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introducing astronomy
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Astronomy is the oldest science – written records of celestial events go back thousands of years. But people have gazed at the stars with wonder and awe ever since the first sparks of human consciousness flickered in the minds of our distant ancestors.


Heavens above

There is plenty to see in the night sky. Some things, like the constellations, are permanent fixtures; others, like the planets, move and change over time. A few phenomena, like aurorae, are spectacular but fleeting.
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Stargazers can forget about Earthly worries and hitch a ride on celestial photons.

Whether you use binoculars or a telescope, or even if you have no optical aid at all, there are enough sights in the night skies to keep the stargazer enthralled for a lifetime. This book, written for active stargazers eager to discover the universe with their own eyes, covers literally everything there is to be seen in the heavens, day and night.

Seeing the skies

So much can be seen in the skies without optical aid. Every stargazer ought to spend time learning the layout of the skies, the position of the main constellations and the names of the brightest stars. This can only be achieved by actually standing under a starry sky and tracing the constellations with the aid of a star chart. The learning process cannot be completed in a single evening. During the course of a year, the heavens appear to revolve slowly around the Earth, and apart from those constellations near the celestial pole, their visibility is seasonal. Believe it or not, there are advantages to living in a light polluted city. Since only the brighter stars can be seen, the skies appear less crowded, and the patterns of the main constellations are easy to trace. Under a dark rural sky, the heavens can appear so congested with stars that even experienced stargazers can become somewhat disorientated! Nothing stirs the soul more than the grandeur of the night skies seen from beneath a pristine dark sky.
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Comet Hale-Bopp dazzles in the skies above Stonehenge, an ancient megalithic construction among whose purposes may have been to keep track of the year’s celestial events.

{Paul Sutherland}

Take a pair of sparkling eyes

Binoculars will reveal much more of the skies, and the impression of three dimensions in space – although wholly illusory – can be striking. The cratered surface of the Moon is revealed in all its glory through the smallest binoculars. Star colours are especially noticeable, and hundreds of double stars and deep sky objects, as well as countless glorious starfields, can be viewed.

Optic tubes and light buckets

With their larger light-gathering ability, telescopes will allow detailed, magnified views of the Moon and planets, as well as views of very faint objects like distant galaxies and nebulae.

Some transient phenomena, such as meteors and aurorae, are best enjoyed without any optical aid. Other phenomena, such as lunar eclipses, benefit from the low magnification afforded by binoculars. Certain phenomena require a telescope to be seen at all – for example, the sight of Jupiter’s Great Red Spot transiting that planet’s flattened cloud-streaked disk. The universe contains a panoply of glorious spectacles of varying magnitudes – whether it be the meteoric burnup of a dust grain 80km above our heads or the sudden death of a star 80 million light years away. It’s all there, waiting to be enjoyed.
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Brilliant Jupiter shines near the Beehive star cluster in Cancer.

{Peter Vasey}


A history of looking up

People have been systematically watching the skies and recording celestial events for at least 6,000 years. A lot has happened during that time, and human notions about the universe – influenced at first by religion, and in the last few centuries by science – have changed dramatically.

Cultures the world over have given rise to an amazing variety of cosmologies which granted the untouchable occupants of the heavens – the Sun and Moon, the stars and planets – a variety of supernatural powers. The gods of the sky were real personalities; each looked different and each moved through the sky in its own unique way. Most powerful among the sky gods were the Sun and the Moon, sometimes interpreted as a competing pair of deities because of the phenomena of eclipses.

The movements of the heavens were believed to show the intentions of the gods. Mere mortals could learn the plans of the gods by carefully studying their movements, and in doing so recognize patterns which could be predicted in advance. By being able to predict celestial phenomena, humans believed that they had more control over events on the Earth. The remains of megalithic constructions like Stonehenge, whose stones are aligned with celestial points, are impressive evidence of how important it once was to be aware of sky phenomena. Astrology arose from this potent mixture of careful observation and interpretation.
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Eudoxus envisaged the Earth at the centre of a series of transparent crystal spheres upon which were fastened the Sun, Moon, individual planets and stars.

