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“A delight and triumph … A thing of beauty … Truly, truly magical.”

TalkRadio

“A wonderful book about the science, history and mythology of 21 stars (and 3 impostors) that takes you from the nearest to the most distant in space and time. An inspiring journey telling the story of our universe.”

Dr David Whitehouse, author of The Alien Perspective

“Great idea for a book. And brilliantly executed.”

Marcus Chown, author of Infinity in the Palm of Your Hand

“At a time when it seems ever more difficult to come up with an original take on popular astronomy, Giles Sparrow has done just that with this very entertaining and accessible look at the history of the universe and how it all works, told from the simple perspective of the stars in the night sky. Recommended reading for cloudy nights!”

Paul Parsons , author of The Beginning and the End of Everything

“Beautifully written and extremely accessible, A History of the Universe in 21 Stars certainly gives amateur astronomers and space fans a broader perspective of the cosmos. It’s extremely difficult to put down!”

Gemma Lavender, author of The Milky Way Manual

“My dad turned me on to the book - he’s a physics teacher for about 50 years and frustrated that he’s not in the classroom at 83. He’s been reading and rereading your book with a former student who is now a physics teacher and got me into it. I read part of it while I was finally back home this summer and got my own copy right after. I’m a short time away from working on pages that deal very specifically with things you discuss, so I’ll be revisiting it with a careful eye and note taking soonish - and looking forward to that.”

Nick Sousanis , author of Unflattening
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INTRODUCTION

Twinkle, twinkle little star...
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This, in case you hadn’t guessed from the cover, is a book about stars.

They say that on a clear night, if you’re well away from the modern bane of light pollution, enjoy a perfectly flat horizon and have been keeping up with your vitamin D, you can perhaps see as many as 4,500 of them. The sky is full of the things, and on those rare occasions when you find yourself somewhere really dark on a truly clear night, there can be so many that you may struggle to get your bearings even if you think you’re pretty familiar with the bright constellations (which is sort of my job).

Pick up a half-decent pair of binoculars, and the number of stars in your sky will instantly leap to more than a hundred thousand. A small telescope raises that number to 2.5 million plus – enough to keep the most obsessive stargazer busy for several lifetimes. But even these are just the tip of the cosmic iceberg. Our best estimates suggest that the Milky Way galaxy (the vast stellar disc we call home), contains perhaps 400 billion stars in all, with six or seven more sparking into life each year. And then you can square that figure of 400 billion, since there are at least as many galaxies in the Universe as there are stars in the Milky Way.

All of this suggests that stars are not an optional extra – those pretty lights in the night sky aren’t just there for decoration. No, in fact we live on their goodwill – they’re pretty much the only things in the Universe capable of producing heat and light to warm a planet’s surface against the indifferent cold of deep space. What’s more, small, solid worlds are mere by-products of the same gravitational forges in which stars themselves are born. Heat and light from space, along with geological energy from inside planets, are the only ways we know of powering the complex mess of biochemical reactions called life.

And our intimate relationship with the stars goes further still than nurture – as Carl Sagan memorably put it, “we are made of star stuff”. The book you’re reading is made of atoms that have passed several times through these great cosmic recyclers, as is the air you’re breathing, the chair you’re sitting in, and every molecule in your body (aside from the hydrogen you’ve inherited directly from the Big Bang itself).

Stars, in other words, are everything – which surely means that only an idiot would set out to tell the history of an estimated 160,000,000,000,000,000,000,000 of the things through the lens of a mere 21? Fortunately, there are a couple of things tilting the scales in my favour.

First off, stars obey the laws of physics, just as surely as this book will if you drop it on your toe. Although each star is a unique case study, they all go through similar phases in a cycle of life and death, shine by the same basic processes, and tend to group together in distinct categories – so what’s true for one star will be more or less true for billions of others.

