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1


OUR FAITHFUL FRIEND


Have we lost our connection with the night sky? It’s a question I often pondered when I lived in Sydney, a city of four million people. Bright lights filled our sky and only a few of the most brilliant stars shone through the orange night-time haze. When I look back at my childhood, in a small village in the English countryside, it was a very different experience.


By day, I was surrounded by fields of wheat, barley and canola. At night, a brilliant carpet of stars was laid out above me. My family was very active and we spent countless hours walking and cycling through the countryside. Watching the landscape change throughout the year, I developed a strong connection with the natural world.


I quickly learned to read the seasons. Blackberries ripened in September. Strawberries blushed in late June. In December, lone robin redbreasts hopped through the bare hedgerows. Hawthorn brambles created bursts of ripe berries for the blackbirds in January. And then the snow came. In spring, snowdrops, crocuses and daffodils peeked out from frozen ground. Wheat was harvested in August. Crop stubble was burned or ploughed into the soil in September, and the cycle repeated.


As my interest in astronomy came to light at the age of twelve, it added a universal dimension to my experiences. I learned, slowly at first, the appearance of the night sky and watched, fascinated, as the stars changed throughout the seasons. In summer, the bright trio of Vega, Deneb and Altair dominated the sky. In winter, Orion came to visit. Every night the sky circled steadily around the North Pole Star, also known as Polaris. Although I never knew him, this was the same night sky that my grandfather, also an astronomy enthusiast, had enjoyed. As I learned the constellations that he had taught my dad, it felt as if the night sky was something bigger than ourselves—something that connects us to our ancestors.


This connection to nature and to the stars helped me find my place in the world. When I was fourteen, it also helped me navigate one of the most memorable adventures of my young life. A group of friends from my athletics club and I were given a challenge: to navigate more than 60 kilometres by bike with no outside assistance. No maps, no technology, just our eyes, our ears and our surroundings. The plan was that we’d be blindfolded, driven out into the country and dumped, and then use only our wiles and our bikes to make it home before sunset. Looking back, I’m amazed that our parents gave permission for this adventure to go ahead at all.


One friend’s dad, Joe, thought it would be the making of us. He hired a huge trailer and threw our bikes into the back. We dozen or so teenagers were sat down and blindfolded in the back seats of a convoy of cars. As we pulled out of town, Joe made a point of going round a roundabout a few times to disorient us. It was really exciting to be headed on an adventure, not knowing where we were going to end up. We must have driven for over an hour, my friends and I chatting excitedly at first, but then quickly getting quieter and more contemplative as we got deeper into the countryside, denied our usual dominant sense of vision.


After what seemed like hours, the car came to a stop and the door opened. ‘Blindfolds off!’ shouted Joe. The sunlight briefly dazzled us and the bikes clattered as they were unloaded. Car doors were slammed and Joe didn’t hang around. He shouted, ‘Good luck!’ and the convoy drove off, leaving a small cloud of dust rising up from the country lane. And there we were, twelve teenage friends, in a field 60 kilometres from home.


Where do you start when you don’t have a clue where you are? We needed to establish a baseline. We scoured the countryside looking for clues, but none of us recognised anything. Just a country lane, fields of ripening wheat and a distant church spire. A farmhand was fixing a fence a few hundred metres away. I sauntered up to him with youthful confidence and said, ‘Scuse me, we’re a bit lost. Where are we, please?’ He smiled slightly, amused at this seemingly clueless bunch of kids on bikes, and pointed to the church spire about 3 kilometres away. ‘That’s Royston,’ he said.


Royston. As a map freak, I knew it was on the western side of the county of Essex, where we lived. That told me we must have been about 60 kilometres north-west of home. So to get home, the only thing to do was to head south-east. Having no compass with us, nor any electronic gadgetry (this was 1994 and mobile phones were some way off), the only way to navigate was by the sun. My friends were town kids, with no particular interest in the cycles of the sun (or at least not one that they dared to express). I was the village kid who didn’t go to school—I taught myself at home from the age of eleven—and spent my days climbing trees, wandering the countryside and looking at the stars. It was immediately clear that I needed to step up.


