Cambridge University Press
978-0-521-89935-2 - Patrick Moore’s Data Book of Astronomy
Edited by Patrick Moore and Robin Rees

Frontmatter
More information

Patrick Moore’s Data Book of Astronomy

Packed with up-to-date astronomical data about the Solar System,
our Galaxy and the wider universe, this is a one-stop reference for
astronomers of all levels.

It gives the names, positions, sizes and other key facts of all the
planets and their satellites; discusses the Sun in depth, from
sunspots to solar eclipses; lists the dates for cometary returns,
close-approach asteroids, and significant meteor showers; and
includes 88 star charts, with the names, positions, magnitudes
and spectra of the stars, along with key data on nebule and
clusters.

Full of facts and figures, this is the only book you need to look
up data about astronomy. It is destined to become the standard

reference for everyone interested in astronomy.

Parrick Moore CBE, FRS,; is an astronomer and author. He has
received numerous awards and prizes in recognition of his work,
including the CBE in 1988 and knighthood in 2001 ‘for services
to popularisation of science and to broadcasting’. A former Presi-
dent of the British Astronomical Association, he is now honorary
Life Vice President, and is the only amateur ever to have held an

official post at the International Astronomical Union.

RoBIN REEs, FRAS; is Director of Canopus Publishing and has
produced a number of best-selling astronomy books, and under
the Canopus Academic Publishing imprint he publishes academic

physics titles.

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9780521899352
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-89935-2 - Patrick Moore’s Data Book of Astronomy
Edited by Patrick Moore and Robin Rees

Frontmatter

More information

Patrick Moore’s Data Book of Astronomy

Edited by
Patrick Moore and Robin Rees

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521899352
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-89935-2 - Patrick Moore’s Data Book of Astronomy
Edited by Patrick Moore and Robin Rees

Frontmatter

More information

CAMBRIDGE UNIVERSITY PRESS
Cambridge, New York, Melbourne, Madrid, Cape Town, Singapore,
Sio Paulo, Delhi, Dubai, Tokyo, Mexico City

Cambridge University Press
The Edinburgh Building, Cambridge CB2 8RU, UK

Published in the United States of America by Cambridge University Press, New York

www.cambridge.org
Information on this title: www.cambridge.org/9780521899352

© P. Moore and R. Rees 2011

This publication is in copyright. Subject to statutory exception
and to the provisions of relevant collective licensing agreements,
no reproduction of any part may take place without

the written permission of Cambridge University Press.

First published 2011
Printed in the United Kingdom at the University Press, Cambridge
A catalogue record for this publication is available from the British Library

Library of Congress Cataloguing-in-Publication Data

Moore, Patrick.
Celestia, the data book of astronomy / Patrick Moore, Robin Rees. — 2nd ed.
p. cm.

Rev. ed. of: The data book of astronomy : Bristol, UK ; Philadelphia, PA : Institute of Physics Pub., c2000.

ISBN 978-0-521-89935-2 (Hardback)

1. Astronomy-Handbooks, manuals, etc. 1. Rees, Robin. II. Moore, Patrick. Data book of astronomy III. Title.

QB64.M623 2011
520—dc22

ISBN 978-0-521-89935-2 Hardback

Cambridge University Press has no responsibility for the persistence or
accuracy of URLs for external or third-party internet websites referred to
in this publication, and does not guarantee that any content on such
websites is, or will remain, accurate or appropriate.

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9780521899352
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-89935-2 - Patrick Moore’s Data Book of Astronomy

Edited by Patrick Moore and Robin Rees
Frontmatter

More information
Contents
Foreword page vi 17 Glows and atmospheric effects 288
Preface vil 18 The stars 293
Acknowledgements viii 19 Stellar spectra and evolution 299
Notes about units ix 20 Extra-solar planets 309
1 The Solar System 1 21 Double stars 315
2 The Sun 4 22 Variable stars 322
3 The Moon 25 23 Stellar clusters 338
4 Mercury 92 24 Nebulz 350
5 Venus 107 25 The Milky Way Galaxy 354
6 Earth 121 26 Galaxies 357
7 Mars 127 27 Evolution of the universe 363
8 Minor members of the Solar System 156 28 The constellations 367
9 Jupiter 179 29 The star catalogue 373
10 Saturn 200 30 Telescopes and observatories 507
11 Uranus 224 31 Non-optical astronomy 517
12 Neptune 235 32 The history of astronomy 526
13 Beyond Neptune: the Kuiper Belt 245 33 Astronomers 536
14 Comets 255 34 Glossary 553
15 Meteors 273 Index 560
16 Meteorites 279

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9780521899352
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-89935-2 - Patrick Moore’s Data Book of Astronomy
Edited by Patrick Moore and Robin Rees

Frontmatter

More information

Foreword

Patrick Moore has inspired generations of astronomers. He has
done unparalleled service, through his handbooks, lectures and
articles — not to mention his BBC programme The Sky at Night.

Over his prolific career, Patrick has witnessed, recorded and
expounded a huge enlargement of our cosmic knowledge. To see
this, one need only compare the present book with one of its
precursors: the Guinness Book of Records in Astronomy published
more than 50 years ago, at the dawn of the space age.

We owe this progress to sophisticated telescopes on the
ground, and to a flotilla of instruments launched into space.
The planets and moons of our Solar System are now better mapped
that some parts of our Earth were before the twentieth century.
An unsuspected population of trans-Neptunian objects has been
revealed — telling us that the Solar System is more complex and
extensive than thought hitherto. Even more important, planets
have been detected around hundreds of other stars. The study of
‘extra-solar’ planets is proceeding apace: within a decade we will
have discovered thousands of planetary systems, and will for the
first time have evidence on just how unusual our Solar System is.

Novel technology has not only led to more powerful optical
telescopes, but also to space telescopes that observe the cosmos in
other wavebands out to distances exceeding 10 billion light years.
We inhabit a much vaster Universe than was envisaged 50 years
ago; we understand a surprising amount about how it evolved and
what it contains.

This latest Data Book of Astronomy conveys the fascination and
vibrancy of our subject — and the wonder of the skies. All astron-
omers should be grateful to Patrick Moore, to his co-author Robin
Rees and to their team of consultants, for the immense labour that
went into this book: it is surely unique in gathering such a wide and
eclectic range of information into a single volume.

It will be an invaluable reference work for serious observers —
but it is equally suitable for armchair browsers, and indeed for
anyone who is curious about what lies beyond the Earth.

Martin Rees
Professor of Cosmology and Astrophysics,
University of Cambridge
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Preface

The ancestor of this book was published more than half a century
ago as the Guiness Book of Records in Astronomy. It went through
five editions, and was then transformed into the Astronomy Data
Book published by the Institute of Physics. By this time it had
ceased to be merely lists of facts and had become much more
general, and many observatories began using it as a book of quick
reference. Now, 10 years later, there has been another transform-
ation. The essential basic plan has been retained, but the text has
been largely rewritten with all new data, and the tables have been

enlarged and brought up to date. I pay tribute here to Robin Rees
without whom I am quite certain that this book would never have
seen the light of day. Invaluable help has also been given by Iain
Nicolson who read the entire manuscript very carefully — though
I hasten to add that any remaining errors are entirely my own.

So far as bringing the text up to date is concerned, the cut-off
date is 1 December, 2010. I hope that will be acceptable.

Patrick Moore, Selsey, 1 December, 2010
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Notes about units

The Celsius temperature scale is due to the Swedish astronomer
Anders Celsius in 1741. The Fahrenheit scale was due to the
German physicist Daniel Fahrenheit in 1724. There are other
scales, now virtually obsolete. One of these is the Réaumur, due
to Rene Réaumur in 1730; another is the Rankine, due to the
British engineer and physicist William Rankine in 1859. The
Kelvin scale is named in honour of the great British physicist Lord

In everyday life the Fahrenheit scale is used in the United States.
Efforts by the European Union to bully Britain into changing from
Fahrenheit to Celsius for civil use have so far been mainly
unsuccessful.

THE METRIC CONVERSION TABLE

The current practice of giving lengths in metric units rather then

Kelvin. Imperial ones has been followed. To help in avoiding confusion, the
following table may be found useful.
Réaumur Kelvin Celsius Fahrenheit Rankine
(°Re) (K) ) (°F) °R)
Absolute 0 2735 —459.67 0 Centimetres To Inches Kilometres To Miles
zero 2.54 1 0.39 1.61 1 0.62
Water 0 273.15 0 32 491.67 5.08 2 0.79 3.22 2 1.24
freezes 7.62 3 118 4.83 3 186
Water 80 373.14 99.98 211.97 671.64 10.16 4 1.58 6.44 4 2.49
boils 12.70 5197 8.05 5 311
15.24 6 2.36 9.66 6 3.73
1°C=225"F=1K 17.78 7 276 11.27 7 435
20.32 8 3.15 12.88 8 4.97
Convenient equivalents: 22.86 9 3.54 14.48 9 559
By definition the triple point of water is 273.6 K = 0.01 °C = 25.40 10 3.94 16.09 10 6.21
32.018 °F. 50.80 20 7.87 32.19 20 1243
Temperature conversions are as follows: 76.20 30 11.81 48.28 30 18.64
to find °C from K. °C =K -273.15; 101.6 40 1575 64.37 40 24.86
to find K from °C: K =°C +273.15; 127.0 50 19.69 80.47 50 31.07
to find °F from K: °F = (K x 1.8) - 459.67, 152.4 60  23.62 96.56 60  37.28
to find K from °F: K = (°F + 459.67)/1.8; 177.8 70 27.56 112.7 70 43.50
to find °F from °C: °F = (9/5)°C + 32; 203.2 80 3150 1287 80  49.71
to find °C from °F: °C = (5/9)(°F - 32). 228.6 90 3543 1448 90 5592
The old Centigrade scale is equal to the Celsius to within a 254.0 100 39.37 160.9 100 62.14

degree. The Celsius and Kelvin scales are always used in science.
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1 - The Solar System

The Solar System is made up of one star (the Sun), the eight
planets with their satellites (Table 1.1) and various minor members
such as asteroids, comets and meteoroids, plus a vast amount of
thinly spread interplanetary matter. The Sun contains 99.86% of
the total mass of the System, while Jupiter and Saturn account for
90% of what is left. Jupiter is the largest member of the planetary
family, and is in fact more massive than all the other planets
combined. Mainly because of Jupiter, the centre of gravity of the
Solar System lies just outside the surface of the Sun.

The Solar System is divided into two parts. There are four
comparatively small, rocky planets (Mercury, Venus, the Earth and
Mars), beyond which comes the zone of the Main-Belt asteroids, of
which only one (Ceres) is over 900 km in diameter. Next come the
four giants (Jupiter, Saturn, Uranus and Neptune), plus a swarm of
trans-Neptunian objects, of which the largest known are Eris and
Pluto. For many years after its discovery, in 1930, Pluto was
regarded as a true planet, but in August 2006 the International
Astronomical Union, the controlling body of world astronomy,
introduced a new scheme of classification, as follows:

A planet is any body in orbit round the Sun which is massive
enough to assume a spherical shape, and has cleared its immediate
neighbourhood of all smaller objects. All these criteria are met by
the eight familiar planets, from Mercury to Neptune.

A dwarf planet is spherical, but has not cleared its neigh-
bourhood. Three were listed: Eris, Pluto and Ceres.

Small solar system bodies (SSSBs) are other bodies
orbiting the Sun.!

Natural satellites are objects in orbit round planets, dwarf
planets or SSSBs rather than directly round the Sun itself.

Distances from the Sun are conventionally given in astro-
nomical units (a.u.). The a.u. is defined as the mean distance
between the Earth and the Sun: in round numbers 149 600 000 km
(93 000 000 miles in Imperial measure). Jupiter is approximately
5.2 a.u. from the Sun; one light-year, used for interstellar distances,
is equal to 63 240 a.u.

It now seems that the distinctions between the various classes
of bodies in the Solar System are much less clear-cut than used to
be thought. For example, it may well be that some ‘near-Earth’
asteroids, which swing inward away from the main swarm, are
ex-comets which have lost all their volatiles, and many of the small
planetary satellites are certainly captured SSSBs.

All planets, dwarf planets and SSSBs move round the Sun in
the same sense, and (with one exception) so do the larger satellites
orbiting their primary planets, though many of the tiny ‘asteroidal’
satellites move in the opposite (retrograde) sense. The orbits
of the planets are not strongly eccentric, and are not greatly

inclined to that of the Earth, so that to draw a plan of the main
Solar System on a flat piece of paper is not grossly inaccurate.
However, dwarf planets and SSSBs may have paths which are
more eccentric and inclined, and comets come into a different
category altogether. Those with periods of a few years or a few
tens of years have direct motion, but brilliant comets come from
the depths of space, and often travel in a retrograde sense. Their
periods may amount to centuries, or to thousands or even millions
of years.

It is also notable that six of the planets rotate in the same sense
as the Earth, though the axial periods are different — over 58 Earth
days for Mercury, less than 10 hours for Jupiter. The exceptions
are Venus, which has retrograde rotation, and Uranus, where the
rotational axis is tilted to the orbital plane by 98 degrees, more than
a right angle. The cause of these anomalies is unclear.

ORIGIN AND EVOLUTION OF THE
SOLAR SYSTEM

In investigating the past history of the Solar System, we do at least
have one important piece of information: the age of the Earth is
4.6 thousand million years, and the Sun, in some form or other,
must be older than this. We are entitled to be confident about the
Earth’s age, because there are several reliable methods of research,
and all give the same value. There are no modern dissentients, apart
of course from the Biblical Fundamentalists.

Many theories have been proposed. Of particular note is the
‘Nebular Hypothesis’, usually associated with the name of the
eighteenth-century French astronomer Pierre Simon de Laplace,
though he was not actually the first to describe it; the original
idea was put forward in 1734 by Emanuel Swedenborg, of Sweden,
who carried out useful scientific work but who is best remembered
today for his later somewhat eccentric theories (he was on excellent
terms with a number of angels, and gave graphic accounts of life
on all the planets!). Swedenborg’s suggestion was elaborated by
Thomas Wright in England and Immanuel Kant in Germany, but
the Nebular Hypothesis in its final form was due to Laplace,
in 1796.

Laplace started with a vast hydrogen gas-cloud, disc-shaped
and in slow rotation; it shrank steadily and threw off rings, each
of which produced a planet, while the central part of the cloud —
the so-called solar nebula — heated up as the atoms within it
began to collide with increasing frequency. Eventually, when the
temperature had risen sufficiently, the Sun had been born, and
the planets were in orbits which were more or less in the same
plane. All seemed well — until mathematical analysis showed that
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2 The Solar System

Table 1.1 Basic data for the planetary system

Mean distance from  Orbital Orbital Orbital Equatorial Equatorial Number
Name Sun (km) period eccentricity inclination diameter (km) rotation period of satellites
Mercury 57 900 000 87.97d  0.206 7°0 15" .5 4878 58.6 d 0
Venus 108 200 000 2247 d 0.007 178° 12 104 243.2d 0
Earth 149 598 000 365.25 0.017 0 12 756 23h 56m 4s 1
Mars 227 940 000 687.0 d 0.093 1° 51 6794 24h 37m 23s 2
Jupiter 778 340 000 11.86 y 0.048 1° 18 16" 143 884 9h 50m 30s 63
Saturn 1427 000 000 295y 0.056 2°29' 217 120 536 10h 14m 61
Uranus 2869 600 000 840y 0.047 0° 46’ 23" 51118 17h 14m 27
Neptune 4496 700 000 1648 y 0.009 1° 34’ 20" 50 538 16h 6m 13

a thrown-off ring would not condense into a planet at all; it would
merely disperse. There were other difficulties, too. Most of the
angular momentum of the system would reside in the Sun, which
would be in rapid rotation; actually, most of the angular momentum
is due to the planets, and the Sun is a slow spinner (its axial rotation
period amounts to several Earth weeks). In its original form, the
Nebular Hypothesis had to be given up.

In 1901, T. C. Chamberlin and F. R. Moulton proposed an
entirely different theory, according to which the planets were pulled
off the Sun by a passing star. The visitor’s gravitational pull would
tear out a cigar-shaped tongue of material, and this would break up
into planets, with the largest planets (Jupiter and Saturn) in the
middle part of the system, where the thickest part of the ‘cigar’
would have been. Again there were fatal mathematical objections,
and a modification of the idea by A.W. Bickerton (New Zealand),
involving ‘partial impact,” was no better. However, the theory in
its original form remained in favour for some time, particularly as
it was supported by Sir James Jeans, a leading British astronomer
who was also the author of popular books on astronomy which
were widely read (and in fact still are). Had it been valid, planet-
ary systems would have been very rare in the Galaxy, because
close encounters between stars seldom occur. As we now know,
this is very far from being the truth. Another modification was
proposed later by G. P. Kuiper, who believed that the Sun
somehow acquired enough material to produce a binary compan-
ion, but that this material never formed into a true star; the
planets could be regarded as stellar débris. This idea never met
with much support.

In many ways our current theories are not too unlike the old
Nebular Hypothesis. We do indeed begin with a gas-and-dust
cloud, which began to collapse, and also to rotate, possibly because
of the gravitational pull of a distant supernova. The core turned
into what we call a proto-star, and the solar nebula was forced into
the form of a flattened disc. As the temperature rose, the proto-star
became a true star — the Sun — and for a while went through what is
called the T Tauri stage, sending out a strong ‘stellar wind’ into the
cloud and driving out the lightest gases, hydrogen and helium.
(The name has been given because the phenomenon was first found
with a distant variable star, catalogued as T Tauri.) The planets

built up by accretion. The inner, rocky planets lacked the gas which
had been forced out by the stellar wind but, further away from the
Sun, where the temperature was much lower, the giant planets were
able to form and accumulate huge hydrogen-rich atmospheres.
Jupiter and Saturn accreted first; Uranus and Neptune built up later,
when much of the hydrogen had been dispersed. This is why they
contain less hydrogen and more icy materials than their predeces-
sors. It is fair to say that Jupiter and Saturn are true gas-giants, while
Uranus and Neptune are better described as ice-giants.

