a place in f e
Since it is the place of origin of the very notion of s};izccee,

T Reflection in
¢ Press,
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Appendix 2
Calendar of Astronomical Events

1985
Apr 22 Moon occults Mars (svun from Europe)
May 4 Total lunar eclipse

May 15 Spring equinox on N. ars

Sep 4 Close conjunction of Mercury and Mars

Oct 28 Total lunar eclipse
Nov 29 Summer solstice on N. Mars

Dec 8 Moon occults Mars (scn from S.E. USA)
1986

Triple conjunciion of 3aturn arct Antares

Feb @ Halley’s Comet at perinelicn

Apr 24 Totel lunar eclinge

Autumn equinox-on N viars

17 Fotal lunar eciipse
Oct 25 Winter solstice on N. fiars
Nov 13 tdercury transits the su
1987
Mar 29 “ioon cecults Jupiter (seen from Europe)

i
Apr i Spring equinox on N. Mars
Apr 2 Moen occults Venus (seen from USA)
Jan 11 Close approach of Mercury and Mars
Aug 24 IMocn occults Mercury (seen fromn USA)
Sep 22 Moon occults Mars (seen from Europe)
Oct 17 Summer solstice on N. Mars

Apr 18 Autumn equinox on N. Mars

Sep 11 Winter solstice on N. Mars

Sep 28 Dright opposition of Mars

Oct 7 Moon occults Venus (seen from Europe)

1989 -

Feb 16  Spring equinox on N. Mars

Feb 20 Yotal lunar eclipse

Jul 5 Moon cceults Mars (seen from Europej
Aug 5>  Close conjunction of Mercury and Mars
Aug 17 Total lunar cclipse

Sep 3 Sumemer solstice on N. Mars
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1990

Febt 9 Total hunar eclipse

Mar6  Autumn equinox on N. Mars

Mar 22 Moon accults Mars (seen frem USA)

Jul 21 Moon occults Jupiter (sren fraom Europe)

Jul 30 Winter soistice on N. Mars

Aug 12 Close conjunction of Venus and Jupiter

Aug 18  Moon occults Jupiter (sen from Europe and US..:
Oct 16  Close conjuriction of Moreury and Venus

1990/1

Triple conjunction of Mars and Aldebaran
1991

Jan 4 Spring equinox on N. X ars

Feb 12 Moon occults Saturn (sc2n from USA)

Mar 12 Mocen occuits Saturn (son {rom Eurcpe)

Mar 22 Moon cccults Mars (ses : from Hurcpe and USA,
Jul 15 Close conjuniction of M. reury and jupiter

Jul 22 Sunimer solstice on N. “Jdars

Aug 11 Moon occults Mercury @ cen from Europe)

Sep 10 Close conjunction of Mercury and Jupiter

1992
Jan22  Autumn equinox on N. Mars
Jun 1 Moon occults Mercury (seen from Europe)

Jun 16 Winter solstice on N. Mars
Oct 27 Moon occults Mercury (: een from USA)

L

Nov 21  Spring equinox on N. Mars

Dec & Total lunar eclipse

1993

Apr 19 Monan occults Venus (secn from USA)
Jun 4 Total tunar eclipse

Jun 8 Summer solstice on N. Mars

Nov 6  Mercury transits the sun
Nov 29 Total lunar welipse
Dec 8 Autumn cequinox on N. “lars

1994

R )y Ny -

rev i4  Close conjunciion of Vesus and Saturn
May 4 Winter solstice on N. Muars

May 10 Annular solar eclipse (seen from USA)
Oct 9 Spring equinox on N. M 1«

1994/5

Triple conjunction of Mars and Re: rus
1995

Triple conjunction of Juviter and . .u.res

April 26 Summer solstice on N. A ars
May 21 Saturn’s vmgs edge-on to carth

|
x

May 27
Jun 26
Aug 11
Oct 26

1996
Feb 11
Mar 21
Apr-4
Apr 17
Jul 12
Aug 26
Sep 27
Dec 22

1997
Mar 13
May 4
Jul 27
Aug 5
Sep 12
Sep 16
Sep 18
Nov 12
Dec 9

“nan

AZIC
Feb 6
Mar 24
Mar 26
Tul 14
Nov 13

1999
Jan 29
Mar 6
Jul 31
Aug 10
Aug 11
Nov 15
Nov 18
Dec 12
Dec 25

2000
Yan 21
May 5

May 17
May 31
May 31
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Moon occults Venus (seen from Europe)
Moon occults Mercury (seen from N.E. Europe) ,

_Saturn’s rings edge-on to earth -

Autumn equinox on N. Mars

Saturn’s rings edge-on to the earth
Winter solstice on N. Mars

-Total lunar eclipse

Moon occults Mars (seen from S.E. Europe)
Moon occults Venus (seen from Europe)
Spring equinox on N. Mars

Total lunar eclipse

Close approach of Mercury and Jupiter

Summer solstice on N. Mars

Moon cccults Saturn (seen from Britain and UUSA)

Close approach of Mercury and Venus

Moon occults Mercury (seen from Britain and N. Canada)
Autumn equinox on N. Mars

Total lunar eclipse

Moon occults Saturn (seen from USA)

Moon occults Saturn (seen from Europe)

