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Introduction

Every now and again scientists make a discovery that changes the world forever. No one wants to go back to the days of surgery without anaesthesia, nights without electricity or life without a computer.

Scientific discoveries open our eyes to the dangers facing our world, such as asteroids and climate change, and supply us with the means to prevent them from causing harm. They also answer incredible questions, such as the origin of space and time, how life arose on Earth and how interactions between particles govern the behaviour of matter. All of these breakthroughs hail from the genius and hard work of scientists. Some are the product of years of research. Others, such as the discovery of antibiotics or the detection of evidence for the Big Bang, happened by chance. These ‘serendipitous discoveries’ act as proof of the value of blue-sky research (projects that have no pre-established goal).

This book takes a look at the 100 most important scientific discoveries that have shaped our world and given us perspective on the universe at large. The discoveries are arranged chronologically, starting with the absolute basics – counting – and finishing with the creation of synthetic life in 2010.

Some of the breakthroughs you will have heard of, such as lasers, antiseptics and the discovery of ice ages. Others might be new – for example, the Navier-Stokes equations, which lie at the heart of the theory of fluid dynamics, or fullerenes, which are new kinds of carbon that have remarkable engineering properties. The ‘greatest hits’ are all here, too – seminal contributions to knowledge such as relativity, quantum theory, computers and evolution.

Perhaps the greatest breakthrough of all might be the scientific method itself – the idea of formulating theories and designing experiments to test them. It is from this simple premise, which was first set out by Iraqi scientist Ibn al-Haytham during the 11th century, that everything else followed.

What of the future?

Science is evolving and there will be many more discoveries to come. For example, astronomers are looking for life on extrasolar planets beyond our solar system. Knowing that the Earth is not the only place in the universe to harbour living creatures alters our perspective on life, religion and how we conduct ourselves as a society. The pace of research is such that the discovery of alien life – if it exists – may take place within the next few decades. Other researchers are building computers that use the laws of quantum theory to carry out tasks that are impossible on the ‘classical’ computers that sit on our desks today. A quantum computer could crack otherwise impenetrable codes, make lightning-fast searches and even change the way banks do business by altering the way information is handled. Theorists believe that these computers derive their power by harnessing copies of themselves running in parallel universes. Prototype quantum computers have been built in labs; working desktop machines are predicted to be only 20 years away.

Meanwhile, physicists are working to make what could be the most important breakthrough of all: the quest for a quantum theory of gravity. Einstein’s general theory of relativity – our best theory of gravity – is incompatible with modern versions of quantum theory, the physics of tiny subatomic particles. But a quantum treatment of gravity must exist in order to describe the Big Bang in which the universe was born. Deducing the correct theory of quantum gravity will be a giant step towards wrapping up gravity with the other fundamental forces, such as – electromagnetism, and the strong and weak nuclear forces – to arrive at a ‘theory of everything’.

Crystal balls

Of course, the most exciting future discoveries will be the ones that we cannot predict. For example, in 2010, in a Californian lake, bacteria were found that thrive on arsenic – a chemical that is toxic to every other known form of life. Until now, every lifeform has been based on six chemicals – hydrogen, carbon, oxygen, nitrogen, sulphur and phosphorous. But in these bacteria, arsenic has taken over all the functions normally performed by phosphorous. If life on Earth can display such variety, then there is no reason why life on other worlds should resemble it in any way at all.

Some developments are predicted even if their consequences are not. Futurologist Ray Kurzweil believes this is true of artificial intelligence (computers that mimic the human capacity for decision-making and thought). He argues that once a computer can outpace human intellect it will redesign itself until the rate at which it improves tends towards the infinite. Kurzweil calls this state the ‘singularity’ – after a term coined by science fiction author Vernor Vinge. What life will be like on the other side of the singularity – if it exists – is anyone’s guess. Nevertheless, Kurzweil believes it will happen before the century is out.

That’s the future, though. Although there are many breakthroughs yet to come, I think you’ll agree that science today is already based on some incredible accomplishments. I hope you enjoy reading about them.