I knew that the sun rose in the east and set in the west, at least in late March (the spring equinox) and late September (the autumn equinox). In summer, which we were enjoying at the time, the sun rises slightly north of east in the UK. I was confident of this because I used to track the position of sunset throughout the year from the upstairs windows of my house. In the middle of winter I could see the sunset from the front window against the background of poplar trees on the horizon towards Great Bardfield in the south-west. In summer, the sun set out of the small upstairs window to the side of the house towards Finchingfield in the north-west.


It was around 9 a.m. The sun moved towards the south around midday, so I figured that it had probably swung to approximately east. ‘We’ll get home if we follow the sun and bear right a bit!’ I declared to my friends. Since nobody had any better ideas, they took my advice and off we went.


For the rest of the morning we happily zigzagged across the winding English country lanes, up and down the undulating valleys, riding towards the sun as it made its way south. It felt like an idyllic endeavour. We were undistracted, connected to our surroundings and navigating by the star that had created us. We felt free. Empowered by a basic knowledge of the sky, a bunch of kids had a fantastic adventure and made it home safely with plenty of time to spare.


Can you remember the very first time you looked up at the night sky?


For me, it was March 1986. I was six years old and Halley’s comet was paying one of its regular visits to the inner solar system. The media were hyped for the appearance of this famous lump of rock and ice, which I knew appears every seventy-six years as a fuzzy ‘star’ gleaming in the sky, adorned with a brilliant tail. Halley’s comet has been known about since at least 240 BCE, when it was first recorded in writing by Chinese and Babylonian astronomers. It even features on the Bayeux tapestry as a portent of the Battle of Hastings, streaking across the sky in 1066 as the Normans rudely invaded England.


My dad and I ventured out into the darkness of our front garden in a small country village, 50 kilometres from the bright lights of London, and craned our necks skyward. A hedgehog scuttled by. The lights scattered down our small street threw an orange glow onto the low clouds that broke up the sky, but brilliant piercing eyes of starlight tore their way through from time to time. My dad pointed up to one of these clearings and said to me, ‘Lisa, we can’t see Halley’s comet tonight—it’s just too faint—but remember that we came out tonight and looked for it.’ The night we didn’t see Halley’s comet was my very first taste of astronomy, and it felt like a special moment. The buzz around this astronomical event made it seem like people all around the world were welcoming a rare and glamorous visitor—and I was hooked.


What was your Halley’s comet moment? Your first glimpse of a dark starry sky? Seeing a planet through a telescope? Most people have been fortunate enough to enjoy these moments. When we do, we feel something resembling a primal sense of wonder. Perhaps it’s because the night sky is literally in our DNA. After all, every atom of carbon, nitrogen and oxygen in our bodies was created by the nuclear fusion of lighter elements in the centre of a star. Biologists might argue the phrasing of this point, but it is true to say that from a physical and chemical point of view we are literally descended from the stars—they are our parents and our creators.


Not only that, but the stars have had a major influence on human society. Every star in our night sky has contributed to our ancestors’ belief systems and, later, to our astronomical science, which has helped us build an understanding of our place in the universe. The constellations we see are virtually indistinguishable from those our great-great-great-great-grandparents saw. The stars appear so static, in fact, that their patterns have been used to pass down stories, maps, myths and legends through tens of thousands of years of human history. They are a living link to our ancestors, but that’s not to say they are timeless. The universe is a dynamic place. Objects are constantly moving and shifting in space. Stars are born and they die. Galaxies collide. All of this impacts on our human experience of the stars.


How many stars do you think we can see with the naked eye? Thousands? Millions even?


Only 9000 stars are visible to the human eye. Because we can see only half of these stars from any given point on Earth’s surface, that means there are only about 4500 individual stars we can stare up at and see at any one time.


If, like me, you live in a city, you’re probably able to see only a few dozen of the brightest stars. That’s only a minute fraction of the total number of 1022 (one followed by twenty-two zeros) stars estimated to exist in the universe. For our watered-down city view of the night sky we have light pollution to thank, which sees an estimated 35 per cent of all energy used in street lighting going to waste by poorly directed light shining up into the sky. According to the International Dark-Sky Association, this wastage comes at a financial cost of $3 billion to the United States alone, not to mention the detrimental effects on the sleep patterns of birds and animals and on our enjoyment of the night sky. But don’t get me started.


Assuming we are in a dark place such as a mountaintop away from city lights, why can we still only see 9000 of the 10,000,000,000,000,000,000,000 stars with our eyes?