{Peter Grego}

Greek astronomy

A more logical approach to understanding the universe arose in ancient Greece. Philosophers used their intellects to define the universe in physical terms. In the 4th century BC, Eudoxus devised a complete system of the universe. He envisaged the Earth at the centre of a series of transparent crystal spheres upon which were fastened the Sun, Moon, individual planets and stars. Mathematics and geometry proved invaluable tools to get a handle on the scale of things. Using observation and trigonometry, Eratosthenes accurately measured the Earth’s circumference (around 240 BC) and Hipparchus made the first accurate measurements of the Moon’s distance and size (150 BC). Around the same time Ptolemy compiled an encyclopedia of ancient Babylonian and Greek knowledge, including a definitive atlas of the stars -1,022 of them, contained within 48 constellations. Ptolemy expanded on Eudoxus’ idea of the Earth-centred universe, explaining that the observed looping motions of the planets were produced by their making smaller circular movements as they orbited the Earth. These ‘epicycles’ were incorporated into models of the Universe to preserve the notion that all celestial bodies possessed uniform circular motion. The epicyclic system increased in complexity, even featuring epicycles on epicycles to account for the observed movements of each planet.
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This composite image of the Sun at midday throughout the year reveals the analemma – the figure-of-eight shape is caused by the 23.5° tilt of the Earth’s axis and the Earth’s slightly elliptical orbit around the Sun.

{Anthony Ayiomamitis}
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Early interpretations

Certain events that could not be predicted – for example, the appearance of a bright comet, an aurora or a meteor storm – were, understandably, regarded as signs of the gods’ displeasure, portents of disaster and impending doom for mankind.
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Uraniborg, Tycho’s observatory on the island Hven, circa 1580. It was named after Urania, the Greek goddess of the sky.

{Peter Grego}

Big Bang of reason

An explosion of scientific and astronomical enquiry began in 16th-century Europe. Ptolemy’s theories, long held to be infallible by the powerful Church, began to be questioned, and many were found wanting. Nicolaus Copernicus (1473-1543) suggested that the Sun, not the Earth, lay at the centre of the universe. In demoting the status of the Earth, he ran the risk of falling foul of the Church, and his literally revolutionary book promoting the heliocentric theory was not published until after his death.

Tycho Brahe (1546-1601) was the last and greatest observer of the pre-telescopic era. His precise measurements of the stars and the movements of the planets, made with the aid of naked eye quadrants and cross-staffs, enabled his student Johannes Kepler (1571-1630) to place Copernicus’ heliocentric theory on a firm scientific footing. Kepler formulated his three famous laws of planetary motion, based upon the fact that all the planets move around the Sun along elliptical paths.

An age of eye-opening discoveries

With the astronomical observations of Galileo Galilei (1564-1642) – made with the newly invented telescope – came astounding, undeniable proof of this radically different view of the universe’s layout. Four small satellites were discovered orbiting Jupiter, and Venus showed phases, consistent with it being a globe in orbit around the Sun. The heavens were by no means perfect – the Sun often displayed irregular dark spots, and the Moon’s surface was rough, cratered and mountainous in places.

As telescopes improved, and a growing number of stargazers looked through them, it became clear that the Earth was just a planet with a satellite, orbiting the Sun between Venus and Mars.

Doubts were raised at the presumed special status of the Sun itself. Telescopes had already revealed that the Milky Way was composed of multitudes of stars that were too faint to be resolved individually with the unaided eye. If the stars themselves were like the Sun – but so far away that they appeared as mere points of light – then maybe the Sun did not lie at the hub of the cosmos, but was one of a broader mass of stars contained within the Milky Way. The abundance of new visual wonders prompted fresh ideas about the universe – ideas that were often considered heretical by a Church unwilling to accept that there was nothing so special about our place in the scheme of things.
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Dangerous discoveries

These days we find it difficult to understand the influence that religion once had on scientific thinking. In fact, Galileo was put on trial as a heretic in 1633 for his observations.
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Galileo at the height of his powers in the early 17th century.


Great stargazers

As telescopes grew larger throughout the 17th, 18th and 19th centuries, familiar objects became better known and new objects loomed into view from the darker depths of the cosmos.

Johannes Hewelke (Hevelius) (1611-87) founded his own private observatory, equipped with many instruments that he designed and built himself. He made accurate measurements of star positions and produced the most advanced star atlas of its time, the Uranographia. Based upon his own observations, Hevelius also produced a detailed atlas of the Moon, the Selenographia.
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The constellation of Taurus, from Hevelius’ 17th-century star atlas.