PAUL PARSONS


1
Counting
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Trading tokens, Iran, 3500–3100 BC. These pictorial ‘coins’ were one of the earliest forms of currency. As the amount of commerce increased, trading cultures developed standardized written symbols to represent larger numbers.



DEFINITION THE DEVELOPMENT OF NUMBERS, AND THE ABILITY TO ASSIGN THEM TO PHYSICAL QUANTITIES AND RECORD THEIR VALUE

DISCOVERY EARLIEST EVIDENCE IS THE LEBOMBO BONE, MARKED WITH TALLY NOTCHES AND DATING FROM AROUND 35,000 BC

KEY BREAKTHROUGH STONE-AGE HUMANS FIGURED OUT THAT THEY COULD TRANSFER BASIC FINGER COUNTING TO INANIMATE OBJECTS

IMPORTANCE ESSENTIAL FOR TIMEKEEPING, FINANCE, EARLY MATHEMATICS – AND ULTIMATELY THE WHOLE FUTURE OF SCIENCE

From adding up the number of loaves you have sold at market to computing the distribution of weight on the structure of a skyscraper – learning to count was an absolutely crucial development in the history of humanity, without which modern civilization simply could not exist. This advancement in human thinking took place at least 37,000 years ago.

Once upon a time, the full extent of human counting ability could be encapsulated in two words: ‘one’ and ‘many’. At some point during the course of the Stone Age, that changed and early human beings gained the ability to accurately gauge and record large numbers.

Scientists know this due to a single artefact recovered from a cave in Africa in the 1970s. It is called the Lebombo bone, after the Lebombo Mountains between South Africa and Swaziland where it was found. The bone is a fibula – a lower leg bone – from a baboon. That in itself was not particularly remarkable. What sparked the archaeologists’ interest were the 29 notches cut into the bone. These are almost certainly ‘tally marks’ – the owner of the bone was keeping a count of something, though quite what isn’t clear.

Archaeologist Peter Beaumont of the McGregor Museum, Kimberley, South Africa, commented that the bone is reminiscent of the ‘calendar sticks’ still used by modern-day tribes in Namibia to track the passing of days. Indeed, 29 is remarkably close to the number of days in the lunar month. Whatever its specific use, many historians believe that the Lebombo bone – which was subsequently dated to around 35,000 BC – is the world’s oldest known mathematical artefact.

Other such ‘tally sticks’, as they are called, have been discovered elsewhere around the world. In 1937, an archaeological dig in Moravia, Czechoslovakia, turned up a wolf bone marked with 55 notches, arranged in groups of five. This is thought to date from around 30,000 years ago.

Beyond simple tallies

Of particular interest is one tally stick called the Ishango bone, which was recovered from a site near Ishango in the Democratic Republic of the Congo. Like the Lebombo bone, it was a baboon’s fibula with sequences of notches carved into its length. But the pattern of the notches on the Ishango bone is much more complicated and goes beyond simple counting.

The Ishango bone notches are arranged into three columns and each one consists of several groups. The notches in the centre column seem to demonstrate an understanding of multiplication and division – with a group of three followed by a group of six, then a group of four followed by a group of eight (the first and third groups are both multiplied by a factor of two) and then a group of ten followed by a group of five (the second group has been divided by two).

The notches in the left and right columns are each divided into four groups. These form odd numbers, the total of which on both sides, adds up to 60. All the numbers in the left-hand column (11, 13, 17 and 19) are primes – that is, numbers that can only be divided exactly by themselves and one. Meanwhile, the numbers in the right-hand column (11, 21, 19 and 9) are all derived from the formulae 10±1 and 20±1. The Ishango bone has been dated at around 20,000 years old.

Base-10

Of course, simple tally counts are not the best way to record large numbers – as anyone who has tried to count higher than ten on their fingers will know. Modern systems of counting get round this by specifying numbers using a combination of high-value and low-value increments. For example, our own system uses units, tens, hundreds and so on – with one digit (ranging from 0–9) to represent the number of each. We call this system base-10, because there are ten basic digits. This system lets us write big numbers concisely, such as ‘126’, rather than a very long tally of 1s (or even a shorter, but still cumbersome, tally of nines – 14 sets of them in the case of the number 126).

