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GENERAL EDITORS’ PREFACE

In 1993, Alex Holzman, former editor for the history of science at Cambridge
University Press, invited us to submit a proposal for a history of science that
would join the distinguished series of Cambridge histories launched nearly a
century ago with the publication of Lord Acton’s fourteen-volume Cambridge
Modern History (1902—12). Convinced of the need for a comprehensive his-
tory of science and believing that the time was auspicious, we accepted the
invitation.

Although reflections on the development of what we call “science” date
back to antiquity, the history of science did not emerge as a distinctive field
of scholarship until well into the twentieth century. In 1912, the Belgian
scientist-historian George Sarton (1884-1956), who contributed more than
any other single person to the institutionalization of the history of science,
began publishing /s7s, an international review devoted to the history of science
and its cultural influences. Twelve years later, he helped to create the History
of Science Society, which by the end of the century had attracted some 4,000
individual and institutional members. In 1941, the University of Wisconsin
established a department of the history of science, the first of dozens of such
programs to appear worldwide.

Since the days of Sarton, historians of science have produced a small
library of monographs and essays, but they have generally shied away from
writing and editing broad surveys. Sarton himself, inspired in part by the
Cambridge histories, planned to produce an eight-volume History of Science,
but he completed only the first two installments (1952, 1959), which ended
with the birth of Christianity. His mammoth three-volume Introduction to the
History of Science (1927—48), a reference work more than a narrative history,
never got beyond the Middle Ages. The closest predecessor to The Cambridge
History of Science is the three-volume (four-book) Histoire générale des sciences
(1957—64), edited by René Taton, which appeared in an English translation
under the title General History of the Sciences (1963—4). Edited just before the
late twentieth-century boom in the history of science, the Taton set quickly
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became dated. During the 1990s, Roy Porter began editing the very useful
Fontana History of Science (published in the United States as the Norton
History of Science), with volumes devoted to a single discipline and written
by a single author.

The Cambridge History of Science comprises eight volumes, the first four
arranged chronologically from antiquity through the eighteenth century, the
latter four organized thematically and covering the nineteenth and twentieth
centuries. Eminent scholars from Europe and North America, who together
form the editorial board for the series, edit the respective volumes:

Volume 1: Ancient Science, edited by Alexander Jones, University of Toronto

Volume 2: Medieval Science, edited by David C. Lindberg and Michael H.
Shank, University of Wisconsin—Madison

Volume 3: Early Modern Science, edited by Katharine Park, Harvard Univer-
sity, and Lorraine Daston, Max Planck Institute for the History of Science,
Berlin

Volume 4: Eighteenth-Century Science, edited by Roy Porter, late of Wellcome
Trust Centre for the History of Medicine at University College London

Volume s: The Modern Physical and Mathematical Sciences, edited by Mary
Jo Nye, Oregon State University

Volume 6: The Modern Biological and Earth Sciences, edited by Peter
Bowler, Queen’s University of Belfast, and John Pickstone, University
of Manchester

Volume 7: The Modern Social Sciences, edited by Theodore M. Porter, Uni-
versity of California, Los Angeles, and Dorothy Ross, Johns Hopkins
University

Volume 8: Modern Science in National and International Context, edited
by David N. Livingstone, Queen’s University of Belfast, and Ronald L.
Numbers, University of Wisconsin—Madison

Our collective goal is to provide an authoritative, up-to-date account of
science — from the earliest literate societies in Mesopotamia and Egypt to the
beginning of the twenty-first century — that even nonspecialist readers will
find engaging. Written by leading experts from every inhabited continent, the
essays in The Cambridge History of Science explore the systematic investiga-
tion of nature and society, whatever it was called. (The term “science” did not
acquire its present meaning until early in the nineteenth century.) Reflecting
the ever-expanding range of approaches and topics in the history of science,
the contributing authors explore non-Western as well as Western science,
applied as well as pure science, popular as well as elite science, scientific prac-
tice as well as scientific theory, cultural context as well as intellectual content,
and the dissemination and reception as well as the production of scientific

Cambridge Histories Online © Cambridge University Press, 2008



General Editors’ Preface XXV

knowledge. George Sarton would scarcely recognize this collaborative effort
as the history of science, but we hope we have realized his vision.

David C. Lindberg
Ronald L. Numbers
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INTRODUCTION
The Age of the New

Katharine Park and Lorraine Daston

This volume of the Cambridge History of Science covers the period from
roughly 1490 to 1730, which is known to anglophone historians of Europe
as the “early modern” era,’ a term pregnant with expectations of things to
come. These things were of course mostly unknown and unanticipated by
the Europeans who lived during those years, and had they been asked to give
their own epoch a name, they would perhaps have called it “the new age”
(aetas nova). New worlds, East and West, had been discovered, new devices
such as the printing press had been invented, new faiths propagated, new
stars observed in the heavens with new instruments, new forms of govern-
ment established and old ones overthrown, new artistic techniques exploited,
new markets and trade routes opened, new philosophies advanced with new
arguments, and new literary genres created whose very names, such as “news”
and “novel,” advertised their novelty.

Some of the excitement generated by this ferment is captured in Nova
reperta (New Discoveries), a series of engravings issued in Antwerp in
the early seventeenth century, after the late sixteenth-century designs of
the Flemish painter and draftsman Jan van der Straet (1523-1605).> The title
page shows numbered icons of the first nine discoveries celebrated in the
series: of the Americas, the compass, gunpowder, printing, the mechanical
clock, guaiacum (an American wood used in the treatment of the French

' Among anglophone historians, this term is used to cover the period between roughly 1500 and 1750;
historians writing in Italian, French, and German define the period differently, beginning as early as
1350 (the Italians) and ending as late as 1815 (the Germans). Moreover, depending on national histo-
riographic traditions, period designations such as the Renaissance, the Baroque, or [%ge classique are
preferred over “early modern”: see Ilja Micek, “Die Frithe Neuzeit: Definitionsprobleme, Method-
endiskussion, Forschungstendenzen,” in Die Friihe Neuzeit in der Geschichtswissenschaft: Forschungs-
tendenzen und Forschungsertriige, ed. Nada Boskovska Leimgruber (Paderborn: Ferdinand Schéningh,
1997), pp. 17-38.

See Alessandra Baroni Vannucci, Jan van der Straet detto Giovanni Stradano: Flandrus pictor et inven-
tor (Milan: Jandi Sapi, 1997), pp. 397—400. Reproductions are on the Web site of the University of
Liege, http://www.ulg.ac.be/wittert/fr/flori/opera/vanderstraet/vanderstraet_reperta.html. The orig-
inal designs date from the 1580s.

Y

I
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Figure 1.1. Nova reperta (New Discoveries). Jan Galle after Joannes Stradanus (Jan
van der Straet), ca. 1580, title page of Nova reperta. In Speculum diuersarum imag-
inum speculatinarum a varijs viris doctis adinuentarum, atq[ue] insignibus pictoribus
ac sculptoribus delineatarum . . . (Antwerp: Jan Galle, 1638). Reproduced by permis-
sion of the Print Collection, Miriam and Ira D. Wallach Division of Art, Prints and
Photographs, The New York Public Library, Astor, Lenox and Tilden Foundations.

disease, or syphilis), distillation, the cultivation of silkworms, and the har-
nessing of horses (Figure 1.1). Later editions of the series include depictions
of the manufacture of cane sugar, the discovery of a method for finding
longitude by the declination of the compass, and the invention of the tech-
niques of painting using oil glazes and of copper engraving itself. Although
a number of these innovations predated the early modern period, most were
closely identified with it, if not because they were the work of early modern
Europeans, then because their effects were perceived as having transformed
early modern European culture. Certainly, the aggregate effect of the Nova
reperta engravings, which depict sixteenth-century landscapes, workshops,
ships, and domestic spaces, is to portray the period as one of extraordinary
fertility, creative ambition, and innovation.

This book concerns one particularly dynamic field of innovation in early
modern Europe; for the sake of convenience, this field is usually (albeit
anachronistically) subsumed under the portmanteau term “science,” taken
in its sense (since the nineteenth century) of disciplined inquiry into the
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phenomena and order of the natural world.? This modern category had
no single, coherent counterpart in the sixteenth and seventeenth centuries.
Indeed, one of the most striking innovations tracked by the chapters in
this volume is the gradual emergence of a new domain of inquiry, which
had some — but by no means all — of the features of natural science since
about 1850. This domain embraced both intellectual and technical approaches
and was composed of what had previously been disparate disciplines and
pursuits, practiced by people in different professions in different institutions
at different sites.

A glance at library classification systems of the period makes this shift vivid.
In 1584, a classification system was proposed for the some 10,000 books in
the library of French king Henry III, which envisaged separate sections for
books on medicine, philosophy (including natural philosophy), mathemat-
ics (including optics and astronomy as well as geometry and arithmetic),
alchemy, music, and the “vile and mechanical arts,” as well as other “arts and
sciences,” which included theology, jurisprudence, grammar, poetry, and the
art of oratory.* About a century later, the much-imitated classification of the
library of Charles Maurice le Tellier, Archbishop of Reims, lumped together
under the rubric of philosophy the following previously disparate fields: natu-
ral history, medicine (including anatomy, surgery, pharmacy, and chemistry),
the mathematical disciplines (including astronomy and astrology, architec-
ture, and military science and navigation), and the mechanical arts.’ A new
constellation had become visible in the firmament of knowledge, composed
of stars that had earlier belonged to quite distinct constellations.

What were these older constellations? To map them accurately, attention
must be paid to the sites where the various types of knowledge were culti-
vated, and by whom, as well as to more formal classifications of knowledge.
Names alone (especially when mechanically matched to cognates in mod-
ern vernacular languages) are often unreliable guides. The medieval Latin
scientia, although cognate with the modern English “science,” referred to any
rigorous and certain body of knowledge that could be organized (in precept
though not always in practice) in the form of syllogistic demonstrations from
self-evident premises. Under this description, rational theology belonged to
scientia — indeed, it was the “queen of sciences” — because its premises were
the highest and most certain. Excluded, however, were disciplines that stud-
ied empirical particulars, such as medical therapeutics, natural history, and

3 See Andrew Cunningham and Perry Williams, “De-Centring the ‘Big Picture’: 7he Origins of Modern
Science and the Modern Origins of Science,” British Journal for the History of Science, 26 (1993), 407—
32.

4 Henri-Jean Martin, “Classements et conjonctures,” in Histoire de ['édition fran¢aise, ed. Henri-Jean
Martin and Roger Chartier, 4 vols. (Paris: Promodis, 1982—6), 1: 429—57, at p. 435.

5 [Philippe Dubois], Bibliotheca Telleriana, sive catalogus librorum bibliothecae illustrissimi ac reverendis-
simi D. D. Caroli Mauritii Le Tellier (Paris: Typographia Regia, 1693), [Introduction], n.p. On the
influence of this classification scheme, see Archer Taylor, Book Catalogues: Their Varieties and Uses
(Chicago: The Newberry Library, 1957), pp. 157-8.
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alchemy, because there can be no absolute certainty about particular phe-
nomena.®

The kind of scientia that covered topics closer but by no means identical
to those treated by modern science was natural philosophy — philosophia nat-
uralis, sometimes known as scientia naturalis — which studied the material
world as it was visible to the senses. Natural philosophy examined change
of all kinds, organic and physical, including motion, as well as the princi-
ples that produced the phenomena of the heavens (cosmology), the earth’s
atmosphere (meteorology), and the earth itself (such as minerals, plants, and
animals, including human beings). The two topics of plants and animals fell
generally under the study of the soul, understood as that which distinguishes
living from nonliving beings (see Blair, Chapter 17, this volume). Natural
philosophy also addressed questions that would now be seen as metaphysi-
cal, such as the nature of space and time and the relation of God to creation
(see Garber, Chapter 2, this volume).

Because natural philosophy sought the universal causes of phenomena, it
was distinct from natural history, which described naturalia and their partic-
ular properties; insofar as this was an object of systematic study, rather than a
tool for biblical exegesis or a reservoir for sermon examples and recreational
art and literature, it fell under the purview of medicine because some miner-
als and animals, and many plants, were used in therapeutics. Alchemy had a
rather separate existence, not being a university subject, though it was some-
times pursued by physicians because the chemical treatment of substances
often aimed at the preparation of medications.

The scientiae mediae (or mathematica media, “mixed mathematics”) dif-
fered from natural philosophy in that they dealt with matter considered solely
from the standpoint of quantity, without respect to causes. In addition to
the pure mathematical disciplines of arithmetic and geometry, mathematics
included astronomy and astrology (the two terms were often used inter-
changeably), optics, harmonics, and mechanics.” These disciplines were in
turn distinct from the “mechanical arts,” which would have included prac-
tical applications of mathematical knowledge in fields such as architecture,
navigation, clockmaking, and engineering (Figures 1.1 and 1.2).

Because all of these disciplines were conceived as separate pursuits, with
their own methods, goals, and widely varying degrees of intellectual and
social status, it would have been highly unusual, at least in the late fifteenth
century, to find the same person involved in all or most of them. Natural
philosophy was part of the university curriculum but was usually taught as

¢ Eileen Serene, “Demonstrative Science,” in The Cambridge History of Later Medieval Philosophy: From
the Rediscovery of Aristotle to the Disintegration of Scholasticism, 1100—1600, ed. Norman Kretzmann,
Anthony Kenny, and Jan Pinborg (Cambridge: Cambridge University Press, 1982), pp. 496—517.

7 William Wallace, “Traditional Natural Philosophy,” in 7he Cambridge History of Renaissance Philos-
ophy, ed. Charles B. Schmitt, Quentin Skinner, and Eckhard Kessler with Jill Kraye (Cambridge:
Cambridge University Press, 1988), pp. 201-35.
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Figure 1.2. Horologia ferrea (Iron clocks). Jan Galle after Joannes Stradanus (Jan
van der Straet), ca. 1580, from Nova reperta. In Speculum diversarum imaginum
speculativarum a varijs viris doctis adinuentarum, atqlue] insignibus pictoribus ac
sculptoribus delineatarum . . . (Antwerp: Jan Galle, 1638). Reproduced by permission
of the Print Collection, Miriam and Ira D. Wallach Division of Art, Prints and
Photographs, The New York Public Library, Astor, Lenox and Tilden Foundations.

propadeutic to the higher faculty of medicine, at least at Italian universities,
and often by medical men. The quadrivium of mathematical sciences (arith-
metic, geometry, music, and astronomy) and the #rivium of the verbal ones
(grammar, logic, and rhetoric), which together constituted the seven “liberal
arts,” would have been taught with varying emphases in the university to pre-
pare students for their studies in philosophy. University-trained physicians
would have learned some astrology and some natural history — the latter as
part of the study of materia medica — but apothecaries, who belonged to the
ranks of merchants, would have been the experts in this area. Similarly, mixed
mathematicians who consulted concerning fortifications, hydraulics, horol-
ogy, mapmaking, and a host of other practical activities tended to work out
of artisanal studios or as adjuncts to princely courts rather than as university
professors.

Hence early modern career trajectories can often appear to modern eyes at
once as dazzlingly diverse and oddly circumscribed: A Renaissance engineer
such as Leonardo da Vinci painted, designed buildings and machines, drew
maps, and built fortresses and canals. But (despite his curiosity about human
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anatomy) he would not have treated patients nor (despite his speculative ideas
on the nature of water) would he have taught a university class in natural
philosophy. The multifaceted “Renaissance man” is to some extent a trick of
historical perspective, which creates polymathesis out of what was simply a
different classification of knowledge and a different professional division of
labor.

Similarly, because modern “science” maps so awkwardly onto early mod-
ern natural knowledge, there is some temptation to see the latter as a crazy
quilt of mismatched parts seeking — finally — to merge into the new con-
glomerate recognized in the late seventeenth-century arrangement of books
in the Tellier library (or even the nineteenth-century category of “science”).®
Yet the older classifications of knowledge and divisions of labor appeared just
as coherent to those who lived them as the modern constellation of natural
science does to twenty-first-century readers. The most generally accepted
division of human knowledge in premodern Europe parsed it not primarily
according to subject matter (e.g., nonliving versus living beings), nor accord-
ing to methods used (e.g., experimenting in laboratories versus reading books
in libraries or classrooms), but rather according to whether it served purposes
that were “speculative” (i.e., theoretical), “practical” (i.e., related to leading
a good and useful life), or “factive” (i.e., related to the production of things
in the arts and trades).?

What makes the study of nature during the early modern period so dif-
ficult to describe, however, is not so much the gap between this period’s
classifications of knowledge and ours, nor the cumbersome lists (natural
philosophy, natural history, medicine, mixed mathematics, mechanical arts)
and coinages (“chymistry,” “natural knowledge”) that try to bridge that gap,
but rather the fact that the gusher of novelty that flooded sixteenth- and
seventeenth-century Europe also reconfigured knowledge and careers over
the course of the early modern period itself. By the turn of the seventeenth
century, there were university professors of medicine who not only wrote
treatises on natural philosophy but also contributed to cutting-edge mathe-
matics (Girolamo Cardano, 1501-1576), or who began by teaching mathemat-
ics but who moved on (and up) to courtly careers in natural philosophy and
commissions in engineering (Galileo Galilei, 1564-1642). University-trained
physicians turned to peasants and artisans for instruction (Theophrastus
Bombastus von Hohenheim, known as Paracelsus, ca. 1493—1541); artisans
themselves set forth natural philosophical theories in print (Bernard Palissy,
ca. 1510—ca. 1590). What was studied (and in what combinations), how it was
studied, where, and by whom were in remarkable flux during this period.

8 Cunningham and Williams, “De-Centring the ‘Big Picture’”; and Sydney Ross, “‘Scientist’: The
Story of a Word,” Annals of Science, 18 (1962), 65—86.

9 See James A. Weisheipl, “The Classification of the Sciences in Medieval Thought,” Mediaeval Studies,
27 (1965), 54-90.

Cambridge Histories Online © Cambridge University Press, 2008



Introduction: The Age of the New 7

These changes often meshed with the enormous political, religious, social,
and economic transformations that characterized the early modern era, some
of which are alluded to in the title page engraving of Nova reperta. The
invention and diffusion of printing created new kinds of authors and read-
ers (see Johns, Chapter 15, this volume). The religious movements of the
Reformation and Counter-Reformation demanded adjustments in not only
what was taught but how (see Feldhay, Chapter 29, this volume). Incessant
wars of unprecedented length and scale fed demands for improved military
technology (see DeVries, Chapter 14, this volume). These wars, together with
frequent episodes of religious persecution, triggered waves of forced migra-
tion among scholars and skilled artisans, while competition among courts
and wealthy cities opened up possibilities for social advancement to these
and other practitioners of natural knowledge (see Moran, Chapter 11, this
volume). European commerce expanded dramatically in scope and scale. The
mineral wealth brought back from the New World reshaped the European
economy, while shiploads of new flora and fauna arriving in European ports
from exotic lands stimulated natural history and medicine (see the follow-
ing chapters in this volume: Eamon, Chapter 8; Findlen, Chapter 19). The
geography of changes in natural knowledge closely tracked that of religious,
military, and economic developments, beginning in northern Italy in the
early sixteenth century, spreading to the prosperous towns of Switzerland
and southern Germany by the latter part of the century and subsequently to
the Low Countries, and then, by the late seventeenth century, to France and
England.™

In addition to these interlocking transformations, there were others spe-
cific to the learned realm. Perhaps the most far-reaching was the intellectual
movement known as humanism: the study of Greek and Roman texts not
as timeless contributions to a transhistorical intellectual enterprise, as the
philosophical and logical works of Aristotle had been treated in medieval
schools and universities, but as works of a particular time and place. Because
these texts reflected the languages and cultures of the authors that produced
them, in all their historical specificity, they needed to be read with those
particularities in mind. Humanists” editions and translations of these texts —
both those long known and those newly rediscovered — together with their
erudite commentaries on them, dramatically expanded the body of works
available to students of nature in the sixteenth and seventeenth centuries,
making accessible a variety of philosophical and medical traditions in addi-
tion to the Aristotelian and Galenic: Platonism (and neo-Platonism), Sto-
icism, Skepticism, Epicureanism, and Hippocratism."

' For some sense of the geographical distribution and varying tempos of these developments, see
Roy Porter and Mikulds Teich, eds., The Renaissance in National Context (Cambridge: Cambridge
University Press, 1992); and Porter and Teich, eds., 7he Scientific Revolution in National Context
(Cambridge: Cambridge University Press, 1992).

™ Jill Kraye, “Philologists and Philosophers,” in The Cambridge Companion to Renaissance Human-
ism, ed. Jill Kraye (Cambridge: Cambridge University Press, 1996), chap. 8; and Vivian Nutton,
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This proliferation of information and possible approaches to the natu-
ral order and human cognition had a great impact on natural inquiry (see
the following chapters in this volume: Blair, Chapter 17; Joy, Chapter 3;
Garber, Chapter 2)."* In some areas, the new scholarship led to heated debates
with more traditional scholars about the value and interpretation of famil-
iar texts — witness the flurry of attacks on and defenses of Pliny’s Natural
History in the 1490s (see Chapter 19, this volume). More generally, however,
the broader range of books available — thanks in large part to printing —
together with the humanists’ cultivation of an elegant Latin style modeled
on that of ancient authors, created new scholarly and literary sensibilities.
For many sixteenth-century scholars, educated into such sensibilities, the
works of medieval interpreters seemed not so much wrong as old-fashioned,
poorly informed, and narrowly conceived. A few of these interpreters gained
new life after the middle of the sixteenth century, particularly those, such
as Thomas Aquinas, whom the Counter-Reformation Church proposed as
the touchstones of philosophical and theological orthodoxy. For the most
part, however, medieval commentaries, even standbys such as those of Paul
of Venice in logic and philosophy or Jacopo da Forli in medicine, simply
ceased to be reprinted.

Thus, new early modern approaches to natural inquiry should not be seen
in the first instance as an attack on the doctrines and methods contained in
the works of Aristotle and his medieval Arabic and Latin commentators — an
impressive intellectual edifice modern scholars often refer to by the shorthand
term “scholasticism.” Such attacks, although the stuff of popular historio-
graphiclegend — crystallized around heroic figures such as Galileo and Francis
Bacon (1561-1626) — were less common than one might gather from the many
textbooks on the history of early modern science that embrace, with vary-
ing degrees of enthusiasm, the premise of a “Scientific Revolution.” More
typically, as the chapters in Parts I and III of this volume demonstrate, the
process of change was gradual and sporadic, shaped well into the first half
of the seventeenth century by serious, widespread, and accepted efforts to
accommodate ancient texts to newer methods and discoveries.” In this intel-
lectual environment of accommodation rather than wholesale innovation, it
comes as no surprise that van der Straet’s Nova reperta, the initial designs

“Hippocrates in the Renaissance,” in Die Hippokratischen Epidemien: Theorie-Praxis-Tradition, ed.
Gerhard Baader and Rolf Winau (Sudhoffs Archiv, Beiheft 27) (Stuttgart: Franz Steiner Verlag,
1989), pp- 420-39.

See Anthony Grafton, “The New Science and the Traditions of Humanism,” in Kraye, ed., Cam-

bridge Companion, chap. 11; and Anthony Grafton, with April Shelford and Nancy Siraisi, New

Worlds, Ancient Texts: The Power of Tradition and the Shock of Discovery (Cambridge, Mass.: Belknap

Press, 1992).

3 See, for example, Christia Mercer, “The Vitality and Importance of Early Modern Aristotelianism,”
in The Rise of Modern Philosophy: The Tension Between the New and Traditional Philosophies from
Machiavelli to Leibniz, ed. Tom Sorrell (Oxford: Clarendon Press, 1993); and Ian Maclean, Logic,
Signs, and Nature in the Renaissance: The Case of Learned Medicine (New York: Cambridge University
Press, 2002).
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Introduction: The Age of the New 9

of which date to the 1580s, privileged as sites of dramatic innovation the
mechanical arts rather than textual disciplines such as natural philosophy,
theoretical medicine, or even natural history. It was only toward the middle
of the seventeenth century that the weight of scholarly opinion — and even
then there were many objectors — shifted from gradual, accommodationist
strategies to calls for more fundamental change, as more and more voices
argued that the old edifice of natural knowledge needed to be torn down
and a new one constructed, however unclear the shape of that new edifice
might be.

Given the vast transformations that characterized the history of early mod-
ern Europe, and the impact of those transformations on the organization of
knowledge in both theory and practice, the chapters in this volume, especially
those in Part III: “Dividing the Study of Nature,” necessarily represent a com-
promise between early modern and modern categories. Although the aim of
Part III is to acquaint readers with the substantive changes that occurred in
natural knowledge, neither all of the chapter headings nor their arrangement
would have been recognizable to early modern Europeans, even those most
abreast of new developments. In order to have made them so, the chap-
ters on “Astronomy” and “Astrology,” for example, would have needed to
be merged, as would indeed all the chapters relating to mixed mathematics:
astronomy/astrology, optics, acoustics (or rather, music), mechanics, and
parts of the mechanical arts. There would also have been good historical
arguments for combining the chapters on “Medicine” and “Natural His-
tory,” at least for the earlier part of the period. The title of Chapter 21, “From
Alchemy to ‘Chymistry’,” epitomizes the historiographic problems of trying
to fix a moving target — and one that emphatically does not become modern
chemistry by the end of the period covered in this volume."* Quite apart from
the difficulties of finding authors to write about branches of knowledge that
have since been split up, with their splinters redistributed elsewhere, many
readers would be ill-served by a work that presumed a detailed knowledge
of the early modern ways of thinking it was supposed to explain. Hence,
although each chapter strives to make clear the place of its topic in early
modern schemes of knowledge, we have in some cases separated subjects that
would have been combined in those schemes and have occasionally relabeled
them.

We would therefore recommend that the chapters in Part Il be read in tan-
dem with those in Part II: “Personae and Sites of Natural Knowledge,” which
describe who was making knowledge where. Some of the scenes described in
Part I will be familiar: the professor lecturing in the university lecture hall, or
the virtuoso performingan experiment in a scientific academy (see the follow-
ing chapters in this volume: Shapin, Chapter 6; Grafton, Chapter 10; Moran,

4 William R. Newman and Lawrence Principe, “Alchemy versus Chemistry: The Etymological Origins
of a Historiographic Mistake,” Early Science and Medicine, 3 (1998), 32—65.
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10 Katharine Park and Lorraine Daston

Chapter 11). But others will be less so: the tutor employed by an aristocratic
family (see Chapter 6, this volume), the apothecary or herbwoman selling
medicinal plant products, exotic or domestic (see Chapter 8, this volume),
whole households practicing astronomy or natural history (see the following
chapters in this volume: Schiebinger, Chapter 7; Cooper, Chapter 9), or mil-
itary engineers computing the optimal angle of fortifications (see Chapter 14,
this volume). No single rubric, modern or early modern, describes what kind
of people they were (by gender, rank, confession, or profession) or what kind
of knowledge they were forging. For the sake of convenience, we have tried
to use the umbrella terms “students of nature” (or “naturalists” or “natural
inquirers”) and “natural knowledge,” which have some seventeenth-century
antecedents but were not recognized by most contemporaries as a compre-
hensive category for all of these varied activities.

Moreover, the relationship between the disciplines of Part III and the
personae and sites of Part II was crosshatched and complex. For example,
although a disparate crowd of physicians, engineers, alchemists, astronomers,
and even natural philosophers might spend parts of their careers at court,
the lecture hall was considerably less permeable. Scholars, master artisans,
apprentices, and clients of various social ranks might meet in workshops, can-
non foundries, or distilleries, as shown in the densely populated engravings
of van der Straet’s Nova reperta (e.g., the clockmaker’s shop of Figure 1.2).
Academicians and apothecaries might rub shoulders in the piazza or cof-
feehouse (see the following chapters in this volume: Eamon, Chapter 8;
Findlen, Chapter 12; Johns, Chapter 15); correspondents in an epistolary net-
work might never rub shoulders anywhere and for that reason might enjoy
greater freedom to indulge in discussions and debates on specialized top-
ics (see Harris, Chapter 16, this volume). Read side-by-side, the chapters
in Parts II and III show that the new associations between fields of knowl-
edge (e.g., between alchemy and natural philosophy, or between engineering
and mathematics) were matched by new associations between people in new
places: the botanical garden, the anatomy theater, and the metropolitan print
shop and bookseller.

These associations were made possible in part by the mobility of many
practitioners of early modern knowledge. For some, this mobility was vol-
untary, as in the case of the English astronomer Edmond Halley’s (ca. 1656
1743) voyage to Saint Helena or the German naturalist Maria Sybilla Merian’s
(1647-1717) expedition to Surinam. For others, it was vocational, as for Jesuit
missionaries to China or Peru, or the engineers who traveled from court to
court offering their services to build fortifications or ornamental fountains.
For still others it was involuntary, as when the Protestant astronomer Johannes
Kepler (1571-1630) was forced to leave his teaching post in Catholic Graz or
the Dutch natural philosopher Christiaan Huygens (1629-1695) gave up his
position as president of the Paris Académie Royale des Sciences after the revo-
cation of the Edict of Nantes in 1685. Whether willed or not, these travels
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Introduction: The Age of the New 11

enlarged the range of natural phenomena studied and thickened contacts
among those who studied them. As one of the favorite biblical quotations of
the era put it: “Many shall go to and fro, and knowledge shall be increased”
(Daniel 12:4).

Knowledge was not only increased in some quantitative fashion during
this period; it was also qualitatively transformed. The chapters in Part I:
“The New Nature” address shifts in the foundations and sources of natural
knowledge as well as in its characteristic forms of explanation and proof.
To fuse natural philosophy with natural history, for example, or terrestrial
with celestial mechanics, involved rethinking the nature of knowledge and
even the nature of nature. Sometimes the problem was methodological: In
traditional classifications of knowledge, where each discipline was held to
have its own distinctive axioms and modes of argumentation, to mingle, for
example, mathematical cosmology with physical astronomy, let alone with
theology and biblical exegesis, was according to some authorities to commit
an elementary category mistake."” There were also epistemological stumbling
blocks: How could the particulars of experience, so variable and tied to local
circumstance, ever yield reliable universal generalizations? Thus syllogisms
with universal premises and conclusions gave way to other kinds of proof.
New forms of experience, such as experiments and structured programs of
observation, were adapted from practices in the workshop, sickroom, ship-
board, and field, and articulated into new types of arguments that depended
heavily on analogy, the credibility of testimony, and the consilience of evi-
dence. Moreover, ways of knowing that were long deemed inferior by the
learned were elevated to higher status, first within court culture and then
among scholars, often by way of court-sponsored academies: Historia, the
knowledge of particulars, was promoted to equal standing with philosophia,
the knowledge of universals, and the know-how of peasants, mariners, and
artisans was recognized in some quarters as genuine knowledge.

With new explanations, arguments, and modes of inquiry, ontology also
shifted: An explanation of natural phenomena couched in terms of qualities
observable to the unaided senses assumed a nature different from one that
appealed to microscopic mechanisms, magical natures, or invisible forces.
The furniture of the universe changed alongside standards of intelligible
explanations.

The chapters in Part IV: “The Cultural Meanings of Natural Knowl-
edge” describe how natural knowledge interacted with the symbols, values,

5 See Aristotle, Posterior Analytics, 1.7 (75a38-b21); Robert S. Westman, “Proof, Poetics, and Patronage:
Copernicus’s Preface to De revolutionibus,” in Reappraisals of the Scientific Revolution, ed. David C.
Lindberg and Robert S. Westman (Cambridge: Cambridge University Press, 1990), esp. pp. 183—
4. The interactions between mathematical and physical astronomy in the sixteenth century were
complex; for a survey of the spectrum of positions, see N. Jardine, 7he Birth of History and Philosophy
of Science: Kepler's ‘A Defence of Tycho against Ursus” with Essays on its Provenance and Significance
(Cambridge: Cambridge University Press, 1988), pp. 225-57.
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12 Katharine Park and Lorraine Daston

ambitions, and imaginary of early modern Europe. It would be misleading
to describe these interactions in terms of the context of natural knowledge
because in most cases no hard-and-fast boundary separated the topics under
consideration from the production of natural knowledge itself. Hence head-
ings of the form “Science and X,” although perhaps helpful to orient modern
readers, presume autonomous fields of activity that in many cases had yet to
crystallize as such. This is particularly true with respect to the interactions
of natural philosophy and theology, but some forms of early modern art and
literature were also so tightly intertwined with coeval natural inquiry that
it is more accurate to treat them as expressions of a common endeavor. So
whether one describes the highly detailed reportage of natural and human
phenomena common to authors of early novels and authors of articles in the
Philosophical Transactions of the Royal Society of London as literary or as scien-
tific realism seems a moot poing; the same might be said about the techniques
of mimesis used in Dutch genre painting and botanical illustration.

In the case of the chapters on “Gender” and “European Expansion and
Self-Definition,” other dynamics are explored. Moralists and philosophers
had long invoked the natural order to shore up the political, social, and
religious orders. Over the course of the early modern period, many of these
hierarchies and arrangements were reshuffled. At the same time, Europeans
faced the task of incorporating into older intellectual structures their relation-
ships with the non-European peoples and civilizations they encountered in
the course of voyages of trade, conquest, and mission. New forms of natural
knowledge that developed over the course of the sixteenth and seventeenth
centuries — together with the new forms of authority they attributed to nature
— became important resources to these ends.™

Although the organization of this hefty volume into four parts will, we
hope, make it more easily navigable for readers unlikely to read it cover to
cover, we do want to draw attention to thematic connections that may not
be obvious from part headings and chapter titles. If, for example, a chapter
relates its topic explicitly to developments in medicine or mechanics, we
assume the reader needs no further clues as to where to find out more. But if
the link to other chapters in the volume is less apparent but still significant,
we have inserted internal cross-references, a convention we have also followed
in this introduction.

There are certainly omissions in this volume, some that we recognize all
too clearly and others that will become visible only in the context of further
scholarship. But the omission that is likely to arouse the most surprise is in the
title itself: Where is the Scientific Revolution? Our avoidance of the phrase is
intentional. The cumulative force of the scholarship since the 1980s has been
to insert skeptical question marks after every word of this ringing three-word

16 See Lorraine Daston and Fernando Vidal, eds., 7he Moral Authority of Nature (Chicago: University
of Chicago Press, 2004).
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phrase, including the definite article. It is no longer clear that there was any
coherent enterprise in the early modern period that can be identified with
modern science, or that the transformations in question were as explosive and
discontinuous as the analogy with political revolution implies, or that those
transformations were unique in intellectual magnitude and cultural signifi-
cance.”” Few professional historians of science embrace the more extravagant
claims once made by historians of science such as E. A. Burtt, Alexandre
Koyré, or Herbert Butterfield about the world-shaking significance of the
Scientific Revolution as “the real origin both of the modern world and of the
modern mentality.”™® Even the canonical texts of the Revolution’s heroes —
for example, Galileo, Bacon, or Isaac Newton (1642-1727) — appear modern
only if read (as they often are) with the greatest selectivity.

Although traditional claims about the Scientific Revolution as the well-
spring of modernity (or even of modern science) no longer convince, nothing
has yet challenged contemporaries’ own view of their epoch as drenched in
novelty. On the contrary, historical research across a broad range of topics has
confirmed their impression of pell-mell change at every level: the astounding
growth in the number of plant species and mathematical curves identified,
for example; the creation of whole new ways of conceiving the natural order,
such as the idea of “natural law”;" the deployment of natural philosophers
as technical experts on the government payroll and of natural philosophy as
the best argument for religion. The transformations that occurred between
about 1490 and 1730 were huge, and hugely varied, as documented by the
chapters in this volume.

It is, however, precisely the variety of these transformations that frustrates
attempts to corral them into any single historical event, whether revolutionary
or evolutionary, disciplined or dispersed. Narratives about changes in astron-
omy and cosmology, from Nicholas Copernicus (1473-1543) to Newton, have

17 These points are cogently made in Steven Shapin, The Scientific Revolution (Chicago: University of
Chicago Press, 1996), pp. 3—5; see also Margaret J. Osler, “The Canonical Imperative: Rethinking
the Scientific Revolution,” in Rethinking the Scientific Revolution, ed. Margaret J. Osler (Cambridge:
Cambridge University Press, 2000), pp. 3—24. The essays in this latter volume, especially when read
in conjunction with those in Lindberg and Westman, eds., Reappraisals of the Scientific Revolution,
give some idea of major trends in specialist scholarship since the mid-1990s and their historiographic
reverberations.

Herbert Butterfield, The Origins of Modern Science, 1300-1800, rev. ed. (New York: Free Press, [1957]
1965), p. 8; cf. E. A. Burtt, The Metaphysical Foundations of Modern Physical Science (Garden City,
N.Y.: Doubleday, [1924] 1954), pp. 15—24, and Alexandre Koyré, From the Closed World to the Infinite
Universe [1957] (Baltimore: Johns Hopkins University Press, 1979), pp. 1-3.

The term “law” was applied to natural phenomena by Seneca (Naturales quaestiones, V1L 25.3) in the
context of comets, and was used occasionally in medieval Latin grammar, optics, and astronomy:
Jane E. Ruby, “The Origins of Scientific Law,” Journal of the History of Ideas, 47 (1986), 341—
59. Only in the seventeenth century, however, did it become the predominant term for natural
regularities. See Friedrich Steinle, “The Amalgamation of a Concept — Law of Nature in the New
Sciences,” in Friedel Weinert, ed., Laws of Nature: Essays on the Philosophical, Scientific, and Historical
Dimensions (Berlin: De Gruyter, 1995), pp. 316—68; John R. Milton, “Laws of Nature,” in 7he
Cambridge History of Seventeenth-Century Philosophy, ed. Daniel Garber and Michael Ayers, 2 vols.
(Cambridge: Cambridge University Press, 1998), 1: 680—70L.
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14 Katharine Park and Lorraine Daston

traditionally furnished the backbone of historical accounts of the Scien-
tific Revolution. The changes in this field were unquestionably momentous,
driven to a large extent by techniques and imperatives developed within a
discipline that had already achieved a distinct intellectual identity in late
antiquity. But the merging of natural history with natural philosophy was no
less momentous a change, although it did not culminate in a dramatic syn-
thesis or system, and depended on a far more motley ensemble of methods:
field observation, experiment, collecting, travel, letter-writing, classification,
and exchange. These were cobbled together from sites and practices foreign
to both disciplines and to one another (e.g., the apothecary shop, humanist
correspondence, travel diaries, alchemical stills, and cabinets of curiosities).
The remarkable transformations of early modern anatomy and physiology —
despite the coincidence of the publication date of Andreas Vesalius’s (1514—
1564) De humani corporis fabrica (On the Fabric of the Human Body, 1543)
with Copernicuss De revolutionibus orbium celestium (On the Revolutions
of the Heavenly Spheres, 1543) — were largely separate from both of the two
preceding stories, bringing us into worlds of Christian ritual and absolutist
spectacle. Does it really make sense to fit all of these varied developments
into one Grand Change, whatever we choose to call it?*°

It is of course no coincidence that so many remarkable changes, however
disparate in substance, pace, and outcome, occurred in the same time span
of about two hundred years. In some cases, the synergy between fields such
as natural philosophy and the mechanical arts — remote from one another at
the beginning of the period but neighbors in the classification of knowledge
by its end — was powerful and fruitful. In other cases, however, the cross-
fertilization took place less among various kinds of natural knowledge than
between natural knowledge and some other major transformation in early
modern European society: The dynamic expansion of natural history, for
example, owed far less to natural philosophy, mixed mathematics, or even
medicine than to the booming trade with the Far East and the Far West that
flooded European markets with new commodities and naturalia, many of
them previously unknown to learned Europeans.” In general, the key ques-
tion is not whether the innovations and transformations of the early modern
period interacted with one another — they undeniably did, in complex and
consequential ways — but rather which interactions were strong and which
weak, which sustained and which episodic, and why. It is debatable whether

2% These examples are not meant to echo the contrast of “classical” and “Baconian” sciences in Thomas
S. Kuhn, “Mathematical versus Experimental Traditions in the Development of Physical Science,” in
Kuhn, The Essential Tension: Selected Studies in Scientific Tradition and Change (Chicago: University
of Chicago Press, 1977), pp. 3165, although they second the spirit of that essay. The “conceptual
transformations” (p. 4s5) in early modern natural history and anatomy do not seem minor to us,
although they are of a different kind than those that occurred in astronomy.

2I Pamela H. Smith and Paula Findlen, eds., Merchants and Marvels: Commerce, Science, and Art in
Early Modern Europe (New York: Routledge, 2002).

Cambridge Histories Online © Cambridge University Press, 2008



Introduction: The Age of the New 15

the interactions between elements in the field somewhat anachronistically
defined as natural knowledge were, for any given case, more significant than
those between that element and some other area undergoing and precipitat-
ing rapid change during this period, such as printing or the elaboration of
the culture of the early modern courts.”

Yet the story of the Scientific Revolution retains its hold, even on those
scholars who have contributed to its unraveling. Part of the reluctance to
relinquish the historical narrative is due to the brilliance with which it has
been told and retold in books that are deservedly numbered among the
classics of the history of science.” Its drama of worlds destroyed and recon-
structed recruited many historians of early modern science to the discipline
and still entrances students in introductory courses.** But the magnetism of
the mythology of the Scientific Revolution radiates beyond the classroom,
to the airwaves of the public broadcasting system and the pages of the New
York Times. It is a genuine mythology, which means it expresses in con-
densed and sometimes emblematic form themes too deep to be unsettled by
mere facts, however plentiful and persuasive. The Scientific Revolution is a
myth about the inevitable rise to global domination of the West, whose cul-
tural superiority is inferred from its cultivation of the values of inquiry that,
unfettered by religion or tradition, allegedly produced the sixteenth- and
seventeenth-century “breakthrough to modern science.” It is also a myth
about the origins and nature of modernity, which holds both proponents
and opponents in its thrall. Those who regret “the modern mentality” as the

*> Adrian Johns, The Nature of the Book: Print and Knowledge in the Making (Chicago: University
of Chicago Press, 1998). The literature on early modern European courts is enormous; see, for
example, Ronald G. Asch and Adolf M. Birke, eds., Prince, Patronage, and the Nobility: The Court
at the Beginning of the Modern Age, c. 1450-1650 (Oxford: Oxford University Press, 1991). Lisa

Jardine, Ingenious Pursuits: Building The Scientific Revolution (New York: Anchor Books, 1999),

deftly interweaves various forms of seventeenth-century natural knowledge with coeval intellectual,

economic, and cultural changes.

In addition to the works mentioned in note 18, see E. ]. Dijksterhuis, 7/he Mechanization of the World

Picture, trans. C. Dikshoorn (Princeton, N.J.: Princeton University Press, [1950] 1986); Thomas S.

Kuhn, The Copernican Revolution: Planetary Astronomy in the Development of Western Thought (New

York: Vintage, 1957); I. Bernard Cohen, The Birth of a New Physics (Garden City, N.Y.: Doubleday,

1960); Marie Boas Hall, The Scientific Renaissance, 14501630 (New York: Dover, 1962); A. Rupert

Hall, The Revolution in Science, 1500-1750, 2nd ed. (London: Longmans, [1962] 1983); and Richard

S. Westfall, The Construction of Modern Science: Mechanisms and Mechanics [1971] (Cambridge:

Cambridge University Press, 1977). For an overview of the historiography and extensive bibliography

up to about 1985, see H. Floris Cohen, The Scientific Revolution: A Historiographical Inquiry (Chicago:

University of Chicago Press, 1994).

24 Most of the books written about the Scientific Revolution were and are intended as textbooks for
introductory-level history of science courses, such as Shapin, The Scientific Revolution; John Henry,
The Scientific Revolution and the Origins of Modern Science (New York: St. Martin’s Press, 1997);
James R. Jacob, The Scientific Revolution: Aspirations and Achievements, 1500—1700 (Amherst, N.Y.:
Humanity Books, 1998); and Peter Dear, Revolutionizing the Sciences: European Knowledge and Its
Ambitions, 1500—1700 (Princeton, N.].: Princeton University Press, 2001).

* See, for example, Toby E. Huff, The Rise of Early Modern Science: Islam, China, and the West
(Cambridge: Cambridge University Press, 1993), quotation at p. 12.
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“disenchantment of the world” are as captivated as those who celebrate it as
a liberation from obfuscation and tyranny.?®

The need for such a myth overwhelms its incoherences: Natural knowl-
edge circa 1730 was assuredly not the modern science that arose in name
and in fact in the mid-nineteenth century as an integrated enterprise of
institutionally sponsored research, technological invention, and industrial
application.”” Furthermore, it is unclear what either kind of knowledge
had to do with that mist-shrouded entity known as “the modern mind,”
which has been variously equated with Cartesian rationalism, capitalist cal-
culation, secularization, hard-headed materialism, imperialist expansion, the
demise of anthropocentrism, and a certain skepticism about the existence of
fairies.

The pessimistic conclusion that might be drawn from this account of
the tenacity of the Scientific Revolution in the historiography of science is
that it will last as long as the myth of modernity, of which it is part and
parcel. But modernity itself has a history, myths and all. These began in
the early modern period, with publications such as the Nova reperta, self-
conscious reflections on the relative accomplishments of the Ancients versus
the Moderns,®® and the quickening tempo of innovation in almost every
realm, from church to marketplace, library to laboratory. These novelties
were by no means unanimously welcomed; indeed, many were criticized just
because they were new. By the mid-seventeenth century, however, “new” was
fast becoming a term of praise rather than opprobrium. Innovation itself
was not new, but the self-confident insistence on it was. Instead of requiring
disguise or justification as a revival of older customs or a return to purer
ideas, novelty became its own justification. In his 1686 popularization of
Copernican astronomy, the French natural philosopher Bernard le Bovier de
Fontenelle promised “all the news [rouvelles] that I know about the heavens,
and I believe that none are fresher.”*

Astronomy had become as new as the “New” World, the subject of the first
engraving in the Nova reperta, which sets the framework for the rest. It shows
Amerigo Vespucci, holding a mariner’s astrolabe and a banner surmounted by
a cross, confronting America, personified as a naked woman (Figure 1.3). The
image emphasizes the enormous cultural difference between the elegantly

26 The evocative phrase originates with Max Weber, “Wissenschaft als Beruf [1917],” in Max Weber
Gesamtausgabe, Abt. 1: Schriften und Reden, ed. Wolfgang J. Mommsen and Wolfgang Schluchter,
together with Birgitt Morgenbrod (Tiibingen: J.C.B. Mohr, 1992), 17: 70111, at p. 109.

*7 For an account of the Scientific Revolution that spans the seventeenth through the nineteenth
centuries, see Margaret C. Jacob, The Cultural Meaning of the Scientific Revolution (New York:
Alfred A. Knopf, 1988).

28 Richard Foster Jones, Ancients and Moderns: A Study of the Rise of the Scientific Movement in
Seventeenth-Century England, rev. ed. (New York: Dover, [1961], 1982); and Joseph M. Levine,
Between the Ancients and the Moderns: Baroque Culture in Restoration England (New Haven, Conn.:
Yale University Press, 1999).

9 Bernard le Bovier de Fontenelle, Entretiens sur la pluralité des mondes, ed. Frangois Bott (Paris:
Editions de 'Aube, [1686], 1990), p. 133.
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AMERICA.

: mericen. Americus_retexit , 9=  Semel vocauit inde_femper excitam s .

Figure 1.3. America. Jan Galle after Joannes Stradanus (Jan van der Straet), ca. 1580,
from Nova reperta. In Speculum dinersarum imaginum speculatinarum a varijs viris
doctis adinuentarum, atq[ue] insignibus pictoribus ac sculptoribus delineatarum . . .
(Antwerp: Jan Galle, 1638). Reproduced by permission of the Print Collection,
Miriam and Ira D. Wallach Division of Art, Prints and Photographs, The New
York Public Library, Astor, Lenox and Tilden Foundations.

clothed and technologically advanced Europeans and the culturally back-
ward Americans, in a timeless rural landscape, who evoke simultaneously the
primitive inhabitants of the “New” World and — in the context of the entire
series — Europe’s own primitive past. This is the early modern period’s own
myth of modernity — one at least as spellbinding as that created for it by
latter-day historians.
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PHYSICS AND FOUNDATIONS

Daniel Garber

In our times, the domain of the physical sciences is reasonably well defined.
Although, at its edges, the less empirically grounded parts of the physical
sciences may merge into philosophical speculation, it is no compliment to a
scientist to characterize his or her work as “philosophical.” In this respect, we
have moved a considerable distance from the early modern period. For many
European thinkers in the sixteenth and seventeenth centuries, an account of
the world around them was radically incomplete without a larger background
picture in which to embed it, a picture that often included elements such as
the basic categories of existence and the relation of the natural world to God.
Many shared the sense of the interconnectedness of knowledge and felt the
need for what might be called a foundation for the science that treats the
natural world.

The project did not have precise boundaries, nor is it easy to characterize
what it is that we are talking about when we are talking about the foundations
of our understanding of the physical world. In many ways, the enterprise of
providing foundations for a view of the physical sciences was shaped by two
traditions, the Aristotelian tradition in philosophy and the Christian tradi-
tion in theology. As I shall argue in more detail, the Aristotelian tradition was
a common element in the intellectual background of every serious thinker of
the period and provided a model for what a properly grounded science should
look like. Even for many of those who would reject the Aristotelian tradition
in favor of other ancient traditions (such as atomism or Hermeticism) or
other views of the world not obviously connected with ancient philosophical
traditions, the Aristotelian tradition was hard to escape. But the Aristotelian-
ism at issue was one deeply imbued with the spirit of Christian theology.
From the time that Aristotelianism was introduced to the Latin West in the
late twelfth and early thirteenth centuries, Christian doctrines about cre-
ation, divine omnipotence, and divine freedom put serious constraints on
how Aristotelian doctrines were received. These constraints continued to play
a role in how Europeans thought about the natural world throughout the

21
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period of the sixteenth and seventeenth centuries, and very often (though
not always) entered into the versions of other non-Aristotelian philosophies
proposed and adopted. Furthermore, the Christian God often provided an
importantresource in understanding the foundations of the natural world; for
example, serving as the ultimate ground of the laws of motion for Descartes
or the ground of absolute space for Newton. In this way, Christian theology
and Aristotelian philosophy wind their ways throughout the questions that
I will take up in this chapter.

FOUNDATIONS

It is tempting to frame the question of foundations in terms of physics and
its metaphysical foundations,' but the question is somewhat more complex
than that simple formulation would suggest.

In its strict Aristotelian meaning, metaphysics was usually taken to be
the science of being qua being, the science of being as such. In addition,
metaphysics was often taken to include an account of God, separated (i.e.,
immaterial) substances, and substance in general. Physics, on the other hand,
was taken to be the study of natural things, things with natures, where natures
were understood to be internal principles of motion and rest. Although the
view that physics depends in some substantive way on metaphysics was not
completely unheard of among medieval Aristotelian schoolmen, physics was
generally held to be a discipline largely independent of metaphysics, and as
a more concrete discipline dealing with sensible things, it should be studied
before the student took up metaphysics. Therefore, in this strict sense, for an
Aristotelian, one could not properly talk about the metaphysical foundations
of physics.?

' Historians who do include E. A. Burtt, The Metaphysical Foundations of Modern Physical Science: A
Historical and Critical Essay (London: Routledge and Kegan Paul, 1932); E. W. Strong, Procedures
and Metaphysics: A Study of the Philosophy of Mathematical-Physical Science in the Sixteenth and
Seventeenth Centuries (Berkeley: University of California Press, 1936); Alexandre Koyré, Metaphysics
and Measurement: Essays in Scientific Revolution (Cambridge, Mass.: Harvard University Press, 1968);
Gerd Buchdahl, Metaphysics and the Philosophy of Science: The Classical Origins, Descartes to Kant
(Cambridge, Mass.: MIT Press, 1969); and Gary Hatfield, “Metaphysics and the New Science,”
in Reappraisals of the Scientific Revolution, ed. David Lindberg and Robert Westman (Cambridge:
Cambridge University Press, 1990), pp. 93-166.

* For a discussion of the meanings of the term “metaphysics” among medieval Aristotelians, see John
Wippel, “Essence and Existence,” in 7he Cambridge History of Later Medieval Philosophy, ed. Norman
Kretzmann, Anthony Kenny, and Jan Pinborg (Cambridge: Cambridge University Press, 1982),
pp- 385410, esp. pp. 385—92. On the question of ordering knowledge in late scholastic thought, see
Daniel Garber, Descartes’ Metaphysical Physics (Chicago: University of Chicago Press, 1992), pp. 58—62;
and Roger Ariew, “Descartes and the Late Scholastics on the ‘Order of the Sciences’,” in Conversations
with Aristotle, ed. Constance Blackwell and Sachiko Kusukawa (London: Ashgate, 1999). It should
be noted that the term “metaphysics” as it was first used did not designate any discipline or subject
matter. It was originally coined simply to designate the somewhat heterogeneous group of treatises
that followed Aristotle’s physical treatises in the ordering given in the edition of his writings by
Andronicus of Rhodes. See G. E. R. Lloyd, Aristotle: The Growth and Structure of His Thought
(Cambridge: Cambridge University Press, 1968), pp. 13-14.

Cambridge Histories Online © Cambridge University Press, 2008



Physics and Foundations 23

But the view that metaphysics provides a kind of foundation for physics did
indeed appear in the seventeenth century, most famously in the metaphys-
ical physics of René Descartes (1596-1650) and Gottfried Wilhelm Leibniz
(1646-1716). As Descartes wrote in the preface to the 1647 French edition
of his Principia philosophiae (Principles of Philosophy, 1644): “The whole of
philosophy is like a tree. The roots are metaphysics, the trunk is physics,
and the branches emerging from the trunk are all the other sciences, which
may be reduced to three principal ones, namely medicine, mechanics and
morals.”

In this case, it may therefore be proper to talk about the metaphysical
foundations of physics. However, it is important to note that the conception
of both metaphysics and physics at work here is somewhat idiosyncratic,
very different from that found in the Aristotelian tradition or even in other
contemporary writers. For Descartes, for example, the study of being qua
being that is at the center of Aristotelian metaphysics had no place at all in
his philosophy.* What his philosophy did contain, on the other hand, was an
account of how we acquire knowledge of the physical world, something quite
foreign to most other conceptions of metaphysics. Furthermore, because
Descartes recognized no internal principles of motion and rest of the sort
that define the subject matter of physics for the Aristotelian schoolmen, his
conception of physics was very different from theirs.

For Leibniz, too, the world of mechanist physics was grounded ultimately
both in metaphysical objects, simple substances or monads, and in meta-
physical principles, the principles by virtue of which God chose to create this
world.’ Although Leibnizs conceptions of metaphysics and physics were, in
a way, closer to the Aristotelian conceptions,é they were still distant enough
from them (and from Descartes’ conceptions of the domains) to make any
general comparison of the relation between metaphysics and physics prob-
lematic and unilluminating.” Problems with characterizing our question in

w

See René Descartes, Oeuvres de Descartes, ed. Charles Adam and Paul Tannery, new ed., 11 vols.
(Paris: CNRS/]. Vrin, 1964—74), 9B: 14. In quoting Descartes, I will generally follow the translations
in The Philosophical Writings of Descartes, ed. and trans. John Cottingham, Robert Stoothoff, Dugald
Murdoch, and Anthony Kenny, 3 vols. (Cambridge: Cambridge University Press, 1984—91). Because
this latter book is keyed to the Adam and Tannery edition, I will not give separate references to it.
This has led Jean-Luc Marion to the bold (and somewhat paradoxical) conclusion that Descartes does
not have a metaphysics. See Jean-Luc Marion, On Descartes’ Metaphysical Prism (Chicago: University
of Chicago Press, 1999), chap. 1. On Descartes’ conception of metaphysics and physics and the order
of knowledge, see Garber, Descartes’ Metaphysical Physics, chap. 2.

For a detailed development of this theme, see Daniel Garber, “Leibniz: Physics and Philosophy,” in
The Cambridge Companion to Leibniz, ed. Nicholas Jolley (Cambridge: Cambridge University Press,
1995), pp. 270-352.

As I discuss later in this chapter, Leibniz did recognize a sense in which the schoolmen were right to
say that bodies are composed of matter and form.

7 Just how far the term “metaphysics” strayed from its earlier signification can be seen in the next
century, where in his Discours préliminaire (1751), d’Alembert characterized it as “the experimental
physics of the soul”! See Jean Le Rond d’Alembert, Preliminary Discourse to the Encyclopedia of Diderot,
trans. R. N. Schwab and W. E. Rex (Chicago: University of Chicago Press, 1995), p. 84.
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24 Daniel Garber

terms of the metaphysical foundations of physics are compounded further
by the fact that for many seventeenth-century students of nature, the term
metaphysics did not come up at all, or if it did, it was explicitly rejected. Both
Thomas Hobbes and Pierre Gassendi, for example, rejected the enterprise of
metaphysics, strictly speaking.8 Yet, in a number of such cases, as we shall see,
they would certainly have acknowledged having views about the foundations
of the physical world.

There are other ways in which the question of foundations came up in
the seventeenth-century study of nature. For example, within the context of
the Aristotelian system, mechanics, a “middle science” or branch of mixed
mathematics, was distinguished from physics by virtue of the fact that whereas
physics studies bodies insofar as they are natural and governed by internal
principles of motion and rest, mechanics studies bodies insofar as they are
constrained and made to do things that, left to their own natures, they would
not do. In this context, mechanics makes use of some physical principles,
such as the principle that heavy bodies tend to fall toward the center of
the earth (which coincides with the center of the world in the Aristotelian
system).” In this sense, one might say that physics is foundational with respect
to mechanics. Similar points could be made about astronomy, optics, and
harmonics, which are also branches of mixed mathematics. Furthermore, a
number of figures drew distinctions between first causes and hidden natures
on the one hand and phenomenal effects, their causal consequences, on the
other. In his Essay Concerning Human Understanding (1690), for example,
John Locke (1632-1704) famously distinguished between the real essence and
the nominal essence. The real essence was the corpuscular substructure, the
causal nexus from which flow the properties that make a body the body that it
is, whereas the nominal essence was the collection of phenomenal properties
accessible to our senses that result from that real essence, and in terms of
which we sort bodies into categories.® Although this distinction between

8 Hobbes often spoke contemptuously of metaphysics; see especially Thomas Hobbes, Leviathan; or,
The matter, forme, & power of a commen-wealth ecclesiasticall and civill (London: Andrew Crooke,
1651), chap. 46. However, in his own program for philosophy, following the logic, he does begin with
what he called “first philosophy,” which, for him, consisted of definitions. See Thomas Hobbes, De
corpore (London: Andrew Crooke, 1655), pt. 2. Gassendi’s posthumous Syntagma philosophicum in
Pierre Gassendi, Opera omnia, 6 vols. (Lyon: Laurentius Anisson and Ioan. Baptista Devenet, 1658)
also began with logic, but he moved directly from there into physics. Some of Descartes’ followers
also sidestepped their master’s demand for metaphysical foundations and went directly into physics.
See, for example, Henricus Regius, Fundamenta physices (Amsterdam: Ludivicus Elzevirius, 1646);
and Jacques Rohault, 77aité de physique (Paris: Charles Savreux, 1671).

On the relation between mechanics and physics, see Domenico Bertoloni Meli, “Guidobaldo dal
Monte and the Archimedean Revival,” Nuncius, 7 (1992), 3-34; James G. Lennox, “Aristotle, Galileo,
and ‘Mixed Sciences’,” in Reinterpreting Galileo, ed. William A. Wallace (Washington, D.C.: Catholic
University of America Press, 1986), pp. 29—s1; and Peter Dear, Discipline and Experience: The Math-
ematical Way in the Scientific Revolution (Chicago: University of Chicago Press, 1995).

See John Locke, An Essay Concerning Humane Understanding, in four books, 3.6 (London: Printed by
Eliz. Holt for Thomas Basset, 1690). One can find similar themes in other works of the period. See,
for example, Robert Lenoble, Mersenne ou La naissance du mécanisme, 2nd ed. (Paris: J.Vrin, 1971),
chap. 9; Tulio Gregory, Scetticismo ed empirismo: Studio su Gassendi (Bari: Laterza, 1961); Galileo
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the phenomena and their underlying causes was usually drawn specifically
in order to deny that we have any knowledge of those causes, it represented
another way in which one could talk about the foundations of a science of the
physical world. Also current, both in Aristotelian physics texts and in later
non-Aristotelian texts, was a distinction between the general part of physics,
which contained a general account of the contents of the physical world
and the general principles that things follow, and the special part of physics,
which treated the explanation of the behavior of specific kinds of bodies.”
Again, this is another way of capturing the distinction between foundational
questions and other questions in the science of body and in physics.”

For all these reasons, framing the question of foundations in terms of the
metaphysical foundations of physics does not capture what is of interest. But
although the question is difficult to formulate precisely, there is a real sense
in which early modern practitioners of the sciences of body recognized and
debated foundational questions related to the ground-level kinds of things
thatexisted in the world, their natures, and their relations to God and spirit. In
this chapter, I survey some sixteenth- and seventeenth-century conceptions of
the foundations of the sciences of the physical world, understood in this broad
and somewhat imprecise sense. I begin with an overview of the Aristotelian
foundations and a brief survey of some of the alternatives to this conception
of the world put forward by Renaissance thinkers. Then I discuss some
foundational issues connected with the so-called mechanical philosophy that
came to dominate the field by the end of the seventeenth century.

THE ARISTOTELIAN FRAMEWORK

Aristotle’s philosophy, as developed by his medieval followers, was at the
center of the school curriculum in the sixteenth century, as it was in the
centuries before, and it remained central in the schools well into the seven-
teenth century. There were, of course, some significant variations between
different schools and universities in different regions that corresponded to

Galilei, Istoria e dimostrazioni intorno alle macchie solari . . . (Rome: Giacomo Mascardi, 1613),
translated in Stillman Drake, Discoveries and Opinions of Galileo (Garden City, N.Y.: Doubleday,
1957), pp- 123 ff.

In Eustachius a Sancto Paulo’s enormously popular and often reprinted Aristotelian textbook, the
Summa philosophiae quadripartita (Paris: Carolus Chastellain, 1609), the physics (one of the four
parts of the book) is organized in this way. (My references are to the edition published in Cambridge
by Rogerus Daniel in 1648.) The first part of the Physica deals with the “natural body in general.”
Part II then deals with inanimate bodies (the heavens, the earth, the elements, etc.), and the third
treats animate things. Descartes’ Principia philosophiae is similarly organized, with Part II treating
“the principles of material things,” Part III treating “the visible world” (i.., the heavens), and Part
IV treating specific kinds of bodies on earth, such as the magnet. Descartes died before he could
complete two additional books on living things. One can find similar principles of organization in
both Hobbes and Gassendi.

One has to be a bit careful here. It is “science of body” and not “science of matter”; as we shall see,
for an Aristotelian, matter, strictly speaking, is only one constituent of body, which also includes
form.
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different academic traditions and different religious persuasions (see Blair,
Chapter 17, this volume).” But virtually all teachers, whether Catholic or
Protestant, Northern or Southern European, could agree with the Jesuit Ratio
studiorum (Plan of Studies) of 1586, their manual of instruction, in holding
that, at least in the classroom, “in logic, natural philosophy, morals and meta-
physics, the doctrine of Aristotle is to be followed.”* Because this formed
the basis of the education of virtually every literate person in early modern
Europe, the works of Aristotle and, even more so, the numerous textbooks
that gave accessible treatments of the Aristotelian philosophy offered a com-
mon vocabulary and conceptual framework with which to view the natural
world.”