Giovanni Cassini (1625-1712) helped establish the Paris Observatory in 1671, the world’s first fully equipped national observatory. He suggested that the mysterious rings of Saturn consist of a countless mass of tiny moonlets, and accurately calculated the distance between the Earth and Sun.

In the late 18th century, comet-hunter Charles Messier (1730-1817) compiled a list of 110 deep sky objects that might, under various circumstances, be mistaken for new comets by other stargazers. Messier’s list incorporates star clusters, nebulae and galaxies, many of which appear as comet-like faint fuzzy patches through small telescopes. The list proved so useful that it is still referred to by stargazers.

The Herschels – a stargazing dynasty

Using telescopes that he had made himself, William Herschel (1738-1822) established himself as the world’s most prolific stargazer. In 1781 he doubled the scale of the known Solar System when he discovered Uranus. Herschel went on to discover two more satellites around both Saturn and Uranus, in addition to recording hundreds of double stars and nebulae. One of Herschel’s lesser-trumpeted, but in fact most significant discoveries, was the actual motion of the Sun and the Solar System through space – a finding which, along with his insights into the shape of the galaxy, demonstrated that the Sun was not at the centre of the Universe.

[image: image]

William Herschel, discoverer of Uranus, one of the greatest stargazers of all time.

Herschel built a telescope 12 metres (40 feet) long with a 124 cm (49 inch) mirror, mounted on a frame which revolved on a circular base; the instrument proved cumbersome to use, and he preferred a smaller instrument some 6 metres (20 feet) long. His sister, Caroline Herschel (1750-1848), was also a prolific observer. She discovered several nebulae and eight comets. John Herschel (1792-1871) expanded upon the work of his father. From South Africa he surveyed the southern skies, recording hundreds of new double stars and nebulae.

Julius Schmidt (1825-1884) was one of the last visual observers to make a big impact on astronomy. A prolific observer, he drew the largest and most accurate map of the Moon ever based upon telescopic observations. The golden era of visual observation gradually came to an end with the arrival of astrophotography in the late 19th century, quickening the pace of discovery by enabling fainter objects to be recorded. The science of astrophysics developed as spectroscopes enabled the light from celestial objects to be split and analyzed, revealing the chemicals constituents of the atmospheres of stars and planets.
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The central portion of the Moon, mapped by Julius Schmidt in 1871, part of stargazing history’s greatest lunar atlas.


In infinite realms

How did the universe come into existence? What are energy and matter? What force guides the Moon in its orbit around the Earth, and the Sun around the centre of the Milky Way? These are some of the fundamental questions that astronomers and cosmologists have attempted to answer.

On the shoulders of giants

One of the greatest scientists in history, Isaac Newton (1642-1727) had an immense influence on our understanding of the universe. His invention of the Newtonian reflecting telescope helped us see the universe more clearly than ever before. Newton’s invention of calculus gave astronomers a valuable mathematical tool with which to work out planetary orbits. Newton’s three laws of motion appeared to underpin the mechanics of the cosmos. He also explained the force that guided the universe’s movements in his law of universal gravitation. Newton realized that the force which compels an apple to descend to the ground and the force which guides the Moon around the Earth are one and the same thing.
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Albert Einstein had a profound influence on astronomy.

{Peter Grego}

Einstein’s universe

Newton’s laws held sway for more than two centuries, until Albert Einstein (1879-1955) published his theories of relativity in the early 20th century. Einstein’s famous equation E=Mc2 = mass multiplied by the speed of light squared) showed that just a small amount of mass could be converted into a very large amount of energy – hence the enormous energy produced by nuclear reactions in stars. Einstein’s special and general theories of relativity ventured into areas untouched by standard Newtonian physics. He maintained that gravity is the result of an object’s mass curving the very fabric of space and time. Planetary movements around a really massive object like the Sun are governed by the extent of that space-time curvature, which lessens with distance. Planets near the Sun orbit very fast, while distant planets move around the Sun at a more leisurely pace.
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Around 14 billion years ago, the Big Bang created the universe. Matter was formed soon after, and within the first few billion years galaxies developed from clumps within this matter. The Sun and its planets were formed in the Milky Way galaxy around 5 billion years ago.

{Peter Grego}
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Abell 1689, a cluster of galaxies whose gravity distorts the light from other galaxies far beyond it, seen here as a number of curving streaks.