Second, while generations of stargazers have spent centuries putting the pieces of this story together, the pace has noticeably quickened since my days as a young astronomy graduate. Satellite observatories and giant, computer-controlled telescopes have triggered a scientific revolution: since the 1990s, we’ve been able to map the aftermath of the Big Bang, got to grips with the processes behind the birth and death of stars, discovered thousands of alien worlds, and found a whole new way of observing the distant cosmos through gravity rather than light1. As a result, this book can draw on a vast pool of knowledge, theory and informed speculation.

Oh, and third, I’ve cheated. My limited handful of stars is seasoned with three impostors – objects that have all, at some point in their histories, been mistaken for stars. These intruders can help expand our story to the broadest possible canvas – the present, past and future of the Universe itself.

***

The stars we’ll be visiting in the following pages were picked for a variety of reasons. In some cases – like 61 Cygni and Sirius B – they’ve played a unique role in the discovery of our place in the Universe. In others – such as Aldebaran and Eta Aquilae – they represent broad families of objects, and help to tell the wider story. Most, however, combine a mix of historical significance, representation and above all, visibility.

As much as possible, I’ve tried to select objects that can be seen by an absolute beginner to the wonders of astronomy. To spot most of them, you’ll need nothing more than a clear, dark sky, Laura Barnes’s wonderful illustrations – and perhaps a phone app to help get your bearings. A handful of others can be seen with binoculars or a basic telescope, and only a couple, due to their very nature, are limited to the realm of the more serious amateur stargazer.

Astronomy is both the oldest of the sciences, and the most engaging, for one very good reason: its accessibility. Any one of us can go out tonight and experience light rays from a distant star, ending a journey that may have begun thousands of years ago by striking the back of our retina and triggering a spark in our optic nerve. The vast scale of space, and the relative insignificance of our place within it, can be daunting, but it can also be beautiful and inspire a desire to know more. So do get out there if you possibly can, and see how many of these stars (and impostors) you can spot for yourself.

Finally, in telling the stories of the stars in this book, I hope I’ve also shown how often scientific breakthroughs come as a result of asking simple questions, engaging in lateral thinking and following the evidence. Completing the original manuscript in the midst of the 2020 lockdown, I pondered on the communal experience that observing our shared night sky can offer even in times of isolation. Now that the world has found a new, uncertain normal, I hope the stories of perseverance, logic and ingenuity revealed by each of these stars can offer at least a little encouragement that humans have within us the ability to solve our more earthly problems.

Giles Sparrow, May 2023


1 Oh, and as if that wasn’t enough, we’ve also discovered that something is causing space itself to stretch apart at an ever-increasing rate.





1 – POLARIS

Learning the basics from the laziest star in the sky
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Let’s start with an easy one.

Polaris, the northern pole star, is probably the most famous star in the sky, even if it’s not actually the brightest. It also has the advantage that, if you’re in the northern hemisphere, you should be able to spot it on any night of the year. If, on the other hand, you’re south of the equator, this is the one star in the book where you’re sure to be out of luck – but hang in there and we’ll get back to you shortly…

There are various ways of finding the northern pole star. If you want to be lazy you can just fire up a compass app on your phone and look for a moderately bright star on a line between due north on your horizon and the zenith (the point in the sky directly overhead).

But if your phone’s out of charge or you simply like to do things the old-fashioned way, the traditional route is to use a brighter and more familiar group of stars to help guide you. The pattern of seven stars known as the Plough or Big Dipper is a permanent fixture in the sky across most of the northern hemisphere, swinging low over the northern horizon on autumn and winter evenings and hanging high overhead in summer. It isn’t actually an official constellation in its own right, just the brightest part of the sprawling Ursa Major, the Great Bear.

Three of these seven stars form a curved handle, while the other four make a lopsided rectangle (either the blade of the plough, or the bowl of the dipper). The pair of stars furthest from the handle – Merak at the bottom and Dubhe at the top, assuming you’re looking at the pattern with the handle to the left – are known as “the pointers”. Follow an imaginary line past Dubhe for about five times the Merak–Dubhe distance, and you’ll come to a somewhat fainter star – that’s Polaris.