Moon occults Saturn (seen from USA)

Winter solstice on N. Mars

Moon occults Venus (seen from USA)

Moon occults Jupiter (seen from Europe and USA)
Spring equinox on N. Mars .
Moon occults Mars (seen from USA)

Summer solstice on N. Mars

Close approach of Mercury and Tupiter
Autumn equinox on N. Mars

Moon occults Mercury (seen from USA)
Total solar eclipse (seen from Britain)
Mercury transits the sun

Possible -Leonid metecr storm’

Moon occults Mars (seen from Europe)
Winter solstice on N. Mars

Tota! lurar eclipse

Grouping within 26 degrees of sun, moon, Mercury,
Venus, Mars, Jupiter and Saturn

Close conjunction of Venus and Jupiter
Conjunction of Jupiter and Saturn

Spring equinox on N. Mars

vj—ﬁj——%i o

!

!
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Jul 16 Total lunar eclipse

Jul 29 Moon occuits Mercury (seen from Europe and Canada)
Aug1l  Moon occults Venus (seen from UsA)

Aug 10  Close conjunction of Mercur y and Mars

Aug 28  Moon occults Mars (seen from Europe}

Dec 16  Summer solstice on N. Mars

2000/1

Triple conjunction of Jupiter and Aldebaran
2001

Jan 9 Total lunar eclipse

Jun 17 Autumn equinox on N. Mars

Oct 29 Close approach of Mercury and Venus
Nov4  Clos€approach of Mercury and Venus
Nov 14 Winter solstice on N. Mars

20012
Triple conjunction of Saturn and Aldebaran

2002

Apr 18  Spring equinox on N. Mars

Oct 10 Close approach of Mercury and Mars
Nov3  Summer solstice on N. Mars

Dec 6 Close approach of Venus and Mars

2003

May 5  Autumn equinox on N. Mars
May 7 Mercury transits the sun
May 16  Total lunar eclipse

Aug 28  Bright opposition of Mars
Sep 29 Winter solstice on N. Mars
Nov 9 Total lunar eclipse

2004

Mar5  Spring equinox on N. Mars
May 4  Total lunar eclipse

jun 8 Venus transits the sun

Sep 20 Summer solstice on N. Mars
Oct 28 Total lunar eclipse

2005

Mar 22 Autumsrequinox on N. Mars

Jun 27, Close conjunction of Mercury and Venus
Aug 16  Winter solstice on N. Mars

Oct 3 Annular solar eclipse (seen from Spain)

2006

Jan 21 Spring equinox on N. Mars
Aug 8  Summer solstice on N. Mars
Nov8  Mercury transits the sun
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2007

Feb 7 Autumn equinox on N. Mars

Mar 3 Total lunar eclipse

Jul 4 wWinter soistice on N. Mars

Aug 28 otal lunar eclipse

Dec 9 spring equinox on N, Mars

2008

Feb 21 Total junar eclipse

Jun 25 sSummer solstice on N. Mars

Dec 25 Satumn equinox on N, Mars

2012

jun 6 Yenus transits the sun

2040

Sept Crouping within 23 degrees of sun, moon, Mercury,
“Venus, Mars, Jupiter and Saturn

2061

Jul 29 Halley’s Comet due to return to perihelion

2065

Nov 22 Venus occults Jupiter

2084

Nowv 10 Larth transits sun’s disc with respect to Mars

2100

North celestial pole ai its closest to the Pole Star

Nov 'L".irouping within 29 degrees of 'sun, moon, Mercury,
Yenus, Mars, Jupiter and Saturn

2123

Triple conjunction of Mars and Jupiter

Sept 11 “enus cecults Jupiter

2,48/%

Triple conjunction of Mars and Saturn

2163 .

Nov Earth transits the sun’s disc with respect 1o Mars

14-15 :

2368

Spiing equinox point enters the stars of the Waterman (equal zodiac
division system)




Appendix 3
Astronomical Symbols and Terms

Tropical zodiac of equal ‘signs’ measured from the spring
equincx point:

¥ Aries # Libra
8 Taurus m Scorpio
o Gemini I Sagittarius
% Cancer ¥ Capricorn
L Leo = Aquarius
m Virgo ¥ Pisces
Sidereal zodiac of consteilations measured in reiation to fixed
stars (as designated in this book): .
Ram SE;les
Bull Scorpion
Twins Archer
Crab Goat
Lion Waterman
Virgin Fishes
Planets:
D moon + Saturn
¥ Mercury # Uranus
2 Venus ¥ Neptune
® sun B Pluto
d' Mars & Earth
¥ Jupiter
d conjunction & ascending node
§ opposition % descending node

‘Occultation’ is when the moon or a planet obscures another
ceiestial object, like a star or a planet. A solar eclipse is, strictly,
an occuliation.
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Appendix 4 \
New Stars of Brahe and Kepler

—
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Figure A
[y "

The New Star of 1572 {marked ‘Nova’) depicted in the constellation
of Cassivpeia (seen from outside *he celestial sphere, with the star
pattern in reverse to a geccentric view) in Tycho Brahe’s Astronomiae
Instauratae Progymnasinata (Pr?gue, 1602). Sce pages 135, 161-6

above,
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- Figure B
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