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Introduction


We live in the Age of Science; it is easy to forget that a mere hundred years ago radio broadcasting was very limited, there were no computers and there was certainly no television. The concept of space travel was dismissed as science fiction, and those who dared to suggest reaching the Moon were classed with flat-earthers, hollow-globers and people who believe that Bacon wrote Shakespeare. We have come a long way since then, and in all these advances astronomy has played a very important role.


There is one aspect in which astronomy is, if not unique, at least very exceptional: it is a science in which amateurs can work closely with professionals, and where amateur results are of immense value to the professional community. One example of this will show what is meant. Exploding stars, or supernovae, are of great importance to theoretical astrophysicists. A supernova occurs when a very massive star in an external galaxy uses up all its store of nuclear ‘fuel’, so that it collapses; an implosion is followed by an implosion, and the dying star literally blows itself to pieces. A supernova cannot be predicted and theorists want to study the initial stages of the outburst, when for a brief period the luminosity is millions of times greater than that of the Sun. The English amateur Tom Boles has now discovered well over a hundred supernovae from his private observatory, simply because he knows how to look for them and how to alert the professionals.


From the amateur’s point of view, probably the most important development in recent years concerns equipment. A century ago, photography took over from ordinary visual observing; astronomers stopped sketching and took images instead. Today, photography is in turn being superseded by electronic equipment, and the results have been dramatic. A skilled user of a very modest telescope can fit equipment that will enable him or her to take pictures better than any obtainable with the world’s largest telescopes at the end of the Second World War. Of course, new telescopes have been built; in 1950, the 200-inch Hale reflector at Palomar in California was in a class of its own; insofar as aperture is concerned, it is now not even in the ‘top ten’.


All this does not mean that the amateur will be left behind, indeed it is quite wrong to assume that any amateur must have equipment that is both expensive and elaborate. Quite apart from the sheer pleasure of observing – and this, of course, is all-important – useful observations can be made with the naked eye, and a pair of binoculars will work wonders. It may even be argued that binoculars are ideal for the absolute beginner who has just realized that he or she is becoming seriously interested. A telescope can follow later, and there too the situation has improved during the past decade. It used to be impossible to buy a good telescope at a cost affordable to most people, and it is fair to say that a telescope was either good or cheap – not both! Unfortunately, there were many telescopes advertised that were of a very poor quality.


Today, a useful telescope can be obtained for only a few tens of pounds. Of course it will be limited, but it will be much better than nothing at all, and it will be able to give pleasing views of the craters of the Moon, the bright satellites of Jupiter, coloured stars, star clusters and, perhaps above all, the rings of Saturn. If you are prepared to spend up to about £500 (roughly US$800), you can equip yourself with a telescope such as a Mead or a Celestron that will last you a lifetime, and enrol you in the band of amateurs carrying out really valuable research.


Yet – take care. A bad telescope does not always betray itself at first sight, and unless you are fully competent it is wise to seek advice from your nearest astronomical society. There are now societies in most cities in most countries, and the newcomer will almost certainly receive a warm welcome and all possible help. Astronomers are friendly folk.


Happy stargazing!
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What is astronomy?
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‘Everybody knows what astronomy is all about.’ Unfortunately, this statement is not true. Even today many people confuse astronomy with astrology, and expect me to be able to peer into the future, probably by using a crystal ball. Yet the two subjects could not possibly be more different. Astronomy is the science of the sky and all the objects in it, from the Sun and Moon through to the remote star systems that are so far away that we see them as they used to be thousands of millions of years ago. Astrology, which attempts to link the stars with human character and destiny, is a relic of the past; it is totally without foundation, and the best that can be said of it is that it is fairly harmless.


In this chapter you will learn some basic facts about astronomy and the definitions of the most important terms.
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Suns, stars and planets


It may be helpful to begin with a celestial roll-call. Obviously we must start with our Earth, which was once thought to be the most important body in the entire universe, but which we now know to be an insignificant planet moving around an insignificant star – the Sun. The distance between the Sun and the Earth is 149.5 million km (93 million miles), and it takes one year for the Earth to complete a full circuit: more precisely, 365.2 days. The Earth spins around once in approximately 24 hours, and is surrounded by a layer of atmosphere that extends upwards for several hundreds of miles even though most of it is concentrated at low levels.


