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  Preface




  Historical studies of science and technology have acquired immense importance since the Second World War, and especially over the past few decades. Science itself has grown

  exponentially to involve more activity within living memory than through its previous history. Academics, government policy-makers, businesses, public interest groups and scientists themselves

  increasingly recognize the crucial role these subjects have had in extending knowledge, driving economies, influencing opinion and shaping culture. Science in the modern world is all-encompassing

  and contentious. Acronyms jostle for attention and comprehension in newspaper stories: GMOs, BSE, vCJD, WMD. We consume science in the films we watch, the electronic products we buy and the

  medications we choose. Science subtly determines our perceptions and powers, our lifestyles and longings.




  Aspects of what we recognize as science have been part of human cultures since prehistory, though. As these activities have impinged increasingly on the consciousness of scholars and the public,

  the history of science has attracted further attention and been applied to conflicting purposes. For the British philosopher William Whewell, writing during the early nineteenth century, science

  (and the people defined by his new term, scientists) had long provided the key factor behind intellectual advancement. His History of the Inductive Sciences, published in 1837,

  helped to launch a new discipline. From the Victorian era until the Great Depression, the history of science was marshalled to show the inevitability of material progress. And for both American and

  Soviet philosophers after the Second World War, the trajectory of science in their nations represented the superiority of their respective political systems. But according to the counterculture

  ideals of the late 1960s, the history of science revealed a long-standing linkage between scientific knowledge and military and corporate power. Historians today recognize science as a human

  activity responsible in large part for the culture that we have inherited.




  This book introduces both the history of science and the nature of the evolving discipline, and explains why they matter in contemporary society. It seeks to provide a brief historical survey of

  science and its relationship to culture and, at the same time, to inculcate in its readers an awareness of the changing definition of science and sensitivity to its historical interpretation. This

  traditionally has been a minefield for educators, with science students sometimes presuming that a history should reveal the progress or even moral improvement of humankind, and humanities students

  more often presuming tarnished or questionable ideals of what in the twentieth century became a pervasive cultural activity. The tone of the book seeks to give a nuanced appraisal of the evolution

  of science and rational approaches to the natural world from prehistory to the present day, and its integration into the practices and goals of Western societies over the past three centuries in

  particular. At the same time – inevitably selective and limited in coverage – it explores the nature of academic knowledge by providing an overview of the evolving discipline of history

  of science. The ‘received wisdom’ about past science has changed dramatically in the last generation. This short book seeks to chart those changing directions.




  I thank Marsha Filion of Oneworld Publications, who invited me to write this book, my students, who helped shape it, and my wife Libby and sons Daniel and Sam, for their ideas and support.




  Sean Johnston
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  Introduction




  History of science – past and present




  What is history of science? You have picked up this book with expectations, and maybe even unconscious assumptions. Today, more than ever, your assumptions may be different

  from those of others around you.




  More than other forms of history, the history of science has often been written with a purpose, but those purposes and the conclusions they cite are today increasingly questioned. Are you

  looking forward to reading about geniuses and their life stories? About scientific breakthroughs and inevitable material progress through invention? About the challenging experiments, toil in the

  face of personal, institutional or military adversity, and the ultimate triumph of the intellect? Or (I hope) something more?




  History of science has been all these things, but today strives to be much more. Written by scientists, history can seem self-serving; by philosophers, it can suggest a logical trajectory that

  is far too clear in retrospect. This potential for misrepresentation can have undesired side-effects: it can encourage unsustainable faith in science’s achievements, or provoke unreasonable

  criticisms of the cases that do not meet the mark, and may deter even bright students from confidently considering science as an attainable career.




