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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.
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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
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‘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,
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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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