In the early history of the Solar System there was a great
deal of ‘left-over’ material. Jupiter’s powerful pull prevented a
planet from being formed in the zone now occupied by the Main-
Belt asteroids; further out there were other asteroid-sized bodies
which make up the Kuiper Belt. All the planets were subjected
to heavy bombardment, and this is very evident; all the rocky
planets are thickly cratered, and so are the satellites — including
our Moon, where the bombardment went on for several hundreds
of millions of years. (Earth was not immune, but by now most of
the terrestrial impact craters have been eroded away or sub-
ducted.) It is widely believed that the gas-giants, particularly
Jupiter, have acted as shields, protecting the inner planets from
even more devastating bombardment. See Table 1.2 for planetary
and satellite feature names.

In other ways, too, the young Solar System was very different
from that of today. The Sun was much less luminous, so that, for
example, Venus may well have been no more than pleasantly trop-
ical. It is also likely that there was an extra planet in the inner part
of the System, which collided with the proto-Earth and produced
the Moon (though there are differing views about this). The outer
planets at least may not have been in their present orbits, and
interactions with each other and with general débris is thought
to have caused ‘planetary migration’; it has even been suggested
that at one stage Uranus, not Neptune, was the outermost giant.
We cannot pretend that we know all the details about the evolution
of the Solar System, but at least we can be confident that we are on
the right track.

How far does the Solar System extend? It is difficult to give a
precise answer. The main System ends at the orbit of Neptune
(unless there is a still more remote giant, which is unlikely though
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Table 1.2 Planetary and satellite feature names

Arcus (arcus) Arc-shaped feature

Catena (catenz) Chain of craters

Cavus (cavi) Hollows; irregular steep-sided depressions
Chaos Irregular area of broken terrain

Chasma (chasmata) Deep, elongated, steep-sided depression
Colles Small hills

Corona (coronz) Ovoid-shaped feature
Dorsum (dorsa) Ridge

Facula (faculz) Bright spot

Farrum (farra) Pancake-shaped structure

Flexus (flexts) Low curvilinear ridge

Fluctus (flucttis) Flow terrain

Flumen (flumina)  Channel that might carry liquid

Fossa (fossz) ‘Ditch’; long, narrow depression

Insula (insul) Island

Labes (labes) Landslide

Labyrinthus Complex of intersecting ridges or valleys
(labyrinthi)

Lacus Lake

Lenticula (lenticule) Small dark spot

Linea (linez) Dark or bright elongated marking, either

curved or straight
Macula (maculze)  Dark spot or patch

Mare (maria) ‘Sea’; large, comparatively smooth plain
Mensa (mensz) Flat-topped prominence with cliff-like edges
Mons (montes) Mountain
Oceanus ‘Ocean’; very large dark plain
Palus (paludes) ‘Marsh’; small, often irregular plain
Patera (paterz) Irregular crater-like structure with scalloped
edges
Planitia (planitiz)  Low-lying plain
Planum (plana) Plateau, or high plain
Promontorium ‘Cape’ (promontory)
(promontoria)
Regio (regiones) Large area, clearly different from adjacent areas
Rill (rills) Crack-like feature (also spelled ‘rille’)
Rima (rime) Fissure
Scopulus (scopuli)  Lobate or irregular scarp
Sinus (sinus) ‘Bay’
Sulcus Groove or trench
Tessera (tesserz) ‘Parquet’ (tile-like, polygonal terrain)
Tholus (tholi) Small, dome-like hill
Undz Dunes
Vallis (valles) Valley
Vastitas Extensive plain
Virga (virgz) Coloured streak

Origin and evolution of the solar system 3

not impossible), but comets and many trans-Neptunians recede
to much greater distances, and the Oort Cloud lies well over a light
year away. The nearest stars beyond the Sun, those of the
o Centauri group, are just over four light years away. Therefore,
it seems fair to say that the effective border of the Solar System is of
the order of two light years from us.

At present the Solar System is essentially stable, but this state
of affairs cannot last for ever. The Sun is becoming steadily more
luminous, and in no more than four thousand million years will
have swelled out to become a red giant star, far more powerful
than it is today. Mercury and Venus will be destroyed; Earth may
survive, because the Sun’s loss of mass will weaken its gravita-
tional pull, and the planets will spiral outward to a limited degree.
Yet even if our world does survive, it will be in the form of a red-
hot, seething mass. Next, the Sun will collapse to become a tiny,
feeble, super-dense white dwarf star, and scorching heat will be
replaced by numbing cold. In the end the Sun will lose the last
of its power, and will become a dead black dwarf, perhaps
still attended by the ghosts of its remaining planets. It is even
possible that following the merger between our Galaxy and the
Andromeda Spiral, the Solar System, or rather, what is left of it —
may end up in the outer part of the Milky Way, or in the depths of
intergalactic space.

However, for us, all these crises lie so far ahead that we cannot
predict them really accurately. We know that the Solar System has
a limited lifetime, but as yet it is no more than middle-aged.

ENDNOTE

1 T was a member of that IAU Commission for many years, but felt bound to
retire in 2001 as I was no longer able to travel to meetings. Had I been present
at the 2006 meeting I would have put forward some alternative proposals,
because the Resolution, as passed, seems to be unclear. Of the two largest
Main-Belt asteroids, why should Ceres be a dwarf planet and Pallas an SSSB?
Of the trans-Neptunians, a good many, such as Quaoar and Varuna, are
considerably larger than Ceres. I would have retained the main planets and
their satellites, and lumped the rest together as ‘planetoids’. Moreover, one
can hardly regard a comet as a ‘small’ body; the coma of Holmes’ Comet of
2007 was larger than the Sun, though admittedly its mass was negligible.

I suspect that the 2006 Resolution will be revised before long, but meanwhile

it must be accepted.
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2 « The Sun

The Sun, the controlling body of the Solar System, is the only star
close enough to be studied in detail. It is 270 000 times closer than
the nearest stars beyond the Solar System, those of the oo Centauri
group. Data are given in Table 2.1.

DISTANCE

The first known estimate of the distance of the Sun was made by
the Greek philosopher Anaxagoras (500-428 BC). He assumed
the Earth to be flat, and gave the Sun’s distance as 6500 km (using
modern units), with a diameter of over 50 km. A much better
estimate was made by Aristarchus of Samos, around 270 BC.
His value, derived from observations of the angle between the
Sun and the exact half Moon, was approximately 4800000 km,;
his method was perfectly sound in theory, but the necessary meas-
urements could not be made with sufficient accuracy. (Aristarchus
also held the belief that the Sun, not the Earth, is the centre of the
planetary system.) Ptolemy (¢. AD 150) increased the distance to
8000000 km, but in his book published in AD 1543 Copernicus
reverted to only 3200000km. Kepler, in 1618 gave a value of
22500 000 km.

The first reasonably accurate estimate of the Earth-Sun dis-
tance (the astronomical unit) was made in 1672 by Giovanni Cassini,
from observations of the parallax of Mars. Some later determinations
are given in Table 2.2.

One early method involved transits of Venus across the face
of the Sun, as suggested by J. Gregory in 1663 and extended by
Edmond Halley in 1678; Halley rightly concluded that transits of
Mercury could not give accurate results because of the smallness of
the planet’s disc. In fact, the transit of Venus method was affected
by the ‘Black Drop’ — the apparent effect of Venus drawing a strip
of blackness after it during ingress on to the solar disc, thus making
precise timings difficult. (Captain Cook’s famous voyage, during
which he discovered Australia, was made in order to take the
astronomer C. Green to a suitable site (Tahiti) in order to observe
the transit of 1769.)

Results from the transits of Venus in 1874 and 1882 were still
unsatisfactory, and better estimates came from the parallax meas-
urements of planets and (particularly) asteroids. However, Spencer
Jones’ value as derived from the close approach of the asteroid Eros
in 1931 was too high. The modern method — radar to Venus — was
introduced in the early 1960s by astronomers in the United States.
The present accepted value of the astronomical unit is accurate to
a tiny fraction of 1%.

THE SUN IN THE GALAXY

The Sun lies close to the inner ring of the Milky Way Galaxy’s
Orion Arm. It is contained within the L.ocal Bubble, an area of
rarefied high-temperature gas (caused by a supernova outburst?).
The distance between our local arm and the next one out, the
Perseus Arm, is about 6500 light-years. The Sun’s orbit is some-
what elliptical, and passes through the galactic plane about 2.7 times
per orbit. The Sun has so far completed from 20 to 25 orbits (20 to
25 ‘cosmic years’).

ROTATION

The first comments about the Sun’s rotation were made by Galileo,
following his observations of sunspots from 1610. He gave a value
of rather less than one month.

The discovery that the Sun shows differential rotation — i.e.
that it does not rotate as a solid body would do — was made by the
English amateur Richard Carrington in 1863; the rotational period
at the equator is much shorter than that at the poles. Synodic
rotation periods for features at various heliographic latitudes are
given in Table 2.3. Spots are never seen either at the poles or
exactly on the equator, but from 1871 H. C. Vogel introduced the
method of measuring the solar rotation by observing the Doppler
shifts at opposite limbs of the Sun.

THE SOLAR CONSTANT

The solar constant may be defined as being the amount of energy
in the form of solar radiation per second which is vertically incident
per unit area at the top of the Earth’s atmosphere: it is roughly
equal to the amount of energy reaching ground level on a clear day.
The first measurements were made by Sir John Herschel in 1837-8,
using an actinometer (basically a bowl of water; the estimate was made
by the rate at which the bowl was heated). He gave a value which is
about half the actual figure. The modern value is 1.95 cal cm ™’
min "' (1368 Wm ™ ?).

SOLAR PHOTOGRAPHY

The first photograph of the Sun — a Daguerreotype — seems to have
been taken by Lerebours, in France, in 1842. However, the first
good Daguerreotype was taken by Fizeau and Foucault, also in
France, on 2 April 1845, at the request of F. Arago. In 1854
B. Reade used a dry collodion plate to show mottling on the disc.
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Table 2.1 The Sun: data

Distance from Earth:
mean 149 597 893 km (1 astronomical unit (a.u.))
max. 152103000 km
min. 147104000 km
Mean parallax: 8" .794
Distance from centre of the Galaxy: ~26 000 light-years
Velocity round centre of Galaxy: ~250km s~ '
Period of revolution round centre of Galaxy: ~225000 000 years
(1 ‘cosmic year’)
Velocity toward solar apex: 19.5km s~
Apparent diameter: mean 32’ 01”
max. 32’ 25"
min. 31’ 31”
Equatorial diameter: 1391980 km
Density, water = 1: mean 1.409
Volume, Earth = 1: 1303 600
Mass, Earth = 1: 332946
Mass: 2 x 10*’ tonnes (>99% of the mass of the entire Solar System)
Surface gravity, Earth = 1: 27.90
Escape velocity: 617.7 km s
Luminosity: 3.85 x 102 kW
Solar constant (solar radiation per second vertically incident at unit
area at 1 a.u. from the Sun); 1368 W m 2
Mean apparent visual magnitude: —26.78 (600 000 times as bright
as the full Moon)
Absolute magnitude: +4.82
Spectrum: G2

1

Temperature: surface 5500 °C
core ~15000 000 °C
Rotation period: sidereal, mean: 25.380 days
synodic, mean: 27.275 days
Time taken for light to reach the Earth, at mean distance: 499.012 s
(8.3 min)
Age: ~4.6 thousand million years

The first systematic series of solar photographs was taken
from Kew (outer London) from 1858 to 1872, using equipment
designed by the English amateur Warren de la Rue. Nowadays the
Sun is photographed daily from observatories all over the world,
and there are many solar telescopes designed specially for this
work. Many solar telescopes are of the ‘tower’ type, but the largest
solar telescope now in operation, the McMath Telescope at Kitt
Peak in Arizona, looks like a large, white inclined tunnel. At the top
is the upper mirror (the heliostat), 203 cm in diameter; it can be
rotated, and sends the sunlight down the tunnel in a fixed direc-
tion. At the bottom of the 183 m tunnel is a 152 cm mirror, which
reflects the rays back up the tunnel on to the halfway stage, where
a flat mirror sends the rays down through a hole into the solar
laboratory where the analyses are carried out. This means that
the heavy equipment in the solar laboratory does not have to be
moved at all.

Sunspots 5

SUNSPOTS

The bright surface of the Sun is known as the photosphere, com-
posed mainly of hydrogen and helium and it is here that we see the dark
patches which are always called sunspots. Really large spot-groups may
be visible with the naked eye, and a precisely dated Chinese record
from as far back as 28 BC describes a patch which was ‘a black vapour
as large as a coin’. There is a Chinese record of an ‘obscuration’ in
the Sun, which may well have been a spot, as early as 800 BC.

The first observer to publish telescope drawings of sunspots
was J. Fabricius, from Holland, in 1611, and although his drawings
are undated he probably saw the spots toward the end of 1610.
C. Scheiner, at Ingoldstidt, recorded spots in March 1611, with his
pupil J. Cysat. Scheiner wrote a tract which came to the notice
of Galileo, who claimed to have been observing sunspots since
November 1610. No doubt all these observers recorded spots tele-
scopically at about the same time (the date was close to solar maximum
when spot groups should have been frequent) but their interpretations
differed. Galileo’s explanation was basically correct. Scheiner
regarded the spots as dark bodies moving round the Sun close to the
solar surface; Cassini, later, regarded them as mountains protruding
through the bright surface. Today we know that they are due to the
effects of bipolar magnetic field lines below the visible surface.

Direct telescopic observation of the Sun through any telescope
is highly dangerous, unless special filters or special equipment
is used. The first observer to describe the projection method
of studying sunspots may have been Galileo’s pupil B. Castelli.
Galileo himself certainly used the method, and said (correctly) that
it is ‘the method that any sensible person will use’. This seems to
dispose of the legend that he ruined his eyesight by looking straight
at the Sun through one of his primitive telescopes.

A major spot consists of a darker central portion (umbra)
surrounded by a lighter portion (penumbra); with a complex spot
there may be many umbrza contained in one penumbral mass. Some
‘spots’ at least are depressions, as can be seen from what is termed
the Wilson effect, announced in 1774 by A. Wilson of Glasgow.
He found that with a regular spot, the penumbra toward the
limbward side is broadened, compared with the opposite side, as
the spot is carried toward the solar limb by virtue of the Sun’s
rotation. From these observations, dating from 1769, Wilson
deduced that the spots must be hollows. The Wilson effect can be
striking, although not all spots and spot-groups show it.

Some spot-groups may grow to immense size. The largest group
on record is that of April 1947; it covered an area of 18 130 000 000 km?,
reaching its maximum on 8 April. To be visible with the naked eye,
a spot-group must cover 500 millionths of the visible hemisphere.
(One millionth of the hemisphere is equal to 3 000000 kmz.)

A large spot-group may persist for several rotations. The
present record for longevity is held by a group which lasted for
200 days, between June and December 1943. On the other hand,
very small spots, known as pores, may have lifetimes of less than an
hour. A pore is usually regarded as a feature no more than 2500 km
in diameter.

The darkest parts of spots — the umbra — have temperatures of
around 4000 °C, while the surrounding photosphere is at well over
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The Sun

Table 2.2 Selected estimates of the length of the astronomical unit

Year Authority Method Parallax (arcsec) Distance (km)
1672 G. D. Cassini Parallax of Mars 9.5 138370000
1672 J. Flamsteed Parallax of Mars 10 130000000
1770 L. Euler 1769 transit of Venus 8.82 151225000
1771 J. de Lalande 1769 transit of Venus 8.5 154198 000
1814 J. Delambre 1769 transit of Venus 8.6 153 841000
1823 J. E Encke 1761 and 1769 transits of Venus 8.5776 153375000
1867 S. Newcomb Parallax of Mars 8.855 145570 000
1877 G. Airy 1874 transit of Venus 8.754 150280 000
1877 E. T. Stone 1874 transit of Venus 8.884 148 080 000
1878 J. Galle Parallax of asteroids Phocza and Flora 8.87 148290 000
1884 M. Houzeau 1882 transit of Venus 8.907 147700 000
1896 D. Gill Parallax of asteroid Victoria 8.801 149 480000
1911 J. Hinks Parallax of asteroid Eros 8.807 149380 000
1925 H. Spencer Jones Parallax of Mars 8.809 149 350 000
1939 H. Spencer Jones Parallax of asteroid Eros 8.790 149670 000
1950 E. Rabe Motion of asteroid Eros 8.798 149 526 000
1962 G. Pettengill Radar to Venus 8.794 0976 149 598 728
1992 Various Radar to Venus 8.794 148 149597871

Table 2.3 Synodic rotation period for features at various

heliographic latitudes

Latitude (°) Period (days)

0 24.6
10 249
20 252
30 25.8
40 27.5
50 29.2
60 30.9
70 324
80 33.7
90 34.0

5000 °C. This means that a spot is by no means black, and if it
could be seen shining on its own the surface brightness would be
greater than that of an arc-lamp.The accepted Ziirich classification
of sunspots is given in Table 2.4.

Sunspots are essentially magnetic phenomena, and are linked
with the solar cycle. Every 11 years or so the Sun is at its most
active, with many spot-groups and associated phenomena; activity
then dies down to a protracted minimum, after which activity
builds up once more toward the next maximum. A typical group
has two main spots, a leader and a follower, which are of opposite
magnetic polarity.