Most of them are too far away. The stars that we see night after night live mostly in our local neighbourhood, within 1000 light years1 (10 million billion kilometres) of Earth. The distant stars are faint because stars give off light in all directions. That means the starlight is watered down through the colossal volume of space between the stars and Earth, rendering stars that are more distant than about 1000 light years too faint to make out. There is a mathematical rule that governs this dilution effect called the inverse square law. It tells us that as the distance to a star increases, the brightness fades by the square of the increase in distance. That rather dry description means that if you look at a star ten times further away, it will seem 100 (ten squared) times fainter. Put a star 1000 times further away and it has 1000 squared, or a millionth, of the brightness. That’s why most of the stars in the universe are invisible to the naked eye.


To reveal more distant stars, modern astronomers use a telescope with a large mirror or lens to collect extra light. This increases the size of our virtual ‘eye’, revealing far fainter objects. Without telescopes, we are left exploring only the nearby avenues of our galactic city, as our ancestors did for millennia—observing our few thousand bright stars and trying to make sense of their patterns with stories, tales and legends.


For centuries, the night sky has been divided into constellations, or groups of stars. Like join-the-dot puzzles, constellations represent the imagined shapes of mythological creatures or animals that had some meaning to our distant ancestors. They were dreamed up in ancient times and were connected to complex stories or legends. Constellations are not physical groups of stars, nor are they linked by gravity. Much like a psychiatrist’s ink-blot pattern, the shapes each culture saw probably had more to do with the community’s psyche than anything else.


One of the most famous constellations is Orion, the hunter, who straddles the celestial equator and is therefore visible from every part of Earth. Orion has a stout, rectangular body made up of the supergiant stars Rigel, Betelgeuse and Saiph as well as the female warrior star Bellatrix, which is now known to be a close pair of bright stars. Orion’s right arm holds up a shield, and around his waist he has a belt made up of three bright stars. Below this belt is a sword made up of another triplet of stars. If you look very carefully, you can see that the central ‘star’ of Orion’s sword is actually a cloudy smudge of light. With a pair of binoculars or a small telescope you can make out that this smudge is a cloud of interstellar gas with a cluster of bright blue stars at its core. We now know that this is a gigantic complex of 4 million trillion trillion tonnes of star-forming gas, including the famous Horsehead nebula, which is giving rise to new stars by the gravitational collapse of the cloud.


I spent many hours as a teenager peering through a 10-inch telescope and sketching the Orion nebula in the freezing cold of my back garden. Now, as a professional astronomer, I have studied its chemical make-up and its ongoing star-forming processes using some of the most powerful radio telescopes in the world.


For centuries, ancient cultures have passed down knowledge using patterns in the stars. We know little about these stories because few physical records remain and many oral stories have been destroyed by colonial practices. However, there are many strands of information remaining in cave paintings, bone carvings and oral stories from far beyond the written records.


The ancient cave paintings of Lascaux in France are a remarkable glimpse into the relationship of Neolithic humans 15,000 years ago with the stars. The paintings include depictions of several constellations, alongside pictorial representations of the creatures with which they were associated. One of these shows Taurus, the bull, with the bright red supergiant star Aldebaran as its eye. Another painting depicts a shaman (a half-human horned creature) made up of the modern constellations of Gemini and Orion.


The Wiradjuri people of Australia had another name for the constellation the Greeks called Orion. He was Baiame, a creator god who held aloft a boomerang and a shield. Orion is upside down as seen from Australia, and the Wiradjuri story is that Baiame tripped and fell over the horizon, which explains his strange orientation in the sky. Other Aboriginal nations knew him as Nyeeruna, a hunter who spent his time chasing the Seven Sisters (the star group the Greeks knew as the Pleiades).


Today, eighty-eight constellations are officially recognised by the International Astronomical Union (IAU), the worldwide professional body for astronomers that has the sole discretion to name astronomical objects. The majority of constellations (those in the northern sky that are visible from the Mediterranean) are attributed to the ancient Greeks. This is a bit of a distortion of history, though, because many of the constellation names, as well as the common names of many bright stars, are actually derived from Mesopotamia (modern-day Iraq, Turkey, Iran and Syria) between 4000 and 5000 years ago.


