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Introduction

Stephen Hawking: ‘We are just an advanced breed of monkeys on a minor planet of a very average star. But we can understand the Universe. That makes us something very special.’

Science is a means of revealing facts that have always existed, but which were previously unknown. Scientists probe the nature of material and strain to see to the very edge of the Universe – and perhaps beyond.

This book tracks the breakthroughs that underpin our current understanding of the Universe. It covers physics, which seeks out the laws that govern energy, matter and motion; chemistry, which investigates substances of all kinds and seeks to understand how one substance can transform into another; and biology, which studies forms of life. Additionally, it touches on psychology, astronomy, neuroscience and geology.

Science requires that new discoveries are built on older ones. The short stories recounted here throw light on scientific understanding and show how that understanding has grown steadily over centuries of work.

Histories

Marie Curie: ‘Nothing in life is to be feared, it is only to be understood. Now is the time to understand more, so that we may fear less.’

It took thousands of years for science to emerge from the fog of superstition and dogma. Today’s scientists use rigorous methods that guide thinking, test ideas and carefully review results. However, the simple intuition that truth can be found by seeking evidence for it is a strong one that reaches back to the ancient world.

Science became the dominant force it is today only around 350 years ago, at the start of the period now known as the Scientific Revolution, during which the broad field of study gradually professionalized into specialist fields. By the 1850s, scientists had become experts with diverse interests such as cell biology, the nature of electricity, or the weight of atoms; it was no longer possible for any one person to be an expert in all the sciences.

Experiments

Carl Sagan: ‘Somewhere, something incredible is waiting to be known.’

The scientific process involves many steps but the most iconic is the experiment, in which a theory is tested and shown to be true or false. Experiments need not be elaborate to have an impact. In the 1950s, Stanley Miller created a primeval soup in a round flask and some glass tubes. Within a week his set-up had spontaneously created the chemicals needed for life.

Theories

Albert Einstein: ‘Two things are infinite: the universe and human stupidity; and I’m not sure about the universe.’

Science is a creative process. We can only unlock hidden truths once we have imagined them. These imaginings are known as theories or hypotheses. Once proven – if proven – then a theory is no longer a theory; it is established and accepted as fact, although, perhaps confusingly, some theories continue to be termed theories even after they have been proved correct.

Methods and Equipment

Isaac Newton: ‘If I have seen further it is by standing on the shoulders of Giants.’

The history of science runs hand in hand with the history of technology. New science provides the insights required to develop new technology, and that technology in turn offers scientists new ways of investigating. There have been several great leaps forward in the instruments and technical aids available to science. In the sixteenth century ce, lens makers developed telescopes and microscopes and glass tubing that was so sensitive to changes in external temperature that it could be used in the construction of thermometers. Improvements in metal-refining made it possible to construct precision mechanisms and electrical and magnetic devices. Today’s science relies on computing to control instruments and collect and analyze data, and it is hard to overestimate the extent to which computers have enhanced the practice of science. In all likelihood, new forms of computer technology will have a profound impact on the future of research.

A Note on Context

Most advances in science have leapt from springboards of collective effort: few pioneers have worked alone, and even solitary scientists base their findings on pre-existent data.

While increasing public awareness of science is a laudable aim – indeed, it is the principal purpose of the present volume – one of its potential shortcomings is oversimplification: a tendency to attribute major achievements to a few, named individuals, even when the triumphs have been the work of vast teams, often cooperating or competing with each other in widely spread locations across the world.

Most of those thus acclaimed have been white males.

This cannot be shrugged off as journalistic shorthand: it is worse than inaccurate; it is unfair, and it damages people of colour and women by denying them due credit and by perpetuating the notion that they cannot possibly succeed in these fields.

Today there are increasing efforts to redress this imbalance, to give previously underacknowledged or uncredited people the recognition they deserve. It is noteworthy, however, that in the West scientists of African and Asian heritage were excluded for so long that contemporary coverage tends to be of the first minority people to come to the fore in various disciplines. Clearly, there is still much to be done to achieve equality of opportunity for non-white people.

Women have long made significant contributions to the fund of scientific knowledge, even during the periods when they were excluded from higher education and academia, but shamefully the credit for their work was for centuries routinely claimed by or given to men. Women’s contributions have previously been downplayed or airbrushed out of the general picture, so it is hoped that readers of this book will note in particular that the means to measure the vastness of the Universe was the work of a woman (here); that a woman revealed the process of nuclear fission within atomic bombs (here); that the existence of dark matter, one of the biggest science mysteries, was proven by a woman (here); and that the Greenhouse Effect was first shown by a woman (here).

