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				Introduction


				The story of science is the journey of humanity itself. As a species we’ve always had an urge to discover and understand the world better. For our earliest ancestors this expressed itself through their exploration and population of the world, and the development of simple technologies that allowed them to shape it and improve their lives. But almost as soon as people began to adopt settled lifestyles, we started to ask deeper questions about why the world works in the way it does.


			


		


		

			

				Why does the Sun rise and set, and where does it go when it’s out of sight? What are the other lights that spin across the night sky? Why do the seasons change, and can we predict them to improve our lives? How can we build better shelters and monuments to keep warm and worship our deities? At first, attempts to answer these questions deferred to supernatural causes, but in Ancient Greece around the middle of the first millennium ad, a new approach emerged. Natural philosophy was based on the assumption that the Universe did not follow the arbitrary whims of the gods, but instead obeyed strict laws that governed its various aspects. At first, however, ideas about what these laws might be were based not entirely on the reality of the world around us, but also on best guesses at what forms and behaviours might be most appropriate, “perfect”, pleasing to nature, or in line with religious teachings.


				It was not until late medieval times that thinkers in Europe began to break away from these old ways of thinking, developing a new approach in which theories and hypotheses were developed more strictly from observation, and tested with experiments. The application of mathematics to understanding various aspects of the world – championed by the Italian polymath Galileo Galilei – gave rise eventually to something more like modern science.


				In this new age of discovery and experimentation, the field we now call physics rapidly rose to prominence – in part because its concern with measurable phenomena such as force, mass, and motion lent itself to the mathematical approach. Yet it’s only recently that we’ve come to recognize that the scope of physics is not confined to the orbits of planets, the fall of apples, and the motion of projectiles.
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				Since the seventeenth century, successive breakthroughs have shown how physics is essential to everything in nature. The force of gravity has been joined by three other fundamental forces that explain how matter interacts on a huge range of scales from the very large to the very small. The structure of matter, meanwhile, has given up its secrets – division into atoms of many different elements, and below these, into subatomic particles that are governed by the strange laws of quantum mechanics. Again and again, however, the behaviour of matter, in fields from cosmology and chemistry to biology and electronics, keeps coming back to the same physical concerns of forces, motion, mass, and energy.


				The story of physics is therefore far wider than that which many of us learned in our school textbooks. In some of its most recent chapters, physicists have turned their attention to undetectable forms of matter that account for the vast majority of mass in the universe and drive its surprising expansion; they’ve learned to forge and manipulate strange bonds between subatomic particles on the quantum scale; and they’ve uncovered links between fundamental forces that offer tantalizing hints that a “Theory of Everything” might one day be possible.


				At its heart, science – and physics especially – is all about assessing what we know about the way in which the world and the universe around us behave, asking the right questions, thinking up possible answers, and testing them. It’s a combination of lateral thinking and spotting the obvious but fundamental points that others have overlooked – and that’s a thread that runs through its history from Galileo to the present.
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				To an outsider, however, all this can seem baffling – and that’s where Instant Physics comes in. Across 160 pages, this book covers everything from the very basic equations you’ve forgotten learning at school, to the cutting-edge theories and discoveries of the latest research.


				The book is divided into ten sections. After a broad look at the story of physics from Ancient Greece to the present day, each covers one of the major fields within physics, in rough order of historical development. Dip in at any page and you’ll hopefully learn something you didn’t know, but if you want to follow as much as possible, start at the start, with the sections on Mechanics (those fundamental forces and rules on which everything else is founded) and Matter. Helpful diagrams are peppered throughout the book, along with plenty of useful equations if you’ve a head for maths (though you should still be able to follow the ideas if you haven’t).


				Physics is the science of everything, and everyone should have a grasp of at least the basics – so dive in and start discovering!
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				FIRST PHYSICISTS


			


		


		

			

				The word physics comes from the Greek word for nature, physis. Physics is the study of nature – specifically of the non-living processes involving matter, motion, force, and energy. The Ancient Greeks were the first to attempt to explain such phenomena.


			


		


		

			

				Thales of Miletus (c.624–c.548 bce)


				The first scientific philosopher, Thales rejected the idea of supernatural forces governing the world and sought to explain its properties through natural materials and forces. He was the first to investigate phenomena such as static electricity, and believed that everything in the Universe was derived from water.