Other bases exist as well. The simplest is base-2, or binary. This uses only two digits, 0 and 1, but is nevertheless far more efficient than a simple tally. Indeed, a wily finger-counter who opts for binary rather than tallying will be able to count up to an impressive 1023. Invented in India between the fourth and second centuries BC, binary is the counting system used today by all computers – and pocket calculators (because 0 and 1 are easy to represent in the states of an electronic switch).
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The Ancient Mesopotamian empires each had their own refined counting systems. This limestone inventory tablet excavated in Iraq dates from the fourth century BC. Each section shows separate commodities with the broad, triangular indents representing the number of items.



Sixty seconds

The forerunner of the modern pocket calculator was the abacus – a calculating device invented by the Ancient Sumerians (who lived in the region known today as Iraq) in or around 2700 BC. They, along with the Ancient Babylonians, pioneered the world’s first advanced counting systems.

The Babylonians embraced a sexagesimal number system – that is, base-60. If that sounds obscure, think again – it is from where we inherited our hours-minutes-seconds system of timekeeping. Sexagesimal numbering is also used in geometry, where the interior angle of a circle is divided into 360°, each of which splits into 60 arcminutes and each of those into 60 arcseconds.

This system was useful to the Babylonians, who studied astronomy and needed a reliable way to keep track of angles on the celestial sphere. For the rest of the world, it was more workaday concerns that drove the early development of counting – timekeeping, navigation and, probably more so than anything else, trading and the beginnings of formal commerce.


2
Geometry
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Curved grid representing the geometric curvature of an ‘open’ or ‘saddle’ universe. The universe’s curvature is determined by the density of matter and energy. In an open universe, the amount of matter is insufficient to prevent the universe expanding forever. The curvature is said to be negative and the volume infinite.



DEFINITION GEOMETRY DETERMINES THE MATHEMATICAL RELATIONSHIPS BETWEEN THE SHAPES AND SIZES OF OBJECTS

DISCOVERY THE PRINCIPLES OF GEOMETRY WERE FIRST SET OUT BY THE GREEK PHILOSOPHER EUCLID OF ALEXANDRIA, C. 300 BC

KEY BREAKTHROUGH EUCLID BUILT GEOMETRY AS A FORMAL SCIENCE AND ESTABLISHED ITS FUNDAMENTAL AXIOMS

IMPORTANCE GEOMETRY HAS A MULTITUDE OF APPLICATIONS, AND IS THE BASIS FOR EINSTEIN’S THEORY OF GENERAL RELATIVITY

Geometry (translated as ‘Earth measuring’) is the study of the shapes of figures in two, three and sometimes higher dimensions. It makes use of the mathematics of angles and line lengths, and the delicate interplay between them. It was first studied by the surveyors of land and buildings, but is now also used by engineers, designers of computer graphics, nanotechnologists, molecular chemists and theoretical physicists – to name just a few.

Geometry as a science was born over 2000 years ago, with the work of the Greek philosopher Euclid of Alexandria. Very little is known about Euclid himself – which is surprising given how influential his work has become to mathematicians and scientists. But what is known is that he lived, roughly speaking, between 300–260 BC and, at some point during his life, wrote a book called Elements in which he set out the principles that would dominate geometry until the 19th century.

Elements was published in no less than 13 volumes. Many of the ideas it included were already known, but Euclid added his own proofs to them. His great achievement was in pulling together many disparate strands and from them weaving a unified and coherent picture of what geometry is and how it works, and presenting a framework for how it can be applied. Prior to the publication of Elements, geometry was a random collection of ideas and results. Euclid assembled them in a logical and systematic way to transform geometry into a formal scientific discipline.

The strong mathematical flavour of Elements would later influence some of the greatest philosophers and scientists through time, including Newton, Copernicus, Galileo and Kepler. Einstein, too, is said to have kept a copy, which he affectionately called the ‘holy little geometry book’. At the heart of Elements were Euclid’s five ‘axioms’ – postulates setting out the basic geometrical rules. The first four axioms are fairly self-evident (making it all the more amazing what Euclid managed to derive from them). For example, the first says that you can draw a straight line between any two points. The second states that it is possible to extend this straight line and that when you do this the line remains straight. The third axiom asserts that any point with a line connected to it defines a circle, with the point as its centre and the line as its radius. And the fourth says that where two perpendicular lines meet, the angle they make is a right angle – and that all right angles are equal.