The Arabic names of individual stars have been honoured by the IAU, but the Greeks had a near monopoly on the official names for the constellations. Breaking this cartel in star naming took a long time, but in 2017 another eighty-six star names from Australian Indigenous, Chinese, Coptic, Hindu, Mayan, Polynesian and South African cultures were given the official stamp of approval. Finally, the academic world is starting to recognise the historical contributions of a wider variety of human cultures in the study of the universe.


The role of Middle Eastern astronomers was not restricted to inventing star patterns—it also included studying the motions of the sun and moon, predicting eclipses, and charting the cycle of the planet Venus, which, just like our moon, goes from full to half to crescent before disappearing between Earth and the sun. They also developed the method of dividing the virtual ‘sphere’ of Earth’s sky into 360 degrees—the basis for much of our modern mathematical way of measuring the sky.


Civilisations across the globe each have their own interpretations of the star patterns. Ones you may not have heard of include the llama (Inca), the ear of grain (Persian) and the white tiger of the west (an ancient Chinese asterism). The ancient Chinese developed their own sophisticated set of constellations some 2500 years ago, which in subsequent centuries (after contact with Middle Eastern astronomers) was adapted to incorporate some of the star groups from the Mesopotamian tradition. The Chinese have arguably kept the most detailed scientific records, including noteworthy records of the stars and planets. They are the only civilisation to have recorded every appearance of Halley’s comet from 3000 years ago to the present day.


The ancient constellations were not just the product of artistic minds gazing at the stars and imagining famous people and animals. They were also connected to spiritual beliefs. Many of the early stargazers were paid by kings, queens and emperors to help them make important decisions. In those days, running a kingdom based on astrology—the alignment of stars and planets—was a popular way to conduct political affairs. Some fascinating social rituals also arose from the very deep belief many cultures had in astrology. That the word ‘disaster’ has its roots in the Greek for ‘bad star’ points to the importance of astrology in human history. In Mesopotamia and Iran, people employed trickery to counter the impending arrival of ‘unlucky’ astronomical events such as eclipses. To bamboozle the evil forces, the astrologer in the royal court would arrange for a powerless subject such as a peasant, a prisoner or a political opponent to sit on the throne for the duration of the ‘unlucky’ event. The idea was that the bad luck would fall upon the fake king, while the real monarch, tucked up in the castle or palace, would be spared. Sadly, the event always turned out to be unlucky for someone, because the substitute monarch would end up being sacrificed once the supposed danger had passed.


Of the eighty-eight official constellations, those in the Southern Hemisphere were named most recently, often by travelling Europeans. Dutch-Flemish cartographer Petrus Plancius invented twelve new constellations based on maps of the southern stars drawn up by Pieter Dirkszoon Keyser and Frederick de Houtman on their travels to the eastern Indian Ocean in 1595. These new constellations included exotic creatures such as Apus (the bird of paradise), Chamaeleon (the chameleon), Dorado (the dolphinfish), Pavo (the peacock), Phoenix (the mythical phoenix) and Tucana (the toucan). They left us with a veritable menagerie in the southern skies.


French astronomer Nicolas-Louis de Lacaille created fourteen new constellations from his observatory near Table Mountain in South Africa in 1750. Unhindered by the tradition of naming groups of stars after Greek mythological creatures or animals and birds, he decided on some more modern, technological names. Lacaille’s constellations included Antlia (the air pump), Fornax Chemica (the chemical furnace), Microscopium (the microscope), Telescopium (the telescope) and Horologium (the clock).


The most famous constellation in the Southern Hemisphere today is the Southern Cross, which currently appears on the national flags of Australia, New Zealand, Samoa and Papua New Guinea. The Southern Cross is the smallest of the constellations but is easily recognisable because its stars are all so bright. It has been well known by people of the Southern Hemisphere for thousands of years; they used it for navigation. Maori and Australian Aboriginal peoples had various names and stories for the constellation, calling it the anchor, the stingray or the great sky canoe. Ancient Greeks also knew these stars, but they only just grazed the horizon from southern Europe and Greek astronomers lumped them in with the neighbouring Centaurus constellation. They were not given the name ‘Crux’ (Latin for cross) until the 1500s, when their full glory was seen by travelling European traders.


One of the most notable Southern Hemisphere stars is Alpha Centauri, which is actually made up of two stars that orbit so close to one another (about the distance between Earth and Neptune, on average) that we can’t distinguish them without a telescope. A third star, called Proxima Centauri (from the Latin proximus, which means ‘nearest’) is loosely gravitationally bound to the pair and is currently the closest star to Earth at a distance of 4.3 light years.