The magnetic fields associated with sunspots were discovered
by G. E. Hale, from the United States, in 1908. This resulted from
the Zeeman effect (discovered in 1896 by the Dutch physicist
P. Zeeman), according to which the spectral lines of a light source

Table 2.4 Ziirich sunspot classification

A Small single unipolar spot, or a very small group of spots
without penumbrz.

B Bipolar sunspot group with no penumbrze.

C Elongated bipolar sunspot group. One spot must have
penumbre.

D Elongated bipolar sunspot group with penumbrz on both ends
of the group.

E Elongated bipolar sunspot group with penumbra on both ends.
Longitudinal extent of penumbrz exceeds 10° but not 15°.

F Elongated bipolar sunspot group with penumbra on both ends.
Longitudinal extent of penumbrz exceeds 15°.

H Unipolar sunspot group with penumbrz.

are split into two or three components if the source is associated
with a magnetic field. It was Hale who found that the leader and the
follower of a two-spot group are of opposite polarity — and that the
conditions are the same over a complete hemisphere of the Sun,
although reversed in the opposite hemisphere. At the end of each
cycle the whole situation is reversed, so that it is fair to say that the
true cycle (the ‘Hale cycle’) is 22 years in length rather than 11.

The magnetic fields of spots are very strong, and may exceed
4000 G. With one group, seen in 1967, the field reached 5000 G.
The preceding and following spots of a two-spot group are joined
by loops of magnetic field lines which rise high into the solar
atmosphere above. The highly magnetised area in, around and
above a bipolar sunspot group is known as an active region.

The modern theory of sunspots is based upon pioneer work
carried out by H. Babcock in 1961. The spots are produced by bipolar
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magnetic regions (i.e. adjacent areas of opposite polarity) formed
where a bunch of concentrated field lines (a ‘flux tube’) emerges
through the photosphere to form a region of outward-directed
or positive field; the flux tube then curves round in a loop, and
re-enters to form a region of inward-directed or negative field.
This, of course, explains why the leader and the follower are of
opposite polarity.

Babcock’s original model assumed that the solar magnetic lines
of force run from one magnetic pole to the other below the bright
surface. An initial polar magnetic field is located just below the
photosphere in the convective zone. The Sun’s differential rotation
means that the field is ‘stretched’ more at the equator than at the
poles. After many rotations, the field has become concentrated as
toroids to either side of the equator, and spot-groups are produced.
At the end of the cycle, the toroid fields have diffused poleward and
formed a polar field with reversed polarity, and this explains the
Hale 22-year cycle.

Each spot-group has its own characteristics, but in general the
average two-spot group begins as two tiny specks at the limit of
visibility. These develop into proper spots, growing and also separ-
ating in longitude at a rate of around 0.5 km s~ '. Within two weeks
the group has reached its maximum length, with a fairly regular
leader together with a less regular follower. There are also various
minor spots and clusters; the axis of the main pair has rotated until
it is roughly parallel with the solar equator. After the group has
reached its peak, a decline sets in; the leader is usually the last
survivor. Around 75% of groups fit into this pattern, but others do
not conform, and single spots are also common.

ASSOCIATED PHENOMENA

Plages are bright, active regions in the Sun’s atmosphere, usually
seen around sunspot groups. The brightest features of this type
seen in integrated light are the facule.

The discovery of facule was made by C. Scheiner, probably
about 1611. Facule (Latin, ‘torches’) are clouds of incandescent
gases lying above the brilliant surface; they are composed largely of
hydrogen, and are best seen near the limb, where the photosphere is
less bright than at the centre of the disc (in fact, the limb has only
two-thirds the brilliance of the centre, because at the centre we are
looking down more directly into the hotter material). Facule may
last for over two months, although their average lifetime is about
15 days. They often appear in areas where a spot-group is about to
appear, and persist after the group has disappeared.

Polar facule are different from those of the more central
regions, and are much less easy to observe from Earth; they are
most common near the minimum of the sunspot cycle, and have
latitudes higher than 65° north or south, with lifetimes ranging
from a few days to no more than 12 min. They may well be
associated with coronal plumes.

Even in non-spot zones, the solar surface is not calm. The
photosphere is covered with granules, which are bright, irregular
polygonal structures; each is around 1000 km across, and may last
from 3 to 10 min (8 min is about the average). They are vast
convective cells of hot gases, rising and falling at average speeds

Associated phenomena 7

Table 2.5 Classification of solar flares

Area (square degrees) Classification
Over 24.7 4
12.5-24.7 3
52-12.4 2
2.0-5.1 1
Less than 2 s

F = faint, N = normal, B = bright.
Thus the most important flares are classified as 4B.

of about 0.5km s™'; the gases rise at the centre of the granule and
descend at the edges, so that the general situation has been likened
to a boiling liquid, although the photosphere is of course entirely
gaseous. They cover the whole photosphere, except at sunspots,
and it has been estimated that at any one moment the whole surface
contains about 4000000 granules. At the centre of the disc
the average distance between granules is of the order of 1400 km.
The granular structure is easy to observe; the first really good
pictures of it were obtained from a balloon, Stratoscope II, in 1957.

Supergranulation involves large organised cells, usually polyg-
onal, measuring around 30000km across; each contains several
hundreds of individual granules. They last from 20 h to several days,
and extend up into the chromosphere (the layer of the Sun’s atmos-
phere immediately above the photosphere). Material wells up at the
centre of the cell, spreading out to the edges before sinking again.

Spicules are needle-shaped structures rising from the photo-
sphere, generally along the borders of the supergranules, at speeds
of from 10 to 30km s '. About half of them fade out at peak
altitude, while the remainder fall back into the photosphere. Their
origin is not yet completely understood.

Flares are violent, short-lived outbursts, usually occurring
above active spot-groups. They emit charged particles as well as
radiations ranging from very short gamma-rays up to long-
wavelength radio waves; they are most energetic in the X-ray and
EUV (extreme ultraviolet) regions of the electromagnetic spec-
trum. They produce shock waves in the corona and chromosphere,
and may last for around 20 min, although some have persisted for
2 h and one, on 16 August 1989, persisted for 13 h. They are most
common between 1 and 2 years after the peak of a sunspot cycle.
They are seldom seen in visible light. The first flare to be seen in
‘white’ light was observed by R. Carrington on 1 September 1859,
but generally flares have to be studied with spectroscopic equip-
ment or the equivalent. Observed in hydrogen light, they are
classified according to area. The classification is given in Table 2.5.

It seems that flares are explosive releases of energy stored in
complex magnetic fields above active areas. They are powered by
magnetic reconnection events, when oppositely directed magnetic
fields meet up and reconnect to form new magnetic structures.
As the field lines snap into their new shapes, the temperature rises
to tens of millions of degrees in a few minutes, and this can result in
clouds of plasma being sent outward through the solar atmosphere
into space; the situation has been likened to the sudden snapping of
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8 The Sun

a tightly wound elastic band. These huge ‘bubbles’ of plasma,
containing thousands of millions of tonnes of material, are known
as Coronal Mass Ejections (CMEs). The particles emitted by the
CME travel at a slower speed than flare’s radiations and reach
Earth a day or two later, striking the ionosphere and causing
‘magnetic storms’ — one of which, on 13 March 1989, caused power
blackouts for over nine hours in Quebec, while on 20 January 2005 a
flare caused widespread disruption of communications, and
scrambled detectors on space-craft. And, in October 2007, material
from a CME stripped the tail off Encke’s periodical comet, which
was then at about the distance of the orbit of Mercury.

Research carried out by A.G. Kosovichev and V. V. Zharkova
has shown that flares produce seismic waves in the Sun’s interior.
They also cause shock waves in the solar chromosphere, known as
Moreton waves, which propagate outwards at speeds of from 500 to
1000 km s, and have been likened to solar tsunamis! They were first
described by the American astronomer G. Moreton in 1960, though
there had in fact been earlier observations of them by Japanese solar
observers. However, nothing matches the brilliance and the effects
of Carrington’s flare of 1859. This was exceptional in every way.

A major CME is very likely to produce brilliant displays of
aurorz. Cosmic rays and energetic particles sent out by CMEs are
dangerous to astronauts moving above the protective screen of the
Earth’s atmosphere and, to a much lesser extent, passengers in very
high-flying aircraft.

Flares are, in fact, amazingly powerful and a major outburst
may release as much energy as 10 000 million one-megaton nuclear
bombs. Some of the ejected particles are accelerated to almost half
the velocity of light.

THE SOLAR CYCLE

The first suggestion of a solar cycle seems to have come from
the Danish astronomer P. N. Horrebow in 1775-1776, but his work
was not published until 1859, by which time the cycle had been
definitely identified. In fact the 11-year cycle was discovered by
H. Schwabe, a Dessau pharmacist, who began observing the Sun
regularly in 1826 — mainly to see whether he could observe the
transit of an intra-Mercurian planet. In 1851 his findings were
popularised by W. Humboldt. A connection between solar activity
and terrestrial phenomena was found by E. Sabine in 1852, and in
1870 E. Loomis, at Yale, established the link between the solar cycle
and the frequency of aurore.

The cycle is by no means perfectly regular. The mean value of
its length since 1715 has been 11.04 years, but there are marked
fluctuations; the longest interval between successive maxima has
been 17.1 years (1788 to 1805) and the shortest has been 7.3 years
(1829.9 to 1837). Since 1715, when reasonably accurate records
began, the most energetic maximum has been that of 1957.9;
the least energetic maximum was that of 1816. (See Table 2.6.)
The numbered solar cycles are given in Table 2.7.

There are, moreover, spells when the cycle seems to be sus-
pended, and there are few or no spots. Four of these spells
have been identified with fair certainty: the Oort Minimum
(1010-1050), the Wolf Minimum (1280-1340), the Sporer

Table 2.6 Sunspot maxima and minima, 1718-2000

Maxima Minima
1718.2 1723.5
1727.5 1734.0
1738.7 1745.0
1750.5 1755.2
1761.5 1766.5
1769.7 1777.5
1778.4 1784.7
1805.2 1798.3
1816.4 1810.6
1829.9 1823.3
1837.2 1833.9
1848.1 1843.5
1860.1 1856.0
1870.6 1867.2
1883.9 1878.9
1894.1 1899.6
1907.0 1901.7
1917.6 1913.6
1928.4 1923.6
1937.4 1933.8
1947.5 1944.2
1957.8 1954.3
1968.9 1964.7
1979.9 1976.5
1990.8 1986.8
2000.1 1996.8
2008.9

Minimum (1420-1530) and the Maunder Minimum (1645-1715).
Of these the best authenticated is the last. Attention was drawn to it
in 1894 by the British astronomer E. W. Maunder, based on earlier
work by F. G. W. Sporer in Germany.

Maunder found, from examining old records, that between
1645 and 1715 there were virtually no spots at all. It is significant
that this coincided with a very cold spell in Europe; during the
1680s, for example, the Thames froze every winter, and frost fairs
were held on it. Aurorz too were lacking; Edmond Halley recorded
that he saw his first aurora only in 1716, after forty years of watching.

Since then there has been a cool period, with low solar activity;
it lasted between about 1790 and 1820, and is known as the Dalton
Minimum.

Records of the earlier prolonged minima are fragmentary,
but some evidence comes from the science of tree rings, dendro-
chronology, founded by an astronomer, A. E. Douglass. High-
energy cosmic rays which pervade the Galaxy transmute a small
amount of atmospheric nitrogen to an isotope of carbon, carbon-14,
which is radioactive. When trees assimilate carbon dioxide, each
growth ring contains a small percentage of carbon-14, which decays
exponentially with a half-life of 5730 years. At sunspot maximum,
the magnetic field ejected by the Sun deflects some of the cosmic
rays away from the Earth, and reduces the level of carbon-14 in the
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Table 2.7 Numbered solar cycles

No. of
spotless days
Duration,  (throughout
Cycle Began Ended years cycle)
1 Mar 1755 June 1766 11.3
2 June 1766 June 1775 9.0
3 June 1775 Sept 1284 9.3
4 Sept 1784 May 1798 13.7
5 May 1798 Dec 1810 12.6
6 Dec 1810 May 1823 12.4
7 May 1823 Nov 1833 10.5
8 Nov 1833 July 1843 9.8
9 July 1843 Dec 1855 12.4
10 Dec 1855 Mar 1867 11.3 ~654
11 Mar 1867 Dec 1878 11.8 ~406
12 Dec 1878 Mar 1890 11.3 ~736
13 Mar 1890 Feb 1902 11.9 ~938
14 Feb 1902 Aug 1913 11.5 ~1019
15 Aug 1913 Aug 1923 10.0 534
16 Aug 1923 Sept 1933 10.1 568
17 Sept 1933 Feb 1944 10.4 269
18 Feb 1944 Apr 1954 10.2 446
19 Apr 1954 Oct 1964 10.5 227
20 Oct 1964 June 1976 11.7 272
21 June 1976 Sept.1986 10.3 273
22 Sept 1986 May 1996 9.7 309
23 May 1996 Dec 2008 12.6 >730

24 Dec 2008

Solar minimum of ~2009 (Cycle 24). This was the deepest for
many years. In 2008 there were no spots on 266 days (73%), and
2009 was even lower. This recalls 1913 (311 spotless days).

atmosphere, so that the tree rings formed at sunspot maximum
have a lower amount of the carbon-14 isotope. Careful studies were
carried out by F. Vercelli, who examined a tree which lived between
275 BC and AD 1914. Then, in 1976, J. Eddy compared the
carbon-14 record of solar activity with records of sunspots, aurorz
and climatic data, and confirmed Maunder’s suggestion of a dearth
of spots between 1645 and 1715. Yet strangely, although there were
virtually no records of telescopic sunspots during this period,
naked-eye spots were recorded in China in 1647, 1650, 1655,
1656, 1665 and 1694; whether or not these observations are reliable
must be a matter for debate. There is strong evidence for a longer
cycle superimposed on the 11-year one.

The law relating to the latitudes of sunspots (Sporer’s law) was
discovered by the German amateur Sporer in 1861. At the start of a
new cycle after minimum, the first spots appear at latitudes
between 30° and 45° north or south. As the cycle progresses, spots
appear closer to the equator, until at maximum the average latitude
of the groups is only about 15° north or south. The spots of the old
cycle then die out (before reaching the equator), but even before

Spectrum and composition of the sun 9

they have completely disappeared the first spots of the new cycle
are seen at the higher latitudes. This was demonstrated by the
famous ‘Butterfly Diagram’, first drawn by Maunder in 1904.

The Wolf or Ziirich sunspot number for any given day, indi-
cating the state of the Sun at that time, was worked out by R. Wolf
of Ziirich in 1852. The formula is R =k(10g + /), where R is the
Ziirich number, g is the number of groups seen, f is the total
number of individual spots seen and £ is a constant depending on
the equipment and site of the observer (& is usually not far from
unity). The Ziirich number may range from zero for a clear disc up
to over 200. A spot less than about 2500 km in diameter is officially
classed as a pore.

Rather surprisingly, the Sun is actually brightest at spot maxi-
mum. The greater numbers of sunspots do not compensate for the
greater numbers of brilliant plages.

SPECTRUM AND COMPOSITION OF THE SUN

The first intentional solar spectrum was obtained by Isaac Newton
in 1666, but he never took these investigations much further,
although he did of course demonstrate the complex nature of
sunlight. The sunlight entered the prism by way of a hole in the
screen, rather than a slit.

In 1802 W. H. Wollaston, in England, used a slit to obtain a
spectrum and discovered the dark lines, but he merely took them
to be the boundaries between different colours of the rainbow
spectrum. The first really systematic studies of the dark lines were
carried out in Germany by J. von Fraunhofer, from 1814. Fraunhofer
realised that the lines were permanent; he recorded 5740 of them and
mapped 324. They are still often referred to as the Fraunhofer lines.

The explanation was found by G. Kirchhoff, in 1859 (initially
working with R. Bunsen). Kirchhoff found that the photosphere
yields a rainbow or continuous spectrum; the overlying gases pro-
duce a line spectrum, but since these lines are seen against the
rainbow background they are reversed, and appear dark instead of
bright. Since their positions and intensities are not affected, each
line may be tracked down to a particular element or group of
elements. In 1861-1862 Kirchhoff produced the first detailed
map of the solar spectrum. (His eyesight was affected, and the
work was actually finished by his assistant, K. Hofmann.) In 1869
Anders Angstrém, of Sweden, studied the solar spectrum by using
a grating instead of a prism, and in 1889 H. Rowland produced a
detailed photographic map of the solar spectrum. The most promi-
nent Fraunhofer lines in the visible spectrum are given in Table 2.8.

By now many of the known chemical elements have been
identified in the Sun. The list of elements which have now been
identified is given in Table 2.9. The fact that the remaining elem-
ents have not been detected does not necessarily mean that they are
completely absent; they may be present, although no doubt in very
small amounts.

So far as relative mass is concerned, the most abundant elem-
ent by far is hydrogen (71%). Next comes helium (27%). All the
other elements combined make up only 2%. The numbers of atoms
in the Sun relative to one million atoms of hydrogen are given in
Table 2.10.
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Table 2.8 The most prominent Fraunhofer lines in the visible spectrum of the Sun

Letter Wavelength (A) Identification Letter Wavelength (A) Identification

A 7593 0,

a 7183 H,0

B 6867 0,

(These three are telluric lines — due to the Earth’s intervening atmosphere.)

C(Ha) 6563 H b4 5167 Mg

D1 5896 F(HP) 4861 H

D2 5890 Na f(Hy) 4340 H

E 5270 Ca, Fe G 4308 Fe, Ti
5269 Fe g 4227 Ca

bl 5183 Mg h(HS) 4102 H

b2 5173 Mg H 3968 Cal'

b3 5169 Fe K 3933

Note: one Angstr(jm (A) is equal to one hundred-millionth part of a centimetre; it is named in honour of Anders Angstrbm.
The diameter of a human hair is roughly 500 000 A. To convert Angstroms into nanometres, divide all wavelengths by 10, so that,

for instance, Ho becomes 656.3 nm.