			


		


		

			

				Pythagoras (c.570–c.495 bce)


				Famous for his mathematical theorem regarding triangles, Pythagoras’s teachings inspired an entire school of his followers to pursue mathematical explanations of natural patterns such as the harmonics of musical notes.


			


		


		

			

				Anaximander (c.610–c.546 bce)


				A pupil of Thales, Anaximander believed that everything stemmed from a concept called the apeiron or “indefinite”, which could give rise to space, time, and different forms of matter. He attributed the laws of physics and the variety of matter to the separation of opposing properties (hot/cold, dry/wet and so on).


			


		


		

			

				Heraclitus (c.535–c.475 bce)


				Heraclitus is famous for his conception of reality as a process of endless change, encapsulated in the phrase “one never steps into the same river twice”. He considered fire to be the primordial element from which everything else stemmed, and believed that all things contained a unity of opposites.


			


		


		

			

				Empedocles (c.494–c.434 bce)


				Drawing on ideas from earlier philosophers, Empedocles produced an influential “Theory of Everything”. Four elements – earth, air, fire, and water – are mixed or separated to create different forms of matter by interaction with attractive and repulsive forces known as love and strife.


			


		


		

			

				Democritus (c.460–c.370 bce)


				An early proponent of atomic theory, Democritus argued that all matter was constructed of tiny indivisible units, with empty space between them. He believed the properties of different forms of matter arose from the shapes of atoms, but his concept of void was widely rejected.
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				ARISTOTLE AND THE ELEMENTS


			


		


		

			

				Among the greatest of all ancient philosophers, Aristotle (384–322 bce) was also the one with most to say about the workings of the Universe. His views were hugely influential and were rarely challenged for almost two thousand years.


			


		


		

			

				COSMOLOGY AND PHYSICS


				Contrasting the apparently perfect cycles of motion in the heavens with the unpredictable changing nature of Earth, Aristotle argued for a fundamental division of the Universe:


				• Everything on Earth consists of the four elements: earth, air, fire, and water.


				• The Moon and everything beyond it are composed of an incorruptible fifth element: aether.


			


		


		

			

				ARISTOTLE’S MOTION


				For Aristotle there were two forms of motion:


				• Natural motion – movement towards an object’s proper place depending on its elemental composition.


				• Unnatural or violent motion – movement away from an object’s “proper” place, which is gradually overcome by natural motion.


				Aristotle had no need for gravity – the tendency of objects to get as close as possible to their natural place in the (Earth-centred) Universe explained all natural motion.


			


		


		

			

				ARISTOTLE’S METHOD


				Aristotle claimed the best way to learn about the Universe was to form general models based on a collection of examples. This inductive method sounds quite like modern science, but Aristotle did not then test his theories through experiments. He was also reluctant to abandon many aspects of received philosophical wisdom.


			


		


		

			

				Each element had a natural place in the Universe: earth belongs at the centre of the Universe, with water above it. Air tended to rise upwards, fire more so, while aether was actively repelled from the corruption of the other elements.


				The earthly elements had pairs of properties, which they shared with their neighbours – altering one property changed one element to another.


			


		


		

			

				Violent motion, however, required the continuous application of a force, and the speed of an object in violent motion was proportional to the strength of this force.


			


		


		

			

				He believed this tendency was directly linked to an object’s weight, so that heavier objects must fall more rapidly than lighter ones containing less “earth”.
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				ARCHIMEDES


			


		


		

			

				Greek philosopher and mathematician Archimedes (c.287–c.212 bce) is also regarded as the greatest engineer of the ancient world. He was the first to outline the principles behind many of the devices now known as simple machines.


			


		


		

			

				ARCHIMEDES’ MACHINES


				Archimedes lived and worked in the Greek colony of Syracuse, on the island of Sicily, where he became renowned as a mathematician and inventor (though many accounts of his inventions come from later writers).


				His sophisticated understanding of forces allowed him to devise a number of machines that multiplied applied force in order to make mechanical tasks easier. These included:


				• Archimedes’ screw: A revolving screwfitted inside a cylinder, used to raise waterfrom a lower level to a higher one.


			


		


		

			

				Archimedes goes to war


				When Syracuse was besieged by Roman forces in 214 bce, Archimedes turned his attention to the defence of his home city. He supposedly devised a variety of war machines and secret weapons, including not only the Claw of Archimedes, but also a heat ray that used curved mirrors to focus sunlight on Roman ships and set them alight, and a greatly improved catapult.