[image: images]

Once you’ve done this a couple of times, it becomes second nature and you can soon dispense with the pointers entirely in favour of the northern pole star’s own constellation, Ursa Minor or the Little Bear. As you might guess from the name, this looks quite like a smaller and fainter version of the Plough or Big Dipper, with a “tail” of three stars leading to a rectangle of four more. Conveniently, Polaris is the endmost star on the tail, and also the Little Bear’s brightest star. Officially it’s designated Alpha Ursae Minoris, following a scheme (invented by Germany’s Johann Bayer for his 1603 star atlas Uranometria) that tags a constellation’s brightest stars with sequential letters of the Greek alphabet.

Polaris stands out amongst all the stars in the heavens because it’s a fixed point in the sky – the one star that barely moves. This is because it lies almost directly above Earth’s own north pole. If you could look at Earth from outside and draw a line through both poles, it would point to a spot in the sky very close to Polaris – the North Celestial Pole or NCP.

The NCP stays still because most of the movement of the stars and other objects (including the Sun and planets) has nothing to do with these objects themselves – it’s almost entirely down to Earth’s own rotation and movement through space. Earth is spinning on its axis (taking 23 hours and 56 minutes to make a complete rotation), but from our perspective, it seems like the sky is rotating in the opposite direction1. Stare upwards for even a few minutes, and you’ll soon start to notice the stars drifting slowly from east to west, as your own location on Earth rolls inexorably eastwards.

Long-exposure photos of the sky demonstrate this beautifully, revealing the trails of stars as bright arcs across the heavens. Most stars appear from beneath the eastern horizon, reach their highest point in the sky as they cross a north-south line known as the meridian, and set in the west. But stars close enough to the celestial pole are “circumpolar” – they neither rise nor set, instead following circular tracks around the sky. For northern stargazers, the pole star marks the bullseye of these concentric rings, but the same effect applies equally in both hemispheres.

Just how high Polaris sits in the sky, and which stars and constellations are circumpolar, depends on latitude.This is your position on Earth’s surface, measured in degrees north or south of the equator. If you were at the north pole itself (latitude 90°N), then the NCP would be directly overhead and all the stars in the sky would be circumpolar, following circular tracks parallel to the horizon without rising or setting. As you move southwards, however, Polaris and the NCP slip gradually down the sky towards the northern horizon, and the circle of circumpolar stars gets smaller2.
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Now, seems as good a place as any to discuss angles in the sky. They’re measured in just the same way as angles on Earth, if you remember your school geometry, with 360 degrees all the way around the horizon3, and 90 degrees in a right angle (for instance between your horizon and the zenith point directly overhead). Each degree is further divided into 60 minutes of arc, and each minute into 60 seconds of arc (so you might have an angle of, say, 5° 32’ 15” – this stands for for five degrees, 32 minutes, 15 seconds).

Hold out your arm as far as possible and spread your fingers, and that’s about 10 degrees (roughly the width across the Big Dipper’s “pan”). Clench your fist, and that’s about five degrees (more or less the distance between Dubhe and Merak). Stick up your thumb, and it’ll be roughly one degree wide. The Sun and a full Moon both have an average diameter of half a degree, and the limit of resolution (allowing you to distinguish between details) for good human eyesight is about one minute of arc.

Polaris sits roughly half a degree from the celestial pole itself, and as a result describes a very tight circle around the NCP. Considering this is a chance alignment with a star hundreds of trillions of kilometres away, we’re lucky to have such a bright marker for the sky’s central axis.


In search of the southern pole star

The sky around the South Celestial Pole (SCP) is rather different from its northern equivalent, jumbled with faint stars in some fairly obscure constellations invented by French astronomer Nicolas-Louis de Lacaille during a mid-eighteenth-century stint at the Cape of Good Hope. The SCP itself lies in the constellation Octans, named after the Octant (an obsolete navigational instrument). A faint star called Sigma Octantis is the closest to the pole that’s visible to the naked eye, but it’s more than one degree away. Fortunately, there are a couple of other ways to find the sky’s southern pole.