Helium was identified in the Sun (by Norman Lockyer, in
1868) before being found on Earth. Lockyer named it after the
Greek nmAtog, the Sun. It was detected on Earth in 1894 by
Sir William Ramsay, as a gas occluded in cleveite.

For a time it was believed that the corona contained another
element unknown on Earth, and it was even given a name —
coronium — but the lines, described initially by Harkness and
Young at the eclipse of 1869, proved to be due to elements already
known. In 1940 B. Edlén, of Sweden, showed that the coronium
lines were produced by highly ionised iron and calcium.

SOLAR ENERGY

Most of the radiation emitted by the Sun comes from the photo-
sphere, which is no more than about 500 km deep. It is easy to see that
the disc is at its brightest near the centre; there is appreciable limb
darkening — because when we look at the centre of the disc we are
seeing into deeper and hotter layers. It is rather curious to recall that
there were once suggestions that the interior of the Sun might be cool.
This was the view of Sir William Herschel, who believed that below
the bright surface there was a temperature region which might well be
inhabited — and he never changed his view (he died in 1822). Few of
his contemporaries agreed with him, but at least his reputation
ensured that the idea of a habitable Sun would be taken seriously.
And as recently as 1869 William Herschel’s son, Sir John, was still
maintaining that a sunspot was produced when the luminous clouds
rolled back, bringing the dark, solid body of the Sun itself into view'.

Spectroscopic work eventually put paid to theories of this kind.
The spectroheliograph, enabling the Sun to be photographed in the
light of one element only, was invented by G. E. Hale in 1892; its
visual equivalent, the spectrohelioscope, was invented in 1923, also
by Hale. In 1933 B. Lyot, in France, developed the Lyot filter,
which is less versatile but more convenient, and also allows the Sun
to be studied in the light of one element only.

But how did the Sun produce its energy? One theory, proposed
by J. Waterson and, in 1848, by J. R. Mayer, involved meteoritic
infall. Mayer found that a globe of hot gas the size of the Sun would
cool down in 5000 years or so if there were no other energy source,
while a Sun made up of coal, and burning furiously enough to
produce as much heat as the real Sun actually does, would be
turned into ashes after a mere 4600 years. Mayer therefore assumed
that the energy was produced by meteorites striking the Sun’s
surface.

Rather better was the contraction theory, proposed in 1854
by H. von Helmholtz. He calculated that if the Sun contracted
by 60m per year, the energy produced would suffice to maintain
the output for 15000000 years. This theory was supported later
by the great British physicist Lord Kelvin. However, it had to
be abandoned when it was shown that the Earth itself is around
4600 million years old — and the Sun could hardly be younger than
that. In 1920 Sir Arthur Eddington stated that atomic energy was
necessary, adding ‘Only the inertia of tradition keeps the contrac-
tion hypothesis alive — or, rather, not alive, but an unburied corpse.’

The nuclear transformation theory was worked out by
H. Bethe in 1938, during a train journey from Washington to
Cornell University. Hydrogen is being converted into helium, so
that energy is released and mass is lost; the decrease in mass
amounts to 4000000 tonnes per second. Bethe assumed that
carbon and nitrogen were used as catalysts, but C. Critchfield,
also in America, subsequently showed that in solar-type stars the
proton—proton reaction is dominant.

Slight variations in output occur, and it is often claimed that
it is these minor changes which have led to the ice ages which
have affected the Earth now and then throughout its history, but
for the moment at least the Sun is a stable, well-behaved Main
Sequence star.

The core temperature is believed to be around 15000 000 °C,
and the density about 10 times as dense as solid lead. The core
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Acidalia 137
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Active galaxies 358
Adams, J. C. 224
calculations of the outer planets 235
Adams, W. S. 110, 132, 319
Adel, A. 226
Adhara, epsilon Canis Major, brightest EUV source 521
Adrastea 189
Aegospotamos, Greece 416BC 280
Aerogel 268
Aerolites 280
Ahnighito meteorite 281
Airglow 291
Airy, G. B. movements of Uranus 235
Airy, Sir George 142, 179
Aitken, R. 315
Akatsuki 112
Al Sufi 355, 361
Alba Patera 136
Alban Hill meteorite, 634BC 280
Albor Tholus 136
Alcyonides 209
Aldebaran 303
Aldrin, Buzz 34
Al-Falavi 108
Alfven waves 17
Algol 319
Ali Ibn Ridwan 335
Allen, D. A. 228
Al-Ma’mun 526
Alpher, Bethe, Gamow theory 364
Alpher, Ralph 363
Alphonsine tables of planetary motion 526
Al-Sufi 526
Altjira (148780) 253
Alvarez, Luiz and Walter 81
Amalthea 189
craters on 189
features (table) 189
gossamer ring 189
surface of 189
Ambartsumian, Viktor 348
American unltaviolet satellites 521
Anaxagoras 4, 288
and Democritus 354
and lunar eclipses 45

Anderson, J.D. and W. B. Hubbard model

of Jupiter 183

Planet X and movements of Uranus and

Neptune 251

Anderson, L.. 248
Andromeda 373

M31 361

spiral 3, 338

spiral 338

spiral galaxy, distance 357
Andromedid meteor shower 273
Anglo-Australian Observatory 512
Anglo-Australian telescope 306
Angstrom, A. 9
Angstrom, Anders 291
Angstrom unit 10
Annular eclipses, British, list of 22
Ant nebula 351
Antarctica 364

meteorites in 280
Antares 319
Antennae galaxies 358
Antlia 376
Antoniardo, E. M. 203

map of Mercury 95
AP Librae 360
Apennines, lunar 28
Apex of the Sun’s Way 23
Aphrodite Terra 114
Apohele 168
Apollo 15 30
Apollo basin
Apus 376
Aquarius 377

EZ Aquarii 293
Aquila 380
Ara 382

p Arae, 4 planets of 312
Arab astronomy, Baghdad school 526
Arachnoids 119
Arago, F 128
Arches cluster 355
Arcturus 303, 304

past and future 298
Arecibo Observatory 358
Arend-Roland comet 1957 270
Ares Valles 135, 140
Argelander, F. W. 323
Argo Navis divided up 367
Aricebo observatory 306
Aricebo Radio Telescope 42, 349
Ariel, features (table) 232
Aries 384

v Arietis 315
Aristarchus 4, 526
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Aristarchus 526
Aristotle, 127, 288
Armstrong, Neil 34
Arp 148 362
Arp, Halton 366
Arrhenius, Svante 122, 272
and meteor crater 285
Ashen light 109
explanations: Gruithuisen, Herschel 109
modern theory 109-110
Asher, D. 277
Assyrians data collector 526
Asterisms 370
Summer Triangle 372
Asteroid 1036 Ganymed 171
Asteroid 1200 Phaethon 163
Asteroid 1566 Icarus 169
Asteroid 1620 Geographos 171
Asteroid 2001QE24 157
Asteroid 2008 TC;, collision with 169
Asteroid 2060 Chiron 177
Asteroid 21 Lutetia 167
Asteroid 216 Kleopatra 167
Asteroid 24 Themis 167
Asteroid 279 Thule 165
Asteroid 31005, Phaethon 273
Asteroid 3200 Phaethon 170
Asteroid 3735 Cruithne 168
Asteroid 3753, Cruithne 27
Asteroid 4179 Toutatis 171
Asteroid 511 Davida 167
Asteroid 5145 Pholus 177
Asteroid 704 Interamnia 167
Asteroid 719 Albert 157
Asteroid 8335 Damocles 178
Asteroid 87 Sylvia 173
Asteroid 944 Hidalgo 177
Asteroid 951 Gaspra 171
Asteroid 99942 Apophis, close approach 168
belts (table) 172
of other stars?, { leporis 178
Asteroid classes 168
Apollos 169
families (table) 164, 165
Hermes 157
hunting 162
impact theory of extinctions 122
impacts 169
Lutetia, past by Rosetta 268
Centaurs 174
Asteroids connected with comets 163
outside the main belt 156
with satellites (table) 175
Asteroids, 588 Achilles 174
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largest 165
Main Belt 156, 165
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notable (table) 162
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potentially hazardous, list 169
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space missions to 171
total mass of 156
Trojans (table) 176
Trojans 156
vermin of the skies 156
Astraea 156
Astrometric binaries 319
Astronomers (list) 53652
Astronomers Royal (table) 508
Astronomers Royal for Scotland (table) 508
Astronomical nicknames (table) 339
Astronomical Unit 1
Astronomy, history of 526
Atacama Desert observatories 507
Atalanta Regio 115
Atla Regio 115
Atmosphere, lower, composition of
(table) 124
Atmosphere, structure of (table) 124
Aumann, H. and P. Gillett 309
Auriga 385
€ Aurigae 324
Aurorae 8
and sunspots 289
Australis 508
described by Fridtjof Nansen 290
in southern England 289
on other worlds 290
Planum 137
Aurorae, altitudes 289
brilliance of (table) 290
causes of 289
colours of 290
form and brilliance 289
frequency 289
legends and folklore 288
odours from 290

Auroral noise 290
ovals 289
Australia Radio Telescope 525

Baade, W. 169, 301, 305, 306, 357
Babcock 6
Baby Boom galaxy 362
Baby Red Spot 182
Babylonian astronomy 526
Backwards galaxy NGC 4622 362
Baily’s Beads 22
Baldwin, Ralph 31
Ball, W. 203
Barabaschev, N. 132
Barnard 2, P/177 264
Barnard, E. E. 203
Barnard’s star 293, 297
Barnard’s star, reported planet 309
Bar-Nun, Akiva, analysis of Titan lakes 217
Baroness de Podmaniczky 327
Barr, J, TLP observation 33
Barstow, M. 303
Barwell meteorite 279, 282
my investigations 286
Barycentre, the 26
Bauersfeld, W., Zeiss Planetarium 516
Bayer 349
Beagle 2 lander 141
Beagle 2, failure of 141
Becker, A. and N. Kaib, discovery of 2006 272 254
Beckman, J. 20
Beddgellert meteorite 282
Bedout High crater 286
Australia 122
Beer and Madler 127
lunar map by 28
Belt of Venus 291
Bennett’s comet 1970 270
mistaken as Israli war weapon 255
Beppo Sax, gamma rays 518
Berkovski, M. 23
Bessell, E. W., lunar measurements 28
Bessell, . W. 293
and 61lcygni 318
Beta Pictoris, dust clouds around 522
Beta Regio 115
Betelgeux 304, 327
Bethe, H. 10, 301, 364
Bianchini, map of Venus 1727 109
Biela’s comet, D/3 264
panic 1832 255
Biermann, L.. 17
Big Bang 357
term by Fred Hoyle 363
Big Crunch 365
Bigg, K. E. and Jupiter’s radio waves 184
Binary stars, spectroscopic binaries 318
Binary systems 293
numbers 318
origins 319
postulated in 1766 318
types 319
Biot, J. B., meteor shower at L’Aigle 280
Birkeland, K. 289
Birr telescope 357
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Bishop’s Ring 291
Bjorgevskii, S. 361
BL Lacertae objects 358
Black aurorae 290
Black drop 4, 108
Black dwarf stars 303
Black eye galaxy M64 362
Black hole at centre of Galaxy 307
formation 306
rotating 307
Black holes 306
evaporating 307
isolated 307
Black Saturday 22
Blanpain’s comet 265
Blazars 358
Blaze star (T Coronae Borealis) 331
Blinking planetary nebula 351
BL-Lacertae objects, nature 360
Blue Moons 25
Bode, J. E. 156, 224
Bode’s galaxy M81 362
Bode’s Law (table) 157
Bode’s Law 156, 245
Boethin’s comet 269
Bok globules 301, 352
Bok, Bart 301
Boles, Tom 335
Bolides 273
Bond, G. P 20
Bond, W. and G. 203
Bondi, H. 365
Boomerang 364
nebula 350
Bootes 387
Borrelly’s Comet 268
Boulby Mine, Yorkshire, search for WIMPS 507
Bovedy meteorite 282, 287
Boxhole crater, Australia 285
Brandes and Benzenberg, meteor heights 273
Brezhina, A. 280
Bright naked eye comets 1900-2010 271
Britannica publication 1661 292
British Astronomical Association: Jupiter
Section 179
British meteorites falls (table) 282
British Total Eclipses 23
Brocchi’s cluster 370
Bronzites 280
Brookhaven National Laboratory 12
Brorsen, Theodor 292
Brown dwarfs 302, 309
Buftham, J. 225
Buffon, conte de 121
Bug nebula 351
Buie, Marc, and surface of Pluto 248
Bunsen, R. 9
Buren, Godfried 24
Burgasser, A. 302
Burke, B. and K. Franklin, radio waves
from Jupiter 184
Burney, Venetia, naming of Pluto 246
Burnham, S. W. 315
Burnright, R. 519
Bush, George W. 121

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9780521899352
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-89935-2 - Patrick Moore’s Data Book of Astronomy

Edited by Patrick Moore and Robin Rees
Index
More information

562 Index

Butterfly diagram, the 9
Buvard, A., tables of Uranus 235

Caelum 389
Caldwell catalogue 343-6
Calendars, early 526
Calichus, Andreas and comets 255
Callisto
Catenae 199
constitution of 199
map 198
outer satellites of 199
outermost Galilean 197
possible underground ocean 199
ringed basins, Valhalla and Asgard 199
small outer satellites: Themisto, Pasiphae,
Sinope 199
surface features (table) 197
very tenuous atmosphere 199
Camelopardus or Camelopardalis 390
Cameron, Winnifred, TLP catalogue 33
Cancer 391
Cancer, 55 cancri planet 312
Canes Venatici 392
Canis Major 394
Canis Minor 396
Cannon, Annie Jump 299
Canopus 200
Capella, astrometric binary 319
Capricornus 396
Carancas meteorite 2007 283
Carbonaceous chondrites 281, 282
Carina 398
€ carinae 298, 299
Carrington, Richard 4
Cartwheel galaxy 362
Cassini division 203
Cassini probe 202, 210
regio on lapetus 220
space-craft 202
Cassini, G. D. 26, 110, 181-2, 183, 203, 212,
214, 292
Cassini, G. E. 179
Cassini, Giovanni 4, 127
Cassini, J. 203
Cassini-Huygens mission 206
Cassiopeia 400
Cassiopeia A 336
Cassiopeia A radio source 525
Castelli, B. 5, 127, 315
Castor 293
Castor 298
Castor 315
Castor 318
system 319
Cat’s Eye nebula 351
Cataclysmic variable stars
causes of 331
luminosity of 331
nebulosity 331
novae 331
Catalogue of bright variable stars (table) 3267
Celestial police 156
Centaur asteroids 163
Centaurus 403

Centaurus A 360, 362, 520
Centaurus X3 520
Centaurus
Omega Centauri black hole 307
o Centauri 293, 309, 315
Cepheid period luminosity law 356
variables 303
variables 328
Cepheus 406
v Cephei, presence of planet? 309
1 Cephei (Garnet Star) 327
Cerdic, King 22
Cerenkov radiation 12
Ceres 156, 166
Cerro Tololo 302
observatory 327
Cerulli, V. 167
Cetus 408
Mira Ceti 298
tau Ceti 313
VZ ceti 293
CFH telescope 302
Chakrabarty, D., disk around a magnetar 311
Challis, J., investigation of Uranus 235
search for new planet 235, 236
Chamaeleon 410
Chamberlin, T. C. 2
Chambers, G. F. 156
Chandra X-ray observatory 303, 336
Chandra, X-ray Observatory 1999 520
Chandrasekhar limit 304, 334
Chandrasekhar, S. 304, 520
Chandrayaan-1, Indian lunar probe 35
Chang-¢ 1, Chinese lunar probe 35
Chant, C. A. 283
Chapman, S. 124
and V. Ferraro 289
Charles, P. 307
Charon
data (table) 246
description 247
diameter of 248
discovery by Christie 246
lack of atmosphere 248
Chebotarev, G. A., comet orbits and Planet X 251
Chen, C. and M. Jura, Keck Observatory 312
Chicxulub crater 122
impact 281
Childrey, Joshua 292
Chinese astronomy 526
Chomsong-dae Korea 507
Chondrites 280
Chondrules 280
Christie, W. H. M. 241
Christy, James W., discovery of Pluto 246
Chromosphere 7
Chryse 135
Chung K’ang, Emperor, eclipse story 20
Circinus 410
Circumnuclear disk 355
Clark, Agnes 357
Clathrates 122
Clavius, C. 17
Clearwater Lakes Quebec 286
Clementine probe 34

