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The constellation maps throughout this book use the symbols displayed below to identify stars of different magnitude and other celestial objects:
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	Star ≤ mag 0.0
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	Star ≤ mag 4.0
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	Nebula
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	Star ≤ mag 1.0
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	Star ≤ mag 5.0
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	Open star cluster
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	Star ≤ mag 2.0
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	Star ≤ mag 6.0
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	Globular cluster
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	Star ≤ mag 3.0
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	Galaxy









By convention, astronomers use the 24 letters of the Greek alphabet, listed below, to identify the brightest stars in a constellation (though the application of these rules is somewhat inconsistent and the present system owes a good deal to historical accident).





	α - alpha
	η - eta
	ν - nu
	τ - tau




	β - beta
	θ - theta
	ξ - xi
	υ - upsilon




	γ - gamma
	ι - iota
	ο - omicron
	ϕ - phi




	δ - delta
	κ - kappa
	π - pi
	χ - chi




	ε - epsilon
	λ - lambda
	ρ - rho
	φ - psi




	ζ - zeta
	μ - mu
	σ - sigma
	ω - omega
















Introduction


Astronomy is the oldest of all the sciences, and yet it is also one of the most rapidly changing – the celestial objects in our night sky have been a source of fascination since before the dawn of recorded history, but our understanding of what these objects actually are – and the mechanisms that create, shape and sustain them alongside a host of shorter-lived phenomena – is in many cases only a few decades old, and inevitably subject to the change and development seen in all scientific theories. The result is a unique hybrid science – astronomy can mean many things to different people, from a repository of ancient star lore to a field of cutting-edge theoretical and technological development.


Picking just 200 individual entries to encompass astronomy as a whole is therefore something of a challenge – most books tackling the subject tend to fall on one side or another of the broad divide between practical observing handbooks and more descriptive guides to the Universe. Either approach on its own could happily fill this book’s extent, but the stated aim of this series is to offer bite-size but comprehensive introductions, so here we’ve opted to merge both approaches.


Astronomy in Minutes, therefore, begins close to home with a look at the way in which our location on Earth shapes our understanding of the wider Universe, and the ways in which astronomy has developed to overcome some of the limitations of Earthbound observing. From there, we venture out among the objects of our own solar system – major planets, their large moons, and some more obscure but fascinating bodies.


Our first encounter with the wider Universe comes through an introductory guide to the 88 constellations that cover Earth’s skies, and some of the most impressive objects within them. We then move on to look at the stars and associated objects in more detail, through the lens of the stellar life cycle. Breaking free of the Milky Way, we explore the realm of the galaxies and the large-scale Universe, before finally looking at cosmology – the science that attempts to answer some of the most fundamental questions about the origins and nature of the Universe, and which might have seemed strangely familiar to our prehistoric stargazing ancestors.









Discovering the Universe


Despite the lack of telescopes or other optical aids to improve their view of the sky, the earliest stargazers used a variety of ingenious instruments to measure the positions of stars and track the changing locations of planets. From these, they were able to develop remarkably sophisticated models of planetary motion that allowed them to predict celestial events. By the 16th century, such measurements became so accurate that they were capable of providing evidence for the Copernican theory of a Sun-centred Universe, and even for German astronomer Johannes Kepler’s laws of planetary motion, still used to describe the Universe more than four centuries later.


The invention of the telescope at the beginning of the 17th century triggered another revolution in astronomy, as our understanding of the Universe was no longer limited by the frailties of human vision. Telescopes not only magnified our views of remote worlds and distant stars, but also allowed entirely new and unsuspected objects – ranging from new planets to star clusters, interstellar gas clouds and distant galaxies – to be observed for the first time. In the 19th century, astronomers seized on the new invention of photography, which allowed them first to simply make a more precise record of what they saw through their telescopes, and later (as films became more sensitive) to capture far more light, and far more detail, than an observer sitting directly at the eyepiece could ever hope to see. The ability to capture faint light using long exposures also allowed the techniques of spectroscopy (splitting the image of a light source into a spectrum of different colours) to be used for the first time – just as laboratory breakthroughs were confirming that spectral ‘signatures’ could reveal the secrets of an object’s chemistry.


In recent years, the rise of satellite observatories, solid-state electronics and computing have transformed astronomy yet again. The door has been opened for a host of new observing techniques that extend to counting and manipulating the individual photons of light from distant galaxies at the edge of the observable cosmos. And in the future, the oldest science is sure to change again, offering yet more unexpected insights into the Universe around us.









Earth in space


Our view of the Universe is inevitably shaped by our location within it. While early astronomers believed that the Earth was the centre of everything and the stars, planets and other celestial objects all orbited around it, today we know the reality is very different – Earth is just one of eight major planets and countless other objects orbiting the Sun on elliptical paths. The other stars are so unimaginably distant that even the nearest barely shift their apparent position as we move through space (though the ability to measure this tiny shift, known as parallax, is in fact the keystone of our cosmic distance scale – see page 258). Thanks to Earth’s rotation, the stars appear to move across the skies from east to west each day, while the Sun appears to drift slowly eastwards against the background stars as our planet moves along its orbit. The Sun completes a circuit of the sky once a year, following a track known as the ecliptic, and because the planets all orbit in more or less the same flat plane, they are also usually found on or close to the ecliptic.
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The celestial sphere


Even though astronomers have long understood the reality of Earth’s situation in space, it can still be useful, for practical purposes, to ignore the relative distances of celestial objects and treat them as if they are pinned to the surface of a spherical shell enclosing the Earth at an arbitrary distance.