Science is not for the few; it is – or at least it should be – for everyone, always.



How to use this book

This book is divided into four sections: Histories; Experiments; Theories; and Methods and Equipment. Each section can be read in isolation or in conjunction with other sections. Useful cross-references at the bottom of each page guide the reader from one section to another, while feature boxes provide biographical details about key scientists and a wealth of additional information.

[image: Details of how to use the book in the form of an illustrated key.]
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HISTORIES

ancient astronomers • Greek philosophers • the birth of medicine • alchemy • islamic science • the renaissance • the scientific revolution • the rise of the scientific institution • the birth of chemistry • science and the industrial revolution • natural history and biology • geology and the earth sciences • electricity • cell theory • public health • the new physics • the size of the universe • science and the public good • electronics and computation • genetics • the space race • human evolution • neuroscience and psychology • environmental sciences • the internet • the universe is missing • genetic modification • string theory

Ancient Astronomers


c.30,000
–
c.500 bce

key scientists: Eudoxus • Aristotle

Astronomy is one of the earliest sciences. In the prehistoric past, ancient observers picked out patterns among the stars blazing brilliantly in a sky unaffected by light pollution. Those patterns became characters in fireside stories, and today the sky is divided broadly in the same tradition, picking out elements of Greek and Roman myths.

However, there was more to stargazing as people watched the constellations move hour by hour, night by night and month by month. They matched these movements to the rhythms of sunrise and sunset and the changing aspects of the Moon. They then used their observations to create calendars to mark out the changes of the seasons, so crucial for ensuring a successful harvest and maintaining food supplies throughout the year. Five heavenly bodies looked like stars but moved along their own path. These were the ‘wanderers’, or planeta in Latin, all of which are seen to move within a narrow band of the sky, which is still known by the Greek-derived name ‘zodiac’.


key developments

Ancient astronomers did exactly what modern ones do: they built models of the Universe based on what they could see of it. By the fourth century bce, the dominant model placed Earth at the centre with the Moon, Sun and planets moving around it in perfect circles. The stars were set in the outermost sphere. This view of our place in the Universe was widely accepted for thousands of years.



[image: Black and white photograph of a 12th century monument stone, carved into which are three human figures, a moon, a star and the sun.]

Among the earliest known astronomers were the Babylonians, who linked the main celestial objects to their deities. This monumental stone of the twelfth century bce depicts a star (the goddess Ishtar), the Moon (the god Sin) and the Sun (the god Shamash).

the size of earth • Exoplanets • Panspermia • Origin of the Solar System • Telescopes

Greek Philosophers


c.600
–
c.300 bce

key scientists: Plato • Aristotle • Thales

There are a few contenders for the title of ‘first scientist’, including Imhotep (active c.2667–2648 bce), architect of Egypt’s first pyramid, and Sushruta (active c.600 bce), a doctor working in India. However, the honour is usually bestowed on Thales of Miletus (c.624–c.548 bce), a pioneer of natural philosophy. He and those who followed him sought to explain the world without recourse to mythology or religion. This tradition probably arose in ancient Greece rather than elsewhere because the Olympian pantheon of gods behaved in very human and irreligious ways and thus offered few compelling answers to the big questions. Nevertheless, Thales’s methods of reasoning were nothing like what we regard as scientific today. In the fifth century bce, Athens became the centre of natural philosophy, first with Socrates (c.470–399 bce) teaching Plato (c.424–c.348 bce), who mentored Aristotle (384–322 bce). The last two disagreed about the source of knowledge. Plato believed that it was to be found only in supernatural ideals, while Aristotle insisted that the truth was revealed by examining what could be observed around us.


key developments

Among Greek philosophy’s lasting legacies was the codification of logic. Deduction uses a logical consequence of two premises, for example: all men are mortal; Plato is a man; therefore, Plato is mortal. Induction is based on a weaker link between premise and consequence: the Sun rises every morning; therefore, the Sun will rise tomorrow. Both forms have been picked apart many times by later philosophers, but they are still crucial tools in the scientific process.



[image: 16th century painting of the School of Athens, showing numerous male figures in groups, talking or reading, in a grand building with arched ceiling and mosaic floor.]