			


		


		

			

				ARCHIMEDES’ PRINCIPLE


			


		


		

			

				Of course, Archimedes is most famous for the principle that a submerged object experiences an upward buoyant force equivalent to the weight of water or other fluid it displaces.


				The tale of Archimedes being asked to measure the composition of a crown and solving this in the bath is probably apocryphal, but he did devise a method for accomplishing such tasks in his treatise On Floating Bodies. This involved balancing two masses on a scale and then immersing the entire scale in water to measure the buoyant force on each.


			


		


		

			

				• The Claw of Archimedes: A crane with a lever-like arm, a grappling hook suspended from the end, and a system of pulleys that allowed a small number of people to lift a heavy load – specifically, overturning an attacking ship.
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				EARTH AND THE HEAVENS


			


		


		

			

				Various theories about the relationship between Earth and the celestial bodies in the day and night skies were proposed in the ancient world, but the assumption that Earth was the centre of everything was widely held.


			


		


		

			

				EARLY COSMOLOGIES


				• Philolaus (c.470–c.385 bce): Argued for a spherical Earth with the inhabited world confined to one side. The visible celestial objects, as well as Earth itself and a balancing counter-Earth, orbited a “central fire”, permanently out of sight on the far side of the world.


			


		


		

			

				PTOLEMY AND THE ALMAGEST


				Egyptian-Greek astronomer Ptolemy (c.100–c.170 ce) produced the most detailed Earth-centred cosmology in a book known as the Almagest:


				• He maintained Aristotle’s concepts of crystal spheres and uniform circular motion.


				• To this, he added epicycles – smaller spheres that allowed the planets to circle back and forth as they were generally carried in one direction by the main sphere.


				• While the planetary spheres remained circular, their centres did not necessary line up with the centre of the Earth.


				Ptolemy’s theory appeared at first to solve the mismatch between theory and observations of planetary motion. 


			


		


		

			

				• Aristarchus (c.310–c.230 bce): Proposed a Universe with the Sun, rather than the Earth, at its centre. He successfully showed that the Sun was much larger and more distant than the Moon, but the lack of direct evidence that Earth was in motion meant his idea struggled to win support.


			


		


		

			

				• Eudoxus (c.390–c.337 bce): Introduced the idea of celestial spheres. Each planet sits on the innermost of a set of nested, transparent spheres rotating at different rates. Interactions between these different rotations explain the wandering motion of the planets compared to the outermost sphere of fixed stars.


			


		


		

			

				It was hugely influential and became accepted wisdom for more than a thousand years.


				However, as time went on, Ptolemy’s model proved incapable of accurately predicting planetary motions, with later astronomers adding more and more epicycles to the system in an effort to fix it.
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				ISLAMIC ADVANCES


			


		


		

			

				While the late Roman Empire saw the decline of fresh thinking in natural philosophy and an increasing deference to received wisdom, the Islamic Golden Age saw a resurgence of new ideas and approaches.


			


		


		

			

				PRESERVATION AND INNOVATION


				The late 700s saw the establishment of the House of Wisdom in Baghdad, and the beginnings of a translation effort that aimed to make surviving texts from the Classical world, gathered as Islam had spread across the abandoned territories of the fallen Roman Empire in the previous century, available in Arabic.


				At the same time, scholars did not merely copy manuscripts but also aimed to provide commentary and improvement upon them, sometimes by directly testing their ideas with experiments.


				This Islamic Golden Age lasted well into the second millennium and saw many new ideas in physics:


			


		


		

			

				LIGHT AND OPTICS


				Islamic philosophers made great strides in their investigations of the nature of light and the behaviour of lenses and other optical devices.


				Many Greek thinkers (including Ptolemy and the influential physician Galen) had believed in an emission theory of vision: light originated as streams of particles 


				emitted from the eye, whose reflections returned sensory information to an observer.


				The first comprehensive intromission theory of vision was formulated by Ibn al-Haytham. He carried out experiments with lenses and mirrors to show that light travelled in straight lines, and 


				realized this somehow produced an image inside the eye, although the details eluded him.


				Ibn Sahl (c.940–1000), meanwhile, identified the law of refracted light widely known as Snell’s Law (see p.71), and used this to work out the ideal shapes for magnifying lenses.


			


		


		

			

				• Ibn al-Haytham (c.965–c.1040) expressed doubts about Ptolemy’s cosmology and suggested that celestial objects were subject to the same forces as those on Earth.