This ‘celestial sphere’ forms the basis of the coordinate systems by which we measure the positions of objects in the sky. The north and south celestial poles are projections of Earth’s own poles onto the sphere, while the celestial equator is a dividing line directly above Earth’s own equator, splitting the sky into northern and southern hemispheres. Earth’s rotation causes the celestial sphere to spin every 23 hours, 56 minutes about an axis that is fixed at the celestial poles. Because Earth’s axis of rotation is tilted at an angle to the plane of its orbit, the line of the ecliptic (the Sun’s yearly path against the background stars) is tilted at an angle of 23.5 degrees to the celestial equator, crossing it in two places.
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Celestial coordinates


Coordinate systems allow astronomers to define the location of objects in Earth’s skies with reference to the imaginary celestial sphere (see page 12). The two most widely used systems are known as alt-azimuth and equatorial coordinates.


The alt-azimuth system is simply a measurement of an object’s altitude (its angle above the horizon) and its azimuth (its direction, measured as an angle clockwise around the sky from due north). Unfortunately, the usefulness of these coordinates is limited – the sky’s daily rotation means that the alt-azimuth coordinates of most objects are constantly changing, while the altitude and azimuth of the same object at the same time will vary from place to place. Equatorial coordinates are a more useful and portable system, albeit slightly more complex – they involve the measurement of properties called right ascension and declination (analogous to the longitude and latitude on Earth), which change only very slowly over time.
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In the alt-azimuth system, positions are measured relative to the observer’s horizon and due North.
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In the equatorial system, positions are measured relative to the celestial equator and the First Point of Aries.









Electromagnetic radiation


The vast majority of our information about the Universe beyond Earth comes from the study of radiation from space – electromagnetic (e-m) waves that are emitted by all normal matter throughout the cosmos, whatever its temperature. These waves consist of interacting electrical and magnetic disturbances, aligned perpendicular to each other so that changes to the electric field reinforce the magnetic field and vice versa. This allows them to travel through space in self-propagating ‘packets’ called photons, moving at the speed of light (the ultimate speed limit of the Universe – about 300,000 kilometres or 186,000 miles per second).


The temperature of an object determines the energy of the radiation it emits, with higher energies corresponding to higher frequencies and shorter wavelengths. Only very hot objects such as stars have enough energy to emit visible light – cooler objects normally become visible by reflecting sunlight, although they emit invisible radiations of their own (see page 26).


[image: image]


A photon, or packet, of electromagnetic radiation consists of electrical and magnetic disturbances perpendicular to each other and vibrating at right-angles to the direction of their movement through space.









Telescopes


A telescope is essentially a device that uses a large surface area for collecting radiation (usually visible light) from distant objects and concentrating it on a detector of some sort (often simply a human eye). The result is a brighter image with higher resolution (more detail) than the detector alone could produce.


Visible-light telescopes come in two basic forms – refractors and reflectors. Refractors bend light to a focus as it passes through a transparent ‘objective lens’, while reflectors use a curved ‘primary mirror’ to bounce light rays onto converging paths. Both designs take advantage of the fact that light rays from distant objects are parallel to each other, and for direct observing purposes, both make use of a secondary lens or series of lenses to create a magnified image at the eyepiece. Invented around 1608, the earliest telescopes were refractors, as are many amateur instruments today, but the vast majority of modern professional telescopes are reflectors.
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Messengers from space


Most astronomers study the Universe via electromagnetic radiation (see page 16), but there are other ways of learning about the environment beyond Earth. Our planet is constantly bombarded by the solar wind (a stream of fast-moving particles blowing out from the Sun), and also by cosmic rays, which despite their misleading name are actually much faster-moving particles emitted by objects including exploding stars and giant black holes. Most of these particles do not make it to Earth’s surface, but the ‘air showers’ of lower-energy particles they produce as they enter Earth’s atmosphere can be identified using ground-based detectors.


Meteorites offer another important source of information about our solar system – these fragments of rocky debris can survive their fiery entry into Earth’s atmosphere almost unscathed, and provide valuable samples not only of large asteroids such as Vesta (see page 60), but also of the raw material from which the solar system formed.
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An early engraving depicts the spectacular Leonid Meteor storm that filled the skies of North America in November 1833.









Space probes


One important way of learning about astronomical objects is to visit them, and in the six decades since the dawn of the Space Age, we’ve done just that. While astronauts have so far travelled no further than Earth’s Moon, robot spacecraft have ventured across the solar system to all the major planets and beyond. Space probes have trundled across the surface of Mars, braved the hostile atmosphere of Venus, roamed among the asteroid belt and flown alongside sputtering comets.