  But ‘misrepresentation’ suggests that there is an accurate, objective, official version of the history of science to be told. Surely a succession of precise and indisputable facts

  will reveal how and why science developed in the way it did? Careful detailing of events is unquestionably important, and historians of science have ever more carefully explored the circumstances

  surrounding episodes of discovery and invention. But describing large-scale events and their causes is contentious, particularly in broad surveys like this one. Which facts are significant? Which

  historical personages matter? From the early nineteenth century, for example, Isaac Newton (1642–1727) came to represent in Britain an icon of exceptional and unrivalled genius. In his shadow

  were others arguably worthy of attention, too: his contemporary Robert Hooke (1635–1703), who advanced microscopy and other experimental sciences, and Newton’s rival Gottfried Leibniz

  (1646–1716), deviser of a more powerful version of calculus. Later scholarship revealed that Newton, as eventual head of the Royal Society, had played an important role in vaunting his own

  status in England. And in the 1930s – some two centuries after his death – historians began to turn their attention to his vast studies of alchemy and biblical scholarship, neither of

  which are categorized as science today, but to which Newton devoted equally meticulous attention and probably more of his time. The result was a more nuanced portrait of a complex man.




  Nevertheless, the pursuit of great thinkers has been a common thread in history of science. They can serve as models to emulate or to be nurtured. Accounts of exceptional individuals also

  encourage us to see intellectual development as sparks of inspiration, or – to use a term first popularized during the First World War – as breakthroughs that are asserted to

  be the inevitable result of concerted brain-power. We cannot blame a lack of historical facts for these often misguided popular visions. Albert Einstein (1879–1955) is today an icon of

  scientific genius. But his latter decades of relatively unproductive science, his role as supporter of left-of-centre causes and his love affairs are less well known, and yet significant to his

  life’s work. And a more recent example still, the American physicist Richard Feynman (1918–1988), has been cast in popular histories of science as a quirky genius, imbued with a unique

  creativity and wholly unlike his contemporaries (Figure 1). Do such depictions capture the essence of their lives? Do such extraordinary individuals typify, or contradict, the development of

  science?
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    Figure 1 Richard Feynman, 1975: how did he represent science? (Photo: S. Johnston)


  




  Originally seeking to document intellectual advance, history of science has for over two hundred years often been closely associated with philosophy and questions of how knowledge gets refined.

  The French philosopher Auguste Comte (1798–1857) understood science as an intellectual and historical process. He argued – in ways that would raise the hackles of many scholarly

  communities today – that mathematical sciences represented the culmination of intellectual progress, carrying humankind from what he and many European contemporaries saw as primitive

  superstitions and animism to monotheistic theology (both seen as fictitious proto-theories) to metaphysical (‘abstract’) and then to what he called ‘positive knowledge’

  itself. His vision of inexorable advance via hard-nosed scientific methods won converts into the twentieth century, and provides the skeletal rationale for some practising scientists today.




  With the rise of history of science as an increasingly recognized profession in the twentieth century, some of the assumptions about genius and progress were questioned. Scientists, philosophers

  and historians increasingly diverged in their views. When examined in detail, intellectual change seemed often to depend on factors that had been neglected. American philosopher of science Thomas

  Kuhn (1922–1996), in his seminal text The Structure of Scientific Revolutions (1962), argued that battling for scientific theories involved not just important facts, but also the

  perceptions of scientific communities supporting them. Others, like British broadcaster and historian James Burke (1936–) in his ruminations in the television series Connections

  (1978), went so far as to suggest that scientific advance and technological change were quixotic flukes, an unpredictable and unenlightening series of fortuitous juxtapositions of people, places

  and insights.




  Bracketed by Comte and Burke 150 years apart, history of science might seem irrelevant: why study its history, if scientific advance was almost preordained, on the one hand, or completely

  meaningless and unforecastable, on the other? One reason is that historians and others remained fascinated by the complex episodes, their profound human consequences and attempts to explain their

  trajectory. A more relevant motivation was that philosophers, sociologists and historians from the 1970s began to focus on the broader factors involved in creating new knowledge at every scale,

  ranging from the organization of laboratories to public perceptions to national politics. What had captured attention nearly two hundred years earlier as a straightforward and inspirational

  illustration of humankind’s progressive drive has become a rich territory for wide-ranging disciplines.