Parallel postulate

The fifth axiom is the only one of Euclid’s geometric rules that is not quite so obvious. Also known as the ‘parallel postulate’, it states that given a line and a point that is not on the line, then there is only one straight line that you can draw passing through the point that does not intersect the first line anywhere along its length. It means parallel lines are always parallel – they do not diverge and they never meet.

From these five principles, Euclid was able to prove powerful geometrical theorems – for example, that the internal angles of a triangle add up to 180°, that a cone has exactly one-third the volume of a cylinder of the same base area and height, that a triangle formed by the diameter of a circle and a point on the circumference of the circle must always contain a right angle (known as Thales’s theorem), and that the sum of the squares of the shortest two sides of a right-angled triangle add up to the square of the longest side (Pythagoras’s theorem).

Fifth element

Some scientists have argued that even Euclid himself was not entirely convinced by the parallel postulate – his fifth axiom. Indeed, in many of the proofs presented in Elements he seems to avoid using it. This led some geometers to question whether it was really necessary.

In 1830, Russian mathematician Nikolai Lobachevsky decided to find out what would happen if he deliberately violated the fifth axiom. As he followed the steps in his analysis, he was expecting to reach a logical contradiction that would thus prove to him that the fifth axiom was necessary. Instead, he succeeded in creating a perfectly valid new kind of geometry in which – given a line and a point – you can draw more than one line (many, in fact) through the original point and never intersect the first line. Lobachevsky’s creation became known as ‘hyperbolic geometry’. Euclid’s geometry wasn’t wrong, but it only applies in what we would now call ‘flat space’ – for example, on a flat table top. Hyperbolic geometry is what you get when the table top is deformed – bent into a saddle shape so that two lines that start out parallel gradually curve away from each other and steadily diverge.
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Geometry is not all about the drawing of straight lines and circles – some impressive works of modern architecture rely upon it. A prime example is the Grande Pyramid at the Louvre Museum, Paris, which stands 20 metres (22 yards) tall and constructed from 603 interlocking, diamond-shaped components.



Curved Earth

Hyperbolic geometry was not the only example of a non-Euclidean geometry. There also exist so-called ‘elliptic geometries’, where the opposite happens. Here, given a point and a line, there are no new lines through the point that never intersect the first line – and so parallel lines must eventually meet. The surface of the Earth, or any sphere, has elliptic geometry. For example, two lines that are parallel at the equator (but themselves perpendicular to the equator) will cross one another at the north and south poles.

In the 1850s, German mathematician Bernhard Riemann formulated the study of different geometries (both Euclidean and non-Euclidean), known as ‘differential geometry’. It replaced Euclid’s diagrammatic approach with one based on algebra and calculus (see Algebra) and was necessary because some convoluted geometries are difficult to picture – and for some of the higher dimensional spaces (differential geometry can be generalized to multiple dimensions), visualization is utterly impossible.

Sixty years later, a German physicist named Albert Einstein was looking for a mathematical framework upon which to build a new theory he was toying with. His theory described gravity as geometry on the curved surface of space and time by using Riemann’s differential geometry. He created his general theory of relativity – a cornerstone of 20th-century physics.


3
Curvature of the Earth
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Greek scholar Eratosthenes proved over 2000 years ago that the Earth is spheroidal rather than flat. His findings are reinforced today by stunning images taken from space illustrating the Earth’s curvature.



DEFINITION THE EARTH IS NOT A FLAT DISK, AS WAS ONCE BELIEVED, BUT A CURVED SPHERE

DISCOVERY ERATOSTHENES OF CYRENE WAS THE FIRST TO MEASURE THE CIRCUMFERENCE OF THE EARTH, IN THE YEAR 240 BC

KEY BREAKTHROUGH HE DEDUCED THAT CHANGES IN SHADOWS ACROSS THE PLANET’S SURFACE REVEAL HOW IT CURVES

IMPORTANCE MARKED THE BEGINNING OF GEOGRAPHY AS A SCIENTIFIC DISCIPLINE

Earth is our home in the universe. In the third century BC, Greek philosopher Eratosthenes figured out what our home world actually looks like, finding that it is a curved sphere and making a reliable measurement of its circumference. It looked like the end of the road for Flat Earthers.

