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Introduction


On a clear moonless night, away from the lights of towns or cities, the Milky Way is the most obvious feature of the night sky. All the stars we see in the sky belong to the galaxy we know as the Milky Way; the nearby, brighter stars are spread more or less uniformly across the whole sky, but what we normally call the Milky Way is a shimmering ring of millions of much fainter stars forming a diamond-studded tiara arching over ‘that inverted bowl we call the sky’1. We can picture the Milky Way as a disc-like city composed of 100,000,000,000 stars. Our Sun is one of these stars, about two-thirds out from the centre, along one of the radii of the disc. Most of the bright stars lie along spiral ‘roads’ leading out from the central concentration of stars.


Circling our Sun there are eight large bodies, the planets (including our own Earth), and a very large number of smaller bodies. Some of the planets have natural satellites, or moons, orbiting them. The distances between the stars of the Milky Way are more than 5,000 times greater than the size of our Solar System.


We now know that there are many thousands of galaxies strewn across the universe, and that they form the basic large-scale entities of the cosmos.


In this book we will discuss how our knowledge of the universe was gradually built up from the earliest beginnings of astronomy in the ancient world, right up to what we currently know about the extra-terrestrial universe. Crucially, we assume no previous knowledge of physics or astronomy. However, the essential concepts of these subjects – needed to understand the subject matter – will be introduced and explained as we go along.


We will see how the largely unbroken record of the movements of the Sun, Moon, planets and stars led to the realization that there were complex patterns in these motions, and these patterns led to the discovery of the basic scientific laws that govern celestial movements. In the 20th century we used these laws to help send men to the Moon and space probes to the distant reaches of the Solar System. These probes have considerably extended our detailed knowledge of the planets, their satellites and the minor bodies of the Solar System.


A multiplicity of new types of telescope, and the use of special instruments carried on satellites, has considerably extended our understanding of stars, galaxies and the universe, but this increased knowledge has also posed new problems for the basic physics that we use to interpret our observations. All these different topics will be discussed as we journey from our Earth to the edges of the observable universe.
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Landing a man on the Moon


I believe that this nation should commit itself to achieving the goal, before this decade is out, of landing a man on the Moon and returning him safely to the Earth.2


President John F. Kennedy





US President John F. Kennedy’s important speech of 25 May 1961 became a commitment that was to have a profound effect on science and technology, since it would also be the springboard for investigations into planetary and space science and it would also open up new areas of research for astronomy.


In order to achieve this goal there were a few scientific facts that needed to be established about our nearest neighbour in space.


First, how far is the Moon from Earth? And how big is it? It would obviously take a few days to get to the Moon and, since it is a moving target, scientists had to have something like the equivalent of a lunar bus timetable of the Moon’s motion. Since any spacecraft going to the Moon had to move in the gravitational fields of the Earth, Sun and Moon, scientists had to consider the law of gravitation and the laws of motion – the basic ‘traffic rules’ of space. Additionally, scientists needed a three-dimensional map of the lunar surface and, adding layers of difficulty, this detailed mapping had to be compiled from the surface of the Earth.


Somewhat fortuitously, astronomy is the oldest of the exact sciences, so the accumulation of the data needed to send a man to the Moon really started in the ancient world.


The Moon as a calendar


The need of early hunter-gatherer communities for a calendar set in motion the science of astronomy. These people noted the links between the availability of food in the form of berries on trees, birds in the sky, animals roaming the countryside and the celestial cycles of the stars, the Moon and the Sun. However, with the coming of settled agricultural communities, knowing how many days there were in an annual cycle became an important goal for the early watchers of the skies. This was not an easy task, and the required knowledge had to be accumulated over several centuries.


Many ancient societies used the lunar (or Moon) monthly cycle as the basis of their calendars. The length of the lunar month is very nearly 29½ days. The seasons of the year form part of the solar year, which we now know is very nearly 365¼ days long. A simple calculation shows that 12 lunar months are therefore equal to 354 days, which is 11 days short of one year. So, extra days were inserted at the end of the year in ancient calendars to bring the lunar-based calendar back in step with the seasons.