  What is science?




  As more reasons for studying the history of science were identified, the foundations themselves came under increasing examination. Historians have been apt to adopt broad,

  inclusive definitions of their subject. Even modern descriptions cover a lot of ground. As defined by the Oxford English Dictionary (Second Edition, 1989), for example, science includes

  ‘knowledge acquired by study’, or a ‘recognized department of learning’ concerned with ‘demonstrated truths’ or ‘observed facts, systematically

  classified’, along with ‘trustworthy methods for the discovery of new truths’. And, in a narrower sense, the OED defines its modern usage as ‘branches of study that relate

  to the phenomena of the material universe and their laws’. Not all of these components are necessarily essential for our purposes (dictionaries tend to be heavily weighted towards

  contemporary usage). But within these dry and seemingly straightforward phrases are hidden dimensions that will be at the heart of this book. What sort of study, for example, has been employed and,

  indeed, what kind of knowledge is produced? How have truths been demonstrated, and by whom, for what audiences? How are facts best observed and classified, and how have trustworthy methods been

  developed? And are the answers to these questions obvious to all, or contentious?




  Shaking off the firm convictions of the Victorians, the term science began to appear increasingly uncertain as a term during the twentieth century, and a timeless definition now seems

  inadequate. During one relatively brief period – over the sixteenth to eighteenth centuries – profound changes in scientific knowledge and practice occurred, resulting in historians

  such as Herbert Butterfield (1900–1979) popularizing the term the scientific revolution. For others, such as physicist and philosopher Pierre Duhem (1861–1916), the modern form

  of science began in the late twelfth century, with earlier activities described as pre-scientific. More recent scholarship, e.g. by historian Steven Shapin (1943–), has questioned

  the amount of discontinuity during the ‘revolution’. Some aspects of careful observation and rational explanation can be traced back much further. As I will try to show, the scope and

  content of science have changed century by century, not just in terms of what we know but also how and what we choose to study, and what we include within it.




  The shifting boundaries are important in this. Defining what science is can also be aided by seeking a consensus about what science is not. As historians have demonstrated

  – but few science textbooks attest – the borders of science have been repeatedly challenged and adjusted. On one side lies science and, on the other, ‘pseudo-science’: a

  field that fails to live up to contemporary norms. Examples abound, and can be important to philosophers and sociologists to explain how new knowledge is assessed and validated, and how new

  sciences come to be.




  Take phrenology, for example. During the early 1790s Franz Joseph Gall (1758–1828) devised his new system of brain anatomy and categorization in Vienna. He argued that portions of

  the human brain were responsible for particular intellectual attributes, and that their relative size was reflected by the shape of the skull. A decade later, accompanied by J. G. Spurzheim, Gall

  developed his ideas and undertook a successful lecture tour throughout Europe. By 1815, this would-be science of phrenology was attracting harsh criticisms from elite medical journals but attracted

  further public attention and spurred middle-class men to take up phrenology as a scientific pursuit. Phrenological societies and subject journals, modelled on existing scientific journals,

  proliferated from the 1820s. The Phrenological Association first met in 1838, mimicking the British Association for the Advancement of Science (from which the phrenologists had been excluded). This

  professional interest was reflected in popular culture. By mid century, novelists such as Mark Twain (in Huckleberry Finn) and Gustave Flaubert (in Madame Bovary) were referring

  to phrenological ideas. Despite such popular interest, phrenology failed to become an established science, and gradually found itself simplified and sidelined by the end of the century as a

  contentious technique to identify born criminals and to classify human races, and later to associations with sideshow mind-readers. Threads of these ideas nevertheless influenced

  turn-of-the-century anthropology and twentieth-century neuroscience.