The School of Athens (1509–1511) by Raphael (1483–1520) depicts Plato, Aristotle and other leading philosophers of ancient Greece.

Buoyancy • the size of Earth • Panspermia

The Birth of Medicine


c.600
–
c.500 bce

key scientists: Hippocrates • Galen • Avicenna

Several great traditions of medicine have arisen from cultures east and west. Western medicine, being firmly rooted in science, has proven the most successful in its ability to increase life expectancy and promote healthy living. Its traditional founder is Hippocrates (c.460–c.370 bce), the Greek physician in whose name young doctors still swear to do their best by their patients. Hippocrates’s medicine was based on the four elements: earth, air, water and fire. These were all believed to exist within the body in the form of the four humours, and disease was a consequence of imbalances between them. Hippocrates pioneered the techniques of diagnosis by looking for clues or symptoms of the problem and then giving the appropriate treatment in accordance with a prognosis (a prediction of how the illness would progress). Hippocrates chose interventions that treated the symptoms, in the hope that these would allow the body to prevail at the critical stages of the sickness. Additionally, Hippocrates was an intuitive advocate of the curative powers of hygiene and a good bedside manner.


key developments

The four humours were: blood, which carried air; watery phlegm; black bile, which contains cold earth; and yellow bile filled with fire. Each humour affected mood. A rush of blood made you sanguine with an airy outlook. Phlegmatic people were calm like deep water. Depression – or melancholy – came from too much black bile, while yellow bile made people bilious and hot-tempered.



[image: Engraving of a stone bust of Hippocrates, with a large beard and balding head.]

This 1638 engraving of Hippocrates, traditionally regarded as the father of medicine, is by Flemish artist Peter Paul Rubens (1577–1640).

Discovering Metabolism • Circulation of blood • Germ theory • Antibiotics • Thermometers • Big Data

Alchemy


c.200 bce
–
c.1750 ce

key scientists: Jabir ibn Hayyan • Paracelsus • Hennig Brand Albertus Magnus

Alongside the cerebral ponderings of the Greek natural philosophers, the alchemists offered a more hands-on approach to investigating nature. The best explanation for the root of ‘alchemy’ is ‘from the land of Al-Khmi’, an Arabized version of an ancient name for Egypt. Khmi means ‘land of black earth’, which relates to the fertile lands of the Nile Delta, where alchemy set down roots in the second century bce. To the modern observer, alchemists were more like wizards than scientists. They made no distinction between magic and science, and invoking spirits with muttered chants during experiments was a crucial part of the process. Additionally, their goal was riches and power, and so alchemists were deliberately secretive. The work of Jabir ibn Hayyan (721–813 ce) was so hard to understand that his name gave rise to the word ‘gibberish’. Nevertheless, alchemists developed much of the apparatus and glassware needed for precision research into chemicals.


key developments

Learning about nature was a by-product of the alchemists’ main goals, which were to get rich and live forever. They sought the Philosopher’s Stone, a magical substance that transformed cheap materials into gold, and the Elixir, a spirit that cured all ills and bestowed immortality. Gunpowder was discovered by accident as Chinese alchemists sought everlasting life, while a greater understanding of compounds, elements and reactions arose from the search for the Stone.



[image: 16th century engraving of people in an alchemist's untidy workshop, including pots, dishes, books, bellows.]

The Alchemist (after 1558), engraving by Pieter Bruegel the Elder (c.1525–1569).

Gas laws • Scientific process • Standard measurements

Islamic Science


c.700
–
c.1300

key scientists: al-Razi • al-Haytham • al-Biruni

The teachings of Islam attached great importance to education, and that is one reason why the focus of world science was shifting towards the Middle East by the eighth century ce. Baghdad’s House of Wisdom took over from Alexandria’s Great Library as the world centre of learning. Islamic alchemists expanded the subject of alchemy, the focus of which moved from the search for wealth and eternal life (although not completely) towards answers to practical commercial problems. These included how to preserve perfumes and create long-lasting pigments and glazes for ceramics – most notably blues, which were much in demand across the ancient world. These goals required precision measurements and clear records and took big steps towards modern chemistry. One notable alchemist of this time was al-Razi (854–925), who lived in the hills above Tehran. He is credited with coining the term al-kuhl, meaning the ‘essence’ or ‘spirit’ of a substance, from which came the English word ‘alcohol’. Similarly, the English word ‘alkali’ – any substance that neutralizes an acid – derives from the Arabic al qaliy, meaning a mixture of lime and water.


key developments

The work of Islamic researchers – brought to Western Europe by returning crusaders – had a profound influence on people like Albertus Magnus (1199–1280) and Roger Bacon (c.1220–c.1292), both monks-cum-scientists. In their time, Europe was in the grip of the Scholastic tradition that sought to explain phenomena using the received wisdom of Aristotle, which had been incorporated into Church doctrine. Anyone who strayed too far from that doctrine risked being branded a sorcerer.