Climate, variations in 125
Cloverleaf 361
Clusters and nebulae, first known (table) 339
CME 17
Coal Sack C90 nebula 352
Coal Sack C99 353
COBE (Cosmic Background Explorer
Satellite) 364
Coblenz and Lampland ‘violet layer of” 131
Cockell, C., Forward to Mars party 131
Colette, Aphrodite Terra 115
Collins, S. 209
Colombo gap 203
Columba 411
Coma Berenices 412
Comas Sola, J. 216
Comet Brorsen D/5 265
Comet catastrophe? 255
Comet Churyumov—Gerasimenko P/27 141, 263
Comet Tkeya—Seki 1965 270
Comet Tkeya—Zhang 257
Comet P/2 Encke 257
Comet P/Tempel 2, rich in dist grains 257
Comet panics 255
Comet Shoemaker—Levy 9 collision with
Jupiter 183
Comet tails, changes in 257
Comet tails, main types 257
Comet Wild 2, P/81 268
Comet, Bothin P/85 265
Cometary probes (table) 267
Comets 3
as portents of evil 255
of very long period 272
Comets, brilliant 269, (table) 270
close approach 265
coma sizes 257
destroyed 271
Faye P/4 259
fragile structures 265
hydrogen clouds round 257
Jupiter family 257
letter designations for (table) 256
loss of mass 257
millennium group 255
movEments of and Planet X 251
nature of 255
nomenclature 256
origin of 271
periodical (table) 260-2
periodical seen at one return (table) 263
periodical, lost 256, 264
short-period 257
space missions to 266
structure of 256
Sun-grazing 271
tails of 17, 18
Nature of (R. A. Lyttleton) 256
Compton Observatory (gamma rays) 518
Concorde aircraft and solar eclipse 20
Constellations, 367 (table) 368-9
ancient 526
Chinese and Egyptian 367
largest and smallest 367
list by Ptolemy 367
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Ptolemy’s original 48 367
rejected (table) 371
surviving post-Ptolemaic 370
Contour space-probe failure 267
Cook, Captain 4, 108, 289
Corona Australis 413
Corona Borealis 414
Corona, nature of 17
solar 15, 18
temperature of 17
Coronae lunar 291
Coronal loops 17
Coronal Mass Ejections (CMEs) 8§
Coronium 10
Coronograph 18
COROT satellite 311
COROT space-craft, hunt for exoplanets 309
Corvus 415
COSB 1973 517
Cosmic Background Explorer Satellite 523
Cosmic Background Radiation 363
Cosmic dust 292
Cosmic Ray astronomy 517
Cosmic rays 8
Cosmic year 23, 354
Crab nebula 306
radio source 525
M1 336
Crab pulsar 518
Crater 416
Crater Airy-O 142
Crater Cabaeus 43
Crater depths, list of 30
Crater Gusev 141
Crater Linné 34
Crater origin theory, 30
Craters and TLP, Aristarchus 33
Craters and TLP, Langrenus 33
Craters on the far side of the Moon 82-90
Craters
Aristarchus 30
central mountains of 29
depths of 29
Grimaldi 30
Messier and Messier A 34
Newton 30
Plato 30
ray systems of 30
Creation theory (intelligent design) 121, 363
Crépe or Dusky ring 203
Cretaceous period 122, 125
Critchfield, C. 10
Crommelin, A. C. D. 246
Crommelin’s Comet P/27 263
Crux Australis 416
Crux, o crucis 315
Cryogenian period 124
Cubewanos (table) 251-2
Plutinos and Scattered-disk objects 251
Curtis, H. C. 290
Cygnus 418
Cygnus A 358
Cygnus X-1 307
61 Cygni 293

B Cygni 319

chi Cygni 322

V404 Cygni 307
Cyr, D. L. 134
Cyrillids 1913 283
Cysatus 93

D’Arrest, H. 92, 146, 226
D’Arrest’s Comet P/6 259
Daguerreotype 4
Dalier, D. 245
Dark Energy 364
Dark Era 365
Dark Matter 364
Dark nebulae (table) 353
Darwin, G. H. 27
Davis, R. 12
Dawes. W. R. 179, 203
Day, lengthening of 27
Dayglow 291
Daylight comet of 1910 269
De Bort, T. 124
De Cheseaux, P. 338, 353
De Ferrer J.J. J. 17
De la Rue, Warren 5, 129, 179
De Mairan 289
De Saron, J. 224
De Vaucouleurs, G. 131
Débris discs 311
Deep Impact probe 269
Deep Space 1 probe 268
Degenerate matter 303
Deimos, map of 146
Deimos, surface 152
Delphinus 420
DeMarcos, W., model of Jupiter 183
Dembowski, E. 315
Democritus and Xenophanes 28
Dendrochronology 8
Denning, W. E.| comet discovery 256
Diana chasma 114
Dicke, R. H. 14, 364
Diffuse aurorae 290
Diffuse nebulae, nature 351
Digges, Leonard 508
Dinosaurs 122
extinction 281
Dione
Amata feature 214
chasms on 212
constitution and surface 212
craters on 212
features on (table) 214
map 215
Dollfus, A. observation of lunar TLP 33
Dolphus, A. and R. Walker 209
Domes, near Arago 30
Donati, G. 269
Donati’s comet of 1868 269
Donetsk Basin, neutrino observations from 12
Dorado 422
Dorado, S Doradts 299
Double stars
catalogues 315
early observations 315
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limiting magnitudes and separation (table) 318
optical and binary 315
prominent double stars (table) 316-8
separation 315

Douglass, A. E. 8

Draco 423

Draconid meteors 262

Draconids, associated with comets 277

Drake Equation 314

Drake, Frank 314

Draper, J. W. 29

Drobyshevesky, Eduard 283

Dudith, Andreas and comets 255

Duhald, O. 327

Dumbbell nebula M27 350

Duncan, Martin comets from other stars 272

Dunham, T. 110, 132, 227

Dunne, Loretta 336

Dwarf novae (U Geminorum or SS Cygni

variables) 331
Dwarf planets 1, 156, (table) 250
Dwinglooe telescope 525

Eagle Nebula 353
Earth in the Solar System 121
Earth satellites, temporary 27
Earth
age of 121
atmosphere of 124
data for 122
future of 3, 126
history of 122
interior of 121
magnetic field of 125
weakening of 125
magnetic poles, position of 125
magnetosphere 125
minor satellites of 27
structure of 121, 122
Earthquakes 121
Earthshine 25
Eclipse records in Britain 22
Eclipse
solar, the first 20
total, 1927 23
Eclipses, lunar
appearance of 44
types of 44
Eclipses, solar 17, 18
duration of 18
first predictions 20
list of 2000-2020 21
legends and stories 20
types of 18
on television 23
photographs of 23
Eclipsing binaries 319
Algol type 322
B Lyrae types 322
types 322
very long period type 322
W Ursae Majoris type 322
Eddington, Arthur 10
Eddington Limit 304
Eddy, J. 9
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Edgeworth, Kenneth 156
Edicaran period 124
Edlén, B. 10
Eggen, O. J. 293
Egypt, King Menes 526
Egyptian astronomy 526
Einstein observatory (X-rays) 520
Einstein ring 361
Einstein’s cosmical constant 365
Einstein’s theory of relativity 363
Electromagnetic spectrum 517
Elger, Moon map by 28
Elliott, J. 227
Elysium Mons 136
Emission nebulae 352
Enceladus 202, 210
features (table) 201
geysers 210
map 211
nature of 210
Encke Gap 203, 204
Encke, J. F. 203, 235
Ensisheim meteorite, Swizerland 280
Epimetheus, craters on 209
main satellite region 209
Equuleus 425
Ergosphere (with Black Hole) 307
Eridanus 426
€ Erdidani 293, 313
¢ Eridani planet 310
Eris (136199) 254
Eros 170
composition of 171
features on 173
Himeros, feature on 171
surface of 171
Eruptive variable stars, 329
DY Persei 329
Fuors 329
R Coronae Borealis 329
RS Canum Venaticorum 329
S Doradus type 329
T-Tauri 329
UV Ceti 329
Wolf Rayet stars 329
v Cassiopeiae 329
4 Scorpii (Dzuba) 329
Eschelman, V. 13
Eskimo nebula (Clown Face nebula) 351
Espinak, F. 24
Eta Carinae nebula 353
Ethyl alcohol in the Galaxy 355
Eureka 154
Europa 186
composition of 191
cryovulcanism 193
features (table) 193
flexi 193
legend of 191
map 194
surface of 191
surface temperature of 191
tenuous atmosphere 193
underground sea 193
Evans, Robert 360

Exoplanets, methods of detection 309

visual sightings 312
Explorer 1 satellite 125
Explorer 11 satellite, detection of gamma rays 517
Explorer 2 Balloon, solar observations from 13
Expolanets, list of stars with know planets (table) 310
Extinctions 122
Extrasolar planets (exoplanets) 309
Extreme Ultraviolet Explorer (EUE) 522
Extreme Ultraviolet telescope 521
Eyjafjallajokull, eruption of 291

Fabricius, D. 322
Fabricius, J. 5
Faculae 7
False cross 370
Famous doubles, description of (list) 320-1
Far Ultraviolet Spectroscopic Explorer (FUSE) 522
Fauth, P. 31
Feisen, R. A. 337
Fermi Gamma ray telescope 519
Fessenkov, V. 43
Finsen, W. S. 315
Fireball of 1758, 273
Fireballs 273, 283
Firework nebula 331
Fisher, O. 27
Fix, B., surface features of Pluto 248
Fixlmillner, Placidus; calculation of Uranus
orbit 235
Flammarion, Camille 130
Flamsteed, John 224
Flares, solar 7
Flash spectrum 23
Flaugergues, H. 128
Fleming, Wilhelmina 299
Flemming, F. W.; movements of Uranus 235
Fomalhaut 522
débris disc 312
planet of 310
Fontana, F. 127
Forbes, G. 245
Fornax 428
Fornax dwarf 356
Frail, D. and A.Wolczczan 311
Francis, Revd P. H. 24
Fraunhofer lines, in the Sun 10
Fraunhofer, J. 9
Friedman, H. 519
Friedman, W. F. 131
Fritsch, J. 323
Frosty Leo nebula, 350
Full Moons
legendary names of 26
nicknames for 25

Gaillot, G. 245
Galactic halo 354
Galactic poles 354
Galactic supernovae 335
Galaxies
classified by Hubble 357
colliding 358
Messier catalogue 357
most remote 361

notable (list) 361
selected (table) 359
starless 357
Galaxy (the) 3
Galaxy Zoo; Lintott, C. 358
Galaxy
age of 354
arms of 354
as barred spiral 354
centre 355
collision with M31 356
density waves 355
future 356
number of stars 354
rotation 354
satellites 355
size 354
Sun’s position 354
GALEX (Galaxy Evolution Explorer Mission) 522
Galileo 26, 28, 127
Galileo probe 182
to Jupiter 183
space-craft 193
telescopes from 1610, 508
Galle, J. 203, 226, 235
Galline, Mark, almost hit by meteorite 279
Gallo, J. 92
Gal-Yam, Avishay 335
Gamma ray astronomy 517
bursters 327, 518
novae 333
telescopes (table) 519
Gamow, G. 301, 363, 364
Gan De, possible observation of Ganymede 189
Ganymede 193
composition 195
features (table) 195
Galileo regio 195
magnetic field 197
map 196
names of features 197
ozone on surface 197
Sulci 195
surface features 195
Garchinski, Tony, Ontario meteorite 283
Gaspra 173, 175
features (table) 174
Gassendi, P. 93
Gassendi, R. 288
Gegenschein 292
Gehrels comet P/82 temporarily orbited Jupiter 265
Geminga 306, 518
nature 311
planet of 311
Gemini 430
Gemini north telescope 302
& Geminorum 319
1N Geminorum, 327
YY Geminorum 319
Geminid meteors 273
Geological periods, table of 123
Gervais of Canterbury, Moon observation by 34
Gesner, R. 289
Giacconi, R. X-rays from Crab Nebula 519
Giacobini—Zinner comet 2 267
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Giant Impact theory 122
Giant molecular clouds 301, 338
Gilbert, G. K. 31, 285
Gilbert, W., lunar map 28
Gilgamesh, crater on Ganymede 197
Gilmour, Alan, and Williams, Peter 331
Ginga satellite 307, 327
Giotto probe 268
Gladman, B., discovery of XR190 254
Glatten meteorite 287
Gliese 329 302
Gliese 581 star system (table) 313
Gliese 581, planetary system 313
Gliese 581C 313
Gliese, A., discovery of Scattered Disc
objects 253
Gliese, Wilhelm 313
Globular clusters 348
Go, Christopher 182
Gold, Thomas (dust theory) 34, 125, 365
Goldilocks zone around a star 313
Goldreich, Peter 205
Goldschmidt, H. 23
GONG (Global Oscillation Network Group) 14
Goodacre, Walter, Moon map by 28
Gorter, John 286
Gosse’s Bluff 285
Gottorp Globe 516
Gould, Benjamin 354
Gould’s Belt 354
Grady, J. A., Halley’s Comet and Planet X 251
Gran Sasso 12
Gran Telescopio Canarias 512
Granules, solar 7
Gravitational lensing 360
Great Attractor 361
Great Bombardment 122
Great Comet of 1744 269
Great Comet of 1843 269
Great Debate (Shapley and Curtis) 357
Great Dying 122
Great Observatories of the World (table) 509—-12
Great Red Spot 181
changes in 182
Hollow 181
nature of 182
Greek astronomy 526
Green Bank observatory 314
Green fireballs in the 1940s 273
Green Flash 291
Green, Charles 109
Greenacre, J. 33
Greenberg, Richard 193
Greenhouse gases 122
Greenland 26
Greenwich Observatory 507
Gregory, James 4, 108
Grigg—Skjellerup, passed by Giotto space-craft 262
Grigull, T. 245
Gruithuisen, F. von P. 31
lunar city 29
Grus 432
Gubbio, Italy, fossils 281
Guitar Nebula 306
Gusev, Matvei 141

Gutenberg discontinuity 121
Guzman prize 131

Hadley Rill 30
Haggard, H. Rider and lunar eclipse 81
Hagomoro probe 34
Hale reflector 200-inch 357
Hale, George Ellery 6, 10
Hale-Bopp Comet 523
Hale-Bopp Comet (1995 01) 256
Hale-Bopp Comet 1995 270
Hale-Bopp Comet, 1997 255
Hall, A. 146, 200
Hall-effect thrusters 35
Halley, Edmond 4, 8, 22, 93, 107, 266, 273, 289, 349
and measuring the astronomical unit 108
Halley’s Comet 2667
nucleus 2567
observed from Giotto 267
outburt in 1990 267
return in 1986 255
Haloes, lunar 291
Hanny’s Vorwerp, nature 358
Hardie, R., rotation of Pluto 247
Harding, K. 200
Harkness and Young 10
Haro, G. 352
Harrington, R., Planet X and movements
of Uranus 2521
Harriot, Thomas
first telescopic Moon map 28
refracting telescope 508
Harrison, General William 20
Hartley 2, P/103 and Epoxi mission 264
Hartmann, W. 354
and Davies, D. R. 27
Hartwig 327
Harvest Moon 25
Hatfield, H. R. lunar atlas 28
Haumea (136108 Dwarf Planet) 252
Hawking, Stephen 307
Hawkins, M. 299
Hay, W.T. (Will Hay) 200
Hayden Planetarium 281
Heavens Gate cult 255
Hebig, G. 352
Hecartes Tholus 136
Heinz 23
Heis, E. 323
Heliopause 17
Helios 2 13
Helioseismology 14
Heliosphere 17, 18
Helix nebula NGC 7293 350
Hellas 135
and Argyre 136
Helmbholz, H. von 10
Hencke, K. 156
Henderson, Thomas 224, 293
Herbig-Haro objects 352
Hercules 434
o Herculis 319
{ Herculis 318
Herman, Robert 363
Hermes (asteroid 69230) 162

Index 565

Herschel Space Observatory 523
Herschel
crater on Mimas 209
John 10, 29
announcement of Adams’ work 236
Herschel, William 10, 13, 43, 94, 127, 146, 179, 183,
200, 210, 224, 293, 315, 327, 335, 350, 354
49-inch reflector 508
inhabited Moon 29
Herschel-Rigollet Comet P/35 263
Hertzsprung—Russell diagram 229, 299
Hertzsprung, E. J. 299
Hess, Victor 517
Hevelius 28, 92
Hexahedrites 280
Hey, J.S. 13
and meteors 274
radio waves from Sun 525
Hide, R. 182
Higgins, P. 319
Hildr chasm 118
Hipparcos Astrometric Telescope 315, 325, 516
History of astronomy 1460—present day (list) 527-32
History of space research, 150AD-present day
(list) 532-5
Hiten satellite 34
Hjelling, R. 307
Hoag’s object in Serpens 362
Hoba West Meteorite 281, 287
Hobby—Eberly 512
Hofmann, K. 9
Hofmeister, C. 360
Holes in the heavens 353
Holmes, Arthur 121
Holmes, P/17 259
Holmes’ comet 257
outburst in 2007, 262
Homestake Gold Mine 12
Homestake Mine Observatory 507
Hooke, R. 182, 315
Hooker reflector 100-inch 357
Hoppa, G. and B. Randall, theory of fissures 193
Horologium 436
Horrebow, P. N. 8
Horse’s Head nebula 353
Hough crater, Devon Island 286
Hough, G. W., model of Jupiter 183
Hourglass nebula 350
Houtermans, J. G. 121
Houzeau, P. 120
Hoyle, Fred 122, 272
Hsi and Ho legend 526
Hubble constant Hy 361, 94, 183, 185, 193, 197, 202,
226, 228, 302, 312, 338, 355, 358, 360, 521
observation of Pluto 248
Hubble, Edwin 357, 361
Huggins, W. 182
Hulbert, E. O. 519
Hulse, R. 306
Humason, M. 245
Humboldt, W. §; 292
Hun Kal (Mercury) 105
Hunt, Garry 216
Hussey, T. J., search for Uranus 235
Hutton, James 121
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Huya (38628) 253
Huygens probe, controlled landing on Titan 206, 216
Huygens, Christiaan 28, 127, 179
Hyades 338, 339, 346
brightest stars (table) 348
Hydra 437
satellite of Pluto 247
Hydrus 439
Hygiea 156
Hyginus Rill 30
Hyperion
composition of 219
features on (table) 218
map 219
rotation period 219
surface features 219
Hypernovae 327
Hyukatake 270
Hyukatake Comet 1996 270
encountered by Ulysses probe 257