Follow the Southern Cross: This classic technique involves first identifying the famous compact group of Crux Australis, the Southern Cross (beware of imitations as there are a couple of cross-like patterns to mislead the unwary). Draw an imaginary line along the long axis of the cross from Gacrux at the top to the brightest star Acrux at the bottom, and then extend it by about four and half times (you’ll miss the pole by a couple of degrees, but still be in the right area).

[image: images]

Draw a bright star triangle: Find the two stars Canopus (the second brightest star in the entire sky, in the constellation of Carina) and Achernar (the bright star at the end of the river constellation Eridanus). Imagine an equilateral triangle with these stars at two of the corners, extending into the far southern sky. The SCP sits at the “missing” corner.



In the last few centuries BCE, Greek stargazers transformed the system of angular measurements in the sky into a theoretical model of the Universe where the Earth was surrounded by a series of concentric, nested spheres carrying the Sun, Moon, planets and stars.

The idea of these spheres began in the fourth century BCE with that great Hellenic brainbox Plato. Always a fan of the tricky question, he pondered whether the apparently unpredic-table motions of the Sun, Moon and planets could in fact be explained by a set of interacting cycles, each of which involved circular motion at a uniform rate (these ideas of circularity and uniformity not only made sums easier, but also fitted in with Greek views of natural perfection).

Plato’s proposal seemed so appealing that his disciples spent the next few centuries attempting to make it work, invoking systems of nested crystal spheres and adding more and more sophistication in the hope that they might eventually find a model that correctly predicted planetary motion. The stars, at least, were easy – all they required was a single sphere, fixed at the celestial poles and rotating once each day.

In the second century CE, Ptolemy of Alexandria, a Greek-Egyptian polymath who we’ll run into a few times in the course of our story, immortalised his own take on this Heath-Robinson Universe in the great astronomical textbook best known as the Almagest4. A classical bestseller, it remained the last word on astronomy for almost 1,500 years, until uppity Renaissance scholars dared to question first the Earth’s position at the centre of the Universe, and then the sacrosanct principle of uniform circular motion.

By the early 1600s, thanks largely to the work of German astrologer Johannes Kepler5, elliptical paths or “orbits” around the Sun were the in thing. With every object now capable of changing its distance from the Sun, there was no place for the planetary spheres, but the concept was so convenient that astronomers stuck with the idea of an outermost sphere of “fixed stars” surrounding the Earth. To this day, this celestial sphere provides a co-ordinate system against which everything else can be measured.

***

The simplest way of thinking about the celestial sphere is as an extension of Earth’s familiar co-ordinate systems onto an imaginary spherical shell that wraps the entire sky. In reality, stars, planets and other objects may lie at vastly different distances, but for our point of view on Earth, all we’re concerned with is their direction, so we can simplify things by imagining them moving on this shell. Celestial poles (above the geo-graphical north and south poles) mark the pivot points, while midway between them runs a celestial equator, splitting the sky, like the Earth, into northern and southern hemispheres.

Stargazers on Earth get to see different parts of the celestial sphere depending on time and location. It goes without saying that half of the sphere is blocked at any one time by the ground you’re standing on, but looking towards the appropriate celestial pole, you can see circumpolar stars spinning around a fixed point in the sky, while in the opposite direction you can watch stars rise from the eastern horizon, cross over the meridian and set towards the west. The celestial equator passes from due east to due west and crosses the meridian at an angle linked to our particular latitude6. Beneath it, stargazers away from the poles get to see stars in the opposite celestial hemisphere.

The orientation of the sky, and the stars you see at a certain time of night, also change through the year because our system of timekeeping is based on the Sun rather than the stars. As Earth orbits around it each year, the Sun slowly changes direction against the more distant stars, moving westwards through the band of constellations known as the zodiac so that anything close to it is lost in the glare. Stars and planets first emerge from their close encounters with the Sun into the eastern morning sky, then track slowly westwards over the months as their separation increases, before eventually sinking into the evening sunset as the Sun once again closes in on their position.