The constellation of Ursa Major, the Great Bear, is my personal favourite. It goes by a few names, most commonly the plough or the saucepan. The plough was always visible out of my bedroom window when I was growing up, and I used to watch it spin around the North Pole throughout the night. It is connected to the Pole Star by Ursa Minor, the Little Bear, which is a smaller constellation that looks (at least to me) like a giraffe. Had the ancient Greeks ever seen a giraffe, I have no doubt it would have that name. Since I’ve moved to Australia I miss my old friend Ursa Major—it is too far north to be visible in the south-east corner of Australia.


Ursa Major was also the first constellation taught to me by my dad one cold night in Essex. We soon learned how to use it to navigate—following the two right-hand stars of the saucepan directly upwards to find the North Pole Star, Polaris. My dad learned its distinctive shape from his own father on their night-time walks in Wolston, the village where he grew up. My grandfather died shortly after I was born, but I’m happy that we are able to share our love of the night sky in this way.


Do we still see the night sky the same way that the ancient astronomers saw their constellations over 2000 years ago?


Perhaps surprisingly, the answer is yes. Most of the Greek constellations appear very similar today to when their ancient legends were first written down. There are some small differences, however. So what changes do we see in the stars throughout history, and what elements of the night sky stay the same?


Astronomers of the ancient Greek and Roman empires believed that the stars were attached to an invisible dome called the firmament, a sort of solid crystal sphere that encircled Earth. Many of the classical Greek astronomers believed the dome was made of a transparent material called ‘quintessence’ or ‘aether’, a supposed fifth element of nature (the others being earth, air, fire and water) that existed in the universal realm to keep up the sky. Their theory, which had no real evidence behind it but seemed to explain the motion of the heavenly bodies, lasted well into the seventeenth century. The constellations, explained Greco-Roman astronomer Ptolemy, remained fixed in their positions as the firmament rotated above our heads.


This model was later adapted to include the planets. If you look at one of the bright planets such as Mars, Jupiter or Saturn today, you’ll notice that it moves very slightly each night relative to the constellations. For example, from my view of the sky tonight, Saturn is in the constellation of Ophiuchus. Next month it will move into Sagittarius. That is because Earth and Saturn are both moving through space as they orbit the sun, so the relative positions of our planets in the sky changes slightly from night to night.


The stars are millions of times further away than the planets, so their motions appear absolutely tiny in comparison. Essentially, the stars appear ‘fixed’ to the ceiling whereas the planets earned the name ‘wandering stars’. They saunter around the sky throughout the year as they (and we) move around the sun, and slowly vary their brightness as they move closer to and further from Earth.


Not knowing about the orbital motions of the solar system, the ancient Greeks thought that each of the planets was attached to a fixed crystal sphere or ‘orb’ surrounding Earth. In this complex scheme, the sky was imagined as an onion-layered nest of crystal orbs, each carrying its own planet, with the firmament on the very outer layer carrying the fixed stars. This theory got pretty contrived.


Around 2000 years ago, astronomers began to notice drift and changes in the positions of the stars. Through careful observation and measurement, we came to know that the stars are free to move about throughout space, unencumbered by the crystal domes that the Greeks imagined. We now accept that Earth itself has no special or ‘central’ location around which orbs of stars and planets dance. The system of the firmament, fixed stars and orbs was quickly dumped. Space had become officially complicated.


Our night sky is changing, albeit at a glacial rate through the ages. The reason for the changes is a natural effect called the precession of the equator or, more commonly, the precession of the equinoxes, figured out by the meticulous work of a Greek astronomer called Hipparchus in 127 BCE. He studied the position of the sun and stars using the ‘precision instruments’ of the time, including the gnomon (essentially a sundial) and a set of spheres and circles representing the paths of the sun and stars in the sky called an astrolabe or armillary sphere.


Comparing his measurements with those made by his predecessors Timocharis and Aristyllus around 300 BCE, he noticed that the whole sky had moved by an angle of about 2 degrees. The orientation of the sky, he surmised, was systematically moving year on year. And he was right—this drift is still seen today. So how does this happen?