[image: Watercolour of Persian scientist/philosopher al-Razi dressed in robes, wearing a turban.]

Persian scientist-philosopher Abu Bakr Muhammad ibn Zakariyya al-Razi – commonly known as al-Razi – was widely regarded as the greatest physician of the Islamic world.

Camera Obscura • Circulation of blood • Scientific process

The Renaissance


c.1400
–
c.1550

key scientists: Leonardo da Vinci • Michelangelo Nicolaus Copernicus

The Renaissance was a flowering of science, art and culture that began in the mercantile cities of Italy in the fifteenth century and spread across Europe. The term literally means ‘rebirth’, as if somehow Europe was regaining something lost. It began a new flow of knowledge from the Classical Greek world to the Islamic Middle East and then back along trade routes to Western Europe. The early Renaissance was dominated by polymaths – experts in many fields who were inspired to test old ideas, bend the rules and try new things. They included Leonardo da Vinci (1452–1519) who, while remembered mostly as a painter, was also a prolific inventor who sketched tanks and flying machines. Michelangelo (1475–1564) used art to break taboos while hiding in plain sight. For example, The Creation of Adam in the Sistine Chapel is an anatomical diagram of the human brain, with God and his angels picking out elements of the internal structure. Church doctrine forbade the dissection of dead bodies, and so this painting within the Vatican was a highly subversive image.


key developments

Even at the height of the Renaissance, Church teaching still placed Earth at the centre of the Universe, just as Aristotle had taught. In 1543, Polish astronomer Nicolaus Copernicus (1473–1543), who also worked for the Church, dared to suggest the unthinkable: Earth was just another planet that moved around the Sun. He also had the observational data to prove it. Keenly aware of the dangers of promoting such heretical ideas, Copernicus held back on publishing them until he had only a few days left to live.



[image: Fresco of The Creation of Adam, showing a bearded, robed figure surrounded by angels reaching out to touch a naked man's hand.]

Michelangelo’s The Creation of Adam (c.1512), part of the fresco on the ceiling of the Sistine Chapel in the Vatican.

Refraction and Rainbows • Finding homologues • Scientific process

The Scientific Revolution


1650
–
1750

key scientists: William Gilbert • Isaac Newton • Galileo galilei Robert Boyle • Johannes Kepler

The seventeenth century brought a new rigour to scientific investigation, and this marks the start of modern science. Step by step, researchers around the world began to build new work on the discoveries of others, resulting in significant shifts in human understanding of the world. For example, William Gilbert (1544–1603) revealed the power of experiment, placing a compass on a magnetic sphere to show that it behaved in the same way as it did on the surface of Earth. His conclusion was that Earth is a magnetic sphere, too. Galileo Galilei (1564–1642) began using measurements and mathematics to uncover universal laws of motion. Johannes Kepler (1571–1630) did the same with his laws of planetary motion, which helped to cement in place the fact that Earth orbited the Sun, and the Moon moved around Earth. It was this system that led Isaac Newton (1642–1727) to formulate his laws of motion and gravity in the 1660s. Similarly, in the field of biology and medicine, William Harvey (1578–1657) used a scientific approach to prove that blood circulates within the body.


key developments

Robert Boyle (1627–1691), an Anglo-Irish scientist, was responsible for the foundation of modern chemistry with his 1661 book The Sceptical Chymist. In it, Boyle refuted the magic and mysticism that dominated alchemy, and advocated building a view of substances according to systematic observations. Boyle’s work paved the way for atomic theory and the laws of thermodynamics.



[image: Painting of Johannes Kepler, head and shoulders, wearing a ruff and holding a mathematical compass.]

Johannes Kepler, the celebrated German astronomer who banished medieval misconceptions about the movements of the planets.