Natural philosophy, or physics, was generally defined by the schoolmen
as the science of natural bodies (see Chapter 17, this volume). And so, for
example, physics dealt with the natural fall of earthy bodies as their natures
carry them toward the center of the universe. It was contrasted with the
sciences of the artificial, such as mechanics, which dealt with ways of accom-
plishing goals that are contrary to the natures of things, such as when we use
alever or a pulley to raise a heavy body some definite distance.’ As treated in
physics, bodies (substances) were comprehended in terms of primary matter,
substantial form, and privation. Primary matter was that which underlies
change and persists when a body changes from one kind of thing to another.
Substantial form, on the other hand, was that which characterizes a thing
as the kind of thing that it is; it was what changed when a body became a
thing of a different kind. In living things, the form was known as a soul.
Privation was not really distinct from matter; it was the lack of some partic-
ular property in matter that allows that matter to acquire some property at a
later time. In the strict Thomistic tradition, matter was pure potentiality and
form pure actuality, and the one could not exist without the other. Scotist

3 There are a number of different scholastic traditions within Aristotelian thought, as well as different
humanist traditions. On this, see Charles Schmitt, Aristotle and the Renaissance (Cambridge, Mass.:
Harvard University Press, 1983); and Roger Ariew “Descartes and the Scotists,” chap. 2 of his Descarzes
and the Last Scholastics (Ithaca, N.Y.: Cornell University Press, 1999).

4 S. J. Ladislaus Lukas, ed., Ratio atque institutio studiorum . . . (Rome: Institutum Historicum

Societatis lesu, 1986), p. 98. For a detailed discussion of the differences between sixteenth- and

early seventeenth-century universities, emphasizing the centrality of Aristotle, see Richard Tuck,

“The Institutional Setting,” in The Cambridge History of Seventeenth-Century Philosophy, ed. Daniel

Garber and Michael Ayers, 2 vols. (Cambridge: Cambridge University Press, 1998), 1: 14-23.

For discussions of the burgeoning Aristotelian literature in the sixteenth and seventeenth centuries,

see William Wallace, “Traditional Natural Philosophy,” in The Cambridge History of Renaissance Phi-

losophy, ed. Charles B. Schmitt, Quentin Skinner, and Eckhard Kessler with Jill Kraye (Cambridge:

Cambridge University Press, 1988), pp. 201-35, esp. pp. 225 ff.; Charles B. Schmitt, “The Rise of the

Philosophical Textbook,” in Schmitt and Skinner, eds., The Cambridge History of Renaissance Philos-

ophy, pp. 792—804; and Patricia Rief, “The Textbook Tradition in Natural Philosophy, 1600-1650,”

Journal of the History of Ideas, 30 (1969), 17-32.

See Franciscus Toletus, Commentaria una cum quaestionibus in octo libros de physica auscultatione

(Venice: Apud luntas, 1589), fol. 4v et seq.; Eustachius, Physica, in Summa philosophiae quadripartita,

pp- 112-13; pseudo-Aristotle, Mechanics, 847a10 ff.
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and Ockhamist traditions, however, gave form and matter more capacity for
independent existence.'”

For Aristotle, space was so closely connected with the body that occupies
it that he denied the existence of empty space.® He wrote in the Physics:
“Now it [space or place] has three dimensions, length, breadth, depth, the
dimensions by which all body is bounded. But the place cannot be body;
for if it were there would be two bodies in the same place. . . . What in the
world, then, are we to suppose place to be?”™

The answer to this question is, evidently, “nothing,” or at least nothing
independent of the body that occupies it. If there were empty space, “how
then will the body of the cube differ from the void or place that is equal to
it? And if there can be two such things, why cannot there be any number
coinciding?”*® As a consequence, Aristotle rejected the idea of empty space
as incoherent. Aristotle also used a number of arguments from the supposed
incoherence of motion in a vacuum to argue for the impossibility of vacua
in nature. By the thirteenth century, scholastic writers were beginning to
attribute to nature a horror vacui, a kind of force by which nature resists
allowing a vacuum to form.** However, Aristotle’s medieval followers had
some trouble with his doctrine of space and vacuum. One consequence was
that without space outside of the (finite) world, not even God would seem
to be able to move the universe, if he chose to do so. This apparent conse-
quence of Aristotelian doctrine was rejected in the famous condemnation of
Aristotle by Etienne Tempier, the bishop of Paris, in 1277: “[We condemn the
proposition] that God could not move the heavens with rectilinear motion;
and the reason is that a vacuum would remain.”** As a result, scholastic Aris-
totelians had the difficult task of introducing the possibility of some kind of
empty space into the universe without violating the basic principles of the
Aristotelian philosophy.

17" Aquinas gives a lucid account of these notions and their relations in his essay “De principiis naturae,”

in Thomas Aquinas, Opuscula omnia, ed. P. Mandonnet, 5 vols. (Paris: Lethielleux, 1927), 1: 8-18,

trans. Robert P. Goodwin in Thomas Aquinas, Selected Writings of St. Thomas Aquinas (Indianapolis:

Bobbs-Merrill, 1965), pp. 7—28. For a different exposition of these notions, influenced by the later

thought of William of Ockham and John Duns Scotus, see the Physica of Eustachius in his Summa

philosophiae quadripartita, 1.1-1.3.

See Edward Grant, Much Ado about Nothing: Theories of Space and Vacuum from the Middle Ages to

the Scientific Revolution (Cambridge: Cambridge University Press, 1981), chap. 1.

Aristotle, Physics, 4.1 (2092 5-8, 14). Translations of Aristotle are taken from The Complete Works of

Aristotle, ed. Jonathan Barnes, 2 vols. (Princeton, N.J.: Princeton University Press, 1984) 1: 355.

Aristotle, Physics, 4.8 (216b 9-11), 1: 367.

See Grant, Much Ado about Nothing, chap. 4, for a history of this notion.

“Condemnation of 1277,” para. 49, in Edward Grant, ed., A Source Book in Medieval Science

(Cambridge, Mass.: Harvard University Press, 1979), p. 48. See also Grant, “The Condemnation

of 1277, God’s Absolute Power, and Physical Thought in the Late Middle Ages,” Viator, 10 (1979),

211—44.

» See Grant, Much Ado about Nothing, chaps. 5-6; Pierre Duhem, Medieval Cosmology: Theories
of Infinity, Place, Time, Void, and the Plurality of Worlds, ed. and trans. Roger Ariew (Chicago:
University of Chicago Press, 1985), chaps. 5—6, 9—10.
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These are the most general principles of the Aristotelian physical world.
But also important was the Aristotelian doctrine of what specific bodies there
are in the world. Within the sublunar world, the world below the sphere of
the moon, there were four elements: earth, water, air, and fire. By virtue of
the form it has, each of the elements had a characteristic array of what were
generally called primary and motive qualities. The primary qualities were
hot, cold, wet, and dry. Earth was cold and dry; water, cold and wet; air,
hot and wet; and fire, hot and dry. In addition to the primary qualities, the
elements had motive qualities, either heavy or light; earth and water, the heavy
elements, had a tendency to fall downward toward the center of the world,
and air and fire tended to rise and move away from the center of the world.
Strictly speaking, however, these motive qualities derived from the fact that
each of the elements had a proper place, with earth at the center, then water,
air, and fire, respectively. When separated from that proper place, the elements
had a tendency to move toward it.** In nature, however, the elements were
rarely, if ever, found in their pure form. They were normally thought to
be mixed together, giving rise to bodies that had properties different from
those of the elements of which they were composed. The complex theory
of mixtures gave rise to some of the most heated disputes in late medieval
and early modern Aristotelianism (see Joy, Chapter 3, this volume).” Because
things in the sublunar world were composed of different elements that were
capable of separating, the sublunar world was a world of things in flux that
were generated as the elements combined and corrupted as the elements
separated.

Fundamentally distinct was the world of heavenly bodies. These bodies
were made up not of the four elements but of a fifth element, the quintessence.
Celestial physics was taken to be altogether different from terrestrial physics.
Rather than moving in rectilinear paths, celestial bodies moved in perfect
circles. Rather than a world of change, of generation and corruption, like the
sublunar world, the celestial world was taken to be an unchanging world of
physical perfection.>

Insofar as Aristotelianism represented orthodoxy, the overt rejection of
this tradition constituted a touchstone of modernity; those who rejected
the Aristotelian tradition were called “new philosophers” or “renovators” or
“innovators” by their sixteenth- and seventeenth-century contemporaries. In
the following sections, I survey a number of such figures and movements.

24 Compare the account in Eustachius, Physica, pp. 206-11.

5 See also Anneliese Maier, On the Threshold of Exact Science (Philadelphia: University of Pennsylvania
Press, 1982), chap. 6.

26 For an account of medieval Aristotelian cosmology, see Edward Grant, Planets, Stars, and Orbs: The
Medieval Cosmos, 1200—1687 (Cambridge: Cambridge University Press, 1994), esp. pt. 2.
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RENAISSANCE ANTI-ARISTOTELIANISMS:
CHYMICAL PHILOSOPHIES

Alchemy, chemistry, or, as some historians now prefer to refer to it, chym-
istry, goes back to ancient thought in one form or another (see Newman,
Chapter 21, this volume).?” But the sixteenth century was a time of particular
interest in chymistry. The idea of chymistry meant many things to many peo-
ple of the period, and it is very dangerous to generalize.”® Chymistry was both
theory and practice, involving both an account of at least a part of the natural
world and an application of that understanding to the practical problems of
transforming base metals into gold and silver. It also involved other aspects
of what we might now call chemical engineering, as well as the problem of
curing patients.”® For some people, the theoretical part of chymistry dealt
with only a part of nature, with mixtures or with metals.?® But for others,
chymistry was itself the whole of natural science, a genuine natural philos-
ophy, and a conception of the foundations of natural science alternative to
that offered by the Aristotelians insofar as chymical philosophers offered an
alternative conception of the basic categories and principles of the physical
world. In his popular and often reprinted Traicté de la chymie (Treatise on
Chemistry, 1660), Nicaise Le Fevre (1610-1669), for example, distinguished
three sorts of chymistry: philosophical, medical, and pharmaceutical. But the
first was for him the most important, the most basic. He wrote:

[The first sort of chymistry is] wholly Scientifical and given to Contem-
plation, and may be very well termed Philosophical, having only its end in
the knowledge of Nature, and of its effects; because it takes for object those
on[l]y things which are constituted out of our power: So that this kinde
of Chymical Philosophy, doth rest satisfied in the knowledge of the nature

*7 For a survey of early chymistry, see Allen G. Debus, The Chemical Philosophy: Paracelsian Science and
Medicine in the Sixteenth and Seventeenth Centuries, 2 vols. (New York: Science History Publications,
1977), vol. 1, chap. 1; and William Newman, Gebennical Fire: The Lives of George Starkey, an American
Alchemist in the Scientific Revolution (Cambridge, Mass.: Harvard University Press, 1994), chap. 3.
Newman emphasizes especially the contributions of pseudo-Geber and Lull. Historiographical
trends of the 1990s suggest that there is no substantive distinction between alchemy and chemistry
in the period, and some have suggested using the archaic “chymistry” as a neutral term. I will
follow that practice in this chapter. See Lawrence Principe, The Aspiring Adept: Robert Boyle and His
Alchemical Quest (Princeton, N.J.: Princeton University Press, 1998), pp. 8—10; William Newman
and Lawrence Principe, “Alchemy vs. Chemistry: The Etymological Origins of a Historiographic
Mistake,” Early Science and Medicine, 3 (1998), 32—65.

This is a point emphasized by Principe in The Aspiring Adept, pp. 214 ff.

For a study of some of the practical aspects of chymistry focused on one particular practitioner,
Johann Joachim Becher (1635-1682), see Pamela H. Smith, 7he Business of Alchemy: Science and
Culture in the Holy Roman Empire (Princeton, N.J.: Princeton University Press, 1994).

For a discussion of the place of chymistry among the sciences, see, for example, Jean-Marc Mandosio,
“Aspects de I'alchimie dans les classifications des sciences et des arts au XVIle siecle,” in Aspects de la
tradition alchimique au XVIIe siécle, ed. Frank Greiner (Paris: S.E.H.A., and Milan: ARCHE, 1998),

pp. 19—61.
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of the Heavens and Starres, the source and original of the Elements, the
cause of Meteors, original of Minerals, and the way by which Plants and
Animals are propagated. . . . We say then, that Chymistry makes all natural
things, extracted by the omnipotent hand of God, in the Creation, out of
the Abysse of the Chaos, her proper and adequate object. . . . To make it
short, It’s nothing else but Physick, or knowledge of Nature it self, reduced
to operation, and examining all its Propositions by reasons grounded upon
the evidence and testimony of the senses.>

As such, chymistry aimed to replace the natural philosophy of the Aris-
totelians as taught in the schools. Le Fevre went on to contrast the empty
abstractions of the school philosophers with the down-to-earth and concrete
approach of the chymists:

If you ask from the School-Philosopher, What doth make the compound of
a body? He will answer you, that it is not yet well determined in the Schools:
That, to be a body, it ought to have quantity, and consequently be divisible;
that a body ought to be composed of things divisible and indivisible, that
is to say, of points and parts; but it cannot be composed of points. . . . [Le
Feévre continues with a long and somewhat comic rehearsal of the hesitations
and uncertainties in the schoolman’s answer.] You see then, that Chymistry
doth reject such airy and notional Arguments, to stick close to visible and
palpable things, as it will appear by the practice of this Art: For if we affirm,
that such a body is compounded of an acid spirit, a bitter or pontick salt, and
a sweet earth; we can make manifest by the touch, smell, taste, those parts
which we extract, with all those conditions we do attribute unto them.?

Important to the chymical thought of the period was the work of
Theophrastus Bombastus von Hohenheim, known as Paracelsus (1493-1541).
Trained as a physician, he focused much of his writing on medical top-
ics, where he opposed the authority of Galen and Aristotle in favor of an
empirically based medicine that made extensive use of chymical remedies.
But Paracelsus and his numerous followers were also associated with a more
general intellectual reform, a philosophy of nature grounded in chymistry.?

Aswith other sixteenth-century reformers of natural philosophy, Paracelsus
and his followers were motivated in good part by religious and theological

3" Nicaise Le Fevre [Nicasius le Febure], A Compleat Body of Chymistry . . . (London: Thomas Ratcliffe,
1664), pp. 7, 9. Although French, Le Fevre moved to London and became a member of the Royal
Society of London. The book was originally published in French in 1660 but appeared quickly in
English translation (1662), “Rendered into English by P. D. C. Esq. one of the Gentlemen of his
Majesties Privy Chamber.” It then came out in numerous editions in both French and English, with
at least one German edition (1676). A fifth French edition came out as late as 1751.

32 Le Fevre, A Compleat Body of Chymistry, p. 10.

33 The standard scholarly edition of Paracelsus’s chymical and medical writings is Paracelsus, Simtliche
Werke, ed. Karl Sudhoff and William Matthiessen, 14 vols. (Munich: R. Oldenbourg, O. W. Barth,
1922-33). Collections of Paracelsus’s writings in English include 7he Hermetic and Alchemical Writings
of Paracelsus, ed. A. E. Waite, 2 vols. (Berkeley: Shambhala, 1976), and Selected Writings, ed. Jolande
Jacobi, trans. Norbert Guterman (Princeton, N.J.: Princeton University Press, 1995).
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questions.’* Aristotle and Galen, heathen philosophers, were to be replaced
by a genuinely Christian philosophy. For reformers of this sort, philosophy
began with a return to the ancient wisdom found in the sacred scriptures, par-
ticularly the Old Testament, which predates the works of the pagan philoso-
phers. But, at the same time, their chymical philosophy also turned to God’s
second book, the book of nature, for knowledge of the world. Peter Severinus
(1540-1602), a late sixteenth-century follower of Paracelsus, famously advised
those who seek wisdom to sell everything they owned, travel the world to
observe what it contains, and then to build furnaces to probe its secrets (see
Smith, Chapter 13, this volume).»

What emerged out of this study was a view of the world that was in
some ways structurally similar to the Aristotelian world but in some ways
radically different. According to Paracelsus, everything could be explained
through three chymical principles, the #ia prima: salt, sulphur, and mercury.
(It is not altogether clear what the relation was between the #ia prima and
the Aristotelian four elements, nor what became of matter and form in the
Paracelsian scheme.) For Paracelsus, everything was explicable chymically
through combinations and transmutations of these principles. Indeed, even
the creation story of Genesis could be interpreted chymically, as the successive
separation of things from an initial mysterium magnum by way of chymical
processes. In this way, the entire world was regarded as a vast chymical lab-
oratory. Chymical transformations were driven by heat and fire, ultimately
derived from the sun and from God himself. But the Paracelsian world was
more than just chymistry. Also important to the chymical philosophy of
Paracelsus were elaborate relations and harmonies among phenomena at all
different levels, the macrocosm/microcosm analogy. In particular, Paracelsus
held that the human being, the microcosm, is a representation of the uni-
verse as a whole, the macrocosm, and that there are thus systematic relations,
reflections, and sympathies that hold between the two. This had impor-
tant consequences for Paracelsian medicine and additionally for the practice
of Paracelsian science. By virtue of these correspondences, the Paracelsian
magus, through his own character and discipline, was capable of concen-
trating the celestial powers in himself and bringing about works. Hence, for
the Paracelsian, science was not a neutral activity: The moral status of the
philosopher had a central role to play in the enterprise. Furthermore, as with
many other philosophies of the period, the world of Paracelsus’s chymical
philosophy was animated: Paracelsus saw the fire that was at the center of his
philosophy as being, in some sense, equivalent to life itself.

3% My account of Paracelsus’s views is drawn from the following sources: Allen G. Debus, The Chemical
Philosophy, esp.vol. 1, chaps. 1—2; Debus, Man and Nature in the Renaissance (Cambridge: Cambridge
University Press, 1978), esp. chap 2; and Brian Copenhaver and Charles B. Schmitt, Renaissance
Philosophy (Oxford: Oxford University Press, 1992), pp. 306 ff.

3 Cited in Debus, Man and Nature, p. 21.
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Numerous works in chymistry followed the Paracelsian revival. Although
there was considerable disagreement on detail, all agreed in seeing a certain
small number of chymical principles and their combinations as essential to
the project, and most shared a chymical cosmology and an interest in apply-
ing chymical ideas to medicine. Also important here was the importation
into more traditional chymical theories of corpuscular ideas, in the sense
that chymical elements were taken to be divisible to some smallest parts that
retain their natures as elements. Main figures in the later chymical tradition
include Severinus, Thomas Erastus (1524-1583), Daniel Sennert (1572-1637),
Robert Fludd (1574-1637), Oswald Crollius (1560-1609), George Starkey
(1628-1665), and Johannes Baptista Van Helmont (1579-1644).3° Even a
number of figures usually associated with the mechanistic strains of thought
to be discussed later, such as Robert Boyle (1627-1691) and Isaac Newton
(1642-1727), had serious interests in chymistry.?”

The intellectual center of chymistry in the sixteenth and early seven-
teenth centuries was probably Germany; it was out of Germany that the
Rosicrucians came, making a kind of religion out of their chymical philos-
ophy.?® But chymistry was also widespread in other European countries.?
Chymists occupied a wide range of roles in society. Some taught in uni-
versities, particularly in faculties of medicine, and some worked at courts,
particularly in the German-speaking countries. Many practiced chymistry as

3¢ Newman, Gehennical Fire, emphasizes the importance of corpuscular strains of seventeenth-century

chymistry, which, he argues, derives from the thirteenth-century Summa perfectionis of pseudo-

Geber. For a general survey of alchemy in the seventeenth century, see Debus, Chemical Philosophy,

chaps. 3—7. For some studies of particular chymists of the period, see Newman, Gebennical Fire

(a study of the American and English chymist George Starkey); Smith, The Business of Alchemy;

Bruce Moran, Chemical Pharmacy Enters the University: Johannes Hartmann and the Didactic Care

of Chymiatria in the Early Seventeenth Century (Madison, Wis.: American Institute of the History of

Pharmacy, 1991); Bernard Joly, Rationalité de ['alchemie au XVIle siécle (Paris: J. Vrin, 1992) (a study

of Pierre-Jean Fabre); Hans Kangro, Joachim Jungius’ Experimente und Gedanken zur Begriindung der

Chemie als Wissenschaft (Wiesbaden: Franz Steiner Verlag, 1968); Robert Halleux, “Helmontiana,”

Academiae analectica, Koninklijke Academie, Klasse der Wetenschappen, 45 (1983), 35-63; and Halleux,

“Helmontiana I1,” Academiae analectica, 49 (1987), 19—36.

For Boyle and chymistry, see Principe, The Aspiring Adept. For Newton, see Betty Jo Teeter Dobbs,

The Foundations of Newton's Alchemy; or, “The hunting of the greene lyon” (Cambridge: Cambridge

University Press, 1975); and Richard S. Westfall, “Newton and the Hermetic Tradition,” in Science,

Medicine, and Society in the Renaissance, ed. Allen G. Debus, 2 vols. (New York: Science History

Publications, 1972), 2: 183—98.

The classic work on this subject is Frances A. Yates, The Rosicrucian Enlightenment (London: Ark

Paperbacks [Routledge and Kegan Paul], 1986; orig. publ. 1972).

39 For accounts of the lively discussions over chymistry in seventeenth-century England and France,
see Allen G. Debus, The English Paracelsians (New York: Watts, 1965); Allen G. Debus, Science
and Education in the Seventeenth Century (New York: Science History Publications, 1970) (dealing
with debates over chymistry in England); and Allen G. Debus, 7he French Paracelsians (Cambridge:
Cambridge University Press, 1991). For discussions of chymistry in the Holy Roman Empire in the
period, see Bruce Moran, The Alchemical World of the German Court: Occult Philosophy and Chemical
Medicine in the Circle of Moritz of Hessen, 1572—1632 (Sudhoffs Archiv, Beihefte 29) (Stuttgart: Franz
Steiner Verlag, 1991).
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a trade, either connected with medicine or with metallurgy and the like.°
Chymistry remained, in one way or another, a part of the texture of much
scientific thought throughout the early modern period.

RENAISSANCE ANTI-ARISTOTELIANISMS:
THE ITALIAN NATURALISTS

Another group that set itself against Aristotle in the sixteenth century has
come to be known as the Italian naturalists.# The rediscovery of Platonic
texts in the fifteenth century presented European thinkers with a new way
of looking at the world that was often at odds with the dominant Aris-
totelianism. The Latin translations of Plato by Marsilio Ficino (1433-1499),
first published in 1484, were enormously popular. Included in Ficino’s com-
mentary on Plato’s Phaedrus were translations of the neo-Platonist Pro-
clus. Ficino’s Latin translation of Plotinus appeared a few years later, in
1492.%* The reintroduction of Plato and neo-Platonism into the intellectual
world of the sixteenth century gave rise to a number of interesting new
natural philosophies, including those of Girolamo Fracastoro (1470-1553),
Bernardino Telesio (1509-1588), Girolamo Cardano (1501-1576), Francesco
Patrizi (1529-1597), Giordano Bruno (1548-1600), and Tommaso Campanella
(1568-1639).# These thinkers can also be construed as offering an alternative
conception of the foundations of the physical world.

These natural philosophers shared a general scorn for Aristotelian natural
philosophy, particularly its categories of matter and form.* At least three of
these figures, Telesio in his De rerum natura (On the Nature of Things, 1563),
Campanella in his Universalis philosophiae, seu metaphysicarum rerum . . .

4° T am indebted to conversations and correspondence with Tara Nummedal for information on her

work about the chymist’s life in German countries in the period. See Tara E. Nummedal, “Adepts and

Artisans: Alchemical Practice in the Holy Roman Empire, 1550-1620,” Ph.D. dissertation, Stanford

University, Stanford, Calif., 2001. For the case of a chymist hanged for counterfeiting in France,

see Adrien Baillet, La vie de M. Descartes, 2 vols. (Paris: Daniel Horthemels, 1691), 1: 231, and Le

Mercure frangois; ou, la suitte de ['histoire de la paix, 25 vols. (Paris: lean and Estienne Richer, 1612—;

this vol., 1633), 17: 713—23.

The figures discussed in this section are often referred to as Renaissance philosophers of nature.

The term, however, is a modern designation and now generally thought to be inappropriate. See

Paul O. Kiristeller, Eight Philosophers of the Italian Renaissance (Stanford, Calif: Stanford University

Press, 1964), pp. 94—6, 110-12. For a general overview, in addition to Kristeller, see Copenhaver and

Schmitt, Renaissance Philosophy, chap. 5; and Alfonso Ingegno, “The New Philosophy of Nature,”

in The Cambridge History of Renaissance Philosophy, pp. 236—63. My own accounts of these thinkers

draw heavily on these sources.

4 For details on the transmission of Platonic texts in the Renaissance, see Anthony Grafton, “The
Availability of Ancient Works,” in Schmitt and Skinner, eds., 7he Cambridge History of Renaissance
Philosophy, pp. 767-91.

4 Not all scholars link these philosophers to the strict Platonic tradition. See, for example, Frances
Yates, Giordano Bruno and the Hermetic Tradition (Chicago: University of Chicago Press, 1964), who
links Bruno to the Hermetic tradition.

4 See Copenhaver and Schmitt, Renaissance Philosophy, pp. 303 ff.

4
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dogmata (Doctrines of the Universal Philosophy, that is, of Metaphysical
Things, 1638), and Patrizi in his Nova de universis philosophia (New Philos-
ophy of Everything, 1591), challenged Aristotelian conceptions of space and
place and argued that space exists prior to everything and independent of
body, an empty container that is, in part, filled by the physical world.# They
also shared a view of the world as animate; as one study has eloquently char-
acterized it, their world “was an enchanted world of ensouled objects linked
together and joined to a higher realm of spirit and absolute being.”#® Writing
in his De sensu rerum et magia (On the Sense of Things and on Magic, 1620),
Campanella asserted that “the world is a feeling animal . . . [whose] parts
partake in one and the same kind of life”; it posesses “a spirit . . . both active
and passive in nature.”¥

However, in other respects, these natural philosophers differed consider-
ably from one another. In his De contagione (On Contagion, 1546), Fracastoro
saw attraction and sympathy, suitably interpreted in quasi-mechanistic and
atomistic terms, as a basic phenomenon in nature.*® For his part, Telesio
rejected Aristotle’s conception of body in terms of matter and form, replac-
ing it with a conception of the world that is grounded in heat and cold,
immaterial (but natural) agents that enter into lifeless matter and thereby
animate it. According to Telesio, virtually everything that we see around us
in the physical world is the result of a struggle between these two fundamen-
tal and immaterial agents, which oppose each other. Although Campanella
began his career as a follower of Telesio,® in later years he came to think
that Telesio’s physical theory needed deeper grounding. He held that Telesio
was wrong to think of hot and cold as natural agents and argued that their

% On conceptions of space and vacuum in sixteenth-century Italian thought, see Grant, Much Ado
about Nothing, pp. 192—206. Although Telesio thought that a vacuum was possible and could be
produced, he did not believe that it occurred naturally. See Charles B. Schmitt, “Experimental
Arguments For and Against a Void: The Sixteenth-Century Arguments,” Isis, 58 (1967), 352—66.
More generally, on Telesio, see Copenhaver and Schmitt, Renaissance Philosophy, pp. 309—14; Schmitt
and Skinner, eds., 7he Cambridge History of Renaissance Philosophy, pp. 250—2; and Kristeller, Eight
Philosaphers, chap. 6. On Campanella, see Copenhaver and Schmitt, Renaissance Philosophy, pp. 317—
28; and Schmitt and Skinner, eds., The Cambridge History of Renaissance Philosophy, pp. 257—61,
294~5. On Patrizi, see Schmitt and Skinner, eds., The Cambridge History of Renaissance Philosophy,
pp- 256—7; 292-3; and Kiristeller, Eight Philosophers, chap. 7.
Copenhaver and Schmitt, Renaissance Philosophy, p. 288. The passage continues: “A universal world-
soul pervades all creatures and makes all creatures, even rocks and stones, alive and sentient in some
degree. Stars and planets are mighty living divinities, so astrological bonds and forces of sympathy
unify all things in the lower world under the rule of the higher; microcosm reflects macrocosm as
man’s lesser world mirrors the greater world of universal nature. Hidden symmetries and illegible
signatures of correspondence energize and symbolize a world charged with organic sympathies and
antipathies. The natural philosopher’s job is to break these codes and uncover their secrets.”
Quoted in Brian Copenhaver, “Astrology and Magic,” in Schmitt and Skinner, eds., 7he Cambridge
History of Renaissance Philosophy, pp. 264—300, esp. p. 294.
48 On Fracastoro, see Copenhaver and Schmitt, Renaissance Philosophy, pp. 305—6.
4 In his Philosophia sensibus demonstrata (Philosophy Demonstrated through the Senses, 1591),
Campanella, like Telesio, rejected the form and matter of the Aristotelians; Telesio argued that
body (mass) is animated by the manifest principles of heat and cold.
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efficacy is traced back to God and the world soul.’® In contrast, light formed
the foundation of Patrizi’s conception of the world in his Nova de universis
philosophia. The notion of light was quite complex for Patrizi, who distin-
guished between the incorporeal light that emanates from God and other
spirits and the corporeal light found in the physical world. For Patrizi, light
of one sort or another explained everything in the physical world: life, the
structure of the heavens, and the nature of an extracorporeal region where
eternal beings can be found. Ultimately, light was grounded in God and a
neo-Platonic hierarchy of being, beginning with The One. God was present
at every level, working through the incorporeal element of light." The views
of others in this group, particularly Cardano and Bruno, are more difficult to
characterize in a few words. Although Bruno was not altogether consistent as
a thinker, there are a number of clear themes in his dense and complex writ-
ings. Bruno rejected the Aristotelian conceptions of God, substance, matter,
and form. In De la causa, principio, et uno (On Cause, Principle, and Unity,
1584), he held that God is the only substance, and all finite things are just
aspects of God. Bruno did hold, in a sense, that the main principles of body
are matter and form. However, he often treated them as coinciding with
one another in a very non-Aristotelian way.’> Cardano’s De subtilitate (On
Subtlety, 1550) was a jumble of largely anti-Aristotelian views challenging var-
ious elements of the Aristotelian foundations of physics but obscure about
what should replace them.”

None of these natural philosophers formed a lasting school or posed any
serious danger to the reigning Aristotelianism of the schools. Their quest
for novelty and originality may have undermined any serious attempt to
form real traditions in a stable natural philosophy; they seem to have shared
little more than a more or less animistic conception of the universe and a
general sense that Aristotle had gotten it all wrong. Also important here was
the fact that this philosophy never seemed to have any real institutional or
professional home. Ficino was linked to the Medici court; Telesio had his
own institute, the Accademia Cosentina, in the town of Cosenza, to promote
his brand of natural philosophy; Patrizi was bishop of Gaeta; Fracastoro and
Cardano were both physicians and taught medicine for at least a part of
their careers; and Bruno and Campanella, both Dominicans, lived colorful
lives that involved wandering through Europe disseminating their teachings
and trying (unsuccessfully) to avoid getting into trouble with the authorities.

5 See his De sensu rerum et magia (1620) and his Universalis philosophiae, seu metaphysicarum rerum . . .
dogmata (1638). On Campanella, see the references cited in note 4s.

St On Patrizi, see the references cited in note 4.

5> On Bruno, see Copenhaver and Schmitt, Renaissance Philosophy, pp. 314-17; and Hilary Gatti,
Giordano Bruno and Renaissance Science (Ithaca, N.Y.: Cornell University Press, 1999).

% On Cardano, see Copenhaver and Schmitt, Renaissance Philosophy, pp. 308-9; The Cambridge
History of Renaissance Philosophy, pp. 247—50; and Anthony Grafton, Cardano’s Cosmos: The Worlds
and Works of a Renaissance Astrologer (Cambridge, Mass.: Harvard University Press, 1999).
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Their views were widely disseminated in Italy. But they were also well known
in intellectual circles outside of Italy. Bruno’s visit to England in 1583—5
had lasting effects; the influence of Italian philosophy can also be seen in
the physics sketched out by Francis Bacon (1561-1626).>* In France, Marin
Mersenne (1588-1648) and Jean-Cecile Frey (ca. 1580-1631), defenders of
the Aristotelian tradition in the 1620s, regularly listed Telesio, Bruno, and
Campanella among their main opponents.” Pierre Gassendi (1592-1655),
another anti-Aristotelian, seems to have borrowed from Patrizi’s Discussiones
peripateticae (Peripatetic Discussions, 1581) in his Exercitationes paradoxicae
adversus Aristoteleos (Paradoxical Exercises against the Aristotelians, Part I,
1624, Part 11 published posthumously in 1658).5° Later in the seventeenth
century, these Italian neo-Platonists would constitute one of the important
influences on the so-called Cambridge Platonists, including Henry More
(1614-1687) and Ralph Cudworth (1617-1688).

RENAISSANCE ANTI-ARISTOTELIANISMS:
MATHEMATICAL ORDER AND HARMONY

Behind many of the anti-Aristotelian views discussed in the last two sections
lay another kind of foundational commitment, a commitment to the math-
ematical rationality and order of the world. In this view, which threads its
way through chymical, Platonist, and other views, the world is governed by
geometric and arithmetic structures. There are a number of different ver-
sions of this broadly Pythagorean view, which was concerned more with the
large-scale structure of the cosmos than with the detailed analysis of matter.
It is not surprising that this view became associated with music and the idea
that nature is to be understood in terms of notions such as harmony. It must
be remembered here that in the early seventeenth century, music was one
of the middle sciences, along with astronomy, optics, and mechanics (see
Andersen and Bos, Chapter 28, this volume). Traditional music theory dealt
largely with numerical proportions, which were correlated with the notes of
the scale and, in appropriate combinations, led to consonances. In this way,
music was a science that dealt with harmony and order, both in the narrow

54 See Graham Rees, “Bacon’s Speculative Philosophy,” in The Cambridge Companion to Bacon, ed.
Markku Peltonen (Cambridge: Cambridge University Press, 1996), pp. 121—45.

5 See, for example, the (unpaginated) preface to Mersenne’s Quaestiones . . . in Genesim (Questions
on Genesis, Paris: Sebastian Cramoisy, 1623). On Mersenne’s relations with Italian naturalism,
see Lenoble, Mersenne, chap. 3. Jean-Cécile Frey attacks them in his Cribrum philosophorum qui
Aristotelem superiore et hac aetate oppugnarunt (A Sieve for Philosophers Who Oppose Aristotle Both
in Earlier Times and in Our Own, 1628) in his posthumous Opuscula varia (Various Works, Paris:
Petrus David, 1646), pp. 29-89. On Frey, see Ann Blair, “The Teaching of Natural Philosophy in
Early Seventeenth-Century Paris: The Case of Jean Cécile Frey,” History of Universities, 12 (1993),
95—158.

On this, see pp. x—xi of Rochot’s introduction to Gassendi, Exercitationes paradoxicae adversus
aristoteleos, ed. and trans. [French] Bernard Rochot (Paris: J. Vrin, 1959).
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sense of interest to practicing musicians and in a broader sense, in which it
was of interest to natural philosophy.

For the English natural philosopher Robert Fludd, who was also very much
a partisan of the chymical philosophies, a fundamental analogy for under-
standing the world was musical.’” In one version, given in his Utriusque
cosmi maioris scilicet minoris metaphysica, physica atque technica historia (The
Physical, Metaphysical, and Technical History of Both Cosmoses, Namely
the Greater and the Lesser, 1617—21),® Fludd’s image of the world was based
on the monochord, a string stretched between two bridges that was widely
used in theoretical studies of music (see Figure 2.1). He pictured the cosmos
as a monochord, with one end of the string anchored at the center of the
Earth, and the other in the heavens. The sun is placed squarely at the middle
of the string, dividing the string into two octaves. The notes of the scale
(A, B, C, etc.) then mark out different regions of the cosmos, both subsolar
and supersolar. Another more geometrical rendering of the same basic cos-
mology is given in Figure 2.2. This representation introduces two pyramids,
which Fludd calls the material pyramid and the formal pyramid. The actual
sounding music of the world results from an interaction between the two.”

For Athanasius Kircher (1601-1680), German by birth but along-time pro-
fessor at the Jesuit Collegio Romano in Rome, who also dabbled in chym-
istry, among many other pursuits, the cosmos was more like an organ®
(see Figure 2.3). Instead of Fludd’s one level of being, represented by the
monochord, in his Musurgia universalis (Universal Harmony, 1650), Kircher
recognized ten, which he likened to stops in an organ. The first six repre-
sented the results of the six days of creation; the remaining four dealt with
other aspects of the world. When God, the divine organist, had pulled out
all the stops, the world was then constituted. Each of these stops, of course,
involved numerical proportions — harmonies — which blended together to
produce the harmonies of the world as a whole. Within each rank, Kircher
presented a vision of the harmonies at work. So, for example, at the level
of cosmology, he argued for a conception of a harmony manifested in the
relations each planet held with respect to the others, the whole relationship
being governed by the sun.

57 For accounts of Fludd’s cosmology, see, for example, Robert Westman, “Nature, Art, and Psyche:
Jung, Pauli, and the Kepler-Fludd polemic,” in Occult and Scientific Mentalities in the Renaissance,
ed. Brian Vickers (Cambridge: Cambridge University Press, 1984), pp. 177—229; and Eberhard
Knobloch, “Harmony and Cosmos: Mathematics Serving a Teleological Understanding of the
World,” Physis, 32 (1995), 55-89. For an account of Fludd’s chymical work, see Debus, Chemical
Philosophy, chap. 4.

% Oppenheim and Frankfurt. “Technical” doesn’t quite capture what Fludd has in mind here, which
is the history with respect to its creation and construction.

59 See Knobloch, “Harmony and Cosmos,” p. 73.

60 For an account of Kircher’s views, see Knobloch, “Harmony and Cosmos,” pp. 76-82. For a brief
overview of Kircher’s connection to chymistry, see Claus Priesner and Karin Figala, eds., Alchemie:
Lexikon einer hermetischen Wissenschaft (Munich: C. H. Beck, 1998), pp. 196-8.
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Figure 2.1. Representation of the cosmos in terms of a monochord. In Robert
Fludd, Usriusque cosmi maioris scilicet minoris metaphysica, physica atque technica
historia, 2vols. (Oppenheim: Aere Johan-Theodori de Bry, typis Hieronymi Galleri,
1617-21), I: 90. Reproduced by permission of the Rare Book Division, Department

of Rare Books and Special Collections, Princeton University Library.
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Figure 2.2. Alternative representation of the cosmos in terms of interpenetrating
pyramids. In Robert Fludd, Usiusque cosmi maioris scilicer minoris metaphysica,
physica atque technica historia, 2 vols. (Oppenheim: Aere Johan-Theodori de Bry,
typis Hieronymi Galleri, 1617—21), 1: 90. Reproduced by permission of the Rare
Book Division, Department of Rare Books and Special Collections, Princeton
University Library.
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Figure 2.3. Representation of the cosmos in terms of an organ. In Athanasius
Kircher, Musurgia universalis, sive, Ars magna consoni et dissoni in X. libros digesta . . .,
2vols. (Rome: Haeredes Francisci Corbelletti, 1650), 2: 366. Reproduced by permis-
sion of the Rare Book Division, Department of Rare Books and Special Collections,
Princeton University Library.
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But the most interesting person in this group of Pythagoreans was the
German astronomer and astrologer Johannes Kepler (1571-1630). Kepler was
a technical astronomer well versed in the mathematical arcana of the sub-
ject, who knew how to construct an astronomical argument on the basis of
observations. But just as interesting as the mathematical astronomy was a
certain style of argument Kepler used that reveals an underlying view of the
world that was in some ways similar to that of Fludd and Kircher.®"

One of Kepler’s best-known arguments was the explanation of why there
are exactly six planets, including earth, and why they have the distances
from one another that they do. In the Mysterium cosmographicum (The Mys-
tery of the Universe, 1596; 2nd ed., with extensive notes, 1621), Kepler first
argued that the distances among the planets, including earth, correspond
to the distances one gets by nesting the five Platonic regular solids within
one another: the tetrahedron (pyramid), cube, octahedron (formed by eight
equilateral triangles), dodecahedron (12 pentagons), and icosahedron (20
equilateral triangles). Unfortunately, the world was not quite as simple as
this model would suggest. Because the orbits of the planets turned out to be
elliptical, as Kepler himself discovered, they did not fit this simple model,
which implied circular orbits. However, Kepler was able to accommodate
this within his model by regarding the elliptical orbit as a deviation from the
circular orbit due to a magnetic attraction to or repulsion from the sun. For
Kepler, this only showed an even greater rationality in the universe insofar as
the deviations from the circular orbit give rise to pleasing celestial harmonies,
literally a music of the spheres.®*

Kepler also recognized harmonies in a broader sense — as correspon-
dences among the different parts of the universe. For example, in arguing for
Copernican cosmology in the Epitome astronomiae copernicanae (Epitome of
Copernican Astronomy, 1618—21), Book IV, he compared the three regions
of the Copernican cosmology — the central sun, the outer sphere of the fixed
stars, and the intermediate region of the planets — with the Trinity. Kepler
went on to compare the sun with the common sense in animals, located in the
head, the globes that surround the sun with the sense organs, and the fixed
stars with the sensible objects. He also compared the sun with the central
fireplace and with the heart of the world, the seat of reason and life.% This is
strongly reminiscent of the analogies drawn by Paracelsus and the chymical

® For a detailed discussion of this aspect of Kepler’s thought, see Bruce Stephenson, The Music of
the Heavens: Kepler’s Harmonic Astronomy (Princeton, N.J.: Princeton University Press, 1994). I am
deeply indebted to Rhonda Martens for her help in understanding Kepler’s views.

62 See Johannes Kepler, Epitome astronomiae copernicanae, in Johannes Kepler, Gesammelte Werke, ed.
W. von Dyck and M. Caspar, 20 vols. to date (Munich: C. H. Beck, 1937-), 7: 275, translated in
Epitome of Copernican Astronomy IV, in Prolemy, Copernicus, Kepler (Great Books of the Western
World), ed. Robert Maynard Hutchins, 54 vols. (Chicago: Encyclopaedia Britannica, 1952), 16:
845—960, esp. p. 871.

% See Kepler, Gesammelte Werke, 7: 258—60, translated in Hutchins, ed., Prolemy, Copernicus, Kepler,
pp- 853-6.
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philosophers between the macrocosm and the microcosm, whereby the cos-
mos in its structure reflects the human being and the human being reflects
the larger world.

Kepler was, first and foremost, an astronomer who based his astronomical
models on observation; indeed, the best observations obtainable. Kepler, of
course, famously struggled to use the unprecedentedly accurate data of Tycho
Brahe (1546-1601) in formulating his theory of the orbit of Mars. We must
appeal to observation in order to determine the real motions of planets. In
response to Fludd’s fanciful symbolic representations of the cosmos, Kepler
replied: “I have demonstrated that the whole corpus of tempered Harmon-
ics is to be found completely in the extreme, proper motions of the planets
according to measurements which are certain and demonstrated in Astron-
omy. To [Fludd], the subject of World Harmony is his picture of the world;
to me it is the universe itself or the real planetary movements.”%+

But, for Kepler, observation alone was not enough to fix the real structure
of the world: For that, we need to know that the structures discovered by
observation correspond to a geometrical archetype. The discovery that the
resulting model derived from observation satisfies an elegant geometrical
schema permits assertions about the way the world really is. Kepler wrote
in Book I of the Epitome: “Astronomers should not be granted excessive
licence to conceive anything they please without reason: on the contrary, it
is also necessary for you to establish the probable causes of your Hypotheses
which you recommend as the true causes of Appearances. Hence, you must
first establish the principles of your Astronomy in a higher science, namely
Physics or Metaphysics.”®

Mathematical harmonies had their role to play for Kepler, but only in
tandem with observation. In this emphasis on observation as grounds for the
claims about harmony, Kepler separated himself both from what Fludd had
done and from what Kircher was yet to do.%

In many ways, Kepler’s view of the basic nature of the cosmos agreed
with elements of the worldviews of his contemporaries. Like that of many
of his contemporaries, his universe was, in a sense, animistic. Kepler freely
compared the sun with the intelligence of the world and with the heart of
the world, and he compared the world with an animal and argued that the
sun has a soul and is, in a sense, a living being.67 However, from time to
time he also used another, very different analogy. In a letter to Herwart von
Hohenberg dated 10 February 1605, Kepler wrote:

64 Johannes Kepler, Harmonices mundi libri V, in Gesammelte Werke, 6: 376—7, quoted in Westman,
“Nature, Art, and Psyche,” p. 206.

Kepler, Gesammelte Werke, 7: 25, quoted in Robert Westman, “Kepler’s Theory of Hypotheses and
the ‘Realist Dilemma’,” Studies in History and Philosophy of Science, 3 (1972), 233—64, esp. p. 261.
On the controversy between Fludd and Kepler, see Westman, “Nature, Art, and Psyche”; Knobloch,
“Harmony and Cosmos”; and Judith V. Field, “Kepler’s Rejection of Numerology,” in Vickers, ed.,
Occult and Scientific Mentalities, pp. 273—96.

Kepler, Gesammelte Werke, 7: 259—60, 298 ff., translated in Hutchins, ed., Prolemy, Copernicus, Kepler,
pp. 855—6, 896 ff.
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My goal is to show that the heavenly machine is not a kind of divine living
being but similar to a clockwork insofar as almost all the manifold motions
are taken care of by one single absolutely simple magnetic bodily force, as
in a clockwork all motion is taken care of by a simple weight. And indeed I
also show how this physical representation can be presented by calculation
and geometrically.®®

This analogy leads us in the direction of a conception of the foundations
of the physical world that is very different from the one that we have been
considering so far, which came to be called the mechanical philosophy.®® In
radical contrast with the Renaissance world, infused with soul, sentience,
intelligence, and harmony, the mechanical philosophy took as central the
image of the machine.

THE RISE OF THE MECHANICAL AND
CORPUSCULAR PHILOSOPHY

Many of the trends discussed in the previous sections persisted well into
the seventeenth century and beyond, though sometimes in rather altered
versions. However, there is another extremely important trend that emerged
sometime in the sixteenth century and came to flourish in the seventeenth
century: the mechanical (or corpuscular) philosophy.”® The English natural
philosopher Robert Boyle gave a particularly concise and cogent account
of this position in his important essay 7he Origin of Forms and Qualities
according to the Corpuscular Philosophy (1666).

The mechanical philosophy, as Boyle presented it, replaced the explana-
tion of the manifest properties of bodies in terms of the Aristotelian notions
of form, matter, and privation, with a view in accordance with which those
properties are “produced Mechanically, I mean by such Corporeall Agents, as
do not appear, either to Work otherwise, then by vertue of the Motion, Size,

8 Kepler, Gesammelte Werke, 15: 146, quoted in Max Caspat, Kepler (London: Abelard-Schuman, 1959),
p- 136.

% Tnsofar as it involves the magnet, arguably it does not get us all the way to a genuine mechanical
conception of the world, where everything happens through size, shape, motion, and the impact of
bodies on one another.

7° Among contemporaries, the two names are virtually synonymous. The Oxford English Dictionary
(q.v. mechanical) cites John Harris’s Lexicon Technicum (1704) on this question: “Mechanical Phi-
losophy, is the same with the Corpuscular, which endeavours to explicate the Phznomena of Nature
from Mechanical Principles.” Robert Boyle seems to identify the two in his Of the Excellency and
Grounds of the Corpuscular or Mechanical Philosophy (1674). Calling it “corpuscular” emphasizes that
the manifest properties of bodies are to be explained in terms of their smaller parts, and calling it
“mechanical” emphasizes that the principles used in explanation are broadly mechanical. For histo-
ries of seventeenth-century science that emphasize the mechanical philosophy, see E. J. Dijksterhuis,
The Mechanization of the World Picture, trans. C. Dikshoorn (Oxford: Oxford University Press, 1961);
Richard S. Westfall, The Construction of Modern Science: Mechanisms and Mechanics (New York: John
Wiley, 1971); and Marie Boas Hall, “The Establishment of the Mechanical Philosophy,” Osiris, 10
(1952), 412-541.
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Figure and Contrivance of their own Parts.””" Boyle explicated this view in
a number of basic theses: (1) “there is one Catholick or Universal Matter
common to all Bodies, by which I mean a Substance Extended, divisible
and impenetrable”; (2) “to discriminate the Catholick Matter into variety of
Natural Bodies, it must have Motion in some or all its designable Parts”; (3)
“Matter must be actually divided into Parts, . . . and each of the primitive
Fragments . . . must have two Attributes, its own Magnitude . . . and its
own Figure or Shape.”’* In this way, the mechanical or corpuscular philoso-
phy rejected the explanation of physical phenomena in terms of Aristotelian
forms and qualities, the innate tendencies of substances to behave in par-
ticular ways. It also sought to eliminate all sensible qualities from objects
themselves; the Aristotelian’s hot and cold, wet and dry, are eliminated as
real qualities of things, as are sensible qualities such as color and taste. For
the mechanical philosopher, everything, be it terrestrial or celestial, natural
motion or constrained, must be explained in terms of the size, shape, and
motion of the parts that make it up, just as the behavior of a machine is
explained. As Descartes summarized the program:

Men who are experienced in dealing with machinery can take a particular
machine whose function they know and, but looking at some of its parts,
easily form a conjecture about the design of the other parts, which they
cannot see. In the same way I have attempted to consider the observable
effects and parts of natural bodies and track down the imperceptible causes
and particles which produce them.”

In this way, the image of the macrocosm and the microcosm, central to chymi-
cal philosophies and Renaissance naturalism, found its way into mechanism
after a fashion. For the mechanical philosopher, as for the chymist and the
Renaissance naturalist, what happens at one level reflects and is reflected by
what happens at every other level.

Another important feature of the mechanist foundations of nature was
laws of nature. The idea of natural law in the sense of moral laws governing
human behavior decreed by God was founded long before the early modern
period; it seems to be a direct extension of the notion of a law in the ordinary
political sense.”* But the idea that there are general laws that govern insentient
and inanimate nature, mathematically formulable regularities that govern

7' Robert Boyle, The Works of Robert Boyle, ed. Michael Hunter and Edward B. Davis, 14 vols. (London:
Pickering and Chatto, 1999—2000), 5: 302.

7* Boyle, Works, 5: 305—307.

73 René Descartes, Principia philosophiae (Amsterdam: Ludovicus Elzevirius, 1644), 4.203. For a dis-
cussion of some of the epistemological implications of this view, see Larry Laudan, “The Clock
Metaphor and Hypotheses: The Impact of Descartes on English Methodological Thought, 1650
1670,” in his Science and Hypothesis (Dordrecht: Reidel, 1981), pp. 27-58.

74 For an account of natural law theories in the seventeenth century, see Knud Haakonssen,
“Divine/Natural Law Theories in Ethics,” in Garber and Ayers, eds., The Cambridge History of
Seventeenth-Century Philosophy, 2: 1317—57.
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all bodies, was an apparently new feature of the mechanical philosophy of
the seventeenth century; with the idea that there is one kind of matter in
the whole of the universe came the idea that there is one set of laws that
governs that matter. Although perhaps not the first to have such an idea,
Descartes was responsible for its first appearance in print in a self-conscious
and foundational context. In his Principia philosophiae, Descartes announced
“certain rules or laws of nature, which are the secondary and particular causes
of the various motions we see in particular bodies.”” The laws of nature
in question are three laws governing the motion of bodies, including two
laws governing the persistence of motion and a law governing collision.
Although his laws were considerably debated, and alternatives were proposed
by Huygens, Leibniz, Newton, and others, after Descartes, the idea that the
world is governed by precise mathematical laws seemed to become a central
part of the mechanist foundations of the physical sciences.”®

Galileo Galilei (1564-1642) (along with his Italian followers) is generally
credited with being one of the founders of the mechanist program in the early
part of the century.”” In Northern Europe, an atomist mechanist program was
initiated in the 1610s by Isaac Beeckman (1588-1637), a somewhat itinerant
schoolmaster in the Netherlands who was known to Descartes, Mersenne,
Gassendi, and many other thinkers of the period.”® By the late 1620s, this
program had made its way to France and was being pursued by Mersenne,

75 Descartes, Principia philosophiae, 2.37. Descartes’ laws were first announced as such in Chapter 7 of
his 7raité de la lumiére (Treatise on Light, 1633), which remained unpublished until 1664, by which
time the idea of laws of nature was firmly established. Galileo had presented what we would today call
laws of motion, a version of the so-called law of inertia and the law of free fall, in his Dialogo sopra i due
massimi sistemi del mondo (1632), in Opere di Galileo Galilei, ed. A. Favaro (Florence: Barbera, 1890—
1910), 7: 44—53, 173—5, translated in Dialogue Concerning the Two Chief World Systems — Ptolemaic
and Copernican, trans. Stillman Drake (Berkeley: University of California Press, 1967), pp. 20-8,
147-9; and Discorsi e dimostrazioni matematiche intorno a due nuove scienze (Leiden, 1638), in Opere
di Galileo Galilei, 8: 209-10, 243, translated with introduction and notes by Stillman Drake in 7o
New Sciences: Including Centers of Gravity & Force of Percussion (Madison: University of Wisconsin
Press, 1974), pp. 166—7, 196—7. But aside from the problems of interpretation, particularly with
respect to the so-called law of inertia, Galileo himself never characterizes these as “laws”; in his
thought they have the character of regularities that govern heavy bodies in the vicinity of the centers
toward which they are attracted. Francis Bacon talked about the forms that constitute particular
qualities (heat, light, and weight, for example) as constituting laws in the sense that whenever the
form or nature was present, the quality would be as well. See Bacon, Novum Organum, 1.17. But
this seems to be a very different sense of law.

For ageneral discussion of the idea of laws of nature in the seventeenth century, see J. R. Milton, “Laws
of Nature,” in Garber and Ayers, eds., The Cambridge History of Seventeenth-Century Philosophy, 1:
680—701.

77 The literature on Galileo is enormous, and the main aspects of his career are well known. For a
survey of some aspects of this question with respect to Galileo, see Peter Machamer, “Galileo’s
Machines, His Mathematics, and His Experiments,” in The Cambridge Companion to Galileo, ed.
Peter Machamer (Cambridge: Cambridge University Press, 1998), pp. 53—79.

Beeckman’s notebooks, which include records of his conversations with Descartes, for example, are
published as Journal tenu par Isaac Beeckman de 1604 a 1634, ed. Cornelis de Waard, 4 vols. (The
Hague: Martinus Nijhoff, 1939—53). For an account of his life and thought, see Klaas van Berkel,
Lsaac Beeckman (1588—1637) en de Mechanisering van het Wereldbeeld (with a summary in English)
(Amsterdam: Rodopi, 1983).
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Gassendi, Gilles Personne de Roberval (1602—1675), Thomas Hobbes (1588—
1679), and Kenelm Digby (1603-1665), the last two visiting from England.”
Descartes took his version of it to the Netherlands starting in the late 1620s.%°
Although he was not uncontroversial there, Descartes had many Dutch fol-
lowers, including a number in the universities.? The program even had some
success in Germany, though Germany was intellectually more conservative
than Western Europe.?* There was a tradition of atomism in England that
went back to the early part of the century, but it was given new life with the
introduction of Cartesian and Gassendist ideas at mid-century.® By the 1660s
or 1670s, mechanist approaches to nature were found virtually throughout
Europe and seem to have dominated intellectual discourse. By and large, the
mechanical philosophy flourished outside the universities, first in salons and
private academies, such as Mersenne’s academy in Paris and the Montmort
academy that followed it, and then in institutions such as the Royal Society of
London and the Académie Royale des Sciences in Paris.® But the philosophy
also found some success in the educational institutions in the Netherlands,
France, and even Germany.®

79 On Mersenne, see Robert Lenoble, Mersenne ou La naissance du mecanisme (Paris: J. Vrin, 1971). For
the diffusion of Gassendi’s thought in Europe, see Gassends et I’Europe, ed. Sylvia Murr (Paris: J. Vrin,
1997), pt. II. On Hobbes, see E. Brandt, Hobbess Mechanical Conception of Nature (Copenhagen:
Levin and Munksgaard, 1928).

For the diffusion of Cartesian thought, the best general reference is still Francisque Bouillier, Histoire
de la philosophie cartésienne, 3rd ed., 2 vols. (Paris: Delagrave, 1868). On the reception of Cartesian
ideas in Italy, see Giulia Belgioioso, Cultura a Napoli e cartesianesimo (Galatina: Congedo editore,
1992).

See Theo Verbeek, Descartes and the Dutch: Early Reactions to Cartesianism (1637—1650) (Journal
of the History of Philosophy Monograph Series) (Carbondale: Southern Illinois University Press,
1992).

See Francesco Trevisani, Descartes in Germania: La ricezione del cartesianesimo nella facolta filosofica
e medica di Duisberg (1652—1703), (Milan: Franco Angeli, 1992); and Christia Mercer, Leibniz’s
Metaphysics: Its Origins and Development (Cambridge: Cambridge University Press, 2001).

On atomism in England, see Robert H. Kargon, Atomism in England from Hariot to Newton (Oxford:
Oxford University Press, 1966). On Cartesianism in England, see Alan Gabbey, “Philosophia Carte-
siana Triumphata: Henry More (1646-1671),” in Problems of Cartesianism, ed. T. M. Lennon, J. M.
Nicholas, and J. W. Davis (Kingston and Montreal: McGill-Queens University Press, 1982), pp. 171—
249.

On the Royal Society of London, see, for example, Michael Hunter, Establishing the New Science:
The Experience of the Early Royal Society (Woodbridge: Boydell Press, 1989). On the Mersenne circle,
the Montmort academy, and the Académie Royale des Sciences, see Harcourt Brown, Scientific
Organizations in Seventeenth-Century France (1620—-1680) (Baltimore: Williams and Wilkins, 1934);
Frances A. Yates, The French Academies of the Sixteenth Century (London: Routledge, 1988; orig. publ.
1947), chap. 12; Roger Hahn, The Anatomy of a Scientific Institution: The Paris Academy of Sciences,
1666-1803 (Berkeley: University of California Press, 1971); Alice Stroup, A Company of Scientists:
Botany, Patronage, and Community at the Seventeenth-Century Parisian Royal Academy of Sciences
(Berkeley: University of California Press, 1990). On the Cartesian salons in Paris, see Erica Harth,
Cartesian Women (Ithaca, N.Y.: Cornell University Press, 1992).

See Verbeek, Descartes and the Dutch; Trevisani, Descartes in Germania; Mercer, Leibniz’s Metaphysics;
and Laurence Brockliss, “Les atomes et le vide dans les colleges de plein-exercice en France de 1640—
1730,” in Gassendi et [’Europe, ed. Sylvia Murr (Paris: J. Vrin, 1997), pp. 175-87. Interesting in this
connection is a battle between the older Aristotelians and the younger Cartesians on the faculty of
the Université d’Angers in the early 1670s. On this, see Roger Ariew, “Cartesians, Gassendists, and
Censorship,” chap. 9 of his Descartes and the Last Scholastics. Cartesianism seems to come somewhat
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When Boyle introduced the general principles of the mechanical philoso-
phy, he quite explicitly put aside differences among different sects, claiming
to write “rather for the Corpuscularians in general, than any party of them.”¢
But one can find among practitioners who identified themselves as mechan-
ical philosophers or were identified by their contemporaries as mechanical
philosophers a variety of different conceptions of the worldview that under-
lies the world of corpuscles in collision. In the sections that follow, I discuss
some of the important variants of the mechanical philosophy.

THE MECHANICAL PHILOSOPHY: THEORIES OF MATTER

An important aspect of the foundations of physics was the conception of
the nature of matter, the stuff of which the physical world is ultimately
made. In the mechanical philosophy, one important strand of thinking about
the nature of matter was the revival of ancient atomism.®” When looking
at atomism in the early seventeenth century, it is important to remember
that there were a variety of atomisms in play, not all of which fit in with
a mechanist or corpuscular philosophy. For example, among a number of
chymists and Aristotelian natural philosophers there was the view that the
elements can be divided into minimal parts that would lose their status as
elements if divided further. Because these smallest parts are distinguished
from one another by having different essences, this minima naturalia view
fails to satisfy Boyle’s definition of the mechanical philosophy.®® But more
influential was the revival of the atomism of Epicurus and Lucretius. There
were a number of people involved in this revival, including Sebastian Basso
(ca. 1560—ca. 1621), Nicholas Hill (ca. 1570—ca. 1610), David van Goorle
(1591-1612), among others. But the key figure was Pierre Gassendi. Gassendi’s
project was more than just natural philosophy; his aim was to rehabilitate

later into Italy. On this, see Belgioioso, Cultura a Napoli e cartesianesimo; and Claudio Manzoni, 1
cartesiani italiani (1660—1760) (Udina: La Nuova Base, 1984).

Boyle, Works, 3: 7.

87 For general histories of atomism, see the still classic Kurd Lasswitz, Geschichte der Atomistik vom
Mittelalter bis Newton, 2 vols. (Hamburg: L. Voss, 1890); Andrew Pyle, Atomism and Its Critics
from Democritus to Newton (Bristol: Thoemmes Press, 1997); and Antonio Clericuzio, Elements,
Principles, and Corpuscles: A Study of Atomism and Chemistry in the Seventeenth Century (Dordrecht:
Kluwer, 2000). Kargon’s Atomism in England, gives a good history of atomism in seventeenth-
century England. For an account of the variety of atomisms available in the early seventeenth
century, see Lynn Sumida Joy, Gassendi the Atomist (Cambridge: Cambridge University Press, 1987),
chap. 5. For an account of the revival of Epicureanism, see Howard Jones, The Epicurean Tradition
(London: Routledge, 1989). For a more general account of corpuscularianism, see Norma Emerton,
The Scientific Reinterpretation of Form (Ithaca, N.Y.: Cornell University Press, 1984), chaps. 3—4.
On this doctrine, see Pierre Duhem, Systéme du monde, 10 vols. (Paris: Hermann, 1958), 7: 42—
s4; Emerton, The Scientific Reinterpretation of Form, chaps. 3—4; Newman, Gehennical Fire, pp. 24
ff;; Roger Ariew, “Descartes, Basso, and Toletus: Three Kinds of Corpuscularians,” chap. 6 of his
Descartes and the Last Scholastics. The position can be found in the writings of pseudo-Geber (on
which see Newman, Gebennical Fire, pp. 94 1.), Julius Caesar Scaliger, and Johannes Baptista Van
Helmont, among many others.
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Epicurean philosophy as a whole and present a cleansed version acceptable
to a Christian audience.®® For Gassendi, as for Epicurus, the world was
made up of two principles: atoms and the void. Atoms were taken to be the
smallest parts of matter, possessed of size, shape, weight, and nothing else.
Although finite in size, and thus having physical parts, atoms were taken
to be indivisible. In this way, they constituted the smallest level of analysis
for any body. Furthermore, all the manifest properties of bodies were to be
explained in terms of the size, shape, and motion of these atoms.”®

Descartes presented an alternative mechanist foundation for the physical
world. The commitment to a metaphysical grounding for physics was basic
to Descartes’ thought. One of the central elements of his metaphysics was
his doctrine of the essence of body and its distinction from mind. Body, for
Descartes, was a substance whose essence is extension and extension alone. By
that, Descartes meant to exclude all properties in bodies except for size, shape,
and motion; in this sense, one can say that bodies, or material substances,
are, for Descartes, the objects of geometry made concrete.