At 149.5 million km (93 million miles) from us, the Sun seems a long way away, but in astronomy we have to deal with immense distances and vast spans of time. Nobody can really understand figures of this sort – certainly I have no proper appreciation of even 1 million km (0.6 million miles) – but we know that the values are correct, and we simply have to accept them.


Just as the Earth is an ordinary planet, so the Sun is an ordinary star. All the stars you can see on any clear night are themselves suns, some of them far larger, hotter and more luminous than ours. They appear so much smaller and dimmer only because they are so much further away. Represent the Earth–Sun distance by 2.5 cm (1 inch), and the nearest star will be over 6.5 km (4 miles) away. The Pole Star, which many people recognize (and about which I will have more to say in the next chapter) will have to be taken to a distance of 11,260 km (7,000 miles). It is at least 6,000 times more luminous than the Sun, and yet it seems by no means the most brilliant star in the night sky.
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Figure 1.1  Plan of the Solar System, including Halley’s Comet


Around the Sun move eight planets, of which the Earth comes third in order of distance. Mercury and Venus are closer to the Sun than we are; Mars, Jupiter, Saturn, Uranus and Neptune are further away.
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Key idea








Unlike the stars, planets have no light of their own, but shine only because they reflect the rays of the Sun. If some malevolent demon suddenly snatched the Sun out of the sky, the planets (and the Moon) would vanish from sight, though naturally the other stars would be unaffected.
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The planets move around the Sun at different distances and in different periods. Even a casual glance at a plan of the Sun’s family, or Solar System, shows that it is divided into two well-marked parts (see Figure 1.1). First we have the four small planets (Mercury to Mars) and then a wide gap, followed by the four giants (Jupiter to Neptune). The wide gap between the paths or orbits of Mars and Jupiter is occupied by a swarm of very small worlds known variously as minor planets, planetoids and (more commonly) asteroids.


The revolution periods of the planets range from 88 days for Mercury to almost 165 years for Neptune. They are very different sizes: Jupiter is over 143,000 km (89,000 miles) in diameter, Mercury only just over 4,800 km (3,000 miles). Because the planets are relatively near neighbours, some of them can look most imposing. Venus, Jupiter and Mars at their best are far brighter than any of the stars, while Saturn is prominent enough to be conspicuous, and Mercury can often be seen in the twilight or dawn sky. All these planets have been known since very ancient times, while the others were discovered much more recently: Uranus in 1781 and Neptune in 1846. Uranus can just be seen with the naked eye if you know where to look for it, but to observe Neptune you need optical aid.


Satellites, comets and meteorites


What, then, of the Moon, which dominates the night sky just as the Sun is king of day? Officially the Moon is known as the Earth’s satellite; it moves around us at a distance of less than 402,250 km (250,000 miles), and it is little more than 3,200 km (2,000 miles) across. Like the planets, it depends upon reflected sunlight. Obviously the Sun can illuminate only half of the Moon at any one time, and this is why we see the regular phases, or apparent changes of shape, from new to full; everything depends upon how much of the Moon’s sunlit hemisphere is turned in our direction. It is an airless, waterless, lifeless world, but it is our faithful companion in space, and stays together with us in our never-ending journey around the Sun. It takes just over 27 days to complete one orbit of the Earth although, for reasons to be explained later, the interval between one new moon and the next is 29.5 days.
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Key idea