Pendulum Law • Acceleration under gravity • Circulation of blood • Gas laws • Scientific process • Graphs and coordinates

The Rise of the Scientific Institution


c.1650

key scientists: Blaise Pascal • Marin Mersenne • René Descartes Robert Hooke • Edmond Halley • Benjamin Franklin

Communication is a crucial part of the scientific method, with researchers sharing results so that others may critique them, replicate experiments and investigate further. Today, scientists in all fields are networked together with counterparts across the globe via learned academies, colleges and societies for this very purpose. All these institutions can be traced back to two prototypes in Paris and London in the mid-seventeenth century. The French one was the Académie Parisienne, an informal group led by Marin Mersenne (1588–1648), a friar who disseminated the latest research chiefly by letter among a select group of scholars. Mersenne’s group became the Académie des sciences in 1666. In England, Robert Hooke (1635–1703), Edmond Halley (1656–1742) and Robert Boyle had a similar collaboration called the Invisible College, and went on to be founding figures of the Royal Society, the world’s oldest academy of science, founded in 1660.


key developments

Alongside the national science academies, less grandiose organizations emerged in the eighteenth century that fed public interest in the latest exciting scientific developments. For example, engineers and industrialists such as James Watt (1736–1819), the steam engine pioneer, mingled with scientists such as Benjamin Franklin (1706–1790) in the Lunar Society of Birmingham, so called because members met each full moon.



[image: 19th century engraving of six men sitting outside around a table, with two servants looking on, the moon in the distance, discarded bottles on the ground.]

A nineteenth-century engraver’s impression of a meeting of the Lunar Society at Heathfield, Birmingham, England.

Hooke’s Law • The Spectrum • The Flying boy • Weight of the earth • Universal gravitation • Scientific process

The Birth of Chemistry


c.1750

key scientists: Joseph Black • Joseph Priestley • Antoine Lavoisier

The early eighteenth century saw a boom in research into minerals, mostly in medical schools where students searched for new therapeutic substances. In the 1750s, Scottish medical student Joseph Black (1728–1799) discovered a gas while searching for a cure for kidney stones. He investigated further and named his discovery ‘fixed air’ because it seemed to be locked inside a mineral ‘earth’ and was released by heat. Today we know fixed air as carbon dioxide. Black thus became the world’s first experimental chemist. In 1766, Henry Cavendish (1731–1810) found ‘flammable air’ (hydrogen) by reacting metals with acids. Daniel Rutherford (1749–1819) isolated a stifling, unreactive portion from the air, which he called ‘phlogisticated air’ (meaning it was unable to burn; today’s name for it is nitrogen). The study of gases, or pneumatic chemistry, reached its peak in 1774 when Joseph Priestley (1733–1804)announced ‘dephlogisticated air’, which promoted burning and is now known as oxygen. These discoveries allowed later chemists to show that the ancient theory that there were only four elements – water, earth, air and fire – was a misconception.


key developments

In the early days of chemistry there was no understanding that chalk, limestone and seashells, for example, were all basically the same material (calcium carbonate), and so the list of materials to be studied was almost inexhaustible. The discovery of distinct types of air, or gas, led to the further discovery that all materials, both natural and artificial, are made from a unique combination of simple substances now known as the elements.



[image: Colour comic etching showing crowds watching three men undertaking scientific experiments, one of them with clouds of wind and flames shooting out of his bottom.]

This famous James Gillray (1756–1815) comic etching is entitled ‘Scientific Researches! New Discoveries in Pneumaticks!’ It shows the increasing public interest in chemistry at the end of the eighteenth century, as Humphry Davy (right) and Thomas Garnett administer some of the new ‘airs’ to a volunteer.

Gas laws • oxygen • conservation of mass • Electrolysis • vitalism • Atomic nucleus • Atomic theory • The periodic table • Distillation

Science and the Industrial Revolution


1750
–
1900

key scientists: Alessandro Volta • Humphry Davy • Sadi Carnot Hans Christian ørsted • James prescott Joule • Lord Kelvin

During the Industrial Revolution modern economies emerged, first in the United Kingdom and then in northern Europe and North America. The changes resulted in the biggest social upheaval since the development of agriculture.