ITapetus
darkened by dust from Phoebe ring 220
discovery 219
equatorial ridge 220
features (table) 220
map 221
origin of dark region 205
Roncevaux Terra 220
variation in brightness 220
IBEX (Interstellar Boundary Explorer Probe) 17
Ice age, last 125
Ice ages 10, 125
Ida 173
IKAROS 112
Ikeya—Zhang P/133 264
Impact craters, terrestrial 285
Indian astronomy 526
Indus 440
€ Indi 293
Infrared astronomy 522
Infrared emissions from Milky Way 1931 517
Infrared telescopes (table) 523
Innes, R. T. A. 315
International Sun—FEarth Explorer (IUE) renamed
ICE (Commetary) 268
Interstellar matter 354
Interstellar molecules 355
Intra-Mercurian planet? 8
Intrinsic variable stars 325
Io 189
constitution of 190
effects on Jupiter’s magnetosphere 190
list of features (table) 1901
map 192
mountains and volcanos 189
names of features 190
plasma torus 190
satellite of Jupiter 184
surface of 189
Tonian period 124
Tonian volcanos, types 190
Tonosphere, the 124
IRAS (Infrared Astronomical Satellite) 1983 522
particles orbiting Vega 309-10

Ishtar Terra 114

Isidorus, distinction between astronomy and
astrology 526

IUE (International Ultraviolet Explorer
satellite) 202, 521

IUE satellite 327

Ixion (28978) 253

Iye, Masanori 362

Jacobs, C. 203
James Clark Maxwell Telescope (JCMT) 336, 523
Jansky, K. ‘Merry-go-round radio telescope’ 523
Janssen, J. 15, 20
Janus and Epimetheus 209
Janus
craters on 209
Epimetheus ring 205
Japanese Space Probe Yohkoh 13
Jarnowski, A. 245
Jastrebac, Mount 23
Jeans, James 2
Jefferson, Thomas and meteorites 280
Jeftreys, H. 182
Jewel Box cluster NGC4755/C94 338, 347
Jewitt, D. 177
Jiacobini—Zinner 262
Jodrell Bank 311, 363, 525
Jules, J.P. 291
Juno 156, 166
Jupiter (table) 180
Jupiter rings
nature of 185
origin of 185
Jupiter seen from Amalthea 189
Jupiter
average latitudes of belts (table) 181
belts and zones 180
Cassini Spacecraft 186
comet collision 1994 183
comet or asteroid collision 184
cosmic radiation source 185
early observations of 179
excess energy radiated 183
QGalilean satellites 189
Galileo entry probe 186
results from 184
Great Red Spot 180
Green Flash 291
impact event 2010 185
internal structure 182
lightning and aurorae 184
magnetic field 184
magnetosphere 184
main ring and halo ring 185
movements of 179
North Equatorial Belt 181
occultations and conjunctions 179
oppositions of 2008-2020 180
ovals in south temperate zone 182
planet not a star 183
planetary conjunctions 2012-2020 181
radiation zones 184
radio emissions and magnetosphere 184
rings 185
rings of (table) 185

rocky core 183

rotation period 179, 180
satellites of 186

satellites, (table) 187-8

South Equatorial Belt 181
South Tropical Disturbance 182
spacecraft to 185

temporary comet captures 185
winds on 181

Kaidun meteorite, from Phobos? 154

Kaiser, F. 129

Kajuya probe (Selene) 35

Kamil crater, Sudan 286

Kamiokande, solar detectors at 12

Kamioke mining company, solar neutrino
equipment at 12

Kant, Immanuel 1, 23, 357

Kapteyn, J. C., position of Sun in Galaxy 355

Kapteyn’s star 293

Karkoschka, E. 81

Kasei vallis 137

Kavalars, J.J., discovery of small outer satellites 229

Keck telescopes, Hawaii 512

Keeler Gap 204

Keeler, J. E., nature of Saturn’s rings 203

Keenan, P. V. 299

Kellman, E. 299

Kelu-1, 302

Kelvin, Lord 10, 121, 363

Kemble’s Cascade 370

Kemp, Michelle, nearly hit by a meteorite 279

Kepler 17, 93, 127

Kepler space-craft 309

Kepler’s Star 1604 336

Kerr, John 307

Ketekar, V., prediction of position of new planet 245

Kirchhoff, G. 9

Kirin province meteorite 281

Kirkpatrick, D. 302

Kirkwood, D., meteors link with comets 273

Kitt Peak Observatory 5

Klet Observatory 156

Kloppenborg, B. 324

Knowth, Neolithic tomb at 28

Kohoutek’s Comet 1973 270

Kohoutek’s Comet 255

Konbgespelier, the King’s Mirror 1230 288

Kordylewski points 27

Kordylewski, K. 27

Kosovich, E. V. §

Kowalski, R. 169

Koyzrev, K. 33

Krakatoa, eruptions of 25

Kraus, S. 315, 352

Kuiper Airborne Observatory 227, 507

Kuiper Belt 156, 163, 248

Kuiper, G. P. 2, 29, 110, 132, 146, 216, 239, 241, 246

Kulik, L. 283

La Palma 17, 309, 507
La Silla observatory 302
Lacerta 441

Lada Terra 115
Lakshmi Planum 114
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Lakshmi Plateau 114
boundaries of, Frasier, Akna, Danu mountains 114
Lalande 21185 293
Lalande, J.J. de, comet panic, misinterpreted
paper 255
Landau, L. 305
Langer, Norbert 305
Langley, S. P. 34
LaPaz, Lincoln and green fireballs 274
Laplace P. S. de 1, 301
Large Binocular telescope, Arizona 512
Large Magellanic Cloud 299
Large meteorites (table) 281
Large Optical Telescopes (table) 513-15
Las Campanas Observatory 327
Lassell, W. 179, 203
discovery of Ariel and Umbriel 228
observation of new planet 236
Last total eclipse 23
Lau, H. E. 245
LCROSS mission 42
results from 43
Le Monnier, P. 224
Le Verrier, U. J.J. 92
Leavitt, Henrietta Swan 356
Lehmann Discontinuity 121
Lehmann, Inga 121
Lemaitre, Georges 363
Leo 441
Leo Minor 443
Leonard, F. C. 156
Leonardo da Vinci 25
Leonid meteor shower 274, 277
Lepus 444
€ Leporis, asteroid belt 312
Lerebours 4
Lescarbault, Dr 92
LeVerrier, U. J.J., movements of Uranus 235
Levy, David 154
Lexell, Anders, orbit of Uranus 224
Lexells’s Comet D/1771 265
close approach to Earth 265
Liais, E. 130
Libra 445
Linear telescope 157
Lippershey, H., reflecting telescope 508
Lipsky, Y. N. 43
Liquid Zenithal telescope 512
Little Red Spot 182
Local Bubble 4
Local Group of Galaxies 361
Local supercluster of galaxies 361
Lock, J. 274
Locke, R. A. 29
Lockyer, Norman 10, 129
Lodranites 281
Lofar (Low Frequency Array) 2010 525
Lomonosov, M. V. 110, 121
Loomis, E. 8, 289
Lost City meteorite 279
Lovell Radio telescope 525
Lovell telescope 311
Lovell, Bernard 525
Lowell refractor 203
Lowell, Percival 128

map of Mercury 95
map of Venus 110
theories of Mars 131
Lower, Sir William 28
Lucian of Samosata 34
Ludendorff, Hans 323
Luiz, Maria Teresa 302
Luminous Infrared Galaxies (LIRGs) 360
Luna (or Lunik) 3 34
Luna 1 34
Luna 2 34
Luna 9 34
Lunar and solar pillars 291
Lunar atmosphere, results from Apollo missions 43
Lunar crater Shackleton 42
Lunar deities 26
Lunar eclipse of Nicias 45
Lunar eclipses
ancient records of 45
legends of 45
Lunar features, Reiner Gamma and Van de Graaf 41
Lunar formations, origin of 31
Lunar Hoax 29
Lunar landing 34
Lunar maria, origin of formations, modern theory 33
Lunar meteorite ALH89001 34
Lunar nomenclature 28
Lunar plateau, Wargentin 30
Lunar probe Chandrayaan 1 42
Lunar probes Kaguya 35
Lunar Reconnaissance Orbiter (LRO) 42
Lunik 3 26
Lunokhod probes 34
Lupus 447
Luuy, J. X. 177
Luyten, W. 319
Luyten’s star 293
Lykawka, Patryk, Kuiper cliff (southern end of
Kuiper belt) 251
Lyne, A., reported planet of pulsar 311
Lynx 448
Lyot filter 10
Lyot, B. 10, 18
Lyra 450
€ lyrae 319
Lyrid meteor shower 273
Lyttleton, R. A. theory of Pluto 246

M13 Hercules cluster 349

M31 satellite galaxies 362

M67 cluster 338

M67 open cluster 346

M87 giant elliptical and radio galaxy 361, 363

Maat Mons 115, 118

Macho (massive Astronomical Compact Halo
Objects) 361

Mackinac meteorite 145

Maclaurin, observation of Baily’s Beads 23

Maclear, Thomas 269

Madan, Henry 146

Maddox, J., planet of Geminga 311

Midler, J.H. 179

movements of Uranus 235
Maffei 1 group 361
Magellanic Cloud

Index 567

Large 355
Small 355
Magellanic Stream 355
Magnetars and black holes 305
Magnetic reversals 125
Magnitude, absolute 293
Main Sequence 303—4
Majocci, G. A. 23
Major, John 131
Makemake (136472 Dwarf Planet) 253
Manmade objects on the Moon, list of 40
Maraldi, G. 127
Mare Crisium 29
Mare Imbrium 29
Mare Ingenii 29
Mare Moscoviense 29
Mare Orientale 29
Margaritifer Terra 137
Margot, J. L. 105
Mariner 10 103
Mariner 2 17, 110
Mariner 3 134
Mariner 4 134
Mariners 4-9 135
Mariners 6 and 7 134
Marius, S. 92, 338
Mars crater Galle 140
Mars dust-devils 140
Mars Express 141
results from 141
Mars microprobes, Amundsen and Scott 141
Mars Odyssey Probe 141
results from 141
Mars Polar Lander 140
Mars Reconaissance Orbiter (MRO) 136, 141, 142-3
Mars rocks
nature of 140
nicknames 140
Mars space-craft
Mars 96 134
Mariner 4 132
Mars 1 132
Mars Express 132
Nozomi 132
Mars
‘face on Mars’ 140
aircraft over? 136
albedo map of (Patrick Moore) 132
areas of magnetised rock 139
artificial nature of? 130
asteroid 647
atmosphere of 128
atmosphere
analysis of 132
composition of 132, (table) 135
surface pressure of 135
temperatures in 135
atmospheric pressure on 132
attempts at communicating with 131
attempts at communication with by David Todd
and L. Stevens 131
Block Island 144
bright and dark areas 129
canals on 130
gemination of 131
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Mars (cont.)
noted by Beer and Midler 130
noted by W. R. Dawes 130
Catenae 150
cause of panics 127
cave entrances? 136
climate changes, cycle of 135
Climate Orbiter 140
climatic changes 135
close planetary conjunctions 1900-2100 129
clouds on 128
clouds over 135
clouds, ice crystals 135
clouds, night-time 135
crater names of astronomers (table) 153—4
craters on 137, 147
observed by Barnard and Mellish? 134
dark areas, nature of 130
data for 128
differences between hemispheres 136
distance from Earth 127
dust devils on 135
dust storms on 135
Eagle crater 142
early observations of 127
early space missions to 132
Earth-based observations pre-1964 131
Elysium volcanic area 136
Endeavour crater 142
first telescopic observation 127
fogs, hazes and plumes 135
Global Surveyor 135, 140
Mars, great volcanos
Arsia Mons 136
Ascraeus Mons 136
Pavonis Mons 136
haematite on 142
Hellas 134
in the Solar System 127
internal structure 139
ionosphere 136
Labyrinthus Montes 150
lack of plate tectonics 137
long-term climate changes 137
main volcanic area, Tharsis bulge 136
manned flight to? 154
map of by R. A. Proctor 130
meteor showers on 145
meteorite ALH84001 144
meteorites from 143, 144
meteorites on 144
meteors on (table) 145, 277
missions to (table) 133-134
named rocks (table) 144
nomenclature of 130
observed by Beer and Midler 128
observed by Schroter 128
occultations and conjunctions 127
occultations by the Moon 2010-2020 129
oceans on? 130
old and new nomenclature 130
old riverbeds and islands 135
oppositions of 127
1900-2010 128
2010-2020 129

past flash floods 137
Paterae 151
Pathfinder probe 139
phases of 127
polar caps of 127, 136
nature of 131
temperatures of 136
polar hood 136
pole star of 127
precession effects 127
pre-telescopic observations of 127
radio observations by Marconi 131
rotation period of 127
Rupes 151
satellites of (table) 145
satellites seen from surface 152
satellites, origin of 146
Scopuli 151
search for life on 139
seasons of 127, table 129
Shelter Island meteorite 145
signals from? 131
SNC meteorites 144
Sulci 151
surface evolution of 137, 139
surface temperature of 131
surface windspeeds 140
Terrae 151
Tholi (domes) 136
Tholi 151
topographic map 138
Trojan asteroids 154
Undae 151
USSR probes 134
Mars 2 134
Mars 3 134
Valles 151
Valles Marineris 137
Vasitas Borealis 143
Vastitas 152
Victoria crater 142
volcanos
ages of 137
altitudes of 137
vugs on 142
weak magnetic field detected 140
windspeeds on 135
Martian Cepheid shower 277
Martian epochs 139
Martian formations, selected list of 147-9
Martians, signalling to, proposal by Charles
Cros 131
Martians, signalling to, proposal by
J. von Littrow 131
Martians, signalling to, proposal by K. F. Gauss 131
Martin, Jose, meteorite through windscreen 279
Mason, John, Tempel-Tuttle Comet 277
Masumoto, house struck by meteorite 279
Mathilde (asteroid) 173
Matise, J.]. and D. P. Whitmire, massive outer
planet? 251
Matuyama, Motomori 125
Mauna Kea Observatories 507
Maunder Minimum 7, 8, 125
Maunder, E.W. 8, 9

Maxwell Gap 203
Maxwell Montes 114
Maxwell, J. Clark 203
Mayall telescope, Kitt Peak 327
Mayall’s object in Ursa Major 362
Mayer, C. 315
Mayer, J.R. 10
Mayer, Tobias, lunar co-ordinates 28
Mayor, M. and Queloz, D. 311
McCall, G. J.H. 280
McCarthy, P. 361
McMath Telescope 5
McNaught, R. 178, 277, 327
McNeill, J. new nebula 2004 351
Mecca, Sacred Stone 280
Méchain, P. 257, 338
Mediaeval Maximum 125
Melas Chasma 137
Melbourne telescope 361
Mellor, William, comet panic 255
Mensa 451
Menzel, D. H. 110
Mercury 3
Mercury
albedo features on Antoniardi’s map 95
and Copernicus 92
Apollodorus, “spider” 105
axial rotation of 95
brightness of 92
calendar of 96, 102
Caloris basin 104
composition of 105
concentric craters 105
crater Kuiper 104
crater Raditladi 103
crater Rembrandt 103
craters, list of 97-101
data for 93
early observations of 92
elongations of 2010-2020, 93
geological timescale for 104
lack of satellites 106
list of craters over 200 km in diameter 105
magnetic field of 105
maps of 94
observation by Ptolemy 92
observations by Yohkoh 93
occultations of 93
partial transits of 93
phases 92
place in the Solar System 92
planetary occultations and conjunctions 94
ray craters 104
rotation of 95, 106
space missions to 103
surface of 95
evolution of 104
tenuous atmosphere of 105
Tolstoj crater 104
transit of 7 May 2003 93
transit of November 1993 93
transit seen from other planets 93
transits of 92, 93
and astronomical unit 93
list 1631-1999 94
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list 2000-2100 94
earliest observed 93
typical craters 104
view from the surface 102
visibility of 92
volcanic past 103
Mercury-crossing asteroids 106
Meridiani Planum, landing site of Opportunity 142
MERLIN (Multi-Element Radio-Linked
Micrometre Network) 525
Mesosphere 124
MESSENGER probe 103
Messier catalogue (table) 341-3
Meteor Crater, Arizona (Barringer Crater) 285
Meteor fragment sold in London 280
Meteor radiants 274
Meteor showers
Aquarids of April 273
Orionids of October 273
Meteor sounds? 278
Meteorite craters, terrestrial (table) 284-5
Meteorite entry speeds 280
Meteorite hunting 286
Meteorite types 280
Meteorites entering and leavin Earth’s
atmosphere 283
Meteorites recognised as extraterrestrial
by E. F. Chladni 280
Meteorites
ages of 279
casualties caused by? 279
classification 280
dating by isotopes 280
fall in Crete, 1478BC, 280
falls and finds 279
fusion crusts on 280
identifying 287
largest in different regions (table) 282
life in? 282
nature of, early theories 280
numbers known 279
oldest known 279
Meteors (shooting stars), nature 273
danger from? 278
early theories of 273
entry velocities of 274
extraterrestrial 277
on Mars 277
minor showers 276
on the Moon 277
Moslem views 273
nature of 273
numbers entering the atmosphere 273
photography 274
principal showers 275
seen on Mars 145
studied ny radar 274
Zenithal Hourly Rate (ZHR) 274
Metero showers, Perseids 273
Meteros, Masopotamian views 273
Methone, Pallene and Ancic 209
Metis 189
Meudon refractor 203
Meylan, G. 361
Mice galaxies 358