Other planets have satellites of their own – more than 60 each for Jupiter and Saturn – but in some ways the Earth–Moon system is unique, and it may be better to regard it as a double planet rather than as a planet and a satellite.
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Among other members of the Sun’s family are comets, which have been referred to as ‘dirty snowballs’. They are flimsy, wraithlike things; with even a major comet the only substantial part is the nucleus, made up of a mixture of ice and ‘rubble’ and seldom more than a few kilometres across. Like the planets, comets travel around the Sun but, whereas the orbits of the planets are almost circular, those of the comets are, in most cases, very eccentric. When a comet nears the Sun, its ices begin to evaporate, and the comet may produce a gaseous head and a long tail; when the comet retreats once more into the cold depths of the Solar System, the head and tail disappear, leaving only the inert nucleus. The only bright comet to appear regularly is Halley’s (named in honour of the second Astronomer Royal, Edmond Halley), which comes back every 76 years and last paid a visit to the Sun in 1986. Really brilliant comets have much longer periods, so that we cannot predict them. Now and then a comet meets with a dramatic end, as in July 1994 when a comet known as Shoemaker–Levy 9 crashed to destruction upon the planet Jupiter.


Note that a comet moves well above the top of the Earth’s air and is a long way away, so that it does not seem to crawl quickly across the sky; if you see a shining object that is shifting perceptibly, it cannot be a comet.


As a comet travels, it leaves a trail of ‘dust’ behind it. If one of these dusty particles dashes into the upper atmosphere, it will have to push its way through the air particles, so that it becomes heated by friction and burns away in the streak of luminosity that we call a meteor or shooting star. Therefore, a shooting star has absolutely no connection with a real star; it is a tiny piece of débris, usually much smaller than a pin’s head, which we see only during the last few seconds of its life before it burns away completely, ending its journey to the ground in the form of ultra-fine dust.


Larger bodies, not associated with comets, may survive the full drop without being burned away, and are then known as meteorites. Some of them may make craters; for example, the Arizona Crater in the United States was certainly formed by an impact more than 50,000 years ago. Meteorites come from the asteroid belt, and in fact there is no difference between a large meteorite and a small asteroid; it is all a question of terminology. In recent years, several tiny asteroids, much less than 1.6 km (1 mile) across, have been known to pass by us at less than half the distance of the Moon. One of these cosmical midgets is believed to have been no more than 9 m (30 ft) in diameter.


The planets move around the Sun in very much the same plane, so that, if we draw a plan of the Solar System on a flat piece of paper, it is not far wrong. This does not apply to the comets or asteroids, and indeed some comets move around the Sun in a ‘wrong-way’ or retrograde direction; Halley’s Comet is one of these. In addition, there is a great deal of material spread thinly along the main plane of the system, which shows up when lit by the Sun and produces the lovely cone-shaped glow that we call the Zodiacal Light.


Constellation patterns


The planets were first identified because, unlike the stars, they shift in position from one night to another; indeed, the word ‘planet’ really means ‘wanderer’. The stars are so remote that the individual or proper motions are very slight, and the star-patterns or constellations seem to remain to all intents and purposes unchanged over periods of many lifetimes. Board Dr Who’s time machine and project yourself back to the age of William the Conqueror, or Julius Caesar, or even Homer: the constellation patterns will appear practically the same as they do now. It is only the members of the Solar System which move more obviously against the background, and even then the Sun, Moon and principal planets keep strictly to a band around the sky which we call the Zodiac.


The constellations that we use today have come down to us from the Greeks. The last great astronomer of classical times, Ptolemy, gave a list of 48 constellations, all of which are still to be found on our maps even though their boundaries have been modified and new groups added. The Greek names (suitably Latinized) commemorate the mythological gods and heroes, together with living creatures and a few inanimate objects. Thus we have Orion (the Hunter), Hercules (the legendary hero), Ursa Major (the Great Bear), Taurus (the Bull) and others. Probably the best-known constellations visible from northern countries are the Great Bear and Orion, both of which are distinctive; the Bear never sets over Britain, though Orion is out of view during the summer because the Sun is too close to it in the sky. Yet it is important to remember that the constellation names and patterns mean nothing at all, because the individual stars are at very different distances from us.
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Spotlight: Light years