{NASA/STScl}

Einstein predicted that light itself is bent by gravity – such effects have been seen in the form of gravitational lensing by galaxies producing distorted and even multiple images of other galaxies far beyond them.

An expanding universe

Spectroscopic measurements reveal that the light from distant galaxies is stretched out to the red end of the spectrum; such redshifts occur if an object is moving away from the observer. Edwin Hubble (1889-1953) demonstrated that the further a galaxy is, the greater its redshift, which implies that the Universe is expanding. Cosmologists conclude there must have been a time in the distant past when all the matter in the universe was bunched up together at a single point. According to the Big Bang theory, the starting point containing all the energy and matter of the Universe exploded around 14 billion years ago.


Spaceship Earth

Our home planet, a globe some 12,756km in diameter, is the third big rock from the Sun. From our spinning sphere, the skies appear to parade around us every day.
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Northern hemisphere solstices

The Sun reaches winter solstice around 21 December, marking the start of winter, and the summer solstice around 21 June, heralding summer.









Time and season

Rotating on its axis once in 24 hours, the Earth orbits the Sun once every 365.25 days – the extra quarter day is saved up and added on every four years in February giving us an extra day, known as a leap year.

The Earth’s axis is tilted at an angle of 23.5° to the plane of its orbit around the Sun (the ecliptic – see below), and this tilt is constant with respect to the stars. This gives us the phenomenon of the seasons, whose effects are more noticeable the further away from the equator you go. In December the Earth’s north pole is angled away from the Sun, and during the northern winter the Arctic regions are in permanent darkness. December in the opposite hemisphere brings the height of southern summer, when the Antarctic regions are bathed in 24 hour sunlight. It is still pretty cold there, though, no matter what time of the year it is! Precisely the opposite happens six months later when, during June, the Earth has moved to the other side of its orbit around the Sun. The north pole is angled towards the Sun, producing the height of northern summer, while it is mid-winter in the southern hemisphere. These two extremes are called the winter and summer solstices.
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Illustrating how the Earth’s seasons are caused by the tilt of the Earth’s axis to the plane of its orbit around the Sun.

{Peter Grego}
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The Earth’s polar axis defines the position of the poles and equator of the celestial sphere. The celestial sphere is crossed by lines of declination (measured up to 90° N and S south of the celestial equator) and right ascension (RA, measured from 0 to 24 hours around the celestial equator). The Sun’s annual path around the celestial sphere is called the ecliptic, and this makes an angle of 23.5° with the celestial equator.

{Peter Grego}

Equidistant between the solstices are the spring and autumn equinoxes, when neither pole is angled towards the Sun, and all parts of the Earth experience 12 hours of sunlight and 12 hours of darkness.


The ecliptic

From our perspective, the Sun appears to move steadily through the heavens day after day, proceeding along a well-defined path called the ecliptic which passes through all of the 12 original constellations of the zodiac. If the Earth’s axis was perfectly upright with respect to the ecliptic, the celestial equator and the ecliptic would coincide; all days would have 12 hours of sunshine, and the Sun would rise due east and set due west each and every day, no matter where you lived on the Earth. But because the Earth’s axis is tilted to the ecliptic, the Sun’s rising and setting times and directions, and its height above the southern horizon at midday, vary through the year, with extremes at the two solstices. The Moon and seven of the major planets also stick pretty closely to the ecliptic, although their orbital planes display a varying amount of tilt which takes them several degrees away from it at times.
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The paths of Jupiter and Saturn through Taurus during early 2001.

{Peter Vasey}

The stars’ annual parade

From any particular part of the Earth there is a region surrounding the celestial pole which is always visible, and the extent of this circumpolar region varies with latitude. From the north pole, exactly half the sky – everything above the horizon – is circumpolar. From the latitude of, say, London at 52° N, everything north of 38° N on the celestial sphere is deemed to be circumpolar.

Viewing the other constellations depends largely on the season. As the Sun proceeds along the ecliptic, so formerly invisible constellations begin to emerge into the eastern morning skies, reaching their highest above the horizon at midnight around six months later. Constellations then sink gradually into the evening skies, moving ever westward until they are once again lost in the evening afterglow and the glare of the Sun.
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During the Sun’s annual circuit along the ecliptic, its glare renders the constellations immediately surrounding it practically impossible to view.









Find the Pole Star

Polaris, the Pole Star, is located within just 1° of the north
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