				• Ibn Bäjja (c.1085–1138) suggested that when one object applies a force to another, the first object itself experiences a reaction force – an early form of Newton’s third law.


				• Around 1125, al-Khazini suggested that a force of gravity acts on all objects and varies in strength depending on their distance from the centre of the Universe (namely Earth).
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				MEDIEVAL INNOVATIONS


			


		


		

			

				Medieval Europe inherited many ideas from Classical times, filtered through the teachings of the Christian Church. As these mixed with lost texts reintroduced from the Islamic world, they inspired some surprisingly fresh thinking.


			


		


		

			

				THE NOT-SO DARK AGES


				The traditional view of the medieval world is that a hierarchical imposition of dusty received wisdom from the Church and authorities such as Aristotle stifled new thinking, especially in the sciences. The reality, however, is rather different, with some surprisingly insightful breakthroughs:


			


		


		

			

				CHANGING PERSPECTIVES


				From the time of Aristotle, mechanics was held back by the search for a prime mover, the supposed driver of all motion in the Universe. In the late Middle Ages a new field of kinematics, which focused on describing motion without worrying about its causes, led to significant advances. However, kinematics was still rooted in logic and mathematics – the idea of experimenting to test hypotheses had not yet taken hold.


			


		


		

			

				MERTON RULE – NICOLE ORESME
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				• In the sixth century, Byzantine scholar John Philoponus had already questioned Aristotle’s suggestion that bodies of different masses fall at different rates. He also argued that forces need not act continuously on a projectile to keep it in violent motion, but could instead impress an impulse that declined over time.


				• Jean Buridan (c.1301–c.1362) took the ideas of Philoponus (already processed through several Arabic philosophers) and fashioned a theory of impetus, an imparted property that did not decline 


			


		


		

			

				spontaneously, but was instead drained by forces such as gravity and air resistance.


				• Buridan’s pupil Albert of Saxony (c.1320–90) showed that the velocity of a falling body was proportional to the square of the time elapsed since release or the distance already fallen.


				• In the mid-fourteenth century, a group of scholars at Merton College, Oxford, applied mathematics and logic to various questions in “natural philosophy”. One of their key results was a rule of uniform acceleration.


				• Nicole Oresme (c.1325–82) proved the Merton rule by drawing graphs – an approach that was hugely influential. He also dabbled with the idea of a Sun-centred Universe, and criticized the thinking behind astrology.
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				THE COPERNICAN REVOLUTION


			


		


		

			

				In 1543, Polish priest Nicolaus Copernicus published a book suggesting that the Sun, rather than the Earth, was the centre of the Universe. The revolution he began was a landmark on the road to modern science.


			


		


		

			

				ORBITING THE SUN?


				Copernicus’s suggestion that Earth orbited the Sun was based on observations of the planets’ movement in the sky:


				• Mercury and Venus are only ever seen close to the Sun in mornings and evenings.


				• Mars moves westward around the sky but makes large retrograde loops where it reverses for a few months at a time.


			


		


		

			

				LEARNING OUR PLACE


				The Copernican revolution was just the first of many that have successively overturned ideas about the special place of humanity and Earth in the Universe:
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				1838 Friedrich Bessel measures the distance to another star, revealing the true scale of interstellar space and the Milky Way


				1859 The Darwin/Wallace theory of evolution explains how humans could arise by a process of natural change rather than divine creation


				1925 Edwin Hubble proves that the Milky Way galaxy is just one among countless millions


				1990s The discovery of the first exoplanets around other stars overturns the idea that Earth’s solar system might make it special


				2000s Evidence increasingly suggests that our Universe is one of many in a potentially infinite multiverse


			


		


		

			

				• Jupiter and Saturn progress more slowly around the sky with smaller retrograde loops.


				As the accuracy of measurements improved, philosophers struggled to modify the Earth-centred model of the Universe to match with reality.


				In his On the Revolutions of the Heavenly Spheres, Copernicus argued that a Sun-centred model could explain these motions just as well. For instance, the retrograde motion of Mars could be an effect of our changing point of view as planet Earth “overtakes it”.


			


		


		

			

				However, Copernicus undermined his model by imagining perfectly circular, uniform orbits, which offered no improvement for explaining the observed motions of the planets.