The revolution was itself the result of a scientific upheaval that revealed a deeper understanding of the nature of motion, force, heat and electricity. Driven to exploit newly forged maritime trading routes, engineers made use of each new scientific breakthrough: ‘hot gas’ (steam) was used to turn heat into motion, while improvements in metal-refining allowed for the mass production of machines that automated the work of spinners, weavers, millers and threshers. New professions emerged: miners, steel workers, potters, bargemen and rail workers. Newly discovered metals, such as molybdenum, aluminium and chromium, were used to develop alloys that resisted corrosion and were tough but lightweight, and their colourful compounds opened up a new industry in pigments and paints.


key developments

The Industrial Revolution was powered by the steam engine, which used the heat of burning coal to create high-pressure steam that could push a piston back and forth in a cylinder. The first practical power system – the ‘atmospheric engine’ of 1712, by Thomas Newcomen (1664–1729) – was vastly improved by James Watt, whose engines were bigger and stronger. The internal combustion engine, which used the hot gas of an exploding fuel to do the work, was invented in 1807.



[image: Engineering drawing of a metal container and pipes labelled Bessemer Converter, with a cross section next to it.]

In the 1850s, English engineer Henry Bessemer (1813–1898) developed a system for making high-quality steel. Molten pig iron was poured into the pear-shaped vessels (A) and air was bubbled through it to burn away impurities.

Pendulum Law • Weighing the air • Laws of Thermodynamics • Thermometers

Natural History and Biology


1789
–
1900

key scientists: Carl Linnaeus • Charles Darwin • Nicolas Steno Gilbert White • alexander von Humboldt

Biology as a scientific field distinct from medicine was the last of the main disciplines to emerge from the Scientific Revolution. Of course, natural philosophers had addressed the subject prior to this, but the binomial classification system created by Carl Linnaeus (1707–1778) gave precision when describing species, and so made it possible for researchers to tackle the great diversity of life. This became a burgeoning activity in the early nineteenth century, when explorers like Alexander von Humboldt (1769–1859) and Charles Darwin (1809–1882) toured the world and returned with questions about why life varied so much from place to place but also displayed many of the same features and behaviours. Darwin famously used this inquiry to develop his theory of evolution by natural selection. One of Humboldt’s legacies is the science of ecology, which investigates how wildlife communities interact with their environment. By the twentieth century, technological advances led to a new synthesis of biology that sees life as a phenomenon arising from chemistry and geology.


key developments

Niels Steensen (1638–1686), a Danish bishop, is better known by his Latinized name Nicolas Steno. Steno’s work lies at the intersection between evolutionary biology, palaeontology and geology. In the 1660s he examined what he would have known as tongue stones due to their shape, but he recognized that they had the same serrated structures as the teeth of a shark. He concluded that these were in fact the petrified remains of a once-living creature – what is now understood to be a fossil.



[image: Black and white 18th century engraving of figures in a rural landscape, with a tent just visible at the right of the image.]

Frontispiece from The Natural History of Selborne (1789) by Gilbert White (1720–1793), the pioneering English naturalist, ecologist and ornithologist.

discovery of microorganisms • germ theory • evolution by natural selection • Central dogma of biology • Endosymbiosis

Geology and the Earth Sciences


1800
–
1850

key scientists: James Hutton • Louis Agassiz • Charles Lyell

The father of geology (the study of the physical Earth) is James Hutton (1726–1797), a Scottish farmer who observed local rock formations. Some of these formations were underground, others had been exposed to the surface by various engineering projects. Hutton
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Electricity










[image: Coil of wire and post, plus ruler indicating 7 inches, which Faraday used to create a spark of electricity.]



Cell Theory
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Public Health
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The New Physics









[image: Black and white photograph of Max Planck, 1933, head and shoulders only, wearing evening dress and round metal glasses.]



The Size of the Universe
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Science and the Public Good
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Electronics and Computation
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Genetics
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The Space Race









[image: Colour photograph close-up of an astronaut in space with the blue earth behind him.]



Human Evolution











[image: Black and white photograph of Mary Leakey, wearing a tweed jacket, seated at a desk, examining a skull.]



Neuroscience and Psychology









[image: Colour photograph of Eric Kandel, head and shoulders, smiling, wearing a bright red polka-dot bow tie.]



Environmental Sciences









[image: Colour photograph of a close-up of Jane Goodall (she appears to be kneeling) with a small chimpanzee.]



The Internet









[image: Simplified map showing part of the USA, connecting various places from Stanford to Lincoln.]



The Universe is Missing









[image: Black and white photograph of Vera Rubin looking through a telescope.]



