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INTRODUCTION
IMAGING THE INFINITE



Ever since the first stargazers turned their eyes to the heavens, humans seem to have had an urge to record what they saw in the night sky. Art and astronomy have been intimately linked for thousands of years, far back into prehistory. Telltale dots, some 15,000 years old, painted among the Ice Age animals on the walls of the famous Lascaux caves, appear to relate to star patterns we still recognize today. Meanwhile, under certain conditions, the rising Moon shines down the great passage tomb of Knowth, in Ireland’s County Meath, to illuminate an ancient image of itself – the earliest known lunar map, carved into a 5,000-year old megalithic stone known as Orthostat 47.


By the dawn of recorded history, representations of the constellations, stars and planets are everywhere, ranging from more or less accurate, maps of the heavens, presumably intended for practical use, to more fanciful forms such as the familiar figures of the zodiac (originating in ancient Mesopotamia and Egypt) and the planetary gods of the classical world. Later in the first millennium ad, Arab astronomers took the accuracy and beauty of their hand-drawn star maps to new heights, and medieval European scholars built on their achievements to create wonderful celestial spheres and charts.


But it was to be the dawn of telescopic astronomy that changed everything, transforming the sky from a single vast canvas for painting stories on a cosmic scale, to a mounting board for countless individual wonders, each of which could now be studied discretely and in far more detail. Galileo’s first act, on viewing the satellites of Jupiter, the mountains of the Moon and the phases of Venus for the first time around 1609, was to record them in ink drawings that could ultimately be circulated to share his discoveries.


For the next four centuries, draughtsmanship became an essential part of the astronomer’s skillset, the sketchbook almost as important as the telescope. Astronomical art rapidly developed its own vocabulary: since most were working rapidly with pencil and paper, sketching objects that rapidly drifted out of the eyepiece as the sky rotated through the night, it made sense to mark stars as black pencil-dots, and patchy areas of light as shade. To modern eyes, the results are irresistibly reminiscent of photographic negatives. Skilled engravers could later take such sketches and invert them to produce prints that gave a more familiar representation of the sky, but as often as not, astronomers knew how to interpret their colleagues’ and rivals’ recordings of the sky without such intermediaries.


As telescopes improved in both size and quality, they brought new celestial objects into view for the first time. The increased size of lenses or mirrors allowed them to sweep up far more of the precious light rays coming from distant parts of the cosmos than the human eye ever could alone, bringing fainter objects within view. Along with optical improvements it also led to increased resolution – the ability to divide narrowly separated objects and distinguish fine detail. A handful of nebulous objects and tight star clusters had been known since ancient times, but the 18th century saw their numbers grow rapidly.


From 1771, French astronomer Charles Messier made the first attempt to catalogue such objects – though in truth his prime concern was to avoid confusion with faint comets that he was more eager to find. Nevertheless, Messier’s catalogue led astronomers to realize that there were several distinct types of nebulous object, some of which clearly resolved themselves into a multitude of stars under high magnifications, while others remained unresolvable – perhaps because they were truly gaseous, or perhaps simply because their stars were too numerous and far away.


The art of the astronomical drawing reached its apogee in the mid-1800s, thanks largely to the work of one man. William Parsons, Third Earl of Rosse, was a member of the Irish nobility who used the family wealth to build the largest telescope of its time in the grounds of Birr Castle in Ireland’s County Offlay. The ‘Leviathan of Parsonstown’, as it became known, was completed in 1845 and boasted a mirror with a 183-centimetre (72-in) diameter. It was only superseded, by the 2.5-metre (100-in) Hooker Telescope at California’s Mount Wilson Observatory, in 1917. Parsons set out to revisit the nebulae catalogued by Messier and others, drawing them in exquisite detail and gaining new insights into their structure and true nature. In 1850, he published his researches at London’s Royal Society, revealing that, for instance, that he had identified delicate spiral structures in several nebulae, and resolved others into stars for the first time. After Rosse’s death Danish-Irish astronomer J.L.E. Dreyer put the Leviathan to good use from 1874–78 while compiling his New General Catalogue of nebulae and star clusters. ‘NGC’ numbers are today applied to most reasonably bright non-stellar objects.


But even before Rosse had published his discoveries, new technology was threatening to revolutionize the science of astronomy. The first process for preserving images using light-sensitive chemicals was announced by French inventor Louis Daguerre in 1839, but even before then, he had used this technique to capture the first photographic view of the Moon. Daguerre’s image was faint and fuzzy, but in 1840 US chemist and physician J.W. Draper repeated the experiment with much more success. Early photographic plates were famously slow to respond to light (Draper’s image required a 20-minute exposure) and so the first ‘astrophotographs’ struggled to compete with normal eyesight, but they showed instant promise as a way of providing a permanent, objective record of the heavens. The technology developed rapidly, and an important breakthrough came in 1863 when two Britons, William Allen Miller and William Huggins, used photography to capture and study the faint rainbow-like spectra produced by stars, paving the way for the study of their chemistry (see Solar Spectrum). In 1883 British amateur astronomer Andrew Ainslie Common made another significant advance, using long-exposure photographs of the famous Orion Nebula (see Blossoming Nebula) to capture the light from previously undetected stars.