The Sun’s track around the heavens is called the ecliptic – a projection into the sky of the plane of Earth’s own orbit around the Sun. And because Earth’s poles are tipped over at an angle relative to this plane, the ecliptic in the sky is tilted at 23.5° to the celestial equator. Therefore, the Sun spends half the year in the sky’s northern hemisphere and half in the southern hemisphere, giving each of Earth’s hemispheres longer days in turn, and crossing over at the intersection points called equinoxes.

But the vagaries of Earth’s orbit mean that Polaris wasn’t always the pole star, and it won’t be again in future. That planetary tilt, which tips the poles at 23.5 to the ecliptic, slowly changes direction as the gravity of the Sun and Moon tug at the 20-kilometre bulge around the equator7. As a result, the north and south poles follow a lazy circle know as axial precession, lasting 25,772 years, and the celestial poles wander around the sky in the same period. Polaris happens to be in line with the NCP at the moment, but 4,000 years ago, Kochab, the Little Bear’s second-brightest star, was closer. Around 12,000 years from now, a really bright star called Vega, in the constellation of Lyra, will come within four degrees of the pole. Southern stargazers, meanwhile, only have to wait another 5,000 years before their celestial pole passes close to three bright stars in fairly rapid succession.

***

So what about Polaris itself? Is it just a dull star that happened to be in the right place at the right time? Happily, that’s not the case – and in fact the northern pole star is a great example of a couple of different types of object we’ll be encountering in more detail in later chapters. For one thing, Polaris is a variable star – it doesn’t shine with steady brightness but instead pulsates slightly, brightening and then fading in a cycle of around four days.

Star brightness is measured using a system called magnitude – a scale on which lower magnitudes are brighter than higher ones. In ancient times, the brightest stars of all were said to be of first magnitude, while the faintest visible to the naked eye were of sixth magnitude8. By this reckoning, Polaris is a star of mid-third magnitude, but fortunately these days we can be a bit more precise than that.

In 1856, a young astronomer called Norman Pogson, who had run away from a career in the Nottingham lace trade to become a scientist, worked out that there was a hundred-fold difference in brightness between a typical first-magnitude and a sixth-magnitude star. He formalised the system with a precise factor of 2.512 between each magnitude division (because 2.5125 = 100), and calibrated the whole thing by assigning Polaris a magnitude of precisely 2.019. This meant that the brightest stars in the sky, such as Sirius and Canopus, suddenly gained negative magnitudes, since they were so much brighter than Polaris.

In this modern magnitude scale (called apparent magnitude since it measures the appearance of stars from Earth), Polaris actually wobbles between magnitude 1.86 and 2.13, averaging out at 1.98. Like many stars, its changes are due to pulsations, but while most pulsating stars are red, Polaris is yellow. In fact, it’s an example of a type of object called a Cepheid variable, about which we’ll learn a lot more in Chapter 19.

Another thing worth noting is that Polaris, like many bright stars, is not alone. While nearly all the light we see comes from the main star (officially Polaris Aa), it has two much smaller companions in space, each a little hotter and brighter than our Sun. One of these companions (Polaris B) was discovered in 1779 and can be spotted through a decent telescope, while the second (Polaris Ab) is too close to Polaris Aa to be seen with anything less than the Hubble Space Telescope2. From this distance, Polaris B and Polaris Ab shine at magnitudes 8.7 and 9.2 respectively – below naked-eye visibility.

The latest measurements of the northern pole star’s distance (achieved using a technique called parallax, which lies at the heart of our next chapter) suggest it is some 447 light years from Earth – so far away that the photons of its light sparking your optic nerve today set out on their journey to Earth when Elizabeth I was on the English throne3. Even though professional astronomers can be a little sniffy about it, the light year is a handy way of describing vast astronomical distances, and we’ll be sticking with it throughout this book. It’s equivalent to about 9.5 million million km or 5.9 trillion miles – the distance that light, the fastest thing in the Universe, travels in an average year.