Initially, the ancient Babylonians started their lunar month with the actual day on which the thin crescent Moon was first sighted in the west, just after sunset. Sometimes, because of adverse weather conditions, this first sighting was missed, so the start of the month had to be delayed. To end the necessity of depending on an actual sighting, the Babylonian astronomers invented numerical procedures that enabled them to predict, in principle, when they should be able to see the crescent Moon. As far as we are aware, this was the first time in the history of science that arithmetical and numerical procedures were used to generate an almanac, which could be used to anticipate actual sightings of a celestial object.


Eclipses of the Sun and Moon


A total eclipse of the Sun occurs when our Moon moves in front of the Sun, thus completely blocking the actual disc of the Sun from particular locations on Earth. This phenomenon provided the first clues concerning the relative sizes of the Moon and the Sun, as well as their relative distances from Earth. Greek astronomer Aristarchus of Samos (c. 310 BC–c. 230 BC) was the first to use an eclipse to make estimates of the Sun–Earth and Moon–Earth distances. Since the Moon is able to cover the Sun completely during a total solar eclipse, it implies that the ratio of the diameter of the Sun to that of the diameter of the Moon must be the same as the ratio of their distances from Earth.


A total lunar eclipse occurs when the Moon passes into the shadow of Earth. By timing how long the Moon spent in the shadow of Earth, Aristarchus was able to gain yet more data relevant to his calculations.


Since the Moon has no light of its own, only half of its surface will be lit by the Sun. Aristarchus reasoned that when the Moon was at first quarter or last quarter (when only half of the Moon’s face, as seen from Earth is lit up), then the angle between the Sun and Earth, as seen from the Moon, must be a right angle. By measuring the angle between the Sun and Moon at such a time, one could use the properties of right-angled triangles to find the ratio of Earth–Moon distance to that of the Earth–Sun distance.


Hipparchus and the distance to the Moon


The methods used by Aristarchus of Samos were not sufficiently accurate to give a reasonable measurement for determining the distance to the Moon. The Ancient Greek astronomer Hipparchus (c. 190 BC–c.120 BC) used the method of parallax to find the distance. The basic principle of parallax can be easily demonstrated with a simple experiment. Hold out your hand at arms-length with your thumb upright. Look at the position of your thumb, against the background objects, first with your left eye and then with your right eye. Even if you keep quite still, your thumb will seem to change its position against the background. This phenomenon is called parallax.


The Moon is our nearest neighbour in space, so it will change its position against the background of stars, or with respect to the Sun, if observed from two different places on the surface of the Earth. Hipparchus observed a total eclipse of the Sun at Syene (now Aswan) and got a fellow astronomer to observe this eclipse at Alexandria. Whereas the whole of the Sun was covered at Syene, only one fifth of the disc of the Sun was covered at Alexandria. This was because parallax had caused the Moon ‘to move’ with respect to the Sun. Using this information Hipparchus calculated the distance to the Moon.


Navigating by the stars, Sun and Moon


For hundreds of years seamen used the stars for plotting their direction. The Sun and stars could also be used to find latitude. Latitude is the distance measured north or south of the equator of the Earth; that is, the North Pole is 90º north of the equator and the South Pole is 90º south of the equator. In the Northern Hemisphere, the height of the Pole Star (which is almost directly overhead at the North Pole) above the horizon can be used to give a navigator a very good idea of his latitude.


The Sun could also be used to find latitude. On one of the days of the equinox, falling either on the 20/21 March and 22/23 September, when we have equal day and night all over the world, then the Sun will be directly overhead somewhere along the equator. If a ship’s navigator were to determine the altitude of the Sun, using a sextant, at local noon, then he would be able to determine his latitude. This method is true for the Northern and Southern hemispheres.


