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INTRODUCTION


This is a book of ‘question and answer’. I will ask the questions, and do my best to give the answers. But at the very outset, I think it may be useful to give a brief rundown of the various components of the universe, introducing terms which will crop up time and time again.


The Earth on which we live is a planet, moving round the Sun in a period of one year. It is not the only one in the Sun’s family; there are seven others, and these are the main members of the Solar System. A planet has no light of its own, and shines only by reflected sunlight. Most of the planets have secondary bodies or satellites moving round them; we have one satellite, the Moon, which also shines by reflected sunlight. The largest planets, Jupiter and Saturn, have over sixty satellites each, though most of them are very small.


Reckoning outward from the Sun, we come first to rocky, comparatively small planets: Mercury, Venus, the Earth and Mars. Then comes a wide gap, in which move thousands of small bodies known as asteroids. Beyond the asteroid belt come the four giant planets Jupiter, Saturn, Uranus and Neptune, with their satellite families; the giants are not rocky, but have gaseous surfaces. Beyond the path (orbit) of Neptune lies another swarm of smaller bodies, making up the Kuiper Belt; the largest members of which are Eris and Pluto. Pluto, the first member of the swarm to be discovered (in 1930) was long classed as a planet, but has now been officially relegated to the status of an ordinary Kuiper Belt Object or KBO.


Comets also move round the Sun, but while the orbits of the planets are reasonably circular those of most comets are very elongated. At its closest point to the Sun (perihelion) a comet is very close to the solar surface; at its furthest (aphelion) it may be far beyond Neptune and the Kuiper Belt. A comet is not a substantial, solid body like a planet; the head, usually only a few miles across, is composed of ice and rubble, sometimes likened to ‘a dirty iceball’. Extending from it there may be a tail or tails, made up of dust particles or very tenuous gas. As a comet moves it leaves a dusty trail behind it; if one of these particles enters the Earth’s atmosphere it will be heated by friction against the air particles and will burn up, producing a shooting star or meteor. A meteor will burn away at around forty miles above sea level, but a larger body may survive to reach the ground, and is then called a meteorite. Note that meteorites come from the asteroid belt, and are not associated with either comets or shooting star meteors.


The Sun is a star, shining by its own power; the surface is hot (over 5,000 degrees celsius) and the core has a temperature of about fifteen million degrees. The Sun is not burning in the manner of a coal fire; its energy is due to nuclear reactions going on deep inside it. It has been said that it is a vast, controlled atom bomb! It is indeed vast when compared with our world; you could cram a million Earths inside the Sun and still have room to spare. It is ninety-three million miles away, but in our sky it looks the same size as the Moon, which is much smaller than the Earth but is only about a quarter of a million miles from us.


Every star is a sun, shining by its own light. Some stars are less powerful than the Sun but we also know of stars which have well over a million times the Sun’s luminosity. They look so much smaller and fainter than the Sun only because they are so much further away; the nearest star beyond the Sun is roughly twenty-four million million miles away. For distances of this kind, units such as the mile or the kilometre are inconveniently short (just as it would be clumsy to give the distance between London and Manchester in inches) and a different unit is preferable. Light does not travel instantaneously; it flashes along at 186,000 miles per second, so that in one year it crosses almost six million million miles. This distance is known as the light-year. The nearest star beyond the Sun is just over four light-years away.


The stars are so far away that their individual or proper motions are too slight to be noticed except over very long periods; the star patterns or constellations look virtually the same now as they must have done in the time of the Trojan War – it is only our near neighbours, the members of the Solar System, that move perceptibly from night to night. The constellations have been given attractive names, many of them mythological – Orion, Cassiopeia, Perseus and so on – but the stars in a constellation lie at different distances from us, and have no real connection with each other; we are dealing with nothing more than a line of sight, and the names mean nothing at all. We use the old Greek system, but the ancient Chinese and Egyptians used different constellation patterns and names.


The Sun is one of about 100,000 million suns making up our star system or Galaxy. Many of the stars have planets of their own, though as yet we have been unable to see them directly (except in a couple of rather dubious cases), and have had to locate them by indirect methods. The Galaxy is a flattened system, measuring 100,000 light-years from one side to the other; the Sun lies near the main plane, about 26,000 light-years from the centre. When we look along the main plane we see many stars in the same direction, and this causes the appearance of the Milky Way. The stars in the Milky Way are not really crowded together, and are in no danger of colliding; we are merely dealing with another line of sight effect.


As well as its individual stars, the Galaxy contains huge clouds of gas and dust called nebulae, inside which new stars are being formed from interstellar material. If a nebula is illuminated by a convenient star, it shines; if not, it is a dark mass detectable because it blocks the light from objects beyond it.


Our Galaxy is not the only one; we can see others – millions, hundreds of millions or even thousands of millions of light years from us. Galaxies tend to form groups or clusters; the Sun is a member of one such group (the Local Group). Each group of galaxies is receding from each other group, so that the entire universe is expanding – and the faster away they are, the faster they are receding. With modern instruments we can probe out to more than thirteen thousand million light-years.


It is now believed that the universe came into being 13.7 thousand million years ago; this is known (misleadingly) as the Big Bang theory, but we have to admit that we are reduced to little more than speculation.