  Was this an unjustly persecuted science? Many phrenologists were convinced of it. They cited a clear set of scientific claims (including that ‘the mind is composed of distinct, innate

  faculties’ and that ‘the shape of the brain is determined by the development of the various organs’, and hence ‘as the skull takes its shape from the brain, the surface of

  the skull can be read as an accurate index of psychological aptitudes and tendencies’). By contrast, their first critics argued that phrenologists were not trained medical men and had no

  recognized qualifications; and, perhaps most damningly, they ridiculed the phrenologists’ claim that the mind was entirely contained within the brain, an idea that smacked of materialism

  (i.e. that natural processes could fully explain living and animate things) – a criticism later levelled at Charles Darwin and his theory of evolution. In an early application of the history

  of science, the phrenologists complained that they were in the position of Galileo some two centuries earlier, victimized by an established authority that would not recognize the true nature of

  things!




  Level playing fields




  Cases like phrenology are fascinating in their own right, but also raise questions for historians of science. To modern eyes, some of the criticisms about phrenologists made by

  their contemporaries seem misguided. The downfall of phrenology did not depend merely on scientific tests of their claims, but on the ferment of nearly forgotten social factors. And the case was an

  opportunity to challenge, and shore up, imprecise orthodoxies as much as to attack rival claims.




  Such border skirmishes can also reveal complexities of scientific assessment unnoticed, or unmentioned, by practising scientists. The case of the would-be science of spiritualism,

  between the 1850s and 1920s, is a good example of the history of science providing insights to philosophy, sociology and to the practice of science itself. The eighteenth-century Swedish man of

  science, Emanuel Swedenborg (1688–1772), first conceived the scientific study of spiritualism, which included powers of clairvoyance and communication with spirits. Although supported by

  certain American Christian sects from the 1840s, the subject flourished from 1848, after John and Margaret Fox and their daughters, Catherine and Margaretta, moved into a house which the girls

  claimed was haunted. The girls devised a system of communication (shortly after the invention of the Morse code, curiously enough) based on rapping on the walls.




  The direct evidence of spirit communication made a sensation. In 1853, the first Spiritualist Church was founded – an example of the continuingly close association between religious and

  scientific claims. Within two years spiritualism claimed to have two million followers. Like phrenology, the expanding subject had an established set of claims. On the face of it, the claims appear

  less easily tested than those of phrenology. For example, spiritualism claimed the existence of genuine mediums, privileged individuals sensitive to the vibrations of the spirit world (in

  fact, use of the term ‘vibration’ itself suggests the links they drew with modern science, which was then exploring wave phenomena in acoustics and optics). Spiritualism claimed that

  the spirit world was inhabited by spirits retaining the existence and personality of individuals after their death, and who could communicate via mediums. And it supported these claims via the

  phenomena of the séance, a special laboratory-like setting of subdued lighting and multiple observers. Spiritualists claimed that, in the séance, a spirit could manifest

  itself or materialize animate objects from ectoplasm, or could send messages by mechanical writing, rapping or vocalization, all via the specially adept medium. Unlike phrenology,

  however, these claims appealed to scientists, particularly physicists, psychologists and philosophers. A number of British intellectuals founded the Society for Psychical Research in 1882 to

  explore the phenomena.




  By 1900, numerous mediums and séances had been studied, and some 11,000 pages of reports were produced. Some investigators, like scientist William Crookes (1832–1919, and known

  particularly for the Crookes tube, or early cathode-ray apparatus), became convinced of the genuine psychic abilities of certain mediums. A growing number of scientists, however, came to distrust

  the claims owing to the difficulty in reproducing them, and because of some exposed frauds. By the early 1920s, spiritualism was declining strongly in popularity, possibly because of the public

  distrust in its reliability following the many attempts by families to communicate with the recent dead of the First World War.