Because bodies are the objects of geometry made real, they are infinitely
divisible, and there is no smallest part of matter. Just as any finite line can
be divided into smaller parts, so can any finite body be divided into smaller
parts. (Although he differed from Descartes in many respects, Hobbes agreed
with him in holding that matter is infinitely divisible and that there are no
smallest particles.) Furthermore, insofar as they are extended and extended
alone, Cartesian bodies have no innate tendency to descend or to do anything
else. Gravity, for Descartes, was something that had to be explained in terms
of the interaction between the heavy body and the particles in the ether that
surround it; it could not be a basic, inherent property of body as it was for
the Aristotelians and would become for the Newtonians.”"

% Epicurus faced the normal obstacles encountered by any pagan author attempting to enter the
Christian intellectual world, and then some. In addition to the stigma of an ethics based on pleasure,
Epicurus did his best to demystify the physical world by offering systematic naturalistic explanations
of everything his contemporaries attributed to the gods. Epicurus furthermore argued that the gods
themselves were made up of atoms and that they lived in places distant from the human realms and
were uninterested in human affairs. On the Christianization of Epicurus’s thought, see Margaret J.
Osler, “Baptizing Epicurean Atomism: Pierre Gassendi on the Immortality of the Soul,” in Religion,
Science, and Worldview, ed. M. J. Osler and P. L. Farber (Cambridge: Cambridge University Press,
1985), pp. 163—83. It should be noted here that there are disagreements about whether Gassendi
was a genuine believer or whether, in the end, he was a freethinker or even an atheist. The classic
development of the view of Gassendi as a libertine is found in René Pintard, Le libertinage érudit
dans la premiére moitié du XVIle siécle (Paris: Boivin, 1943; Geneva: Slatkine Reprints, 1983). It is
answered in Paul O. Kristeller, “The Myth of Renaissance Atheism and the French Tradition of Free
Thought,” Journal of the History of Philosophy,” 6 (1968), 233—44.

9° Gassendi’s atomism is developed at some length in his posthumous Synzagma philosophicum (1658),

in Gassendi, Opera omnia, 6 vols. (Lyon: Laurentius Anisson and loan. Baptista Devenet, 1658), 1:

256A ff. See also Bernard Rochot, Les travaux de Gassendi sur Epicure et sur l'atomisme, 16191658

(Paris: J. Vrin, 1944).

Descartes’ physics is developed in the early Le monde, written in 1630-3 but first published in

1664 (Paris: Theodore Griard, 1664), and in the Principia philosophiae, pt. 2. For discussion of

Descartes’” physics and its metaphysical foundations, see Daniel Garber, Descartes’ Metaphysical

Physics (Chicago: University of Chicago Press, 1992). The relation between these issues in Descartes

and in the schoolmen is discussed in Dennis Des Chene, Physiologia: Natural Philosophy in Late

)
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Descartes and Gassendi represented the two main poles in seventeenth-
century theories of matter.”” There is every reason to believe that it was
these two positions that Boyle had in mind when he chose to put aside the
differences among different groups of corpuscularians. Although they may
have differed on the question of whether there is an ultimate level of analysis
of body, or whether every body, no matter how small, is divisible into smaller
parts, they agreed in rejecting Aristotelian form and matter and in holding
that the manifest properties of bodies are to be explained in terms of their
size, shape, and motion. But, in addition to these positions, other alternatives
were available.

Although the theory of matter was not central in the thought of Galileo, he
did seem to subscribe to a kind of corpuscularianism. In a celebrated passage
from the 7/ Saggiatore (The Assayer, 1623), he asserted: “To excite in us tastes,
odors, and sounds I believe that nothing is required in external bodies except
shapes, numbers, and slow or rapid movements. I think that if ears, tongues,
and noses were removed, shapes and numbers and motions would remain,
but not odors or tastes or sounds.””

However, it is important to note that Galileo’s ultimate particles seem not
to have been the small but finite corpuscles Boyle had in mind, but “infinitely
many unquantifiable atoms,” suggesting an infinitesimal conception, though
this idea was not worked out in great detail.”* Coordinate with the infinites-
imal particles were infinitesimal voids. The consistency of bodies, Galileo
argued, is caused by these tiny voids, interspersed in bodies, together with
“the repugnance nature has against allowing a void to exist.”®> Galileo was, of
course, aware of the Aristotelian arguments against the void from the infinite
speed that a body in motion would seem to have when moved in a vacuum,
but he thought that these arguments could be answered.?®

One of the most interesting attempts to ground the conception of body
and matter in connection with the mechanical philosophy is found in the
work of Leibniz. From his earliest youth, Leibniz was captivated by the

Aristotelian and Cartesian Thought (Ithaca, N.Y.: Cornell University Press, 1996). For an account of
Cartesian physics in late seventeenth-century figures, see Paul Mouy, Le développement de la physique
cartésienne, 1646—1712 (Paris: J. Vrin, 1934). For Descartes’ relation to atomism, see Sophie Roux,
“Descartes Atomiste?” in Atomismo e continuo nel XVII secolo, ed. Egidio Festa and Romano Gatto
(Naples: Vivarium, 2000), pp. 211-73.

9% On the relations between Cartesianism and Gassendism later in the century, see Thomas M. Lennon,

The Battle of the Gods and Giants: The Legacies of Descartes and Gassends, 1655—1715 (Princeton, N.J.:

Princeton University Press, 1993).

Galileo Galilei, 7/ Saggiatore (Rome: Giacomo Mascardi, 1623), in Opere di Galileo Galilei, 6: 350,

translated in Drake, Discoveries and Opinions of Galileo, pp. 276—7. On Galileo’s atomism, see

William R. Shea, “Galileo’s Atomic Hypothesis,” Ambix, 17 (1970), 13—27; A. Mark Smith, “Galileo’s

Theory of Indivisibles: Revolution or Compromise,” Journal of the History of Ideas, 27 (1976), 571-88;

and Giancarlo Nonnoi, “Galileo Galilei: quale atomismo?” in Atomismo e continuo nel XVII secolo,

ed. Egidio Festa and Romano Gatto, pp. 109—49.

94 Galileo Galilei, Discorsi e dimostrazioni, in Opere di Galileo Galilei, 8: 71—2, translated in Drake, Tivo
New Sciences, p. 33.

9 Galileo, Discorsi, in Opere di Galileo Galilei, 8: 59, translated in Drake, Tiwo New Sciences, p. 19.

96 Galileo, Discorsi, in Opere di Galileo Galilei, 8: 105—6, translated in Drake, Tiwo New Sciences,

p- 65.
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mechanical philosophy. But Leibniz’s mechanism was not uncritical.”” He
came to see a number of problems with the mechanist conception of body in
both the Cartesian and the atomist versions. Against the Cartesian conception
of body, a substance whose essence is extension, he argued that extension is
not itself the kind of thing that can exist alone. Rather, he argued, it is a
relative notion that presupposes some quality that is extended. Just as one
cannot have a father without a child, one cannot have mere extension without
there being some quality that is extended.”® Elsewhere, Leibniz argued that
because Cartesian bodies are divisible, indeed infinitely divisible, they lack
the kind of genuine unity required for something to be a substance.” Leibniz
had a number of arguments against the atomists as well. If there are parts
of matter that are indivisible, then they must be infinitely hard because
all elasticity comes from smaller parts that can move with respect to one
another. But if atoms were infinitely hard, then in collision, their speeds
would change instantaneously, which violates Leibniz’s principle that nature
makes no leaps (the Principle of Continuity). He also argued that atoms are
impossible because there is no reason why God should stop the divisibility
of a piece of matter in one place rather than another, in violation of his
celebrated Principle of Sufficient Reason.'*®

Despite his criticism of the prevailing mechanist accounts of body, Leibniz
continued throughout his life to hold that there is a sense in which everything
can be explained in terms of size, shape, and motion. But behind the extended
bodies of the mechanical philosophy, he argued, there must be something
more real, which he called individual substances; in that sense, his position
constitutes a kind of substantial atomism. Sometimes these individuals were
conceived of based on the model of Cartesian living things — corporeal sub-
stances with souls attached to bodies, making those bodies both active and
genuinely unified. But more often, particularly in his later writings, Leibniz
appealed to his monads. Modeled on Cartesian souls (that is, incorporeal
substances), monads were genuinely active and genuine individuals. The
bodies of everyday experience were just the confused appearance presented

97 See, for example, the intellectual biography Leibniz gives for his dealings with mechanism in his

letter to Nicholas Remond, 10 January 1714, in Gottfried Wilhelm Leibniz, Die philosophischen

Schriften, ed. C. 1. Gerhardt, 7 vols. (Berlin: Weidmannsche Buchhandlung, 1875—90), 3: 6067,

translated in Leibniz, Philosophical Papers and Letters, ed. and trans. L. E. Loemker (Dordrecht:

Reidel, 1969), pp. 654-s.

This argument is found in an essay dated 1702, in Gottfried Wilhelm Leibniz, Mathematische

Schriften, ed. C. 1. Gerhardt, 7 vols. (Berlin and Halle: A. Asher et comp. and H. W. Schmid,

1849—63), 6: 99-100, translated in Gottfried Wilhelm Leibniz, Leibniz: Philosophical Essays, ed. and

trans. Roger Ariew and Daniel Garber (Indianapolis: Hackett, 1989), p. 2s1.

9 See, for example, Leibniz’s letter to Arnauld, 30 April 1686, in Leibniz, Die philosophischen Schrifien,
2: 96, translated in Ariew and Garber, eds. and trans., Leibniz: Philosophical Essays, p. 8s. For an
account of this and other arguments against the Cartesian conception of body, see Daniel Garber,
“Leibniz and the Foundations of Physics: The Middle Years,” in 7he Natural Philosophy of Leibniz,
ed. K. Okruhlik and J. R. Brown (Dordrecht: Reidel, 1985), pp. 27-130.

19° For an exposition of Leibniz’s arguments against acomism, see Garber, “Leibniz: Physics and Phi-

losophy,” pp. 321-s.
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by these substances; both the bodies and the laws that they obey are ulti-
mately grounded in the world of genuine substances. What was truly real,
for Leibniz, were these substances. Mechanism for Leibniz was grounded in
something not purely material, either corporeal substances, which involve an
immaterial soul, or monads, which are themselves immaterial substances.
Mechanist corpuscularianism often presented itself as a replacement for
an Aristotelian conception of body. But this was not always the case. As men-
tioned earlier, there was an atomistic and corpuscularian tradition separate
from the Epicurean and mechanist tradition and quite consistent with an
Aristotelian conception of body, the minima naturalia view on which ele-
ments that by their nature were distinct were divisible into smallest parts that
are also by their nature distinct. There were, in addition, many who tried to
render the full-blown mechanical philosophy consistent with the Aristotelian
philosophy that many mechanists thought it was meant to replace. Digby’s
widely read Two Treatises (1644), one of the early works written from a mech-
anist point of view, evinced great respect for the Aristotelian point of view
and tried to show its consistency with Digby’s own system. In the second
half of the seventeenth century, as the mechanist program was gaining seri-
ous momentum, there were numerous books with titles like Jean-Baptiste
Du Hamel’s De consensu veteris et novae philosophiae (On the Agreement of
the Old and New Philosophy, Paris, 1663), Jacques Du Roure’s La physique
expliquée suivant le sentiment des ancients et nouveaux philosophes; & princi-
palement Descartes (Physics Explained in accordance with the Opinions of the
Old and the New Philosophers, and Especially that of Descartes, Paris, 1653),
Johannes de Raey’s Clavis philosophiae naturalis sive Introductio ad contem-
plationem naturae aristotelico-cartesiana (The Key to Natural Philosophy; or,
Introduction to the Aristotelio-Cartesian Contemplation of Nature, Leiden,
1654), René Le Bossu’s Paralléle des principes de la physique d’Aristote & celle
de René Des Cartes (The Parallels between the Principles of the Physics of
Aristotle and René Descartes, Paris, 1674). Some of these works were simply
comparisons of the old and the new. But, in numerous cases, authors tried
to render consistent the matter and form of the schools with the size, shape,
and motion of the moderns.”" One of the young Leibniz’s earliest surviving
writings is a letter he wrote to his teacher, Jakob Thomasius (1622-1684),
on 20/30 April 1669 (published by him a year later, virtually unchanged),
naming a number of the most prominent adherents of this position and
outlining his own way of reconciling Aristotelianism and the mechanical
philosophy."** The ideas there were rather naive; he argued that Aristotelian

19t On this theme in seventeenth-century thought, see Christia Mercer, “The Vitality and Importance
of Early Modern Aristotelianism,” in 7e Rise of Modern Philosophy, ed. Tom Sorell (Oxford: Oxford
University Press, 1993); and Mercer, Leibniz’s Metaphysics.

192 The letter can be found in Gottfried Wilhelm Leibniz, Simtliche Schrifien und Briefe, ed. Deutsche
[before 1945, Preussische] Akademie der Wissenschaften (Berlin: Akademie Verlag, 1923-), 2.1: 15,
translated in Loemker, ed. and trans., Philosophical Papers and Letters, pp. 93-103.
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notions of matter, form, and change can be interpreted in mechanist terms,
and that this is how Aristotle himself had understood them, a far cry from the
much more sophisticated reconciliation one finds in Leibniz’s mature writ-
ings. But, in a real sense, though the details change, the idea of grounding
mechanistic physics on Aristotelian foundations remained with Leibniz for
much of his life. Following Aristotelian practice, Leibniz often characterized
his substances, both corporeal substances and monads or simple substances,
in terms of matter and form, as I discuss in more detail. In this way, he
could claim to have reconciled the new mechanical philosophy with the
old scholastic Aristotelian philosophy. As Leibniz put it in the Discours de
métaphysique (Discourse on Metaphysics, 1686), “the thoughts of the the-
ologians and philosophers who are called scholastics are not entirely to be
disdained.”3

THE MECHANICAL PHILOSOPHY: SPACE, VOID,
AND MOTION

Among the foundational issues, questions about space, place, and void were
important to the Aristotelian philosophy of the schools and were widely
discussed by some of the opponents to Aristotelianism discussed earlier. But
the reintroduction of atomism by many mechanists brought with it a renewed
interest in these questions and some new positions worth examining.
Asdiscussed earlier, for Aristotle, empty space was impossible: All space was
filled with body and could not be otherwise. Although he rejected Aristotle
in many other respects, this was an issue on which Descartes agreed with him.
For Descartes, as for Aristotle, space was not something over and above body.
Because the nature of body is extension, and because every property (such
as extension) requires something that instantiates that property, anything
extended must be body. For Descartes, space was simply an abstract way of
talking about extended bodies and their relations to one another, and the
very idea of a vacuum was a conceptual impossibility. As a consequence, the
world was full for Descartes, and there was no empty space, nor could there
be. Because space was just a relation among bodies, place was defined in
terms of the relations among bodies, as was motion for Descartes. Motion
was a change of situation with respect to the bodies neighboring a given
body. Although there was no fact of the matter whether a given body or

193 Gottfried Wilhelm Leibniz, Discours de métaphysique (written in 1686, unpublished during Leibniz’s
lifetime), para. 11, in Leibniz, Simtliche Schrifien und Briefe 6.4: 1529-88. They are not entirely to
be disdained, but not entirely to be followed either. For the schoolmen, form was to explain the
details of the behavior of bodies: why some fall and some rise; why some are hot and others are cold.
This was not so for Leibniz. For Leibniz, all explanation in physics was in terms of size, shape, and
motion. Matter and form enter in only to ground the reality of body by providing unity, and the
general laws of motion by providing force and activity. In this way, Leibniz argued “that the belief
in substantial forms has some basis, but that these forms do not change anything in the phenomena
and must not be used to explain particular effects,” Discours de métaphysique, para. 10.

Cambridge Histories Online © Cambridge University Press, 2008



Physics and Foundations 53

its neighborhood is really moving when the two are separating from one
another, there was, for Descartes, a fact of the matter about whether they are
separating. In this way, Descartes hoped to make a real distinction between
motion and rest, and reject the evident relativism that his position would
seem to entail.'*4

The plenist position characterized the later Cartesian school and quite
naturally went with the view that body is divisible to infinity. If the world is
filled with no empty spaces, then bodies must be divisible indefinitely in order
to prevent empty spaces from being formed as larger bodies move. Indeed,
there are some circumstances in which bodies must actually be divided to
infinity in order to guarantee that there are no vacua.’® However, Descartes’
position on the nature of motion was not generally followed. Christiaan
Huygens (1629-1695), in his youth a follower of Descartes, built a physics
where motion is understood to be relative to an arbitrarily chosen resting
point.’

Those who revived atomism in the seventeenth century tended to favor
views of space that held it to be independent of body and capable of existing
empty, without body. As already mentioned, Galileo had rejected Aristotle’s
ban on the vacuum. For Galileo, the consistency of bodies was explained
at least in part by the interspersal of tiny vacua throughout matter."*” Like
Epicurus, Gassendi argued for the existence of void space from the fact that,
without a void, motion would be impossible, either at the macroscopic or
the microscopic level. Although others had opposed the Aristotelian ban on
the vacuum, Gassendi took the argument one step further, arguing that space
is something that must be conceived outside of the Aristotelian categories
of substance and accident.'® But it was probably Gassendi’s espousal of this
position that would influence later thinkers such as Locke. As Locke wrote
in his Essay Concerning Human Understanding (1690): “If it be demanded (as
it usually is) whether this Space void of Body be Substance or Accident, 1 shall

194 This position is developed, for example, in Descartes’ Principia philosophiae, 2.1-35. For a fuller
discussion of the issues raised, see Garber, Descartes’ Metaphysical Physics, chaps. s—6.
195 See Descartes, Principia philosophiae, 2.34—35. Descartes argues that in a specified region, for any
body, however small, in that region, one can find a body smaller still. Because he wants to reserve
the term “infinity” for God alone, Descartes calls this indefinite divisibility rather than infinite
divisibility.
The relativity of motion is central to Huygens’s derivation of the laws of impact. By virtue of
the doctrine of the relativity of motion, what appear as different physical situations in Descartes’
derivation (Principia philosophiae, 2.40, 46—52) are identified with one another, allowing Huygens
to present laws much more elegant than Descartes’. See Christiaan Huygens, De motu corporum ex
percussione (1659), in Christiaan Huygens, Oeuvres complétes, ed. D. Bierans de Haan, J. Bosscha,
D. J. Kortweg, and J. A. Vollgraff, 22 vols. (The Hague: Socié¢té Hollandaise des Sciences and
Martinus Nijhoff, 1888-1950), 16: 30168, trans. Richard J. Blackwell in “Christiaan Huygens’s 7he
Motion of Colliding Bodies,” Isis, 68 (1977), 574—97. See also the discussion in Dijksterhuis, 7%e
Mechanization of the World Picture, pp. 373-80.
See Galileo, Discorsi e dimostrazioni, in Opere di Galileo Galilei, 8: 71—2, translated in Drake, Zwo
New Sciences, p. 33.
Gassendi, Opera, 1: 182A. The position here is reminiscent of the one that Patrizi had taken some
years earlier. On Patrizi’s theory of space, see Grant, Much Ado about Nothing, pp. 204~s.
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readily answer, I know not: nor shall be ashamed to own my Ignorance, till
they that ask, shew me a clear distinct /dea of Substance.”

Locke also rejected with vigor the Cartesian identification of space with
body."® As a result, he saw no problem with recognizing the possibility of
empty space. He wrote: “Whatever Men shall think concerning the existence
of a Vacuum, this is plain to me, That we have as clear an Idea of Space distinct
from Solidity, as we have of Solidity distinct from Motion, or Motion from
Space.”™

Unlike Gassendi, Locke stopped short of saying that space definitely falls
outside the categories of substance and accident, and he stopped short of
asserting that space is a something that contains bodies, as opposed to a
relation of sorts among bodies. But Locke was quite clear about rejecting the
Cartesian identification of body and space and the consequent impossibility
of the vacuum.

A similar position can be found in the writings of the Cambridge Platonist
Henry More. Like Gassendi before him, More believed that space should be
thought of as a container that contains all of the bodies in nature. But unlike
Gassendi and Locke, More did not want to accommodate space by reject-
ing the categories of substance and accident. Although More agreed with
Descartes that extension must be the property of something, he disagreed
with Descartes in his claim that all extension must be body. Unlike Descartes,
More argued that both body and soul are extended, the one extended and pen-
etrable, the other extended and impenetrable. More argued that the appro-
priate substance to which to attribute the infinite extension of space is neither
finite body nor finite spirit but God himself."*

Possibly related to More’s view is one of Newton’s, in his Principia mathe-
matica philosophiae naturalis(Mathematical Principles of Natural Philosophy,
1687). There Newton presented an absolutist conception of space, which he
contrasted with a relativist conception: “Absolute space, in its own nature,
without relation to anything external, remains always similar and immov-
able. Relative space is some movable dimension or measure of the absolute
spaces; which our senses determine by its position to bodies.”™

It is with respect to the immobile framework of this absolute space that
absolute (as opposed to relative) motion is to be measured: Absolute motion

109

Locke, Essay, 2.13.17.

Ibid., 2.13.11-17, 23—7.

Ibid., 2.13.26.

See Henry More, An Antidote Against Atheism, appendix, chap. 7, in his A Collection of Several
Philosophical Writings of Dr Henry More . . . (London: Printed by James Flesher for W. Morden,
1662); and More, Enchiridion metaphysicum (London: Printed by James Flesher for W. Morden,
1671), chap. 8.

3 Isaac Newton, Philosophiae naturalis principia mathematica, ed. Alexandre Koyré and 1. Bernard
Cohen, 2 vols. (Cambridge, Mass.: Harvard University Press, 1972), I: 46, trans. Andrew Motte
in Isaac Newton, Mathematical Principles of Natural Philosophy, revised by Florian Cajori, 2 vols.
(Berkeley: University of California Press, 1934), 1: 6.
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is simply motion with respect to this immobile framework."+ Newton gave
a number of criteria by which one can tell whether one is in motion, abso-
lutely speaking, including his famous bucket experiment.”> As More did,
Newton seems to have identified space with God himself. In the General
Scholium added to the second edition of the Principia (1713), Newton wrote
that “He endures forever, and is everywhere present; and, by existing always
and everywhere, he constitutes duration and space.”II6 Elsewhere, Newton
talked about space as God’s sensorium: God “is more able by his Will to
move the Bodies within his boundless uniform Sensorium, and thereby to
form and reform the Parts of the Universe, than we are by our Will to move
the Parts of our own Bodies.”"”

An interesting kind of intermediate position between the Cartesian and
the Gassendist is found in Leibniz. Against the conception of space found,
for example, in an Epicurean atomist such as Gassendi, Leibniz offered a
conception of space as relative:

I hold space to be something merely relative. . . . I hold it to be an order of
coexistences, as time is an order of successions. For space denotes, in terms
of possibility, an order of things which exist at the same time, considered as

existing together. . . . Space is nothing else but . . . order or relation, and is

nothing at all without bodies but the possibility of placing them."®

Although Leibniz agreed with Descartes in rejecting the idea of space as
something that exists independently of the bodies that fill it, he disagreed with
Descartes’ identification of body and space. But although it is conceivable
for Leibniz that there could be empty space, a wise God would not leave any
space unfilled. In this way, Leibniz shared the Cartesian commitment to the

idea that all space is full of body (along with the idea that all body is divisible

"4 Although he agrees, in a sense, with Descartes in distinguishing motion and rest, his conception
of the distinction is altogether different. See Newton’s critique of Descartes’ conception of motion
in Isaac Newton, De gravitatione . . . , published in Unpublished Scientific Papers of Isaac Newton,
ed. A. R. Hall and M. B. Hall (Cambridge: Cambridge University Press, 1962), pp. 89-156 (Latin
original followed by English translation).

In the bucket experiment, Newton imagines a bucket hung by a twisted cord and spun about
so that the cord untwists. As the motion of the bucket communicates itself to the water, the
surface of the water will become more and more concave as the water ascends the sides of the
bucket. Newton writes: “The ascent of the water shows its endeavor to recede from the axis of its
motion; and the true and absolute circular motion of the water, which is here directly contrary to
the relative, becomes known, and may be measured by this endeavor.” (Isaac Newton, Principia
mathematica . . . , 1: 51, trans. Motte in Newton, Mathematical Principles, 1: 10.) The classic article
on the question of Newton and absolute space and motion is Howard Stein, “Newtonian Space-
Time,” Texas Quarterly, 10 (1967), 174200, reprinted in The Annus Mirabilis of Sir Isaac Newton,
1666—1966, ed. Robert Palter (Cambridge, Mass.: MIT Press, 1970).

Newton, Principia mathematica, 2: 761, trans. Motte in Newton, Mathematical Principles, 2: 54s.
7 Question 31 in Isaac Newton, Opticks; or, A Treatise of the Reflections, Refractions, Inflections &
Colours of Light (New York: Dover, 1952), p. 403; see also Question 28 in Newton, Opticks, p. 370.
Leibniz to Clarke, 25 February 1716 (Leibniz’s Third Paper), para. 4 in G. W. Leibniz and Samuel
Clarke, Correspondance Leibniz-Clarke, ed. André Robinet (Paris: Presses Universitaires de France,
1957), p. 53; and G. W. Leibniz and Samuel Clarke, The Leibniz-Clarke Correspondence, ed. H. G.
Alexander (Manchester: Manchester University Press, 1956), pp. 25-6.
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to infinity) while sharing with the Gassendists the view that a vacuum is
possible.” Interestingly enough, even though space was relative for Leibniz,
motion was not. Leibniz held that in any situation in the physical world, one
can designate any point as being immobile and the laws of physics will not
be violated in that frame. But he also believed that at the metaphysical level
of forces, there is a real distinction between motion and rest, and a fact of
the matter about which bodies are really moving. Real motion, for Leibniz,
involved real force: The bodies that are in motion are endowed with what he
called living force (mass times velocity squared, 72*)."°

The question of absolute versus relative space gave rise to one of the most
celebrated scientific disputes in the period, the debate between Leibniz and
the Newtonians, as it unfolded in a series of letters between Leibniz and the
English divine and friend of Newton’s, Samuel Clarke (1675-1729).”*" There
were many arguments on a number of issues, including the role of God in
the universe and Leibniz’s views on the relativity of space, time, and motion.
A central consideration related to Leibniz’s so-called Principle of Sufficient
Reason, the claim that there must be a reason for everything. Leibniz pointed
out that if there were absolute space, as Newton held, then one is forced to
make distinctions without real differences. For example, if the world were to
be moved five inches to the left, or if east and west were to be systematically
reversed, the absolutist would have to hold that these worlds were really
different. But if so, then there could be no reason for God to choose one
of them over any of the others: Because the worlds are equally orderly and
indistinguishable in all of their phenomena, God would violate the Principle
of Sufficient Reason if he created any of them at all. This, for Leibniz, was
a good reason for adopting a theory of space in which such worlds are not
genuinely different. (This, of course, has the effect that, in the case at hand,
because there is no difference between the starting place and the ending place,
there is no motion either, properly speaking.) But Clarke was not satisfied.
For Clarke, God was free to do what he liked: God’s decision to create one
possible universe over other possible and even indistinguishable universes is

9 For a more detailed account of Leibniz on space, see Garber, “Leibniz: Physics and Philosophy,”
pp. 301 ff.

120 See, for example, Discours de métaphysique, para. 18; and Leibniz to Huygens 12/22 June 1694, in
Leibniz, Mathematische Schriften, 2: 184, translated in Ariew and Garber, eds. and trans., Leibniz:
Philosophical Essays, p. 308. For a discussion of Leibnizian relativity, see Howard Stein, “Some
Philosophical Prehistory of General Relativity,” in Foundations of Space-Time Theories, ed. ]. Earman,
C. Glymour, and J. Stachel (Minnesota Studies in the Philosophy of Science, 8) (Minneapolis:
University of Minnesota Press), pp. 349, esp. pp. 3—6, with notes and appendices; and Garber,
“Leibniz: Physics and Philosophy,” pp. 306 ff.

For a close discussion of the exchange, see Ezio Vailati, Leibniz and Clarke: A Study of Their
Correspondence (Oxford: Oxford University Press, 1997). Although it is clear that Newton played
some role behind the scenes in Clarke’s side of the correspondence, the exact extent is unclear. See
Vailati, Leibniz and Clarke, pp. 4—s, and the references cited therein.
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all the reason that is needed.” This exchange nicely illustrates the extent to
which theological concerns were central to foundational debates about the
nature of the physical world.

The issue of the nature of space and the possibility of a vacuum was one
of the most important foundational issues in seventeenth-century physics.
But even though it was foundational, aspects of the issue were thought to be
amenable to empirical investigation, particularly the question of the real exis-
tence of the vacuum. In 1644, Evangelista Torricelli (1608-1647), a student
of Galileo who worked in Florence, found that when one filled a tube that
was closed on one side with mercury and then stood the tube up in a pool
of mercury, if the tube was long enough, the mercury in the tube would fall
and leave what appeared to be an empty space at the top.”? This gave rise to
considerable debate and discussion. The classic experiments were performed
by Blaise Pascal (1623-1662) (see Dear, Chapter 4, this volume). There were
two sets of experiments. The first were reported in Pascal’s Expériences nou-
velles touchant le vide (New Experiments on the Vacuum, 1647). There Pascal
varied the experiments, using tubes of different widths, heights, and shapes.
He used water and wine in addition to mercury in an attempt to show that
the space at the top of the column was genuinely empty and filled neither
with vapor from the liquid below nor with air that may have been in the lig-
uid or seeped in through the pores in the tubes. He argued at that point that
the column was held up by a limited “fear of the vacuum,” a variant of the
conception of the horror vacui common in Aristotelian science. Pascal’s view
changed in the Récit de la grande expérience de I'équilibre des liqueurs (Account
of the Great Experiment on the Equilibrium of Fluids, 1648). There Pascal
reported on the famous Puy de Déme experiment, where his brother-in-law,
Florin Périer, carried a barometer to the top of the Puy de Déme, a high
mountain in the Auvergne region of France, and compared the reading at
the top with the reading of a similar apparatus at the bottom of the mountain.
The fact that the column of mercury at the top was lower than the column
of mercury at the bottom established, for Pascal, that it was the pressure of
the air that kept the column at the level that it was; as one goes higher in the
atmosphere, that air pressure decreases, causing the decrease in the length of
the column. Pascal also concluded that nature does not abhor a vacuum and

122 See, for example, Leibniz to Clarke (Leibniz’s Third Paper), 25 February 1716, para. 5, and Clarke’s
reply, Clarke to Leibniz, 15 May 1716 (Clarke’s Third Reply), paras. 2, 5. Interestingly enough,
in his correspondence with Clarke, Leibniz does not discuss Newton’s bucket experiment for
distinguishing between absolute and relative motion. However, he discusses it elsewhere, and
rejects it. See Leibniz to Huygens 4/14 September 1694, in Leibniz, Mathematische Schrifien, 2:
199, translated in Leibniz: Philosophical Essays, p. 308-9.

The classic account of this discovery and its consequences remains C. de Waard, L'expérience
barométrique: ses antécédents et ses explications (Thouars [Deux-Sevres]: Imprimerie Nouvelle, 1936).
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that all of the phenomena that had been attributed to the supposed horror
of the vacuum are caused by the pressure of the ambient air.”**

Pascal’s experiments were widely discussed, though not universally
accepted as establishing what Pascal claimed they did. Descartes, of course,
for whom extension and body were the same, could not accept Pascal’s con-
clusion that the vacuum exists. Although he was perfectly prepared to agree
with Pascal that it was air pressure that supported the column of mercury,
Descartes believed that the apparently empty space at the top of the col-
umn was really subtle matter that had entered through the pores of the
glass.” This position was developed in more detail in a series of letters that
Etienne Noél (1581-1659) sent Pascal in autumn 1647. (Noél was a Jesuit and
may possibly have been Descartes’ philosophy teacher at the Jesuit Academy
of La Fleche.) Noél argued that the fact that light passes through the vac-
uum shows that the glass must have pores in order to allow the particles of
light to pass through. And if light can pass through, so could small parti-
cles from the atmosphere.>® This consideration was trenchant enough that
even some supporters of the vacuum, such as Gassendi and his English fol-
lower Walter Charleton (1620-1707), agreed that it cast doubt on Pascal’s
conclusion.””” In the end, the problem was solved (as many metaphysical
problems seem to be) by simply setting the issue aside.”™® In his New Experi-
ments Physico-Mechanical, touching the Spring of the Air (1660), where he first
reported his famous air-pump experiments, Boyle wrote: “The Controversie
about a Vacuum [seems to be] rather a Metaphysical, then a Physiologi-
cal Question; which therefore we shall here no longer debate, finding it
very difficult either to satisfie Naturalists with this Cartesian Notion of a
Body, or to manifest wherein it is erroneous, and substute a better in its
stead.”"*?

For Boyle, the foundational question that goes beyond the ability of the
experimenter to determine is a question that should be left aside.

>4 The Expériences nouvelles can be found in Blaise Pascal, Ocuvres complétes, 7 vols. (Paris: Desclée de
Brouwer, 1964-), 2: 493—513, translated in Blaise Pascal, Provincial Letters, Pensées, Scientific Treatises,
trans. Thomas M’Crie (Great Books of the Western World), ed. Robert Maynard Hutchins, 54 vols.
(Chicago: Encyclopaedia Britannica, 1952), 33: 359-81. The Récir can be found in Pascal, Oeuvres
complétes, 2: 677—90, translated in Hutchins, ed., Provincial Letters, pp. 382—9. For accounts of
the arguments, see, for example, P. Guenancia, Du vide & Dieu: Essai sur la physique de Pascal
(Paris: Maspero, 1976); and Simone Mazauric, Gassends, Pascal et la querelle du vide (Paris: Presses
Universitaires de France, 1998).

See Garber, Descartes’ Metaphysical Physics, pp. 136—43.

For No&l’s correspondence with Pascal, see Pascal, Oeuvres complétes, 2: s13—40. For a survey of
Noél’s arguments, see Garber, Descartes’ Metaphysical Physics, p. 143.

See Gassendi, Opera, 1: 205A; and Walter Charleton, Physiologia Epicuro-Gassendo-Charltoniana
(London: Printed by T. Newcomb for T. Heath, 1654), pp. 42—4.

See Steven Shapin and Simon Schaffer, Leviathan and the Air-Pump: Hobbes, Boyle, and the Exper-
imental Life (Princeton, N.J.: Princeton University Press, 1985), pp. 45 ff., 119 ff.

29 Boyle, Works, 1: 198.
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THE MECHANICAL PHILOSOPHY: SPIRIT, FORCE,
AND ACTIVITY

In the orthodox mechanical philosophy, everything was to be explained in
terms of size, shape, motion, and the collision of corpuscles with one another,
all governed by the laws of nature. This would seem to exclude any intrusion
of mentality or incorporeal substance into the physical world. Among the
main figures, only Hobbes espoused a straightforwardly materialistic phi-
losophy and eliminated mind altogether.”® Descartes introduced mind as a
thinking thing, in contrast with body, whose essence is extension alone. As a
consequence of these conceptions, mind and body were completely distinct
from one another, and the one could exist without the other. Because this
entailed a rejection of the Aristotelian conception of a soul, the principle of
life, Descartes was committed to explaining the phenomena of life — diges-
tion, reproduction, involuntary motions, and so forth — in purely mechanis-
tic terms. The mind, an incorporeal and nonextended substance, explained
thought and reason. But insofar as some of our activities involve rational pro-
cesses of thought and choice and voluntary motion (I reach out and choose
a book rather than a pack of playing cards), the mental world did on some
occasions intrude into the physical world for Descartes.”"

Henry More took Descartes’ position further still. In his earlier years,
More corresponded with Descartes and did much to advocate the study of
his thought in England.”®* But even though he was a great advocate of the
mechanical philosophy in many ways, More was convinced that much that
the mechanists claimed to be able to explain mechanistically could not be
so explained and required an appeal to what he called the “spirit of nature.”
This incorporeal principle was taken to explain “what remands down a stone
toward the Center of the Earth . . . keeps the Waters from swilling out of
the Moon, curbs the matter of the sun into roundness of figure,” among
many other things.” More characterized this spirit of nature as “a substance

3% There are some others whose views are associated with materialism. In his set of objections to
Descartes’ Meditations, Gassendi seems to adopt a materialist view against Descartes’ famous
dualism; see Descartes, Oeuvres, 7: 262—70, and his expansion of this in his Disquisitio Meta-
physica (Amsterdam: Johannes Blaev, 1644), Gassendi, Opera, 3: 284B ff. However, in the Synzagma,
he comes out quite clearly for the existence of incorporeal substance. See Gassendi, Opera, 2: 440A
ff. Another character in the period often accused of materialism is Spinoza. Although his complex
metaphysics does allow for the possibility of being interpreted in this way, insofar as the mind and
body are, in a sense, identical, it can also be interpreted in other ways. See Benedict de Spinoza
Ethics, in Spinoza, Opera, ed. Carl Gebhardt (Heidelberg: C. Winter, 1925), vol. 2, pp. 84-96, esp.
Part 2, props. 1-13.

For a development of this reading, see Daniel Garber, “Mind, Body, and the Laws of Nature in
Descartes and Leibniz,” in Garber, Descartes Embodied (Cambridge: Cambridge University Press,
2001), pp. 133-67.

On More’s role in the diffusion of Cartesianism, see Alan Gabbey, “Philosophia Cartesiana
Triumphata: Henry More (1646-1671).”

33 Henry More, A Collection, p. xv.
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incorporeal, but without Sense and Animadversion, pervading the whole
Matter of the Universe, and exercising a Plastical power therein . . . raising
such Phaenomena in the world, by directing the parts of Matter and their
Motion, as cannot be resolved into mere Mechanic powers.”?* More’s con-
ception of the world extended to other kinds of spirits as well. Along with his
friend, the English natural philosopher Joseph Glanvill (1636-1680), More
proselytized for the recognition of disembodied spirits, ghosts, and witches,
arguing that they should be accepted by the very standards of belief espoused
by the Royal Society.™

Another mechanist view that granted a large role to incorporeal substance
was Leibniz’s, where the ultimate entities, corporeal substances or monads, are
understood to be immaterial substances or at least endowed with immaterial
substances. But, Leibniz held, though the mechanist world is grounded in
something that goes beyond matter and motion, everything in the physical
world can be explained in terms of size, shape, and motion. For Leibniz, the
appeal to incorporeal substance was needed not to explain individual events
in the physical world but rather the very existence and nature of laws that
govern those events. For example, Leibniz argued that if bodies were mere
extension, as the Cartesians held, and contained nothing immaterial, then one
body could not resist another in a collision, and a body A in motion colliding
with a body B at rest would put body B into motion without diminishing
the speed of body A in any way. In this situation, various conservation laws,
such as the conservation of momentum and the conservation of m*, would
be violated. In this way, Leibniz took great pains to distance himself from
views such as More’s, which involved the direct intervention of incorporeal
substance in the material world.’3

Closely related to the question of incorporeal substance in natural philos-
ophy is the question of the activity of bodies and the real existence of force
in the physical world. If the essence of body is extension alone, then it would
appear that there is no room in body for any activity at all. For that reason,
Descartes held that the motion of bodies in the world derives directly from

34 Henry More, The Immortality of the Soul, p. 193, in More, A Collection. A similar view is found in
More’s friend and colleague Ralph Cudworth. See Ralph Cudworth, The True Intellectual System
of the Universe (London: Richard Royston, 1678). What corresponds in Cudworth’s thought to
More’s Spirit of Nature is what he calls the plastic natures. Indeed, Cudworth goes so far as to
argue that the purely materialistic (and atheistic) form in which atomism has come down to us is
a perversion of the original, which before Democritus and Leucippus included incorporeal souls
and an incorporeal deity in addition to atoms and the void (1.18, 41 ff.).

See Daniel Garber, “Soul and Mind: Life and Thought in the Seventeenth Century,” in Garber
and Ayers, eds., The Cambridge History of Seventeenth-Century Philosophy, pp. 776 ff.

See Part I of Gottfried Wilhelm Leibniz, Specimen dynamicum [1695], in Leibniz, Mathematische
Schrifien, 6: 242—3, translated in Ariew and Garber, eds. and trans., Leibniz: Philosophical Essays,
pp. 125-6; and Gottfried Wilhelm von Leibniz, De ipsa natura (1698, para. 2, Die philosophischen
Schriften, 4: 504—s, translated in Ariew and Garber, eds. and trans., Leibniz: Philosophical Essays,
p- 156.
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God himself or from the finite minds to which he gave the ability to move
bodies. As he wrote to Henry More:

The translation that I call motion, is not something with less being than
figure has, that is, it is a mode in body. But the moving force can be that
of God, conserving as much translation in matter, as he placed in it in the
first moment of creation, of that of some other created substance, such as
our mind, or some other thing [an angel, for example] to which he gave the
force for moving a body. . . . I consider “matter left free and having no other
impluse” as plainly at rest. Moreover, it is impelled by God, conserving as
much motion or translation in it as he placed there in the beginning.””

In this way, all motion (at least, all motion that does not derive from finite
minds) derives directly from God. Despite this feature of his account of body,
Descartes made free use of the notion of force in his physics. But as I discuss
later in this chapter, given Descartes’ grounding of the laws of nature (in
which the notion of force plays its role) in God, it is fair to interpret his
appeal to force as an indirect appeal to God. For example, it is because God
maintains the motion that a body has that it appears to resist being stopped
or being deflected from its rectilinear path.®

A general trend within Cartesian metaphysical physics after Descartes’
death was the development and ultimate dominance of the doctrine of occa-
sionalism. Although Descartes allowed that minds can be the causes of motion
as well, many of Descartes’ later followers, including Gérauld de Cordemoy
(1626-1684), Louis de La Forge (1632—ca. 1666), Johann Clauberg (1622—
1665), and Nicolas Malebranche (1638-1715), took the doctrine one step fur-
ther and argued that God is the only genuinely efficacious cause in the world,
eliminating both bodies and minds as real causes. For a variety of reasons,
they argued that what appear to be instances of body—body causality (one
body collides with another) or mind-body causality (the mind wills to raise
the arm of the body to which it is attached) are really caused by God, carry-
ing out the effects in accordance with laws that he has ordained for himself.
According to one popular argument, for example, God’s conservation of the
world from moment to moment, which underlies Descartes’ view of the
laws of motion, makes any causal relations between finite creatures, minds
or bodies, otiose. Another central argument, due to Malebranche, eliminates
finite causes by arguing that only in the case of God do we find the necessary
connection between cause and effect required for a genuine causal relation.”

37 Descartes, Oenvres, 5: 403—4. The quotation in the passage is from More’s letter to Descartes. There
is a certain amount of controversy over whether the “some other thing” to which God gave the
ability to move bodies is another body or another kind of spirit. On this, see Garber, Descartes’
Metaphysical Physics, pp. 303—4.

138 See Garber, Descartes’ Metaphysical Physics, chap. 9.

39 On occasionalism, see Causation in Early Modern Philosophy, ed. Steven Nadler (University Park: The
Pennsylvania State University Press, 1993); and para. 10 of Nadler, “Doctrines of Explanation in Late
Scholasticism and in the Mechanical Philosophy,” in Garber and Ayers, eds., 7he Cambridge History
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The atomist Gassendi would appear to be opposed to Descartes on this
score. Gassendi did agree with Epicurus in holding that there is a sense in
which bodies are genuinely active. Unlike Descartes, Gassendi held that God,
in creating bodies, created them with genuine self-motion. Gassendi wrote
in the Syntagma philosophicum (Treatise on Philosophy, 1658): “It seems that
we must say . . . that the first moving cause in physical things is atoms; while
they move through themselves and through the force which is continually
received from the Author from the beginning, they give motion to all things.
And therefore these atoms are the origin, principal, and cause of all motions
which are in nature.”"*°

But it is clear that for Gassendi, as for Descartes, the foundation of this
activity was God: God was “the Author” who must continually sustain the
force that he has given to bodies.

Leibniz seems to have taken Gassendi’s views of the activity of bodies one
step further by seeing force and activity not merely as properties of the basic
stuff of the world but as, in a sense, definitive of the very notion of body.
He wrote in an essay entitled “On the Correction of Metaphysics and the
Concept of Substance” (1694):

I say that this power of acting inheres in all substance, and that some action
always arises from it, so that the corporeal substance itself does not, any
more than spiritual substance, ever cease to act. This seems not to have been
perceived clearly by those who have found the essence of bodies to be in
extension, alone or together with the addition of impenetrability, and who
seem to conceive of bodies as absolutely at rest.#"

Given the close connection between activity and substantiality, it is not
surprising that the notion of force entered into the very definition of substance
for Leibniz. In his dynamics, Leibniz made two important distinctions with
respect to force. First of all, there was the distinction between primitive and
derivative forces, the distinction between the subject that is exerting the
force (primitive) and the actual force exerted by the substance at a particular
time (derivative). Derivative forces manifest themselves in motion and the
resistance to motion at the level of observable bodies, governed by laws of
motion that Leibniz proposes. Then there is the distinction between active
and passive forces. Passive forces are exerted in reaction to other forces that
act on the body; these forces include impenetrability and resistance. Active
forces are exerted by the substance without being acted on; these include

of Seventeenth-Century Philosophy. On the argument for occasionalism from divine sustenance, see
Daniel Garber, “How God Causes Motion: Descartes, Divine Sustenance, and Occasionalism,” in
Garber, Descartes Embodied, pp. 189—202. For the argument from necessary connection, see Nicolas
Malebranche, De la recherche de la verité (Paris: A. Pralard, 1674—s), 6.2.3.

4 Gassendi, Opera, 1: 337A; cf. 1: 279B, 1: 280A.

4" Leibniz, Die philosophischen Schriften, 4: 46870, translated in Loemker, ed. and trans., Philosophical
Papers and Letters, p. 433.
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living force (the force associated with motion) and dead force (the kind
of force found in a stretched rubber band). Leibniz claimed that primitive
active force is, properly speaking, the substantial form of a substance, whereas
primitive passive force constitutes the primary matter."#*

For Leibniz, force and activity were essential parts of substance and thus
very different from the inert corporeal substances of the Cartesian tradition.
But, despite that, they do not act independently of God. Leibniz wrote in
the essay “De ipsa natura” (“On Nature Itself,” 1698):

The very substance of things consists in a force for acting and being acted
upon. From this it follows that persisting things cannot be produced if no
force lasting through time can be imprinted on them by the divine power.
Were that so, it would follow that no created substance, no soul would
remain numerically the same, and thus, nothing would be conserved by
God, and consequently everything would merely be certain vanishing or
unstable modifications and phantasms, so to speak, of one permanent divine
substance.'

It is a subtle position that Leibniz was trying to outline here. Although
God must continually conserve the world, for Leibniz as for many of his
contemporaries, what he must conserve is a world of active substances that
contain within themselves the grounds of their own activity.

THE MECHANICAL PHILOSOPHY: GOD
AND FINAL CAUSES

Itis evident from the preceding discussion that God had a large role to play in
the mechanical philosophy. God was identified by some with the container
space; he was appealed to in order to determine what is a rational choice and
what is not in determining the structure of the world; and he was appealed
to as the primary cause of motion in the world and as the ground of force
and activity in the world. The mechanist’s philosophy was infused with the
divine spirit, in a sense. In addition to these uses of God in the mechanical
philosophy, I would like to discuss two additional themes that relate to God
and the mechanical philosophy: the controversies over final causes, and the
use of God in the derivation of the laws of motion.

The world of Christian scholasticism was a world full of meaning: divine
plans and divine designs. One of Descartes” most controversial positions was
to put such considerations out of bounds for the physicist. He wrote: “When
dealing with natural things we will, then, never derive any explanations from

4 Gottfried Wilhelm Leibniz, Specimen dynamicum, pt. 1, in Mathematische Schriften, 6: 236 ft.,
translated in Ariew and Garber, eds. and trans., Leibniz: Philosophical Essays, p. 119 ff.

43 “De ipsa natura” [1698], sec. 8, Die philosophischen Schriften, 4: 508, translated in Ariew and Garber,
eds. and trans., Leibniz: Philosophical Essays, pp. 159—60.
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the purposes which God or nature may have had in view when creating them
[and we shall entirely banish from our philosophy the search for final causes].
For we should not be so arrogant as to suppose that we can share in God’s
plans.”44

Benedict de Spinoza (1636-1677) took the argument one step further and
denied not only that we could know final causes but that, strictly speaking,
God had no intentions. The appendix to Part I of his posthumously published
Ethica (1677) gave an elaborate argument for why it is wrong to think of God
anthropomorphically, as if he acted with intentions.

Needless to say, this was not a position that was popular among most
thinkers of the period. Boyle, for example, wrote an essay directly oppos-
ing Descartes, as well as those more radical than Descartes who eliminated
final causes altogether, A Disquisition about the Final Causes of Natural
Things (1688)."4 Although Boyle recommended that “a Naturalist, who
would Deserve that Name, must not let the Search or Knowledge of Final
Causes make him Neglect the Industrious Indagation of Efficients,” he argued
that “all Consideration of Final Causes is not to be Banishd from Natural
Philosophy: but #hat 'tis rather Allowable, and in some Cases Commendable,
to Observe and Argue from the Manifest Uses of Things, that the Author of
Nature Pre-ordain'd those ends and uses.”*® More generally, Boyle held that
“by being addicted to Experimental Philosophy, a Man is rather Assisted than
Indisposed, to be a Good Christian,” as the subtitle to his Christian Virtuoso
(1690-1) reads.™”

Newton, too, embraced final causes. Writing in the celebrated General
Scholium, added to the end of the second edition of the Principia in 1713,
and referring to the order of the heavenly bodies, Newton noted that “It is
not to be conceived that mere mechanical causes could give birth to so many
regular motions. . . . This most beautiful system of the sun, planets, and
comets, could only proceed from the counsel and dominion of an intelligent
and powerful Being.”™® In this way, God is very much present to the world
in ordering it and shaping it.

But the philosophically most sophisticated defense of final causes in the
period was probably that of Leibniz. As a mechanist, Leibniz held that every-
thing could be explained in terms of size, shape, and motion, in terms of
efficient causes. But he also held that everything can be explained in terms

44 Principia philosophiae, 1.28. The material in brackets is from the 1647 French translation. Before
Descartes, Bacon had also rejected final causes in physics. See Francis Bacon, Novum Organum
(London: Joannes Billius, 1620), 1.48 and 2.2; and Bacon, De dignitate et augmentis scientiarum
(London: I. Haviland, 1623), 3.4.

45 Boyle, Works, 11: 79—151.

146 Tbid., 11: 151.

147 1bid., 11: 281.

48 Newton, Principia mathematica . . . , 2: 760, translated in Newton, Mathematical Principles, 2: 544;
cf. Query 31 of Newton, Opticks, p. 402. There Newton dismisses Descartes’ attempt to derive the
current state of the world from an initial chaos without appeal to final causes as “unphilosophical.”
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of God’s intentions. As he wrote in the Specimen dynamicum (An Example
from the Dynamics, 1695):

In general, we must hold that everything in the world can be explained in
two ways: through the kingdom of power, that is, through efficient causes, and
through the kingdom of wisdom, that is, through final causes, through God,
governing bodies for his glory, like an architect, governing them as machines
that follow the laws of size or mathematics, governing them, indeed, for the
use of souls. . . . These two kingdoms everywhere interpenetrate each other
without confusing or disturbing their laws, so that the greatest obtains in the
kingdom of power at the same time as the best in the kingdom of wisdom.'#?

Leibniz did not think that we should always appeal directly to final causes.
He wrote in an essay from 1702: “[I]t is empty to resort to the first substance,
God, in explaining the phenomena of his creatures, unless his means or ends
are, at the same time, explained in detail, and the proximate efficient or even
the pertinent final causes are correctly assigned, so that he shows himself
through his power and wisdom.”"°

However, in some cases, particularly in optics, Leibniz thought that final
causes could be very helpful in discovering things that are too difficult to
discover using efficient causes, such as the sine law of refraction.””

This difference in attitude toward final causes is reflected in the very
different ways in which Descartes and Leibniz derived the laws of motion
from God. For Descartes, the laws of motion he proposed were justified by
the claim that in sustaining the world from moment to moment, as he must
do for it to remain in existence, God also preserves a certain quantity of
motion in the world, and certain features of that motion, for example the
tendency of a body in motion to remain in uniform rectilinear motion. In
justification of his famous law of the conservation of quantity of motion (size
times speed) in his Principia philosophiae (1644), Descartes wrote:

For we understand that God’s perfection involves not only his being
immutable in himself, but also his operating in a manner that is always utterly
constant and immutable. Now there are some changes whose occurrence is
guaranteed either by our own plain experience or by divine revelation, and

14

&

Gottfried Wilhelm Leibniz, Specimen dynamicum, pt. 1, in Leibniz, Mathematische Schriften, 6: 243,
translated in Ariew and Garber, eds. and trans., Leibniz: Philosophical Essays, pp. 126—7.

Gottfried Wilhelm Leibniz, “On Body and Force, May 1702,” in Leibniz, Die philosophischen
Schriften, 4: 397-8, translated in Ariew and Garber, eds. and trans., Leibniz: Philosophical Essays,
p. 254.

See Leibniz, Specimen dynamicum, pt. 1, in Leibniz, Mathematische Schriften, 6: 243, translated
in Ariew and Garber, eds. and trans., Leibniz: Philosophical Essays, pp. 126—7; Gottfried Wilhelm
Leibniz, “A Letter of Mr. Leibniz . . .” (July 1687), in Leibniz, Die philosophischen Schriften, 3:
s1-2, translated in Loemker, ed. and trans., Philosophical Papers and Letters, p. 351. The sine law of
refraction is discussed in Leibniz, Discours de métaphysique, para. 22. A specific example Leibniz
refers to on a number of occasions is the “Unicum Opticae, Catoptricae, et Dioptricae Principium,”
Acta eruditorum, June 1682: 185—90, in Gottfried Wilhelm Leibniz, Opera omnia, ed. Louis Dutens
(Geneva: Fratres de Tournes, 1768), 3: 145—51.

o
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either our perception or our faith shows us that these take place without any
change in the creator; but apart from these we should not suppose that any
other changes occur in God’s works, in case this suggests some inconstancy
in God. Thus, God imparted various motions to the parts of matter when he
first created them, and he now preserves all this matter in the same way, and
by the same process by which he originally created it; and it follows from
what we have said that this fact alone makes it most reasonable to think that
God likewise always preserves the same quantity of motion in matter.”>

Descartes suggested similar derivations for the three subsidiary laws of motion
that he proposes. It is important to note here that Descartes was 7oz appealing
to God’s intentions or God’s choice. The laws he proposed derive directly
from God’s nature: It is because of his immutability that God must act in the
way in which he does, and because he acts that way, bodies obey Descartes’
laws of motion.

Leibniz rejected Descartes’ incorrect laws and replaced them with a set of
conservation laws very much like the ones now used in classical mechanics.
However, Leibniz also rejected the way in which Descartes derived the laws

from God.

[The laws of motion] do not derive entirely from the principle of necessity,
but from the principle of perfection and order; they are an effect of the choice
and the wisdom of God. I can demonstrate these laws in many ways, but it is
always necessary to assume something which is not absolutely geometrically
necessary. These beautiful laws are a marvelous proof of an intelligent and
free being [Gody], against the system of absolute and brute necessity of Straton
and Spinoza.'??

In this way, the laws of nature, for Leibniz, derive from the free choice of a
God who chooses the laws appropriate for this best of all possible worlds.

BEYOND THE MECHANICAL PHILOSOPHY: NEWTON

In many ways, Newton’s world was the by then familiar mecha-
nist/corpuscularian world of bodies governed by laws of motion. Although
Newton eschewed any systematic statement of his theory of matter, it is
reasonably clear that he rejected the Cartesian metaphysical physics and sub-
scribed to a version of atomism in which he recognized both atoms and the

152

Descartes, Principia philosophiae, 2.36.

53 Gottfried Wilhelm Leibniz, Theodicy, 1.345, in Leibniz, Die philosophischen Schrifien, 6: 319; see
also, for example, Leibniz, Discours de métaphysique, para. 21. Also see Gottfried Wilhelm Leibniz,
Principes de la nature et de la grice (written in 1714, but unpublished during Leibniz’s lifetime), para.
11, in Leibniz, Die philosophischen Schrifien, 6: 598—606. Strato of Lampsacus (d. 270 B.C.E.) was
an ancient follower of Aristotle who had the reputation of denying providence. None of his works
survive.
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void.’* Perhaps most surprising to his contemporaries, and most disturbing
as well, was the extent to which Newton was willing to add active pow-
ers to bodies. Again, in the thirty-first Query to his Opticks, Newton wrote
concerning the atoms that make up bodies:

It seems to me farther that these Particles have not only a Vis inertiae . . .,
but also that they are moved by certain active Principles, such as is that of
Gravity, and that which causes Fermentation, and the Cohesion of Bodies.
These Principles I consider not as occult Qualities, supposed to result from
the specifick Forms of Things, but general Laws of Nature, by which the
things themselves are formd."s

Newton’s world was thus an active world composed of bodies with active
principles, including but not limited to gravitation, that are central to the
formation of the world we see around us.”¢ In adding these active forces,
perhaps as a result of his chymical studies,”” Newton departed from the strict
Boylean mechanism that was the hallmark of the previous generation; he thus
admitted that not everything can be explained by matter and motion alone,
and that there is action that does not work by direct collision but at a distance.
It was this to which Leibniz, for example, objected. Leibniz saw Newton’s
obscure forces as a step backward from the clarity and intelligibility of the
mechanical philosophy, a reversion back to the scholastic philosophy that the
mechanical philosophy was supposed to replace, a departure from the clarity
of action by impact, and a return to the obscurity of influences and occult
qualities. With Newton (and his followers) in mind, Leibniz complained
bitterly of the people of his day who “have such a lust for variety that, in
the midst of an abundance of fruits, it seems they want to revert to acorns”;
rejecting the clear truths of the mechanical philosophy, they show their “love
for difficult nonsense.”*

Leibniz did not live to see Newton’s acorns grow into mighty oaks, or his
nonsense transformed into the new common sense. Although Newton’s con-
ception of the world came to dominate European thought in the eighteenth

54 Kargon, Atomism in England, chap. 9.

155 Newton, Opticks, p. 402.

156 See the discussion by Daniel Garber, John Henry, Lynn Joy, and Alan Gabbey, “New Doctrines
of Body and Its Powers, Place, and Space,” in Garber and Ayers, eds., The Cambridge History
of Seventeenth-Century Philosophy, pp. 553—623, at pp. 602 ff. It should be noted that there is
considerable disagreement about the status of gravitation in Newton: whether he really thought
that gravitation was a basic force of nature, or whether he thought that it could be explained by more
basic mechanical causes. However, at least some of his followers were willing to take the plunge
and accept action at a distance. See, for example, Roger Cotes’s preface to the second edition of
Newton’s Principia (1713), in Principia mathematica, 1: 19-35, esp. 27-8, translated in Mathematical
Principles, 1: xx—xxxiii, esp. xxvii. On the status of gravitation, see Ernan McMullin, Newton on
Matter and Activity (Notre Dame, Ind.: Notre Dame University Press, 1978), chap. 3.

57 On Newton and chymistry, see Westfall, “Newton and the Hermetic Tradition,” and Dobbs, The

Foundations of Newtons Alchemy, chap. 6.

Gottfried Wilhelm Leibniz, Antibarbarus physicus, in Leibniz, Die philosophischen Schriften, 7: 337,

translated in Ariew and Garber, eds. and trans., Leibniz: Philosophical Essays, p. 31.
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century and replaced the stricter mechanical philosophy of the seventeenth
century, the particular foundations that Newton himself supplied were not
always adopted along with the physics. There were attempts to ground
Newton’s physics in different metaphysics, including the idealistic meta-
physics of Bishop Berkeley (1685-1753), the monadological metaphysics of
Leibniz’s German followers, the atoms of force of Rudjer Boscovi¢ (1711—
1787), David Hume’s (1711-1776) psychologistic foundations of causality,
and the magisterial system of Immanuel Kant (1724-1804). But in contrast
with the sixteenth and seventeenth centuries, when the foundational enter-
prise was closely linked with the scientific enterprise itself, later developments
in technical physics seemed largely independent of the different attempts to
provide it with appropriate foundations.

CONCLUSION: BEYOND FOUNDATIONS

The ultimate fate of the Newtonian system in the eighteenth century illus-
trates a fundamental shift in scientific thought with regard to foundational
questions. In the beginning of the period examined in this chapter, the idea
of foundations is quite central to the idea of the study of nature. By the end of
the seventeenth century, this idea had not been altogether abandoned by any
means but had changed its status in fundamental ways. By this time, I think
it is fair to say that the enterprise of physics and the enterprise of grounding
physics have largely separated from one another and become rather separate
disciplines.

This separation had been prepared for some time before. Already in the
works of Boyle, questions about the vacuum and the infinite divisibility of
matter, questions that go beyond the ability of experiment to resolve, had
become metaphysical in a pejorative sense and had been placed beyond the
domain of the natural philosopher. By the end of the seventeenth century,
even Leibniz, one of the heirs of the program for a metaphysical physics,
had come to separate the domain of physics proper from its metaphysical
foundations and argued that the physicist need not concern himself with
that domain. Leibniz’s grounding of his mechanist world in a conception of
substance was very different from that of Descartes, involving the positing of
incorporeal substances in nature and the way in which God enters into the
metaphysical grounding of his conception of the natural world. But, Leibniz
argued, metaphysics and theology should not be the concern of the physicist,
properly speaking. Writing in his Discourse on Metaphysics, he noted:

Just as a geometer does not need to burden his mind with the famous
labyrinth of the composition of the continuum, there is no need for any
moral philosopher and even less need for a jurist or statesman to trouble
himself with the great difficulties involved in reconciling free will and God’s
providence, since the geometer can achieve all his demonstrations and the
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statesman can complete all his deliberations without entering into these
discussions, discussions that remain necessary and important in philosophy
and theology. In the same way, a physicist can explain some experiments, at
times using previous simpler experiments and at times using geometric and
mechanical demonstrations, without needing general considerations from
another sphere. And if he uses God’s concourse, or else a soul, animating
force [archée], or something else of this nature, he is raving just as much as
the person who, in the course of an important practical deliberation, enters
into a lofty discussion concerning the nature of destiny and the nature of
our freedom.”®

In this disciplinary separation of foundations from the science that it grounds
are born both philosophy and science as we have come to know them.

159 Leibniz, Discours de métaphysique, para. 10, in Leibniz, Simtliche Schriften und Briefe 6.4: 1543—44,
translated in Ariew and Garber, eds. and trans., Leibniz: Philosophical Essays, p. 43.
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SCIENTIFIC EXPLANATION FROM
FORMAL CAUSES TO LAWS
OF NATURE

Lynn S. Joy

The story of the changing forms of explanation adopted in the early modern
sciences is too often told as a story of the wholesale rejection of the systematic
Aristotelian treatment of causal questions that flourished in medieval as well
as ancient science. Narratives of this sort have ignored a promising alter-
native way of understanding the multifaceted transformation that occurred
in early modern natural philosophers™ beliefs about causality. By focusing
instead on the Aristotelian tradition’s contributions to the development of
rival forms of explanation, it becomes possible to characterize these new sorts
of explanations against a rich conceptual background. Of course, scientific
innovators in the period 1500-1800 did widely reject Aristotle’s account of
the four kinds of causes as a source of acceptable theories in the specific
sciences." But a more tempered view of this rejection may better reveal how
the new sorts of explanations were actually conceived by their originators.