Planets, satellites, stars, nebulae, galaxies . . . This is a very rough outline of the make-up of the universe, but I hope that it is sufficient for the moment. Now let us begin our questions and answers.




If I want to have an astronomical telescope, could I make one?


You certainly could, and a few years ago, telescope making was very popular.


Telescopes, as you know, are of two main types: refractors and reflectors. A refractor collects its light by means of a lens known as an object glass, while a reflector uses a mirror. Making an object glass is really a task for the professional, but making a mirror is much easier, so that almost all home-made telescopes are reflectors. Most of these are Newtonian, because the optical system was first worked out by Sir Isaac Newton, who demonstrated his original telescope to the Royal Society in 1671. It had a mirror one inch across, but modern amateurs have made mirrors a great deal larger than this – up to several feet across.


In a Newtonian, the light from the target object passes down an open tube, and hits the main mirror (the speculum) at the lower end. The speculum is curved, and sends the light back up the tube on to a smaller flat mirror, placed at an angle of forty-five degrees. This flat mirror directs the rays into the side of the tube, where they are brought to focus and the image is enlarged by an eyepiece, which is essentially a magnifying glass. In a Newtonian, the observer looks into the tube rather than up it. The heart of the telescope is the speculum, which can be spherical but is much more effective if paraboloidal.


The trick here is to take two glass ‘blanks’ and rub one against the other, so that one becomes convex and the other – destined to be the mirror – is concave. There is a special way of doing this; it takes a long time, and there are any number of things that can go wrong, but with sufficient patience it can be done. Most newcomers begin with six inch blanks; the flat and eyepiece can be bought at reasonable cost (actually you will want three eyepieces, one low powered, one medium, and one high). The rest of the telescope can be made by anyone who is reasonably ‘handy’; there need not even be a solid tube, and many reflectors are skeletons. After all, the only function of the tube is to hold the optical components in the right positions.


Until very recently telescope making remained popular, because to buy even a reflector cost a great deal of money (and good refractors are always more expensive still). I used to advise against buying a reflector with a mirror less than six inches across, or a refractor with an object-glass with a diameter less than four inches – and a really useful telescope meant spending at least £300. The situation has changed; prices have come down, and it is possible to buy a small but adequate telescope for under £100. Of course it will be limited, but it will be much better than nothing at all, and home-made telescopes are becoming rather rare. Try your hand by all means, but be prepared for problems . . .


Incidentally, do not despise binoculars. They cannot provide high magnification, but for some branches of observation they are surprisingly useful.


How far away is the Moon? Is it the nearest body in the sky?


On average, the Moon is 238,000 miles away – rather less than a quarter of a million miles. This is by far the nearest natural celestial object, though of course we have launched many artificial satellites which are much closer. But the Moon’s orbit is not a perfect circle; it is an ellipse, and the distance from us ranges between 252,000 miles and only 223,000 miles. At its closest it is said to be at perigee, and at its furthest it is at apogee.


The Moon is the only natural body which moves round the Earth. To be accurate, the Earth and Moon move together round their common centre of gravity, or barycentre, much as the bells of a dumbbell will do when you twist them by the bar joining them. However, the Earth is eighty-one times as massive as the Moon, and the barycentre lies deep inside the Earth’s globe, so that the simple statement that ‘the Moon goes round the Earth’ is good enough for most purposes. The Moon takes 27.3 days to make one full circuit.


What is a Syzygy, and where can I find one?


You can’t! This is the name given to the position of the Moon when new or full, so that the Earth, the Sun and the Moon are then lined up. Hideous word – it is pronounced ‘sizzer-ji’.


Was the Moon ever part of the Earth?


Quite probably, but nobody is really sure how the Moon was formed, and all sorts of theories have been proposed.


We do have some facts to guide us; for example, we know that the Moon and the Earth are the same age – roughly 4.6 thousand million years. The Moon’s mean density is lower than that of the Earth; the surface rocks are of the same general type, but the Moon has a smaller, heavy iron-rich core (remember that the Moon’s diameter is only a little more than one quarter of the Earth’s). However, the Moon is at least comparable with the Ear th, and it is often said that the Earth-Moon system should be regarded as a double planet rather than as a planet and a satellite.


We are confident that the Earth is built up from the material of the ‘solar nebula’, a cloud of dust and gas surrounding the youthful Sun. It seems reasonable to think that the Moon condensed in the same way, at the same time and in the same region of the nebula, and this idea still has wide support, but there are various mathematical objections to it, because it would require a very special set of circumstances. Moreover it is not easy to explain the marked difference in density between the two globes. Alternatively, could the Moon have been formed in a different part of the nebula and later captured by the gravitational pull of the Earth? Again this sounds reasonable, but the mathematical difficulties are even greater.


A completely different scenario was given by George Darwin (son of the great naturalist Charles Darwin) in the latter part of the nineteenth century. Darwin pictured a combined Earth-Moon body which condensed from the nebula, and was initially hot and viscous. It was rotating, as do all bodies, but the spin was so rapid that the mass became unstable. Part of it was thrown off to build up the Moon, while the larger remaining part became the Earth. Again there seemed no obvious objections, and Darwin’s theory was accepted for many years, but it simply does not work. A huge portion of material could not be hurled off in this way – and even if it could, there is no chance that a globe such as the Moon would be the result.
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