  Unlike phrenology, spiritualism as a claimed science did not die. It retained a coterie of followers, although most were no longer scientists. In a sense, it was reborn as a new would-be

  science: in 1927, Joseph Banks Rhine (1895–1980) and his wife, Dr Louisa E. Rhine (1891–1983), came to the psychology department of North Carolina’s Duke University to study

  psychic phenomena, which they recast as the science of parapsychology. Gone were ectoplasm and materialization, replaced with extra-sensory perception (ESP) and

  psychokinesis, part of a larger category of phenomena the researchers dubbed psi phenomena. Séances were replaced by laboratory experiments, standard apparatus such as

  Zener cards and, later, statistical analysis and computers. In the intervening decades, parapsychology has attracted scientific criticism based on its elusive results and subtleties of

  interpretation. It survives in a number of university departments, although increasingly relegated to phenomena of misperception rather than in the original sense of extrasensory

  perception. The evolution of parapsychology mirrors that of psychology itself during the twentieth century: becoming more mathematical, reliant on instrumentation and refined in its experimental

  protocols – and so capable, in principle, of detecting fainter effects. Is this a science-in-the-making, or another case justifiably to be sidelined? The history of science provides useful

  comparisons and contrasts.




  What is a scientist?




  Just as the definition of science challenges our preconceptions so, too, does the word scientist. What does it conjure up in your mind? Probably you imagine a

  male, quite possibly in a white lab coat, and perhaps working in a government or corporate laboratory. This vision is a recent one, scarcely a half-century old. Looking further back, the

  environment changes: from sponsored research to smaller-scale, more individualistic studies and – in some locales – a gentlemanly pursuit. As we travel back in our imaginary time

  machine to the early nineteenth century, the scientist abruptly disappears altogether, because the term was coined only in 1833 by British philosopher William Whewell (1794–1866). The novel

  word encapsulated a new vision of what these experts were, and it was not universally applauded. Michael Faraday (1791–1867), for example, detested the idea of commercial gain as a motive for

  seeking scientific knowledge. Earlier men of science or natural philosophers shared a different collection of intellectual, professional and religious attributes than their modern

  counterparts. So, the history of science is populated with a changing set of actors through the centuries, and the activity is longer-lived than any stable set of practitioners.




  Just as the individuals mutated in form, so too has their public perception. A growing number of scientists were criticized for their views or effects on religion, such as Isaac Newton in the

  seventeenth century and Charles Darwin in the nineteenth. Portrayals during the twentieth century vacillated from characterizing them as eccentric but creative eggheads to admirable problem

  solvers, to disturbingly unreliable and powerful figures in society. For much of that time, scientific practitioners have been both praised and criticized for their relationship with society

  – another important trait documented by historians of science. But these attributions also challenge us: was Fritz Haber (1868–1934), the Nobel-Prize winning chemist who invented the

  commercially important industrial process for synthesizing ammonia but also responsible for German gas warfare during the First World War, a model scientist? According to Germany of the 1910s,

  unquestionably so; twenty years later, however, Haber, a Jew, was forced to emigrate from Hitler’s Germany, where another poison that he had invented as a potent insecticide was later used to

  gas some of his own relatives. By exploring the context of such events, history of science can reveal dimensions that have more recently been explored, such as the connections between science and

  ethics, politics and national identity.




  Where is this book headed?




  This short book has three goals. First, as suggested by the examples above, it aims to survey the mutating meaning and influence of science in its changing cultural contexts. It

  will focus on the ideas, practices, innovations, events, individuals, groups and institutions that shaped science to trace the trajectory of this intellectual and social activity over time. What is

  science, and how has it worked? What have its products been? And how did this special form of knowledge come to be wielded as a potent tool in modern Western societies? It will impart the flavour

  of the ideas, events and effects that, in the past generation, have become widely recognized as significant. Reflecting the expanding diversity and quantity of scientific activity, attention will

  be weighted toward the more recent past.