Earth spins once per day on its axis, an imaginary line that passes through the North and South Poles. Earth’s equatorial region spins at about 1670 kilometres per hour, as opposed to the more sedate 1260 kilometres per hour at latitudes of around 42 degrees north and south equivalent to New York City, USA or Hobart, Australia. At higher latitudes still, such as 60 degrees (equivalent to the Norwegian capital, Oslo), the rotation speed drops to 837 kilometres per hour.


This is why rocket launching sites are often located close to the equator—the faster rotation of Earth’s surface at these latitudes gives the rocket an extra ‘kick’ to get into orbit. Also as a result of this speed differential, Earth is slightly bigger at the equator (12,756 kilometres in diameter) than at the poles (12,713 kilometres in diameter), because as it rotates it fattens slightly in the middle.


The sun and moon exert a small gravitational pull on Earth’s belly paunch that creates a turning force, or torque, on Earth that causes the axis of Earth to slowly draw out an invisible circle in the sky once every 28,500 years. This motion can now be measured incredibly accurately using networks of radio telescopes spread across the globe.


How does precession of the equinoxes play out in reality?


Over thousands of years the north and south celestial poles wander very slightly year on year. Today, if you watched the Northern Hemisphere sky for twenty-four hours, you would see that all the stars appear to rotate once around the bright star Polaris in the constellation of Ursa Minor. That’s because at the moment the North Pole of Earth happens to point towards Polaris, so every rotation of Earth on its axis appears to occur around that star.


Back in 12,000 BCE, the North Pole Star was not Polaris at all. Due to the precession of Earth’s axis through the sky, it was closer to the bright star Vega in the constellation of Lyra (the harp). As Earth’s axial precession continues, Vega will again take up the mantle of North Pole Star in about another 13,500 years. Around the same time, the second-brightest star in the sky, Canopus, will come within 10 degrees of the south celestial pole. Bright stars like Vega and Deneb, which are currently seen from Australia in the winter, will be too far north to be seen from these shores. Also in that era, the constellation of Orion will have shifted so far south that it will be invisible from northern Europe, northern Asia and parts of the USA and Canada. All in all, precession will have a significant effect on how our night skies look from any given place. It will not affect the shape or make-up of the constellations, however—only our viewing angle on the stars.


But there are other forces in play that change the night sky over the generations—silent drifts and dramatic events that can alter the constellations as we know them.


Edmund Halley was an English explorer, astronomer and scientific all-rounder who was interested in mapping the stars. In 1676, as a twenty-year-old undergraduate student, he came up with the idea of mapping the southern stars. King Charles II was so keen on this idea he ordered that Halley be given free passage on a ship called Unity to the volcanic tropical island of Saint Helena in the South Atlantic. Halley set off without finishing his degree, but this didn’t seem to bother him. He spent more than a year using a naval navigation instrument called a sextant to measure the positions of stars with respect to each other and the horizon, producing one of the English-speaking world’s first surviving maps of the stars in the Southern Hemisphere. His map provided an important and accurate account of the southern stars in the late seventeenth century. He even named a new constellation Charles’ oak after the king. The gesture seems to have been well received, as Charles II ordered Oxford University to award Halley’s unfinished degree honorarily.


Later, Halley studied the historical records of all the comet sightings from the past 350 years. Looking at the motions of historical comets around their closest approach to the sun, he noticed the comets that had appeared in 1531, 1607 and 1682 CE had very similar orbital paths. His stroke of genius was to realise that these were probably all the same comet, which returned to its closest point to Earth as it orbited the sun in an elliptical path every seventy-four to seventy-nine years.


At the time, this was a great leap of imagination, since comets had always been assumed to appear once and once only. Halley’s theory was vindicated in 1758, sixteen years after his death, when the comet turned up on Christmas Eve. It quickly became known as Halley’s comet, named in honour of the man who had first realised that comets can have stable orbits. It’s just a pity that Halley himself didn’t live to see it for a second time.


Another of Halley’s triumphs was detecting anomalous motions of one or two bright stars through space. In 1718 he announced to the world in a paper in the academic journal Philosophical Transactions of the Royal Society that these two ‘fixed stars’ actually had a small but measurable motion with respect to the others. This was a controversial claim at the time because it broke down the commonly held belief that the heavens were fixed and perfect. The facts were indisputable, however, and the newly discovered effect was called ‘proper motion’. It was Halley’s painstaking measurements and historical detective work that enabled him to notice shifts in the stars’ positions.
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