Many years ago, human beings – even those who were well-travelled and literate – believed that the Earth was flat. Sail too far in the wrong direction and, they feared, you are likely to literally fall off the edge of the world.

The first scholars to realize that the Earth might not be flat lived in Ancient Greece. They included the sixth-century-BC philosopher Pythagoras, followed by Parmenides in the fifth century BC. Aristotle, in the fourth century BC, had his own suspicions but lacked conclusive proof. That proof would be provided by Eratosthenes, who took some of the greatest strides forward in our understanding of the spherical Earth.

Eratosthenes was born in 276 BC in Cyrene (modern-day Libya). He moved to Alexandria to study, and in 236 BC became librarian of the city’s Great Library – at the time, the greatest repository of knowledge in the world. Colleagues apparently nicknamed him ‘Pentathlos’ because he was renowned for being mildly competent in many disciplines – maths, astronomy, athletics and poetry – but, they joked, master of none. He would prove them wrong.

Casting shadows

In 240 BC, Eratosthenes used a cunning method to prove that the surface of the Earth is curved. He discovered that on the summer solstice – the day of the year with the most hours of daylight (usually 20–21 June) – in the Egyptian city of Syene (now known as Aswan), the Sun at midday would be directly overhead. He knew this because tall structures, such as obelisks, would cast no shadows at this exact time.

However, Eratosthenes also discovered that in his home town of Alexandria, the same was not true. Here, the Sun at midday on the solstice was not directly overhead – Egyptian obelisks and other tall objects threw distinct shadows on the ground. By measuring the size of a shadow and comparing it to the size of the object casting it, he was able to work out the angle between the Sun’s position on the sky and the point directly overhead, known as the ‘zenith’. He found this angle to be about 7°.

Calculating curves

Eratosthenes speculated this difference between the two cities was due to the Earth’s curvature, and that this tilted vertical structures in Alexandria with respect to those in Syene. He realized that if that was the case – and, indeed, it was – then he could use the information to deduce the size of the entire Earth. To do this, he drew a diagram showing a cross-section through the curved Earth onto which he marked the positions of Syene and Alexandria. At Syene, the Sun is directly overhead and so an incoming ray of sunlight makes an angle of 90° with the ground. At Alexandria, however, the Sun is 7° below vertical – and so a ray of sunlight makes an angle of 83° with the ground.

Because the Sun is so distant, its rays appear roughly parallel with each other. Eratosthenes used this fact to work out, from geometrical principles, that lines drawn from Alexandria and Syene to the centre of the Earth’s globe must subtend an angle equal to the displacement of the Sun from the zenith at Alexandria – which he had already established was an angle of 7°. There are a total of 360° in a full circle, therefore the distance from Alexandria to Syene represents a fraction equal to 7/360 of the Earth’s total circumference. All Eratosthenes had to do was measure this distance.

From a camel journey he had taken, Eratosthenes was able to estimate the separation of the two cities at approximately 5000 stadia – a ‘stadion’ is a Greek unit of distance equal to the length of a stadium. Dividing by 7/360 then implied that the circumference of the Earth was about 257,000 stadia.

Geography starts here

How accurate was the original estimate made by Eratosthenes? The answer depends how long a stadion actually was, for which historical records are not absolutely clear. The commonly used ‘Attic stadion’ measured exactly 185 metres (202 yards). Using this value, Eratosthenes’s figure for the Earth’s circumference comes to 46,620km (28,968 miles). The true value is just over 40,000km (24,855 miles) – so it is not a bad estimate for calculations made in the third century BC. But if we venture that Eratosthenes was using the alternative ‘Egyptian stadion’, equal to 157.5 metres (172 yards), then his result becomes 39,690km (24,662 miles) – remarkably close to the real value of the Earth’s circumference.