Genetic Modification









[image: Three mice photographed under UV light, revealing genetic modification.]



String Theory












[image: Computer generated image of an abstract design showing four dimensions.]
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Circulation of Blood
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s 16 itk oeston Koy pubcatons by Wilam Harvey
et vash vy omborest  Exeratato nstomic do Mot Cords o Saguiis i Aniaius

o mumin S in ol Erc o o Mot of et ad 000
ooy L0 Do 625
Lol Earitatones b generatons animatm (On Anima Ganerasn 1651

RS ———

Other key publications
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Uniiltheseventeenth century, the body was believed to
have two blood supplie: the veins carried dark blood
distibuting food from the liver, while the arteriescarried
ai-filled blood from the lungs. In 1628, William Harvey
presenteda thorough rebuttal of this view in isbook A
Anatomical Exrciseon the Motion f the Heartand Blood
inLiving Beings (Exercitatio Anatomica de Moru Cordis

et Sanguinisin Animalibus). The dissection of huran
cadavers was not then permitted,so most of Harvey s
insights came from vivisections, which frequently involved
cutting open arange of animals to watch the lving heart
in action. Harvey addressed  prevailing theory that blood
was made from food inthe liver and constantly being,

used up by the body: He stimated that iftha was really
the case, ahuman woukd have to malke 250 kilogeams

(550 potunds) of fresh blood every day - far more than the
weight offood esten in that time.

“Thetruth was that theveinsand arteries hld a constant.
volumeof bood, and that the heart purmped it sroundina
Ioop By tying offeins and arteres, Harvey demonstrated
where blood entered and Ieft the heart, and thisshowed.
that there e actually twoloops of vessels Theright side
of the heart receivesoxygenated blood from the lungs and
circulates it throvigh the body. The et sidecollctsthe
spent blood from the bodyand loops it through the ungs,
from whereit then feeds back o he right side ofthe eart.
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The Birth of Chemistry

KEY SCIENTISTS: JOSEPH BLACK » JOSEPH PRESTLEY » ANTONE LAVOISER

The eatly cighteenth century sawa boom
in researchinto minerals, mostlyin
‘medical schodls where students searched
for new therspeutic substances. In the
17505, Scottsh medical studentJoseph
Black (1728-1799) discovesed agas while
sesrching for acure or kidrey sones.
Heinvestigated rther and named his
discovery fixed ait”because it seemed to
belockedinside amineral arth’ andeas
relased by heat. Today we know ixed air
as carbon dioxide. Back thusbecame the
werld's fiest experimentl chemist. In 1766,
Henry Cavendish (1731-1810) found ‘flam-
mableair (hydrogen) by reactingmetals
with acids,Daniel Rutherford (1749-1819)
isolateda stifling, uneactive portion from
theair, which he called phiogisticated s
(meaning itwas unable o burn; today’s
ame for i nitrogen). The study of gases,
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o preumatic chemistey resched its peak.
in 1774 when Joseph Priestley (1733-1804)
announced ‘dephlogistcated air, which.
promoted burning and isnowknown a5
oxygen. These discoveriesallowed ater
Chemiststo show tha the andent theory
that there were only four elemens —water,
earth,sir and fire - vas a misconception.
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Science and the
Industrial Revolution

v semmsrs: Aessuorowm e maevosvesoicmor e— & Key scientists
S CHSTIANDTED» JVES FRESCOTTJOLE » L0 KEUN

‘During the Industrial Revolution modern
conomies emerged,firtin the United
Kingdom and then in northern Europe and
North America. The changes resuked in the
biggestsocial upheaval since the develop-
ment of agrculture.

‘The revolution wasitself the resut
of ascientific uphesval that revesled a
deeper understandingof the nature of
‘motion,forc, hestand dectrciy. Driven
to xplit newly forged maritime trading
routes, engineers made use ofcach nw
scientifc breakthrovigh:‘hot gas' (steam)
was used to turn heat nto mation, while
improvementsinmetal-refning allowed
forthe mass prodsction of machines that
automated the work of spinners weavers,
milles and threshers. New professions
emerged:miners, sed workers potiers,

Fit 24— Bussr Co

bargemen and rail orkers, Newly
discovere metals,such as molybdenum,
aluminium and chromium, were used
todevelop lloys that resisted orrosion
andwere tough butlightweight, and their
colourful compotnds opened up anew
industryin pigments and paints.
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