Finding longitude, how far east or west we are of some reference meridian (a meridian being a semi-circle starting at the North Pole, crossing the equator at a right angle, and ending at the South Pole), was a much more difficult task. Several ships and many lives were lost because seamen did not know their exact longitude. Longitude is connected with time. The Earth spins on its own axis, through 360º, in 24 hours, which means it moves through 15º every hour. Two places on the Earth’s surface separated by 15º of longitude will be separated by one hour of time. If one could compare the time at two places on the surface of the Earth, then one could determine the longitude difference between these places. Local time at sea could be found by the Sun or the stars, but how does one know the time at some other place to make the comparison? Before the invention of the timekeeper known as the chronometer, and the radio, this task seemed impossible. Then Le Sieur de St Pierre, a Frenchman, proposed that the Moon could be used as clock.


As the Moon moves around the Earth, it moves through about 13° per day, on average, against the background stars. This means that the Moon is like the hand of a clock and the stars are the face of the clock. If the Moon was carefully studied from one observatory on the surface of the Earth, one could then work out where the Moon would be, at some future date, as seen from this observatory. The Moon’s position against the background stars could then be published in a set of tables, which came to be known as the Nautical Almanac. The navigator of a ship, armed with such an almanac, could work out what the time was at the observatory where the observations were made by using an instrument called a sextant to measure the position of the Moon in the sky. He could find his own local time using the stars, and the longitude difference between his position at sea and that of the observatory could then be worked out. King Charles II established the Royal Observatory in Greenwich Park in 1675 to carry out the necessary observations that would eventually lead to the production of the first Nautical Almanac.


The Royal Observatory and Isaac Newton


The first Astronomer Royal, the Reverend John Flamsteed (1646–1719), made it his principal task to measure, as accurately as possible, the position of the stars to produce the best star catalogue and maps for that time. Flamsteed’s work thus defined the face of the lunar clock. The second Astronomer Royal, Edmond Halley (1656–1742), made a very careful study of the Moon’s motion. It soon became evident that searching for patterns in the Moon’s motion, and trying to extend these into the future, was not an accurate enough way of generating the Nautical Almanac. What was required was a theoretical framework for calculating future positions of the Moon. This framework was provided by Newton’s laws of motion and his law of gravitation.


Newton’s work was far more radical than that of any of his predecessors, because his laws were universal. In other words, they could be applied to all large-scale phenomena anywhere in the universe. These laws made it possible to discover new physical laws, which could be useful to terrestrial science, in an astronomical context, and Newton’s own work on motion and gravitation provided us with the first examples.


The first law of motion states that: A body continues in a state of rest or uniform motion in a straight line unless it is acted on by a force that would tend to change that state of rest or uniform motion.


The second law of motion says that: The rate at which a body changes its speed, if it is moving in a straight line, or the rate at which it changes direction, if it is moving at a constant speed, depends on the strength of the force exerted on it and on its mass.


The third law of motion asserts that: If one body exerts a force on another body the second body will exert a force on the first that is equal in strength but in the opposite direction.


Newton’s universal law of gravitation, paraphrased into plain English, states that every particle in the universe attracts every other particle and that this force of attraction is proportional to the masses of both bodies, and it gets much weaker as the distance between the bodies increases.


The law of gravitation is not in itself sufficient to explain planetary motion; it has to be combined with the laws of motion. According to one of these laws, bodies tend to move in a straight line unless they have forces acting on them. We are all familiar with the consequences of this law when we drive around a corner in a car. The car and our bodies really wish to continue in a straight line, but the forces of the road on the wheels, and the wheels on the car, impel the car to change direction when we turn the steering wheel. A planet in the Solar System, like any other body, has a tendency to move in a straight line. However, the force of gravitation acting between a planet and the Sun, say, causes the planet to fall towards the Sun… we say it ‘orbits’ the Sun. Similarly, the Moon and all artificial satellites are in essence falling towards the Earth. However, orbiting bodies do not actually fall and hit the surface of the body being orbited because the body being orbited, that is the Sun or the Earth, is spherical and its surface is constantly curving away from the orbiting body.