Michell, John 306
Michell, Revd John 318
Microlensing 361
Micrometeorites 287
Microscopium 452
Microwave astronomy 523
Middleditch, J. 327
Middlehust, Barbara 33
Milankovi¢ cycles 125
Militzer, B. and W. B. Hubbard model of Jupiter 183
Milky Way, dark rifts 353
as flattened system 354
legends 354
number of stars 354
satellites (table) 356
Milne, D. and E. Gardner 336
Mimas 209
Mink, D. 227
Minkowski, R. 306
Mira Ceti 322
tail of 522
Mira companion (VZ ceti) 327
Mira type variable 325
Miranda 228, (map) 231
features (table) 231
Missions to Jupiter 1872-2000 (table) 186
Mizar A, spectroscopic binary 318
Mizar and Alcor 315
Mohorovici¢ discontinuity 121
Mohorovici¢, Andrija 121
Monahan’s meteorite 1998, 280
MOND (Modified Newtonian Dynamic) 366
Monocerous 453
Montanari, V. 319
Moon, the 2, 25, 122
Moon and Islamic Calendar 25
Moon Illusion, the 25
Moon impact probe (Indian) 35
Moon in Greek Mythology 26
Moon worship 26
Moon
ancient eclipse records 27
and Earth rotation 27
atmosphere, extreme low density of 43
basalt 41
connection with weather? 25
crater depths, list of 30
crust of, materials in 41
data for 26
deposits of ice? 42
difference between Earth facing and far
hemispheres 33
eclipses of, Danjon scale 44
evolution of 43
far side of 26
features, craters, selected list of 50-80
features, list of maria 48—49
first good photographic atlas by Louis Puiseux 28
first photographs of 29
first suggestion of mountains 28
future of 91
great bombardment of 33
impact probe carried by Chandrayaan 1 42
interior of 41
KREEP basalt 41

Index 569

legends (German, Chinese, Turkish) 25
list of missions to 36, 37, 38, 39
American 36
Chinese 39
Indian 39
Japanese 39
Russian 38
lobate scarps on 30
lunar basins 29
magnetic field of 41
mantle of 41
maps of, earliest 27
maps, pre-Apollo, list 28
maria (seas) 29
meteorites from 34
missions to 34
mountain ranges, list of 32
mythology of 26
observations by Herschel W. reporting lunar
volcanos 33
orange soil 41
origin and history 31
origin of 27, 43
palimpsests 33
probes, Clementine 42
Prospector probe 42
recession from Earth 27
regolith 35
rills on 28
rocks, age of 42
rotation of 26
secular acceleration of 27
structural changes? 34
structure of 35
surface features of 29
names of 29
temperatures on 34
Transient Lunar Phenomena 33
water? 43
X-rays from? 519
Moonquakes 41
Morabito, Linda, observation of Jupiter’s plume 189
Moran, R. 25
Morbidelli, Alexandro 225
Moreton waves 8
Moreton, G. 8
Morgan, D. 43
Morgan, W. W. 299
Moulton, F. R. 2
Mount Ida, Crete 280
Mount Teide radiometer 364
Mountains of Eternal Light, lunar 35
Multiplanet systems 312
Multiple star systems 319
Multiple-Mirror Telescope 512
Murchison meteorite 1969 281, 282
Murdin, Paul 327
Murk Monday 22
Murray, Admiral, and Green Flash 291
Murray, J., comet orbits and Planet X 251
Musca Australis 453

Nakhla meteorite 279
Nanometres, definition of 10
Napoleon Bonaparte, observation of Venus 107
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National Observatory, Denmark 507
Navka planitae 112
NEAR (Near Earth Asteroid Rendezvous
spacecraft) 170
Nebulae, nature of 350
Nebular hypothesis 1
Neison, E., Moon map by 28
Neolithic Moon map 27
Neoproterozoic era 124
Neptune 2
Neptune rings, surveyed by Voyager 237
Neptune
atmosphere 238
close planetary conjunctions 1900-2100
(table) 237
cloud layers 238
composition 237
data (table) 236
difference from Uranus 237
discovery 236, 245
by William Herschel 235
early observations 235
Great Dark Spot 238
internal heat source 238
magnetic field 239
minor satellites 241
movements 235
naming 236
observed by Galileo 235
by Hubble Space Telescope 237
by Lalande and Lamont 235
by Voyager 2 237
oppositions of 2010-2020, 236
physical characteristics 236
rings (table) 239
satellites 239, (table) 240
spots and clouds 238
surface features 237
temperatures 238
the Scooter cloud on, 238
Trojan asteroids 244
violent winds 238
Nereid 241
movements 241
surface features 241
Neugebauer, G. 227
and R. Leighton, cosmic infrared sources 522
Neutrino bursts 327
Neutrino telescope in Antarctica 508
Neutrinos
solar 12
types of 12
Neutron stars 305
‘mountains’ 305
gamma rays and X-rays 305
hyperons 305
magnetic fields of
rotation 305
rotation and glitches 305
Starquakes 305
Neutrons, lunar 42
New Horizons Probe 248
schedule for (table) 248
to Pluto 248
New Moon, early sightings of 25

New planet, names for 246
Newcastle Green Party 25
Newcomb, Simon 121, 226
Newton, H. A. 274
Newton, ideas about meteors 273
Newton, Isaac 9
Newton, Isaac, first reflecting telescope 508
NGC253 discovered by Caroline Herschel 362
Nichols, J. 202
Nicholson, S. 131
Nix, satellite of Pluto 247
Noctis Labyrinthus (the chandelier) 137
Norma 455
North America nebula NGC 700/C20 353
Novae
brilliant 298
selected list of novae (table) 332

O’Connell, J. 291
Oberon and Titania, discovered by Herschel 228
Oberon
features 231, (table) 234
map 234
Ocampo, Sixto, lunar theory of 31
Occultation of Regulus 1959 109
Occultations 81
Oceans, formation of 122
Oceanus Procellarum 29
Octans 456
Octohedrites 280
Okina and Ouma (Japanese lunar sub-satellites) 35
Olhoeft, G. and TLP 33
Olmsted, Dennison 274
Olympus Mons 135, 136
last eruption of 137
Omega/Swan nebula M17 353
Ontario fall 2008, 283
Oort Cloud 3, 163, 254
and periodical comets 251
Oort Minimum 8
Oort, J.H. 254
Open clusters 338
celebrated 339
Ophiuchus 457
Opik, E. J. 132, 254
Opportunity Rover 141
Opportunity, results from 142
Orbiting Solar Observatory 7 (OSO7) 17
Orchomenos, 1200 BC 280
Orcus (90482) 253
Orcus Patera 137
Orgueil meteorite 1864 282
Origin of the Moon, Giant Impact Theory 27
Orion 306, 460
Orion nebula M42 352
Orion nebula object within 352
Orion, theta orionis 319
Orion, 0 orionis (trapezium) 315
OSO1 (Orbiting Solar Observatory 1) 13
Owl nebula M97 350
Ozone layer 124

Paczynski, B. 361
Paczynski. B. 327
Pair instability supernovae 335

Palisa, J. 162
Pallas 156, 166
Pallasites 281
Palomar Refractor 228, 302
Panspermia theory 122, 272
Parallax measurements 293
Parallax shifts 293
Parker, Ian 17
Parkes Radio Telescope 360
Parquet Terrain 115
Paterae 136
Pathfinder mission 135
Patterson, C. C. 121
Pavo 462
Peale, S. 189
Pegasus 464
Pegasus, beta pegusi 327
Pele, Tonian volcano 190
Penezas, Esprit 292
Penzias, A. A. and R. Wilson 523
Penzias, Arno 364
Pepe, Francisco 313
Periodic comets 1-150 (table) 258-9
Perley, R. 361
Permian extinction 122
Perrotin, H. J. A. 131
Perseid meteor shower 277
Perseus 466
Perseus A radio galaxy 362
Petit, E. and Nicholson, S. B. 110
Pettifort, A, and meteorite fall 282
Pettit, F. 27
Pettit, P. 131
Philae Lander, carried by Rosetta 268
Phobos and Deimos, features on (table) 145
Phobos
craters on 146
decaying orbit 146
description of 146
GRUNT probe 152
map of 146
missions to 134
Stickney crater 152
Phocylides Holwarda 322
Phoebe 189, 206
Phoebe Regio 112, 115
features (table) 222
images of 222
shape and movement 222
Phoenix 468
Phoenix Lander 141, 143
results from 143
Photosphere 5
Pic du Midi Observatory 18
Pickering, W. H. 29, 43, 81, 131, 206, 228, 318
Pictor 470
B Pictoris, imaged visually 312
B Pictoris, planet of 310, 311
Pigafatta, Antonio 355
Pillan Patera, temperature of 190
Pillinger, Colin 141
Pioneer 10 185, 205
Pioneer 10 probe 184
Pioneer 11 186
Pioneer 11 205
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Pipe Nebula 353
Pisces 470
Piscis Australis or Piscis Austrinus 472
Pistol star 355
Planck era 365
Planck satellite 366
Planet X, searches for 249
Planet X? 248
Planetaria 516
Planetary and satellite types of features, names 3
Planetary classification 3
Planetary migration 2
Planetary nebulae 303, 350, (table) 351
Planetary transits visible from Mars 154
Planets occulted by Venus 109
Planets of other stars: gas giants 311
Planets of pulsars? 311
Planets
classification 1
data for 2
origin 2
rotation 1
Pleiades 338
Pleiades cluster 302
Pleiades
brightest stars (table) 347
distance 343
M45 339
nebulosity 343
Plutarch 17
Plutinos in orbital residence with Neptune 253
Pluto and Charon, maps by Lowell Observatory 248
Pluto and Charon, mutual phenomena 248
Pluto, atosphere 248
Pluto
data (table) 246
discovery 245
illumination on 248
internal structure 247
minor satellites (table) 247
rotation period 247
seen by IRAS 248
size of 246
status of 248
surface features 247-8
Pogson, M. R. 23
Polars (AM Herculis stars) 333
Pollux 298
Pons—Winneck Comet P/7 259
Pores 5
Potter, D. 43
Powell, C., Planet X and movements of Uranus 251
Poynting-Roberston effect 274
Praesepe 338, 346
Pribram fireball 279
Prior, G. 280
Proctor, R. A. 129
Procyon 293, 319
Procyon B 299
Progenitor stars, X-ray emissions 327
Project Ozma 314
Prometheus and Pandora 209
Prometheus, Ionian volcano 190
Prominences, solar 14
Prominences, types of 14

Proplyds inside Lagoon nebula 352
Prospector probe 34
Proteus, 242
Proteus, map 242
Protoplanetary nebulae 350, (table) 351
Proxima 293, 297
Prolemy 4, 45, 127, 298, 315, 322, 526
Ptolemy’s Almagest 526
Ptolemy’s Cluster 338
Puck 230
Pulsar ‘clock’ 306
Pulsars
binary 306
closest 306
discovery 305
LGM theory 305
millisecond 305
nature 305
regular radio emissions 305
rotation 305
slowing rotation 306
Puppis 473
Pwyll, crater on Europa 193
Pythagoras 107
Pyxis 475

Quadrantid meteors 274
Quaoar (50000 TNO) 252
Quarantids 274
Quark stars 302
Quasar QQ1145-0711, 361
Quasars 360
distances 360
luminosities 360
Quetelét A 274
Quietanus, J. 93
Quintuplet cluster 355

Radio astronomy 523
Radio galaxies 358
Radio observatories (table) 524-5

Radio telescope at Effelsberg, Max Planck

Institute 525
Radioactive dating 121

Ram pressure, with incoming meteors 274

Ramsay, W.R. 10
model of Uranus 226
model of Jupiter 183
Ranger probes 34
Ranyard, A. C. 131
Reber, Grote 358
Recurrent novae, selected list (table) 333
Red Rectangle Nebula 350
Red Spider Nebula 351
Red Spots on Jupiter, colours of 182
Reflected nebulae 352
Regulus 298
Reinmuth, K. 162
Reiss, Adam and Hubble constant 361

Relativity theory and curvature of space 306

Reticulum 476

RGO at Herstmonceux, Sussex 507
RGO destroyed 507

RGO transferred to Cambridge 507
Rhadamanthus asteroid (38083) 253

Index 571

Rhea 214
Rhea Mons 115
eclipsed by shadow of Titan 216
features (table) 216
reported ring of 214
surface features 214
Rheita valley 30
Riccioli, G. 28, 315
Richardson, R. S., Halley’s Comet and Planet X 251
Richlieu, J. 109
Richmond, Sophia (Sister Gabrielle) prediction 255
Rill systems 30
list of 31
Rills, lunar 30
Rills, selected list of 31
Ring Nebula M57 350
Rittenhouse, David 516
Ritter, J. 13
Robinson, Dr Mansfield 131
Roche division 204
Roche lobes 319
Rocks, lunar, ages of 41
nature of 41
Rogers, J. H. 181
Rontgen satellite 304, 518
Rontgen, Wilhelm 519
ROSAT 520
Rose, G. 280
Rosetta comet probe 268
Rosetta probe 141
Rosse, Captain John 224
Rosse, Earl of 34
Rosse, Third Earl 179, 182, 350, 357
Rotating variable stars 330
Rotten Egg nebula 350
Rowland, H. 9
Royal Astronomers of Ireland (table) 508
RR Telescopii 333
Rkl A. atlas by 28
Russell, H. N. 299
Russian 6-metre reflector 1975 512
Ryle, M. 525

S Andromedae 337

Sabine, E. 8

Sagan Memorial Station 140

Sagan, Carl 220

SagDEG galaxy 358

Sagitta 477

Sagittarius 478

Sagittarius A 355

Sagittarius A" 307, 355

Sagittarius, V4641 Sagittarii 307

Sakurai, Yukio 307

Sakurai’s object 307-8

Sapas Mons 118

Saros, period 20

SAS2 (Small Astronomical Satellite 2) 1972 517

Saturn Nebula NGC 7009 350

Saturn orbiter 206

Saturn ring E 205

Saturn
ammonia crystals at high levels 202
atmosphere and clouds 201
atmospheric composition (table) 202
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Saturn (cont.)
aurorae 202
brilliancy of 200
cloud decks 201
composition according to R. A. Proctor 201
conjunctions with other planets 200
data (table) 201
early records of 200
first telescopic observations 200
flattening 200
in the Solar System 200
lightning observed by Cassini 202
magnetic field 202
movements of 200
mythology of 200
north polar vortex 202
observed by Copernicus 200
by Galileo 200
by Pierre Gassendi 200
by Tycho Brahe 200
occultation of & Scorpii 203
occultations (table) 201
occultations by the Moon 200
outer satellites, mythological names 223
Pallene ring 205
Phoebe ring 2-5 205
Phoebe ring discovery by Spitzer Space
Telescope 205
polar hexagon 202
Proetheus and Pandora, shepherd satellites 205
radio source 202
ring A 204
ring B, ‘spokes’ 203
ring data (table) 204
ring E — Enceladus 205
ring F, discovery by Pioneer 11 204-5
ring F nature of 205
rings from Cassini 203
rings
details of 203
early observations 202
edgewise presentation 200
nature of 203
observed from Cassini probe 203
origin of 203
structure of 205
rings D, C, B 203
satellites of 206
description of system 206
main and inner (tables) 207
outer (table) 208
seasonal effects 202
small inner satellites, Atlas 206
Pan 206
small outer satellites 223
space missions to 205
spots in 1960 and 1990 201
spots on 200
surface markings 200
surface ovals 202
unconfirmed satellites 206
Savary, Felix 318
Savin, M. E.| outer planet? 249
Sawangit, Utane 366
Scattered Disk Object 1966 TLgq 253

Schaeberle, J. 241
Schaeberle, J. M. 319
Scheiner, C. 5, 7
Schiaparelli, G. D. 110
Schiaparelli, G. V. 129, 273
map of Mercury 93
Schmidt, J. 28, 34
Schmidt, M. 360
Schmitt, John 360
Schoenberg, E. 182
Schréter, J. H. 28, 94, 129, 156, 179, 200
Schréter’s Valley 30
Schutte, K. and Kritzinger, H. H., outer planet? 248
Schwabe, H. 8, 182
Schwann, P. 25
Schwart, James 120
Schwarzschild radius 306
Schwarzschild, Karl 306
Schwassmann—Wachmann 1 263, 264
Schwegler, E. 226
Scorpion’s tail 115
Scorpius 481
Scorpius X-1 519
SCUBA polarimeter 336
Sculptor 484
Sculptor galaxy NGC 55 362
Scutum 485
Secchi, Angelo 129
Sedna (90377) 254
See, T. J.J. 245, 251
Seismic waves, types of 121
Selsis, F. 277
Semenov, S. 283
Semi-regular variables 327
Seneca 288
daylight shooting stars 273
Serpens 486
SETT (Search for Extraterrestrial Intelligence) 313
Sextans 488
Seyfert galaxies 358
Seyfert, C. 358
Shadow bands 23
Shanks, Tom 366
Shapley, Harlow 355
Shelton, Ian 327
Shklovskii, theory of Martian satellites 154
Shoemaker, E. M. 170
Shoemaker—Levy 3, collision with Jupiter 265
Siderites 280
Siderolites 281
Siderophites 281
Sikhote—Alin meteorite 1947 282
Sikhote—Alin meteorites 279
Simplicius 107
Simultaneous occultation of Venus and Jupiter 81
Singer, S. F. 154
Singularity 307
Sinton, W. M., organic matter on Mars? 132
Sirius 200, 293, 319
Sirius B 299
Sirius, heliacal rising 526
Skiff, B. 162
Skylab 13
Slipher V. M. 361
and discovery of Pluto 245