THREE NOTABLE CHANGES IN EARLY MODERN
SCIENTIFIC EXPLANATIONS

This chapter considers three notable changes in early modern scientific expla-
nations. The first was a change in the overall purpose of scientific research that

! Historians of science and philosophy have assessed the contributions of Aristotelian thought to
the growth of early modern science in strikingly different ways. Some have viewed the rejection of
Aristotelian principles as crucial to the development of early modern science, whereas others have
argued for the indispensability of some of these same principles in its development. Readers interested
in interpretations tracing the rejection of Aristotle should consult, for example, Charles Coulston
Gillispie, 7he Edge of Objectivity (Princeton, N.J.: Princeton University Press, 1960), pp. 11-16, 266—
8, 28s5; and Carolyn Merchant, The Death of Nature: Women, Ecology, and the Scientific Revolution
(New York: Harper and Row, 1980), pp. 99-126, esp. 112, 121-6. By contrast, interpretations that
show the indispensability of Aristotelian ideas include: William A. Wallace, Causality and Scientific
Explanation, 2 vols. (Ann Arbor: University of Michigan Press, 1972 and 1974), vol. 1; and Dennis
Des Chene, Physiologia: Natural Philosophy in Late Aristotelian and Cartesian Thought (Ithaca, N.Y.:
Cornell University Press, 1996), pp. 53—251.
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was initiated by those critics of Aristotelianism who relinquished Aristotle’s
goal of understanding the form of each natural substance. Rather than trying
to elucidate each substance’s form, early modern innovators in the specific
sciences, as well as natural philosophy, sought to determine the fundamental
constituent parts — whether elements or atoms — of each kind of material
body and also to identify the lawlike regularities exhibited in the organization
and motions of these fundamental elements or atoms.> Such a redirection
of the purpose of scientific research also produced new definitions of the
metaphysical requirements that must be satisfied for something to count as
a cause.

A second notable change consisted in the replacement of long-standing
Aristotelian explanations of specific kinds of natural phenomena. In astron-
omy, the contested explanations dealt with well-established observations of
planetary motion as well as newly discovered effects such as the appearance
of a supernova or of an apparently new comet. For example, Tycho Brahe’s
description of the comet of 1577 — as located far above the sphere of the
moon and orbiting the sun — and Galileo Galilei’s subsequent endorsement
of just the first part of this description in his Istoria e dimostrazioni intorno
alle macchie solari e loro accidenti (Letters on Sunspots, 1613) set the stage
for a bitter series of disputes between Galileo and the Jesuit Horatio Grassi
regarding the explanation of three comets observed in 1618.> Both Galileo
and Grassi had already rejected the usual Aristotelian view that comets are
meteorological phenomena occurring beneath the sphere of the moon. Their
disagreement concerned whether comets are the same kind of objects as plan-
ets and whether measurements of their parallaxes are reliable indicators of
their distances from Earth. However, it also encompassed the two thinkers’
disputes about a variety of other issues, including the nature of human sense
perception, the reflection of sunlight by planets, and the heating of terres-
trial bodies. Such wide-ranging contested explanations were to be found
outside astronomy, too, in sciences that specialized in the study of terrestrial
phenomena such as mechanics, natural history, alchemy, and medicine.*

o

For a detailed analysis of this first notable change in early modern treatments of causality, see the
sections of this chapter on “God as a Final Cause and the Emergence of Laws of Nature” and “Intrinsic
versus Extrinsic Efficient Causes among the Corpuscular Physicists.”

Galileo Galilei, Letters on Sunspots, excerpts translated in Discoveries and Opinions of Galileo, ed.
Stillman Drake (Garden City, N.Y.: Doubleday Anchor Books, 1957), p. 119. See also Drake’s intro-
duction to Galileo’s The Assayer [1623] in Discoveries and Opinions of Galileo, esp. pp. 221—7, and
Stillman Drake, Galileo at Work (Chicago: University of Chicago Press, 1978), pp. 264—73, for a
summary of Mario Guiducci (and Galileo Galilei), Discorso delle comete . . . [1619].

On changes in the science of natural history, see Lorraine Daston and Katharine Park, Wonders
and the Order of Nature, 1150-1750 (New York: Zone Books, 1998), pp. 217-31; also their “Unnat-
ural Conceptions: The Study of Monsters in Sixteenth- and Seventeenth-Century France and En-
gland,” Past and Present, 92 (1981), 20—54; and Lorraine Daston, “Baconian Facts, Academic Civil-
ity, and the Prehistory of Objectivity,” Annals of Scholarship, 8 (1991), 337—63. On developments in
the science of alchemy, see William R. Newman, Gehennical Fire: The Lives of George Starkey, an
American Alchemist in the Scientific Revolution (Cambridge, Mass.: Harvard University Press, 1994),
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Finally, a third notable change in early modern scientific explanations was
signaled by natural philosophers’ waning interest in metaphysical discussions
of the nature of causality itself. Increasingly, they addressed epistemological
questions that had little to do with Aristotelian investigations of an ontology
of causes. Their epistemological inquiries explored, among other topics, how
a hitherto unknown cause becomes known to human observers and what
method of investigation enables the observer 7o discover the particular cause
of an individual effect in a specific science.’ Greater attention was paid as
well to the task of trying 0 produce certain natural effects because some
investigators were now convinced that if they could reproduce the relevant
natural phenomena, they would learn how the same effects were brought
about by nature.

How did these three changes occur? Were they perhaps made possible by
the same concepts that were being called into question by modern critics of
Aristotelianism? Did Aristotle’s account of the four causes assist such critics
in articulating new conceptions of scientific explanation despite the fact
that they showed little interest in basing their explanations on his concept
of substance? The gap between the new and old conceptions of scientific
explanation was large indeed. Still, the old causal concepts continued to be
applied in the new natural philosophies, although such applications often
occurred in contexts where Aristotelian assumptions concerning substance
and nature were supplanted by rival assumptions about material bodies and
a mechanistic nature. The continuing usefulness of the account of the four
causes stemmed in part from earlier revisions that medieval Islamic and
Christian interpreters such as Avicenna (Ibn Sina), Albertus Magnus, and
Thomas Aquinas had made in its scope. These medieval interpreters had
extended their discussions to encompass the causal powers of a supernatural
God and the occult powers of the stars, planets, and ordinary bodies on
Earth —any of which could act together with Aristotle’s four causes of a natural
substance.® Even the seventeenth-century thinkers who rejected explanations
in terms of the four causes seem to have profited from such revised versions

pp. 92-169. Concerning the juxtaposition of traditional and innovative explanations in medicine,
see A. Wear, R. K. French, and I. M. Lonie, eds., The Medical Renaissance of the Sixteenth Century
(Cambridge: Cambridge University Press, 1985); and Harold J. Cook, “The New Philosophy and
Medicine in Seventeenth-Century England,” in Reappraisals of the Scientific Revolution, ed. David C.
Lindberg and Robert S. Westman (Cambridge: Cambridge University Press, 1990), pp. 397-436.
See the last section of this chapter, “Active and Passive Principles as a Model for Cause and Effect,”
which considers two classic cases that together illustrate the third notable change in early modern
treatments of causality.

Besides the medieval Aristotelians who made such revisions, the Renaissance Platonists also con-
tributed significantly to the elaboration of scientific explanations that invoked the occult qualities of
terrestrial and celestial bodies. A good account of the relationship between the medieval Aristotelian
and Renaissance Platonist treatments of occult qualities is given in Brian P. Copenhaver, “Natu-
ral Magic, Hermetism, and Occultism in Early Modern Science,” in Lindberg and Westman, eds.,
Reappraisals of the Scientific Revolution, pp. 261-301.

“

=N

Cambridge Histories Online © Cambridge University Press, 2008



Scientific Explanation 73

of Aristotle’s account because these versions helped them to articulate new
types of explanations.

The narrative that follows does not try to survey every new type of expla-
nation that emerged in early modern science. Rather, it describes a limited
number of historical cases to formulate two theses about how laws of nature
and material efficient causes became central features of modern scientific
explanations and why formal causes were rejected. The first thesis argues
that Aristotles conception of causal explanation — while in many ways incom-
patible with explanations based on laws of nature and material efficient causes —
actually served as the source of certain definitive features of this modern concep-
tion of scientific explanation.” The second thesis suggests that the decline of
explanations in terms of the four causes occurred not because the new conception
of scientific explanation was shown to be rationally superior to Aristotles concep-
tion but because the latter had been seriously weakened by the efforts of its early
modern defenders to rehabilitate it

CAUSALITY IN THE ARISTOTELIAN TRADITION

Aristotle’s account of causality provided early modern thinkers who had
learned it in their university training — usually from textbooks but sometimes
from the original works of Aristotle or his Arabic and Latin commentators —
with a philosophical vocabulary whose concepts guided their expectations
about the kinds of causes that were appropriate to identify in scientific expla-
nations.” According to his account, the four causes — matter, form, efficient

7 This chapter thus takes issue with one of the claims made by John R. Milton in his “Laws of Nature,”
in The Cambridge History of Seventeenth-Century Philosophy, ed. Daniel Garber and Michael Ayers, 2
vols. (Cambridge: Cambridge University Press, 1998), 1: 680—701. The present study disagrees with
Milton’s assertion that (p. 684): “The fundamental reason why no clear well-defined notion of a law
of nature had emerged by the end of the sixteenth century is that there was no room for any such idea
within the inherited . . . systems of Aristotelian physics and epicyclic astronomy, whether geocentric
or heliocentric. . . . What was still lacking was a new kind of natural philosophy, which could serve
as a satisfactory replacement for scholastic Aristotelianism.” By contrast, I argue in what follows that
the new natural philosophies of Boyle and Newton — including their respective treatments of laws
of nature — crucially relied on several important Aristotelian precedents for their conceptualization.
Therefore, although it is true that their notions of laws of nature were incompatible with Aristotelian
substance theory and causal theory, their notions were actually conceived in particular terms borrowed
from these two theories.

See the section of this chapter on “Intrinsic versus Extrinsic Efficient Causes among the Aristotelian
Reformers.”

Numerous published editions and translations of Aristotle’s works, commentaries on them, and
textbooks summarizing them were available for use in the early modern universities. For surveys of
these various publications, see Charles B. Schmitt, Aristotle and the Renaissance (Cambridge, Mass.:
Harvard University Press, 1983); and E Edward Cranz, A Bibliography of Aristotle Editions, 1501—1600
(Bibliotheca Bibliographica Aureliana, 38) (Baden-Baden: Verlag Valentin Koerner, 1971). Concerning
the use of different kinds of Aristotelian texts in university education, see L. W. B. Brockliss, French
Higher Education in the Seventeenth and Eighteenth Centuries (Oxford: Oxford University Press, 1987),
esp. pp. 337—443; and Brian P. Copenhaver and Charles B. Schmitt, Renaissance Philosophy (Oxford:
Oxford University Press, 1992), pp. 60-126. On the teaching of some of Aristotle’s works in the
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cause, and final cause — are the four kinds of causes whose combined pres-
ence or action is required for the coming-to-be of a substance and whose
combined presence or action best explains the motions or changes that a
substance undergoes. Aristotle had developed this account in his philosoph-
ical investigations of what is the basic unit of existence in the natural world,
namely, what is a primary substance. In medieval and Renaissance textbooks,
Aristotle’s account was therefore commonly taught together with his defini-
tion of a primary substance. These textbooks defined a primary substance
as an individual organism, such as a particular plant (e.g., this oak tree) or
a particular animal (e.g., this man named “Peter”).”® They also taught that
earth, fire, air, and water — the four elements — are primary substances. This
definition of what counts as a primary, or individual, substance was crucial
to Aristotelian natural philosophers because one of their aims was to identify
and classify the basic units of existence in the natural world." Once they had
identified these substances, their other aim was to explain how each individual
substance came to exist and to possess its characteristic properties. Here they
utilized Aristotle’s four causal concepts to provide scientific explanations, for
instance, of how an acorn, from which an oak tree is observed to develop,
comes to exist and why both the acorn and the oak tree possess characteristic
observable properties that make them stages in the growth of a single organ-
ism, which counts as an individual substance. These natural philosophers
also extended their inquiries to study the species consisting of a// oak trees
by observing and describing the common properties of the individual oak

secondary schools, see Paul E. Grendler, Schooling in Renaissance Italy: Literacy and Learning, 1300—

1600 (The Johns Hopkins University Studies in Historical and Political Science, 107) (Baltimore:

Johns Hopkins University Press, 1989), pp. 203, 268—71.
1° See, for instance, the textbook account of substance in Gregor Reisch, Margarita philosophica, 2.5,
3rd Basel ed., expanded by Oronce Finé (Basel: S. H. Petri, 1583), pp. 135-6. Despite the popularity of
textbooks such as the Margarita philosophica, it is important to remember that university teachers and
students also had access to highly sophisticated treatments of Aristotle’s account of substance. One
of the most important of these for seventeenth-century readers was Francisco Sudrez, Disputationes
metaphysicae (Salamanca: Joannes and Andreas Renault, 1597), esp. Disputations 32—4.
Twentieth-century scholars of Aristotle’s concept of ousia, or substance, point out that his definition
of what is a primary substance underwent significant changes between his expositions of the concept
in the Categories and in the Physics or Metaphysics. They usually agree that, in the earlier work,
Aristotle referred to particular objects, such as a certain man or a certain horse, as primary substances.
However, they disagree about the extent to which he revised this concept in the development of his
physics and metaphysics. Michael J. Loux sees the Cazegories account of primary substance as already
anticipating Aristotle’s later treatment of it as the essence or universal instantiated in a particular
object. But Sarah Waterlow and Jonathan Lear, respectively, interpret Aristotle as firmly holding that
a primary substance is an individual object, such as a certain man or horse, in the Cazegories. They
argue that he changed his definition of this concept only in the Metaphysics. See Michael J. Loux,
Primary Ousia (Ithaca, N.Y.: Cornell University Press, 1991), pp. 2—17; Sarah Waterlow, Nazure,
Change, and Agency in Aristotle’s Physics (Oxford: Oxford University Press, 1982), pp. 412, 48-s54,
87—92; Jonathan Lear, Aristotle: The Desire to Understand (Cambridge: Cambridge University Press,
1988), pp. 257—9, 265—73. For a general introduction to Aristotle’s thought, especially his natural
philosophy, see G. E. R. Lloyd, Aristotle: The Growth and Structure of His Thought (Cambridge:
Cambridge University Press, 1968).
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trees that compose the species.”” They explained the characteristic properties
of all members of the species oak tree in terms comparable to the four causes
that explained each individual oak tree.

In his Physics and Metaphysics, Aristotle had defined the four causes using
various examples drawn from art as well as nature. He had often referred
to the better-known examples of human actions and artifacts (artificial sub-
stances such as statues and household utensils) to indicate the meaning of a
causal concept when the relevant meaning might otherwise have been more
obscure if he had used only natural substances to illustrate it. Hence a typical
statement of Aristotle’s definitions of matter, form, efficient cause, and final
cause asserted:

We call a cause (1) that from which (as immanent material) a thing comes
into being, e.g. the bronze of the statue and the silver of the saucer, and the
classes which include these. (2) The form or pattern, i.e. the formula of the
essence, and the classes which include this (e.g. the ratio 2:1 and number in
general are causes of the octave) and the parts of the formula. (3) That from
which the change or the freedom from change first begins, e.g. the man who
has deliberated is a cause, and the father a cause of the child, and in general
the maker a cause of the thing made. . . . (4) The end, i.e. that for the sake
of which a thing is, e.g. health is the cause of walking. For why does one
walk? We say ‘in order that one may be healthy,” and in speaking thus we
think we have given the cause.”

The writers of medieval and Renaissance textbooks confronted a difficult
task when they tried to paraphrase and clarify such passages from Aristotle
for their student readers. But this same difficulty had also been experienced
even by the sophisticated twelfth- and thirteenth-century Arabic and Latin
commentators on his writings because the task of specifying the precise
matter, form, efficient cause, and final cause of an individual substance was
deceptively simple.'* The matter of a statue is the bronze from which it is
shaped. The form of a statue is its shape, which is produced by a human agent,
the sculptor. The sculptor, in shaping the statue, acts as its efficient cause. The
final cause, or end, of the statue is its completion in the finished form that was

' Reisch, Margarita philosophica, 2.5, pp. 135—6.

B Aristotle, Mezaphysics, 5.2, trans. W. D. Ross, in The Complete Works of Aristotle, ed. Jonathan Barnes,
2 vols. (Princeton, N.J.: Princeton University Press, 1984), 2: 1600 (1013224-35).

4 Two commentators whose writings continued to shape Aristotelian discussions of causality during
the period 1500-1700 were the twelfth-century Arabic commentator Averroes and the thirteenth-
century Latin commentator Thomas Aquinas. Early modern Aristotelians who were also influential
in defining the terms of these discussions included Francisco Sudrez, Julius Pacius, Jacopo Zabarella,
and various other teachers affiliated with either the Jesuit College in Coimbra or the University
of Padua. See, for example, Collegium Conimbricense, Commentarii . . . in octo libros Physicorum,
2 vols. (Lyons: Buysson, 1594); Collegium Conimbricense, Commentarii . . . in duos libros De
generatione et corruptione (Lyons: Buysson, 1600); Francisco Suérez, Disputationes metﬂpbysime;
Julius Pacius, Aristotelis Naturalis auscultationis libri VIII [1596] (repr., Frankfurt: Minerva, 1964);
Aristotelis Peripateticorum principis organum [1597] (repr., Hildesheim: Geory Olms, 1967). See also
the last section of this chapter, where several works of Jacopo Zabarella are examined.
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originally envisioned by the sculptor. To explain the causes of an individual
natural substance, textbook writers and philosophical commentators alike
usually transferred the specification of the four causes from the better-known
artifact examples to the case of a natural substance such as an oak tree.
However, the exact analogy between these cases could not easily be drawn.
An oak tree is a composite of matter and form that together constitute an
individual substance. Strictly speaking, neither the oak tree’s matter nor its
form can exist apart from the other prior to their union, which brings the
oak tree into existence as an individual substance, and therefore it is difficult
to describe the material cause and the formal cause independently of each
other. Furthermore, according to Aristotle, the oak tree is a natural and not
an artificial substance; hence it must possess within itself its own principle
of motion or change. Because its form serves as this principle, it counts not
only as the oak tree’s formal cause but as its efficient cause, too. The form
even does triple duty in an Aristotelian explanation of a natural substance
because it also serves as the substance’s final cause, or end. The purpose of the
developing oak tree is to become a mature oak tree as defined by the form.

Aristotelian textbook writers and philosophical commentators thus strug-
gled to interpret Aristotle’s definitions of the four causes as well as his concept
of nature, which attributed to each primary substance its own nature. Many
simply quoted parts of Aristotle’s statement of the concept:

By nature the animals and their parts exist, and the plants and the simple
bodies (earth, fire, air, water). . . . Each of them has within itself a principle of
motion and of stationariness (in respect of place, or of growth and decrease,
or by way of alteration). . . . Nature is a principle or cause of being moved
and of being at rest in that to which it belongs primarily, in virtue of itself
and not accidentally. . . . Things have a nature which have a principle of this
kind. Each of them is a substance.”

Some commentators then noted Aristotle’s observation that, for any natural
substance, its form just is its principle of motion or rest, and as such its form
does triple duty as the substance’s formal cause, efficient cause, and final
cause.’® Of course, this last feature of the conception of the four causes, as
applied to natural substances, led both puzzled schoolboys and professors to
ask: Which aspects of the form are responsible for its several causal powers?
What precisely is a causal power? Does causality itself have a nature or cause?

Reflections such as these, on the nature of causality itself, had stimulated
investigations in both science and metaphysics from the time of Averroes (Ibn

5 Aristotle, Physics, 2.1, trans. R. P. Hardie and R. K. Gaye, in Aristotle, Complete Works, ed. Barnes,
1: 329 (192b10-23, 192b33—4).

16 See, for instance, Reisch, Margarita philosophica, 8.13, p. 638; and Thomas Aquinas, De principiis
naturae, chap. 4, translated in Aquinas on Matter and Form and the Elements, ed. Joseph Bobik (Notre
Dame, Ind.: University of Notre Dame Press, 1998), pp. 71-3. Aristotle’s statements concerning the
relationship among the form, the efficient cause, and the end — which gave rise to the view that these
three kinds of causes coincide in natural substances — occur in his Physics. See Aristotle, Complete
Waorks, ed. Barnes, 1: 3301, 338 (193b6-18, 19422730, 198222-30).
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Rushd) and Aquinas in the twelfth and thirteenth centuries to the beginning
of the seventeenth century. As natural philosophers, some Aristotelians had
sought better to understand the forms of all natural substances in the belief
that, if they could determine exactly the form of each substance, they would
also discover its efficient cause and its final cause — thus achieving a com-
plete causal understanding of each natural substance. Others had sharply
distinguished between the form, on the one hand, and the efficient and final
causes, on the other, and they had stressed the importance of identifying
the respective powers of each of these kinds of causes.”” Furthermore, as
philosophers, every one of them had been committed to establishing the
metaphysical requirements that must be satisfied for something to count as a
cause of each kind. But despite their multifaceted research, Aristotelians by
the second half of the sixteenth century had faced growing criticisms of their
explanations in the specific sciences and challenges from rival metaphysical
treatments of causality.

GOD AS A FINAL CAUSE AND THE EMERGENCE
OF LAWS OF NATURE

The first change, which concerned the overall purpose of scientific research, is
dramatically illustrated by the differences between the views of Gregor Reisch
(1467-1525), author of a widely read sixteenth-century Aristotelian textbook,
the Margarita philosophica (The Philosophical Pearl, 1503), and those of
Robert Boyle (1627-1691), the well-known seventeenth-century advocate of
the mechanical philosophy.” Reisch, who reiterated the Aristotelians’ scien-
tific goal of understanding the form of each natural substance, and Boyle,
whose goal was to identify the corpuscular structures of material bodies and
the lawlike regularities governing them, envisioned radically different aims
for science. Still, they agreed on at least two crucial points: A natural philoso-
pher must reserve an important place for God in the explanation of natural
phenomena, and God’s role in such explanations is that of an extrinsic final
cause (see Garber, Chapter 2, this volume).

Reisch began from the assumption that a further distinction, besides those
among the four kinds of causes, needed to be made between what he called
“intrinsic causes” and “extrinsic causes.” Intrinsic causes are those causal

17" A prominent exponent of this line of interpretation was Sudrez. See Francisco Sudrez, On Efficient
Causality: Metaphysical Disputations 17, 18, and 19, trans. Alfred J. Freddoso (New Haven, Conn.:
Yale University Press, 1994), 17.1, pp. 3-10.

See note 10. All citations of Reisch’s Margarita philosophica in this article refer to the 1583 Basel
edition. Unlike some of the earlier Basel editions, this one contains printed page numbers, making
citation easier. Although in it Reisch’s text has been expanded by Oronce Fin¢, all the passages from
it cited here remained unchanged from the 1517 Basel edition, which does not contain any additions
by Finé. For an account of the various editions of Reisch’s work, see John Ferguson, “The Margarita
Philosophica of Gregorius Reisch: A Bibliography,” The Library, 10 (1929), 194—216.

9 Reisch, Margarita philosophica, 8.12-13, pp. 636-8.
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powers that belong to a natural substance itself and can be exercised only by
the substance. In Reisch’s view, two of the four Aristotelian causes — form and
matter — can only be intrinsic and not extrinsic because the union of form
and matter defines an individual substance. But efficient causes and final
causes can be either intrinsic or extrinsic, depending on whether the specific
efficient cause or final cause is 2 part of the substance under study.*® The case
of God’s action as a final cause of a natural substance would thus count as an
example of an extrinsic final cause in that God’s causal power does not belong
to the affected substance itself yet does influence its behavior. The affected
substance is of course still also influenced by its own intrinsic final cause,
which is its form. Reisch portrayed God as similar to a human craftsman
who possesses the idea of an artifact and whose idea then determines the
goal to be achieved when the craftsman acts to produce the artifact. Citing
precedents for this view in Augustine’s writings, he described the forms of
natural substances as divine ideas in the mind of God.” Each divine idea
serves as the archetype of the form that intrinsically causes the characteristic
properties of an individual substance. In other words, the extrinsic causal
power of God concurs, or acts together, with the intrinsic causal power of
the form of a substance to produce that substance.

Although Boyle rejected the sixteenth-century Aristotelians’ claim that
forms are the intrinsic final causes of natural substances, he did develop
further their treatment of God as an extrinsic final cause. But his view of God’s
role was not the same as that taught by Reisch. The latter had characterized
God as a final cause in that God possesses the archetype of the form of
each individual substance and serves as the divine end that moves all natural
substances — through their desires, inclinations, or other means — toward
their individual ends.”* Boyle, however, spoke of God as a final cause because
he believed God to be the divine mind that conceives of the providential
order of all natural bodies and the divine will that commands all material
bodies to obey the laws of nature.”® This account arose from his criticism
of the Aristotelians for failing to address satisfactorily a question that should
have been central to their causal explanations: Precisely how does a form
direct a natural substance toward its individual end?*# Still, Boyle worried
that his own answer to a comparable question — how does a divine will
command material bodies to obey the laws of nature? — might itself be viewed
as inadequate. It might even, he feared, be conflated with the principles of
the seventeenth-century Epicureans and Stoics. Indeed his description of

2 Tbid.

' Ibid., p. 637.

% Ibid., pp. 637-8.

» Robert Boyle, A Disquisition about the Final Causes of Natural Things (London: Printed by H. C.
for John Taylor, 1688), pp. 91-6; Boyle, A Free Enquiry into the Vulgarly Receivd Notion of Nature
(London: Printed by H. Clark for John Taylor, 1686), pp. 40-3, 124—7.

4 Boyle, Final Causes, pp. 87—90; Boyle, Notion of Nature, pp. 26-8, 44—7.
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how the laws of nature regulate the motions of material bodies could easily
have been mistaken for the Epicurean notion of nature, according to which
mobile atoms serve as the efficient causes of the motions of ordinary bodies
that are composed of these atoms. His reference to a providential natural order
might, on the other hand, have been confused with the Stoics” conception of
a God-like nature, which operates according to its own material and rational
principles and does not rely on a Christian God for its existence.

Boyle’s strategy was to steer a middle course between the modern revivers
of Epicurean atomism and the modern revivers of Stoic natural philoso-
phy.”> His middle course avoided the extreme of ascribing too little order
and purpose to the natural world, yet it also avoided the other extreme of
regarding nature itself as a divinity that fashions an order so complete that
there is no need for God to act as its final cause. The modern Epicure-
ans, Boyle thought, ascribed too little order to nature by giving a dominant
role to chance in their explanations of why material bodies possess certain
characteristic properties.?® Like their Hellenistic predecessors, they lacked an
understanding of the overall design of the world and thus theorized about
atoms as the efficient causes of natural phenomena without indicating the
ends that these causes are supposed to achieve. This resulted in the inability
of modern Epicureans to describe adequately either the design of individual
bodies or the structure of nature as a whole. A few modern atomists, among
them the Christian Epicurean Pierre Gassendi (1592-1655), did manage to
avoid such inadequacies by replacing Epicurus’s chance with the providence of
a Christian God.?” But this did not prevent Boyle from criticizing Gassendi’s
Hellenistic predecessors in his A Disquisition about the Final Causes of Natural
Things (1688):

There are some effects, that are so easy . . . to be producd, that they do
not infer any knowledge or intention in their Causes; but there are others,
that require such a number and concourse of conspiring Causes, and such a

2.

&

Boyle, Final Causes, pp. 3—4, 45—9, 100—1, 104—6; Boyle, Notion of Nature, pp. 64—s. In addition to
steering a middle course between the Epicureans and Stoics, Boyle also adopted in some works a
middle position between the Epicureans and the Cartesians. His Disquisition about the Final Causes
of Natural Things, for example, reserved its lengthiest criticisms not for the followers of Epicurus,
who held that the world’s atomic constitution needed no deity to create it, but for the followers of
Descartes, who refused to claim any knowledge of God’s purposes. The latter group, Boyle thought,
were so impressed by the gap between God’s omniscience and the finite knowledge of human beings
that they jeopardized their own belief in God’s powers by limiting scientific explanations to efficient
causes and by declining to speculate about the final causes of nature, which are God’s purposes.
See Boyle, Final Causes, pp. A3—As; and René Descartes, Principles of Philosophy, 1.24-8, in The
Philosophical Writings of Descartes, trans. John Cottingham, Robert Stoothoff, Dugald Murdoch,
and Anthony Kenny, 3 vols. (Cambridge: Cambridge University Press, 1984-91), 1: 201-2.

Boyle, Final Causes, pp. 3—4, 45—9, 160-1; Boyle, Notion of Nature, pp. 64~s.

*7 Two studies that analyze this and other aspects of Gassendi’s revival of Epicureanism from dif-
ferent perspectives are: Lynn Sumida Joy, Gassendi the Atomist, Advocate of History in an Age of
Science (Cambridge: Cambridge University Press, 1987); and Margaret J. Osler, Divine Will and
the Mechanical Philosophy: Gassendi and Descartes on Contingency and Necessity in the Created World
(Cambridge: Cambridge University Press, 1994).
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continued series of motions or operations, that tis utterly improbable, they
should be produced without the superintendency of a Rational Agent, Wise
and Powerfull enough to range and dispose the several intervening Agent’s
and Instruments . . . of such a remote effect. And therefore it will not follow,
that if chance could produce slight contexture in a few parts of matter; we
may safely conclude it able to produce so exquisit . . . a Contrivance, as that
of the Body of an Animal. . . . There is incomparably more Art expressd in
the structure of a Doggs foot, then in that of the famous Clock at Strasburg. 28

Here, in comparing a dog’s foot and the clock at Strasbourg, he drew an
important parallel between the need for a divine artisan in the production
of natural mechanisms and the need for human artisans in the construction
of machines such as the famous clock. This comparison, Boyle believed,
clearly revealed the inadequacy of those atomist explanations that refused
to acknowledge the need for final causes in determining the structure and
purpose of natural bodies.

By contrast, the modern Stoics were judged by Boyle to have made the
opposite error of endorsing an overly speculative notion of nature. Their
mistake was to hold that nature itself is a deity and to see divine purposes
everywhere in the natural world.”® As such, the Stoics’ notion of nature left no
room for the actions of a Christian God because God’s causal powers would
be superfluous in determining the ends of a natural order that can itself
function as a unified, intelligent, and living being capable of determining its
own ends. This criticism, however, did not apply unilaterally to all modern
Stoics, for many of them were Christians. Perhaps the most influential was
Justus Lipsius (1547-1606), the Flemish editor and popularizer of the writings
of the Roman Stoic Seneca. Lipsius worked tirelessly to reconcile both Stoic
physics and ethics with Christian theology, but when conflicts between them
became irresolvable, he did not hesitate to uphold Christian doctrines over
whatever physical or ethical principle had been taught by Seneca. As he
reminded readers of his Manuductio ad stoicam philosophiam (Introduction
to Stoic Philosophy, 1604), “No one should place the End or happiness in
Nature, as the Stoics do; unless by the interpretation which I gave, namely in
God.”* Lipsius thus exploited certain readings of the ancient texts in order
to enhance the credibility of Stoic views among Christian readers. A case
in point was his attempt to show that no heresy had been committed when
Seneca denied that God created matter. This denial was not heretical because
the term “matter” did have two Stoic usages, one referring to universal, or
primary, matter and another referring to particular, or secondary, matter from

2% Boyle, Final Causes, pp. 45—7.

9 Boyle, Notion of Nature, pp. 100-1, 104—6, 120-1.

39 Justus Lipsius, Manuductionis ad stoicam philosophiam libri iii [1604], in Justus Lipsius, Opera omnia,
4 vols. (Wesel, 1675), 4: 617 ff., translated in Jason Lewis Saunders, Justus Lipsius: The Philosophy of
Renaissance Stoicism (New York: The Liberal Arts Press, 1955), p. 55.
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which individual finite bodies are formed. Lipsius argued that when Seneca
denied God’s creation of matter, he had been referring to primary matter,
which — because it is the eternal substratum of everything that exists — is
identical to God.* Thus, Seneca’s denial of God’s creation of primary matter
was understandable because it would have made no sense for him to say that
what is eternal requires creation or that God creates himself.

Lipsius’s Stoicism and Gassendi’s Epicureanism represented attempts to
reconcile early modern Christian beliefs and Hellenistic pagan principles. In
this they had something significant in common with Boyle’s own efforts to
articulate a natural theology. The difficulties Boyle encountered in doing so
are instructive. His metaphor portraying the whole of nature as if it were,
like a watch or clock, a single “Cosmical Mechanism,” and his arguments
from design, which extolled the skillful design of the human eye, the eye of
a fly, or a dog’s foot, could be interpreted in incompatible ways.?* If nature
were a single world machine, for instance, this might show that God — the
divine artisan — had produced it for a transcendent purpose. But it could
equally well show that the world is simply an eternal mechanism that needs
no divine creator and has no purpose beyond the systematic functioning of
its parts. Moreover, although the intricate designs of parts of animals such
as the human eye might be construed as works of God, such natural designs
might also be regarded as evidence that denies God’s role as a final cause.
The human eye, considered simply as a material mechanism, may have no
purpose beyond the systematic functioning of its parts.

Not only Boyle but Lipsius and Gassendi, too, were liable to be asked:
Does the fact that nature as a whole functions as a machine and that individ-
ual material bodies also function as machines require the existence of God?
Would such a nature, encompassing the laws of motion as well as “the gen-
eral Fabrick of the World, and the Contrivances of particular Bodies,” be
inconceivable without appealing to God’s power as an extrinsic final cause??
These three thinkers clearly thought so because they believed that the very
existence of laws of nature presupposed the existence of a necessary relation-
ship between God and the laws of nature, and it was this relationship that
enabled them to define what is a law of nature in the first place. Later in this
chapter, we shall see how various attempts to define laws of nature crucially
depended on the concept of God as an extrinsic final cause and on the con-
cept of matter as an extrinsic efficient cause. But first we need to consider
what several prominent sixteenth-century Aristotelians had to say in defense
of the forms as intrinsic efficient causes. An examination of their work is
relevant to our inquiry in that it suggests a compelling reason why Aristotle’s
account of the four causes declined in influence among the early moderns.

3 Saunders, Justus Lipsius, pp. 166—7.
3 Boyle, Final Causes, pp. 18, 44, 47—9; Boyle, Notion of Nature, p. 73.
33 Boyle, Notion of Nature, p. 41.
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INTRINSIC VERSUS EXTRINSIC EFFICIENT CAUSES
AMONG THE ARISTOTELIAN REFORMERS

A century before Boyle played his part in articulating new laws of nature,
the defenders of substantial forms had investigated a set of problems in the
specific sciences that had forced them to recognize the difficulty of trying
to explain all varieties of natural phenomena by means of intrinsic efficient
causes. These Aristotelian reformers, including Agostino Nifo (ca. 1469—
1538), Julius Caesar Scaliger (1484-1558), Jacopo Zabarella (1532-1589), and
their successors, had kept alive certain medieval inquiries concerning the
causal powers of the forms of substances (substantial forms) and the forms of
the four elements (the substantial forms of earth, fire, air, and water). Their
inquiries had combined the study of chemical compounds called “mixts” with
philosophical analyses that were often borrowed from the medieval Arabic
and Latin commentators on Aristotle’s On Generation and Corruption.’*

In one of its simpler versions, the problem consisted of how to explain the
differences between a mixt, such as a metal alloy produced by combining two
molten metals, and a mere mixture, such as a multigrain mixture composed
of two sorts of grain.”> The process of combination (or mixtion) created a
single entity (a mixt) homogeneous in all its parts, although its components,
such as the two metals, could still be separated from one another by further
processes. By contrast, the process of composition produced, in the latter
case, a multigrain entity (a mixture) that was not homogeneous in all its
parts because each individual grain retained its original identity as one of the
two sorts of grain composing the mixture. What explanation could be given
for the generation of an apparently distinct natural substance in the first
case but not in the second? Did the forms of the mixt’s component metals
change into a single new form, that of the metal alloy? The thirteenth-century
philosopher and natural historian Albertus Magnus had investigated this and
avariety of other possible mixts, which he had called “intermediates” because
they shared certain properties of infusible stones as well as certain properties
of fusible metals.?® Among these intermediates were mineral salts, which he
had described as naturally occurring mixts that are combined from stones
and metals in the earth.

34 An instructive example of this type of scientific treatise is Jacopo Zabarella’s Liber de mistione (1590).
This short work contains his survey of those medieval predecessors, including Avicenna, Averroes,
Aquinas, and Scotus, whose explanations of mixts he evaluates together with Aristotle’s own views
on the subject. See Liber de mistione, in Jacopo Zabarella, De rebus naturalibus libri XXX [1607)
(repr., Frankfurt: Minerva, 1966), cols. 451-80.

Aristotle, On Generation and Corruption, 1.10 (327a30-328b25), discussed in Norma E. Emerton,
The Scientific Reinterpretation of Form (Ithaca, N.Y.: Cornell University Press, 1984), p. 77. For an
opposing view of medieval and early modern treatments of Aristotle’s account of combination,
see John E. Murdoch, “The Medieval and Renaissance Tradition of Minima Naturalia,” in Late
Medieval and Early Modern Corpuscular Matter Theories, ed. Christoph Liithy, John E. Murdoch,
and William R. Newman (Leiden: Brill, 2001), pp. 91-131.

36 Emerton, Scientific Reinterpretation of Form, pp. 77-8.
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Albertus Magnus and other medieval writers, including Avicenna,
Averroes, Roger Bacon, Thomas Aquinas, John Duns Scotus, and Albert of
Saxony, had also tackled philosophically more complex versions of the prob-
lem of mixts. Hence it was not surprising that a sixteenth-century defender
of substantial forms such as Julius Caesar Scaliger interpreted the problem
of mixts as one of how to describe the relationship between genuine sub-
stances and mixts of the four Aristotelian elements. He argued that a mixt
somehow acquires a new form that differs from the forms of the elements
constituting the mixt. In Scaliger’s account, which owed its main idea to the
Islamic philosopher Averroes (1126-1198), the new dominant form takes over
the organization of the mixt from the weakened forms of the constituent
elements:

The nature of the elements [is understood] not only with respect to them-
selves but also with respect to their mixts. With respect to itself, it [each
element] has a form which it gives up in order to obtain a nobler form [in
the mixt]. Thus neither do the forms [of the elements combined in the mixt]
remain, nor are the qualities deprived of their forms, but in a different way
they are accommodated to the substance of the mixt. For a new generation
it is necessary that the forms of the parts, subdued by one another’s qualities,
should have laid aside the original inflexibility of nature under the dominion
of one [form] that is more powerful.?

Scaliger’s contemporaries also studied Aristotle’s use of forms to accomplish
a second task in his physics, that of specifying the differences among the four
kinds of change: generation or corruption, alteration, growth or diminution,
and local motion. Aristotle had specified their differences by asking, for each
kind of change, whether there is a single underlying substance that is the
subject of the change.?® Because he had presupposed that the basic unit of
existence is the substance that results from generation, he had required that
explanations of the three other kinds of natural change should refer first
and foremost to the form of the individual substance underlying the change,
not to the other substances whose proximity in time and place one might
otherwise think would causally affect the changing individual substance.
Nifo, Scaliger, and Zabarella tried to enhance this account of change by
analyzing what exactly happens to the parts of a substance and the degrees
or qualities of a form during the four kinds of change. Nifo, for instance,
followed Averroes by treating such a question in terms of the minimal parts
of a substance and the minimal degrees, or parts, of a form. In his exposition
of Aristotle’s Physics, he wrote:

37 Julius Caesar Scaliger, Exotericarum exercitationum liber XV de subtilitate ad Hieronymum Cardanum
[1557], ex. 16, pp. 345, translated in Emerton, Scientific Reinterpretation of Form, p. 83. 1 have added
the second and fourth bracketed insertions to clarify this quotation.

38 Aristotle, On Generation and Corruption, 1.4, trans. H. H. Joachim, in Aristotle, Complete Works,
ed. Barnes, 1: 522—3 (319b8—320ar).
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Averroes held that growth, generation, and alteration take place by means
of minima. . . . He held that there are maximum and minimum degrees of
any naturally intensible form. . . . The agent can alter the first minimum
part of the subject by one degree of quality, then by means of the first it will
alter the second to one degree; while it alters the second to one degree, it
will push the first up to two degrees; [etc.]. . . . By flux should be understood
the reception by which the subject successively receives the form . . . and by
the flowing form Averroes understands the form which is received by this
successive reception.?

Despite some apparent resemblances between Nifo’s theory of the minimal
parts of a substance and the corpuscular explanations advanced by later
physicists, the sixteenth-century defenders of the forms were careful to qualify
their statements about minima. They repeatedly pointed out that minimal
parts of a substance and minimal degrees, or parts, of a form should not be
confused with the atoms of Democritus or Epicurus. The minimal parts of a
substance — unlike the atoms, whose overall structure and motions determine
the properties of a material body — are always dependent, for their identity
and existence, on the whole substance. Moreover, the minimal parts of a form
always depend, for their causal powers, on the whole form, which alone can
act as the intrinsic cause of the essential properties of a substance.

During the first half of the seventeenth century, however, a different group
of defenders of forms explored just how far explanations based on forms
could be accommodated to explanations based on the extrinsic causal pow-
ers of elements and atoms. Francis Bacon (1561-1626) and Daniel Sennert
(1572-1637), two important members of this group, each pieced together a
revised account of the forms from non-Aristotelian as well as Aristotelian
sources. Sennert’s Tractatus de consensu et dissensu Galenicorum et Peripateti-
corum cum Chymicis (Treatise on the Agreement and Disagreement of the
Galenists and Aristotelians with the Chemists, 1619), as its title indicates,
aimed to survey the agreements and disagreements concerning chemical
phenomena among three important natural philosophical traditions. The
principles of Galenic medicine, Aristotelian physics, and Paracelsian alchemy
were selectively applied by Sennert to address the problem of mixts and var-
ious other problems involving chemical phenomena. Like Nifo and Scaliger,
he affirmed the emergence in a mixt of a dominant form whose intrin-
sic causal power determines the essential properties of the mixt, and he
denied that, in the absence of a dominant form, any configuration of

39 Agostino Nifo, Expositio super octo Aristotelis Stagiritae libros de physico auditu: Averrois . . . in eosdem
libros proemium ac commentaria [1552], fols. 96v, 97v, 1121, 2131, translated in Emerton, Scientific
Reinterpretation afForm, pp- 93, IOL.
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atoms or extrinsic efficient causes could produce the new substance of the
mixt.+°

Bacon’s Novum organum (New Organon, 1620) was published just one year
after Sennert’s Tractatus, and in it he recommended a noteworthy revision of
the concept of form:

When I speak of Forms, I mean nothing more than those laws [/eges] and
determinations of absolute actuality [actus puri], which govern and constitute
lordinant et constituunt] any simple nature, as heat, light, weight, in every
kind of matter and subject that is susceptible of them. Thus the Form of
Heat and the Form of Light is the same thing as the Law of Heat or the Law
of Light.#

Whether this recommendation was intended by Bacon to be as radical as
it now seems is difficult to say because in making it he appears to have
assumed that there is no serious inconsistency in claiming that a form, which
he treated as an intrinsic efficient cause, can be redefined as a scientific law,
which he treated as a regularity in the behavior of extrinsic efficient causes.
A Baconian form produces a particular property in a body by means of the
latent configuration and latent process of the parts of the body; hence the
form’s causal powers are derived from the structure and motions of the body’s
parts.#* Yet, in Bacon’s account, these parts only acquire the capacity to bring
about latent configurations and latent processes from the forms themselves
— of heat, light, and so forth — which are embodied in the parts. Thus,
his concept of form confused the powers of extrinsic and intrinsic efficient
causes.

Except for Bacon, defenders of forms, such as Nifo, Scaliger, Zabarella,
and Sennert, did not usually compete with the early modern corpuscular
physicists in explaining natural phenomena by means of natural laws. The
corpuscular physicists were advocates of extrinsic efficient causes, whereas
the Aristotelian reformers were trying to preserve the credibility of substan-
tial forms as intrinsic efficient causes. Because the two groups were engaged
for the most part in incompatible explanatory enterprises, it would be mis-
leading to attribute the declining influence of substantial forms theories to
the rational superiority of the corpuscular theories. A corpuscular theorist
such as René Descartes (1596-1650), for instance, began by assuming that

4° Daniel Sennert, Tractatus de consensu et dissensu Galenicorum et Peripateticorum cum Chymicis, in
Daniel Sennert, Opera omnia, 4 vols. (Lyons: Hugetan and Ravaud, 1650), 3: 779-80, translated in
Emerton, Scientific Reinterpretation of Form, p. 119.

4 Francis Bacon, Novum organum, in Francis Bacon, The Works of Francis Bacon, ed. James Spedding,
Robert L. Ellis, and Douglas D. Heath, 14 vols. (London: Longmans, 1857—74), 4: 146; 1: 257-8,
cited in Antonio Pérez-Ramos, “Bacon’s Forms and the Maker’s Knowledge Tradition,” in The
Cambridge Companion to Bacon, ed. Markku Peltonen (Cambridge: Cambridge University Press,
1996), p. 107.

4 Bacon, Novum organum, in Bacon, Works, 4: 122—6, 151-8; 1: 230—4.

Cambridge Histories Online © Cambridge University Press, 2008



86 Lynn S. Joy

his theory of matter and its constituent parts was preferable to explanations
of a body’s observable properties that claimed that these properties were
brought about by the body’s substantial form. He then devised an argu-
ment to show that a substantial form is simply a disposition constituted
by the shapes, sizes, positions, and movements of the material parts of a
body that enables the body to cause motions in the nerves of a human
observer. Accordingly, a substantial form does not exist as anything above
and beyond the constituent material parts of a body. But this argument
against substantial forms presupposed the plausibility of Descartes’ theory
of matter and could only impugn the existence of substantial forms from
a standpoint that had already excluded them from its account of bodies.®
Why, then, did explanations in terms of intrinsic efficient causes suffer a
decline during the period? Although this question needs further investiga-
tion, one important reason for the decline may have been the Aristotelians’
growing awareness of a serious contradiction within their own substance
theory.

The introduction of various concepts of minima put defenders of forms in
the position of having to affirm contradictory claims about substantial forms.
On the one hand, the whole substantial form itself was said 7o determine com-
pletely the identity and causal powers of the parts (or degrees, or qualities) of
the form. This was implied by the form’s status as an intrinsic efficient cause.
On the other hand, it was clear that more sophisticated analyses of motion
and change in terms of a form’s parts were badly needed to supplement tra-
ditional Aristotelian explanations of even the simplest chemical phenomena.
Merely invoking the intrinsic causal powers of a substantial form could not
begin to explain, for example, how a metal alloy acquires its characteristic
properties. The Aristotelians who theorized about the form’s minimal parts
thus treated the parts themselves as possessing causal powers that could act
independently of the whole form when they argued that such minimal parts
successively brought the whole form into existence. Therefore, these theo-
rists were simultaneously committed to the view that the causal powers of the
form’s minimal parts cumulatively determine the identity and powers of the
whole form and to the view that the whole form is what fully determines
the identity and causal powers of its minimal parts. From first principles
concerning substantial forms, two contradictory claims were being asserted.
These contradictory claims revealed a serious weakness in sixteenth-century
Aristotelian substance theory and its seventeenth-century extrapolations:
the weakness that several of the most promising updated versions of the
theory could not be further developed without jeopardizing its logical
coherence.

4 Further discussion of Descartes’ argument is given in the next section of this chapter and in
note 49.
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INTRINSIC VERSUS EXTRINSIC EFFICIENT CAUSES
AMONG THE CORPUSCULAR PHYSICISTS

The second notable change in early modern treatments of scientific explana-
tions involved the replacement of long-standing Aristotelian explanations in
the specific sciences by new explanations that described how the changes and
motions exhibited by ordinary bodies are caused by the matter, elements, or
atoms constituting those bodies. Such explanations invoking the causal pow-
ers of matter, elements, or atoms were often preferred for their simplicity and
clarity by scientific innovators who objected to the incoherence or obscurity
of the Aristotelian concept of form. But even these apparently simpler kinds
of explanations required careful development because if matter, elements, or
atoms can serve as efficient causes, then the character of their relationship to
the laws of nature needs to be spelled out. How should one characterize the
law-governed behavior itself of matter, elements, or atoms? Here is where the
continuing reference to God as a final cause suggested a meaningful way to
define exactly what a law of nature is and what matter does when it serves as
an efficient cause.

God’s role was not simply to create the providential natural order governed
by laws of nature but also to design the constituent atoms or parts of each
material body and to endow them with the relevant quantities of motion that
would enable them to serve as the efficient causes of each body’s changing
states. An atom or part possessing a certain quantity of motion is an extrinsic
efficient cause because it serves — through impact — as a cause of the motion
of atoms or parts external to itself and because it is also a cause of the overall
configuration of the other atoms or parts that, together with itself, compose
a larger body. This overall configuration and the sum total of the motions
of the constituent atoms or parts fully determine all the properties possessed
by any material body. Hence there can be within such a composite body
no intrinsic efficient cause such as an Aristotelian form because the body’s
constitution is fully determined not by the substantial form of the whole
body but rather by its atoms or parts, which are extrinsic efficient causes.

This sort of explanation of the properties of ordinary bodies resembled the
type of explanation advanced by the ancient Greek and Hellenistic atomists,
who had also anticipated another seventeenth-century innovation, the dis-
tinction between the primary and secondary qualities of bodies.** Although
the early atomists had not fully explored the epistemological issues raised by
such a distinction, they had offered accounts of how the perceived qualities

44 Discussions of a comparable distinction are found, for instance, in Epicurus, “Letter to Herodotus,”
in Diogenes Laertius, Lives of Eminent Philosophers, Loeb Classical Library nos. 184-s, trans. R. D.
Hicks, 2 vols. (Cambridge, Mass.: Harvard University Press, 1925), 2: 10.48—s55, esp. 54—5, pp. 576853
and Titus Lucretius Carus, On the Nature of the Universe [De rerum natura], trans. R. E. Latham and
rev. John Godwin (London: Penguin Books, 1994), bk. 2, Il. 333—477, 730—990, pp. 46-9, 55-62;
bk. 4, ll. 24263, 523718, pp. 95101, 108-13.
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of ordinary bodies are caused by the properties of the atoms that compose
those bodies. Specifically, the sizes, shapes, and motions of the atoms cause
human observers to perceive the particular color, taste, smell, touch, and
sound of each ordinary body. Modern philosophers, including the rationalist
Descartes and the empiricist John Locke (1632-1704), developed causal the-
ories of sense perception similar in certain limited respects to the accounts
of the early atomists.

Locke explicitly defined the terms “primary quality” and “secondary qual-
ity” in his Essay Concerning Human Understanding (1690), and the Essay’s
multiple definitions of the primary—secondary quality distinction reflected
the views of many of his scientific contemporaries. Although he was openly
skeptical about the natural philosophers’ ability to give satisfactory corpuscu-
lar explanations of what he called the “real essence” of each kind of body, he
nonetheless endorsed their corpuscular explanations of the secondary qual-
ities of bodies. According to Locke, primary qualities — solidity, extension,
figure, number, and motion or rest — are those properties belonging to both
atoms and composite bodies that can never be taken away from an atom
or a composite body by any process of division or destruction.” By its very
nature, any material body — whether it is a single atom or a body composed
of many atoms — will always possess some solidity, extension, figure, number,
and motion or rest. Locke further defined primary qualities as properties
that exist in a body whether or not they are perceived by human observers.+
Secondary qualities, by contrast, are those properties, such as color, taste,
smell, touch, and sound, that are commonly thought to belong to composite
bodies but do not really exist in those bodies independently of their being
perceived by human observers. Such secondary qualities were regarded by
him as mere sense perceptions caused by the interaction between “the Bulk,
Figure, Texture, or Motion of some of the insensible parts” of a human
observer’s sense organs and the primary qualities of the atoms or parts of the
observed body.#” He speculated that God had originally endowed material
bodies with the primary qualities that enabled them to exercise these causal
powers.® The effects produced by a given body’s causal powers could include
not only changes in the primary qualities of other bodies but also a human
observer’s perception of the secondary qualities attributed to the given body.

Locke’s predecessor and philosophical rival Descartes had offered an
account of the properties of material substance that may seem to agree wholly
with this distinction between primary and secondary qualities. Descartes,
t00, had focused on the causal relationships between, on the one hand, the
qualities of light, color, smell, taste, sound, and heat and cold, and, on the

4 John Locke, An Essay Concerning Human Understanding, 2.8.9 (4th rev. ed., London, 1700), ed.
Peter H. Nidditch (Oxford: Oxford University Press, 1975), p. 135.

46 Tbid., 2.8.23, p. 141.

47 Ibid., 2.8.24, p. 141.

4 Tbid., 2.8.23, p. 140; 2.23.12—13, pp. 302—4.
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other hand, the parts of a material substance that produce the sensation of
these qualities in human beings. He had even suggested that the existence of
Aristotelian substantial forms could be undermined by equating them with
such qualities, whose existence as anything beyond the mere effects of mate-
rial particles in motion could be shown to be doubtful. Descartes’ Principia
philosophiae (Principles of Philosophy, 1644) thus combined a version of the
primary—secondary quality distinction with an argument against substantial
forms:

Now we understand very well how the different size, shape and motion of
the particles of one body can produce various local motions in another body.
But there is no way of understanding how these same attributes (size, shape
and motion) can produce something else whose nature is quite different
from their own — like the substantial forms and real qualities which many
<philosophers> suppose to inhere in things; and we cannot understand
how these qualities or forms could have the power subsequently to produce
local motions in other bodies. Not only is all this unintelligible, but we
know that the nature of our soul is such that different local motions are
quite sufficient to produce all the sensations in the soul. . . . In view of all
this we have every reason to conclude that the properties in external objects
to which we apply the terms light, colour, smell, taste, sound, heat and
cold — as well as other tactile qualities and even what are called ‘substantial
forms’ — are . . . simply various dispositions in those objects [in the shapes,
sizes, positions and movements of their parts] which make them able to set
up various kinds of motions in our nerves <which are required to produce
all the various sensations in our soul>.#

Descartes’ Principia had nonetheless tempered its account of the distinc-
tion between what Locke later called “primary and secondary qualities”
by prominently featuring an additional Cartesian distinction among the
attributes, modes, and qualities of a substance:

We employ the term mode when we are thinking of a substance as being
affected or modified; when the modification enables the substance to be
designated as a substance of such and such a kind, we use the term gualiry;

4 René Descartes, Principles of Philosophy (Cottingham trans.), 4.198, p. 28s. See also René Descartes,
Oeuvres de Descartes, ed. Charles Adam and Paul Tannery, 12 vols., rev. ed. (Paris: J. Vrin/CNRS,
1964—76), 8A (Latin text), 4.198, pp. 322—3. The argument that Descartes articulated in this passage is
notable because he does attempt to show that if body is extension alone, then body must exclude the
substantial forms and real qualities that the scholastic Aristotelians attributed to bodies. Substantial
forms and real qualities are excluded because their existence in bodies is no more real than the
existence of secondary qualities. Both a substantial form and a secondary quality are mere effects on
the human observer caused by an observed body’s modes of extension. In this argument, Descartes
does make the sort of case against substantial forms that some historians of philosophy find lacking
in his work. Concerning the absence of such arguments in his writings, see Daniel Garber, Descartes’
Metaphysical Physics (Chicago: University of Chicago Press, 1992), p. 110.
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and finally, when we are simply thinking in a more general way of what is
in a substance, we use the term astribuze.>°

Each substance has one principal property which constitutes its nature and
essence, and to which all its other properties are referred. Thus extension in
length, breadth and depth constitutes the nature of corporeal substance. . . .
Everything else which can be attributed to body presupposes extension, and
is merely a mode of an extended thing.%'

In making this additional distinction, Descartes had endorsed a substance
metaphysics that explained the nature of material substance 77 general by
referring to what he held to be its one essential property, extension (see
Chapter 2, this volume). His substance metaphysics further explained the
nature of any particular kind of material body by referring to the modifications
of extension — which he had called “qualities” — that typically occur in a
particular kind of body. The additional distinction also showed that Cartesian
explanations do not admit the existence of indivisible units of matter. Indeed,
Descartes, in his Principia, had denied the possibility of atoms of matter!**
Hence he had described the light, color, smell, taste, sound, and heat and
cold of a particular body not as effects caused by atoms but as effects of the
modifications of extension occurring in the body and in the human observer
who perceives the body. Such modifications — called “modes” — included
“all shapes, the positions of parts and the motions of the parts” of a body.”
Nevertheless, these shapes, sizes, positions, and motions of a body’s parts were
fundamentally different from Locke’s primary qualities because Descartes had
not treated them as properties themselves but rather as modifications of the
one essential property of material substance, namely, extension.

Here a major question must be raised about the various early modern con-
ceptions of scientific explanation that appealed to extrinsic efficient causes:
Do the laws of nature, which not only govern ordinary bodies but also govern
the constituent atoms of ordinary bodies and even the modes of Cartesian
extension, really provide explanations of these bodies’ changing states? Inno-
vators in mechanics and the science of motion, from Galileo and Descartes to
Christiaan Huygens (1629-1695) and Robert Hooke (1635-1703), saw noth-
ing absurd about attributing to brute matter — that is, nonhuman and even
nonliving matter — the capacity to obey laws>* The fact that brute matter

Descartes, Principles of Philosophy (Cottingham trans.), 1.56, p. 2I1.

5t Ibid., 1.53, p. 210.

Ibid., 2.20, p. 231

5 Ibid., 1.65, p. 216.

54 Galileo Galilei, Dialogue Concerning the Two Chief World Systems — Ptolemaic and Copernican, trans.
Stillman Drake (Berkeley: University of California Press, 1953), pp. 20-1, 222—9; Galileo, 7wo New
Sciences, trans. Stillman Drake (Madison: University of Wisconsin Press, 1974), pp. 225, 232—4; René
Descartes, Principles of Philosophy, trans. Valentine Rodger Miller and Reese P. Miller (Dordrecht:
Kluwer, 1991), 2.36-53, pp. 57—69. On Huygens, see E. J. Dijksterhuis, The Mechanization of the
World Picture, trans. C. Dikshoorn (Princeton, N.J.: Princeton University Press, 1961), pp. 373—6,
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possesses neither the intelligence to understand what a law means nor the
will to obey it ceased to be, by the second half of the seventeenth century, a
decisive reason for corpuscular theorists to doubt that matter can obey laws.
Of course, a law of motion, when applied to material objects such as moving
billiard balls, might still be interpreted by some physicists as a mere metaphor
because billiard balls, unlike human beings, do not have the capacity to com-
prehend a superior’s command to obey a law. In this metaphorical sense, a
law of motion might serve as part of an explanation that defines the cause of
a billiard ball’s motion in terms of coordinated intentional actions performed
by both God and the billiard ball: God conceives and commands a particular
law, and subsequently the billiard ball is motivated to conform to the law.

However, in the physics of Descartes and Huygens, these metaphorical
descriptions were usually accompanied by definitions that stipulated new
literal meanings for terms such as “law of motion.”” Henceforth, laws of
motion could be defined /izerally as regularities in the movements and dis-
positions of bodies such as billiard balls, and these bodies were conceived
as inanimate things whose constituent matter had been created by God
such that their matter could be affected only by extrinsic efficient causes.
Accordingly, matter’s obedience to a law of motion could not involve its
having the ntrinsic motivations of a law-abiding, thinking being. Its obedi-
ence could only refer to the regularity it exhibits in its motions, which are
produced by extrinsic efficient causes such as the impact of one billiard ball
on another. The literal meaning of a scientific law was thus becoming — for
many innovators in the study of motion and mechanics — preferable to its
metaphorical meaning. Boyle aptly expressed this preference, although he did
so while reminding readers of the conceptual ties between the two sorts of
meanings:

Each part of this great Engine, the World, should without either Intention
or Knowledge, as regularly and constantly Act towards the attainment of the
respective Ends which he [God] design’d them for, as if themselves really
understood, and industriously prosecuted, those Ends. Just as in a well made
Clock, the Spring, the Wheels, the Ballance, and the other parts, #o” each of
them Act according to the Impulses it receives . . . by the other pieces of the
Engine, without knowing what the Neighbouring Parts, or what themselves
do...;yet...they would not move more conveniently, nor better perform
the Functions of a Clock, if they new that they were to make the /ndex truly
mark the Hours, and zntended to make it do so.5¢

458—63. On Hooke, see 1. Bernard Cohen, 7he Birth of a New Physics, 2nd ed. (New York: W. W.
Norton, 1985), pp. 150-1, 218—21.

55 Descartes, Principles of Philosophy (Miller trans.), 2.36—s3, pp. 57-69; Dijksterhuis, Mechanization
of the World Picture, pp. 373—6.

56 Boyle, Final Causes, pp. 91—2. Boyle’s italics.
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Corpuscular physicists such as Boyle came to rely less and less on the
assumption that natural laws primarily refer — or even, as some earlier thinkers
had held, can only refer — to the intentional actions of law-abiding, thinking
beings. Although many of them continued to emphasize God’s relationship
to matter when defining what counts as a law of nature, they now also defined
such laws in terms of lawlike regularities, according to which the observable
features of any ordinary body are explained as the effects of the organization
and motions of the body’s constituent atoms. Why did they take this decisive
step that wholly changed the meaning of their concept of a law of nature?
Their Aristotelian background supplied two important reasons for taking
this step.

The first reason was that neither the seventeenth-century corpuscular
physicists nor the Aristotelian reformers who had preceded them could have
progressed much further in developing their respective kinds of scientific
explanation if they had continued to accept, as a basic commitment, the dis-
tinction between intrinsic and extrinsic efficient causes. Explanations in the
specific sciences increasingly required the operation of efficient causes that
could no longer be clearly characterized as purely intrinsic or purely extrin-
sic but were instead questionable combinations of both. The corpuscular
physicists” willingness to give up their basic commitment to the distinction
between intrinsic and extrinsic causes therefore served as a critical precondi-
tion for their own redefining of what counts as a law of nature. It freed them
from having to resolve the conflict between (a) their principle that brute
matter moves only by impact as an extrinsic cause when it obeys a law of
motion and (b) their belief that even an inanimate body, when it is regulated
by God’s law, may possess the intrinsic motivations of a law-abiding, thinking
being. Simply by refusing to worry about how the same body can be governed
by both extrinsic and intrinsic causes, the corpuscular physicists could now
envision the possibility that the concept of a law of nature governing brute
matter might encompass both notions.