Newton’s laws of motion and his law of gravitation are thus able to explain the movements of the planets around the Sun and the movements of moons around their planets. Their impact on astronomy was tremendous and they still continue to play a major role in many of our efforts to understand the structure of the universe.


Charting the surface of the Moon


A final set of data was needed before men could be landed safely on the Moon. This was a set of cartographic charts to help land the lunar module. Although such charts existed they were not sufficiently accurate for the purpose. Professor Zdeněk Kopal suggested that the best way to make relief maps of the lunar surface with a higher level of accuracy was the cinematographic method. Just after sunrise, as the Sun gets higher in the sky, the lengths of the shadows that it casts of trees, telegraph poles and buildings decreases with the increasing height of the Sun. However the changes in the lengths of these shadows will not be uniform, because the ground on which the shadows fall will seldom be completely flat and level. The variations in the lengths of the shadows can be used to work out the gradients of the land. Towards sunset the lengths of the shadows will increase in a similar way. Professor Kopal suggested that topographic maps of the Moon could be produced by taking dozens of photographs of the Moon’s surface from the Earth using a very powerful telescope in a variety of different relative positions of the Sun-Earth-Moon.




‘And so we embarked on our work, originally intended only to explore the full capabilities of the cinematographic method as a tool for three-dimensional mapping of the Moon, but its scope did not remain so limited for long…


…In response to the increased urgency of the task which we had initially agreed to undertake as a piece of research, and in recognition of the promise borne out by it, early in 1960, we [The Astronomy Department of Manchester University] were “upgraded” to a task force to keep pace with the other phases of the grand design which culminated in the Apollo landings of 1969 onwards.’3





Professor Zdeněk Kopal in his book Of Stars and Men.


First the sponsorship of the project was extended from Cambridge [USA] Air Force Research Laboratories to include the Force’s Aeronautical Chart and Information Centre, which had been commissioned by the National Aeronautics and Space Administration (NASA) to provide the maps for all lunar landings.


The photographs for the project were taken at the Pic-du-Midi Observatory, in France, high in the Pyrenees, and the photographs were developed in Manchester and in the US, and there was a joint collaboration between Manchester and NASA to reduce these plates, so that maps could be produced for the lunar landing.
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[image: image]  Apollo 11 lunar module pilot Buzz Aldrin, photographed on the Moon by mission commander Neil Armstrong, July 1969.


The Apollo Programme was the one chosen to fulfil President Kennedy’s commitment to land a man on the Moon and return him safely to the Earth.


In total, there were 17 Apollo missions. The earlier missions were used to test the various components – the Saturn launch rockets, the command and service modules and the lunar module – for the actual first landing, which ultimately became Apollo 11.


The method selected for the flight programme was lunar orbit rendezvous. The astronauts were to travel to and from the Moon in the command module, which contained the controls and the instrumentation. Rocket engines and fuel supplies were housed in a separate service module. On entering lunar orbit, the command module pilot would remain in the command module, while the commander and the lunar module pilot made the landing on the Moon in the lunar module. On completion of the mission on the Moon’s surface, the descent stage of the lunar module was to remain on the Moon, and the ascent stage was to carry the astronauts back into orbit to rendezvous with the command and service module. The craft then embarked on its return journey, the lunar module being jettisoned. The service module was jettisoned just prior to re-entering the Earth’s atmosphere.

OEBPS/images/ch01.jpg





OEBPS/images/cover.jpg
Percy Seymour






OEBPS/images/common.jpg





OEBPS/images/Piii-02.jpg
SYILIVIA
 LVHL TV,





OEBPS/images/common2.jpg





OEBPS/images/ch01-1.jpg