  The second goal is to justify this approach, and to explain why this particular analysis is both relevant to current culture and fair-minded (warning: seeking ‘truth’ – both

  historical and scientific – is an ambition that has been increasingly challenged by philosophers). As befits a Beginner’s Guide, this book will sample not just historical case

  studies, but also many of the scholarly themes that have shaped the history of science. This collection of changing understandings – some shared, but others mutually exclusive – should

  give a sense of this growing discipline.




  The third goal is closely related to the first two. It seeks to answer the question, why should we care about the history of science? I have hinted above at some of its important uses, at least

  for a few academic disciplines. But I will argue that – much more than recognized in the recent past, and in far more varied ways – the ‘back story’ or subtext of history of

  science is relevant to multiple audiences and previously excluded communities. These include the general public concerned about, or enamoured with, contemporary scientific and technological change,

  and specific populations previously portrayed as peripheral to science, such as colonial societies, entire cultures (e.g. that of China) and women as a gender. As C. P. Snow (1905–1980)

  observed in the mid-twentieth century, the ‘two cultures’ of Science and the Humanities should be brought together for mutual benefit. The history of science builds such a bridge. It

  crosses disciplines and makes links as significant for media and gender studies as for students of the classics or engineering. The study of the history of knowledge, craft skills and innovative

  tools has long been a foundation of Liberal Arts and many Humanities programmes in universities, but is revitalized by new academic perspectives. And for all readers, history of science provides

  the power not merely to better understand important aspects of our past, but to inform our present-day judgments, too.
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  Big ideas and compelling approaches




  The broad historical development of science can be tracked through a bewildering variety of social and cultural contexts, and a surge of intellectual ideas, craft practices,

  measuring instruments and expressions of human curiosity. At the heart of these entwined aspects, though, lies the question of how some ancient cultures came to adopt and value activities that we

  would now class as part of science. This chapter, like those to follow, will combine a roughly chronological coverage with relevant themes. It focuses on aspects that were periodically identified

  as useful by different cultures: regularities of the natural world, practical utility and the adoption of rationalism. This perspective will sketch the confidence repeatedly placed in such

  systematic features of knowledge, and how they were shaped and applied within and between distinct cultures.




  Early sources of knowledge: studying the sky




  Where to begin? I will cast the net as widely as possible to suggest that some of what we understand as science has been a feature of many human cultures, although frequently in

  forms that blur and challenge modern distinctions. We cannot confirm this without a thorough survey, but can at least argue that these activities are nothing wholly new or unique to a single

  people. When, then, did cultures begin to trust reliable truths about their natural world based on systematic observation and other organized methods?




  Archaeological evidence is limited for tracing the cultural activities of ancient peoples, but there are indications that celestial phenomena provided a certain commonality between prehistoric

  and subsequent cultures. In modern urban environments the sky is largely forgotten and unobservable, a source of complex phenomena that we no longer notice. By contrast, all pre-industrial cultures

  had a rich collection of sky phenomena to study, explain and use – a set of activities that can be mapped onto science to a degree.




  

    

      Phenomenon: an observation or occurrence that is unexplained or unusual. A phenomenon for you may not be a phenomenon for your neighbour, if she

      has a satisfying explanation for the occurrence.


    


  




  As the most obvious and useful night-time phenomenon, the moon’s peregrinations would have been obvious to any people with access to clear skies. For Paleolithic peoples reliant on good

  weather, seasonal animal migrations and wild crops, the phases of the moon, repeating in a cycle of about twenty-nine or thirty days, provided a particularly obvious time-marker: the period between

  quarter-phases is just over seven days, our modern week.