Star distances are so great that ordinary units of measurement, such as the kilometre and the mile, are inconveniently short (just as it would be cumbersome to give the distances between London and New York in centimetres). Luckily, nature has provided us with an alternative. Light does not move instantaneously; it flashes along at 299,000 km (186,000 miles) per second, so that in a year it can cover approximately 9,500,000 million km (6 million million miles). It is this distance that is termed the ‘light year’. The nearest star to the Sun is more than 4 light years away; the Pole Star, 680 light years; Rigel, the brilliant white star in Orion, about 900 light years. It follows that, once we pass beyond the Solar System, our view of the universe is bound to be out of date. We see Rigel as it used to be 900 years ago and, if it were suddenly extinguished, we would not know for another 900 years. Some recent measures give different distances for many of the brilliant stars. In this book, I have followed the values given in the authoritative Cambridge catalogue. On the other hand, light takes only 8.6 minutes to reach us from the Sun, and it can leap from the Moon to the Earth in only 1.25 seconds.
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The essential fact is that the stars in any particular constellation are not genuinely associated with each other; they merely happen to lie in much the same direction as seen from Earth, so that we are dealing with nothing more significant than a line-of-sight effect. In Orion, for example, the two leading stars are the orange-red Betelgeux and the white Rigel. Betelgeux is 310 light years away from us, Rigel 900, so that Rigel is much further away from Betelgeux than we are – and if we were observing from a different vantage point, Betelgeux and Rigel might well lie on opposite sides of the sky. In fact, a constellation name means absolutely nothing. Among early civilizations, the Chinese and the Egyptians had constellations of their own. If we had followed, say, the Egyptian system, we would have had a Cat and a Hippopotamus instead of a Bear and a Bull, though, needless to say, the stars would have been exactly the same.


Naturally, this line-of-sight principle applies also to the wandering planets. When we say that, for example, Mars is ‘in Taurus’, we mean that the planet is seen against a background of totally unconnected stars that we call the Bull, even though the stars in this particular group do not form any distinct pattern and certainly do not conjure up the impression of a bull or any other creature.


Although the constellations do not change obviously over many centuries, they are not absolutely permanent. The stars are not fixed in space; they are rushing about in all sorts of directions at all sorts of speeds, and it is only their remoteness that makes them appear sluggish (just as a jet moving against the clouds will seem to move much more slowly than a sparrow flying around at treetop level). Constellation patterns change and, if we could come back in, say, 50,000 years, the night sky would seem unfamiliar.


Our galaxy and the Milky Way


Our Sun is a member of a system that we call the Galaxy. It contains about 100,000 million stars altogether, arranged in a form that is usually likened to a double-convex lens but that I prefer to compare with the shape of two fried eggs clapped together back to back. The Sun, together with the Earth and other members of its family, lies not far from the main plane of the Galaxy, but is nowhere near the centre of the system, which is almost 30,000 light years from us; the overall diameter of the Galaxy is of the order of 100,000 light years. When we look along the main plane, we see many stars in almost the same direction, and this is what produces the Milky Way, that lovely, glowing band that stretches across the night sky from one horizon to the other. The Milky Way is made up of stars, seemingly so close together that they are in danger of colliding with each other, but once again appearances are deceptive. The stars are widely spaced, and in average regions of the Galaxy, at least, direct collisions must be very rare indeed. Even ‘close encounters’ seldom occur.


Here and there we find whole clusters of stars, some of them loose and irregular in form, others symmetrical and globular. Of the open clusters, the most famous is that of the Pleiades or Seven Sisters, a familiar sight in the night sky for two months either side of Christmas. Globular clusters are remarkably regular, and may contain up to a million stars.


Also in the Galaxy we find clouds of gas and dust known as nebulae. A few of them are visible with the naked eye, and telescopes show vast numbers. Nebulae are stellar birthplaces, where fresh stars are being formed from the tenuous interstellar material. Around 5,000 million years ago, our Sun was born inside a nebula in just this way.