Probes not only send back close-up images showing more detail than could ever be obtained from Earth – they also measure planetary properties that are impossible to detect over interplanetary distances, such as the mineral compositions of rocky surfaces, the structure of magnetic fields and planetary interiors, and even the topography of the landscapes below. However, sending them into the hostile environment of the solar system is a hugely ambitious endeavour, and occasional failures are inevitable.
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A self-portrait of NASA’s Curiosity rover on the surface of Mars.









Modern astronomy


Astronomers today use a huge range of technologies to study the sky, including giant optical telescopes situated on mountaintops around the world, and a variety of instruments designed for looking at invisible radiations such as radio waves, the infrared and ultraviolet (see pages 26–33). Scientific researchers rarely look through instruments directly, relying instead on a range of detectors that collect and analyse electromagnetic radiations from the sky in different ways.


Detectors can range from simple digital CCD cameras, to photometers that measure an object’s brightness by recording the number of photons striking the detector. Spectroscopes, meanwhile, which split an object’s light up into a rainbow of colours in order to reveal the varying intensity of different wavelengths, are used to identify the chemical make-up of distant objects and discover other physical properties such as their motion through space (see page 264).
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The invisible Universe


The visible light that provides us with our most immediate experience of the wider Universe is just a small part of the much wider spectrum of electromagnetic radiation ranging from long-wavelength, low-energy radio waves at one end, to high-energy, short-wavelength gamma rays at the other.


The full electromagnetic spectrum extends from radio waves and microwaves, through infrared to visible light, and beyond into ultraviolet radiation, X-rays and gamma rays. The wavelengths involved range from millimetres to kilometres (in the case of radio waves) to quadrillionths of a metre (for gamma rays). Visible light runs from about 390 nanometres to 700 nanometres (billionths of a metre).


Astronomical objects such as stars emit radiation across a broad range of wavelengths, but the wavelengths tend to grow shorter (and the energies higher) with increasing surface temperature. Cool objects such as planets may only emit radiation in the infrared, while hot ones pump out most of their radiation as ultraviolet or even X-rays. Still other processes and objects, such as energized gaseous nebulae (see page 262) emit or absorb radiation at very specific wavelengths linked to wavelengths linked to their atomic structure.


[image: image]









Radio astronomy


Many types of radio emissions from space arrive on Earth more or less unaffected by the atmosphere, but their very long wavelengths mean that, for a given size of telescope, radio images have much less resolution. In order to overcome this problem, radio astronomers build enormous dish-shaped receivers that focus waves onto an antenna where they are converted into electric signals as the dish scans across the sky. The huge size of individual telescopes helps make up for some of the resolution shortfall, while a technique called interferometry can combine signals from an ‘array’ of many telescopes to mimic the resolution of a much larger single dish.


Wavelengths between 1 metre and 1 millimetre are known as microwaves. The shortest of these are easier to image, but suffer heavily from absorption in Earth’s atmosphere. In order to study microwave phenomena such as the afterglow of the Big Bang (see page 382), astronomers therefore launch microwave telescopes on satellites or high-altitude balloons.
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Infrared astronomy


Infrared or heat radiation is emitted by many objects that are too cool to shine in visible light, as well as forming a significant part of the energy output for stars like our Sun, and even cooler red and orange stars (see pages 284 and 312). However, infrared signals from space are hard to detect because of both absorption and radiation by Earth’s atmosphere. Mountaintop telescopes sited above the bulk of the air (and especially its water vapour) can observe the relatively high-energy near-infrared sky, but observations of the cooler far-infrared are only possible using orbital telescopes entirely above the atmosphere. Further complications are added by the tendency of such telescopes to detect their own infrared emissions – a problem that can only be overcome by cooling equipment to extremely low temperatures with liquefied gas. This has a tendency to slowly evaporate, limiting the lifetime of infrared satellites. The challenges are worth overcoming, however – the infrared is our only way to see an invisible cool Universe of planets, dwarf stars and interstellar dust.
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A pair of images show the nearby Andromeda Galaxy (see page 160) in visible light and infrared radiation. Hot stars disappear in the infrared view, but the galaxy’s skeleton of cool, dark dust becomes visible.









High-energy astronomy


Electromagnetic waves with shorter wavelengths and higher energies than visible light are divided into ultraviolet radiation, X-rays and gamma rays. The hottest stars emit more radiation in the ultraviolet than in visible light, while X-rays tend to come from superhot gas (for example, within galaxy clusters and around black holes), and gamma rays come from violent events that range from solar flares to supernovae. All three forms are largely blocked from reaching Earth’s surface by the shielding effect of the atmosphere, and are best studied from satellites. Ultraviolet telescopes mostly follow the design of visible-light instruments, but the higher energies of X-rays and gamma rays present problems: they pass straight through most reflecting surfaces and so are hard to focus. Some X-ray telescopes get around this by ‘ricocheting’ rays at shallow angles off conical metal surfaces, but gamma ray telescopes, in particular, essentially rely on counting the rays that enter the ‘window’ of a heavily shielded detector as its scans different areas of the sky.
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Gases in the expanding supernova remnant Cassiopeia A, heated to tens of millions of degrees, are best seen at X-ray wavelengths.
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