Another important reason for changing the meaning of the concept of
a law of nature grew out of the corpuscular physicists” development of the
distinction between proper causes (causes per se) and accidental causes (causes
per accidens) — two modes of causation that Aristotle himself had discussed
when inquiring how the four kinds of causes could be better understood
by considering whether they were proper or accidental causes. Medieval and
sixteenth-century commentators, from Aquinas to Francisco Sudrez (1548—
1617), had reiterated Aristotle’s statements about these modes of causation,
and they had integrated their own distinction between intrinsic and extrinsic
causes into an overall account of causality that also featured proper and
accidental causes.”” But when the former distinction became difficult to

57 For Aristotle’s exposition of the distinction between proper and accidental causes, see his Physics, 2.3,
in Complete Works of Aristotle, ed. Barnes, 1: 333 (195a 27-195b 5). An important sixteenth-century
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uphold in the new physics or in the chemistry of mixts, early modern natural
philosophers found that they could still rely on the latter distinction between
proper and accidental causes. When reconceived as the difference between
active and passive principles, the latter distinction would lead them to the
brink of accepting radically different ideas of cause and effect.

ACTIVE AND PASSIVE PRINCIPLES AS A MODEL FOR
CAUSE AND EFFECT

What was the Aristotelian distinction between proper and accidental causes?
How did reconceiving it in terms of active and passive principles help to
bring about the third notable change in early modern scientific explana-
tions, a turning away from metaphysical analyses of causality in favor of
epistemological and practical inquiries into the best methods of discovering
the relations between causes and effects? Aquinas, in De principiis naturae
(On the Principles of Nature, ca. 1252), had defined the distinction between
proper and accidental causes by using examples of human action or artifacts
to illustrate how the distinction works in cases of both natural and artificial
change:

A cause is said to be a cause per se when it, precisely as such, is a cause of
something. For example, a builder [precisely as such, i.e., as a builder] is the
cause of a house, and the wood [precisely as such, i.e., as wood] is the matter
of the bench. A cause is said to be a cause per accidens when it happens to be
conjoined to that which is a cause per se, as when we say that the grammarian
builds. The grammarian is said to be the cause of the building per accidens,
i.e., not inasmuch as the grammarian is a grammarian, but inasmuch as it
happens to the builder that the builder is a grammarian.®

Aristotle’s commentators did not always agree about whether the difference
between causes per se and causes per accidens should parallel the difference
between intrinsic and extrinsic causes. Aquinas, for instance, held that it did
not, noting that all four causes — matter, form, the efficient cause, and the
final cause — can count as causes per se, whereas only matter and form are
said to be intrinsic, and only the efficient cause and final cause are said to
be extrinsic. Yet, by the early sixteenth century, these distinctions were being
qualified in a variety of ways, so much so that it was possible for Reisch, in

treatment of this distinction was given in Sudrez, Metaphysical Disputations 17, 18, and 19, 17.2,
pp. 11-16.

5% Thomas Aquinas, De principiis naturae, chap. s, translated in Bobik, ed., On Matter and Form, p. 82.
Regarding the distinction between the difference between causes per se and causes per accidens and
the difference between intrinsic and extrinsic causes, see Ibid., chap. 3, in Bobik, ed., On Matter and
Form, pp. 39—40. See also Saint Thomas Aquinas, De principiis naturae, critical Latin text, ed. John
J. Pauson (Textus Philosophici Friburgenses, 2) (Fribourg: Société Philosophique, 1950), chap. s,

pp- 99-100.
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his Margarita philosophica, to speculate about how the distinction between
proper and accidental causes coincided with what he called the difference
between “active and passive principles.”>?

The distinction between proper and accidental causes would remain a
feature of both Aristotelian and non-Aristotelian scientific explanations well
into the eighteenth century. However, the methods for identifying such causes
underwent a remarkable transformation. This transformation was epistemo-
logical in that it concerned how demonstratively certain knowledge of a cause
per se could be demarcated from the mere experience of one or more associ-
ations between a cause per accidens and a particular effect — experience that
might otherwise be mistaken for knowledge of a cause per se. A good way
to understand what this involved is to consider the divergent accounts of
a well-known method for identifying causes, the method of regressus (also
known by the names of its subparts, the methods of resolution and compo-
sition), given by two representative thinkers at opposite ends of the trans-
formation. Zabarella, the sixteenth-century Aristotelian reformer, and Isaac
Newton (1642-1727), chief architect of the new physics, both articulated their
notions of causality by discussing the methods of resolution and composi-
tion. But Zabarella believed that he could acquire knowledge of causes per se
by means of these methods, whereas Newton used the methods to acquire a
knowledge of what he called “active and passive principles.” Just how their
respective claims to causal knowledge diverged from one another reveals that
Newton’s search for active and passive principles, although it differed from
the Aristotelian reformer’s causal inquiries, still preserved the notion of a
cause per se because it aimed to achieve the knowledge of at least some causes

59 Reisch, Margarita philosophica, 2.9-10, pp. 142—4; 8.11-12, pp. 635—6. Although Reisch’s account
of actions and passions in Book 2 is basically consistent with his discussion of active and passive
principles in Book 8, it does nonetheless focus more narrowly on the exzrinsic relationship between
an action and a passion. The relations between actions and passions are defined by him in terms
of such extrinsic relationships. However, according to his somewhat different distinction between
active and passive principles in Book 8, certain kinds of intrinsic as well as extrinsic causes can count
as active principles.

Isaac Newton, Opticks, 3.31 (4th ed., London, 1730; repr. New York: Dover Publications, 1979),
pp. 401-3. Philosophers and historians of science have offered various interpretations of the sig-
nificance of Newton’s active principles in his alchemy and his physics. My own account differs
from those given by the following scholars because I emphasize the role of Newton’s methods of
analysis and synthesis in his acquisition of the knowledge of active and passive principles. Readers
who wish to consider other accounts of his active and passive principles should examine: Richard
S. Westfall, Never ar Rest: A Biography of Isaac Newton (Cambridge: Cambridge University Press,
1980), esp. pp. 299-310; Betty Jo Teeter Dobbs, The Janus Faces of Genius: The Role of Alchemy
in Newton’s Thought (Cambridge: Cambridge University Press, 1991), esp. pp. 24-57, 94—6; J. E.
McGuire, “Force, Active Principles, and Newton’s Invisible Realm,” Ambix, 15 (1968), 154—208;
Ernan McMullin, Newton on Matter and Activity (Notre Dame, Ind.: University of Notre Dame
Press, 1978), esp. pp. 43—56; and McMullin, “The Impact of Newton’s Principia on the Philosophy of
Science,” Philosophy of Science, 68 (2001), 279-310. McGuire provides an analysis of the relationship
between Zabarella’s and Newton’s views concerning active and passive principles that is different
and perhaps incompatible with my account. See J. E. McGuire, “Natural Motion and Its Causes:
Newton on the ‘Vis Insita’ of Bodies,” in Self Motion: From Aristotle to Newton, ed. Mary Louise
Gill and James G. Lennox (Princeton, N.]J.: Princeton University Press, 1994), pp. 305—29.
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per se. Newton’s notions of active and passive principles were nonetheless a
far cry from what Zabarella himself would have counted as knowledge of
proper causes.

Zabarella employed the method of resolution to discover the existence of
a cause per se, and he used the method of composition to confirm that the
causal powers of such a cause necessarily produce the effect attributed to it.
In works on logic and the methodology of the sciences, he thus extended
and developed several of his predecessors’ accounts of scientific knowledge,
particularly those deriving from Aristotle’s Posterior Analytics. Among the
issues Zabarella reviewed were: (1) how the method of resolution establishes
as a fact the existence of a cause per se, as contrasted with a merely accidental
cause; and (2) how resolution and composition together enable a natural
philosopher to establish the existence of a cause per se and to confirm its
causal powers even when the cause in question is wholly inaccessible to
human sense perception. To address both of these issues, he recommended
that the method of regressus be interpreted as having three parts, the second
of which links the resolutive process to the compositive process. Zabarella’s
definition of these parts in De regressu (1578) summarizes how resolution and
composition are supposed to work:

The regress thus consists necessarily of three parts. The first is a ‘demon-
stration that’ (quod), by which we are led from a confused knowledge of
the effect to a confused knowledge of the cause. The second is this ‘mental
consideration,” by which from a confused knowledge of the cause we acquire
a distinct knowledge of it. The third is demonstration in the strictest sense
(potissima), by which we are at length led from the cause distinctly known
to the distinct knowledge of the effect.®

This three-step process may be applied to various kinds of examples. Sup-
pose, for instance, a neighbor notices that the foundations of a new home have
appeared across the street and she sees strange men walking around it. The
neighbor can, by the method of resolution, be led from a confused knowledge
of the effect (the rough outline of a new house) to a confused knowledge
of its cause (the men who seem to be housebuilders). Next, through what
Zabarella called a “mental consideration,” the neighbor can acquire from
her confused knowledge of the cause a more distinct knowledge of it. She
acquires this perhaps by observing that the strange men are carrying saws
and hammers as they walk around the foundation, and she compares these
men and their equipment with her memory of housebuilders carrying similar

6t See, for example, his Libri quatuor de methodis (1578), his Liber de regressu (1578), and his Commentarii
in duos Aristotelis libros posteriores analyticos (1594) in Jacopo Zabarella, Opera logica [1597] (repr.
Hildesheim: Georg Olms, 1966), cols. 275334, 479—98, 615—1284.

62 Jacopo Zabarella, De regressu, chap. 5, in Zabarella, Opera logica, col. 489, translated in John Herman
Randall, Jr., The School of Padua and the Emergence of Modern Science (Padua: Editrice Antenore,
1961), p. 58.

Cambridge Histories Online © Cambridge University Press, 2008



96 Lynn S. Joy

equipment whom she has seen at other building sites. Now in possession of a
distinct knowledge of the cause per se (the housebuilders) of the new house,
the neighbor employs the method of composition to make an inference from
the action of this cause per se to the effect (the new home) produced by this
cause. She thus finishes a full regressus, having gone through the combined
methods of resolution and composition.

Such an example, although it is not one of Zabarella’s own, illustrates his
understanding of how resolution together with a mental consideration estab-
lishes the existence of a cause per se, as contrasted with a merely accidental
cause. The neighbor identifies the housebuilders as the proper cause of the
new home, and she does 7oz, for instance, identify a group of medical doctors
as the proper cause. If the housebuilders happen to be a group of doctors
who are constructing the home as part of a local charity’s project for weekend
volunteers, this would be an accidental feature because, considered simply
as a group of doctors, the men on the building site would count merely as a
cause per accidens of the new home. Zabarella’s confidence that the method
of resolution identifies a proper rather than an accidental cause rested on his
assumption that terms such as “housebuilder” and “doctor” refer to kinds of
human beings, each kind possessing certain essential properties that neces-
sarily determine the conditions in which such a human being counts as a
proper cause rather than an accidental one. He would have seen no difficulty,
therefore, in the neighbor’s going through a mental process of induction, at
the end of which she became certain that the men on the building site —
because of their resemblance to other observed housebuilders — really are the
causes of the new home. Nor would Zabarella have entertained the skeptical
doubt that the neighbor’s association of these housebuilders with the new
home might be just a coincidence — a coincidence that relates the new home
to a regularly observed accidental cause that does not by itself possess the
power to build a house. He did of course possess a sophisticated grasp of
the Aristotelian tradition’s various treatments of certain classic examples of
the contrast between genuine causal claims (such as “the eclipse of the moon
is caused by the earth’s shadow”) and statements describing a mere associa-
tion of appearances (such as “all ravens are black”).® But the assumption —
in my example — that the term “housebuilder” refers to a distinct kind of
human being, one of whose essential properties is to build houses, would
have dispelled any such skeptical doubt in this case.

Zabarella’s assumption that causal terms refer to distinct kinds of beings
whose essential properties necessarily determine whether they are causes per
se in a given situation also extended to his use of natural kind terms. Natural

% Aristotle, Posterior Analytics, 2.2, in Aristotle, Complete Works, 1: 148 (90ar—34); Zabarella, Com-
mentarii in duos Aristotelis libros posteriores analyticos, 2.1, in Zabarella, Opera logica, cols. 1049—
61; Zabarella, Liber de speciebus demonstrationis, chap. 10, in Zabarella, Opera logica, cols. 429-31;
Zabarella, Libri duo de propositionibus necessariis, bk. 2, in Zabarella, Opera logica, cols. 407-12.
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kind terms are those that scientific investigators employ in classifying natural
substances, and for Zabarella these would have included terms such as “oak
tree,” “fire,” and “planet.” He treated such terms as referring to natural sub-
stances whose essential properties determine their causal powers. Hence, in
Zabarella’s view, a natural substance’s essential properties guarantee that the
conclusion reached by the method of resolution, when it is supplemented by
the relevant mental consideration, must be a true statement.

What would happen to Zabarella’s confidence in the combined methods of
resolution and composition if these methods were applied to a case where the
cause, whose existence is to be established, is wholly inaccessible to human
sense perception? Moreover, what would happen to the interpretation of these
methods if they were to be practiced by a scientist who did 7oz assume that
the world is composed of natural substances as conceived by Aristotle and
who thus denied that the essential properties of a thing are necessarily related
to each other by means of the form of the substance to which they belong?
The fact that Zabarella explicitly raised the first question but not the second
reveals a great deal about how his view of resolution and composition differed
from Newton’s view of these methods.®* By contrasting Zabarella’s treatment
of the first question with Newton’s answer to the second, one can begin to
understand the remarkable transformation in methods for identifying causes
per se that occurred among thinkers such as Newton, who no longer believed
that substantial forms can comprise genuine causes.

Among his illustrations of a cause per se that is wholly inaccessible to
human sense perception, Zabarella included the case of prime matter as
it was characterized in Aristotle’s Physics. Medieval commentators on this
work had defined prime matter as “that matter . . . which is understood
without any form and privation, but is subject to form and privation.”6S
Nothing precedes prime matter in existence, but prime matter does not
exist in the same way that a substance exists, for it is not a composite of
form and matter. Zabarella thus regarded prime matter as inaccessible to
human sense perception because he believed that only a substance that has
both form and matter can be perceived. To apply his scientific method to
this case, he introduced a greater flexibility in the middle step, or “mental
consideration,” of his regressus. During the middle step, the definition of a
relevant term such as “prime matter” was now permitted into the scientist’s

64 Here 1 take issue with John Herman Randall, Jr.s influential reading of Zabarella’s distinction
between using the resolutive method to discover principles that are known by induction and using
the resolutive method to discover principles that are unknown secundum naturam and yet knowable
through a demonstration  signo. Randall compares the former sort of discovery to the discovery
of a Newtonian formal principle and the latter sort to the discovery of a Newtonian explanatory
principle. However, I argue that Zabarella’s and Newton’s principles should not be compared in this
way. See Randall, School of Padua, p. s3.

Aquinas, De principiis naturae, chap. 2, translated in Bobik, ed., On Matter and Form, p. 25; Latin
text in Aquinas, De principiis naturae, ed. Pauson, chap. 2, p. 8s.
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reasoning process.’® Such a definition serves the purpose of clarifying the
confused knowledge of an unobservable cause, which the scientist has already
obtained through his reasoning from an observable effect to this cause. Once
his confused knowledge is clarified, the definition also guarantees that there
is a necessary connection between the cause and the effect. In this way, a
scientist can acquire knowledge of the existence of a cause per se even if the
cause in question is, like prime matter, wholly inaccessible to sense perception.
Zabarella summarized the process by referring to those steps Aristotle had
taken to identify prime matter as the cause of the generation of a natural

body:

From the generation of substances he shows that prime matter occurs: from
a known effect an unknown cause. For generation is known to us by sense
but the underlying matter is in the highest degree unknown. So after the
proper subject, that is a perishable natural body, in which each is originally
present, has been considered, it is demonstrated that there is present in it
a cause, on account of which the effect is present in the same, and it is
demonstratio quod which is thus formed: where there is generation there is
underlying matter; but in a natural body there is generation; so in a natural
body there is matter.®”

For this reason Aristotle, who wished to teach us a distinct, not merely a
confused, knowledge of principles, . . . began to investigate the nature and
conditions of the matter which he has discovered. . . . In its own nature
matter must lack all forms and have the potentiality to receive all. . . . It
readily becomes apparent to us that such matter is the cause of generation.®

It is perhaps tempting to think that a case such as this shows Zabarella’s
preoccupation with the modern scientist’s problem of how to infer, from
the observable phenomena, the existence of an unknown cause that is as yet
unobserved but could be observed if the right experiments were carried out.
However, this would seriously underestimate his interest in establishing the
existence of causes that are unobservable in principle — causes that scientists
today would describe as theoretical objects that can never be detected even
by the most advanced experimental equipment. Zabarella, too, thought of
himself as trying to solve a problem regarding causes that are unobservable
in principle — the problem of how in particular to establish the existence of a
cause per se that is neither a substance nor an essential property of a substance.
In his example of prime matter, Zabarella could not appropriately use the
resolutive method together with a mental process of induction to establish

66 Zabarella, De regressu, chap. s, in Zabarella, Opera logica, cols. 487-9.

67 Zabarella, De regressu, 4.48s, translated in Nicholas Jardine, “Epistemology of the Sciences,” in The
Cambridge History of Renaissance Philosophy, ed. Charles B. Schmitt, Quentin Skinner, Eckhard
Kessler, and Jill Kraye (Cambridge: Cambridge University Press, 1988), pp. 691—2.

68 Jacopo Zabarella, De regressu, chap. s, in Zabarella, Opera logica, col. 488, translated in Jardine,
“Epistemology,” pp. 692-3.
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a causal relationship between prime matter and the generation of a natural
body. This was because prime matter cannot be an essential property of any
substance because it is defined as what must be prior ro the existence of any
substance. As such, it also can never be observed, and hence it can never be
perceived in any association — causal or otherwise — with an observable effect
such as the generation of a natural body.

Zabarella’s response to the problem was to extend the method of resolu-
tion to cover those special cases where an Aristotelian natural philosopher
could not assume that the necessary relationship between a substance and
its essential properties will determine what counts as a cause per se. What
he seems never to have anticipated was that among his successors would be
physicists, likewise studying cases where this assumption did not hold, who
would nonetheless reject his own extension of the resolutive method. They
would reject it because of its aim of discovering causes that are unobservable
in principle. These new physicists would instead devote themselves to solv-
ing a quite different methodological problem: How does a physicist infer,
from the observable phenomena, the existence of a cause per se that is as yer
unobserved but could be observed if the right experiments were carried out?

Newton, whose scientific work often dealt with objects that exemplified
this new methodological problem, employed a version of resolution and
composition that he called “analysis and synthesis” (see Andersen and Bos,
Chapter 28, this volume).® However, he did not share Zabarella’s confidence
that these methods would yield certain knowledge of every sort of cause per
se, and thus he refrained from speculating about the nature of theoretical
objects that are unobservable in principle. Even when discussing the nature
of God in his Philosophiae naturalis principia mathematica (Mathematical
Principles of Natural Philosophy, 1687), Newton exercised this restraint and
spoke about God only insofar as certain aspects of God could be known
through human sense experience. “For all discourse about God is derived
through a certain similitude from things human, which while not perfect

% Newton was also familiar with the development of the methods of analysis and synthesis in Greek
geometry by, among others, the fourth-century mathematician Pappus of Alexandria. As an early
modern scholar, he had access to several distinct versions of the two methods bearing the names
“analysis” (or “resolution”) and “synthesis” (or “composition”). These versions had been formulated
by the Greek geometers, the Aristotelians, Galen, Chalcidius, and other older sources. My treatment
of Newton’s methods of analysis and synthesis concentrates on how he conceived of their repeated
use to acquire knowledge of more and more general causes. I also point out that Newton seemed to
regard the laws of motion and even the law of gravity as themselves effécts whose more general causes
could be learned through the further application of the methods of analysis and synthesis. Thus,
on these two significant points, my treatment differs from those given by the following authors:
Andrea Croce Birch, “The Problem of Method in Newton’s Natural Philosophy,” in Nature and
Scientific Method, ed. Daniel O. Dahlstrom (Studies in Philosophy and the History of Philosophy,
22) (Washington, D.C.: Catholic University of America Press, 1991), pp. 253—70; Henri Guerlac,
“Newton and the Method of Analysis,” in Dictionary of the History of Ideas, ed. Philip P. Wiener,
s vols. (New York: Charles Scribners’ Sons, 1973—74), 3: 378—91; and Niccold Guicciardini, “Analysis
and Synthesis in Newton’s Mathematical Work,” in The Cambridge Companion to Newton, ed. 1.
Bernard Cohen and George E. Smith (Cambridge: Cambridge University Press, 2002), pp. 308—28.
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is nevertheless a similitude of some kind. . . . And to treat of God from
phenomena is certainly a part of natural philosophy.”7°

In both the Principia and the Opticks, Newton’s methods of analysis and
synthesis were applied typically to cases that he thought could be studied
through the inductive association of phenomena that either are observable at
the present time or will be observable in the future through new experiments
and better scientific instruments. He emphasized such a restriction when
stipulating his “Rules for the Study of Natural Philosophy” in Book III of
the Principia.” The first rule, which appeared in every edition of this work
during his lifetime, stated: “No more causes of natural things should be
admitted than are both true and sufficient to explain their phenomena.” The
second rule, also appearing in every edition, focused on the associations of
similar phenomena: “Therefore, the causes assigned to natural effects of the
same kind must be, so far as possible, the same.” The fourth rule, added by
Newton to the third edition of the Principia (1726), was even more explicit
about basing one’s claims only on whar can be observed: “In experimental
philosophy, propositions gathered from phenomena by induction should be
considered either exactly or very nearly true notwithstanding any contrary
hypotheses, until yet other phenomena make such propositions either more
exact or liable to exceptions.”

Newton also carefully distinguished between what he characterized as
active relationships among the associated phenomena and passive relation-
ships among the associated phenomena. His search for the active and pas-
sive principles governing these two kinds of relationships developed into
a methodology for discovering weaker as well as stronger causal relations
among different types of natural phenomena. His passive principles were
lawlike regularities in the association between the observed states of one or
more bodies. Newton’s first law of motion, for example, described a basic
regularity in the successive states of any given body: “Every body perseveres
in its state of being at rest or of moving uniformly straight forward, except
insofar as it is compelled to change its state by forces impressed.” The law
was also characterized, in his Principia, as involving an “inherent force of
matter . . . by which every body, so far as it is able, perseveres in its state
either of resting or of moving uniformly straight forward.””* In the Opricks,
Newton added that this vis inertiae (force of inertia) in particles of matter
is “accompanied with such passive Laws of Motion as naturally result from
that Force, but also that they [the particles of matter] are moved by certain

7° Isaac Newton, The Principia: Mathematical Principles of Natural Philosophy, trans. 1. Bernard Cohen
and Anne Whitman (Berkeley: University of California Press, 1999), bk. 3, pp. 942—3.

7' Newton, Principia, bk. 3, pp. 794—6. See also the Latin text of the third edition (London, 1726)
in Isaac Newton, Lsaac Newtons Philosophiae naturalis principia mathematica, ed. Alexandre Koyré
and I. Bernard Cohen, with Anne Whitman, 2 vols. (Cambridge, Mass.: Harvard University Press,
1972), 2: 550-5.

7> Newton, Principia, law 1, p. 416, and definition 3, p. 404.
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active Principles, such as is that of Gravity.””? These active principles con-
sisted of laws of attraction or repulsion between material bodies, including
the gravitational attraction among the stars and planets and among ordi-
nary terrestrial bodies, but also including the short-range attractions and
repulsions exhibited by magnetic, electrical, and chemical phenomena. Even
the cause of fermentation, which keeps the heart and blood in perpetual
motion and heated, was counted as one of Newton’s active principles.”+ He
had already anticipated some aspects of this theory of active principles when
summarizing his law of gravity earlier in the Principia:

Gravity exists in all bodies universally and is proportional to the quantity of
matter in each. We have already proved that all planets are heavy [or gravitate]
toward one another and also that the gravity toward any one planet, taken
by itself, is inversely as the square of the distance of places from the center
of the planet. And it follows . . . that the gravity toward all the planets is
proportional to the matter in them.

. . . Therefore the gravity toward the whole planet arises from and is
compounded of the gravity toward the individual parts. We have examples
of this in magnetic and electric attractions. For every attraction toward a
whole arises from the attractions toward the individual parts.”

When Newton reflected on how such principles operate together in a uni-
fied natural world, he provided further clues concerning his general beliefs
about causality. The methods of analysis and synthesis were employed by
him to identify both the weaker, or passive, principles and the stronger, or
active, principles. By analysis, he identified through inductive reasoning the
lawlike regularities whose principles, taken together, constitute a hierarchical
system of laws. The more general a cause is, the more active is its principle
and the higher is its law’s ranking in the unified system of laws. Conversely,
by synthesis, Newton confirmed through deductive reasoning that the lower-
level laws are deducible from the higher-level laws of the system. He then
interpreted this logical relationship in causal terms. Passive principles are
maintained in their operations by the stronger, active principles. Active prin-
ciples approximate Aristotelian causes per se in that they are active powers
resembling Zabarella’s essential properties of a substance. Despite the fact
that Newton rejected any scientific explanation based on the form or essen-
tial properties of an Aristotelian substance, he still expected that his discovery
of the correct active principles would eventually culminate in his establishing
the existence of at least some causes per se. As he progressed from a knowledge
of the weaker, or passive, principles toward a knowledge of the stronger, or
active, principles, he thereby sought to arrive at a knowledge of some genuine

73 Newton, Opticks, 3.31, p. 401

74 Ibid., pp. 376, 399.
75 Newton, Principia, 3.7.7, pp. 810-11.
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causes. Yet he tried to do so without making what he regarded as the serious
error of hypothesizing about causes that are unobservable in principle.
Newton’s distinctive use of the methods of analysis and synthesis was
nowhere more evident than in his long-standing deliberations about whether
the force of gravity can be explained. How this use differed from Zabarella’s
employment of resolution and composition may be seen in Newton’s attempts
to show that gravity is not an occult, or hidden, cause. One such attempt
occurs near the end of the Opticks, where he discussed the application of
passive and active principles to the material corpuscles constituting ordinary

bodies:

These Particles have not only a Vis inertiae, accompanied with such passive
Laws of Motion as naturally result from that Force, but also . . . they are
moved by certain active Principles, such as is that of Gravity, and that which
causes Fermentation, and the Cohesion of Bodies. These Principles I con-
sider, not as occult Qualities, supposed to result from the specifick Forms of
Things, but as general Laws of Nature, by which the Things themselves are
form’d; their Truth appearing to us by Phaenomena, though their Causes be
not yet discover'd. For these are manifest Qualities, and their Causes only
are occult. And the Aristotelians gave the Name of occult Qualities, not to
manifest Qualities, but to such Qualities only as they supposed to lie hid in
Bodies, and to be the unknown Causes of manifest Effects: Such as would
be the Causes of Gravity, and of magnetick and electrick Attractions, and
of Fermentations, if we should suppose that these Forces or Actions arose
from Qualities unknown to us, and uncapable of being discovered and made
manifest. Such occult Qualities put a stop to the Improvement of natural
Philosophy, and therefore of late Years have been rejected.”®

Here Newton remarks that gravity would have been treated by thinkers like
Zabarella as an occult quality — as a wholly unobservable essential property
of a body that nonetheless produces observable effects, such as changes in
the inertial states of other bodies. But he is anxious to correct this mistaken
interpretation of his law of gravity, which he instead characterizes as an active
principle that is entirely manifest, or observable. Gravity is not occult because
its existence is established by the method of analysis (resolution) that relates
observable phenomena by means of inductive reasoning. Gravity therefore
consists, in part, of a lawlike regularity associating the observed states of
two or more bodies. From the accelerated motion of a body free-falling
toward the earth, for instance, the physicist reasons inductively that this
body’s motion resembles the accelerated motion of all other bodies that free-
fall toward the earth. The physicist can then ask what causes the regularity
of these accelerated motions. At that point, he performs some additional
inductive reasoning according to the method of analysis. This enables him

76 Newton, Opticks, 3.31, p. 401.
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to recognize that the regularity of these accelerated motions resembles the
attractions between magnets, although — as Newton noted in the Principia —
the force of gravity differs in kind from magnetic force because the force
of attraction between two magnets is not proportional to the quantity of
matter in the magnets.”” Having recognized this albeit limited resemblance
between accelerated motions and magnetic attractions, the physicist can now
redescribe the accelerated motions in question as effects of the gravitational
attraction between falling bodies and the earth. Thus, through a second use
of the method of analysis, which involves additional inductive reasoning, the
physicist has discovered what Newton calls an “active principle.”

Knowledge of an active principle such as the law of gravity brought Newton
closer to an ideal knowledge of causes per se than did knowledge of a passive
principle such as the law of inertia, he thought, for only an active principle
can attribute activity to the bodies it associates. But how much further did
he expect to progress in his approximation of such ideal knowledge? The
closing pages of the Opticks contain an interesting prediction:

And although the arguing from Experiments and Observations by Induction
be no Demonstration of general Conclusions; yet it is the best way of arguing
which the Nature of Things admits of, and may be looked upon as so much
the stronger, by how much the Induction is more general. . . . By this way
of Analysis we may proceed from Compounds to Ingredients, and from
Motions to the Forces producing them; and in general, from Effects to their
Causes, and from particular Causes to more general ones, till the Argument
end in the most general.”®

In predicting the eventual discovery of the most general cause or causes,
Newton hinted that active principles such as the law of gravity could them-
selves be treated as observable effects. They, too, could be conceived as having
causes, which are more general than they themselves are and are discover-
able by means of inductive reasoning. Through further use of the method of
analysis, therefore, physicists should be able to discover these more general
causes, and eventually they should be able to understand the most general
cause, which is the cause per se of all the active principles. The physicists’
understanding of this most general cause, in Newton’s view, would count as
knowledge of the cause per se of gravity not only because it would represent an
advance over his own knowledge of the law of gravity, but more importantly
because it would signal that their scientific knowledge of material bodies
had reached completion. Of what could such complete scientific knowledge
possibly consist? Newton left readers of the Opticks with a final suggestion
awaiting confirmation through future applications of the methods of analysis
and synthesis. Such knowledge would consist of “the Wisdom and Skill of a

77 Newton, Principia, 3.6.6.5, p. 810.
78 Newton, Opticks, 3.31, p. 404-
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powerful ever-living Agent, who being in all Places, is more able by his Will
to move the Bodies within his boundless uniform Sensorium, and thereby to
form and reform the Parts of the Universe, than we are by our Will to move
the Parts of our own Bodies.””?

Thus, in revising and extending the scope of inductive reasoning, Newton
helped to create a new model of knowledge of cause and effect. This model
has sometimes been characterized as a precursor of the eighteenth-century
philosopher David Hume’s probabilistic treatment of cause and effect in
response to his own skeptical problem of induction.*® But such a character-
ization fails to account adequately for Newton’s belief in the necessary rela-
tionships among the active and passive principles of nature and his repeated
use of analysis and synthesis for the purpose of acquiring a unified knowl-
edge of the causal structure of the world. It also underestimates the role of
Aristotelian causal concepts in the development of his new model of scien-
tific explanation. Newton’s causal claims deserve to be studied in their own
right because they presupposed the indispensability of at least some causes
per se. He still tried — in his studies of moving bodies, optical phenomena,
and alchemical phenomena — to achieve a knowledge of this kind of cause.

Newton was neither the first nor the only early modern thinker to elaborate
concepts of active and passive principles in his scientific explanations. Justus
Lipsius and other revivers of the Stoic tradition earlier had written works dis-
cussing active and passive principles of nature and the active and passive qual-
ities of the four elements. The Cambridge Platonists Henry More (1614-1687)
and Ralph Cudworth (1617-1688) had also articulated, in their account of the
world soul, certain spiritual principles that, they believed, guided the motions
of passive matter. Most importantly, in the alchemical tradition, innovators
from Paracelsus (Theophrastus Bombastus von Hohenheim, ca. 1493-1541)
to Johannes Baptista van Helmont (1579-1644) had preceded Newton in both
the experimental and theoretical investigations of active and passive chemical
principles, such as the active principle of fermentation. Newton himself had
studied many of these predecessors’ writings and techniques at various points
in his schooling and adult career.® However, what is especially instructive
about his account of active and passive principles was its bridging of the gap
between the sixteenth-century Aristotelians’ theories of substantial forms and
the early modern innovators’ respective corpuscular and alchemical philoso-
phies. The contrast between his methodology and Zabarella’s epitomized
not only the changing epistemology of early modern science but also the
emergence of a different relationship between the epistemological aims of
scientists such as Newton and their metaphysical commitments.

79 Ibid., p. 403.

8 David Hume, A Treatise of Human Nature [1739-40], 1.3.1-16, 1.4.1-2, ed. L. A. Selby-Bigge, rev.
text by P. H. Nidditch (Oxford: Oxford University Press, 1978), pp. 69—218.

8 Dobbs, Janus Faces of Genius, pp. 24—57, 94—6; Westfall, Never at Rest, pp. 299—310.
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Newton shared with many of his contemporaries a continuing metaphysi-
cal commitment to the existence of at least some causes per se—a commitment
that nevertheless excluded Aristotle’s account of the four causes and hence
the very principles on which the concept of a cause per se was based. Thus,
although Aristotelian causal concepts were indispensable in defining several
new kinds of scientific explanation, the history of how they made possible
the transformation of early modern science is arguably the story of how these
causal concepts became increasingly unrecognizable to the very thinkers who
relied on them. If this is so, then there is every reason to think that a concep-
tual revolution of considerable magnitude did in fact occur in early modern
beliefs about causality. Its hallmarks were the decline of formal causes and
the rise of laws of nature in the explanation of natural phenomena. Yet such a
revolution shaped far more than our theories about matter and motion. The
three changes in conceptions of scientific explanation traced in this chapter
continued to develop long after the sixteenth and seventeenth centuries. They
structured later scientific thought about the unity of nature and the kinds of
events or objects that can appropriately be described by natural laws. They
also established important constraints that guided the formation of mod-
ern beliefs about human nature in the eighteenth and nineteenth centuries.
Indeed, perhaps their most striking consequence is still with us today in our
persistent reflections on whether to explain human actions and passions as
law-governed natural effects or whether to dispense with laws of nature alto-
gether when trying to explain ourselves.
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THE MEANINGS OF EXPERIENCE

Peter Dear

The categories of “experience” and “experiment” lay at the heart of the con-
ceptions of natural knowledge that dominated European learning at both
the beginning and the end of the Scientific Revolution. The Latin words
generally used to denote “experience” in both the medieval and early modern
periods, experientia and experimentum, were generally interchangeable, with
no systematic distinction between them except in particular contexts to be
discussed; both are related to the word peritus, meaning skilled or experienced.
Besides these terms and their vernacular cognates, another related Latin term,
periculum (“trial” or “test”), began to be used in the late sixteenth century
to designate the deliberate carrying out of an experiment (periculum facere),
initially in the mathematical sciences. By the end of the seventeenth century,
the construal of experience as “experiment” in this sense had acquired a wide
and influential currency.

At the start of the sixteenth century, scholastic versions of Aristotelian
natural philosophy dominated the approach to knowledge of nature that
informed the official curricula of the universities (see the following chapters
in this volume: Blair, Chapter 17; Garber, Chapter 2); Aristotle’s writings
stress repeatedly the importance of sense experience in the creation of reliable
knowledge of the world. Nonetheless, during the seventeenth century, many
of the proponents of what came to be called by some (rather obscurely) “the
new science” criticized the earlier orthodoxy of what Aristotelian natural
philosophy (or “physics”) had become on the grounds that it paid insufficient
attention to the lessons of experience. For example, Francis Bacon (1561-1626)
wrote in his New Organon of 1620 that Aristotle “did not properly consult
experience . . . ; after making his decisions arbitrarily, he parades experience
around, distorted to suit his opinions, a captive.”" Intellectual reformers such
as Bacon commonly represented traditional Aristotelian philosophy as being

' Francis Bacon, The New Organon, 1.8, ed. and trans. Lisa Jardine and Michael Silverthorne
(Cambridge: Cambridge University Press, 2000), p. s2.

106

Cambridge Histories Online © Cambridge University Press, 2008



The Meanings of Experience 107

obsessed with logic and wordplay rather than as attempting to come to grips
with things themselves by means of the senses.

The so-called Aristotelian worldview” was, in its lowest common denomi-
nator, the standard framework of philosophical education in the universities
and colleges of Europe in the early modern period. In practice, this means that
the curricular structure of such institutions was coordinated with Aristotle’s
writings, together with commentaries on them. Thus, the teaching of natural
philosophy used such works as Aristotle’s Physics, De anima (On the Soul),
and De caelo (On the Heavens), as well as aspects of his Mezaphysics, together
with other more minor Aristotelian texts. That situation, well-established
at the beginning of the sixteenth century, continued at most universities
through the seventeenth century, albeit with considerable shifts in emphasis
and interpretation over time. Sporadic attempts to revise this standard curric-
ular arrangement made little progress; a planned wholesale restructuring of
the natural philosophical curriculum in the German Lutheran universities,
instigated by Philip Melanchthon (1497-1560) with the intention of displac-
ing Aristotle, soon fell flat.? Aristotle’s approach to the philosophy of nature,
then, was part of a pedagogical tradition based on the use of his texts. His
philosophy thus inevitably shaped the categories of thought even of those
who, increasingly in the seventeenth century, explicitly rejected his authority.

Bacon’s criticism of Aristotle gives the impression that the Aristotelian
approach subordinated experience to abstract reasoning, using experience
only as a means of confirming preconceptions. This was indeed a common
criticism in the seventeenth century. Nonetheless, scholastic philosophers
who took their lead from Aristotle’s texts stressed, following the master him-
self, that all knowledge had its origin in the senses: “There is nothing in
the mind which was not first in the senses,” ran a scholastic maxim.# This
emphasis on the sensory origin of knowledge looks like a radical empiri-
cism that makes direct experience paramount. Indeed, Aristotle himself had
regarded even mathematics, apparently the intellectual field of knowledge
furthest removed from the messiness of experience, as rooted in the senses:
We gain our ideas of number from seeing collections of things in the world,
and our ideas of geometrical figures from spatial experience.

N

For ambiguities of the category “Aristotelianism,” see Charles B. Schmitt, Aristotle in the Renaissance
(Cambridge, Mass.: Harvard University Press, 1983); Edward Grant, “Ways to Interpret the Terms
‘Aristotelian’ and ‘Aristotelianism’ in Medieval and Renaissance Natural Philosophy,” Hiszory of
Science, 25 (1987), 335—58. For approaches to issues of experience and experiment in the study of the
natural world among ancient Greeks themselves, see the classic essay by G. E. R. Lloyd, “Experiment
in Early Greek Philosophy and Medicine,” in G. E. R. Lloyd, Methods and Problems in Greek Science
(Cambridge: Cambridge University Press, 1991), pp. 70-99.

On Melanchthon and Pliny, see Sachiko Kusukawa, The Transformation of Natural Philosophy: The
Case of Philip Melanchthon (Cambridge: Cambridge University Press, 1995), esp. pp. 51, 136—7. On
changes in French curricula, see L. W. B. Brockliss, French Higher Education in the Seventeenth and
Eighteenth Centuries: A Cultural History (Oxford: Clarendon Press, 1987).

Paul Cranefield, “On the Origins of the Phrase Nibil est in intellectu quod non prius fuerit in sensu,”
Journal of the History of Medicine, 25 (1970), 77-80.
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There is thus an apparent contradiction between Bacon’s denial that there
was an adequate place for experience in Aristotelian philosophy and the foun-
dational role of sensory experience in the work of contemporary Aristotelian
philosophers themselves. This contradiction may be explained by consid-
ering the ways in which experience was wused in the making of knowledge
during the Scientific Revolution.

EXPERIENCE AND THE NATURAL PHILOSOPHY
OF ARISTOTLE IN EARLY MODERN EUROPE

There is nowadays nothing extraordinary in the idea that “experience” can
be a category worthy of historical investigation. Rather than a fundamental,
unproblematic means of acquiring knowledge, sensory experience as a form of
knowledge — generally under the terminological guise of “observation” — has
since the 1970s at least been regarded by philosophers of science as constituted
and ordered through prior conceptual categories.” “Experience,” in this view,
depends on the expectations and presumptions of the observer. This thesis,
currently accepted by practically all philosophers, is designated by the term
“theory-ladenness of observation.”® Philosopher of science Norwood Russell
Hanson illustrated the idea by imagining the astronomers Johannes Kepler
(1571-1630) and Tycho Brahe (1546—1601) on a hill at dawn. Each looks to the
east to observe the sun, but do they, the one a Copernican who believes that
the sun stands still in the center of the universe and the other a geocentrist
who believes that the sun circles the Earth, see the same thing? Hanson said
that in an important sense they do not: There is, he writes, “a difference
between a physical state and a visual experience.””

In studying the meanings of experience in the early modern period, how-
ever, we find more at stake than just the interpretation of perceptions. There
is another philosophical issue, namely the relationship between the expe-
rience of a single event and the perception of a truth that holds generally.
Kepler, to borrow Hanson’s example, did not, as he stood on the hill, simply
experience the earth happening on that occasion to roll around to reveal the
sun ever farther above the horizon. He saw an instance of a regular natural
occurrence, reflecting the Copernican structure of the universe. In a sense,
we have to do here with what, much later, came to be called the “problem of
induction.” But around 1600, for figures such as Kepler and Tycho, the issue
was integrated closely with both the specifics of Aristotelian epistemology
and Aristotle’s view of nature.

5 Although similar ideas can, of course, be traced back much further: see, for example, Michael
Friedman, Kant and the Exact Sciences (Cambridge, Mass.: Harvard University Press, 1992).

¢ Norwood Russell Hanson, Patterns of Discovery: An Inquiry into the Conceprual Foundations of Sci-
ence (Cambridge: Cambridge University Press, 1958); Thomas S. Kuhn, The Structure of Scientific
Revolutions (Chicago: University of Chicago Press, 1962).

7 Hanson, Patterns of Discovery, pp. 5-8, at p. 8.
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For Aristotle, a science of the physical world should, ideally, take the form
of a logical deductive structure derived from incontestable basic statements
or premises. The model for this was the structure of classical Greek geometry
as exemplified in Euclid’s Elements, where the truth of unexpected conclu-
sions can be demonstrated by deduction from a delimited set of prior, and
supposedly obvious, accepted axioms (such as that “when equals are sub-
tracted from equals, the remainders are equal”). In the case of sciences that
concerned the natural world, however, such axioms could not be known by
simple introspection. In those cases, the axioms had to be rooted in famil-
iar and commonly accepted experience. Thus “the sun rises in the east” was
unshakably and universally known to be true through experience, as was
the doctrine that acorns grow into oak trees, or even the apparently more
recondite principle that, in a homogeneous medium, vision (and hence per-
haps light rays, depending on one’s theory) occurs in straight lines — because
everyone knows that it is impossible to see around corners. On the basis of
such experiences, firm deductive sciences of astronomy, plants, and optics
could be erected. To do this in practice was, of course, much more difficult
than to lay it out as an ideal, but as an ideal it dominated scholastic thought
well into the seventeenth century.

This kind of experience, therefore, was of universal behaviors rather than
particulars: The sun a/ways rises in the east; acorns a/ways (barring accidents)
grow into oak trees.® Singular experiences (such as the eruption of Vesuvius in
79 C.E. or the coronation of Pope Urban VIII) were more problematic because
they could only subsequently be known by historical report, as something
that had happened on a particular occasion. They were thus unfit to act as
scientific axioms because they could not receive immediate free assent from
all: Most people had not witnessed them. A science needed to be cerzain,
whereas histories were matters of fallible record and testimony.” The difficulty
was unavoidable; most, if not all, of an individual’s knowledge of the world
relies very heavily on things believed from the testimony of others.” We will
later see how, those subscribing to an Aristotelian ideal of science of this
kind developed a variety of techniques to “universalize” their own specialist
empirical work.

8 This kind of ceteris paribus assumption was justified in medieval and later scholasticism in the guise of
so-called ex suppositione reasoning: If the oak tree actually does grow from the acorn, the explanation
provided will constitute a necessary scientific demonstration of that process. See especially William
A. Wallace, “Albertus Magnus on Suppositional Necessity in the Natural Sciences,” in Albertus
Magnus and the Sciences: Commemorative Essays 1980 (Toronto: Pontifical Institute of Medieval
Studies, 1980), ed. James A. Weisheipl, pp. 103-28; reprinted as Wallace, Galileo, the Jesuits, and the
Medieval Aristotle (Aldershot: Variorum, 1991), chap. 9.

2 On these matters, see Stephen Pumfrey, “The History of Science and the Renaissance Science of
History,” in Science, Culture, and Popular Belief in Renaissance Europe, ed. Stephen Pumfrey, Paolo
L. Rossi, and Maurice Slawinski (Manchester: Manchester University Press, 1991), pp. 48—70.

' The role of trust is stressed in Steven Shapin, A Social History of Truth: Gentility and Science in
Seventeenth-Century England (Chicago: University of Chicago Press, 1994).
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Aristotle’s natural philosophy was especially concerned with “final causes,”
the purposes or ends toward which processes tended or that explained the
conformation and capacities of something (see Joy, Chapter 3, this volume).
Living creatures were model instances: All the parts of an animal’s body seem
to be fitted to their particular functions, and by studying their behaviors pas-
sively one could find out what they were doing — that is, what they were for.
Active interference, by setting up artificial conditions, would risk subverting
the natural course of things, hence yielding misleading results; experimen-
tation would be just such interference. Experiments in the inanimate world
ran into the same problem: Using a balance with unequal arms to raise a
heavy weight (resting on the shorter arm) by using a lighter weight (resting
on the longer arm), for example, would misrepresent the relative tendencies
of those weights to strive toward the center of the earth. To the extent that
Aristotle’s natural philosophy sought the final causes of things, and thereby
to determine their natures, experimental science was therefore disallowed.

Beyond the confines of academic practice, “experience” had other conno-
tations as well. In the sixteenth century, opponents of university learning,
most prominently Paracelsus (Theophrastus Bombastus von Hohenheim,
1493-1541) in the 1530s and 1540s, held up untutored experience as an alter-
native to the elaborate epistemology of the Aristotelians. Paracelsus advocated
a closer acquaintance with things themselves as the way to acquire knowl-
edge of a practical, operational kind — in contrast with Aristotelian focus on
philosophical understanding. The particular concern of Paracelsus was with
healing, an unavoidably practical specialty. By stressing knowledge of the
properties of things and how to make use of them, Paracelsus turned atten-
tion squarely onto the practical experience of the artisan, who was taken
to have an intimate, almost mystical rapport with things themselves."" The
burgeoning tradition of “natural magic,” and the popular “books of secrets”
of the same period, promoted similar atticudes.” Others subsequently in
the sixteenth century, particularly (although by no means exclusively) in
England, advocated a similar upgrading of artisanal knowledge, their most
accomplished representative being Bacon. In the closing decade of the six-
teenth century and the first quarter century or so thereafter, Bacon promoted
a reformed “natural philosophy” directed toward ends different from that of

™ On Paracelsus, see Walter Pagel, Paracelsus: An Introduction to Philosophical Medicine in the Era of
the Renaissance, 2nd rev. ed. (Basel: Karger, 1982), and more broadly Andrew Weeks, Paracelsus:
Speculative Theory and the Crisis of the Early Reformation (Albany: State University of New York
Press, 1997).

William Eamon, Science and the Secrets of Nature: Books of Secrets in Medieval and Early Modern
Culture (Princeton, N.J.: Princeton University Press, 1994). These views go back at least to Roger
Bacon in the thirteenth century — see Roger Bacon, Opus Majus, ed. John Henry Bridges (1897-1900;
facsimile repr. Frankfurt am Main: Minerva, 1964) — and were also represented in the sixteenth and
seventeenth centuries by the so-called Hermetic tradition. On the latter, see the classic argument
by Frances A. Yates, “The Hermetic Tradition in Renaissance Science,” in Yates, Collected Essays,
vol. 3, Ideas and Ideals in the North European Renaissance (London: Routledge and Kegan Paul, 1984),
pPp- 227—46.

s}

Cambridge Histories Online © Cambridge University Press, 2008



The Meanings of Experience 111

the schools, emphasizing the practical benefits to be derived from knowledge
of nature and praising the craft knowledge of artisans. Bacon held up “expe-
rience” as the route to such knowledge, by which he meant the scrupulous
examination and collection of facts regarding the properties and behaviors of
physical phenomena (see Serjeantson, Chapter s, this volume). These facts
remained, however, generic: They concerned “how things behave” and took
for granted the establishment of such general facts from singular instances,
much like the Aristotelian kind.” The main exception was Bacon’s concern
with “monsters” and other pretergenerations, that is, individual cases where
nature does 7ot behave in its normal, regular way."* Bacon’s well-known dis-
dain for final causes in natural philosophy meant in addition that, unlike
an orthodox Aristotelian natural philosopher, he had no epistemological dif-
ficulties in using artificial situations, such as experimental contrivances, in
generating telling facts (quite apart from his moral objections to an art/nature
division)."

However, even within the domain of scholastic orthodoxy, there were
other sciences concerning the natural world besides natural philosophy that
exposed differing concerns about final causes. For the mathematical sciences,
as we shall see, the kind of knowledge sought was uncompromised by final
causes and hence permitted experimental contrivance, with no worries about
“monsters.” By contrast, in the study of medicine and the human body, issues
of regularity and variability played a crucial role in determining criteria of

health.

EXPERIENCES OF LIFE AND HEALTH

The teaching of human anatomy formed an integral part of an early modern
medical education in the universities, and, like other areas of the study of
nature, it already had its established ways of doing things. In the sixteenth
century, with frequent bows to the example set by the ancient Greco-Roman
physician Galen, anatomists conceived of their enterprise as being above all
one of disciplined seeing; and what they saw in the corpses that they dis-
sected was taken by many, following the precedent of Galen’s views, to be

3 See, for example, the list of “Instances meeting in the nature of heat” in Francis Bacon, New Organon,
2.11, pp. 1I0-IL.

4 On the “monstrous” in this period, see Lorraine Daston and Katharine Park, Wonders and the Order
of Nature, 1150-1750 (New York: Zone Books, 1998), esp. chap. s; and Zakiya Hanafi, 7he Monster in
the Machine: Magic, Medicine, and the Marvelous in the Time of the Scientific Revolution (Durham,
N.C.: Duke University Press, 2000). Bacon also discusses “unique instances,” which are “wonders of
species” (that is, unique kinds of beings), and distinguishes them from particular “errors of nature,”
which are “wonders of individuals,” such as monsters, that do not form a collective species: see
Francis Bacon, New Organon, 2.28—29, pp. 147-9.

There were also precedents for the overcoming of an art/nature distinction in the alchemical tradi-
tion: see William R. Newman, “Art, Nature, and Experiment among some Aristotelian Alchemists,”
in Texts and Contexts in Ancient and Medieval Science: Studies on the Occasion of John E. Murdoch’s
Seventieth Birthday, ed. Edith Sylla and Michael McVaugh (Leiden: E. J. Brill, 1997), pp. 305-17.
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representative of all human beings.”® Controversy over the details of this
issue continued through the sixteenth century, with some, such as Realdo
Colombo (ca. 1510-1559) at Padua, maintaining the strong uniformity of
human anatomy and the rarity of anomalies, whereas Colombo’s predecessor
at Padua, Andreas Vesalius (1514-1564), frequently paid lip service to that
ideal while in practice routinely noting variations found both among indi-
viduals and those systematically caused by age, sex, and regional or ethnic
differences."”

The Padua-trained English physician William Harvey (1578-1657), writing
in the 1620s, followed what was by then established anatomical practice by
regarding his work on the circulation of the blood as fundamentally a matter
of looking in the right way (“autoptic” experience).”® Harvey displays once
again the impact of broadly Aristotelian epistemological doctrines on under-
standings of active, interventionist experience of nature. Intervention by way
of vivisection necessarily put the animal subject into an unnatural, trauma-
tized condition and could accordingly be represented as an illegitimate way
to obtain knowledge of natural functioning. This objection to such research
procedures as Harvey himself employed carried considerable weight in the
mid-seventeenth century, and Harvey was in no position to shrug them off.
In his inquiry into the circulation of the blood, published in De mozu cordis
(On the Motion of the Heart, 1628), he had adopted the conventional stance
of sixteenth-century anatomists, such as that of his own teacher at Padua,
Girolamo Fabrici (ca. 1533-1619), whereby the investigator was understood to
be acquiring unmediated ocular evidence of the way things stood in the body
rather than to be testing hypotheses by means of artificial experiment. Thus,
Harvey could see himself as demonstrating the circulation of the blood, in the
literal sense of showing it; the universalization of his particular experiences
was no more problematized than was the norm for anatomical knowledge in
this period.” However, this approach was not sufficient to exempt him from
methodological criticism. In his Exercitatio anatomica (Anatomical Exercise,
1649), Harvey responded to various critics, and the objection that appeared

16 See articles in Andrew Wear, R. K. French, and 1. M. Lonie, eds., The Medical Renaissance of
the Sixteenth Century (Cambridge: Cambridge University Press, 1985), esp. Andrew Cunningham,
“Fabricius and the ‘Aristotle Project’ in Anatomical Teaching and Research at Padua,” pp. 195—222.
Gabriele Baroncini, Forme di esperienza e rivoluzione scientifica (Bibliotheca di Nuncius, Studi e testi
IX) (Florence: Leo S. Olschki, 1992), is a particularly useful discussion of ideas of experience in
philosophy with special focus on medical and life-science authors.

'7 Nancy G. Siraisi, “Vesalius and Human Diversity in De humani corporis fabrica,” Journal of the

Warburg and Courtauld Institutes, 57 (1994), 60-88.

Andrew Wear, “William Harvey and the “Way of the Anatomists’,” History of Science, 21 (1983), 223—

49; see also Wear, “Epistemology and Learned Medicine in Early Modern England,” in Knowledge

and the Scholarly Medical Traditions, ed. Don Bates (Cambridge: Cambridge University Press, 1995),

pp- 151—73. In general, see also Baroncini, Forme de esperienza, chap. s: “Harvey e l'esperienza

autoptica.”

9 Wear, “William Harvey”; see also Roger French, William Harvey’s Natural Philosophy (Cambridge:
Cambridge University Press, 1994), p. 316.
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to give him the most trouble was the methodological denial of the legitimacy
of vivisection experiments because of their unnaturalness.*® He could do
little more than reaffirm his conclusions on the basis of the specifics of his
particular procedures and the inferences drawn from them:

And lest anyone should have recourse to the statement that these things are
so when Nature is upset and preternaturally disposed, but not, however,
when she is left to herself and acts freely, since in an ill and preternatural
disposition appearances are not the same as in a natural and healthy one —
it must therefore be said and thought that although (with the vein divided)
it may seem or be stated as preternatural for so much blood to get out of
the far portion because Nature is upset, yet the dissection does not close the
near part to prevent anything moving out or being pressed out, whether or
not Nature is upset.”

That is, Harvey’s interventions did not, he thought, interfere with nature in
any relevant way because they did not “upset” those particular matters that
were under investigation.

Methodological concerns in anatomy owed their greatest textual debts to
Galen, but Harvey himself, as is well known, was something of an acolyte of
Aristotle. The most striking example is Harvey’s use of Aristotle at the begin-
ning of his last major work, De generatione animalium (On the Generation
of Animals, 1651). Apart from praising Aristotle’s own zoological investi-
gations (including Aristotle’s treatise with the same Latin title as Harvey’s
own), Harvey also employed Aristotle’s account of the proper structure of
scientific argument as found in the latter’s Posterior Analytics.** Galen’s own
pronouncements on these matters were themselves heavily indebted to Aris-
totle. Harvey’s approach to such questions, intended to show the orthodoxy
of his procedures in the face of objections from fellow anatomists, there-
fore involved him in subtle renegotiations of the proper interpretation of
Aristotelian teachings — much as was done in the case of the mathematical
sciences.

Indeed, Harvey explicitly invoked the original mathematical model of
deductive argument from which Aristotle himself had apparently constructed
his general account of scientific procedure.”® Harvey’s position on the place
of sensory experience in the making of knowledge about nature is quite clear:
“Whoever wishes to know what is in question (whether it is perceptible and
visible, or not) must either see for himself or be credited with belief in the

N

o

French, William Harvey’s Natural Philosophy, p. 277.

> William Harvey, “A Second Essay to Jean Riolan,” in Harvey, The Circulation of the Blood and Other
Whritings, trans. Kenneth J. Franklin (London: Dent/Everyman’s Library, 1963), p. 155.

Charles B. Schmitt, “William Harvey and Renaissance Aristotelianism: A Consideration of the
Praefatio to De generatione animalium (1651),” in Humanismus und Medizin, ed. Rudolf Schmitz
and Gundolf Keil (Weinheim: Acta Humaniora, 1984), pp. 117-38.

» See the discussion in G. E. R. Lloyd, Magic, Reason, and Experience: Studies in the Origin and
Development of Greek Science (Cambridge: Cambridge University Press, 1979), chap. 2.
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experts, and he will be unable to learn or be taught with greater certainty by
any other means.”** The reliability of sensory experience in making natural
knowledge is itself attested by geometry: “If faith through sense were not
extremely sure, and stabilized by reasoning (as geometers are wont to find in
their constructions), we should certainly admit no science: for geometry is
a reasonable demonstration about sensibles from non-sensibles. According
to its example, things abstruse and remote from sense become better known
from more obvious and more noteworthy appearances.”

The case history as a medical genre can be traced back to the Hippo-
cratic writings (ca. 450—ca. 350 B.C.E.) of Greek antiquity.>® Case histories
recorded in detail the progression of a disease in a particular patient from
onset to resolution (either death or a return to health). Their meaning was
contested in antiquity itself, with different medical sects interpreting them as
either particular instances of independently existing disease entities (a case of
measles, for example) or as being wholly specific to the individual patient.”
Through most of the sixteenth and seventeenth centuries, the Latin European
academic approach to medicine (the one so violently opposed by the mid-
sixteenth-century physician Paracelsus and his later followers) was derived
from the writings of Galen; following his general theoretical approach, physi-
cians usually treated case histories as means to determine the generic nature
of the ailment (typically in terms of an imbalance of the four humors). Dur-
ing the late Middle Ages and continuing into the sixteenth century, the term
experimentum was employed by many medical writers to designate a spe-
cific remedial recipe, thereby indicating the remedy’s legitimate foundation

** Harvey, Circulation, p. 166. Harvey’s necessary reliance on “the experts” is reflected also in his
dedication of De motu cordis to the Royal College of Physicians (p. 5): “The booklet’s appearance
under your aegis, excellent Doctors, makes me more hopeful about the possibility of an unmarred and
unscathed outcome for it. For from your number I can name very many reliable witnesses of almost
all those observations which I use either to assemble the truth or to refute errors; you so instanced
have seen my dissections and have been wont to be conspicuous in attendance upon, and in full
agreement with, my ocular demonstrations of those things for the reasonable acceptance of which
I here again most strongly press.” For more on the common expression “ocular demonstration”
as used here by Harvey, see Thomas L. Hankins and Robert J. Silverman, Instruments and the
Imagination (Princeton, N.J.: Princeton University Press, 1995), esp. p. 39, and also Barbara J.
Shapiro, A Culture of Fact: England, 1550—1720 (Ithaca, N.Y.: Cornell University Press, 2000), p. 172,
noting the expression’s use in the context of English religious apologetics. The term, of course, refers
to first-hand eyewitnessing.

Harvey, Circulation, p. 167; see also French, William Harvey’s Natural Philosophy, p. 278.

For an excellent overview, see G. E. R. Lloyd, “Introduction,” in Hippocratic Writings, ed. G. E. R.
Lloyd (Harmondsworth: Penguin, 1978). On the complex relations between natural philosophy,
medicine, and natural history in the seventeenth century, see Harold J. Cook, “The New Philosophy
and Medicine in Seventeenth Century England,” in Reappraisals of the Scientific Revolution, ed. David
C. Lindberg and Robert S. Westman (Cambridge: Cambridge University Press, 1990), pp. 397—436;
and Cook, “The Cutting Edge of a Revolution? Medicine and Natural History Near the Shores of the
North Sea,” in Renaissance and Revolution: Humanists, Scholars, Crafismen, and Natural Philosophers
in Early Modern Europe, ed. ]. V. Field and Frank A. J. L. James (Cambridge: Cambridge University
Press, 1993).

John Scarborough, Roman Medicine (Ithaca, N.Y.: Cornell University Press, 1969), provides a con-
venient overview of the Hellenistic and Greco-Roman medical sects and writers.
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in the writer’s experience of the ailment and its treatment. In the sixteenth
century, Girolamo Cardano (1501-1576) provided a notable example of such
usage by someone explicitly aware of the ways in which medicine fell short
of being a true, or “perfect,” science because it did not strictly demonstrate
from unquestionable principles.”® There also lingered around medical uses
of experimentum a certain aura of the occult (in the sense of “hidden” from
normal cognitive comprehension), which resonated with the term’s use by
Roger Bacon in the thirteenth century.”

EXPERIENCE AND NATURAL HISTORY: INDIVIDUALS,
SPECIES, AND TAXONOMY

At the turn of the eighteenth century, Etienne Chauvin’s Lexicon philosoph-
icum (1692 and 1713) described a terminological distinction that seems to
have become commonplace during the preceding several decades. Experien-
tia, according to Chauvin, holds a place among physical principles second
only to reason, “for reason without experience is like a ship tossing about
without a helmsman.” Chauvin distinguished among three kinds of experi-
ence: the experience that is acquired unintentionally in the course of life; the
kind gained from deliberate examination of something, but in the absence
of any particular expectation of the eventuality; and the experience acquired
with the purpose of determining the truth of a conjectured explanation
(ratio).’* Chauvin, employing an additional Latin word (experimenta), then
proceeded to describe the nature of a properly philosophical experience: It
should be based on “experiments” of varying kinds and of considerable num-
ber; these experiments properly encompass mechanical artifice as well as nat-
ural history.?" A philosophical experience, therefore, is made from numerous
experiments,® much as, in Aristotle’s account, an experience was made from
many memories of the same thing.” Unlike Aristotle, however, Chauvin did

» Nancy G. Siraisi, The Clock and the Mirror: Girolamo Cardano and Renaissance Medicine (Princeton,
N.J.: Princeton University Press, 1997), chap. 3, esp. pp. 45, 59—60; Baroncini, Forme di esperienza,
pp- 109-10. See also, for example, Francis Bacon’s usage in Bacon, Of the Proficiencie and Advancement
of Learning (London: Henrie Tomes, 1605), 2.8.

9 Jole Agrimi and Chiara Crisciani, “Per una ricerca su experimentum-experimenta: Riflessione episte-

mologica e tradizione medica (secolo XIII-XV),” in Presenza del lessico greco e latino nelle lingue con-

temporanee, ed. Pietro Janni and Innocenza Mazzini (Macerata: Universita degli Studi di Macerata,

1990), pp- 9-49-

Etienne Chauvin, Lexicon Philosophicum (Leeuwarden, 1713; facsimile repr. Diisseldorf: Stern-Verlag

Janssen, 1967), p. 229, col. 2.

3 Ibid., p. 230, col. 1. Varying the kinds of experiments underpinning a philosophical claim was

something that Francis Bacon had also advocated; he criticized William Gilbert for building an

entire philosophy from nothing but magnetic experiments. See Francis Bacon, New Organon, 1.54.

The Jesuit mathematician Christopher Scheiner had used the same terminological distinction at the

beginning of the seventeenth century. See Peter Dear, Discipline and Experience: The Mathematical

Way in the Scientific Revolution (Chicago: University of Chicago Press, 1995), pp. 55-7.