Eratosthenes did not stop there with his research. He went on to devise a refined system of coordinates for charting navigational positions on the surface of the terrestrial sphere. These worked using two angles subtended at the Earth’s centre from fixed reference points on the planet’s surface. We still use these coordinates today – they are called latitude and longitude. Using this system, Eratosthenes also drew up a new map of the world based on the best available knowledge. For these reasons, Eratosthenes is often regarded as the father of geography. He even came up with a rudimentary date calendar, which included the correct placing of leap years.
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Diagrammatic representation of Eratosthenes’s experiment to measure the curvature of the Earth. Two towers (S and A) are separated by distance (D). Earth’s natural curvature means that while the Sun’s light is parallel to one tower and casts no shadow, the light makes an angle (θ) with the other tower and leaves a shadow on the ground. Geometry implies that the total circumference of the Earth is θ × D / 360°.



Flat rejection

Using accurate measurements taken from spacecraft, we now know that the Earth is not perfectly spherical. The planet’s rotation causes its midriff to bulge out slightly in the centre, giving the Earth a slightly squashed shape. This means that someone standing at sea level at the North or South Pole is actually about 21km (13 miles) closer to the planet’s centre than someone standing at sea level on the equator.

Incredibly, despite these fundamental revelations about the nature of our world, the Flat Earth Society – an organization for those who claim they believe the Earth to be disk-shaped – remains in existence today. They argue that the North Pole is, in fact, the icy centre of the disk, while Antarctica and the southern polar cap form a solid wall of ice around its outer edge that prevents us from falling off the planet.

As Albert Einstein, who proved it is not just the Earth that’s curved but space too, once put it: ‘Two things are infinite: the universe and human stupidity; and I’m not sure about the universe.’


4
Astrometry
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Astrometry is the science of measuring the positions of stars and other celestial objects on the night sky. Pictured is a field of over 100,000 stars in the core of the Omega Centauri star cluster taken by the Hubble Space Telescope. Throughout history, measuring star positions was essential for the development of navigation and timekeeping.



DEFINITION THE FIELD OF SCIENCE CONCERNED WITH MEASURING THE POSITIONS OF CELESTIAL OBJECTS

DISCOVERY HIPPARCHUS OF RHODES PUBLISHED THE FIRST STAR CATALOGUE IN THE SECOND CENTURY BC

KEY BREAKTHROUGH HIPPARCHUS RELIED ON A STAR-MAPPING DEVICE CALLED AN ‘ARMILLARY SPHERE’

IMPORTANCE ASTROMETRY WAS CRUCIAL IN ESTABLISHING THE COSMIC DISTANCE SCALE, AND FOR TIMEKEEPING AND NAVIGATION

Astrometry concerns the positions of astronomical objects on the sky and was pioneered by the Greek mathematician Hipparchus. In the 19th century, improved instruments and observational techniques enabled astronomers to measure distances to the stars while today, astrometry is essential for timekeeping, astronomy research and even guarding against killer asteroids.

The Greek polymath Hipparchus lived on the island of Rhodes in the second century BC. He carried out the first systematic studies of the motion and size of the Sun and Moon, and was responsible for developing many of the techniques in trigonometry – relating the angles and side lengths of triangles – that are crucial to much of mathematics today.

In addition to all this, Hipparchus compiled the first-ever star catalogue, around the year 135 BC. It included the positions and brightnesses of approximately 850 stars – and much of the star catalogue data printed in Ptolemy’s Almagest book of AD150 is believed to have derived from Hipparchus’s original observations.

Armillary sphere

This work predated the invention of the telescope by more than 1700 years. Instead, Hipparchus used an ‘armillary sphere’, consisting of several large metal circles that could be aligned with the circles on the sky that make up the celestial sphere. Sighting devices located on the armillary sphere then enabled the user to align it with a specific point on the sky and read off its coordinates. It was a slow and painstaking procedure, confounded by the difficulties of trying to make such delicate observations through the turbulent and hazy atmosphere of the Earth. This made Hipparchus’s results accurate only to about a third of a degree – the full Moon, by comparison, spans around half a degree.