Other galaxies


Our galaxy is by no means the only one. Modern equipment can reveal at least 1,000 million others, but all are a long way away. Only a few are within a million light years of us, and most are at immense distances. In the northern sky, the most famous outer galaxy is the Great Spiral in the constellation of Andromeda, which is dimly visible with the naked eye but very easy to see with binoculars. It is 2.2 million light years away, and is larger than our galaxy, with more than our quota of 100,000 million stars. Telescopes show that it is spiral in form, like a cosmic Catherine wheel, and this is no surprise; there are many spiral galaxies, including our own. If we could see our galaxy from ‘above’ or ‘below’, the spiral shape would be very evident. The Sun lies close to the edge of one of the spiral arms.


Even the Andromeda system is a relatively near neighbour, and most galaxies are so remote that they appear comparatively faint. Today, we know of galaxies that are well over 10,000 million light years away, so that we see them as they used to be when the universe was young. We also know that all the galaxies except those of our own particular ‘local’ group are racing away from us – and the further away they are, the faster they are going. This does not mean that we are particularly unpopular, or that we are in any privileged position. The entire universe is expanding, and every group of galaxies is receding from every other group.


How big is the universe, and how was it born? These are the most fundamental of all questions. I will discuss them later in this book, but I cannot hope to provide satisfactory answers. All we can really say is that the universe in its present form is 13,700 million years old. I avoid using ‘billion’ because the US billion – 1,000 million – differs from the old English value of 1 million million. The US billion is now almost universally accepted, but there is still a possibility of confusion. We can set a limit to the size of the observable universe, but this is by no means the whole story.


I hope that this ‘roll-call’ is of help, and you should also find the glossary at the end of the book useful.
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Spotlight: Light pollution








Over the last 50 years it has become more difficult to see the stars as our skies have become brighter. Glaring artificial illuminations cast a sheen over the entire heavens, and light pollution has become a very serious problem, not only to astronomers. Sadly, anyone who lives in a city or a densely populated area will have at best a very poor view and will certainly not be able to see the beauty of the Milky Way.


Efforts are being made to tackle the problem. It is not true to say, as some people have done, that astronomers want to ‘put out the lights’; in the modern world, with the general breakdown in law and order, well-lit streets are essential. The aim is to provide lights that shine down, not up, and encouraging progress is being made; but there is a long way to go, and it would indeed be tragic if future generations were deprived of the glory of the night sky.
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Things to remember








✽  Astronomy is the science of the sky and all the objects in it.


✽  The distance between the Sun and the Earth is 149.5 million km (93 million miles), and it takes one year for the Earth to complete a full circuit.


✽  Planets have no light of their own but shine only because they reflect the rays of the Sun.


✽  It takes just over 27 days for the Moon to complete one orbit of the Earth.


✽  Star distances are too great for ordinary measurements. Instead we use light years. Light moves at 299,000 km (186,000 miles) per second; a light year is 9,500,000 million km (6 million million miles).


✽  Rigel, the brilliant white star in the constellation Orion is 900 light years away. We see Rigel as it was 900 years ago.


✽  Our Sun is a member of a system we call the Galaxy. It contains about 100,000 million stars.


✽  There are at least 1,000 million other galaxies.


✽  The universe is roughly 13,700 million years old.
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The spinning sky
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It is easy to imagine that we are living on a steady, motionless Earth, but this is certainly not true. The Earth is turning on its axis once every 24 hours, so that we are being whirled about; the Earth is moving around the Sun at an average speed of about 106,000 km/h (66,000 mph), and the Sun itself is travelling around the centre of the Galaxy at over 209 km (130 miles) per second, taking us with it.


This chapter looks at the ‘celestial sphere’ and how the positions of celestial bodies are given in the sky. You will also learn about the celestial equivalents of latitude and longitude on the Earth.
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The ‘celestial sphere’


Our path around the Sun is not perfectly circular; like the orbits of all the other planets, it is slightly elliptical, and our distance ranges between 147 million km (91.4 million miles) in December out to 152 million km (94.6 million miles) in June. The seasons have very little to do with the changing distance. The Earth’s axis of rotation is tilted to the perpendicular to the orbit by 23.5 degrees, and in December the North Pole is tipped away from the Sun, so that it is winter in the northern hemisphere; in June it is the South Pole that is tipped away, and the northern part of the world enjoys its summer (see Figure 2.1).
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Figure 2.1  The seasons


Ancient peoples believed the Earth to be surrounded by a solid invisible crystal sphere, whose centre was coincident with the centre of the Earth’s globe. In some ways it is still very convenient to visualize this ‘celestial sphere’, and to assume that it really does revolve around the Earth in a period of 24 hours, carrying the Sun, Moon, planets and stars with it. We can then fix the positions of the celestial objects on the sphere, much the way in which we fix positions on the Earth by means of latitude and longitude.