3 Aristotle, Metaphysics, 6.2 (1026b 29-32).
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not worry about the differences in philosophy between experience of artifi-
cial constructs (mechanical artifice, recalling those of René Descartes) and
experience of natural processes — including what Chauvin called “natural
history”

Indeed, natural history itself was an area of research, and a rubric, in rapid
reconstruction during the seventeenth century. Francis Bacon had stressed
the importance of a comprehensive natural history, or descriptive account of
natural phenomena, as the prolegomenon to the construction of a true natural
philosophy. Bacon meant not just the subject matters that are nowadays
understood by “natural history” but all natural phenomena, animate and
inanimate.’* Natural history was principally to be distinguished from “civil
history,” comprised of accounts of human affairs; both kinds of histories were
descriptive accounts, neither (supposedly) giving causal explanations of the
matters that they addressed. A generally Baconian sense of natural history
remained particularly important in English natural philosophy, including
that of the early Royal Society, for the rest of the century.® But in those
studies to which the term “natural history” later came to be restricted, chiefly
botany and zoology, issues of singulars and universals arose similar to those
just discussed.

In sixteenth-century Italy, Ulisse Aldrovandi (1522-1605) and other nat-
uralists first began to collect actual specimens of plants rather than simply
describing the plants as they appeared in situ.3® This new practice was essential
to the notion of natural historical knowledge as being centered on collections
of specimens brought from many different locations. It was adopted into the
new botanical gardens (usually associated, as in Italy, with universities) that
began to be founded in France on the Italian model in the second half of
the sixteenth century?” (see Findlen, Chapter 19, this volume). The collec-
tion of specimens (which can be seen as, among other things, ancestors of the
nineteenth-century type specimen in paleontology)?® brought experience into
the making of natural history in a way that effectively reinforced conceptual
categories with tangible, visible exemplars. An aspect of the new approaches
to botany in this period is the use of naturalistic drawings of plants, as
represented, for example, by Otto Brunfels's Herbarum vivae eicones (1530),
which exploited the new printing technologies.?® As in the case of Vesalius,
however, such use of visual representations was controversial: Vesalius was

34 See Francis Bacon, New Organon, “The Great Renewal,” pp. 20-1.

3 See, for example, Shapiro, A Culture of Fact, pp. 114-16 and chap. s.

36 Paula Findlen, Possessing Nature: Museums, Collecting, and Scientific Culture in Early Modern Iraly
(Berkeley: University of California Press, 1994), p. 166.

37 Karen Meier Reeds, Botany in Medieval and Renaissance Universities (New York: Garland, 1991),
which includes a reprint of Reeds, “Renaissance Humanism and Botany,” Annals of Science, 33
(1976), 519-42.

38 Ronald Rainger, The Understanding of the Fossil Past: Paleontology and Evolution Theory, 18501910
(Princeton, N.J.: Princeton University Press, 1982).

39 Reeds, Botany, pp. 28-32.
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obliged to defend himself, in the preface to De humani corporis fabrica (On
the Fabric of the Human Body, 1543), against those who thought that the
provision of a book purporting to show details of the human body would
merely encourage medical students to rely on the book instead of looking for
themselves — precisely the opposite of Vesalius’s announced intention.*® So,
too, some sixteenth-century herbalists reiterated the arguments of ancient
writers such as Pliny and Galen against providing pictures of plants, which
were potentially deceptive and inferior to careful observations of the real
thing.#

Apart from the principal pharmaceutical uses of plants, botanical taxon-
omy emerged as a serious issue in the sixteenth century in part because of
the sheer number of new plants then reaching Europe for the first time.
Andrea Cesalpino (1519-1603), at the University of Pisa, provided the most
influential taxonomic model in his De plantis libri xv (1583). Its philosophical
justification (and it is significant that Cesalpino felt the need for one) was
derived from Aristotle: Taking reproduction as a fundamental function in the
perpetuation of species, and thereby following Aristotle’s general precepts,
Cesalpino justified using the reproductive parts of plants (flowers and fruit)
as possessing characters that would relate most fundamentally to the essential
nature of the plant itself.#* Thus, such characters were the proper ones to
use as discriminatory criteria in classification. This general approach, despite
differences in the details of taxonomic schemes, was followed by subsequent
taxonomists throughout the seventeenth century.® It was a way of present-
ing the practical task of classification as more than just a cataloging system
added to descriptive natural history; by privileging particular characters on
theoretical grounds, natural history could also strive toward the higher status
of natural philosophy.

The indeterminacy of sensory experience in such matters as the allo-
cation of species to appropriate genera became increasingly clear to the
English botanist John Ray (1627-1705) in the 1690s. Taxonomical practice
had become a matter of deciding the significance of similarities and differ-
ences, a move, in effect, from experience (which revealed a specimen’s relevant
characters) to the knowledge of that specimen’s essential nature (what kind of
thing it really was). Ray, however, denied the possibility of such an inductive
move from experience to knowledge of essences. In polemics conducted in the
1690s with the continental taxonomists Augustus Bachmann (in Germany)
and Joseph Tournefort (in France), Ray argued that the categorization of

49 See Vesalius’s preface, in C. D. O’Malley, Andreas Vesalius of Brussels, 1514—1564 (Berkeley: University
of California Press, 1964), pp. 322-3.

4 Reeds, Botany, pp. 31-2.

> See, for example, Findlen, Possessing Nature, p. s8.

4 For its continuing importance for Linnaeus in the eighteenth century, see Sten Lindroth, “The
Two Faces of Linnaeus,” in Linnaeus: The Man and His Work, ed. Tore Fringsmyr (Canton, Mass.:
Science History Publications, 1994), pp. 1-62, esp. pp. 35—6.
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organisms into larger groups such as, for example, the aggregation of species
into genera, could never achieve philosophical soundness. Creatures should
properly be grouped together according to common essential characters; that
is, characters expressive of the creature’s essential nature. Thus, classification
according to accidental characters — characters not expressive of the thing’s
essence — would not be a true, natural classification. But, Ray queried, how
are we to know which characters of an organism are essential to it and
which merely accidental? He adduced the case of whales, where, depend-
ing on our choice of characters, the animals could be grouped together
with fish (if such matters as living exclusively in the water and possessing
fins were taken as essential characters) or with warm-blooded land animals
(if live births and air breathing were taken as essential).** Ray’s skeptical
stance was thus directly constitutive of his views regarding the relation-
ship between experience in natural history and the expression of formal-
ized knowledge of nature.® Experience meant much more than descriptive
observation.

Such taxonomic concerns were ridiculed by Jonathan Swift’s satire of the
projects of the Royal Society of London in Gullivers Travels (1726), cloaked
as those of the fictitious academicians of Lagado. The latter wished to abol-
ish the use of words and instead to communicate through the display of
the things themselves — for “words were only names for things.”4® Swift’s
immediate target here would seem to have been (rather than John Locke)
the universal language projects of the Royal Society in the 1660s, of which
John Wilkins’s Essay Towards a Real Character and a Philosophical Language
(1668) was the most celebrated. Wilkins’s book was an attempt to encom-
pass all things in the world within a comprehensive language scheme built
on taxonomical principles. The scheme was, at root, essentialist; that is, it
assumed the possibility of identifying the true kinds of things found in the
world in order to designate each of them with its own name.#” The language
schemes of Wilkins and others in England in the 1650s and 1660s were in
this way structured on fundamentally Aristotelian principles. They assumed,
just as scholastic Aristotelians had done, that sensory experience yielded con-
cepts that could then be denoted by words: The deep psychological trick
lay precisely in the extraction of concepts regarding the universal essences of
kinds of things from the singulars of actual experience.® It was the possibil-
ity of this (Aristotelian) trick that Ray denied at the end of the seventeenth

44 Phillip R. Sloan, “John Locke, John Ray, and the Problem of the Natural System,” Journal of the
History of Biology, 5 (1972), 1-53.

4 On skepticism in early modern Europe, see especially Richard H. Popkin, The History of Scepticism
from Savonarola to Bayle (New York: Oxford University Press, 2003).

46 Jonathan Swift, Gulliver’s Travels, 3.5 (Oxford: Oxford University Press, 1948), p. 223.

47 A point argued by Hans Aarsleff, “Wilkins, John,” Dictionary of Scientific Biography, 14, 361-81;
reprinted in Aarsleff, From Locke to Saussure (Minneapolis: University of Minnesota Press, 1982).

48 On the Aristotelian structure of such schemes, see Mary M. Slaughter, Universal Languages and
Scientific Taxonomy in the Seventeenth Century (Cambridge: Cambridge University Press, 1982).
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century. At the same time, however, the work of Ray’s contemporary Isaac
Newton was refashioning such issues in the context of the mathematical
sciences.

EXPERIENCE AND THE MATHEMATICAL SCIENCES

The emergence of something resembling “experimental science” in this period
occurred most evidently in the so-called mathematical sciences. Following
the widely accepted Aristotelian view, these were frequently represented as
branches of natural knowledge that concerned only the quantitative, measur-
able properties of things rather than questions having to do with what kinds
of things they were. Those latter questions fell under the general disciplinary
heading of “natural philosophy” but not “mathematics.” Thus, such sciences
as astronomy (studying the positions and movements in the sky of celestial
objects) and geometrical optics (studying the quantitative behavior of geo-
metrically construed light rays) were branches of “mathematics.” They were
also the sciences that made the greatest use of specialized instruments such as
quadrants and astrolabes, and sometimes, especially in optics, custom-made
experimental apparatus, to generate precise empirical results. This meant that
they provided to their practitioners recondite knowledge that was, for that
reason, hard to fit into the mold of a demonstrative science because it was
not rooted in generally accepted experience.®

The disciplinary structure of sixteenth-century universities (including, in
the latter part of that century, the influential new colleges of the Jesuits)
reified a conceptual scheme that placed mathematical sciences in a category
separate from that of natural philosophy.’® The arts curriculum of medieval
and early modern universities had derived from the late antique classification
of the #rivium, comprising the headings grammar, logic, and rhetoric, and
the quadrivium, consisting of arithmetic, geometry, astronomy, and music.”
The last two items stood for a slew of mathematical sciences of the physi-
cal world, including in addition such disciplines as geography, geometrical
optics, and mechanics (statics). They were known in the early modern period

4 Canonical examples are found in Ptolemy’s Almagest (astronomy) and in Alhazen’s optical text,
usually known in its Latin version as Perspectiva, first printed in Federicus Risnerus, ed., Opricae
thesaurus: Alhazeni arabis libri septem, nunc primum editi. . . (Basel: per Episcopios, 1572). There were
many individual practitioners of such sciences in the sixteenth and seventeenth centuries who rejected
such a sharp separation of natural philosophy from mathematical sciences, Kepler prominentamong
them; but doing so could expose such dissenters to sharp methodological critique, as discussed.
For the official statement in the Jesuits’ 1599 Ratio studiorum of the disciplinary and conceptual
distinction between natural philosophy and mathematics, see Mario Salmone, ed., Ratio atque
institutio studiorum Societatis Jesu: L ordinamento scolastico dei collegi dei Gesuiti (Milan: Feltrinelli,
1979), p- 66.

5' Essays on the quadrivial disciplines in the early Middle Ages may be found in David L. Wagner,

The Seven Liberal Arts in the Middle Ages (Bloomington: Indiana University Press, 1983).
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under various labels, such as “subordinate,” “middle,” or “mixed” sciences.’*
Aristotle had proposed a particular way to understand how they could be
seen as true sciences.

According to Aristotle, a true science (episteme) should be founded on
its own proper principles unique to that science. Subject matters were thus
distributed into distinct sciences according to the content of their principles,
so that the principles of a science would always be of the same genus as its
subject matter. The requirement thus served to ensure the possibility of a for-
mal deductive link between premises and conclusions. However, disciplines
such as astronomy and music apparently violated this rule: They drew on
the results of pure mathematics (arithmetic and geometry) to apply them
to something other than pure quantity, in this case celestial motions and
sounds. Consequently, Aristotle made a special accommodation for them by
classifying them as sciences subordinate to higher disciplines.” Aristotle’s solu-
tion to the problem was rather ad hoc; in the sixteenth century, it provoked
scholastic discussions on whether demonstrations in a mixed mathematical
science really did yield true scientific knowledge if the presupposed theorems
of arithmetic or geometry were not actually proved alongside them.’* These
doubts were accompanied by suggestions that mathematical demonstrations
did not conclude through arguments that specified the causes of the conclu-
sions (that is, of the effects to be explained).”” On those grounds, they were
not to be placed on a par with philosophical demonstrations.

In the late sixteenth and early seventeenth centuries, however, the argu-
ment that mixed mathematics did not produce genuine scientific knowledge
was fiercely contested by prominent Jesuit mathematicians, most important
among them Christoph Clavius (1538—1612). In making his case, Clavius relied
heavily on the authority of Aristotle and other ancient sources. Aristotle had
not only made the parts of mixed mathematics into subordinate sciences,
thereby implicitly affirming their scientific status, but had also explicitly
included mathematics as a part of philosophy. Clavius used this scheme, cit-
ing Prolemy as an additional witness, to suggest that mathematics was not
only the equal of the qualitative and undoubtedly scientific natural philoso-
phy but was in fact its superior: “For [Ptolemy] says that natural philosophy
and metaphysics, if we consider their mode of demonstrating, are rather to

5* See further discussion in Dear, Discipline and Experience, p. 39; for medieval and sixteenth-century
background, see W. R. Laird, “The Scientiaec mediae in Medieval Commentaries on Aristotle’s
Posterior Analytics,” Ph.D. dissertation, University of Toronto, 1983, esp. chap. 8.

5 Two central texts are: Aristotle, Posterior Analytics, 1.7; Aristotle, Metaphysics, 13.3 (esp. 1078a 14—
17). See Richard D. McKirahan, Principles and Proofs: Aristotle’s Theory of Demonstrative Science
(Princeton, N.]J.: Princeton University Press, 1992).

54 See for documentation and further references William A. Wallace, Galileo and His Sources: The
Heritage of the Collegio Romano in Galileo’s Science (Princeton, N.J.: Princeton University Press,
1984), p. 134.

55 A useful discussion is in Nicholas Jardine, “Epistemology of the Sciences,” in The Cambridge History
of Renaissance Philosophy, ed. Chatles B. Schmitt, Quentin Skinner, and Eckhard Kessler with Jill
Kraye (Cambridge: Cambridge University Press, 1988), pp. 685—711, at pp. 693—7.
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be called conjectures than sciences, on account of the multitude and discrep-
ancy of opinions.”® These attitudes were by no means confined to Jesuit
mathematicians (one can also point to figures such as the Englishman John
Dee in the second half of the sixteenth century),”” but Jesuit writers such as
Clavius were especially influential in the seventeenth century because they
were widely read and cited by other, often non-Jesuit (and non-Catholic),
mathematicians.’®

Mathematicians in the early seventeenth century, particularly among the
Jesuits and those influenced by them, thus continued to look to Aristotelian
and other classical sources as their disciplinary models. This gave them work
to do if mixed mathematical sciences, which concerned the natural world
and therefore rested largely on sensory evidence, were to remain scientifically
valid in Aristotle’s sense. In order to universalize experiential premises, such
premises needed to command assent because they were evident, not because
of particular events adduced in their support. What they produced there-
fore did not look like “experimental science” in the modern sense: From this
Aristotelian perspective, statements of individual events are not evident and
indubitable but rely on historical reports that are necessarily fallible. The
Aristotelian model of a science thus took scientific knowledge to be funda-
mentally open and public insofar as scientific demonstration derived from
principles that commanded universal assent. Singular experiences, experi-
mental events, were not public because they were known directly only to
those few who had actually witnessed them; such experiences were in conse-
quence questionable elements of scientific discussion.

By way of compensation, therefore, mathematical scientists depended to
some degree on their reputations as reliable truth-tellers, or at least (espe-
cially in the case of the Jesuits) on the reputations of their institutions. They
did not need to rely exclusively on such vulnerable foundations, however.
Contemporary astronomers, for example, were not in the habit of publish-
ing raw astronomical data: Rather than presenting immediate observational
results confirmed by their own testimony, astronomers typically used their
data as a means of generating, via geometrical models of celestial motions,
predictive tables of planetary, solar, or lunar positions. In other words, there
was no formal methodological separation between the observational and the
calculational parts of the enterprise. As the Jesuit Niccold Cabeo wrote in his
commentary on Aristotle’s Meteorology (1646),% there was a necessary reliance

56 Christoph Clavius, “In sphaeram Ioannis de Sacro Bosco commentarius,” in Clavius, Opera math-

ematica, 5 vols. in 4 (Mainz: A. Hierat for R. Eltz, 1611-12), 3: 4. Cf. Ptolemy, Almagest, 1.1; see the
English translation in Prolemy’s Almagest, trans. G. J. Toomer (London: Duckworth, 1984), p. 36.
57 See especially John Dee, The Mathematicall Preface to the Elements of Geometrie of Euclide of Megara,
intro. Allen G. Debus (1570; facsimile repr. New York: Science History Publications, 1975).
See, for example, the English Protestant Isaac Barrow’s use of Jesuit sources in the 1660s in Dear,
Discipline and Experience, p. 223; such attention was commonplace.
% Niccold Cabeo, I guatuor libros Meteorologicorum Aristotelis commentaria (Rome: Francisco Cor-
beletti, 1646), p. 399, col. 2.

%
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in astronomy on testimony and human records. But Cabeo did not see this
fact as methodologically disabling because the universalized “experiences”
that result from the accumulated data provide astronomy with an apparently
self-validating character: Cabeo noted that, as a result of the long process of
astronomical endeavor since antiquity, there had emerged “from the power
of those observations laws and canons of celestial motions which correspond
best to things.”®® It did not matter that the observational data derived from
nonevident historical testimony because data could never be evident; they
were not in themselves universals. The acceptance of the principles on which
astronomy was based depended instead on an ongoing familiarity with their
verisimilitude as guides to current and future appearances.® The legitimacy
of the knowledge claimed by astronomy depended on the discipline’s con-
tinuing practice.

The Antwerp Jesuit Frangois d’Aguilon, writing on optics in 1613, had
also expressed the importance of transcending particulars, but in a slightly
different way directly beholden to Aristotelian epistemology:

For a single [sensory] act does not greatly aid in the establishment of sciences
and the settlement of common notions, since error can exist which lies hid-
den for a single act. But if [the act] is repeated time and again, it strengthens
the judgement of truth until finally [that judgement] passes into common
assent; whence afterwards [the resulting common notions] are put together,
through reasoning, as the first principles of a science.®*

These remarks clearly appealed to Aristotle’s definition of “experience” in
his logical treatise Posterior Analytics: “From perception there comes mem-
ory . . . and from memory (when it occurs often in connection with the
same thing), experience; for memories that are many in number form a sin-
gle experience.”® For Aguilon, repetition was essential to creating a properly
scientific experience. Repetition combats deception by the fallible senses or
by the unfortunate choice of an atypical instance, and hence ensures a reliable
statement about how nature behaves “always or for the most part,” as Aristo-
tle had put it.* The result is experience adequate to establish the empirical
“common notions” that form the basis of a science.

The Aristotelian kind of scientific experience held sway even among fig-
ures later regarded as opponents of Aristotle. In his famous account of fall
along inclined planes, published in the Discorsi e dimostrazioni matematiche
intorno a due nuove scienze (Discourses and Mathematical Demonstrations

6 Tbid.

6 Dear, Discipline and Experience, p. 95.

> Franciscus Aguilonius, Opticorum libri sex (Antwerp: Ex officina Plantiana, 1613), pp. 215-16.

% Aristotle, Posterior Analytics, 2.19 (100a 4-9), trans. Jonathan Barnes in Aristotle, The Complete
Works of Aristotle: The Revised Oxford Translation, ed. Jonathan Barnes (Princeton, N.].: Princeton
University Press, 1984) pp. 165-6.

4 Aristotle, Metaphysics, 6.2 (1026b 29-32).

o
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Concerning Two New Sciences, 1638),% Galileo Galilei (1564-1642) tried to
establish the authenticity of the experience that falling bodies in fact behave
as he claimed they do by deriving it from the memory of many individual
instances. He did not describe a specific experiment or set of experiments car-
ried outata particular time, together with a detailed quantitative record of the
outcomes; instead, he just wrote that, with apparatus of a kind carefully speci-
fied, he had found that the results agreed exactly with his expectations, in trials
repeated “a full hundred times.” This last phrase (found frequently, in various
forms, in contemporary scholastic writings) means “countless times.”®®
Galileo’s approach was mirrored by that of many contemporary writers
in the mixed mathematical sciences: Detailed accounts of experimental or
observational apparatus were commonly followed by assertions of the unvary-
ing results of their proper use.®” In a search to win assent for their less than
obvious empirical principles, such writers avoided the thorny issue of trust
by refusing, in effect, to acknowledge distrust as a relevant option;é8 reputa-
tion and institutional credibility took the strain. René Descartes (1596-1650)
adopted a comparable approach to the same problems: His famous attempt
to provide a solid grounding for knowledge took its lead from deductive
mathematical reasoning but also reserved a place for experience. Descartes,
t0o, finessed the problem of trust by refusing to treat it as an issue. In the
Discours de la méthode (Discourse on Method, 1637), he transparently invited
others to assist in his work by furnishing him with “the cost of the experi-
ences that he would need” because information received from other people
would typically yield only prejudiced or confused accounts, or at least would
oblige him to waste his own valuable time by repaying his informants with
explanations and discussions. Descartes wanted to make the requisite expe-
riences himself or pay artisans to do them — the incentive of financial gain
ensuring that the latter would do exactly as they were instructed.®® Descartes
was intent only on satisfying himself, as if that should be enough for all.

% The standard English edition is Galileo Galilei, Discourses and Demonstrations Concerning Tiwo New
Sciences, trans. Stillman Drake (Madison: University of Wisconsin Press, 1974).

%6 Dear, Discipline and Experience, pp. 129-32; cf. Charles B. Schmitt, “Experience and Experiment:

A Comparison of Zabarella’s View with Galileo’s in De motu,” Studies in the Renaissance, 16 (1969),

80-138.

See also Dear, Discipline and Experience, p. 80. A precedent for the description of apparatus appears

in Prolemy’s second-century account of astronomical sighting instruments in the Almagest.

See Shapin, Social History of Truth.

René Descartes, Discours de la méthode, pt. 4, in Descartes, Oeuvres de Descartes, ed. Charles Adam

and Paul Tannery, 8 vols. (Paris: J. Vrin, 1964~76), 6: 72—3. On Descartes and experiment, see Daniel

Garber, “Descartes and Experiment in the Discourse and the Essays,” in Essays on the Philosophy and

Science of René Descartes, ed. Stephen Voss (New York: Oxford University Press, 1993), pp. 288—

310; Garber, Descartes’ Metaphysical Physics (Chicago: University of Chicago Press, 1992), chap. 2;

Desmond Clarke, Descartes’ Philosophy of Science (Manchester: Manchester University Press, 1982),

pp- 22-3. On the contemporary work in France of Mersenne and Pascal, see Dear, Discipline and

Experience, chaps. 5, 7; and Christian Licoppe, La formation de la pratique scientifique: Le discours de

Lexpérience en France et en Angleterre (1630—1820) (Paris: Editions de la Découverte, 1996), chap. 1.
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EVENT EXPERIMENTS AND “PHYSICO-MATHEMATICS”

In the study of the inanimate world, set-piece experiments seem first to have
entered significantly into knowledge-making practices in the domain of the
mathematical sciences. Here we first find regular use of historical reports
of particular events to justify universal statements about how some aspect
of nature behaves. Hints of this departure are found in Galileo’s mathe-
matical work on motion, but whereas Galileo tried to avoid placing the
justification for his claims squarely on historical reports, other writers on the
mathematical sciences were beginning to narrate particular, contrived events.
Thus, Jesuit mixed mathematicians, including the astronomer Giambattista
Riccioli (1598-1671), reported experiments that involved dropping weights
from the tops of church towers to determine their rates of acceleration, and
gave places, dates, and witnesses to underwrite their stories.”” One of the
most famous such instances in the seventeenth century took place in 1648.
Blaise Pascal (1623-1662), in Paris, had asked his brother-in-law, Florin Périer,
off in the French provinces, to take a mercury barometer up a nearby moun-
tain, the Puy-de-Déme, to determine whether the mercury’s height in the
glass tube would decrease with increasing altitude. Pascal expected that it
would, and believed that such a result would confirm his conviction that
the mercury column in the tube was sustained by the weight of the air —
there being less atmospheric air to weigh down and thus counterweight the
mercury at higher elevations than at lower ones.

Périer’s report on the trial was quickly published by Pascal. It gives a
detailed, circumstantial account of Périer’s trip up the mountain and back
one day in September, in the company of named witnesses, and the measure-
ments that were made along the way. This was not an entirely unequivocal
use of a recorded event as justifying evidence for a claim about nature because
Pascal buttressed his brother-in-law’s narrative by using its results to predict
an analogous drop in the height of mercury as a result of carrying similar
apparatus up church towers in Paris; he then asserted that actual (unspeci-
fied) trials bore out that prediction.”” Nonetheless, Pascal’s promotion of the
Puy-de-Déme trial indicates the role that contrived, set-piece experiments,
historically reported, were beginning to play.

The general introduction of this kind of “experimental experience” from
the mathematical sciences into the wider arena of natural philosophy may be

79 Alexandre Koyré, “A Documentary History of the Problem of Fall from Kepler to Newton: De motu
gravium naturaliter cadentium in hypothesi terrae motae,” Transactions of the American Philosophical
Society, n.s. 45 (1955), pt. 4. The further concept of the “virtual witness,” one who experiences
vicariously the empirical findings of others by means of reading a detailed circumstantial account of
the proceedings, was first put forward in Steven Shapin, “Pump and Circumstance: Robert Boyle’s
Literary Technology,” Social Studies of Science, 14 (1984), 481—520. See also Henry G. Van Leeuwen,
The Problem of Certainty in English Thought, 1630—1690 (The Hague: Martinus Nijhoff, 1963).

7' Dear, Discipline and Experience, pp. 196—201.
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traced by reference to the gradual emergence in the seventeenth century of a
new term, “physico-mathematics.” The idea that mathematics, particularly
the mixed mathematical disciplines, could yield genuinely causal scientific
knowledge of natural bodies and phenomena became a virtual commonplace
during the first half of the seventeenth century.”> The gradual introduction
of the category “physico-mathematics” served in effect to elevate the status
of mathematical sciences to the level of physics (natural philosophy) with-
out formally violating the long-standing and well-entrenched Aristotelian
disciplinary separation of the two.”?

The new category made it easier for mathematical scientists to make philo-
sophical claims that had previously been fiercely contested. Galileo’s dispute
over floating bodies in 1612 had taken the form of an assertion of the rights of
mathematics over those of physics.”* A process of disciplinary imperialism,
whereby subject matter usually regarded as part of physics was taken over
by mathematics, operated to upgrade the status and explanatory power of
the mathematical sciences. The label “physico-mathematics” made the move
explicit to all.

The term appears both in popular vernacular texts and in workaday aca-
demic settings during the 1620s, 1630s, and 16 40s. This seems to have occurred
along with a restructuring of what was demanded of physical knowledge itself.
Thus the stress found in Clavius’s writings on the demonstrative certainty
of mathematics came to overshadow the Aristotelian physicists’ fundamen-
tally teleological causal-explanatory ambitions. The Jesuit-educated Marin
Mersenne (1588-1648), for example, was familiar with the texts in which
Clavius had paraded certainty as a mark of the superiority of mathemat-
ics over physics;”’ the appeal of mixed mathematics as an exemplar of a
new philosophy of nature for Mersenne was of a piece with the widespread
and growing acceptance of the idea of a true “physico-mathematics”
that would combine mathematical demonstration with physical subject
matter.

Cambridge mathematician Isaac Barrow (1630-1677) provided a useful
picture of “physico-mathematics” in England in the 1660s, by which time
the term had become firmly established in mathematical usage. In discussing
mathematical terms and categories in his Mathematical Lectures (read in

7> On conceptual aspects of the relationship between physics and mathematics, and the role of mixed
mathematics as mediator, among Jesuit mathematicians in the early decades of the seventeenth
century, see Ugo Baldini, Legem impone subactis: Studi su filosofia e scienza dei Gesuiti in Italia,
1540-1632 (Rome: Bulzoni, 1992), chap. 1. On pressures promoting the revaluing of mathematical
knowledge, see Mario Biagioli, “The Social Status of Italian Mathematicians, 1450-1600,” History
of Science, 277 (1989), 41-95.

73 Dear, Discipline and Experience, chap. 6, sec. IV.

74 See Mario Biagioli, Galileo, Courtier: The Practice of Science in the Culture of Absolutism (Chicago:
University of Chicago Press, 1993), chap. 4.

75 Peter Dear, Mersenne and the Learning of the Schools (Ithaca, N.Y.: Cornell University Press, 1988),

Pp- 37-9-
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that decade but not published until 1683), Barrow made the usual dis-
tinction between “pure” and “mixed” mathematics. He noted that the lat-
ter dealt with physical accidents rather than with the nature of quantity
in itself, and that some people were wont to call its divisions (in Latin)
“Physico-Mathematicas.””® Barrow insisted that physics and mathematics
were strictly inseparable: All physics implicates quantity and hence mathe-
matics.”” Barrow’s position accorded well with the famous title later used by
his student and successor as Lucasian Professor of Mathematics at Cambridge,
Isaac Newton (1642-1727). Newton’s Principia mathematica philosophiae nat-
uralis (Mathematical Principles of Natural Philosophy, 1687) possessed a
title that would have been unthinkable by earlier — Aristotelian — standards
because by definition natural philosophy could not have had mathematical
principles.”® The Principia sums up neatly the direction that arguments con-
cerning the potential of the mixed mathematical sciences had taken during
preceding decades and shows precisely the point at which experimental con-
trivance and historical reporting about it were by 1687 flooding into natural
philosophical practice.

NEWTONIAN EXPERIENCE

It is with the Royal Society of London, founded in the early 1660s, and espe-
cially with the exemplary work of the English natural philosopher Robert
Boyle (1627-1691), that concern with experimental reports became most
clearly established as the foundation of a new natural philosophy.” This was
not an uncontested victory, and the opposition to an experimental approach
to natural philosophy was not restricted to Thomas Hobbes (1588-1679); he
and many others, including Aristotelians, regarded experimental knowledge
as nothing but descriptive natural history, unfit for grounding philosophical

76 Isaac Barrow, Lectiones mathematicae (1683), reprinted in The Mathematical Works of Isaac Barrow,
D.D., ed. William Whewell (Cambridge, 1860; facsimile repr., Hildesheim: Georg Olms, 1973),
p- 31 (lect. 1); see also p. 89 (lect. s).

Ibid., p. 41 (lect. 2); see Edwin Arthur Burtt, The Metaphysical Foundations of Modern Science: A

Historical and Critical Essay (Garden City, N.Y.: Doubleday [Anchor Books], 1954), pp. 1505, and

additional discussion and references in Dear, Discipline and Experience, pp. 222—7.

78 See Dear, Discipline and Experience, chap. 8.

79 Steven Shapin and Simon Schaffer, Leviathan and the Air-Pump: Hobbes, Boyle, and the Experimental
Life (Princeton, N.].: Princeton University Press, 1985), chap. 2; Shapin, “Pump and Circumstance.”
See also Michael Ben-Chaim, “The Value of Facts in Boyle’s Experimental Philosophy,” History of
Science, 38 (2000), 1—21, and more generally Lorraine Daston, “Baconian Facts, Academic Civility,
and the Prehistory of Objectivity,” Annals of Scholarship, 8 (1991), 337—-63. Another discussion of
the “factual” is Mary Poovey, A History of the Modern Fact: Problems of Knowledge in the Sciences
of Wealth and Society (Chicago: University of Chicago Press, 1998), esp. chaps. 1-3, with much
discussion of English material from the seventeenth and eighteenth centuries; see also Shapiro, 4
Culture of Fact. Daniel Garber, “Experiment, Community, and the Constitution of Nature in the
Seventeenth Century,” Perspectives on Science, 3 (1995), 173—20s, discusses the differences between
such explicit attention to communal fact-making and Descartes’ insistence on the capacity of the
solitary knower.
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knowledge.®® The sources of the Royal Society’s predilection for historical
reports as the core of its communal enterprise, however, are difficult to pin
down. The early Fellows usually credited Francis Bacon with having inspired
their enterprise, and indeed their professed concern with useful knowledge,
and with empirical investigation as the means to its acquisition, resonated
strongly with Bacon’s work. Bacon’s name was also invoked on the Conti-
nent, by luminaries of the Paris Académie Royale des Sciences (founded in
1666).%" It is noteworthy, however, that the other famed assembly of experi-
menters at this time, the Florentine Accademia del Cimento (founded in 1657
but dissolved by 1667), whose published experiments resembled quite closely
many of those by Boyle and others, made virtually no mention of Bacon at
all.®> In England, however, Isaac Newton represents an especially significant
expression of the development of experimental reports; as a result of his work,
the “experimental philosophy” promoted by Robert Boyle was wedded to the
quasi-experimental practices of the mixed mathematical sciences to yield a
new synthesis that became established in the eighteenth century as one of the
many senses of “Newtonianism.”®? The methodological hallmark of Newto-
nianism came to be a characteristically agnostic stance toward fundamental
causal claims regarding the inner natures, or essences, of the things being
investigated.® Thus, Newton represented his ideas on light and colors as
being solidly rooted in experience; they did not, he claimed, exceed the (con-
veniently) high degree of certainty that the mathematical science of optics
traditionally afforded. Newton purported to be able to show by experiment
that white light was a mixture of the colors. When refracted through a prism
to produce a spectrum, white light was separated into its components; the
refractive colors were not (as had formerly been thought) newly created as
modifications of the white light. Newton denied that these claims relied in
any way on a particular hypothesis regarding the true nature of light — a
particle or a wave theory, for example.

Newton’s optical work lay squarely within the tradition of geometrical
optics, one of the mixed mathematical sciences. Newton’s work, however,
also needs to be understood in the specifically physico-mathematical terms
of Barrow. Newton stepped beyond the boundaries of classical mixed math-
ematics when he began to address questions of natural philosophy from
the basis of his mathematical conclusions: “These things being so, it can

80 See above all Shapin and Schaffer, Leviathan and the Air-Pump.

81 See in general Alice Stroup, A Company of Scientists: Botany, Patronage, and Community at the
Seventeenth-Century Parisian Royal Academy of Sciences (Berkeley: University of California Press,
1990); and Roger Hahn, The Anatomy of a Scientific Institution: The Paris Academy of Sciences,
1666-1803 (Berkeley: University of California Press, 1971), chap. 1.

82 . E. Knowles Middleton, 7he Experimenters: A Study of the Accademia del Cimento (Baltimore:
Johns Hopkins University Press, 1971), pp. 331-2.

8 Robert E. Schofield, “An Evolutionary Taxonomy of Eighteenth-Century Newtonianisms,” Studies
in Eighteenth-Century Culture, 7 (1978), 175-92.

84 French, William Harvey, pp. 315-16, highlights an analogous attitude in Harvey’s later work.
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no longer be disputed, whether there be colours in the dark, nor whether
they be the qualities of the objects we see, nor perhaps whether Light be a
Body.”® By taking over topics from natural philosophy, he had thus adopted
the presumptions that had driven the increasing use of the label “physico-
mathematics” throughout the century. Nonetheless, physical causation was
still to be kept distinct from the characteristic concerns of the mathematical
sciences, and claims to any degree of certainty were to be warranted through
the secure exemplars of mathematics. Newton had adopted this line in his
almost contemporaneous Latin lectures on optics:

[TThe generation of colors includes so much geometry, and the understand-
ing of colors is supported by so much evidence [evidentid: “evidentness”],
that for their sake I can thus attempt to extend the bounds of mathematics
somewhat, just as astronomy, geography, navigation, optics, and mechanics
are truly considered mathematical sciences even if they deal with physical
things: the heavens, earth, seas, light, and local motion. Thus although colors
may belong to physics, the science of them must nevertheless be considered
mathematical, insofar as they are treated by mathematical reasoning.®

Thus, according to Newton, “with the help of philosophical geometers and
geometrical philosophers, instead of the conjectures and probabilities that are
being blazoned about everywhere, we shall finally achieve a natural science
supported by the greatest evidence.””” This kind of evidence (i.e., “evident-
ness”) is precisely that of the mathematician and incorporates the evidentness
of sensory experience.

The controversies that followed the initial publication of Newton’s optical
ideas in 1672 concerned precisely these kinds of issues.*® Some critics, such
as Robert Hooke (1635-1702) of the Royal Society, granted all of Newton’s
empirical claims but nonetheless denied the inferences that Newton made
from them. Others complained that the experiments did not yield the results
that Newton claimed. Little in the way of straightforward, unproblematic
confirmation of Newton’s optical work, based on some ideal of experimental
replication, was involved in the future of Newtonian optics.* Given Newton’s

8 Isaac Newton, “New Theory about Lightand Colours,” Philosophical Transactions, 6 (1672), 3075-87,
at p. 308s.

Isaac Newton, The Optical Papers of Isaac Newton, Vol. I: The Optical Lectures, 1670—72, ed. Alan E.
. Shapiro (Cambridge: Cambridge University Press, 1984), p. 439.

7 Ibid.

The most penetrating analysis along these lines is still Zev Bechler, “Newton’s 1672 Optical Con-
troversies: A Study in the Grammar of Scientific Dissent,” in 7he Interaction Between Science and
Philosophy, ed. Yehuda Elkana (Atlantic Highlands, N.J.: Humanities Press, 1974), pp. 115—42.
Two different accounts are those of Simon Schaffer, “Glass Works: Newton’s Prisms and the Uses
of Experiment,” in The Uses of Experiment: Studies in the Natural Sciences, ed. David Gooding,
Trevor Pinch, and Simon Schaffer (Cambridge: Cambridge University Press, 1989), pp. 67-104,
which concerns the social issues that determined the fortunes of Newtonian optics in England, and
Alan E. Shapiro, “The Gradual Acceptance of Newton’s Theory of Light and Color, 1672-1727,”
Perspectives on Science: Historical, Philosophical, Social, 4 (1996), 59-140, who stresses, contra Schaffer,
the theoretical arguments involved in Newton’s ultimate success.
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concern with evident experience, the difficulties that he experienced in con-
vincing others are an object lesson in the difficulties involved in arguing from
experiments to conclusions.

Newton’s most famous pronouncement on proper procedure in the sci-
ences appears in Query 31 in the third edition of the Opticks (1717):

As in Mathematicks, so in Natural Philosophy, the Investigation of difficult
Things by the Method of Analysis, ought ever to precede the Method of
Composition. This Analysis consists in making Experiments and Observa-
tions, and in drawing general Conclusions from them by Induction, and
admitting of no Objections against the Conclusions, but such as are taken
from Experiments, or other certain Truths. For Hypotheses are not to be
regarded in experimental Philosophy. And although the arguing from Exper-
iments and Observations by Induction be no Demonstration of general
Conclusions; yet it is the best way of arguing which the Nature of Things
admits of, and may be looked upon as so much the stronger, by how much
the Induction is more general. And if no Exception occur from Phaenomena,
the Conclusion may be pronounced generally.°

The mathematical prototype of “induction” in Newton’s usage appears
to relate to Isaac Barrow’s views on the subject. Echoing Aristotle, Barrow
had allowed that knowledge of a universal in geometry could be acquired
through experience of a single example — as, for example, in the inspection of
the properties of a single triangle.”* Similarly, Newton allowed the “inductive”
constitution of a universal truth from the outcome of a single experimental
procedure.®” The difficulty of attributing a philosophical (rather than merely
historical) meaning to particular events had formerly left the Royal Society’s
enterprise at something of an impasse, which reproduced the basic problem
of using singular knowledge-claims to warrant universal ones. But Newton’s
work provided a model for validating experimental particularities in natural
philosophy in terms developed within the mathematical sciences. Whereas
the experimental events recounted by Robert Boyle (1627-1691), including
his famous accounts of air-pump trials,” had aimed at reporting the natural
behavior of historical singulars (such that Boyle was hard-pressed to justify

9° Isaac Newton, Opticks [4th ed., 1730] (New York: Dover, 1952), p. 404. The parts of this passage
that first appeared in the 1717 edition are noted in Henry Guerlac, “Newton and the Method of
Analysis,” in Dictionary of the History of Ideas, ed. P. P. Wiener, 5 vols. (New York: Charles Scribner’s
Sons, 1973), 3: 378-91, at p. 379.

See Dear, Discipline and Experience, chap. 8, sec. L.

9% See Paul K. Feyerabend, “Classical Empiricism,” in The Methodological Heritage of Newton, ed.
Robert E. Butts and John W. Davis (Toronto: University of Toronto Press, 1970), pp. 150—70, at
p- 162, n. 10; and Alan E. Shapiro, Fits, Passions, and Paroxysms: Physics, Method, and Chemistry and
Newton’s Theories of Colored Bodies and Fits of Easy Reflection (Cambridge: Cambridge University
Press, 1993), pp- 34-5.

Shapin and Schaffer, Leviathan and the Air-Pump.
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extending their significance much beyond their sources),?* Newton’s impor-
tation of the experimental practices of the mathematical sciences gave event
experiments a philosophical respectability that they had formerly lacked.

Nonetheless, in imposing a particular methodological model onto natu-
ral philosophical practice, Newton had already been compelled to alter the
achievable goals of natural philosophy. Sensory experience, as constituted in
mathematical sciences, was never able to observe causes qua causes. Thus,
Newton’s optics could never demonstrate the truth of any particular theory
of the nature of light — a feature that Newton tried to turn to his advantage
by contrasting the demonstrability of his assertions concerning optical phe-
nomena. Similarly, in the case of inverse-square-law universal gravitation,
Newton claimed to demonstrate (again, from experiment and observation)
the existence of a force acting between all particles of ordinary matter, but
he excused himself from any obligation to prove a theoretical cause of that
force. Whatever the nature of the physical process manifested as gravitational
attraction, the measurable properties of that force were as Newton demon-
strated them to be (see Joy, Chapter 3, this volume).”

To his eighteenth-century readers, Newton’s work represented a newly con-
solidated conception of scientific experience that departed from the scholastic
model. Whereas for an Aristotelian philosopher “experience” was the source
of one’s knowledge of how the world was wont to behave, for a natural
philosopher of the eighteenth century it had become a technique for inter-
rogating nature (if necessary, “torturing” it, in Francis Bacon’s phrase),96
and one that yielded, above all, operational rather than essential knowledge.
No longer a matter of “what everyone knows,” the experimental approach to
knowledge aimed at accumulating records of natural phenomena the truth of
which would be accepted by others on the basis of personal and institutional
authority or on the word of appropriate witnesses.

CONCLUSION

By the turn of the seventeenth century, the two most prominent forums for
the pursuit of the sciences (natural philosophical and mathematical) were
London’s Royal Society and the Académie Royale des Sciences in Paris. Both
prided themselves on conducting experimental investigations, and both put

94 Shapin, A Social History of Truth, chap. 7, esp. pp. 347—9, discusses Boyle’s views on the variation in
physical properties of the “same” chemical substances obtained from different localities.

5 For one among many treatments of Newton’s attitude toward his demonstrations on gravity, see I.
Bernard Cohen, The Newtonian Revolution: With Illustrations of the Transformation of Scientific Ideas
(Cambridge: Cambridge University Press, 1980), chap. 3, esp. pp. 74-s.

96 Julian Martin, Francis Bacon, the State, and the Reform of Natural Philosophy (Cambridge: Cambridge
University Press, 1992), p. 166, elucidates the connection of this phrase with Bacon’s experience in
contemporary English legal procedure. See also, for a caveat on overreading the “torture” metaphor,
Peter Pesic, “Wrestling with Proteus: Francis Bacon and the ‘Torture’ of Nature,” sis, 90 (1999),
81-94, which maintains that a better translation of Bacon’s term is “vexation.”
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“experience” high on the list of cognitive desiderata. The practical conver-
gence between them is striking. Although the Royal Society was much more
emphatic in its rhetorical stress on what Boyle had dubbed “the experimen-
tal philosophy,” activities by members of the Académie’s “physical” section
(devoted to nonmathematical, qualitative sciences such as natural history
and chemistry) could easily have found their place alongside the empirical
material published by the Royal Society’s Fellows. From Edme Marriotte on
the physiology of plants (as well as on his own version of “Boyle’s Law”),
to Guillaume Homberg on their chemical analysis, to Christiaan Huygens’s
stress in the 1660s on the importance of Baconian empiricism even in the
conduct of the mathematical sciences, the members of the Académie pur-
sued an investigative style that was becoming the norm in the new natural
philosophy of the decades around 1700.97

The varieties of experience in the sciences of early modern Europe thus
ran the gamut from mathematics through the traditional topics of natural
philosophy to natural history. In each case, there was much room available
for dispute and contestation of what experience was and how it should be
used, and what kind of natural philosophy could be underpinned by experi-
ence. Everyone, however, including the sternest of skeptics (Descartes among
them), agreed that experience was crucial to the achievement of natural
knowledge. At the end of the period, much of the practical implementation
of this rhetorical stress on experience had begun to take the form of stylized,
set-piece investigations that established the lessons of specific experiences
in a solid literary archive of accredited books and journals. Experience, a
perennial topic of philosophical discussion, was now a practical ideological
element of the scientific enterprise.

97 Stroup, Company of Scientists, esp. pp. 134—7 and chap. 12; Frederic L. Holmes, Eighteenth-Century
Chemistry as an Investigative Enterprise (Berkeley: Office for History of Science and Technology,
University of California at Berkeley, 1989); Licoppe, La formation de la pratique scientifique, chap. 2;
and Christian Licoppe, “The Crystallization of a New Narrative Form in Experimental Reports
(1660-1690): Experimental Evidence as a Transaction Between Philosophical Knowledge and Aris-
tocratic Power,” Science in Context, 7 (1994), 205—44. Both John L. Heilbron, Physics at the Royal
Society During Newton’s Presidency (Los Angeles: William Andrews Clark Memorial Library, 1983),
and Marie Boas Hall, Promoting Experimental Learning: Experiment and the Royal Society, 1660—1727
(Cambridge: Cambridge University Press, 1991), carry the story of the Royal Society’s experimental
endeavors into the eighteenth century.
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PROOF AND PERSUASION

R. W Serjeantson

Questions of proof and persuasion are important in the history of the sci-
ences of any period, but they are particularly pressing in the case of early
modern Europe.” The sixteenth and seventeenth centuries saw more self-
conscious theoretical reflection on how to discover and confirm the truths
of nature than any period before or since; the same period also manifested a
huge range of practical strategies by which investigators of the natural world
set about demonstrating their findings and convincing their audiences of
their claims. Studying these strategies of proof and persuasion has opened up
vistas of opportunity for historians of the sciences in early modern Europe.
In a range of disciplines, from the social history of medicine to the history
of philosophy, historians of the period have argued for the ineradicable sig-
nificance of forms of proof and persuasion in understanding their various

! Ithas even been argued that “credibility should not be referred to as a ‘fundamental’ or ‘central’ topic —
from a pertinent point of view it is the on/y topic” (Steven Shapin, “Cordelia’s Love: Credibility and
the Social Studies of Science,” Annual Review of Sociology, 3 (1995), 255-75, at pp. 257-8). For
general studies of what is now often known as “the rhetoric of science,” see John Schuster and
Richard R. Yeo, eds., The Politics and Rhetoric of Scientific Method: Historical Studies (Dordrecht:
Reidel, 1986); Andrew E. Benjamin, G. N. Cantor, and J. R. R. Christie, eds., The Figural and
the Literal: Problems of Language in the History of Science and Philosophy, 1630-1800 (Manchester:
Manchester University Press, 1987); Charles Bazerman, Shaping Written Knowledge: The Genre and
Activity of the Experimental Article in Science (Madison: University of Wisconsin Press, 1988); L. J.
Prelli, A Rhetoric of Science: Inventing Scientific Discourse (Columbia: University of South Carolina
Press, 1989); Alan G. Gross, The Rhetoric of Science (Cambridge, Mass.: Harvard University Press,
1990); Jan V. Golinski, “Language, Discourse, and Science,” in Companion to the History of Modern
Science, ed. R. C. Olby, G. N. Cantor, J. R. R. Christie, and M. J. S. Hodge (London: Routledge,
1990), pp. 110—-23; Peter Dear, ed., The Literary Structure of Scientific Argument: Historical Studies
(Philadelphia: University of Pennsylvania Press, 1991); Marcello Pera and William R. Shea, Persuading
Science: The Art of Scientific Rhetoric (Canton, Mass.: Science History Publications, 1991); Alan G.
Gross and William M. Keith, eds., Rhetorical Hermeneutics: Invention and Interpretation in the Age of
Science (Albany: State University of New York Press, 1997); the essay review of the books by Gross,
Prelli, and Dear by Trevor Melia, Isis, 83 (1992), 100-106; and the special issues of two journals:
“Symposium on the Rhetoric of Science,” Rhetorica: A Journal of the History of Rbetoric, 7, no. 1
(1989) and “The Literary Uses of the Rhetoric of Science,” Studies in the Literary Imagination, 22, no. 1
(1989).

132

Cambridge Histories Online © Cambridge University Press, 2008



Proof and Persuasion 133

objects of inquiry.* The rhetorical form of texts and even objects has come to
be seen as constitutive of their meaning, not separable from it. Furthermore,
an increasing number of studies have shown how early modern physicians,
mathematical practitioners, and natural philosophers all exploited the differ-
ent and historically specific resources of proof and persuasion that they had
at their disposal.

The study of proof and persuasion provides a further opportunity to the
historian: It offers a means of bridging the gap between a text (or a practice)
and its reception. As the reception, rather than the genesis, of developments
in the sciences has become an increasingly important aspect of historiography,
it has also become increasingly apparent that this reception history is often
extremely difficult to reconstruct. The evidence for reading practices, or for
the individual decisions that led to one account being accepted over another,
is often much more sparse than the evidence that allows the reconstruction
of the processes resulting in a particular theory or practice. It is here that the
study of proof and persuasion can come in. The ways in which writers and
practitioners set about persuading their audiences of the truth or utility of
their arguments can also offer a yardstick against which their intentions can be
judged. Additionally, the study of proof and persuasion provides a means of
recovering the expectations with which arguments might have been received —
expectations that can sometimes be set against evidence for actual instances
of reception. To put it another way, the history of proof and persuasion brings
together approaches to the history of the sciences that analyze conceptual,
technical, and metaphysical developments with approaches that analyze the
sciences” social functions and the roles or identities — or in early modern
terms, the ethos — of their protagonists.?

In the sixteenth and seventeenth centuries, changes in the conception of
nature and in the ways that nature was studied encouraged the proliferation
of very different techniques of probation. Humanists took persuasion to be
their greatest imperative; they revived and imitated ancient literary styles
and forms by which to accomplish this goal. The scholastic commentary tra-
dition of the sixteenth century mutated into the university textbook of the

* For medicine, see David Harley, “Rhetoric and the Social Construction of Sickness and Healing,”
Social History of Medicine, 12 (1999), 407-3s. For philosophy, see Thomas M. Carr, Jr., Descartes
and the Resilience of Rhetoric (Carbondale: Southern Illinois University Press, 1990); and Quentin
Skinner, Reason and Rhetoric in the Philosophy of Hobbes (Cambridge: Cambridge University Press,
1996), esp. pp. 7-15.

3 On this issue, see Steven Shapin and Simon Schaffer, Leviathan and the Air-Pump: Hobbes, Boyle,
and the Experimental Life (Princeton, N.].: Princeton University Press, 1985), esp. pp. 13—15; Robert S.
Westman, “Proof, Poetics, and Patronage: Copernicus’ Preface to De revolutionibus,” in Reappraisals
of the Scientific Revolution, ed. David C. Lindberg and Robert S. Westman (Cambridge: Cambridge
University Press, 1990), pp. 167—205; Nicholas Jardine, “Demonstration, Dialectic, and Rhetoric
in Galileo’s Dialogue,” in The Shapes of Knowledge from the Renaissance to the Enlightenment, ed.
Donald R. Kelley and Richard H. Popkin (Dordrecht: Kluwer, 1991), pp. 101-21, esp. pp. 115-16; and
Peter Dear, Discipline and Experience: The Mathematical Way in the Scientific Revolution (Chicago:
University of Chicago Press, 1995), p. s.
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seventeenth century. The prestige of mathematics and mathematical accounts
of demonstration about the natural world rose dramatically and helped spur
on the earliest investigations into mathematical probabilities. The new forms
of natural history and experimental report that arose in the seventeenth cen-
tury were founded on a notion of “fact” derived from the human sciences
of history and law. Finally, the new kinds of institutions that were formed
to study nature, from anatomy theaters to the royal academies, all brought
with them different expectations about what constituted a plausible claim to
truth. Nonetheless, there were also constants and continuities in the theory
and practice of proof and persuasion in this period. These make it possible
to trace a path through the competing claims for plausibility in early mod-
ern natural knowledge. In this chapter, I begin by considering the different
conceptions of proof and persuasion that obtained in different disciplines.
I then discuss how these conceptions were affected by developments in the
study of nature and, in particular, by the incorporation of mathematics and
experiment into the discipline of natural philosophy. The chapter closes by
considering mechanisms of proof and persuasion in two distinct but over-
lapping areas: the printed book and institutions for the pursuit of natural

knowledge.

DISCIPLINARY DECORUM

The learned culture that was transmitted through and beyond the universi-
ties of early modern Europe was structured in terms of distinct intellectual
disciplines. Each of these disciplines possessed its own body of knowledge
and practices, but there was also a great deal of shared knowledge in the
form of commonplaces, loci classici, and maxims that operated across the
range of arts and sciences.* In the context of the universities, there was also a
marked degree of hierarchy within these disciplines, with the basic discipline,
grammar, at the bottom, and the highest discipline, theology, at the top. It is
true that Renaissance humanists challenged these scholastic notions of disci-
plinary hierarchy by reasserting the late-antique notion of the “encyclopedia”
or circle of learning, prizing the arts of grammar, rhetoric, poetry, history,
and moral philosophy over the mathematical sciences, natural philosophy,
and metaphysics.” Nonetheless, in the course of the sixteenth century, the

4 Seelan Maclean, The Renaissance Notion of Woman: A Study in the Fortunes of Scholasticism and Medical
Science in European Intellectual Life (Cambridge: Cambridge University Press, 1980), pp. 4-s5.

5 Paul O. Kiristeller, “The Modern System of the Arts,” in Renaissance Thought II (New York: Harper,
1964), pp. 163—227; Donald R. Kelley, Renaissance Humanism (Boston: Twayne Publishers, 1991),
p- 3; Maurice Lebel, “Le concept de I'encyclopaedia dans 'ocuvre de Guillaume Budé¢,” in Acta
Conventus Neo-Latini Torontonensis: Proceedings of the Seventh International Congress of Neo-Latin
Studies, Toronto, 8 August to 13 August 1988, ed. Alexander Dalzell, Charles Fantazzi, and Richard
J. Schoeck (Binghamton, N.Y.: Medieval and Renaissance Texts and Studies, 1991), pp. 3—24. See
more generally Erika Rummel, 7he Humanist—Scholastic Debate in the Renaissance and Reformation
(Cambridge, Mass.: Harvard University Press, 1995).
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universities generally absorbed this challenge, and their basic structures, at
least, were not fundamentally displaced.

If anything, Renaissance humanists encouraged a high degree of self-
consciousness about questions of proof and persuasion because of the empha-
sis they laid on the three disciplines of the trivium: grammar, rhetoric, and
dialectic. The richly elaborated investigations of late medieval scholastic logic
may have become a common butt of humanist derision, but the proponents
of the new learning were fascinated by the possibilities of the art of rhetoric for
achieving the union of eloquence and wisdom.® This fascination encouraged
the rise of the phenomenon of “humanist dialectic,” a highly rhetoricized
account of the argumentative process that extends in a tradition from Lorenzo
Valla’s (1407-1457) Repastinatio (Re-excavation), through Rudolph Agricola’s
(ca. 1443-1485) influential De inventione dialectica (On Dialectical Invention,
1479), to Petrus Ramus’s (1515-1572) Dialectic in Latin and French (1555) and
beyond.” The thriving Aristotelian tradition of the sixteenth century was also
affected by these developments, elaborating more formal accounts of method
and scientific demonstration in medicine and natural philosophy than most
humanists could stomach.

Within the disciplinary structure of the late Renaissance arts and sciences,
issues of proof and persuasion were formally addressed in the disciplines of
logic and rhetoric, respectively. These disciplines therefore have a privileged
place in the history of the subject. They had, nonetheless, rather different
procedures and ends. Logic — the “art of arts and the science of sciences”
in the oft-cited description of the medieval logician Peter of Spain — was
concerned both with scientific (that is, certain) demonstration and (in the
form of dialectic) with arguments that were merely probable. The art of
thetoric, in contrast, taught the theory and practice of persuasive argument.
In its Ciceronian conception, this involved educating the orator to speak
elegantly and copiously on any subject with direct application to a specific

¢ See Jerrold E. Seigel, Rbetoric and Philosophy in Renaissance Humanism: The Union of Eloquence and
Wisdom, Petrarch to Valla (Princeton, N.J.: Princeton University Press, 1968).

7 Lorenzo Valla, Laurentii Valle repastinatio dialectice et philosophie, ed. Gianni Zippel, 2 vols. (Padua:
Antenore, 1982); Rudolf Agricola, De inventione dialectica libri tres / Drei Biicher iiber die Inven-
tio dialectica: Auf der Grundlage der Edition von Alardus von Amsterdam [1539], ed. Lothar Mundt
(Tiibingen: Max Niemeyer, 1992); Petrus Ramus, Dialectique 1555: Un manifeste de la Pléiade, ed.
Nelly Bruyere (De Pétrarque & Descartes, 61) (Paris: J. Vrin, 1996). See further Cesare Vasoli, La
dialectica e la retorica dell'umanesimo: “Invenzione” e “metodo” nella cultura del XV e XVI secolo (Milan:
Feltrinelli, 1968); Lisa Jardine, “Lorenzo Valla and the Intellectual Origins of Humanist Dialectic,”
Journal of the History of Philosophy, 15 (1977), 143—64; John Monfasani, “Lorenzo Valla and Rudolph
Agricola,” Journal of the History of Philosophy, 28 (1990), 181—200; Peter Mack, Renaissance Argument:
Valla and Agricola in the Traditions of Rhetoric and Dialectic (Brill’s Studies in Intellectual History,
43) (Leiden: E. J. Brill, 1993); Lisa Jardine, “Distinctive Discipline: Rudolph Agricola’s Influence on
Methodical Thinking in the Humanities,” in Rodolphus Agricola Phrisius (1444—1485): Proceedings
of the International Conference at the University of Groningen, 2830 October 1985, ed. F. Akkerman
and A. J. Vanderjagt (Leiden: E. J. Brill, 1988), pp. 38—57; Walter J. Ong, S.J., Ramus, Method, and
the Decay of Dialogue: From the Art of Discourse to the Art of Reason (Cambridge, Mass.: Harvard
University Press, 1958); E. Jennifer Ashworth, “Logic in Late Sixteenth-Century England: Humanist
Dialectic and the New Aristotelianism,” Studies in Philology, 88 (1991), 224—36.
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audience. In its Aristotelian form — less prominent in the earlier part of the
period than the Ciceronian form — rhetoric used reasonable argument (logos)
and drew upon the moral character (ethos) of the speaker in a bid to excite the
passions (pathos) of the audience and thereby persuade them of the truth of
the speaker’s position. Both logic and rhetoric were very widely taught in the
schools, colleges, and universities of early modern Europe, with significant
continuities between the Protestant and Catholic worlds (see the following
chapters in this volume: Blair, Chapter 17; Grafton, Chapter 10). (Protestants
frequently used Catholic books for teaching and scholarship; because of the
prohibition of the Inquisition, the reverse was less common.)

Nonetheless, one of the most characteristic aspects of the disciplinary
structure of late Renaissance learned culture was the assumption that different
standards of proof were applicable to different disciplines. This assumption
was often given an Aristotelian justification from a text in the Nicomachean
Ethics (1.3):

It is the mark of an educated man to look for precision in each class of things
just so far as the nature of the subject admits: it is evidently foolish to accept
probable reasoning from a mathematician and to demand from a rhetorician
demonstrative proofs.®

This doctrine of different standards of proof for different disciplines played
out in various ways, according to different conceptions of disciplinary classifi-
cation. One of the most pervasive distinctions, which also ultimately derived
from Aristotle, was between the theoretical and the practical disciplines.
Arithmetic, geometry, physics, astronomy, optics, and metaphysics were, for
an Aristotelian such as the Spanish Jesuit Franciscus Toletus (1532-1596), the-
oretical or contemplative sciences. In contradistinction, moral philosophy,
history, and, to an extent, medicine were considered as practical (or active)
disciplines.? Other classifications drew upon Renaissance conceptions of
the difference between the arts (conceived as bodies of practical precepts)
and the sciences (conceived as bodies of theoretical knowledge).” Finally —
although this was less often invoked — disciplines might be distinguished on

8 Aristotle, Nicomachean Ethics, trans. W. D. Ross, revised by J. O. Urmson, in The Complete Works
of Aristotle: The Revised Oxford Translation, ed. ]. Barnes, 2 vols. (Bollingen Series, 71) (Princeton,
N.J.: Princeton University Press, 1984), 2: 1729-1867, at p. 1730, 1.3 (1094b24—26). For an example,
see Charles B. Schmitt, “Girolamo Borro’s Multae sunt nostrarum ignorationum causae (Ms. Vat.
Ross. 1009),” in Philosophy and Humanism: Essays in Honor of Paul Oskar Kristeller, ed. Edward
P. Mahoney (Leiden: E. J. Brill, 1976), pp. 462—76, at p. 474. On the implications of Aristotle’s
text for developing notions of probability, see Lorraine Daston, “Probability and Evidence,” in The
Cambridge History of Seventeenth-Century Philosophy, ed. Daniel Garber and Michael Ayers, 2 vols.
(Cambridge: Cambridge University Press, 1998), 2: 1108—44, at p. 1108.
See William A. Wallace, “Traditional Natural Philosophy,” in The Cambridge History of Renais-
sance Philosophy, ed. Charles B. Schmitt, Quentin Skinner, and Eckhard Kessler, with Jill Kraye
(Cambridge: Cambridge University Press, 1988), pp. 201-3s, at p. 210.
' Wilhelm Schmidt-Biggemann, “New Structures of Knowledge,” in A History of the University in
Europe, gen. ed. Walter Riiegg (Cambridge: Cambridge University Press, 1992-), vol. 2: Universities
in Early Modern Europe (1500—1800), ed. Hilde de Ridder-Symoens (1996), pp. 489—530, at pp. 497-8.

o
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the basis of their object of study: The French jurist and natural philosopher
Jean Bodin (1530-1596) distinguished in his Methodus ad facilem historiarum
cognitionem (Method for the Easy Understanding of History, 1566) between
res humanae (human affairs), which are dependent upon will (voluntas); res
naturales (natural affairs), which operate through causes (per causas); and res
divinae (divine affairs), which were the province of God.”

These disciplinary distinctions had important implications for concep-
tions of proof and persuasion. The techniques of rhetorical persuasion —
including circumstantial arguments directed to specific audiences, figures of
speech, and the appeal to trusted authorities — were considered particularly
appropriate for the practical, human sciences of history and moral philosophy.
In contrast, within the theoretical science of university natural philosophy —
and sometimes, for polemical purposes, outside it — the use of rhetoric and
argument from authority tended to be frowned upon in favor of formally cor-
rect syllogisms, unadorned arguments, and universal rather than particular
conclusions. The reason for this was that, from the Aristotelian perspective,
which remained institutionally dominant throughout the sixteenth century
and in some places retained its dominance throughout the seventeenth cen-
tury as well, natural philosophy was considered a science (scientia); that is, a
body of knowledge potentially capable of certain demonstration.