				Decades later, Galileo provided irrefutable proof of the Sun-centred theory through observations with his telescope, while Johannes Kepler provided a mathematical model that finally meshed with observation.
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				GALILEO’S EXPERIMENTS


			


		


		

			

				Italian mathematician Galileo Galilei (1564–1642) is most famous for his telescopic observations and his battle with the Catholic Church, but he also played a key role in establishing a recognizably modern approach to physics.


			


		


		

			

				MATHEMATICS AND MEASUREMENT


				As professor of mathematics at Pisa and later Padua, Galileo pioneered an approach to natural philosophy that combined experimentation with mathematical modelling. He applied this to a wide variety of physical phenomena, including:


			


		


		

			

				STUDYING THE UNIVERSE


			


		


		

			

				In 1609, after hearing reports of a new invention from the Netherlands, Galileo built his first telescope. His experimental approach allowed him to rapidly improve his original design, and his observations of the heavens revealed important discoveries that undermined the Aristotelean and Ptolemaic view of the Universe. These included:


				• Four satellites circling Jupiter


				• Moon-like phases on Venus


				• Craters and mountains on the surface of the Moon


				• Changing spots on the Sun


				Galileo’s discoveries turned him into a staunch advocate of the Copernican, Sun-centred view of the Universe – an idea that went against the teaching of the Catholic Church. Powerful friends in the Church initially suggested a compromise position, but Galileo’s insistence on the truth of the Copernican system ultimately led to his fall from grace and house arrest from 1633.


			


		


		

			

				• Finding a mathematical relationship between the length of a pendulum and the period of its oscillations.


				• Demonstrating that bodies fall with the same acceleration regardless of mass, in direct contradiction of Aristotle.


				• Linking the pitch of a sound to the frequency of its waves.


				• Developing the thermoscope, a predecessor of the thermometer.


				• Establishing the principle of relativity – that the laws of physics must be the same for any system in constant straight-line motion, regardless of its speed or motion relative to another frame of reference.
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				KEPLER’S LAWS


			


		


		

			

				Through a combination of observation and hypothesis, German mathematician Johannes Kepler (1571–1630) identified laws of planetary orbits that would ultimately provide the key to unlocking the mysteries of motion in all its forms.


			


		


		

			

				KEPLER AND TYCHO


				Kepler’s discoveries were founded on the precise observations of Danish astronomer Tycho Brahe (1546–1601). Working before the telescope, Tycho used large instruments called mural quadrants to precisely measure the positions of planets:


				• The Quadrant is mounted on a wall aligned north–south, so objects are observed at their highest point in the sky.


				• An Alidade bar is fixed at the uppermost southern corner and swings through a 90° arc.


				• A sight allows precise alignment to stars along the alidade, revealing their elevation in the sky.


				• Precise timing of meridian transit – when an object passes due south – reveals its right ascension relative to other stars.


				Kepler worked as Tycho’s assistant from 1600, succeeding to his post as Court Astronomer to Rudolf II of Prague after his death, and inheriting a wealth of accurate observations – most significantly those tracking the path of Mars.


			


		


		

			

				ELLIPTICAL ORBITS


				In his 1609 Astronomia Nova, Kepler described the orbits of planets by abandoning the long-held belief in circular orbits, in favour of ellipses (circles that are stretched along one axis). Kepler’s three laws of planetary motion state that:


				• Any planet’s orbit is an ellipse, with the Sun at one of the two foci.


				• An imaginary line linking the Sun to a planet sweeps out equal areas in equal times (so the planet moves faster when it is closer to the Sun and slower when it is further away).


				• The square of the orbital period increases in proportion to the cube of the orbit’s semi-major axis (half the length of its longest axis).


				Kepler’s laws accurately described planetary movements and provided tools for predicting future motions. However, it was not until the 1680s that Isaac Newton would explain why these particular relationships held true.
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				ISAAC NEWTON


			


		


		

			

				Isaac Newton (1642–1727) transformed mathematics and optics, as well as constructing a hugely important theory of motion and gravitation based on Kepler’s laws and his own observations of falling bodies on Earth.


			


		


		

			

				MOTION IN HEAVENS AND EARTH


				Newton’s great theoretical breakthrough (as early as the 1660s) was to understand that the forces pulling a falling apple towards Earth are the same as those holding a planet on its orbit:


				• Gravity draws objects directly towards the centre of massive objects.


				• The gravity is in proportion to the attracting mass.