The first step is to define the poles of the sky. These lie in the direction of the Earth’s axis of rotation, as shown in Figure 2.2. The north celestial pole is marked within 1 degree by the brightish star Polaris, also called the North Star or Pole Star, in the constellation of Ursa Minor, the Little Bear; the opposite pole is not so favoured, because the south pole star, Sigma Octantis, is difficult to see with the naked eye.
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Figure 2.2  The celestial poles


It is easy to see that, as the Earth spins, the North Star seems to remain motionless in the sky (or virtually so), with everything else turning around it. This is not to say that Polaris is important in itself; it owes its eminence to the fact that it happens to lie in the direction of the Earth’s axis. This has not always been so, because of an effect known as precession (see Figure 2.3). The Earth is not a perfect sphere; its diameter is 12,753 km (7,926 miles) as measured through the equator, but only 12,711 km (7,900 miles) as measured through the poles. The Sun and Moon pull on this equatorial bulge, and the result is that the Earth’s axis wobbles slightly in the manner of a gyroscope that is running down. A gyroscope will wobble or ‘precess’ in a few seconds; the Earth’s axis takes 25,800 years to complete a full turn, but it means that the position of the celestial pole changes slowly but steadily.
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Figure 2.3  Precession
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Spotlight: The North Star








At the time when the Egyptian pyramids were being built, the pole lay near a much fainter star, Thuban in Draco (the Dragon); it is now near Polaris, but it will not stay there, and in 12,000 years from now the North Star will be Vega in Lyra (the Lyre), one of the most brilliant stars in the sky.
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The altitude of the celestial pole above the horizon depends on the latitude of the observer on the Earth’s surface. For example, if you find that Polaris is 60 degrees in altitude, you will know that your latitude is 60 degrees north, about the same as that of St Petersburg. (For the moment, I propose to simplify matters by assuming that Polaris lies exactly at the polar point.) On the equator, Polaris will lie on the horizon – altitude 0 degrees – and from southern latitudes it can never be seen at all; we have to make do with the obscure Sigma Octantis.


If a star is sufficiently close to the pole, it will be circumpolar; that is to say, it will remain above the horizon all the time. For example, consider Ursa Major, the Great Bear. It is in the far north of the sky, and from Britain it never sets; it merely goes around and around the pole, as shown in Figure 2.4, whereas Regulus in Leo (the Lion), further away from the pole, spends part of its 24-hour circuit below the horizon. Go to a more southerly latitude, and you will find that the Bear is no longer circumpolar, though to compensate for this it becomes possible to see stars that are too far south in the sky to rise over Britain.
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Figure 2.4  Circumpolar stars


Just as the Earth’s equator cuts the world in two, so the celestial equator cuts the sky in two; it is simply the projection of the Earth’s equator on to the celestial sphere. On Earth, latitude is defined as the observer’s angular distance north or south of the equator, as measured from the centre of the globe: approximately 51 degrees north for London, 38 degrees north for Athens, 12 degrees south for Darwin in Australia, 34 degrees south for Cape Town, and so on. Obviously, the latitude of the North Pole is 90 degrees north, and that of the South Pole 90 degrees south. To fix your position you need to know your longitude as well as your latitude, and here we measure the angle from the great circle on the Earth’s globe, which passes through both poles and also Greenwich Observatory in outer London, as shown in Figure 2.5. Greenwich was accepted as the zero for longitude during the 1880s, when international agreement was much easier to obtain than it is now.
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