Nonetheless, although the assumptions about proof and persuasion that
derived from the #rivium were pervasive, they were also malleable — and
modified when applied to the higher university disciplines of medicine, law,
and theology. The status of medicine was a question frequently debated by
medical writers: Was it a science, like its junior partner natural philosophy, or
an art? By the late Renaissance, writers on medicine and law were elaborating
versions of logic in their respective disciplines that were notably distinct from
that familiar from the arts course. Medical authors acknowledged that they
used concepts such as “contrary,” “similarity,” and “sign” in a less rigorous
way than they were applied in logic. Lawyers often reduced the standard four
Aristotelian causes (material, efficient, formal, and final) to two (mischief and
remedy) or even one (motive), whereas medical doctors added a further four
causes (subjective, instrumental, necessary, and catalytic) to the Aristotelian
quartet. The situation was similar with respect to the “circumstances” that
writers in philosophy and the sciences used to classify the variable subject
matter of their disciplines. Lawyers tended to work with the standard six
circumstances derived from antique rhetorical theory (who, what, where,

" Jean Bodin, “Methodus ad facilem historiarum cognitionem,” in Qeuvres philosophiques, ed. Pierre
Mesnard (Paris: Presses Universitaires de France, 1951), pp. 99—269. Translated as Jean Bodin, Method
Jor the Easy Comprehension of History, trans. Beatrice Reynolds (New York: Columbia University
Press, 1945). See also Donald R. Kelley, “The Development and Context of Bodin’s Method,” in
Jean Bodin: Verhandlungen der internationalen Bodin-Tagung in Miinchen 1970, ed. Horst Denzer
(Munich: Beck, 1973); repr. in Donald R. Kelley, History, Law, and the Human Sciences: Medieval
and Renaissance Perspectives (London: Variorum Reprints, 1984), chap. 8, pp. 123—50, esp. p. 148.
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when, why, by what means), whereas medical doctors listed as many as
twenty-two in their efforts to get at the variety of symptoms within the
Galenic theory of human idiosyncrasy.”

As I will show, notions of proof and persuasion derived from the trivium
came under increasing strain in the course of the sixteenth and seventeenth
centuries, particularly as a result of developments in natural philosophy. The
decline of the Aristotelian disciplinary structure meant that the Aristotelian
prohibition of metabasis— the use of the methods appropriate to one discipline
inadifferent one — increasingly lost its force.” Developments in mathematics,
mechanics, probability theory, and conceptions of experience within natural
philosophy all changed the forms of proof that were considered appropriate
for different disciplines. “To me,” wrote the English chymist Robert Boyle
(1627-1691) in his Disquisition on the Final Causes of Things (1688), “’tis not
very material, whether or no, in Physicks or any other Discipline, a thing be
provd by the peculiar Principles of that Science or Discipline; provided it
be firmly proved by the common grounds of Reason.”* Finally, and perhaps
most importantly in the domain of natural knowledge, the “new philosophy”
of the seventeenth century was characterized by a vehement and sustained
attack on the value of conventional logic and rhetoric for either discovering
or communicating knowledge about the natural world.

THEORIES OF PROOF AND PERSUASION

What, then, did it mean to “prove” something in early modern Europe?
According to the Lexicon philosophicum (Philosophical Lexicon, 1613) of the
Marburg philosopher Rudolph Goclenius (1547-1628), “t0 prove generally
means: to make known the truth of something; to confirm a matter in what-
ever way.” Early modern notions of both proof and persuasion had truth as
their object: Like their Roman counterparts, sixteenth-century rhetoricians
were reluctant to concede Plato’s accusation that rhetoric sacrificed veracity
in the cause of persuasion.” Goclenius’s definition allows that things can be

" Tan Maclean, “Evidence, Logic, the Rule and the Exception in Renaissance Law and Medicine,”
Early Science and Medicine, s (2000), 227-57, at pp. 238 and 240.

3 Amos Funkenstein, Theology and the Scientific Imagination from the Middle Ages to the Seventeenth

Century (Princeton, N.J.: Princeton University Press, 1986), pp. 36, 296, 303—4.

Robert Boyle, A Disquisition about the Final Causes of Natural Things [1688), in The Works of Robert

Boyle, ed. Michael Hunter and Edward B. Davis, 14 vols. (London: Pickering and Chatto, 2000), 11:

79151, at p. 91. The passage is discussed in Edward B. Davis, “Parcere nominibus’: Boyle, Hooke

and the Rhetorical Interpretation of Descartes,” in Robert Boyle Reconsidered, ed. Michael Hunter

(Cambridge: Cambridge University Press, 1994), pp. 157-75, at p. 164.

Rudolph Goclenius, Lexicon philosophicum (Frankfurt am Main: Petrus Musculus and Rupert Pis-

torius, 1613), p. 879 (s.v. “Probare”): “Probare . . . Generaliter significat declarare veritatem alicuius

rei, rem confirmare quoquo modo.”

Charles Trinkhaus, “The Question of Truth in Renaissance Rhetoric and Anthropology,” in Renais-

sance Eloquence: Studies in the Theory and Practice of Renaissance Rhetoric, ed. James J. Murphy

(Berkeley: University of California Press, 1983), pp. 207—20; Hugh M. Davidson, “Pascal’s Arts

of Persuasion,” in Renaissance Eloquence, pp. 292-300, at pp. 292-3; and Wayne A. Rebhorn,
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proved with different degrees of certainty (“confirmed”) and by a variety of
means (“in whatever way”). The purpose of proof, furthermore, is to “make
something known” (res declarare). This was a constant object of theories of
probation, but it also incorporated a recurrent theoretical tension: Should a
proof proceed according to a method of discovery or a method of doctrine?
That is to say, are things (es) best explained in terms of how they were found
out or in terms that emphasize their organization for pedagogical purposes?
This dilemma was bequeathed to early modern natural philosophers from
antiquity and was at the heart of some of the most often-reprinted writings
on method, such as Jacopo Acontius’s (1492—ca. 1566) De methodo, hoc est
de recta investigandarum tradendarumque artium ac scientiarum ratione (On
Method; that is, on the Right Way of Investigating and Imparting the Arts
and Sciences, 1558)."7 It was a dilemma that a number of seventeenth-century
writers on methods of discovery resolved by, in effect, denying that they were
concerned with problems of teaching at all.

It is helpful to consider early modern theories of proof and persuasion
in terms of three broad categories suggested by the disciplinary structure of
early modern learning: demonstration, probability, and persuasion. The first
two categories were the province of logic, which was sometimes divided into
demonstration, or the science of certain proof, and dialectic, the logic of
probabilities.”® The third category, persuasion, was the province of rhetoric.
(An analogous, although not identical, threefold structure can be found in
scholastic theories of cognition in the period, with early modern Thomists
distinguishing human understanding according to the degree of certainty
inhering in it. Thus certain knowledge (scientia), opinion (opinio), and faith
(fidles) all had their own forms of certainty: metaphysical, physical, and moral,
respectively.)"

The different forms of proof — demonstration, probability, and persuasion
(demonstratio, probabilitas, persuasio) —were extensively discussed in the thou-
sands of works on logic and rhetoric that were written, taught, and published
in the sixteenth and seventeenth centuries, and every natural philosopher
educated to any level beyond that of rudimentary Latin grammar would
have encountered them in some form or another. How far early modern

“Introduction,” in Renaissance Debates on Rbetoric, ed. and trans. Wayne A. Rebhorn (Ithaca, N.Y.:
Cornell University Press, 2000), pp. 1-13, at pp. 7-9.
17 Jacobus Acontius, De methodo . . . Uber die Methode, ed. Lutz Geldsetzer, trans. Alois von der Stein
(Diisseldorf: Stern-Verlag/Janssen and Co., 1971).
See Aristotle, Topica, 1.1; Pierre Gassendi, Institutio logica (1658), ed. and trans. Howard Jones (Assen:
Van Gorcum, 1981), p. 64; E. Jennifer Ashworth, “Historical Introduction,” in Language and Logic
in the Post-Medieval Period (Dordrecht: Reidel, 1974), pp. 1—25, at p. 25; and Ashworth, “Editor’s
Introduction,” in Robert Sanderson, Logicae artis compendivm (1618), ed. E. Jennifer Ashworth
(Instrumenta Rationis, 2) (Bologna: Cooperativa Libraria Universitaria Editrice Bologna, 1985),
pp- ix-lv, at pp. xxxv—xxxvii.
9 See, for example, Roderigo de Arriaga, “Disputationes logicae,” in Cursus philosophicus (Paris: Jacques
Quesnel, 1639), pp. 33—212, at p. 200; and Peter Dear, “From Truth to Disinterestedness in the
Seventeenth Century,” Social Studies of Science, 22 (1992), 61931, at pp. 621-2.
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philosophers — and indeed learned writers more generally — applied the pro-
bative theories of the trivium to their own practices of investigation and
composition is a further question. The disciplines of the trivium were some-
times regarded in early modern Europe as the intellectual equivalent of water
wings: something to be cast off when the art had been thoroughly learned.*
Their close association with the schools also sometimes made resort to them
in any overly apparent way suspect in extrascholastic contexts. Nonetheless,
all three forms of proof were deployed in early modern philosophy, both nat-
ural and moral. At the most basic level, the probative claims of a work might
be signaled by its title: Christoph Hellwig’s De studii botanici nobilitate oratio
(Oration on the Nobility of the Study of Botany, 1666) indicates its aim to
persuade its audience of the merits of a form of natural knowledge that had
grown steadily in significance over the sixteenth and seventeenth centuries.
The English physician William Gilbert’s (1544—1603) book De magnete (On
the Magnet, 1600) has as its subtitle “A new physics [physiologia), demon-
strated with both arguments and experiments.” Galileo Galilei’s (1564-1642)
Discorsi e dimostrazioni matematiche intorno a due nuove scienze (Discourses
and Mathematical Demonstrations Concerning the Two New Sciences, 1638)
likewise emphasizes the solidity of his claims for mechanics and local motion
and their mathematical foundation. Furthermore, it was not uncommon to
use different kinds of proof at different points within the same work. This
is illustrated by another work by Galileo, his Dialogo sopra i due massimi
sistemi del mondo (Dialogue on the Two Chief World Systems, 1632), which
at different points draws upon all three resources of demonstration, probable
argument, and rhetorical persuasion.*

The most ambitious formal accounts of the probative process produced by
early modern natural philosophers took the form of doctrines of “method.”
The sixteenth century saw an upsurge of interest in questions of method — that
is, in theoretical accounts of how knowledge is obtained and demonstrated.
Medieval discussions of method focused upon scientific proof by means of
the so-called demonstrative regress, or regressus. This involved finding a cause
from its effect by induction and then demonstrating that effect back from
its cause in order to obtain causal — and hence scientific — knowledge of a
phenomenon. Accounts of methodus by Renaissance philosophers retained
this preoccupation with causal demonstration while increasingly bringing
philological discoveries to bear upon it. The basic context for accounts of

2% See Samuel Butler, Prose Observations, ed. Hugh de Quehen (Oxford: Clarendon Press, 1979), p. 128:
“A logician, Gramarian, and Rhetorician never come to understand the true end of their Arts, untill
they have layed them by, as those that have learned to swim, give over their bladders that they learnd
by.”

* William Gilbert, De magnete, magneticisque corporibus, et de magno magnete tellure; Physiologia
nova, plurimis & argumentis, & experimentis demonstrata (London: Peter Short, 1600; facsimile repr.
Brussels: Culture and Civilisation, 1967).

2 Nicholas Jardine, “Demonstration, Dialectic, and Rhetoric,” pp. 101-21.

» Neal W. Gilbert, Renaissance Concepts of Method (New York: Columbia University Press, 1960).
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demonstration in sixteenth century academic natural philosophy remained,
however, Aristotelian logic, and specifically the account of scientific demon-
stration in Aristotle’s Posterior Analytics, 11.13. This text, commentaries upon
it, and redactions of it in textbooks and lecture courses encouraged the
widespread view among early modern Aristotelians that a proof qualified as
“scientific” only if it was derived from premises that were universal. This was
to be achieved by means of a syllogism, the middle term of which expressed the
operative cause.** The purpose of this form of scientific demonstration was to
acquire certain knowledge of phenomena through “absolute demonstration”
(demonstratio potissima). This characteristically consisted of four stages: (1)
observation, which provided “accidental” knowledge of an effect; (2) induc-
tion, which allowed demonstration of the cause from the effect (demonstratio
quia); (3) consideratio (or negotiatio or meditatio), by means of which the
mind came to grasp the necessary association of the proximate cause with
the effect; and (4) demonstration of the effect from the cause (demonstratio
propter quid), which finally provided certain knowledge (scientia) of the phe-
nomenon. It was commonly stipulated that the argument should be in the
first figure (Barbara) of the syllogism; that is, with a universal major premise
and an affirmative minor one.”

Medieval accounts of method, such as that of Pietro d’Abano in his
Conciliator of the early fourteenth century, had also often sought to rec-
oncile medical and philosophical traditions. Sixteenth-century discussions
of “method” continued to draw inspiration from medical theory, revitalized
by philological interest in the original Greek texts of Galen. The humanist
physician Niccold Leoniceno’s (1428-1524) discussion in his De tribus doctri-
nis ordinatis secundum Galeni sententiam opus (Treatise on the Three Types
of Teaching, Ordered According to the Opinion of Galen, 1508) of Galen’s
use of the term didaskalia (“didactics”) in the prologue to the Ars medica was
particularly significant. In this work, Leoniceno argued that Galen was not
primarily concerned with the method of scientific demonstration (modus doc-
trinae) but with the method of organizing a whole science for teaching (o7do
docendi) *° As suggested earlier, this distinction between discovery and doc-
trine was widely endorsed by sixteenth-century physicians and philosophers.
It was developed in a particularly influential way in the De methodis (1578) of
the Paduan philosopher Jacopo Zabarella (1533-1589). Zabarella’s application

** See Dear, Discipline and Experience, p. 36.

* Nicholas Jardine, “Epistemology of the Sciences,” in Schmitt, Skinner, and Kessler, eds., The Cam-
bridge History of Renaissance Philosophy, pp. 685—711, esp. p. 687. See also William A. Wallace, Galileo
and his Sources: The Heritage of the Collegio Romano in Galileo’s Science (Princeton, N.].: Princeton
University Press, 1984), pp. 125-6.

26 William F. Edwards, “Niccold Leoniceno and the Origins of Humanist Discussion of Method,” in
Philosophy and Humanism: Renaissance Essays in Honor of Paul Oskar Kristeller, ed. Edward Mahoney
(Leiden: E. J. Brill, 1976), pp. 283—305. On Leoniceno, see Vivian Nutton, “The Rise of Medical
Humanism: Ferrara, 1464-1555,” Bulletin of the Society for Renaissance Studies, 11 (1997), 2-19.
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of the term methodus to issues of discovery and ordo to issues of doctrine
and organization governed the terms of the debate for the subsequent fifty
years.””

The sixteenth-century fascination with theories of scientific demonstration
persisted throughout the seventeenth century. Accounts of method under-
went constant modification but remained part of a recognizable generic tradi-
tion. There was progressively less interest in regressus theory properly speak-
ing — although there is a clear continuity, for instance, between Thomas
Hobbes’s (1588—1679) account of methodus in the De homine (1658) and those
of late Renaissance Paduan Aristotelians® — and a correspondingly greater
interest in concepts of method derived not from logic but from geome-
try. In particular, Euclid’s distinction in the Elements between analysis and
synthesis was endowed with increased significance (see Andersen and Bos,
Chapter 28, this volume). René Descartes (1596-1650) took up these terms
for his account of scientific discovery in his significantly titled Discours de
la méthode (Discourse on Method, 1637).% Isaac Newton (1642—1727) also
drew upon geometrical terminology when he asserted in the third edition of
the Opticks (1721) that “As in Mathematicks, so in Natural Philosophy, the
Investigation of difficult Things by the Method of Analysis, ought ever to
precede the Method of Composition.”° In general, as seventeenth-century
natural philosophers abandoned the search for essential properties in favor of
a more phenomenological understanding of nature, they also lost interest in
Aristotelian traditions of method that emphasized demonstrative certainty.
Indeed, even within sixteenth-century Aristotelianism, objections were raised
against regressus as the best account of demonstration in natural philosophy. It
was accused of circularity. It was sometimes even suggested — for instance by
the Italian philosopher Agostino Nifo (ca. 1469—1538) — that certain questions
in natural philosophy were incapable of achieving demonstrative certainty

*7 Jacopo Zabarella, De methodis libri quattuor. Liber de regressu, ed. Cesare Vasoli (Bologna: Coopera-
tiva Libraria Universitaria Editrice Bologna, 1985); John Herman Randall, The School of Padua and
the Emergence of Modern Science (Padua: Editrice Antenore, 1961); Luigi Olivieri, ed., Aristotelismo
venero e scienza moderna, 2 vols. (Padua: Editrice Antenore, 1983); Nicholas Jardine, “Keeping Order
in the School of Padua: Jacopo Zabarella and Francesco Piccolomini on the Offices of Philosophy,”
in Method and Order in Renaissance Philosophy of Nature: The Aristotle Commentary Tradition, ed.
Daniel Di Liscia, Eckhard Kessler, and Charlotte Methuen (Aldershot: Ashgate, 1997), pp. 183—209;
and Irena Backus, “The Teaching of Logic in Two Protestant Academies at the End of the 16th
Century: The Reception of Zabarella in Strasbourg and Geneva,” Archiv fiir Reformationsgeschichte,
80 (1989), 240—51.

William F. Edwards, “Paduan Aristotelianism and the Origins of Modern Theories of Method,” in

Apristotelismo veneto e scienza moderna, ed. Olivieri, 1: 206—20.

29 René Descartes, Discours de la méthode [1637), in Oeuvres de Descartes, ed. Charles Adam and Paul
Tannery, 12 vols. (Paris: J. Vrin, 1964-76), vol. 6: Discours de la méthode ¢& Essais (1973), pp. 1—
151, at p. 17. See further Stephen Gaukroger, Cartesian Logic: An Essay on Descartess Conception
of Inference (Oxford: Clarendon Press, 1989), pp. 72-102; Benoit Timmermans, “The Originality
of Descartes’s Conception of Analysis as Discovery,” Journal of the History of Ideas, 6o (1999),
433—43.

3° Isaac Newton, Opticks (New York: Dover, 1979), p. 404.
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because the cause would always remain hidden.?" In this case, logical proofs
in natural philosophy left the realm of the demonstrative and entered the
province of the probable.

The discipline that generated and policed probable argument was dialec-
tic. Like the proofs of scientific demonstration, dialectical arguments were
generally framed syllogistically. But they did not seek to generate the cer-
tainty of scientia. Dialectical conclusions remained probable either because
the premises were not certain or because the inferential process was conjec-
tural. In the first case, premises might be supplied by — as Aristotle had put
it in a widely repeated formula — “reputable opinions” that were accepted
by “everyone, or by the majority, or by the wise.”?* In the second case, the
basic inferential mechanism of dialectic was the so-called topical syllogism,
in which the middle term was provided by a general “topic” or locus that
helped shed light on the question at hand. These topics commonly included
categories such as definition, genus, species, cause, effect, antecedent, conse-
quent, greater, less, and argument from authority.”® The probable arguments
of dialectic might thus include argument from comparisons, analogies, and
examples. By the sixteenth and seventeenth centuries, dialectical reasoning
had also come to comprehend the issue, which in the ancient world had
been a predominantly rhetorical one, of inference from signs.>* This was a
subject of some debate in sixteenth-century natural philosophy, and it was
particularly important in early modern learned medicine, in which semi-
ology comprised one of the five parts of medical studies (the others being
physiology, aetiology, therapeutics, and hygiene).”

3" Nicholas Jardine, “Galileo’s Road to Truth and the Demonstrative Regress,” Studies in History and
Philosophy of Science, 7 (1976), 277-318, at pp. 290—91; N. Jardine, “Epistemology of the Sciences,”
esp. p. 689; N. Jardine, “Demonstration, Dialectic, and Rhetoric,” p. 111

3 Aristotle, Topica, I. 1.

3 See generally Michael C. Leff, “The Topics of Argumentative Invention in Latin Rhetorical Theory

from Cicero to Boethius,” Rbetorica, 1 (1983), 23—44; and E Muller, “Le De inventione dialectica

d’Agricola dans la tradition rhétorique d’Aristote a Port-Royal,” in Akkerman and Vanderjagt, eds.,

Rodolphus Agricola Phrisius (1444—148s5), pp. 281—-92. Despite their titles, both of these discussions

have more to say about dialectic than rhetoric. See also Niels Jorgen Green-Pedersen, 7he Tradition

of the Topics in the Middle Ages: The Commentaries on Aristotle’s and Boethius’ “Topics” (Munich:

Philosophia Verlag, 1984). For analyses of the topics in use, see Jean Dietz Moss, “Aristotle’s Four

Causes: Forgotten zopos of Renaissance Rhetoric,” Rhetoric Society Quarterly, 17 (1987), 71-88; and

Angus Gowland, “Rhetorical Structure and Function in the Anatomy of Melancholy,” Rbetorica, 19

(2001), 148, at pp. 29-31. For remarks about the decline of the topical tradition, see Ann Moss,

Printed Commonplace-Books and the Structuring of Renaissance Thought (Oxford: Clarendon Press,

1996), pp. 255—81. For a modern attempt to recruit “topical logic” into science studies, see Lawrence

J. Prelli, A Rheroric of Science: Inventing Scientific Discourse (Columbia: University of South Carolina

Press, 1989).

Daniel Garber and Sandy Zabell, “On the Emergence of Probability,” Archive for the History of Exact

Science, 21 (1979), 33—53; and John Poinsot (John of St. Thomas), Tractatus de signis: The semiotic

of John Poinsot [1632], ed. John Deely with Ralph Austin Powell (Berkeley: University of California

Press, 1985). John Deely, Early Modern Philosophy and Postmodern Thought (Toronto Studies in

Semiotics) (Toronto: University of Toronto Press, 1994) is sometimes suggestive but historically

uneven.

Ian Maclean, “The Interpretation of Natural Signs: Cardano’s De subtilitate versus Scaliger’s Exerci-

tationes,” in Occult and Scientific Mentalities in the Renaissance, ed. Brian Vickers (Cambridge:
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The manner in which dialectic functioned in practice in sixteenth-
century natural philosophy can be illustrated by a treatise on sublunary
aerial phenomena written by Marcus Frytschius, a citizen of the Lausitz
Sechsstidtebund. Frytschius’s Meteorum (Concerning Meteors), published in
Nuremberg in 1563, is explicitly organized by the precepts of dialectic, and by
the “topics” in particular. In his discussion of comets, for example, Frytschius
sought to defend the standard position that they are earthly, not heavenly,
phenomena.’® He proved this by a number of arguments distinguishing
comets (the predicate) from stars (the subject). He then went on to prove the
same point with eight arguments drawn from the subject (stars). The eighth
argument is taken from the proper nature of stars:

No heavenly body or star has a tail.
Comets have a tail
Therefore a comet is not a star.”

The final argument Frytschius produced to prove that comets are not stars
does not rely upon ratiocination but rather upon testimony: It is the argument
from authority. “Seneca, who cites the author Epigenes, who says that the
Chaldeans maintain it, also testifies that comets are not stars. And this is
the common judgement of the learned.”® Individually, these arguments
were not demonstrative: They do not conform to the strict requirements
of regressus theory. Taken together, however, they all tend to confirm the
probability of the desired conclusion. Of course, the arguments depend upon
tacit assumptions about the nature of comets — assumptions laid starkly bare
by the syllogistic form in which they are framed. These assumptions changed
over the course of the sixteenth and seventeenth centuries, as Pierre Bayle’s
notoriously debunking Pensées diverses sur la cométe (Various Thoughts on the
Comet, 1682) illustrates. But even in the case of Bayle’s book, the strongly

Cambridge University Press, 1984), pp. 231—52; Brian K. Nance, “Determining the Patient’s
Temperament: An Excursion into Seventeenth-Century Medical Semiology,” Bulletin of the His-
tory of Medicine, 67 (1993), 417—38; and Roger French, “Sign Conceptions in Medicine from the
Renaissance to the Early Nineteenth Century,” in Semiotik: Ein Handbuch zu den zeichentheoretis-
chen Grundlagen von Natur und Kultur, ed. Roland Posner, Klaus Robering, and Thomas Albert
Sebeok (Berlin: Walter de Gruyter, 1998).

On cometary theory in the sixteenth century, see Peter Barker and Bernard R. Goldstein, “The Role
of Comets in the Copernican Revolution,” Studies in History and Philosophy of Science, 19 (1988),
299-319; and Tabitta van Nouhuys, The Age of Two-Faced Janus: The Comets of 1577 and 1618 and
the Decline of the Aristotelian World View in the Netherlands (Brill’s Studies in Intellectual History,
89) (Leiden: E. J. Brill, 1998).

37 Marcus Frytschius, Meteorum, hoc est, impressionum aerearum et mirabilium naturae operum, loci fere
omnes, methodo dialectica conscripti, & singulari quadam cura diligentiaque in eum ordinem digesti
ac distributi (Nuremberg: Montanus and Neuber, 1563), fols. 99v—1021, at fol. 101v: “Octavum
argumentum. A proprie stellarum natura. Sydus sive stella non habet comam. Cometa habet comam.
Ergo Cometa non est stella.”

Ibid. fols. 1orv—102r: “Cometas non esse stellas, testatur & Seneca, qui citat authorem Epigenem qui
ait Chaldeos affirmare, quod Cometae non sint stellae. Et haec est usitata eruditorum sententia.”
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dialectical character of the arguments (if not their reduction to syllogistic
form) remained.?

From logic we turn to rhetoric. “The proofs and Demonstrations of
Logicke, are toward all men indifferent, and the same,” wrote the English
philosopher and common lawyer Francis Bacon (1561-1626) in his Advance-
ment of Learning (1605), “but the Proofes and perswasions of Rbetoricke, ought
to differ according to the Auditors.”*° Sound logic, whether demonstrative or
probable, was taken to persuade by virtue of its universally valid rationality.
Effective rhetoric, by contrast, willingly took advantage of local knowledge.
The “topics” of rhetorical theory were less abstract and more specific than
those of logic; they might include considerations of where someone was born,
their parentage, their loyalties, and their character. Insofar as the object of
natural philosophy was taken to be the universal manifestation of nature,
then its proofs would be logical. This was in pointed contradistinction with
moral and political philosophy, which took human actions as their object
and hence employed proofs more closely associated with the disciplines of
rhetoric and history. In practice, however, natural philosophers in the early
modern period were scarcely less aware of the need to appeal to specific
audiences. Like their moral philosophical counterparts, they were concerned
with effective techniques of persuasion. Scholarly studies of the rhetoric of
science in the early modern period have approached the subject from a range
of positions. Some have used a more or less anachronistic understanding of
“thetoric.”# Historically more successful studies, however, have drawn upon

39 See Pierre Bayle, Pensées diverses sur la comeéte [1682], ed. A. Prat, rev. by Pierre Rétat, 2 vols. in 1
(Paris: Société des Textes Francais Modernes, 1994), and also Rétat’s “Avertissement de la deuxieme
edition,” pp. 11, 21.

4° Francis Bacon, The Advancement of Learning [1605], ed. Michael Kiernan (The Oxford Francis

Bacon, 4) (Oxford: Clarendon Press, 2000), p. 129. See also Francis Bacon, De augmentis scientiarum,

in Works, ed. James Spedding, Robert Leslie Ellis, and Douglas Denon Heath, 7 vols. (London:

Longman, 1857), I: 413-837, at p. 673; bk. 6, chap. 3: “Siquidem probationes et demonstrationes

Dialecticae universis hominibus sunt communes; at probationibus et suasiones Rhetoricae pro

ratione auditorum variari debent.”

Richard Foster Jones, “The Rhetoric of Science in England of the Mid-Seventeenth Century,” in

Restoration and Eighteenth-Century Literature, ed. Carroll Camden (Chicago: University of Chicago

Press, 1963), pp. 5—24; James Stephens, “Rhetorical Problems in Renaissance Science,” Philosophy and

Rbhetoric, 8 (1975), 213-29; John R. R. Christie, “Introduction: Rhetoric and Writing in Early Modern

Philosophy and Science,” in Benjamin etal., eds., 7he Figural and the Literal, pp. 1-9; Robert E. Still-

man, “Assessing the Revolution: Ideology, Language and Rhetoric in the New Philosophy of Early

Modern England,” The Eighteenth Century: Theory and Interpretation, 35 (1994), 99-118; Michael

Wintroub, “The Looking Glass of Facts: Collecting, Rhetoric and Citing the Self in the Experi-

mental Natural Philosophy of Robert Boyle,” History of Science, 35 (1997), 189—217; K. Neal, “The

Rhetoric of Utility: Avoiding Occult Associations for Mathematics through Profitability and Plea-

sure,” History of Science, 37 (1999), 151-78; and Maurice Slawinski, “Rhetoric and Science/Rhetoric

of Science/Rhetoric as Science,” in Science, Culture, and Popular Belief in Renaissance Europe, ed.

Stephen Pumfrey, Paolo Rossi, and Maurice Slawinski (Manchester: Manchester University Press,

1991), pp. 71-99. See also James Stephens, Francis Bacon and the Style of Science (Chicago: University

of Chicago Press, 1975); James P. Zappen, “Science and Rhetoric from Bacon to Hobbes: Responses

to the Problem of Eloquence,” in Rhetoric 78, Proceedings of the Theory of Rhetoric: An Interdisciplinary

Conference, ed. Robert Brown, Jr. and Martin Steinman, Jr. (Minneapolis: University of Minnesota

Center for Advanced Studies in Language, Style, and Literary Theory, 1979), pp. 399—419; Zappen,
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early modern conceptions of rhetoric to explain aspects of the composition,
arguments, and reception of works in early modern natural philosophy and
medicine.** The writings of Galileo, in particular, have proved amenable to
historical analysis through the categories of Renaissance rhetoric.#

From the early Renaissance onward, the art of rhetoric was lovingly culti-
vated as the supreme means of persuasion by writers, preachers, and politi-
cians. The Renaissance revival of ancient learning brought with it a fascina-
tion with ancient eloquence. This fascination was stimulated by the Byzantine
rhetorical tradition, by the rediscovery in 1416 of the full manuscript of Quin-
tilian’s Institutio oratoria (On the Education of the Orator) by the Italian
humanist Poggio Bracciolini, and by the increasing impact of successive Latin
translations of Aristotle’s Rbetoric in the sixteenth century.** The medieval
thetorical tradition of the ars dictaminis was developed in many directions,®
particularly in the areas of epistolography,*® the ars praedicandi,* epideictic

“Francis Bacon and the Historiography of Scientific Rhetoric,” Rhbetoric Review, 8 (1989), 74—88;
John C. Briggs, Francis Bacon and the Rhetoric of Nature (Cambridge, Mass.: Harvard University
Press, 1989); and David Heckel, “Francis Bacon’s New Science: Print and the Transformation of
Rhetoric,” in Media, Consciousness, and Culture: Explorations of Walter Ong’s Thought, ed. Bruce E.
Gronbeck, Thomas J. Farrell, and Paul A. Soukup (Newbury Park, Calif.: Sage, 1991), pp. 64—76.
+ See, for example, Brian Vickers, “The Royal Society and English Prose Style: A Reassessment,” in
Rhetoric and the Pursuit of Truth: Language Change in the Seventeenth and Eighteenth Centuries, ed.
Brian Vickers and Nancy Struever (Los Angeles: William Andrews Clark Memorial Library, 1985),
pp. 1=76; Jean Dietz Moss, “The Interplay of Science and Rhetoric in Seventeenth-Century Italy,”
Rhetorica, 7 (1989), 23—4; Moss, Novelties in the Heavens: Rhetoric and Science in the Copernican
Controversy (Chicago: University of Chicago Press, 1993); John T. Harwood, “Science Writing
and Writing Science: Boyle and Rhetorical Theory,” in Robert Boyle Reconsidered, pp. 37-56; and
Gowland, “Rhetorical Structure and Function in the Anatomy of Melancholy.”
Brian Vickers, “Epideictic Rhetoric in Galileo’s Dialogo,” Annali dell’Istituto e Museo di Storia della
Scienza di Firenze, 8 (1983), 69-102; Jean Dietz Moss, “Galileo’s Letter to Christina: Some Rhetorical
Considerations,” Renaissance Quarterly, 36 (1983), 547—76; Moss, “Galileo’s Rhetorical Strategies
in Defense of Copernicanism,” in Novita celesti e crisi del sapere: atti del convegno internazionale
di studi Galileiani, ed. Paolo Galluzzi (Florence: Giunti Barbera, 1984), pp. 95—103; Moss, “The
Rhetoric of Proof in Galileo’s Writings on the Copernican System,” in Reinterpreting Galileo, ed.
William A. Wallace (Washington, D.C.: Catholic University of America Press, 1986), pp. 179-204;
A. C. Crombie and Adriano Carugo, “Galileo and the Art of Rhetoric,” Nouvelles de la république
des lettres, 2 (1988), 731, reprinted in Crombie, Science, Art, and Nature in Medieval and Modern
Thought (London: Hambledon, 1996), pp. 231-55; Nicholas Jardine, “Demonstration, Dialectic, and
Rhetoric”; and Moss, Novelties in the Heavens, pp. 75—300. See also Maurice A. Finocchiaro, Galileo
and the Art of Reasoning: Rhetorical Foundations of Logic and Scientific Method (Boston Studies in
the Philosophy of Science, 61) (Dordrecht: Reidel, 1980).
See John Monfasani, “Humanism and Rhetoric,” in Renaissance Humanism: Foundations, Forms,
and Legacy, ed. Albert Rabil, 3 vols. (Philadelphia: University of Pennsylvania Press, 1988), vol. 3:
Humanism and the Disciplines, pp. 171-235, esp. pp. 177-84.
% James J. Murphy, Rhetoric in the Middle Ages: A History of Rhetorical Theory from St. Augustine to the
Renaissance (Berkeley: University of California Press, 1974); Ronald Witt, “Medieval ars dictaminis
and the Beginnings of Humanism: A New Construction of the Problem,” Renaissance Quarterly, 35
(1982), 1-35; Virginia Cox, “Ciceronian Rhetoric in Italy, 1260-1350,” Rbetorica, 17 (1999), 239-80;
and Judith Rice Henderson, “Valla’s Elegantiae and the Humanist Attack on the Ars dictaminis,”
Rbetorica, 19 (2001), 249—68.
Judith Rice Henderson, “Erasmus on the Art of Letter-writing,” in Murphy, ed., Renaissance Elo-
quence, pp. 331—-s5; Henderson, “Erasmian Ciceronians: Reformation Teachers of Letter-writing,”
Rbetorica, 10 (1992), 273—302; Henderson, “On Reading the Rhetoric of the Renaissance Letter,” in
Renaissance-Rhetorik, ed. Heinrich E Plett (Berlin: Walter de Gruyter, 1993).
47 John W. O’Malley, Praise and Blame in Renaissance Rome: Rhbetoric, Doctrine, and Reform in the Sacred
Orators of the Papal Court, c. 1450—1521 (Durham, N.C.: Duke University Press, 1979). See also Debora
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(the rhetoric of praise and blame),*® and elocutio (the study of the figures and
tropes).* A very large body of theoretical treatises, covering all or some of the
five parts (inventio, dispositio, elocutio, memoria, and pronuntiatio) and three
genera (demonstrative or epideictic, deliberative, and forensic) of Ciceronian
oratory,”® were published to satisfy the voracious appetite of schoolteach-
ers, university scholars, preachers, and courtiers for guidance in techniques
of eloquence and persuasion.”” This rhetorical culture also encouraged less
formulaic reflections on the nature and function of oratory,” as well as innu-
merable orations, epistles, eulogies, sermons, addresses, defenses, attacks, and
prefaces, almost all of which can be regarded as being informed in some way
or another by the art of rhetoric.”

One term in particular was central to the rhetorical account of proof
and persuasion: the notion of credit or belief (fides). In a formula widely
taken up from Cicero’s De partitione oratoria (On the Classification of Ora-
tory), rhetorical argument was said to be “a plausible invention to generate
belief” (probabile inventum ad faciendam fidem).’* This “belief” was double-
edged. In the first place, it was necessary that the orator be credible — that
he (the orator in ancient and Renaissance rhetorical theory was assumed to
be male) possess a good ethos. Recommended techniques for achieving this
ethos included promising an audience novelty, emphasizing personal pro-
bity, speaking moderately and without partiality, and, if possible, without

Kuller Shuger, Sacred Rhetoric: The Christian Grand Style in the English Renaissance (Princeton, N.]J.:
Princeton University Press, 1988), which does not limit its discussion to English rhetoricians; Harry
Caplan and H. H. King, “Latin Tractates on Preaching: A Booklist,” Harvard Theological Review,
42 (1949), 185—206; and King, “Pulpit Eloquence: A List of Doctrinal and Historical Studies in
English,” Speech Monographs, 22 (1955), 1-159.

48 0. B. Hardison, The Enduring Monument: A Study of the Idea of Praise in Renaissance Literary Theory
and Practice (Chapel Hill: University of North Carolina Press, 1962); and John M. McManamon,
Funeral Oratory and the Cultural Ideals of Italian Humanism (Chapel Hill: University of North
Carolina Press, 1989).

4 Brian Vickers, “Rhetorical and Anti-rhetorical Tropes: On Writing the History of elocutio,” Com-

parative Criticism, 3 (1981), 105-32; and Richard A. Lanham, A Handlist of Rhetorical Terms, 2nd ed.

(Berkeley: University of California Press, 1991).

For discussion of the partes and genera of Ciceronian rhetoric, see Brian Vickers, In Defence of

Rbetoric, rev. ed. (Oxford: Clarendon Press, 1989), pp. 52-82.

5! James J. Murphy, “One Thousand Neglected Authors: The Scope and Importance of Renaissance

Rhetoric,” in Murphy, ed., Renaissance Elogquence, pp. 20-36.

Rebhorn, ed. and trans., Renaissance Debates on Rbetoric, provides a useful anthology.

53 For guidance into this mass of literature and some of the issues raised by it, see the essays in Murphy,
ed., Renaissance Eloquence, and Peter Mack, ed., Renaissance Rbetoric (Basingstoke: Macmillan,
1994). See also Vickers, I Defence of Rhetoric. For bibliographies of Renaissance rhetoric, see James J.
Murphy, Renaissance Rhetoric: A Short-title Catalogue of Works on Rhetorical Theory from the Beginning
of Printing to A. D. 1700 (New York: Garland, 1981); Paul D. Brandes, A History of Aristotle’s Rbetoric:
With a Bibliography of Early Printings (Metuchen, N.J.: Scarecrow Press, 1989); James J. Murphy
and Martin Davis, “Rhetorical Incunabula: A Short-title Catalogue of Texts Printed to the Year
1500,” Rhetorica, 15 (1997), 355—470; and Heinrich E Plett, English Renaissance Rhbetoric and Poetics:
A Systematic Bibliography of Primary and Secondary Sources (Symbola et Emblemata, 6) (Leiden: E. J.
Brill, 1995).

54 Cicero, De partitione oratoria, 2.1, trans. E. W. Sutton and H. Rackham, in De oratore I1l, De fato,
Paradoxa stoicorum, De partitione oratoria (Loeb Classical Library) (London: Heinemann, 1948),
pp. 305-421, at p. 314.
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impugning an adversary’s character.” Rhetorical theory generally counseled
establishing the speaker’s ethos at the beginning of an oration, which is why
such devices can so often be found in prefaces of early modern books. Bacon,
for instance, consistently drew upon the modesty topos encouraged by these
notions of ethos to advance his argument that knowledge would advance fur-
ther through the contributions of many modest inquirers (such as himself)
than through the proud individual systematizing of previous philosophers:

And I have also followed the same humility in my teaching which I applied
to discovering. For I do not try either by triumphant victories in argument,
nor by calling antiquity to my aid, nor by any usurpation of authority, nor
by a veil of obscurity either, to invest these my discoveries with any majesty,
which might easily be done by anyone trying to bring lustre to his own name
rather than light to the minds of others.”®

The second task of rhetorical fides was to instill belief not in the rhetorician
himself but in what he had to say. In order to achieve this, it was necessary
above all for the orator to find or discover (invenire) arguments — the province
of the part of rhetoric known as inventio, and described by the anonymous
author of the very widely read Rbetorica ad Herennium as “the most important
and most difficult” part of rhetoric.” A number of techniques were available
in Renaissance rhetorical theory for “discovering” credible (probabile) argu-
ments. The orator might resort to the “topics” discussed earlier in respect
to dialectic. Or he might draw upon the “commonplaces” (loci communes).
These were set arguments that could be drawn upon whether one was attack-
ing or defending a case: For instance, one might argue for witnesses against
arguments, or vice versa.”®® This in turn emphasizes another important aspect
of early modern rhetoric: its two-sidedness. Rhetorical theory taught the skill
of arguing on both sides of the question (in utramque partem); the locus clas-
sicus for this was Lactantius’s account in the Institutiones divinae (XV. s) of

55 See Skinner, Reason and Rbetoric, pp. 127-33.

56 Francis Bacon, Novum organum with Other Parts of the Great Instauration, ed. Peter Urbach, trans.
John Gibson (Chicago: Open Court, 1994), p. 14 (preface to the Instauratio magna), translating
Francis Bacon, Novum organum [1620], ed. Thomas Fowler, 2nd ed. (Oxford: Clarendon Press,
1889), pp. 166—7: “Atque quam in inveniendo adhibemus humilitatem, eandem et in docendo sequuti
sumus. Neque enim aut confutationum triumphis, aut antiquitatis advocationibus, aut authoritatis
usurpatione quadam, aut etiam obscuritatis velo, aliquam his nostris inventis majestatem imponere
aut conciliare conamur; qualia reperire non difficile esset ei, qui nomini suo non animis aliorum
lumen affundere conaretur.” See further James S. Tillman, “Bacon’s ezhos: The Modest Philosopher,”
Renaissance Papers, (1976), 11-19.

Rhetorica ad Herennium, 2.1.1, trans. Harry Caplan (Loeb Classical Library) (London: Heinemann,
1954), p- 58: “De oratoris officiis quinque inventio et prima et difficillima est.”

On the theory of commonplaces in Renaissance rhetoric, see Quirinus Breen, “The Terms ‘loci
communes’ and ‘loci’ in Melanchthon,” Church History, 16 (1947), 197—209; Sister Marie Joan
Lechner, Renaissance Concepts of the Commonplaces (New York: Pageant, 1962); Francis Goyet, Le
Sublime du liew commun: L’Invention rhetorique dans ['Antiquité et & la Renaissance (Paris: Honoré
Champion, 1996); and Moss, Printed Commonplace-Books.

“
~N

)

5

Cambridge Histories Online © Cambridge University Press, 2008



Proof and Persuasion 149

the skeptic Carneades, who argued equally persuasively for justice one day
and against it the next.

Rhetorical and dialectical inventio, the art of finding plausible or probable
arguments, was ipso facto also associated with the discovery of new truths.
For this reason, inventio was the part of rhetoric and logic that impinged
most significantly on theoretical accounts of the study of nature in early
modern Europe.” The Italian natural philosopher Giambattista della Porta
(1535-1615) drew on the semiotic theory found in the Aristotelian rhetori-
cal tradition for his De humana physiognomonia (On Human Physiognomy,
1586).° The German Reformer Philip Melanchthon (1497-1560) used nat-
ural philosophical /oci to structure his teaching of the subject." Bacon was
preoccupied by the process of discovery,* and in his late works, he fre-
quently drew upon the Aristotelian rhetorical notion of “particular topics”
to structure his investigations of natural phenomena.®® (“Particular top-
ics” were articles of inquiry appropriate to specific investigations; they were
opposed to the “general topics” that were appropriate to inquiries in any dis-
cipline.)® Bacon saw these particular topics as “a sort of mixture of logic and
of the proper material itself of individual sciences.”® The German polymath
Gottfried Wilhelm Leibniz (1646-1716) equated the art of invention with
“la science generale [sic].”® As we shall see, however, the assumption that
rhetoric and logic per se might help in discovering new truths about nature
came under increasingly sustained attack in the course of the seventeenth
century.

59 See also Theodore Kisiel, “Ars inveniendi: A Classical Source for Contemporary Philosophy of
Science,” Revue internationale de philosophie, 34 (1980), 130—-54.

Cesare Vasoli, “L’analogia universale: La retorica come semiotica nell’opera del Della Porta,” in
Giovan Battista della Porta nell Europa del suo tempo (Naples: Guida Editori, 1990), pp. 31-52. See
also Giovanni Manetti, “Indizi e prove nella cultura greca: Forza epistemica e criteri di validita
dell’inferenza semiotica,” Quaderni storici, 85, no. 29 (1994), 19—42; Donald Morrison, “Philoponus
and Simplicius on tekmeriodic Proof,” in Di Liscia, Kessler, and Methuen, eds., Method and Order
in Renaissance Philosophy of Nature, pp. 1—22.

Sachiko Kusukawa, The Transformation of Natural Philosophy: The Case of Philip Melanchthon
(Cambridge: Cambridge University Press, 1995), pp. I51-3.

Lisa Jardine, Francis Bacon: Discovery and the Art of Discourse (Cambridge: Cambridge University
Press, 1974); William A. Sessions, “Francis Bacon and the Classics: The Discovery of Discovery,” in
Francis Bacon’s Legacy of Texts: “The Art of Discovery Grows with Discovery,” ed. William A. Sessions
(New York: AMS, 1990), pp. 237-53.

See Francis Bacon, De augmentis scientiarum, in Works, 1: 633—9; Bacon, Historia ventorum (London:
M. Lownes, 1622); Bacon, Historia vitae et mortis (London: M. Lownes, 1623); and further, Paolo
Rossi, Francis Bacon: From Magic to Science, trans. Sacha Rabinovitch (London: Routledge and
Kegan Paul, 1968), pp. 157, 216-19.

64 Aristotle, The “Art” of Rbetoric, trans. John Henry Freese (Loeb Classical Library) (London:
Heinemann, 1926), pp. 30-3 (Lii.21—2).

Bacon, De augmentis, 5.3, in Works, 1: 635: “Illi autem mixturae quaedam sunt, ex Logica et Materia
ipsa propria singularum scientiarum.”

Gottfried Wilhelm Leibniz, “Discours touchant la méthode de la certitude et I'art d’inventer,” in
Philosophische Schriften, ed. Carl Immanuel Gerhardt, 7 vols. (Berlin: Weidman, 1875-90), 7: 174-83,
at p. 180.
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DISCIPLINARY RECONFIGURATIONS

As the scope, content, and social setting of natural philosophy changed in the
course of the late sixteenth and seventeenth centuries, so did techniques of
proof and persuasion. The early modern period saw significant developments
not just in the content of natural philosophy but also in its exposition. As
with content and exposition, the impetus for the critique of the broadly Aris-
totelian traditional natural philosophy lay very largely in the late Renaissance
revaluation of other schools of ancient philosophy besides Aristotle’s. Neo-
Stoicism, Ciceronian and Pyrrhonian skepticism, and, in the seventeenth
century, Epicureanism all contributed to bringing established forms of proof
and persuasion into doubt.” In terms of changing the content of natural
philosophy in the early seventeenth century, Epicureanism had the greatest
impact, as its doctrine of atomism helped to spawn corpuscularianism and
the mechanical philosophy more generally.®® In terms of casting doubt on
received views about proof and persuasion, however, the Pyrrhonian skepti-
cism that arose after the Latin translation of Sextus Empiricus’s Outlines of
Pyrrhonism in 1569 had the most impact. The Pyrrhonian assertion that noth-
ing could be known with certainty was deeply threatening to conventional
assumptions about the possibility of certain demonstration. This critique was
particularly developed in the late sixteenth century by the medically trained
author Francisco Sanchez (ca. 1550-1623) in his Quod nihil scitur (That Noth-
ing Is Known, 1581) and the magistrate Michel de Montaigne (1533-1592) in
his Essais (Essays, 1580, 1588, 1593). Sdnchez’s treatise elaborated a more thor-
oughgoing assault on philosophical claims to demonstrative scientia than
that of the eclectic vernacular humanist Montaigne; Sdnchez concluded his
treatise with the explanation that “I was not anxious myself to perpetrate the
fault I condemn in others, namely to prove my assertion with arguments that
were far-fetched, excessively obscure, and perhaps more doubtful than the

67 See Gerhard Oestreich, Neostoicism and the Early Modern State, ed. Brigitta Oestreich and H. G.
Koenigsberger, trans. David McLintock (Cambridge: Cambridge University Press, 1982); and for
its impact on natural philosophy, Peter Barker and Bernard R. Goldstein, “Is Seventeenth-Century
Physics Indebted to the Stoics?” Centaurus, 27 (1984), 148—64; and Margaret J. Osler, ed., Aroms,
Pneuma, and Tranquillity: Epicurean and Stoic Themes in European Thought (Cambridge: Cambridge
University Press, 1991). On Ciceronian skepticism, see Charles B. Schmitt, Cicero Scepticus: A Study
of the Influence of the Academica’ in the Renaissance (Archives internationales d’histoire des idées, 52)
(The Hague: Martinus Nijhoff, 1972). On the fortunes of the Pyrrhonian skepticism that developed
after the publication of Sextus Empiricus’s Qutlines of Pyrronism in 1562 (and Latin translation in
1569), see Richard H. Popkin, The History of Scepticism from Erasmus to Spinoza, 2nd ed. (Berkeley:
University of California Press, 1979). On skepticism in relation to natural knowledge, see Nicholas
Jardine, “Scepticism in Renaissance Astronomy: A Preliminary Study,” in Scepticism from the Renais-
sance to the Enlightenment, ed. Richard H. Popkin and C. B. Schmitt (Wiesbaden: Harrassowitz,
1987), pp. 83—102. On Epicureanism, see Howard Jones, The Epicurean Tradition (London: Rout-
ledge, 1989); and J. J. MacIntosh, “Robert Boyle on Epicurean Atheism and Atomism,” in Osler,
ed., Atoms, Pneuma, and Tranquility, pp. 197-219.

Daniel Garber, “Apples, Oranges, and the Role of Gassendi’s Atomism in Seventeenth-Century
Science,” Perspectives on Science, 3 (1995), 425-8.
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very problem under investigation.”® It was in response to this skeptical chal-
lenge that earlier seventeenth-century philosophers elaborated their theories,
notably the French Minim Marin Mersenne (1588-1648) and Descartes, in
their natural philosophy, and Hugo Grotius (1583-1645) and Edward, Lord
Herbert of Cherbury (1583-1648), in their moral and metaphysical philoso-
phies.”®

Whether mechanical, experimental, or natural historical, the new forms
of natural philosophy that built upon the doctrines of ancient philosoph-
ical schools were self-consciously new. The proofs of rhetoric and, above
all, logic, however, remained strongly associated with the older philosophy
of the schools. Hence, as natural philosophers in the seventeenth century
became increasingly critical of the intellectual and institutional constraints
of the universities, they also criticized their methods of probation. Thus, a
significant aspect of the novelty of the new philosophy consisted in a deep
dissatisfaction — a dissatisfaction that amounted practically to crisis — with
received techniques of proof and persuasion.

As we have seen, university natural philosophy in the Renaissance was
conceived in the dominant Aristotelian tradition as a contemplative science
founded upon certain demonstrations. These demonstrations were ideally
composed of syllogisms. In this understanding, natural philosophy both pro-
ceeded logically and was underpinned by logical principles. One of the central
aspects of the new forms of natural philosophy that developed from the late
sixteenth century onward, however, was an attack on logic in general and the
syllogism in particular as a means of making discoveries about nature.” Thus,
one of the central features of the dissolution of the Aristotelian tradition in
natural philosophy was a systematic critique of received methods of proof
and persuasion.

This willingness to criticize conventional forms of probation explains why
Bacon preferred aphorisms to Aristotelian axioms and in the Novum organum
(New Organon, 1620) repeatedly attacked syllogisms: “We reject proof by

syllogism, because it operates in confusion and lets nature slip out of our

69 Francisco Sanchez, That Nothing is Known (Quod nihil scitvr), ed. Elaine Limbrick, trans. Douglas
E S. Thomson (Cambridge: Cambridge University Press, 1988), p. 163, translation from pp. 289—
90: “Nec enim quod in aliis ego damno, ipse committere volui: ut rationibus a longe petitis,
obscurioribus, & magis forsan quaesito dubiis, intentum probarem.” On the relations of Montaigne’s
Egssais to the arts course, and particularly the arts of proof and persuasion, see lan Maclean, Montaigne
philosophe (Paris: Presses Universitaires de France, 1996), esp. pp. 39—53.

7¢ See further Peter Dear, Mersenne and the Learning of the Schools (Ithaca, N.Y.: Cornell University
Press, 1988), pp. 23—47; Richard Tuck, “The ‘modern’ Theory of Natural Law,” in The Languages of
Political Theory in Early-Modern Europe, ed. Anthony Pagden (Cambridge: Cambridge University
Press, 1987), pp. 99-119; and R. W. Serjeantson, “Herbert of Cherbury Before Deism: The Early
Reception of the De veritate,” The Seventeenth Century, 16 (2001), 217—38, at p. 220.

7' See William Eamon, Science and the Secrets of Nature: Books of Secrets in Medieval and Early Modern
Culture (Princeton, N.J.: Princeton University Press, 1996), pp. 292—6.
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hands.””* What was required was not a formal analysis of propositions but
an investigation of the things from which those propositions were abstracted.
The syllogism is “by no means equal to the subtlety of things”; it “compels
assent without reference to things.””? In an analogous vein, Descartes argued
that syllogisms “are of less use for learning things than for explaining to
others the things one already knows.””* Boyle liked to “insist rather on
Experiments than Syllogismes,” comparing “those Dialectical subtleties, that
the Schoolmen too often employ about Physiological Mysteries” to “the tricks
of Jugglers” (i.e., conjurers).”” The second secretary of the Royal Society,
Robert Hooke (1635-1702), allowed some virtue to logic, but asserted that it
was “wholly deficient” for “Inquiry into Natural Operations.””® Numerous
other writers also developed the novatores attack on logic as the basis of proof
in natural philosophy.””

Not all new philosophers, however, rejected the use of logic outright.
Hobbes was scornful of the English Catholic philosopher Thomas White’s
(1593-1676) assertion that “Philosophy must not be treated logically.””® Both
Hobbes and Pierre Gassendi retained syllogistic as part of their philosophical
systems.”? Other authors, such as Hobbes’s bitter opponent Seth Ward (1617
1689), Savilian Professor of Astronomy at Oxford, defended the universal
subservience of logic to the “enquiry of all truths,” and even the application
of the syllogism to a newly mathematized “Physicks.”®® But throughout
the seventeenth century, natural philosophers devoted intensive efforts to
trying to establish probative procedures that would replace the increasingly

7> Francis Bacon, Advancement of Learning, p. 124; Bacon, The New Organon, trans. Michael Silver-

thorne, ed. Lisa Jardine (Cambridge: Cambridge University Press, 2000), p. 16 (Distributio operis);

see also p. 83 (bk. I, aphorism 104) and p. 98 (bk. I, aphorism 127).

Francis Bacon, New Organon, p. 35 (bk. 1, aphorism 13). See further L. Jardine, Francis Bacon, esp.

pp- 84-s, and L. Jardine, “Introduction” to Bacon, New Organon, vii—xxviii.

74 René Descartes, “Discourse on the Method,” trans. John Cottingham, Robert Stoothoff, and Dugald

Murdoch, in The Philosophical Writings of Descartes, 3 vols. (Cambridge: Cambridge University Press,

1985—91), I: 11151, at p. 119, translating Descartes, Discours de la méthode, p. 17: “pour la Logique, ses

syllogismes & la pluspart de ses autres instructions seruent plutost a expliquer a autruy les choses

qu’on scait.” See further Carr, Descartes and the Resilience of Rhetoric, pp. 41—2.

Robert Boyle, The Sceptical Chymist [1661], in Boyle, Works, 2: 205378, at p. 219. See further Jan V.

Golinski, “Robert Boyle: Scepticism and Authority in Seventeenth-Century Chemical Discourse,”

in Benjamin et al., eds., The Figural and the Literal, pp. 58-82, at p. 67.

Robert Hooke, “A General Scheme, or Idea of the Present State of Natural Philosophy,” in Hooke,

Posthumous Works, ed. Richard Waller (London: Samuel Smith and Benjamin Walford, 1705; fac-

simile repr. London: Frank Cass, 1971), pp. 1-70, at p. 6.

Charles Webster, ed., Samuel Hartlib and the Advancement of Learning (Cambridge: Cambridge

University Press, 1970), p. 77; John Webster, Academiarum examen (London: Giles Calvert, 1654;

facsimile. repr. in Allen G. Debus, Science and Education in the Seventeenth Century: The Webster-

Ward Debate (London: Macdonald, 1970), pp. 32—40. Eusebius Renaudot, ed., A General Collection

of Discourses of the Virtuosi of France (London: Thomas Dring and John Starkey, 1664), sig. §4r—v.

Thomas Hobbes, 7homas White’s “De Mundo” Examined, trans. Harold Whitmore Jones (Bradford:

Bradford University Press, 1976), p. 26, chap. 1, sec. 4.

79 Gassendi, Institutio logica; Thomas Hobbes, De corpore, in The English Works of Thomas Hobbes, ed.
Sir William Molesworth, 11 vols. (London: Bohn, 1839), vol. 1.

80 [Seth Ward], Vindiciae academiarum (Oxford: Thomas Robinson, 1654; facsimile repr. in Debus,
Science and Education), p. 25.
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discredited ones of Aristotelian logic.® Some of the most famous treatises in
the philosophy of early modern science exemplify this search: works such as
Bacon’s Novum organum (1620) — which advertised its ambition to replace
Aristotle’s Organon in its very title — and Descartes’ Discours de la méthode
pour bien conduire sa raison et chercher la vérité dans les sciences (Discourse
on the Method for Conducting One’s Reason Well and for Seeking Truth
in the Sciences), which likewise emphasized its place in the tradition of
writings on “method.” Leibniz made numerous efforts to produce an “art of
invention,”®* and Hooke attempted to synthesize a “General Scheme, or Idea
of the Present State of Natural Philosophy” that would allow for certainty of
demonstration.®

The significance of comparable attacks on rhetoric is harder to assess.
Indeed, characterizing the changing place of rhetoric in early modern natu-
ral philosophy is an extremely vexing matter, about which it is hard to make
firm generalizations. Although rhetoric had always been taken to have a legit-
imate place in certain aspects of natural philosophy — notably in parerga such
as dedications and prefaces — its legitimacy in arguments about nature per se
was generally held to be doubtful . In particular, the techniques of rhetorical
elocutio were interdicted, most famously by the Royal Society’s ecclesiastical
hired pen Thomas Sprat (1635-1713) in his History of the Royal-Society of
London (1667): “Who can behold, without indignation, how many mists
and uncertainties, these specious Tropes and Figures have brought upon our
Knowledge?”® This attack on figures of speech was licensed by the pervasive
early modern dichotomy between “words” and “things” (res ez verba): The
rhetorical devices of metaphor, simile, and amplification belonged squarely

81 For a case study of this phenomenon, see Stephen Clucas, “In Search of ‘the true logick’: Method-
ological Eclecticism among the ‘Baconian Reformers’,” in Samuel Hartlib and Universal Reformation:
Studies in Intellectual Communication, ed. Mark Greengrass, Michael Leslie, and Timothy Raylor
(Cambridge: Cambridge University Press, 1994), pp. 51-74.

82 See, for example, Leibniz, “Disourse touchant la méthode de la certitude et I'art d’inventer”; and
Louis Couturat, La Logique de Leibniz (Paris: Félix Alcan, 190r1).

8 Hooke, “A General Scheme.” On Hooke’s philosophy of science, see D. R. Oldroyd, “Robert
Hooke’s Methodology of Science as Exemplified in his ‘Discourse of Earthquakes’,” British Journal
for the History of Science, 6 (1972), 109-30; Oldroyd, “Some ‘Philosophical Scribbles” Attributed to
Robert Hooke,” Notes and Records of the Royal Society, 35 (1980), 17—32; Olroyd, “Some Writings of
Robert Hooke on Procedures for the Prosecution of Scientific Inquiry, Including his ‘Lectures of
Things Requisite to a Natural History’,” Notes and Records of the Royal Society of London, 41 (1987),
146—67; and Lotte Mulligan, “Robert Hooke and Certain Knowledge,” The Seventeenth Century, 7
(1992), 151-69.

84 See J. D. Moss, Novelties in the Heavens, p. 3; also Hobbes, White’s “De mundo” Examined, p. 26,
chap. 1, sec. 4: “Philosophy should therefore be treated logically, for the aim of its students is not to
impress, but to know with certainty. So philosophy is not concerned with rhetoric.”

85 Thomas Sprat, The History of the Royal-Society of London (London: J. Martyn and J. Allestry, 1667;
facsimile repr. London: Routledge and Kegan Paul, 1958), p. 112. On the significance of Sprat’s
comments on the Royal Society’s putative “manner of discourse,” see Vickers, “The Royal Society
and English Prose Style”; Werner Hiillen, “Style and Utopia: Sprat’s Demand for a Plain Style,
Reconsidered,” in Papers in the History of Linguistics, ed. Hans Aarsleff, Louis G. Kelly, and Hans-
Josef Niederehe (Amsterdam: John Benjamins, 1987), pp. 247—62; and Hiillen, “Their Manner of
Discourse”: Nachdenken uber Sprache im Umbkreis der Royal Society (Tiibingen: Narr, 1989).
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to the realm of verba. For this reason, the claim that you studied things
whereas your opponent was merely studious of words was one of the more
hackneyed charges in early modern controversy. This did not, however, lessen
the force of the charge.®® Experimental natural philosophers, in particular,
liked to accord a probative force to things that words (on their account)
could never possess: According to the Secretary of the Paris Académie
Royale des Sciences, Bernard le Bovier de Fontenelle (1657-1757), “Physics
holds the secret of shortening countless arguments that rhetoric makes
infinite.”%

If anything, the shift from the schools to the investigations of private indi-
viduals and academicians as sites of innovation in natural knowledge during
the course of the sixteenth and seventeenth centuries may have led to a rise,
rather than a decline, in the significance of rhetoric. The situation is compa-
rable with the discovery by the earlier humanists of the polemical power of
elegant and persuasive language in their attacks on the schools.® Almost all
of the new vernacular natural philosophers were familiar with the textbooks
and other productions of school philosophy, but they increasingly rejected
both their language — Latin — and their more formulaic habits of expression.
Perhaps the most significant changes in early modern techniques of proof
and persuasion were brought about by two other concurrent developments
in the study of nature. The first was the incorporation of considerations of
continuous and discontinuous quantities — the mathematics of geometry and
arithmetic — into the study of the natural world. The second was a reconfigu-
ration of the way in which experience contributed to the knowledge of nature;
that is to say, the incorporation of experiment into natural philosophy.*

MATHEMATICAL TRADITIONS

As the earlier quotation from Aristotle’s Nicomachean Ethics suggested, math-
ematics — and, in particular, geometry — had a privileged place with respect
to the certainty of its proofs. The nature of that certainty was a matter of
debate. In his Commentarium de certitudine mathematicarum (Treatise on the
Certainty of Mathematics, 1547), the Italian philosopher Alessandro Piccolo-
mini (1508-1579) argued that mathematics did not owe its certainty to the

86 See Wilber Samuel Howell, “Res et verba: Words and Things,” ELH: A Journal of English Literary
History, 13 (1946), 131—42; lan Maclean and Eckhard Kessler, eds., Res et Verba in der Renaissance
(Wiesbaden: Harrassowitz, 2002); and Roger Hahn, The Anatomy of a Scientific Institution: The
Paris Academy of Sciences, 1666-1803 (Berkeley: University of California Press, 1971), p. 7.