The results obtained using the armillary sphere were accurate enough to also detect an effect known as ‘precession’ – a kind of wobbling of the Earth’s rotation axis rather like the way a spinning top wobbles, sweeping out a cone shape as it turns. The effect is tiny – it takes 26,000 years for the Earth’s axis to make one complete sweep. But Hipparchus obtained the remarkably accurate figure of 28,000 years. Egyptian philosopher Ptolemy later had to adjust his geocentric view of the universe, introducing a tiny degree of rotation to the sphere of fixed stars, to account for this effect (see Heliocentric solar system).

Parallax

Hipparchus also developed the technique of parallax, by which some astronomical distance observations are now made. Parallax is where the apparent position of an object against a fixed background appears to change when viewed from different directions – the shift in position becomes greater the closer the object is.

You can demonstrate the parallax effect for yourself. Hold a finger up about 30cm (12in) in front of you. Now close one eye and line up your finger with a reference point on a nearby wall – say, a light switch. Move your head from side to side and your finger appears to move relative to the reference point. Now move your finger away from you so that it is at arm’s reach, line it up again with the reference point and repeat – the amount by which your finger moves relative to the switch will now be much less. Gauging this degree of movement is thus a measure of how far away your finger is.
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One of the first instruments for measuring the positions of objects on the night sky was the armillary sphere, invented by the Ancient Greeks.



Parallax had already been noticed by another Greek astronomer, Aristarchus of Samos. Hipparchus applied the technique to calculate the distance to the Moon using observations – made at two different points on the Earth – of the amount of the Sun’s surface covered by the Moon during a solar eclipse. He obtained a result of between 59 and 67 Earth radii. This was very accurate given the primitive nature of his observations – the true distance from the Earth to the Moon is now known to be 60 Earth radii.

Hipparchus’s catalogue was destroyed in antiquity – possibly in the fire at the Great Library of Alexandria. During the Middle Ages, Persian astronomers conducted their own surveys of the heavens, and these were still being used by astronomers and mathematicians many centuries later. Indeed, a great number of stars today are still known by derivatives of their Arabic names, such as Aldebaran (Al-Dabaran – ‘the follower’) and Algol (Al-Ghul – ‘the ghoul’).

In the late 15th century, Danish astronomer Tycho Brahe gathered together what were the most accurate astronomical observations ever made. He used his ‘mural quadrant’ – probably the largest astronomical device of its day, consisting of a 3-metre-high (3.3-yard) quarter-circle arc, marked with fine graduations so that celestial objects could be sighted and their positions accurately read. The data gathered with the mural quadrant were crucial in formulating Kepler’s laws of planetary motion (see Astrometry).

Distance ladder

Up until this time, all astronomical observations were plagued by the distortion of light as it passed through the Earth’s atmosphere. In 1810, German mathematician Friedrich Bessel was able to quantitatively explain this effect and so create a way to correct it. Soon after, Bessel exploited the improved accuracy this brought. By using parallax – the method Hipparchus had first employed to gauge the distance to the Moon – he made the first distance measurement to a nearby star. Bessel calculated the star 61 Cygni to be 9.8 lightyears away (its true distance is now known to be 11.36ly).

This led to the creation of a new astronomical distance unit – the ‘parallax second’, or parsec. A star located 1 parsec away appears to change its position on the sky through parallax by 1 second of arc (1/3600 of a degree) as the Earth moves from one side of its orbit to the other. A parsec is equal to 3.26 lightyears. Bessel’s calculations showed 61 Cygni to be 3 parsecs away. Bessel’s accurate measurements also enabled him to detect minuscule wobbles of the stars Sirius and Procyon, which he correctly ascribed to the gravitational influence of unseen companion stars.

Cosmic time

A similar technique is used today to detect extrasolar planets (see Astrometry). Other uses for astrometry include tracking near-Earth asteroids and even gauging when clock time has begun to drift away from our natural day–night cycle – requiring the addition of a leap second to international timekeeping. Astrometry was taken to a new level in 1989 when the European Space Agency (ESA) launched its Hipparcos satellite – the first space mission dedicated solely to astrometry. It recorded the positions of 120,000 stars – each accurate to less than a millionth of a degree. And in 2012, ESA launches the GAIA spacecraft – measuring more star positions to an unprecedented accuracy of billionths of a degree.
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