Since we know how bright the stars of Polaris look from Earth, that means we can work out how bright they really are. Polaris Aa turns out to average about 2,500 times brighter than the Sun10, putting it in a class of stars known as supergiants.

However, the northern pole star has one final mystery up its sleeve. Because it’s been observed for so long and so meticulously, astronomers can look at records as far back as Ptolemy himself, and track how it’s changed over time. And this suggests that Polaris’s average brightness has increased considerably – perhaps by as much as two and a half times (a whole order of magnitude) over the past couple of thousand years. More accurate and recent measurements, meanwhile, suggest that Polaris’s pulsations have been getting generally smaller as it has brightened (they almost stopped in the 1990s, but have since increased again)4.

Such changes would be very unusual – aside from regular pulsations, stars just aren’t supposed to go through this sort of major shift in brightness over what is, in astronomical terms, a relatively short period of time. Assuming the changes are real, then perhaps by chance we’re catching Polaris on the cusp of a significant threshold in its evolution, as a sea change in the internal processes of energy generation makes itself felt in the star’s overall energy output. We’ll look at more of these key moments in a star’s life when we come to the famous pulsating star Mira in Chapter 12.

“But I am constant as the northern star, of whose true-fix’d and resting quality, there is no fellow in the firmament,” says Julius Caesar in Shakespeare’s play. Wrong on both counts, it would seem.


1 Meanwhile the Sun drifts in the other direction to the tune of about four minutes, which is why we have a 24-hour day.

2 A handy hint: whichever hemisphere you’re in, your celestial pole sits above the horizon at an angle equal to your latitude.

3 The system goes back around 4,000 years to the Mesopotamians, who liked everything to be in multiples of 60 because it’s “multi-factorial”, which is math-speak for “you can divide it up in a lot of different ways and still end up with a whole number”. In the days before the pocket calculator, this was a big deal, and made it easy to do a lot of sums in your head (or at least on a clay tablet).

4 A title applied to it by later Arab astronomers, meaning “The Great Work”. Not bad as reviews go, and certainly catchier than the original Mathematical Syntaxis.

5 Prior to the seventeenth century, astrology and astronomy were pretty much interchangeable, since almost everyone researching the stars was doing so for purposes of prediction.

6 The celestial equator’s maximum altitude in your local sky is simply 90° minus your own latitude.

7 Like Asterix’s best friend Obelix, Earth’s not fat, but its chest has slipped a bit – due to our planet’s fast spin, the equator is literally trying to fly away into space.

8 We’ve inherited this system from Ptolemy, so blame him, or perhaps Hipparchus, a Greek of the second century BCE who is often attributed with its invention (although anything he had to say on the subject has long since been lost to posterity).

9 Later, when the northern pole star’s brightness turned out to be a bit wobbly, astronomers switched their calibration point to the rather more reliable Vega as magnitude 0.0.

10 Sounds impressive? Wait until we get to Eta Carinae…




OPS/images/cover.jpg





OPS/images/title.jpg
GILES SPARROW

THE
HISTORY
OF OUR
UNIVERSE
IN

21 STARS

(THAT YOU CAN SPOT
IN THE NIGHT SKY)





OPS/images/orna.jpg





OPS/images/page_02.jpg
URSA MINOR /
LITTLE BEAR
POLARIS

>

/
/
. wi
o
2/
5/
3 ’
«y
. o |
2/
5/
3
r,” @ ok eaxr SMALL SCOPES
* . I @ BODEIS GALAXY }
- *\ =i
. i
/
/*wms
4 MERAK .

OUGH/BIG DIPPER





OPS/images/page_04.jpg





OPS/images/page_06.jpg
LARGE
MAGELLANIC
cloun

KT ALPHA CENTAUR SoUTH CELESTIAL /I\
PoLe .
SATELLITE GALAXIES
. ORBITING
i K SIGHA OCTANTIS MILKY WAY
OCTANS, \l/

SMALL
MAGELCANIC