				In the 1670s he developed the mathematics of calculus – a method for understanding processes by looking at how they behave with the tiniest variations.


				In the 1680s, encouraged by Edmond Halley of comet fame, Newton applied his methods to Kepler’s laws of planetary motion, showing how the patterns of elliptical motion they described could be caused by an attractive force towards the Sun that diminished in proportion to the square of a planet’s distance.


				In his 1687 Principia, Newton outlined an entire system of mechanics that extended from the commonplace to the cosmic, including his three laws of motion (some of which had been established in late medieval times) and an equation for universal gravitation linking the masses of bodies with the distance between them and showing why acceleration due to gravity is identical for all falling bodies.


			


		


		

			

				NEWTON’S OPTICS


				Newton’s other great area of scientific study was the investigation of light, summarized in his Opticks of 1704:


				• Newton showed that white light from the Sun is actually a mix of colours that can be split by a prism and also recombined.


				• He designed the first reflecting or mirror-based telescope, forerunner of today’s giant observatories.


				• Newton argued that light was composed of corpuscles – tiny particles much more “subtle” than those of matter. However, in the early nineteenth century this was overturned in favour of a wave theory.
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				THE NEWTONIAN LEGACY


			


		


		

			

				Isaac Newton’s breakthroughs in the fields of mechanics and optics ensured a long-lasting legacy. For much of the eighteenth century, physicists were largely concerned with the practical applications of his fundamental laws.


			


		


		

			

				PUTTING NEWTONIAN PHYSICS TO WORK


				Newton’s laws described situations involving point masses and bodies moving freely in space – ideal for problems such as simple planetary motion, but harder to apply to everyday forms of motion. Key breakthroughs in the practical application of Newtonian mechanics included:


			


		


		

			

				From 1827, Irish mathematician William Rowan Hamilton identified a fundamental principle underlying mechanical interactions – namely that objects tend to move along the path that requires least energy. Thus, a huge range of mechanical problems could be solved simply by finding the turning points on a graph describing motion.


				By 1833, Hamilton had formulated an entirely new approach to mechanics, using equations that described a system’s evolution over time in terms of generalized coordinates, the total energy (today denoted H and known as the “Hamiltonian”) and the balance of kinetic and potential energies.


			


		


		

			[image: ]

		


		

			[image: ]

		


		

			[image: ]

		


		

			[image: ]

		


		

			

				1732 Daniel Bernoulli applies Newton’s laws to each segment of an oscillating string, identifying a form of periodic movement called simple harmonic motion


				1736 Leonhard Euler divides the apparently random motion of ships and other rigid bodies into rotational and translational components


				1740s Émilie du Châtelet identifies an equation for describing vis viva (akin to modern kinetic energy), and argues that the total energy in a system is always conserved even if it is transferred between different forms


				1798 Joseph-Louis Lagrange puts forward his analytical mechanics – a set of mathematical tools for modelling the behaviour of systems subject to a constraint in one or more dimensions


			


		


		

			

				Nevertheless, various challenges remained – not least the long-term unpredictability of systems involving more than two bodies and puzzling changes to the orbit of Mercury (later explained through general relativity).
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				THE AGE OF ELECTROMAGNETISM


			


		


		

			

				The nineteenth century saw huge breakthroughs in the understanding of electricity and magnetism, ultimately leading to the realization that these two forces, along with light itself, were all aspects of a single phenomenon.


			


		


		

			

				ELECTRICAL BREAKTHROUGHS


			


		


		

			

				ELECTROMAGNETIC WAVES


			


		


		

			

				Although electricity had been known since ancient times, experiments into its true nature only became practical after Alessandro Volta’s invention of the voltaic pile (the first battery capable of producing continuous current) in 1800:
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				1820 Hans Christian Ørsted notices that changing electric current can deflect a magnet needle – the first evidence for a unified force of electromagnetism


				1820 André-Marie Ampère discovers the force generated between two parallel conducting wires


				1821 Michael Faraday invents the electric motor, which uses the interaction between electric current and magnets to power mechanical movement


				1827 Georg Ohm describes the relationship between electromotive force (voltage), current, and resistance within circuits


				1831 Faraday discovers electromagnetic induction, the generation of electric current by moving magnetic fields, allowing him to build the first electrical generator


				1845 Faraday discovers that the orientation of polarized light waves is rotated as they pass through a magnetic field
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