Today, photography is the medium by which we most commonly experience the heavens. The increasing size of telescopes and sensitivity of detectors (these days usually electronic CCDs rather than traditional film) has revealed unexpected wonders in the skies, ranging from the turbulent cloudscapes of Jupiter to the most distant galaxies, whose light may have taken billions of years to reach our instruments. Spaceprobes have sent back close-up views from across the solar system, showcasing the beauty of space from the deeply shadowed craters of our own Moon’s polar regions to the delicate play of light on the rings of Saturn. Images of our own planet floating in the vastness of space, meanwhile, have helped to spur awareness of our fragile environment.


Beyond the visible spectrum of light, orbiting observatories can now detect high and low-energy radiations such as X-rays, ultraviolet and the infrared, which are blocked out or swamped by our planet’s atmosphere, while giant radio telescopes on Earth can view the sky in radiations for which evolution alone has simply left us unprepared.


And human ingenuity does not stop there – spaceprobes venturing out into the solar system are now routinely equipped with instruments to chart the surface of other planets in ways our ancestors could not have imagined, using radar to map their geography, spectrometers to analyze their chemistry and magnetometers to identify the invisible force fields around them.


This book is in many ways a celebration of these amazing technological advances that have lately transformed our view of the Universe. And yet we should not forget that the images on these pages are just as much a product of human artistry as the cave paintings of Lascaux or the drawings of Lord Rosse. Not only are these technical achievements an art in their own right, but also the representation of data gathered by a giant telescope or a distant spaceprobe is still ultimately a matter of human choice. Many of the images shown here make use of false or representative colours to highlight certain wavelengths of light and particular structures, or to bring entire invisible worlds within the narrow limits of our perception. Others use unusual map projections to help us better understand the structure and geography of remote worlds. And still others use visual cues such as colour and tone as indicators of entirely different qualities such as surface topography or chemical make-up.


The result is the stunning variety of astronomical imagery, which often mirrors, or at least echoes, both traditional and modern art. The light we see rendered visible in many of these images has been caught up by our astronomical machines following a journey to Earth that may have lasted for thousands, millions, even billions of years. Other images are the product of robot spacecraft decades in planning and construction, arriving as whispered signals from remote parts of the solar system only to be swept up and amplified by the giant ears of radio telescope dishes. What we do with this information, and how we render and interpret it from bytes within a computer to the pages of this book, is unavoidably a human, and ultimately artistic, decision.








1 NEAR AND FAR
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SOLAR ECLIPSE
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The awe-inspiring spectacle of a total solar eclipse struck fear into the hearts of our ancestors, and remains an unnerving experience even today. As the silhouetted disc of our satellite, the Moon, creeps slowly across the face of the Sun – blotting out the comforting certainties of life-giving heat and light – it’s easy to sympathize with the ancient Chinese, who believed eclipses were caused by a fearsome celestial dog or serpent engulfing the solar orb, or even with the Aztecs, who timed ritual sacrifices in order to placate the Sun god.


The total eclipse is a transient moment – an eerie interlude in which the darkness around the Sun contrasts strangely with daylight from the opposite side of the sky. The alignment of the Sun and Moon is so precise that the region of ‘totality’ covers only a small region on the surface of the Earth, sweeping out an ‘eclipse track’ around our planet as the Moon progresses along its orbit and the Earth rotates beneath it. For any one spot on Earth, totality typically lasts for just a few minutes. Nevertheless, astronomers have long since tamed these once unpredictable events. As early as 1504, the explorer Christopher Columbus was able to use his foreknowledge of an eclipse to awe the natives of Jamaica and save his troubled expedition. Today, enthusiasts chase eclipses around the world, seemingly addicted to this unworldly experience, resulting in stunning images such as the time-lapse photograph showcased here.






	OBJECT

	The Sun






	MEAN DISTANCE

	149.6 million km (93 million miles)






	DIAMETER

	1.392 million km (865,000 miles)






	OBSERVED WITH

	Amateur equipment








MULTICOLOURED MERCURY
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The cratered surface of the innermost planet comes alive with unexpected colour in this mosaic of images from the MESSENGER spaceprobe. During a 2008 fly-by, MESSENGER obtained the highest-resolution images yet obtained of the tiny, fastmoving world, photographing a strip of the equatorial region through 11 different colour filters. NASA scientists then combined the images, exaggerating the colour difference to produce this multi-hued montage of the searing landscape.