  Besides its evident phases it had other unique properties. It moved through the background of stars, some twenty-six of its diameters every 24 hours. On occasion, it underwent a sudden darkening

  (the lunar eclipse). And, perhaps most remarkably of all, it appeared to be precisely the same size as the sun. It is worth interrogating your own knowledge and explanations of these

  characteristics. For example, how long does a lunar eclipse last, and can it occur at any phase of the moon? Why is the moon such a perfect size-match for the sun, and why do the two travel at such

  different rates through the background of stars?
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    Figure 2 Moon phases as a celestial clock (l-r): New Moon, First Quarter, Full Moon and Last Quarter (Photo: S. Johnston)


  




  An array of such celestial phenomena were observed and later recorded, some regular and obvious, and others subtle and complex. In distinction to this familiar but mysterious celestial body, all

  ancient peoples could readily see that the sun had its own peculiar properties. On rare occasions it disappeared dramatically (the solar eclipse), but in a way very unlike the moon’s

  disappearance. Less obviously, except for peoples far from the equator, the sun describes a seasonal trajectory through the sky. Rising roughly in the east and setting towards the west, its course

  in the sky was observed to be highest in summer and lowest in winter. The length of the day varied with the seasons. And the point on the horizon at which the sun rose and set varied regularly,

  ranging furthest north in summer and swinging southward in winter.




  While the awareness and use of such phenomena is only hinted for Paleolithic communities (possibly because sparse surviving materials such as notched bones tell us little about craft practices),

  there is ample evidence that Neolithic peoples closely monitored the sun’s characteristics. Large-scale stone constructions became widespread across Northern Europe and the Mediterranean

  during the Neolithic period. Stonehenge (c3000 BC), the most famous of these, can be understood at least in part as a structure that encapsulates this annual

  periodicity. By the alignment of its massive stones, it marks the extremes of the sun’s trajectory to show the position of sunrise at midsummer (and sunset at midwinter), and possibly other

  celestial phenomena. It is not unique: sighting channels through buildings in Neolithic settlements as far apart as Newgrange in Ireland (c.3300 BC) and certain

  pyramids in Egypt (c.2500 BC) appear to have served similar purposes. (The field of archaeoastronomy has since the 1960s sought to assess such evidence.)

  It is significant that such creations married craft skills (stone working and land engineering) with technical design to devise techniques of visual observation.




  These prehistoric works also hint at the social significance of astronomical observations. Given the exorbitant societal cost of building such structures, they undoubtedly held cultural

  relevance beyond mere calendar marking. Agricultural benefits likely played a role: in harsh northern climates where a successful growing season could be determined by the week of planting and

  harvest, a precise knowledge of the year could be crucial for a marginal agrarian community. These skilfully designed structures serve to illustrate the long human awareness of regularities of the

  physical environment, and growing interest and ability to systematically observe and record them.




  Further evidence for intellectual curiosity linked to cultural interpretation lies in the subtlety of phenomena that were studied. We know from the later written records of several ancient

  civilizations that consistently long-term interest and documentation became widespread. Besides the sun and the moon, the stars themselves were perceived to have complex attributes. They formed

  recognizable and unchanging patterns (constellations), and passed overhead at a rate subtly different from the sun’s motion, shifting slightly from night to night by about two

  diameters of the sun. All but a handful of them moved as a unit, in rigid lock-step. The five exceptions – some brighter than all but the moon and the sun, and others extremely dim –

  had individualistic properties. Each of the special stars moved through the sky unlike the others, inhabiting a band through the background of stars, and somehow associated with the sun. And unlike

  every other object in the sky, including the sun and moon, three of special stars (our Mars, Jupiter and Saturn) would occasionally reverse their apparent motion, seeming to travel backwards

  against the stellar background (later dubbed retrograde motion). But there were other matchless phenomena in the sky: the faint band of light crossing the sky seldom visible from cities

  today but known to us as the Milky Way; and fainter smudges and arcs almost never seen by modern eyes. In short, the night sky was a treasure trove of arcane and diverse phenomena, each rigidly

  reliable in an apparently endless series of details and part of the quotidian experience of every adult and child of ancient cultures.
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