Small Solar System Bodies (SSSBs) 1, 156
SMART-1 35
SMART-1 probe 34
Smith, G. 525
Smith’s cloud 354
Smyth, Admiral W. H. 346
SN 2005E, with two white dwarfs 334
Snake Nebula 353
SNC meteorites 281
Snowball Earth 125
Snowball Earth theory 124
SOFIA (Stratospheric Observatory for Infrared
Astronomy) 507
SOHO (Solar Heliospheric Observatory) 13
Sojourner rover, information from 140
Solar constant 4
Solar cycle 8, 125
Solar cycles, list of 9
Solar Dynamics Observatory (SDO) 14
Solar eclipse, total, first recorded 20
Solar eclipses, 1923-1929, list of 18
Solar eclipses, duration of 20
Solar gallium experiment 12
Solar missions, list of 15
Solar System
composition 1
origin and evolution 1
origin of, modern theory 2
Solar wind 125
nature of 17
Solwind probe 272
South Africa Large telescope (SALT) 516
South African Astronomical Observatory 309
South Atlantic Anomaly 126
South Downs Planetarium, Chichester England 516
South Pole, observations from 508
South Pole Aitken basin 29
Spacacraft to Venus, Venera 7 111
Space Age 34
Space agencies (table) 518
Space missions to Saturn (table) 205
Space Shuttle 13
Space telescopes — Hubble Space Telescope 507, 516
Space Telescopes, COROT Telescope 516
Spacecraft to Venus 110
Magellan 112
Mariner 1 111
Mariner 10 111
Mariner 2 111
Pioneer 112
Venera 1 111
Veneras 11 and 12 112
Veneras 13 and 14 112
Veneras 9 and 10 111
Venus Express 112
Spacewatch telescope 157
Spalding, Brodie and Brian Kenzie, nearly hit
ny meteorite 279
Spectroheliograph, invention of 10
Spectrohelioscope, invention of 10
Spencer Jones, H. 170
Spicules, solar 7
Spiegel, E. 358
Spindle galaxy NGC 3115/C53 362
SPIRE 523
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Spirit Rover 141
Spirit, results from 142
Spitzer Space Telescope (SIRTF) 523
Spitzer Space Telescope 311
Sporer Minimum 8
Spoérer, £ G. W. 8
Sporer’s Law 9
Spurr, J.E. 30
Sputnik 1 34
Star catalogue, Flamsteed 367
Star cluster, bright (table) 347
Star formation 338-9
Starburst galaxies 358
Stardust capsule return to Earth 268
Stardust probe 268
Starlight, diffused 291
Stars of low mass 303
Stars of the first magnitude 298
Stars
additional spectral classification 301
birth 301
brightest in past and future (table) 295
brightest stars (table) 2967
coolest brown dwarf 302
coolest methane brown dwarf 302
distances 3
distances of 293
energy sources 301
evolution of 301
evolution of stars over 20 solar mass
(table) 304
formation of first stars 365
loss of mass 301
low mass 302
luminosity classes 301
Main Sequence 301
methane destroyed at high temperature 302
modern classification by E. C. Pickering 299
more than 1.4 solar mass 304
most massive and luminous ‘the Monster’ 304
nearest (table) 294-5
nomenclature by Bayer 367
nuclear reactions 301
numbers visible with naked eye 293
proper motions 297
proper names of 293
secular variables 298
spectral classification by Secchi 299
spectral types 299
spectral types L, T, Y 299
spectroscopic work by W. Huggins 299
stars that will change constellations (table) 296
stellar populations 301
stellar spectra and evolution 299
supergiant 304
theories of energy production 301
white dwarfs 299
Wolf-Rayet 299
Steady State hypothesis 365-6
Stellar associations 248
Stellar clusters 338, (table) 340
Stellar clusters
catalogued by Dreyer (NGC catalogue) 338
catalogued by Messier (M numbers) 338
catalogues 338

Stellar populations 357
Stellar spectra (table) 300
Stellar winds, violent 352
Stephen, King 22
Stellar clusters, know in ancient times 338
Stoney, Johnstone 131
Stook, Dr 27
Stratoscope II 7
Stratosphere 124
Struve, £ G. W. 293, 315
Stukeley, Dr 23
Sturtian period 124
SU Ursae Majoris stars 331
Subaru telescope 362
and Pluto atmosphere 248
Sudbury neutrino observatory 12
Sun evolution of 23
Sun
age of 10, 23
atmosphere of 14
atoms in 12
chemical elements in 9, 11
core temperature of 10
cosmic rays from 13
data for 5
differential rotation of 4
distance 4
evolution of 3
future increase in luminosity 126
future of 23
Genesis mission 14
Hinode mission 14
in the Galaxy 4
infrared radiation from 13
interior of 12
luminosity of 2
origin of 23
oscillation of 14
photography of 4
probes to 13
radio waves from 13
rotation of 4, 6
Solar Maximum Mission (SMM) 13
source of energy of 10
spectrum of 9
STEREO (Solar Terrestrial Relations
Observatory) 14
structure of 15
studied by German V2 13
ultraviolet radiation from 13
white dwarf stage 24
X-ray observations of 13
Sundog (perihelion) 291
Sun-grazing comets (table) 272
Sunspot group, largest 5
Sunspots 4, 5
Sunspots
composition of 5
magnetic fields of 6
Super-Kamiokande neutrino detector,
Japan 507
Supernova 1987A 327
Supernova candidates 336
Supernova evolution 327
Supernova in Tarantula Nebula 353

Index 573

Supernova of 1181 336
Supernova of 185, 186, 335
Lupus 335
Supernova remnants 334
Supernova, material ejected from 327
Supernovae in Lupus and Taurus 526
Supernovae in the Local Group 337
Supernovae remnants, selected (table) 334
Supernovae
causes 333
fate of 334
galactic, selected list (table) 335
luminosities 333
types 333
SuperWASP (Wide Angle Search for Planets) 309
SuperWASP probe 312
Surveyor missions 34
Svol, crater on Callisto 199
Swedenborg, Emanuel 1
Swedish Solar Telescope 17
Swift satellite, gamma rays 519
Swift (Voyage to Laputa) 146
Swift, Lewis 92
Swift—Tuttle Comet P/109 264
Sword—Handle cluster 338
Swords and daggers made from meteorites 280
Synodic period of 25
Syrtis Major 127, 134

Tachard, Guy 315
Tachikama, Masayuki, fireball impact
on Jupiter 185

Talanish and Tire, features on Europa 193
Tarantula Nebula 304, 353
Tarter, Jill 302
Taurus 489
Taylor, Gordon 227
Taylor, J.H. 306
Tebbutt’s Comet of 1861 269
Tektites 287
Tektites, main groups (table) 286
Telescope failures 512
Telescopes, the first, Leonardo da Vinci 507
Telescopium 491
Telesto and Calypso (Tethys Trojans) 212
Tempel 1, P/9 259
Tempel 2, target of Deep Impact probe 269
Tenskwatawa, Shawnee prophet 20
Terrile, R. and B. Smith 311
Tertiary period 122
Tesla, Nikolai 131
Tessera Terrain 115
Tethys 212

features on (table) 212

Ithaca chasma 212

map 213
Thales 20, 526
Thatcher’s Comet of 1862 273
Theia Mons 115
Theodore 292
Thermosphere, the 124
Third Earl of Rosse, telescope at Birr Castle 508
Thollon, L. 131
Thor’s Helmet 350
Time dilation 307
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Tiscareno, Mathew 214
Titan 202
atmosphere, clouds 219
discovered by Huygens 216
features on (table) 218
Kraken Mare 217
lakes and seas 217
map 217
Ontario Lacus 217
reported atmosphere 216
surface of 217
Titania, features 231, (table) 233
map 233
TLP catalogues of 33
TLP, observations by Apollo crews 33
Todd, D. P. 245
Tokyo Planetarium 516
Tombaugh, C. 27
Torino scale 169, (table) 170
Total eclipses, British, list of 22
Tousey, R. 521
TRACE (Transition Region and Coronal
Explorer) 17
Tran-Neptunians, the largest 251
Trans-Neptunian objects 3, 156, 251
Trans-Neptunian planet
search for by Clyde Tombaugh 245
search for by Lowell 245
Trapezium 352
Tremaine, Scott 205
Triangulum 492
Triangulum Australe 493
Triton
Bubembe regio 240
description of surface 241
discovery 236, 239
extensive but tenous atmosphere 240
features (table) 243—4
geysers 239
low temperature 240
Monad Regio 240
pink ice 240
surface features 240
surface plumes 241
Uhlanga Regio 240
Trombholt, S. 290
Troposphere 124
Trampler, J. 355
Tsheermak, G. 280
Tsiolkovskii, K. early theories of space travel 34
Tswaing crater, Victoria 286
T-Tauri stars 23, 303, 352
Tucana 494
Tunguska impact, 1908 266, 283
Tusey, R. 17
Tuttle’s Comet P/8, 259
Tycho Brahe 127, 507
and comets 255
Tycho’s star 1572 336
Type IA supernovae 333, 365
Type IB/1C supernovae 333
Type II supernovae 333

Uhuru, X-ray astronomical satellite 319
Uhuru, X-ray satellite 519

UKIRT (United Kingdom Infrared Telescope)
302, 522

UKST (United Kingdom Schmidt Telescope) 512

Ultraviolet astronomy 521

Ultraviolet telescopes (table) 521

Ulugh Beigh at Samarkand 526

Ulysses probe 13

Umbriel

features 231, (table) 232-3

map 233

seen by Hershel? 228
Universe

accelerating 365

cyclic 365

decoupling 363

distance scales 366
evolution (table) 364
expansion of 361
new theories 366
‘oldest light in’ 366
opaque 363
open or closed? 365
origin and evolution 363
very early state 363
Upsilon Andromedae star system (table) 313
Uranius Tholus 137
Uranus 2, 179
atmosphere of 226
axial inclination 225
conjunctions with other planets 224
constitution of 226
data (table) 225
diameter of 224
differential rotation 227
discovery 224
discovery of ring system 227
early observations 224
electroglow 226
ionosphere 227
lack of internal heat 226
magnetic field 227
magnetosphere 227
magnetosphere and radio waves 226
movement 224
naming of 224
occultations of 224
oppositions 2010-2010 (table) 225
outer satellites 234
discovery 229
planetary conjunctions 1900-2100 (table) 225
polar nomenclature 225
possible migration of 225
radiation belts 227
reported ring by Herschel 227
rings 227, (table) 228
discovery 227
nature 228
rotation according to Houzeau 225
rotation of, confirmed by Lowell, P. and
Slipher, V. M. 226
satellites of 228, (table) 229
small inner satellites description 230
small outer satellites, movements 229
small outer satellites, names by J. Herschel 229
solid core? 226

solstices and equinoxes 1900-2100 227
spectroscopic observations by Secchi, Huggins,
Deslandres 226
storms 227
surface details 227
telescopic view 225
temperatures at pole and equator 226
troposphere 226
view from 234
Urey, H. C. 29
Ursa Major 495
& Ursae Majoris, binary orbit 318
Ursa Minor 498
Ussher, Archbishop James 121, 363

V 382 Velorum 1999 331
Valleys, lunar, list of 31
Valz, J, E. B., movements of Uranus 235
Van Allen belts 125
Van Arkel, Hanny 358
Van de Kamp, P. 309
Van den Bos, W. H. 315
Van der Hove, and phases of Mercury 92
Van Langren 28
Van Maanen’s star 293, 299
Variable star types (table) 323, 329
PV telescopii 329
RV tauri 329
Variable stars 322
classification of (table) 324
first known (table) 323
remarkable 330
P Cygni 330
V 838 Monocerotis 331
1 carinae 330
p Cassiopeiae 330
RR Lyrae type 328
types 322, (list) 328
W Virginus type 328
7.7 Ceti type 328
B Cephei type 328
& Scuti type 328
Varuna (20000 TNO) 252
Vassenius 15
Vega 293
dust clouds around 522
Vegard, W. 290
Weigelt, G. 315
Veil Nebula (Cygnus Loop) 335
Vela 500
pulsar 518
SNR (Gun Nebula) 335
Velikovsky, Immanuel, comet panic 255
Venus 2, 3, 107
Venus as a UFO, President Carter of the United
States 107
Venus atmosphere
clouds 110
composition of 110
structure of 110
Venus calendar (Mayas) 107
Venus Express probe 111
Venus phases, observed by Galileo in 1610 107
Venus surface, Thetis Ovda 115
Venus Tablet 107, 526

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9780521899352
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-89935-2 - Patrick Moore’s Data Book of Astronomy

Edited by Patrick Moore and Robin Rees
Index
More information

Venus transits 108
first predicted by Kepler 108
Venus
atmosphere 110
composition of 110
lightning 110
conditions on 112
contacted by radar 110
coronae 118
crust of 115
data 108
early maps of 112
early observations 107
evolution of 120
explosive volcanoes 118
extreme axial inclination 110
features 116-17
features, markings in the disc 109
features, names of 114
Hadley cell 110
impact craters 115
interior of 119
lack of magnetic field 110
lack of satellite 119
lava channels 118
legend of the Yonlgu people of Arnhem
land 107
life on? 120
Magellan mission 112
missions to 113
movements of 107
observations by J. H. Schroter 109
observations from South America 107
occultations by 109
occultations of the stars 109
old references 107
pancake dome volcanos 118
phases of, Schroter effect 107
phenomena 2000-2020 108, (table) 108
photographed by F. E. Ross 109
planetary conjunctions 109
polar vortex 111
pressure and temperature of the atmosphere,
table 111
quasi-satellite 120
rotation period 110
selected list of Venus crossing asteroids 119
surface materials analysed 112
surface of 114
illumination 112
surface winds 111
temperatures on 112
transit of 4
transit, 2004 109
transits 1631-2200 108
true rotation period 110
UFOs 107
upper clouds, temperature 110
view from the surface 110
Verbeek, R. G. M. 287
Verne, Jules 27, 34
Verschuur, G. 291
Vertis (on Venus Express) 112
Very Large telescope (VLT) at Cerro Paranal 512
Vesta 156, 166

Vesta, meteorites from? 167

Venus transits, observed by Horrocks, Jeremiah and
Crabtree, William 108

Viking 1, landing in Chryse 139

Viking 2, landing in Utopia 139

Viking landers 139

Viking landers on Mars 135

Viking probes 135

Vikings, information from 139

Vincenzio de Michelle 286

Virgo 502

Virgo cluster of galaxies 361

Virgo H121 galaxy 358

Virgo, gama Virginis 315

Virgo, gama Virginis 319

VLA (Very Large Array) 305

VLT used to measure star diameters 512

VLTT (Very Large Telescope Interferometer) 315

Vogel, H. C. 4

Vogt, Steven 313

Vokrouhlicky, D. 168

Volans 505

Voltaire, crater on Deimos 152

Von Braun, Wernher 125

Von Frese, Ralph and Wilkes Land crater 286

Von Karman, Theodore 274

Vonzach, F. X. 156

Voyager 1 probe 186

Voyager 2 probe 228

Voyager 2 at Saturn 216

Voyager 2 at Titan 206

Voyager 2 leaving Solar System 237

Voyager 2 passes Saturn 206

Voyager 2 probe 186

Voyager 2, encounters Saturn, Uranus,
Neptune 186

Voyager 2, pass of Uranus 226

Vredefort ring, South Africa 285

Vulcan, unconfirmed planet 92

Vulcanoid asteroids 92

Vulcanoid asteroids? 167

Vulpecula 506

Waldron, D. 27
Walker, M., rotation of Pluto 247
Wampler, J. 360
Wargentin, Per 298
WASP 12 B, planet, destruction 312
Waterson, J. 10
Watson, J. 92
Wegener, Alfred 121
Weigelt, image of trapezium 352
Weinik, L., meteor photograph 274
Weisberger, J. 31
Wesley, Anthony 184
West’s comet 1975 270
Westfall’s comet, D/20, faded away 265
Whale galaxy NGC 4631 362
Wheeler, Archibald 306
Whewell, W. 179
Whipple observatory, gamma ray telescope 518
Whipple, F. L. 110
Whipple, E. L.

nature of comets 256
Whirlpool galaxy 357

Index 575

Whirlpool galaxy M51 362
White dwarf binaries 319
White dwarfs 303
Wickramasinghe, Chandra 122, 272
Widmanstatten patterns 144, 280
Wilbur, K. discovered brilliant white spots 201
Wild Duck cluster M11 346
Wildt, R. 110
model of Saturn 201
model of Jupiter 182
model of Uranus 226
Wilkes land 122
Wilkes’ Land, Antarctica 286
Wilkins, H. Percy, Moon map by 28
Wilkinson Anisotropic Microwave Probe
(WMAP) 523
Wilkinson, D. 364
Willamette meteorite 281
William Herschel telescope 307, 312
William of Malmsbury 22
Williams, A. S. 200
Williams, S. 20
Wilson effect 5
Wilson, A. 5
Wilson, Robert H. 154
Wirtanen, C. 169
Wiseman—Skiff Comet P/114: meteor shower
on Mars? 264
Witt, C. G. 170
WMAP (Wilkinson Microwave Anisotropic
Probe) 364
Wolf 359, 293
Wolfe Creek crater, Australia 285
Wolf Minimum 8
Wolf, Max 162
Wollaston, W. H. 9
Wood, H. E. 315
Wood, R. W. 131
Wormbhole in spacetime 307
Wright, Thomas 1, 354
Wright, W. H. 201
Wirm glaciation 125
W-Virginis variable stars 303
WZ sagittae 333

Xanadu on Titan 219

Xanadu region on Titan 216

Xanadu, surveyed by Cassini 217
Xichang satellite launch centre (China) 35
XMM-Newton satellite 521

X-ray astronomy 519

X-ray binaries 319

X-ray novae 333

X-ray satellites (table) 520

X-ray telescopes 519

Yerkes telescope 1895 512

Yohkoh satellite (solar studies) 520
Young, C.

Yucatan 122

Yucatan peninsular 281

Yuri, H. C. 27

Z camelopardalis stars 331
Zeeman effect 6
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Zeppelin detector for WIMPS 507

Zero-Age Main Sequence (ZAMS)
stars 303

Zharkova, V. V. 8

Zodiacal band 292

Zodiacal light 291-2

Zupus, C. 92

Zurich sunspot classification 6
Zurich sunspot number 9
Zwicky, F 305

Zwicky, Fritz 335
Zwicky, Fritz 360

4 Orionis, spectrum 354
t Draconis, planet of 312
® Centauri 348
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