Orbiting the Sun in just 88 days, and spinning on its axis in 57, Mercury has a unique cycle of day and night in which most regions of the surface experience a sunrise just once every two Mercurial years. As a result, surface temperatures range from a furnace-hot 430°C (805°F) in daylight to a chilling -170°C (-225°F) in the middle of the long, long night. Fierce solar radiation and particles from the solar wind bombard the planet’s surface, knocking off atoms in a process called spallation to form a tenuous atmospheric halo of oxygen, sodium and hydrogen. The same process slowly alters Mercury’s surface chemistry, possibly giving rise to some of the planet’s colour variations. Others are clearly due to geological processes or impacts from space.






	OBJECT

	Mercury






	MIN DISTANCE

	77.3 million km (48 million miles)






	DIAMETER

	4,879 km (3,032 miles)






	OBSERVED WITH

	MESSENGER Mercury Dual Imaging System








ALL THAT GLITTERS
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A treasure chest of sparkling, jewel-like stars known as NGC 602 nestles within an Aladdin’s cave of surrounding nebulosity in the Small Magellanic Cloud, a satellite galaxy of the Milky Way around 200,000 light years from Earth. As radiation and stellar winds from the newborn stars at its centre force back the clouds of gas and dust that gave birth to them, they sculpt enormous billowing sheets tens of light years across. The resulting nebula is known as N90. The densest regions of this cloud – probable sites of ongoing star formation – cling on against these forces of erosion, producing dark pillars and tendrils that form stalactites and stalagmites studding the cavern’s interior. Meanwhile, as ultraviolet light from the central stars bombards the inner surface of the cloud, the cavern’s interior is filled with a haze of glowing, excited gas.


The stunning composition of this Hubble Space Telescope image helps to bring home the three-dimensional nature of the night sky and the Universe in which we live. Not only does the central cluster illuminate the structure of the surrounding cavern, but in places, light shines through from far more distant objects – galaxies that may lie tens, even hundreds of millions of light years beyond this relatively close galactic neighbour.






	OBJECT

	NGC 602, N90






	DISTANCE

	196,000 light years






	RA

	01h 29m 31s






	DEC

	-73° 33’ 15”






	OBSERVED WITH

	Hubble Space Telescope Advanced Camera for Surveys








RING NEBULA
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The famous circular nebula of the constellation Lyra, catalogued as Messier 57, forms a limpid pool of blue fringed by outer shores of red and yellow in this beautiful Hubble Space Telescope image. Although assembled from three monochrome images taken at different wavelengths, the end result accurately mimics the colours we would see within this circle of light if our eyes were sensitive enough. The sheen of blue light around the central star emanates from superhot helium atoms, while green is produced by oxygen atoms, transformed into electrically charged ions by fierce radiation from the star. Red light, meanwhile, shows the presence of nitrogen in the nebula’s outermost visible layers, and infrared images can trace ripples of gas far beyond the visible boundaries.


The Ring Nebula is the prototype for the class of objects named planetary nebulae for their passing resemblance to faint, ghostly planets in the telescopes of their 18th-century discoverers. They are now understood to mark the death throes of swollen red giant stars (the penultimate stage of evolution for stars like our own Sun). As a red giant becomes unstable, it undergoes a series of violent expansions and contractions, flinging off its outer layers into surrounding space, while exposing its hotter interior to view for the first time. While the Ring appears perfectly spherical or circular, it is in fact ‘bipolar’ – a double-lobed, hourglass-like structure more than a light year wide, which just happens to be aligned perfectly towards Earth.






	OBJECT

	Ring Nebula, M57






	DISTANCE

	1,500 light years






	RA

	18h 53m 35s






	DEC

	+33° 01’ 45”






	OBSERVED WITH

	Hubble Space Telescope Wide Field and Planetary Camera 2








LAKES OF TITAN
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A computer projection of the north polar region of Saturn’s giant moon Titan reveals interlocking strips of landscape mapped by the microwave radar instrument aboard the Cassini spaceprobe. Saturn’s largest moon – the second largest satellite in the solar system after Jupiter’s giant Ganymede – is cloaked in an opaque, methane-rich atmosphere that normally hides its surface from view, but Cassini’s instruments are able to map swathes of the surface as the spaceprobe flies past on its convoluted, looping orbit around Saturn. The artificial colouring of the surface is based on a handful of images sent back from the Huygens Titan lander during its 2005 descent through the clouds, while dark blue areas show regions of unusual smoothness and radar absorption – lakes filled with liquid hydrocarbon chemicals such as ethane and methane. The largest of these, such as Ligeia Mare at upper right, are comparable in size to North America’s Great Lakes.


The existence of lakes on Titan has been suspected ever since the nature of its atmosphere became clear in the early 1980s. Scientists speculated that, at temperatures of around -179°C (-290°F), methane plays a similar role to water on Earth, transforming between solid, liquid and vapour phases and sculpting an eroded landscape that bears a sometimes uncanny resemblance to Earth’s own. However, Titan’s lakes seem to be largely concentrated around the moon’s poles, while the equatorial regions, where the Huygens lander descended, appear to be much drier.






	OBJECT

	Titan






	SATELLITE OF
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