Bernard le Bouvier de Fontenelle, Digression sur les Anciens et les Modernes [1688], ed. Robert Shack-
leton (Oxford: Clarendon Press, 1955), p. 164.

See, for example, Rummel, Humanist—Scholastic Debate, esp. p. 41.

The significance of these two traditions in early modern natural philosophy was influentially devel-
oped by Thomas Kuhn, “Mathematical versus Experimental Traditions in the Development of
Physical Science,” Journal of Interdisciplinary History, 7 (1976), 1-31.
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fact that its demonstrations conformed to Aristotelian criteria for scientia.”®
Several authors, most notably the Jesuit Benito Pereira (1535-1610), devel-
oped this position. They argued that mathematical demonstrations were
not demonstrationes potissimae on the grounds that they did not provide an
explanation in terms of the four causes of Aristotelian logic.”” The chal-
lenge to the demonstrative status of mathematics did not go unmet. Two
other Jesuit mathematicians, Christoph Clavius (1538-1612) and Christoph
Scheiner (1573-1650), reasserted the scientific status of mathematics on the
basis of its demonstration of conclusions “by axioms, definitions, postu-
lates, and suppositions.”* (In his Algebra of 1608, Clavius even attempted to
describe mathematics in syllogistic terms.) These arguments were taken up
by Mersenne.”? The Italian mathematicians Francesco Barozzi (1537-1604)
and Giuseppe Biancani (1566-1624), and the English mathematicians Isaac
Barrow (1630-1677) and John Wallis (1616-1703), also defended the claim
of mathematics to be a causal science. By the time of Barrow’s celebrated
Lectiones mathematicae (Mathematical Lectures, delivered in 1665), the most
pressing challenge to the certainty of mathematics was no longer seen to come
from writers such as Pereira but rather from the French natural philosopher
Pierre Gassendi (1592—-1655). In the second part of his Exercitationes paradoxi-
cae adversos Aristoteleos (Paradoxical Exercises Against the Aristotelians, pub-
lished posthumously in 1658), Gassendi had argued that no science, includ-
ing mathematics, could be said to provide causal knowledge in Aristotle’s
terms.*

For natural philosophers, however, doubts about the status of mathematics
were less important than questions about whether and how to incorporate
quantity into the hitherto qualitative study of nature. In the seventeenth cen-
tury, the increasingly widely held assumption that nature was mathematical

99 N. Jardine, “Epistemology of the Sciences,” p. 697.

9 See Benito Pereira, De communibus omnium rerum naturalium principiis et affectionibus libri quin-

decem (Rome, 1576), p. 24; Paolo Mancosu, Philosophy of Mathematics and Mathematical Practice in

the Seventeenth Century (Oxford: Oxford University Press, 1996), esp. p. 13; and Alistair Crombie,

“Mathematics and Platonism in the Sixteenth-Century Italian Universities and in Jesuit Educa-

tional Policy,” in Prismata, Naturwissenschafisgeschichtliche Studien, ed. Y. Maeyama and W. G.

Saltzer (Wiesbaden: Franz Steiner Verlag, 1977), pp. 63-94, at p. 67.

Dear, Discipline and Experience, p. 41, quoting Christoph Scheiner, Disquisitiones mathematicae

(1614).

Peter Dear, Mersenne and the Learning of the Schools (Ithaca, N.Y.: Cornell University Press, 1988),

p- 72.

94 Paolo Mancosu, “Aristotelian Logic and Euclidean Mathematics: Seventeenth-Century Develop-
ments of the Quaestio de certitudine mathematicarum,” Studies in History and Philosophy of Science, 23
(1992), 241-65. On Gassendi’s attack on Aristotelianism, see Barry Brundell, Pierre Gassendi: From
Aristotelianism to a New Natural Philosophy (Synthese Historical Library: Texts and Studies in the
History of Logic and Philosophy, 30) (Dordrecht: Reidel, 1987.) See also Wolfgang Detel, Scientia
rerum natura occultarum: Methodologische Studien zur Physik Pierre Gassendis (Quellen und Studien
zur Philosophie, 14) (Berlin: Walter de Gruyter, 1978); Lynn Sumida Joy, Gassendi the Atomist: Advo-
cate of History in an Age of Science (Cambridge: Cambridge University Press, 1988); and Margaret J.
Osler, Divine Will and the Mechanical Philosophy: Gassendi and Descartes on Contingency and Necessity
in the Created World (Cambridge: Cambridge University Press, 1994).
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in structure led natural philosophers from Galileo to Newton to the further
assumption that the surest form of natural proof was mathematical demon-
stration. The mathematical tradition that Galileo helped legitimate for natu-
ral philosophy had been, for much of the sixteenth century, a craft tradition,
whose practitioners employed their mechanical knowledge in architecture,
fortification, navigation, and machinery (see the following chapters in this
volume: Bertoloni Meli, Chapter 26; Bennett, Chapter 27). The incorpo-
ration of “mixed mathematics” into natural philosophy brought with it the
assumption that the universe was causally deterministic. Appropriately rig-
orous demonstration could reveal this determinism.”

In large part because of their successful incorporation of mathematics,
the more mechanical forms of natural philosophy survived the seventeenth
century with their claims to certainty intact. The nature of that certainty,
however, was no longer expressed in Aristotelian terms. Indeed, the prestige of
geometry as the only truly demonstrative science flourished throughout the
period, from Pietro Catena’s Oratio pro idea methodi (Oration on the Idea of
Method, 1563) and Petrus Ramus’s Proemium mathematicum (Mathematical
Introduction, 1567) to the efforts of seventeenth-century philosophers to
extend its methods into realms beyond that of geometry properly speaking.
Hobbes called geometry “the onely Science it hath pleased God hitherto
to bestow upon mankind.”¢ In his “De I'Esprit géometrique et de I'art de
persuader” (“The Geometric Spirit and the Art of Persuasion”), Blaise Pascal
(1623-1662) said of geometry that it was “almost the only human science that
produces demonstrations infallibly” because it defines all of its terms and
proves all of its propositions.”” Geometry, and more specifically its axiomatic
method, was widely taken up as a model in the human sciences as well.
The natural-law theories of the early Grotius, in his De fure praedae (On
the Law of Plunder, 1604~5), and of Hobbes were also strongly inflected
by the search for quasi-geometrical proofs.”® Most famously of all, perhaps,

95 Lorraine Daston, “The Doctrine of Chances without Chance: Determinism, Mathematical Probabil-
ity, and Quantification in the Seventeenth Century,” in The Invention of Physical Science: Intersections
of Mathematics, Theology and Natural Philosophy Since the Seventeenth Century: Essays in Honor of
Erwin N. Hiebert, ed. Mary Jo Nye, Joan L. Richards, and Roger H. Stuewer (Boston Studies in the
Philosophy of Science, 139) (Dordrecht: Kluwer, 1992), pp. 27—50, esp. pp. 34 and 47.

Thomas Hobbes, Leviathan [1651], ed. Richard Tuck, rev. ed. (Cambridge: Cambridge University
Press, 1996), chap. 4, p. 28.

Blaise Pascal, “De I'esprit géometrique et de 'art de persuader,” in Oexwvres complétes, ed. L. Lafuma
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(Paris: Editions du Seuil, 1963), Pp- 348—56, at p. 349: “presque la seule des sciences humaines qui en
produise d’infaillibles, parce qu’elle seule observe la véritable méthode, au lieu que toutes les autres
sont par une nécessité naturelle dans quelque sorte de confusion que les seuls géometres savent
extrémement reconnaitre.”

Wolfgang R6d, Geometrischer Geist und Naturrecht: Methodengeschichtliche Untersuchungen zur
Staatsophilosophie im 17. und 18. Jahrhundert (Munich: Verlag der Bayerischen Akademie der
Wissenschaften, 1970); Ben Vermeulen, “Simon Stevin and the Geometrical method in De jure
praedae,” Grotiana, n.s. 4 (1983), 63—6; and Tuck, “The ‘Modern’ Theory of Natural Law.”
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Benedict (Baruch) de Spinoza’s (1632-1677) Ethics (completed in 1675) was
also “demonstrated in the geometrical manner.”

EXPERIMENT

The second principal development within natural philosophy that had a
decisive impact on techniques of proof and persuasion was the experiment
(see Dear, Chapter 4, this volume). In the course of the seventeenth century,
natural philosophers increasingly appealed to the results of specific experi-
ments rather than, as previously, to a philosophical consensus about what
happens “all or most of the time.” This new notion of experiment had several
consequences. First, syllogistic forms of argument fell out of favor. Second,
experimental reports tended to take on a “historical” or narrative form, with
the consequence that their readers became what have been called “virtual wit-
nesses.”'*° Furthermore, for reasons that I will explain, experimental reports
also appealed to actual witnesses to a much greater extent than before, empha-
sizing their skill, social standing, or philosophical reputation.

The new and paradoxical discipline of “experimental natural philosophy”
came to prominence in the second half of the seventeenth century. Bur it
by no means commanded universal assent, and controversies over its find-
ings provide a valuable insight into its claims for proof and its capacity
for persuasion. One of the most celebrated quarrels over the function of
experiment in natural philosophy occurred in the 1660s between Boyle and
Hobbes. Hobbes challenged the experimentalists’ claims to proof on several
grounds. He pointed out that their meetings, and hence the matters of fact
they endeavored to demonstrate, were not open to public witness. He further
denied that the phenomena the experimentalists described counted as philo-
sophical in any case because they neither demonstrated effects from causes
nor inferred causes from effects. For Hobbes, observations or experiments
did not prove phenomena; they illustrated conclusions already arrived at by
properly philosophical procedures.” Spinoza, too, questioned Boyle’s con-
clusions. He thought that because Boyle did “not put forward his proofs as
mathematical” when he tried in his Certain Physiological Essays (1661) to show
that all tactile qualities depend on mechanical states, “there will be no need
to inquire whether they are altogether convincing.”°*

99 Benedict (Baruch) de Spinoza’s Ethica ordine geometrico demonstrata was first published in his Opera
posthuma ([Amsterdam?], 1677).

19 Shapin and Schaffer, Leviathan and the Air-Pump, pp. 60—s. See also Golinski, “Robert Boyle,” esp.
p. 68.

1o Shapin and Schaffer, Leviathan and the Air-Pump, pp. 111-s4.

19 Spinoza to Oldenburg, April 1662, in A. Rupert Hall and Marie Boas Hall, eds., 7he Correspondence
of Henry Oldenburg, 13 vols. (Madison/London: University of Wisconsin Press/Mansell/Taylor and
Francis, 1965-86), 1: 452—3 (text), 462 (translation). See further Shapin and Schaffer, Leviathan and
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Thus, changing conceptions of natural philosophy in the seventeenth cen-
tury, and experimentalism in particular, brought with them new forms of
proof. Perhaps the most important of these new forms was the fact. The con-
cept of “fact” (fait, Tatsache) is the most important conceptual link between
the natural and human sciences of the early modern period.' Facts origi-
nated in legal discourse; in particular, in the distinction between questions
of fact and questions of law (the de facto and the de jure). The etymological
root of fact is in “deed” (Latin factum), and in early usages the term retains
suggestions of “event” or “action” even in spheres outside the law. The rise to
prominence of the fact in natural science seems to have occurred concurrently
with the increasing methodological importance ascribed to natural history.
“Matter of fact” was originally the concern of history and law, disciplines that
had as their object of inquiry volitional human actions.”* Gradually, how-
ever, a term that had previously connoted human action exclusively began
to be applied to natural events and objects of natural inquiry.

The Baconian emphasis on natural history as the necessary basis for any
subsequent theoretical elaboration was undoubtedly important in this pro-
cess. Bacon’s writings had their greatest impact in England but were also
influential in the Low Countries and, by the early eighteenth century, in
Enlightenment France.'® In this respect, it is perhaps no accident that Bacon
trained and practiced professionally as a lawyer for most of his adult life.’*®
Nonetheless, in his most sustained theoretical account of how to investigate
the world, the Latin treatise Novum Organum, Bacon wrote more frequently
in characteristic sixteenth-century terms of res ipsae (“things themselves”)
rather than of “matter of fact.”” In this respect, the rise of the fact should

the Air-Pump, p. 253; and Golinski, “Robert Boyle,” p. 75. Spinoza made a similar comment on
Boyle’s claim that “it would scarce be believd, how much the smallnesse of parts [of bodies] may
facilitate their being easily put into motion, and kept in it, if we were not able to confirme it by
Chymical Experiments.” See Robert Boyle, Certain Physiological Essays [1661, 1669], in Boyle, Works,
2:3—203, at p. 122. “One will never be able to prove this by chemical or other experiments,” he wrote
to Oldenburg, “but only by reason and calculation” (nunquam chymicis neque aliis experimentis,
nisi mera ratione et calculo aliquis id comprobare poterit). Spinoza to Oldenburg, April 1662, in
Oldenburg, Correspondence, 1: 454 (text), 463 (translation).
For the case of England, see Barbara J. Shapiro, A Culture of Fact: England, 15501720 (Ithaca, N.Y.:
Cornell University Press, 2000).
Lorraine Daston, “Strange Facts, Plain Facts, and the Texture of Scientific Experience in the Enlight-
enment,” in Proof and Persuasion: Essays on Authority, Objectivity, and Evidence, ed. Suzanne Marc-
hand and Elizabeth Lunbeck (Turnhout: Brepols, 1996), pp. 42—59.
On the reception of Bacon’s works, see Antonio Pérez-Ramos, Francis Bacon’s Idea of Science
and the Makers Knowledge Tradition (Oxford: Clarendon Press, 1988), pp. 7—31; Pérez-Ramos,
“Bacon’s Legacy,” in The Cambridge Companion to Bacon, ed. Markku Peltonen (Cambridge:
Cambridge University Press, 1996), pp. 311-34; Alberto Elena, “Baconianism in the Seventeenth-
Century Netherlands: A Preliminary Survey,” Nuncius, 6 (1991), 33—47; Michel Malherbe, “Bacon,
I’ Encyclopédie et la Révolution,” Les études philosophiques, 3 (1985), 387—404; and H. Dieckmann,
“The Influence of Francis Bacon on Diderot’s Interprétation de la nature,” Romanic Review, 24
(1943), 303-30.
196 See Julian Martin, Francis Bacon, the State and the Reform of Natural Philosophy (Cambridge:
Cambridge University Press, 1992).
1°7 Daston, “Strange Facts,” pp. 42-3 and n. 3.
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perhaps also be associated with the rapidly increasing tendency in the sev-
enteenth century to write about natural philosophy in the vernacular and
thereby escape the expectations about philosophical terminology and argu-
ment generated by the Latin of the schools."®

One of the most significant aspects of this new discourse of “fact” was
that it conflicted with the characteristic scholastic assumptions about proof
and persuasion already discussed. Experimental reports of matters of fact
were about temporally and spatially specific particulars, and hence were not
universal. “Matters of fact” therefore fell outside the scope of logical demon-
stration because they lacked the criterion of universality required for this in
the Aristotelian tradition. For the most significant late sixteenth-century the-
orist of methodus, Jacopo Zabarella, history and the matter of fact it contained
were incompatible with philosophical scientia: “History is the bare narration
of past deeds, which lacks all artifice — except possibly that of eloquence.”*
From this perspective then, or from the perspective of some of the more
rigorous philosophies that succeeded it, “facts” had a low standing because
they could not easily be incorporated into universal causal demonstrations."
Nonetheless, many of the new experimental natural philosophers of the sev-
enteenth century found this vernacular escape from the Latin methodological
assumptions of the schools an advantage, and their successors quickly came
to take the new language for granted. For an experimentalist writer such as
Boyle, keen to disparage the claims of peripatetic natural philosophy, natural
“facts” provided an invaluable argumentative ally. They helped supply him
with a new “literary technology” of virtual witnessing: Matters of fact allowed
Boyle to validate experiments and induce belief in his reports of them.™

The disjunction between the newer “historical” traditions of natural phi-
losophy and the legacy of Aristotelian conceptions of the discipline helps
explain the differences between the circumstantial, historical, and individual
experiments reported in 1650s and 1660s England and those of other experi-
menters — such as Pascal — who reported their experiences in more universal

08 On this point, see also Geoffrey Cantor, “The Rhetoric of Experiment,” in The Uses of Experiment:
Studies in the Natural Sciences, ed. David Gooding, Trevor Pinch, and Simon Schaffer (Cambridge:
Cambridge University Press, 1989), pp. 159—80, at p. 170.

Jacopo Zabarella, “De natura logica,” in Opera logica (Basel: Conrad Waldkirchius, 1594), col. 100
(bk. 2, chap. 24): “AtHistoria [ . . .] est nuda gestorum narratio, quae omni artificio caret, praeterque
fortasse elocutionis.” See further Anthony Grafton, Commerce with the Classics: Ancient Books and
Renaissance Readers (Jerome Lectures, 20) (Ann Arbor: University of Michigan Press, 1997), p. 13 and
n. 16. For Zabarella’s account of “art,” see Heikki Mikkeli, An Aristotelian Response to Renaissance
Humanism: Jacopo Zabarella on the Nature of Arts and Sciences (Societas Historica Finlandiae Studia
Historica, 41) (Helsinki: SHS, 1992), esp. pp. 29 and 107-10.

Daston, “Strange Facts,” p. 45, citing Jean Domat, Les Loix civiles dans leur ordre naturel, 2nd ed.,
3 vols. (Paris: Jean Baptiste Coignard, 1691-97), 2: 346—7. See also Lorraine Daston, “Baconian
Facts, Academic Civility, and the Prehistory of Objectivity,” Annals of Scholarship, 8 (1991), 337-63,
at p. 345.

Steven Shapin, “Pump and Circumstance: Robert Boyle’s Literary Technology,” Social Studies of
Science, 14 (1984), 481—520; Shapin and Schaffer, Leviathan and the Air-Pump, p. 6o.
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terms."” These differences should also alert us to the different conceptions
of fact that obtained in different languages: English “facts” of the 1660s and
1670s seem to have been philosophically firmer than French faits of the same
period.™ The discourse of fact provided a new way of talking about the
marvels, heteroclites, and pretergenerations of nature that absorbed so many
contributors to the Philosophical Transactions or the Journal des Savants in the
late seventeenth century. Early modern facts were not transparent expressions
of the phenomena but constituted particular forms of experience, articulated
in words. A fait in the Mémoires of the Académie Royale des Sciences was
more than simply a phénomeéne or observation. Nonetheless, the reason late
seventeenth-century natural philosophers prized facts was that they took
them to offer a way of presenting experience without being committed to a
preexisting explanatory framework. Modern scholars have found this kind
of claim philosophically suspect, and it also had its contemporary critics."*

The incorporation of “matters of fact” into natural philosophy indicates
a fundamental change in standards of proof in the discipline.” In scholastic
terms, facts could not provide “metaphysical” or “mathematical certainty”
(scientia) because they were particular, not universal. Nor did they even
pertain, strictly speaking, to the realm of opinion (opinio), with its cor-
responding degree of “physical certainty.” Instead, because facts depended
upon testimony, they belonged to the realm of fides and hence possessed only
“moral certainty.”® This hierarchy of certainty explains why Descartes was at
pains at the end of his Principia philosophiae (Principles of Philosophy, 1644)
to assert that his explanations possessed more than moral certainty and to
remind his readers that “there are some matters, even in relation to the things
in nature, which we regard as absolutely, and more than just morally, cer-
tain.”"7 These scholastic distinctions between different degrees of certainty
were by their very nature predicated on the existence of different probative
standards in different disciplines. For this very reason, however, they help
illustrate one of the most significant developments in seventeenth-century

112 Peter Dear, “Jesuit Mathematical Science and the Reconstitution of Experience in the Early Seven-

teenth Century,” Studies in History and Philosophy of Science, 18 (1987), 133—75.

Shapin and Schafter, Leviathan and the Air-Pump, esp. pp. 22—6 and 315-16; and Daston, “Strange

Facts,” esp. p. 46.

"4 Daston, “Baconian Facts,” pp. 342, 346, 347, and 355; Lorraine Daston and Katharine Park, Wonders
and the Order of Nature, 1150-1750 (New York: Zone Books, 1998), pp. 231—40; Daston, “Strange
Facts,” p. 47; and Descartes, Discours de la méthode, p. 73.

5 Daston, “Baconian Facts,” p. 346.

6 On the notion of “moral certainty,” see Dear, “From Truth to Disinterestedness”; and Barbara
J. Shapiro, Probability and Certainty in Seventeenth-Century England: A Study of the Relationships
between Natural Science, Religion, History, Law, and Literature (Princeton, N.].: Princeton University
Press, 1983), pp. 31-3.

7 René Descartes, Principia philosophiae, in Oeuvres, 8: 328 (4.206): “Practerea quaedam sunt, etiam
in rebus naturalibus, quae absolute ac plusquam moraliter certa existimamus.” Translation from
René Descartes, Principles of Philosophy [1644], trans. John Cottingham, Robert Stoothoff, and
Dugald Murdoch, in Philosophical Writings of Descartes, 1: 177—291, at p. 290.
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natural philosophy: the incorporation of forms of proofs derived from the
human sciences into the study of nature.

The increased philosophical status of the “fact” brought about a further
decisive change in conceptions of proof and persuasion in natural philosophy:
the philosophical rehabilitation of human testimony. Precisely because of
their uniqueness, their specificity, and their historical situation, matters of fact
depended upon the reports of human testimony. This presented a profound
challenge to traditional accounts of probation. Argument from testimony
had hitherto been regarded as a weak weapon in the argumentative arma-
mentarium of the sciences. Testimony was strongly identified with argument
from authority. In the realm of demonstrative science, however, argument
from authority had no place whatsoever because what was being sought was
not authoritative opinion, still less “matters of fact,” but rather causal knowl-
edge of the thing itself. Even in the probable reasoning of dialectic, argument
from authority was regarded as the last and indeed the least of the “topics,”
most appropriate for confirming conclusions that had already been arrived
at. Argument from authority was considered to be principally useful for per-
suasion, not proof; furthermore, it was regarded as having a greater role in
the moral and political than in the natural sciences.”™

The new emphasis on “matter of fact” changed all this, however. The need
to draw upon human testimony in natural history and experiment forced
an ongoing reappraisal of its status. Testimony was a vital form of proof in
law courts, and natural philosophers began increasingly to draw upon legal
theory and practice with respect to its use."™ (This was also the period that
saw the appearance of the expert witness in the courtroom.) The “new
philosophy” of the seventeenth century often characterized itself as having
finally banished the principle of authority in natural inquiry. It portrayed the
more traditional natural philosophy of the sixteenth century, by extension,
in terms of the slavish adherence to authority that novatores such as Bacon
and Descartes so effectively repudiated. Both theoretically and practically,
however, this picture is mistaken, for at least in more natural-historically
oriented natural philosophy, the development in the seventeenth century

8 R. W. Serjeantson, “Testimony and Proof in Early-Modern England,” Studies in History and Phi-
losophy of Science, 30 (1999), 195-236.

"9 Barbara J. Shapiro, “The Concept ‘Fact’: Legal Origins and Cultural Diffusion,” Albion, 26 (1994),
227-52.

Catherine Crawford, “Legalizing Medicine: Early Modern Legal Systems and the Growth of
Medico-Legal Knowledge,” in Legal Medicine in History, ed. Catherine Crawford and Michael
Clark (Cambridge: Cambridge University Press, 1994), pp. 89-116; Carol A. G. Jones, Expert
Witnesses: Science, Medicine, and the Practice of Law (Oxford: Clarendon Press, 1994), esp. pp. 17—
34; Nancy Struever, “Lionardo Di Capoa’s Parere (1681): A Legal Opinion on the Use of Aristotle
in Medicine,” in Philosophy in the Sixteenth and Seventeenth Centuries: Conversations with Aristotle,
ed. Sachiko Kusukawa and Constance Blackwell (Aldershot: Ashgate, 1999), pp. 322-36; Stephen
Landsman, “One Hundred Years of Rectitude: Medical Witnesses at the Old Bailey, 1717-1817,”
Law and History Review, 16 (1986), 445—95; and Robert Kargon, “Expert Testimony in Historical
Perspective,” Law and Human Behaviour, 10 (1986), 15—20.
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was very largely in the opposite direction. Trust in human testimony became
more, not less, significant over the course of the sixteenth and seventeenth
centuries."

PROBABILITY AND CERTAINTY

From the middle of the seventeenth century onward, mathematics and “mat-
ters of fact” joined forces to provide a genuinely novel addition to the early
modern repertoire of proof and persuasion: mathematical probability. The
new probabilists began to theorize about how a posteriori knowledge of the
natural and moral world might be able to generate an a priori expectation
of future events.” Predicting future events had already preoccupied a range
of sixteenth-century students of nature. Astrologers drew upon genitures
and theories of astral influence to predict the longevity and political or social
accomplishments of individuals. Medical astrologers applied these techniques
to questions of health and disease, and learned physicians used Hippocratic
notions of the course of a disease and syndromes of symptoms to establish
medical prognoses.” The origin of theories of mathematical probability,
however, is more usually taken to lie in questions about expected returns
in games of chance. The Italian physician and polymath Girolamo Cardano
(1501-1576) offered some suggestions in his Liber de ludo aleae (A Book on the
Game of Dice), written circa 1520 but not published until 1663. He calculated
odds successfully but looked unsuccessfully for a calculation that would hold
for any single throw rather than an average run of throws; capricious fortuna
dominates his account.””* Similar questions about the equitable return in
an interrupted game of chance were the spur for the earliest calculations of
mathematical probability by Pascal, by Pierre de Fermat (1601-1665), and
by the Dutch natural philosopher Christiaan Huygens (1629-1695)."> As we
have already seen, a concern with degrees of certainty was a common preoc-
cupation of writers on logic, the soul, and — increasingly in the seventeenth
century — the theory of historical knowledge.” It was in the latter realm that

121

See Steven Shapin, A Social History of Truth: Civility and Science in Seventeenth-Century England

(Chicago: University of Chicago Press, 1994).

»> Antoine Arnauld and Pierre Nicole, La logique ou l'art de penser [1662-83], ed. Pierre Clair and
Frangois Girbal, 2nd ed. (Paris: J. Vrin, 1981), pp. 351—4 (pt. IV, chap. 16). See also Ian Hacking,
The Emergence of Probability: A Philosophical Study of Early Ideas about Probability, Induction, and
Statistical Inference (Cambridge: Cambridge University Press, 1975), pp. 73-101; and Daniel Garber
and Sandy Zabell, “On the Emergence of Probability,” Archive for the History of Exact Science, 21
(1979), 33-53.

23 Maclean, “Evidence, Logic, the Rule and the Exception,” pp. 250—s1.

>4 Daston, “The Doctrine of Chances without Chance,” pp. 38—40. See also Hacking, Emergence of
Probability, pp. 54—6.

5 Pascal, Oevres complétes, pp. 46—9; and Christiaan Huygens, De ratione in ludo aleae (1657). See
further Hacking, Emergence of Probability, pp. s7—62; and Daston, “Probability and Evidence,”
pp- 1124-5.

26 Carlo Borghero, La certezza e la storia: Cartesianismo, pirronismo e conoscenza storica (Milan: F
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the new idea that one might be able to quantify certainty (rather than just
qualify it) was most eagerly applied. In their Logique de Port-Royal (1662),
Antoine Arnauld (1612-1694) and Pierre Nicole (1625-1695) applied nascent
statistical techniques to a highly contentious question in ecclesiastical his-
tory — whether the Emperor Constantine had been baptized at Rome — and
also to the (hypothetical) case of a falsely dated contract.””” The new mathe-
matical probability gave a great impetus to the growing seventeenth-century
tendency to admit the less than certain into philosophy. Nonetheless, late
seventeenth-century mathematical and philosophical probabilism, as it cul-
minated in the writings of the mathematician Jakob Bernoulli (1655-1705),
was deterministic.”® It did not measure chance; it measured human uncer-
tainty. The Aristotelian distinction between “things better known to us” and
“things better known to nature” was transformed into an account that saw
the probability calculus as a way of approaching the “objective certainty”
possessed by events in the natural world."

Thus, the impact of mathematical probability on the understanding of the
natural world in the seventeenth century was slender in comparison with its
influence in the nineteenth century.”® Its broader intellectual impact, how-
ever, was more significant. The new probability theory was rapidly applied to
a whole range of areas.” A treatise such as the English mathematician John
Craig’s (1662—-1731) Theologiae Christianae principia mathematica (Mathemat-
ical Principles of Christian Theology, 1699) testifies to the widespread desire
to apply the forms of proof of the new natural philosophy as a means of per-
suasion in fields far removed from it — in Craig’s case, to make an argument
about the necessary terminus ante quem of the second coming.’”> Mathemat-
ical probability, it was hoped, might allow for the quantification of witness
testimony, as well as of mortality rates.”

The seventeenth century thus saw a radical revaluation of probable knowl-
edge.* Itwould be misguided, however, to suggest that the quest for certainty

deutschen historischen Methodologie unter dem Gesichtspunkt der historischen Skepsis (Europiische

Hochschulschriften, Reihe 3: Geschichte und ihre Hilfswissenschaften, 313) (Frankfurt am Main:

Peter Lang, 1987).

Antoine Arnauld and Pierre Nicole, La logique ou l'art de penser [1662], ed. Pierre Clair and Frangois

Girbal, 2nd ed. (Paris: ]. Vrin, 1981), pp. 340—41, 348—9.

Daston, “Probability and Evidence,” esp. pp. 1137-8.

Daston, “The Doctrine of Chances without Chance,” pp. 28—9.

Ian Hacking, The Taming of Chance (Cambridge: Cambridge University Press, 1990).

Lorraine Daston, Classical Probability in the Enlightenment (Princeton, N.].: Princeton University

Press, 1988).

Richard Nash, John Craiges Mathematical Principles of Christianity (Carbondale: Southern Illinois

University Press, 1991).

[George Hooper], “A Calculation of the Credibility of Human Testimony,” Philosophical Transac-

tions of the Royal Society of London, 21 (1699), 359—6s; Jakob Bernoulli, Ars conjectandi [1713], in

Werke, ed. B. L. van der Waerden, 3 vols. (Basel: Birkhduser, 1969—75), 3: 107259, esp. pp. 241—7.

See further Daston, Classical Probability in the Enlightenment, pp. 306—42; Daston, “The Doctrine

of Chances without Chance,” p. 37; and Daston, “Probability and Evidence,” pp. 1125-6.

34 Shapiro, Probability and Certainty in Seventeenth-Century England; Daston, “Probability and
Evidence”; Aant Elzinger, “Christiaan Huygens’ Theory of Research,” Janus, 67 (1980), 281-300.
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about the natural world was entirely abandoned. The desire for demonstra-
tive proof remained strong throughout the seventeenth century in all forms
of philosophy, including natural philosophy. The paradigm of demonstra-
tive certainty increasingly became mathematics and, in particular, Euclidean
geometrical analysis. The successes of “mixed mathematics” in natural philos-
ophy help explain why Leibniz, writing in 1685, thought that it was “our own
century which has gone in for demonstrations on a large scale.” Leibniz cited
authors as diverse as Galileo — who “broke the ice” — and the Altdorf mathe-
matician Abdias Trew (1597-1669), “who has reduced to demonstrative form
the eight books of Aristotle’s Physics.”"? By the end of the seventeenth century,
and in particular because of the rapidly acquired authority of Newton’s Prin-
cipia mathematica philosophiae naturalis (Mathematical Principles of Natural
Philosophy, 1687), it became a commonplace that the principles underpin-
ning natural philosophy were mathematical. This intellectual hegemony was
sometimes resented: The English essayist Samuel Parker noted in 1700 that
“the Domain of Number and Magnitude” was undoubtedly “very large” but
went on to ask pointedly, “Must they therefore devour all Relations and Prop-
erties whatsoever?”3¢ These natural-historically inspired doubts notwith-
standing, the probative virtues of numbers were increasingly proclaimed to
be superior to — in the words of the political arithmetician William Petty
(1623-1687) — the persuasions of “only comparative and superlative Words,
and intellectual Arguments.”” Words were of uncertain value and too easily
manipulated; everyone, however, knew what was meant by a number.*® By
1700, the powerful Renaissance fascination with the arts of verbal argument
was drawing to a close.

PROOF AND PERSUASION IN THE PRINTED BOOK

One object in particular integrates much scholarship on early modern
proof and persuasion: the printed book. Books were one of the principal
means by which natural philosophers communicated their findings to their

35 Gottfried Wilhelm Leibniz, “Projet et Essais pour arriver a quelque certitude pour finir une bonne
partie des disputes et pour advancer I'art de inventer,” in Opuscules et fragments inédits de Leibniz, ed.
Louis Couturat (Paris: Presses universitaires de France, 1903), pp. 175—82. See Leibniz “[Préceptes
pour advancer les sciences],” in Philosophische Schriften, 7: 15773, at p. 166: “Abdias Trew, habile
Mathematicien d’Altdorf, a reduit la physique d’Aristote en forme de demonstration.”

1536 Samuel Parker, Six Philosophical Essays upon Several Subjects (London: Thomas Newborough, 1700),
sig. Asr. See further Mordechai Feingold, “Mathematicians and Naturalists: Sir Isaac Newton and
the Royal Society,” in fsaac Newton's Natural Philosophy, ed. Jed Z. Buchwald and I. Bernard Cohen
(Cambridge, Mass.: MIT Press, 2000), pp. 77-102.

57 Sir William Petty, Political Arithmetick; O, a discourse concerning the extent and value of lands,

people, . . . &c. (London: Robert Clavel and Henry Mortlock, 1690), p. 9. On quantification as a

significant aspect of the moral economy of science, see Lorraine Daston, “The Moral Economy of

Science,” Osiris, 10 (1995), 2—24, at pp. 8-12.

Quentin Skinner, “Moral Ambiguity and the Art of Persuasion in the Renaissance,” in Proof and

Persuasion, pp. 25—41; and Daston, “Moral Economy,” p. 9.
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contemporaries and were the source most often drawn upon by historians
of the sciences in early modern Europe. The format and presentation of
early printed books — and of related media such as pamphlets and jour-
nals — played a significant role in persuading their readers of the verac-
ity of their contents (see the following chapters in this volume: Grafton,
Chapter 10; Johns, Chapter 15). These readers brought to them expectations
about what constituted plausibility that printers and publishers conformed to
and sometimes knowingly exploited.®® Genre, format, mise-en-page, illustra-
tions, paper, title-page information, and personalization of individual copies
all contributed to the persuasive power of the printed book.

The issue of genre — or, more broadly, of literary form — is particularly sig-
nificant for questions of proof and persuasion. Different modes of argument
were associated with, and encouraged, different forms of exposition. The six-
teenth and seventeenth centuries saw a proliferation in the generic forms in
which natural philosophy was presented. The dominant form at the begin-
ning of the period was the commentary. University teaching in the early years
of the sixteenth century tended to involve the study of authoritative texts —
such as Galen’s Ars medica or Aristotle’s libri naturales — and commentaries
upon them."*® Over the course of the century, the commentary tradition
declined, to be gradually replaced by the textbook (the cursus, systema, or
compendium). The explanation for this development is complex. It lies partly
in the growing dissatisfaction with Aristotelian philosophy. The development
of subjects — such as astronomy, optics, or botany — beyond the traditional
ones of the libri naturales was also an important stimulus to the production
of new syntheses. But insofar as the rise of the textbook was also brought
about by a dissatisfaction with the expository mode of authoritative texts,
and indeed also with a dissatisfaction with the principle of authority itself, it
is also related to changing conceptions of proof and persuasion.'# Whereas a
commentary followed the preoccupations and arguments of its source text, a
textbook could cover an entire discipline, or one area of a discipline, in a sys-
tematic manner. Alternatively, arguments in natural philosophical textbooks
might now follow the structure of a disputation, with physical opinions being

39 Adrian Johns, The Nature of the Book: Print and Knowledge in the Making (Chicago: University of
Chicago Press, 1998), esp. pp. 28—40.
49 Per-Gunnar Ottoson, Scholastic Medicine and Philosophy: A Study of Commentaries on Galen'’s
Tegni (Uppsala: Institutionen for Idé-och Lardomhistoria, Uppsala University, 1982); R. K. French,
“Berengario da Carpi and the use of Commentary in Anatomical Teaching,” in The Medical Renais-
sance of the Sixteenth Century, ed. A. Wear, R. K. French, and I. Lonie (Cambridge: Cambridge
University Press, 1985), pp. 42—74.
Patricia Reif, “Natural Philosophy in Some Early Seventeenth-Century Scholastic Textbooks,”
Ph.D. dissertation, St. Louis University, St. Louis, Mo., 1962; Reif, “The Textbook Tradition in
Natural Philosophy, 1600-1650,” Journal of the History of Ideas, 30 (1969), 17—32; Charles B. Schmitt,
“Galileo and the Seventeenth-Century Text-Book Tradition,” in Novita celesti e crisi del sapere: atti
del convegno internazionale di studi Galileiani, ed. Paolo Galluzzi (Florence: Giunti Barbera, 1984),
pp. 217-28; and Schmitt, “The Rise of the Philosophical Textbook,” in Cambridge History of
Renaissance Philosophy, pp. 792-804.
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proposed, objected to, and resolved, all in logical form, with the stages of the
argument sometimes identified in the margin.'#* Beyond the university, there
was even greater generic freedom. Natural philosophy was a significant com-
ponent of early modern encyclopaedic works: Cardano’s De subtilitate (On
Subtlety, 1550) is a case in point. This work in turn was argued against point-
by-point in the form of exercitationes by the humanist Julius Caesar Scaliger
(1484—1558) in his Exotericae exercitationes de subtilitate (Popular Exercises on
Subtlety, 1557). This work in its turn became much used as a textbook in the
many universities of the German-speaking lands.'#

In the late sixteenth and seventeenth centuries, the dialogue emerged as a
particularly significant genre for transmitting natural philosophy. This form
had its origins in the rhetorical emphasis on being able to argue on both sides
of the question. In other respects, however, the dialogue belonged, as one
might expect, to the probable realm of dialectic; the Italian theorist Sperone
Speroni (1500-1588) (in an echo of the Thomist distinction) considered the
serious dialogue as belonging, in terms of its “certainty,” to the middle place of
opinione, between the scienza of the demonstrative syllogism and the “persua-
sions” of rhetoric."** Thus dialectic was also significant for the dialogue form.
In its sixteenth-century heyday, the dialogue was primarily deployed on moral
and political subjects, whether in imitation of Cicero or Plato. In natural phi-
losophy, however, the form came into its own in the seventeenth century,
with significant contributions from Jean Bodin (1530-1596) in his Universae
naturae theatrum (Theater of Universal Nature, 1596), Galileo in his Dialogo
sopra i due massimi sistemi del mondo (1632), and Boyle in The Sceptical Chymist
(1661)."

The emergence of experiment was also instrumental in encouraging the
development of new literary forms for natural philosophy."*® Some were co-
opted from other fields. The essay was another genre that was also originally
moral and political in nature but became a significant vehicle for the new
philosophy. Inaugurated by Montaigne on the ancient model of, in particular,

4> See, for example, Eustachius a Sancto Paulo, Summa philosophiae quadripartita (Paris, 1609), pt. 3:
De rebus physicis. This work was widely used as a textbook in both Catholic and Protestant Europe.
See Charles H. Lohr, Latin Aristotle Commentaries, 2 vols. (Florence: Leo S. Olschki, 1988), vol. 2:
Renaissance Authors, s.v. “Eustacius.”

See Gabriel Naudé, Instructions Concerning Erecting of a Library, trans. John Evelyn (London: G.
Bedle, T. Collins, and J. Crook, 1661; first published as Advis pour dresser une bibliothéque, 1644),
p. 27: “Scaliger, who has so fortunately oppos'd Cardan, as that he is at present in some parts of
Germany more followed then Aristotle himself.”

Sperone Speroni, Apologia dei dialoghi (1574-s), as discussed in Virginia Cox, The Renaissance
Dialogue: Literary Dialogue in Its Social and Political Contexts, Castiglione to Galileo (Cambridge
Studies in Renaissance Literature and Culture, 2) (Cambridge: Cambridge University Press, 1992),
pp- 72-3 and p. 176, n. 13.

For Bodin, see Ann Blair, The Theater of Nature: Jean Bodin and Renaissance Science (Princeton,
N.J.: Princeton University Press, 1997). For Boyle, see Golinski, “Robert Boyle,” p. 61. For Galileo,
see Cox, Renaissance Diﬂ/ague, esp. pp- 32, 77, and 113.

Geoffrey Cantor, “The Rhetoric of Experiment,” pp. 162-3.
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Plutarch, the essay quickly became associated with notions of trial (Versuch)
and investigation. It was employed for this purpose by Descartes, in the Essais
that followed the Discours de la méthode (1637), and Boyle, in his early Certain
Physiological Essays (1661)." This did not prevent some of Boyle’s readers,
such as Leibniz, from wishing he would write in a more systematic form and
provide “some kind of system of chymistry” (corpus quoddam Chymicum)."*®
Some of these newer or co-opted literary forms did not last. Bacon advocated
the aphorism as a means of delivering knowledge.'* The English magus John
Dee (1527-1608) had earlier transmitted his astronomical work by aphorisms,
but Bacon’s enthusiasm for the form was not widely followed."°

In contrast, journals became an important forum of enduring importance
for reports of experimental and natural-historical “matters of fact” (particu-
larly prodigious matters of fact). Several experimental societies produced a
journal (or journals) to publish reports that would not make a book. The
Royal Society had its Philosophical Transactions (from 1665) and, briefly, the
Philosophical Collections (1679-1682). The medically inclined Academiae Nat-
urae Curiosorum of Schweinfurt (founded in 1652) published the Miscellanea
curiosa. In the beginning, journals such as these often owed their continuing
existence to the efforts of a single individual: in the case of the Royal Soci-
ety, to Henry Oldenburg (ca. 1618-1677) and Robert Hooke, respectively.”™"
Other journals, such as the journal des savants and the Acta eruditorum
(which were even less exclusively natural philosophical than the Philosophical
Transactions), thrived without institutional support.””* Some submissions to

47 Robert Boyle, Certain Physiological Essays, in Boyle, Works, 2: 3—203. On the significance of Boyle’s
use of the essay form, see Golinski, “Robert Boyle,” pp. 623, 68.
Leibniz to Oldenburg, s July 1674, in Oldenburg, Correspondence, 11: 43 (text), 46 (translation
[modified]). See also Leibniz to Oldenburg, 10 May 1675, in Oldenburg, Correspondence, 11: 303
(text), 306 (translation [modified]): “I hope [ . . .] that he will perfect philosophical Chymistry
[...]. I beg you to urge him to some time vehemently at least to write distinctly and openly what
his opinions on that subject are.” See also Golinski, “Robert Boyle,” pp. 75-6.
49 Francis Bacon, Advancement of Learning, p. 124. On Bacon’s preference for aphorism, see Sister
Scholastica Mandeville, “The Rhetorical Tradition of the Sententia, with a Study of its Influence
on the Prose of Sir Francis Bacon and of Sir Thomas Browne,” Ph.D. dissertation, St. Louis
University, St. Louis, Mo., 1960; James Stephens, “Science and the Aphorism: Bacon’s Theory
of the Philosophical Style,” Speech Monographs, 37 (1970), 157—71; Margaret L. Wiley, “Francis
Bacon: Induction and/or Rhetoric,” Studies in the Literary Imagination, 4 (1971), 65—80; L. Jardine,
Francis Bacon, pp. 176-8; Alvin Snider, “Francis Bacon and the Authority of Aphorism,” Prose
Studies: History, Theory, Criticism, 11 (1988), 60—71; Stephen Clucas, “A Knowledge Broken’: Francis
Bacon’s Aphoristic Style and the Crisis of Scholastic and Humanist Knowledge-Systems,” in English
Renaissance Prose: History, Language, and Politics, ed. Neil Rhodes (Medieval and Renaissance Texts
and Studies, 164) (Tempe, Ariz.: Medieval and Renaissance Texts and Studies, 1997), pp. 147-72;
and L. Jardine, “Introduction,” in Francis Bacon, New Organon, pp. xvii—xxi.
Wayne Shumaker, ed. and trans., John Dee on Astronomy: Propaedeutica Aphoristica (1558 and 1568),
Latin and English (Berkeley: University of California Press, 1978).
See esp. Michael Hunter and Paul B. Wood, “Towards Solomon’s House: Rival Strategies for
Reforming the Early Royal Society,” History of Science, 24 (1986), 49108, at pp. 59—60.
52 See Augustinus Hubertus Laeven, The Acta Eruditorum under the Editorship of Otto Mencke: The
History of an International Learned Journal between 1682 and 1707, trans. Lynne Richards (Amsterdam:
APA-North Holland University Press, 1990).
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these journals nonetheless remained influenced by the epistolary conventions
of the rhetorical tradition.??

Two further forms of proof and persuasion in and beyond the printed book
should be mentioned in concluding this section. The study of the persuasive
power of illustrations and diagrams is a field that is still in its infancy, but it
is one that has significant potential to develop the implications of Leibniz’s
comment that geometrical diagrams were “the most useful of characters” for
recognizing, discovering, or proving that kind of truth.”* Finally, there is the
important matter of the significance of philosophical instruments as a means
of proof and persuasion.”

PROOF, PERSUASION, AND SOCIAL INSTITUTIONS

Beyond the printed book, there is a wide range of cultural contexts in which
techniques of proof and persuasion should be situated. Historians of early
modern Europe have considered them in a range of ways: in terms of the
“places” in which these techniques functioned;® the social roles of their
authors (see Shapin, Chapter 6, this volume);” the professional disciplines of
the late Renaissance university;'s® the non- or antischolastic ambitions of the
experimental academies of the seventeenth century; the political constitution

53 Jean Dietz Moss, “Newton and the Jesuits in the Philosophical Transactions,” in Newton and the
New Direction in Science: Proceedings of the Cracow Conference 25 to 28 May 1987, ed. G. V. Coyne,
M. Heller, and J. Zycinski (Vatican City: Vatican Observatory, 1988), pp. 117-34.

54 Gottfried Wilhelm Leibniz, “Dialogue on the connection between things and words [1677],” in

Selections, ed. Philip P. Wiener (New York: Charles Scribner’s Sons, 1951), pp. 6-11, at p. 9, trans-

lating “Dialogus, August, 1677,” in Leibniz, Philosophische Schriften, 7: 190—4. For suggestions of

future directions of research, see Shapin and Schaffer, Leviathan and the Air-Pump, p. 146; John

T. Harwood, “Rhetoric and Graphics in Micrographia,” in Robert Hooke: New Studies, ed. Michael

Hunter and Simon Schaffer (Woodbridge: Boydell Press, 1989), pp. 119—47; Johns, Nature of the

Book, pp. 22—3; Dennis L. Sepper, “Figuring Things Out: Figurate Problem-Solving in the Early

Descartes,” in Descartes’ Natural Philosophy, ed. Stephen Gaukroger, John Schuster, and John Sutton

(London: Routledge, 2000), pp. 228—48.

See further Michael Aaron Dennis, “Graphic Understanding: Instruments and Interpretation in

Robert Hooke’s Micrographia,” Science in Context, 3 (1989), 309—-64; W. D. Hackmann, “Scientific

Instruments: Models of Brass and Aids to Discovery,” in Uses of Experiment, pp. 31-65, esp. pp. 33—

4; and Stephen Johnston, “Mathematical Practitioners and Instruments in Elizabethan England,”

Annals of Science, 48 (1991), 319—44, esp. p. 329.

Nicholas Jardine, “The Places of Astronomy in Early Modern Culture,” Journal for the History of

Astronomy, 29 (1998), 49—68.

Robert S. Westman, “The Astronomer’s Role in the Sixteenth Century: A Preliminary Study,”

History of Science, 18 (1980), 105—47; Steven Shapin, “‘A scholar and a gentleman’: The Problematic

Identity of the Scientific Practitioner in Early Modern England,” History of Science, 29 (1991), 279~

327; and Adrian Johns, “Prudence and Pedantry in Early Modern Cosmology: The Trade of Al

Ross,” History of Science, 35 (1997), 23-59.
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of the society that produced such academies;*” and the incorporation of ideals
of civility and etiquette into natural philosophy.™°

In institutional terms, the most significant development of the early mod-
ern period was the rise of philosophical academies, a development that
Fontenelle thought was a necessary consequence of the “renewal of the true
philosophy” that he attributed to the seventeenth century. Explicitly and
implicitly, these academies defined themselves against the universities — even
as they denied that they presented any threat to established modes of edu-
cation.'* Several studies since the 1970s have emphasized that the role of
the universities in the early modern study of nature was not as negligible or
even negative as has sometimes been assumed.” Nonetheless, the new philo-
sophical academies allowed the development of new forms of authentication
and encouraged the rejection of older ones — a process helped by the studied
neglect of the traditional disciplines of proof and persuasion, rhetoric, and
logic, which went along with the academies” desire to avoid questions of
politics and religion.®+

One of the most significant manifestations of these new forms of proof
concerned how experimental reports were published. In this, however, as in
most other matters, not all experimental academies followed the same pat-
tern. A number of the secrets of nature exposed in della Porta’s Magia naturalis

59 Shapin and Schaffer, Leviathan and the Air-Pump; and Mario Biagioli, “Scientific Revolution,
Social Bricolage, and Etiquette,” in The Scientific Revolution in National Context, ed. Roy Porter
and Mikuldy Teich (Cambridge: Cambridge University Press, 1992), pp. 11-54.

Daston, “Baconian Facts.”

Bernard le Bovier de Fontenelle, ed., Histoire de 'Académie Royale des Sciences, 9 vols. (Paris:
Gabriel Martin, 1729-33), 1: 5: “le renouvellement de la vraye Philosophie a rendu les Académies
de Mathematique & de Phisique . . . necessaires.” See further Hahn, Anaromy, p. 1.

Mordechai Feingold, “Tradition versus Novelty: Universities and Scientific Societies in the Early
Modern Period,” in Revolution and Continuity: Essays in the History and Philosophy of Early Modern
Science, ed. P. Barker and R. Ariew (Washington, D.C.: Catholic University of America Press, 1991),
pp- 45-59; Michael Hunter, Establishing the New Science: The Experience of the Early Royal Society
(Woodbridge: Boydell Press, 1989), pp. 2—3; and Hunter, Science and Society in Restoration England
(Cambridge: Cambridge University Press, 1981), pp. 145-7.

John Gascoigne, “A Reappraisal of the Role of the Universities in the Scientific Revolution,”
in Reappraisals of the Scientific Revolution, pp. 207—60; Charles Schmitt, “Philosophy and Sci-
ence in Sixteenth-Century Italian Universities,” in 7he Renaissance: Essays in Interpretation, ed.
André Chastel, Cecil Grayson, Marie Boas Hall, Denys Hay, Paul Oskar Kristeller, Nicolai
Rubinstein, Charles B. Schmitt, Charles Trinkhaus, and Walter Ullmann, (London: Methuen,
1982), pp. 297-336; David A. Lines, “University Natural Philosophy in Renaissance Italy: The
Decline of Aristotelianism?” in The Dynamics of Natural Philosophy in the Aristotelian Tradition
(and Beyond): Doctrinal and Institutional Perspectives, ed. Cees Leijenhorst, Christoph Liithy, and
Johannes M. M. H. Thijssen (Leiden: E. J. Brill, 2002); Mordechai Feingold, 7he Mathematicians’
Apprenticeship: Science, Universities, and Society in England, 1560—1640 (Cambridge: Cambridge Uni-
versity Press, 1984); John Gascoigne, “The Universities and the Scientific Revolution: The Case of
Newton and Restoration Cambridge,” History of Science, 23 (1985), 391—-434; and Christine Shepherd,
“Philosophy and Science in the Arts Curriculum of the Scottish Universities in the Seventeenth
Century,” Ph.D. dissertation, University of Edinburgh, Edinburgh, Scotland, 197s.
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(1558; revised and expanded edition, 1589) probably owe their presence to his
membership in the Accademia dei Segreti, but the book, not unreasonably,
appeared as della Porta’s own.'®s However, as we have seen, several of the earlier
experimental societies began to produce volumes of “collections” (recueils),
“essays” (saggi), ephemerides, or Transactions. In the case of the Parisian Bureau
d’Adresse, centered around Théophraste Renaudot (1586-1653), these took
the form of short discussions of questions on all manner of different sub-
jects, both moral and natural. Although the form of the “question” could be
seen as scholastic hangover, the manner of the discussions was not.’*® Renau-
dot’s questions were debated anonymously. The same anonymity obtained in
the Saggi di naturali esperienze that appeared in 1667 from the posthumously
christened Accademia del Cimento, which had been founded in 1657 and was
defunct by the time its proceedings were published.”” The collective voice
of this publication, composed by the virtuoso Count Lorenzo Magalotti,
and prominently authorized on its title page by its patron, Prince Leopold
of Tuscany, both precluded any persuasive appeal to the credibility of an
individual experimenter and ironed out the disagreements that can be found
in the academicians’ private correspondence.’® In partial contrast, the early
publications of the Académie Royale des Sciences were not anonymous in
any consistent sense, but their Mémoires on the natural history of plants and
animals or their Recueil of mathematical treatises emphasized that responsi-
bility for the contents lay as much with the Académie as an institution as
with the individual named academicians.®

The early experimental academies of the seventeenth century gave the
publications they sponsored or lent their name to something that universi-
ties had also (but much less systematically) provided: an imprimatur. Both
the Royal Society and the Académie Royale des Sciences published books
under their own imprints. Some, such as Hooke’s Micrographia (1665), were
intellectual and financial successes; other sponsored publications might be

165 On della Porta, see the essays collected in Giovan Battista della Porta nell’Europa del suo tempo and
Eamon, Science and the Secrets of Nature, pp. 194—232.

Théophraste Renaudot, Recueil general des questions traictees és conferences du Bureau d’Adresse (Paris:
G. Loyson, 1655—6). On the question as a characteristic form of scholastic investigation, see Brian
Lawn, The Rise and Decline of the Scholastic “Quaestio Disputata’: With Special Emphasis on Its Use
in the Teaching of Medicine and Science (Leiden: E. J. Brill, 1993).

Accademia del Cimento, Saggi di naturali esperienze faste nell’ Accademia del Cimento sotto la pro-
tezione del Serenissimo Principe Leopoldo di Toscana e descritte dal Segretario di essa Accademia
(Florence: Giuseppe Cocchini, 1667). See also the subsequently compiled collection of experi-
ments edited by Giovanni Targioni Tozzetti, Asi ¢ memorie inedite dell’Accademia del Cimento, 3
vols. (Florence, 1780). On the Accademia del Cimento, see W. E. K. Middleton, The Experimenters:
A Study of the Accademia del Cimento (Baltimore: Johns Hopkins University Press, 1971); and
M. L. R. Bonelli and Albert Van Helden, Divini and Campani: A Forgotten Chapter in the
History of the Accademia del Cimento (Florence: Istituto ¢ Museo di Storia della Scienza,
1981).

168 Biagioli, “Scientific Revolution,” pp. 27-31.

1% Hahn, Anatomy, p. 26.
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failures in one or both respects.”7® In the case of the Académie Royale, there

evolved a quasi-legal procedure of lending the credit of the society to certain
publications by allowing authors to add the phrase “apprové par ’Académie”
to the censor’s approbation at the front of their works. Whereas in England
any author who was a fellow of the Royal Society might advertise that fact
on his title page — and many did — in Paris, only works examined by the
Académie as a whole might carry the designation of “Academician.””"

Perhaps the most significant development in the natural philosophy of
the experimental societies, however, was in respect to manners. Most of the
new private academies founded in the late sixteenth and seventeenth cen-
turies included instructions on etiquette."”* In itself, this perhaps says little —
early modern university statutes were, after all, overwhelmingly concerned
with issues of behavior and discipline. Nonetheless, the ethos of the princely
humanist academies of late Renaissance Italy was self-consciously one of
civility, conversation, and consensus, and this ethos was taken up by the
larger, ultimately more stable, and more exclusively natural-philosophically
inclined northern European academies of the late seventeenth century. The
formal disputations that were an integral component of university pedagogy
were often explicitly condemned — even if the quarrels that replaced them
sometimes appeared little better. Most importantly, as disputation was deval-
ued, so too were the formalized procedures of proof and persuasion that had
underpinned it. These were replaced by less stereotyped techniques and pro-
cedures that owed more to the conditions obtaining in the academies and
in the wider society, techniques that were derived from legal practice, from
courtesy manuals, or from epistolary convention.

When it suited them, the experimental royal academies made a virtue of
the publicity of their activities, in tacit contrast with the purportedly solitary
pursuit of university learning.'”? In his History of the Royal Society, Sprat asked
“all sober men” whether “they will not think, they are fairly dealt withal,

'7° The officially sponsored publication of Thomas Sprat’s History of the Royal-Society (1667) was
arguably counterproductive. See Paul B. Wood, “Methodology and Apologetics: Thomas Sprat’s
History of the Royal Society,” British Journal for the History of Science, 13 (1980), 1—26; Hunter, Science
and Society, esp. p. 148; and Hunter, “Latitudinarianism and the ‘Ideology’ of the Early Royal
Society: Thomas Sprat’s History of the Royal Society (1667) Reconsidered,” in Hunter, Establishing
the New Science, pp. 45—71. Supporting the publication of John Ray’s posthumous Historia piscium
almost bankrupted the Society; see Sachiko Kusukawa, “The Historia piscium (1686),” Notes and
Records of the Royal Society of London, 54 (2000), 179-97.

7' Hahn, Anatomy, pp. 22—9. Biagioli, “Scientific Revolution,” p. 37, argues that “experimental philoso-

phers . . . could be legitimate individual authors only in so far as they were members of a gentlemantly

corporation (like the Royal Society)” (his emphasis).

Daston, “Baconian Facts,” p. 351.

173 See, for example, Steven Shapin, ““The Mind Is Its Own Place’: Science and Solitude in Seventeenth-
Century England,” Science in Context, 4 (1990), 191-218. Nonetheless, early modern universities
offered much in the way of public exhibition of their activities. See Giovanna Ferrari, “Public
Anatomy Lessons and the Carnival: The Anatomy Theatre of Bologna,” Past and Present, 117
(1987), s0-106; and Kristine Louise Haugen, “Imagined Universities: Public Insult and the Zerrae
filius in Early Modern Oxford,” History of Universities, 16 (2000), 1-31.
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in what concerns their Knowledg, if they have the concurring Testimonies
of threescore or an hundred?”7* Appeals to consensus and credit replaced
formalized eristic and the expression of opiniones. In fact, however, none of
these societies were public in the way that the teaching of natural philosophy
became public in the eighteenth century. Membership in them was restricted,
whether statutorily or informally. Furthermore, several societies had strong
tendencies toward secrecy. In the case of the Accademia del Cimento, this was
a function of Prince Leopold’s desire not to compromise his social position
and to control disputes among the academicians — who were not permitted
to identify themselves as such. In the case of the Royal Society of London, the
urge toward secrecy stemmed from a desire to persuade members to divulge
discoveries and from Hooke’s personal concern with properly establishing
intellectual priority."”s

A further question frequently encountered in the early experimental
academies was the role of principles of explanation. Should experiments
simply demonstrate “matters of fact,” or should they be placed within an
explanatory philosophical framework? The first statutes of the Royal Soci-
ety commanded that “[i]n all Reports of Experiments to be brought into
the Society, the matter of fact shall be barely stated, without any prefaces,
apologies, or rhetorical flourishes; and entered so in the Register-book.” If
Fellows wanted to conjecture a causal explanation for the phenomena they
delivered, then they had to do so separately from the account of the exper-
iment."”¢ Likewise, Fontenelle emphasized that in the Académie Royale des
Sciences, “we do not fail to hazard conjectures about causes — but they are
only conjectures.””7 There were a wide variety of early attempts to guide or
reform the Royal Society of London in the first forty years of its existence.
These position papers quickly ceased to consider the place of philosophical
authorities, but they did turn on the relative weight to be accorded to obser-
vation, experiment, cause, hypothesis, and (in what is perhaps a Cartesian
echo) the “principle[s] of philosophy.”78

If experiments were to be placed in a philosophical framework, however,
which one was it to be? The competing legacies of Aristotle, Bacon, Descartes,
and Gassendi overshadowed much experimental natural philosophy in the
late seventeenth-century academies and societies. Some groups, such as the
Cartesian one coordinated by Jacques Rohault (1618-1672), openly professed
a single philosophical authority. The Accademia del Cimento, in contrast,

174 Sprat, History of the Royal-Society, p. 100.

175 Shapin and Schafter, Leviathan and the Air-Pump, p. 113; Biagioli, “Scientific Revolution,” pp. 27-8;
and Hunter and Wood, “Towards Solomon’s House,” pp. 74-s.

176 The Record of the Royal Society for the Promotion of Natural Knowledge, 4th ed. (London: The Royal
Society, 1940), p. 290; discussed by Hunter, Establishing the New Science, pp. 24-s.

177 Bernard le Bovier de Fontenelle, “Preface” to the Histoire de I'Académie royale des sciences. Année
M.DC.XX (Paris: Jean Boudot, 1702), sig. 12r: “On ne laisse pas de hasarder des conjectures sur les
causes, mais ce sont des conjectures.” See further Hahn, Anatomy, pp. 33-4.

178 Hunter and Wood, “Towards Solomon’s House,” p. 66.
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set out to test various tenets of Aristotle’s natural philosophy. The larger
societies, however, tended to eschew individual philosophical authority.'”?
Samuel Sorbiere (1615-1670), a guiding spirit of the Académie Montmort,
claimed that the early members of the Royal Society were divided in their
allegiance between Descartes (favored by the mathematicians) and Gassendi
(favored by the “men of General Learning”). Sprat denied that this division
existed butemphasized (perhaps somewhat misleadingly) the Society’s Bacon-
ian inspiration.”® The Society of Jesus, meanwhile, maintained its adherence
to the authority of Thomist-Aristotelianism throughout the seventeenth cen-
tury. 181

Perhaps the most significant explanation for the changing practices of
proof and persuasion fostered by the new philosophical and experimental
societies is that they very rarely included pedagogy as part of their brief.’®*
In the middle years of the seventeenth century, numerous schemes were
proposed for new educational institutions that would teach the experimental
natural philosophy for which the universities had at that point found little
room.” But the education of the young was a task that the generally well-
born men who constituted the membership of the early societies kept at
arm’s length. Nonetheless, even if the experimenters largely managed to
avoid wielding the early modern pedagogue’s whip, they did not succeed in
avoiding more symbolic forms of violence. Although the Republic of Letters
and its associated institutions certainly liked to conceive of themselves as
the most civil of civil societies, their ideals of etiquette and decorum were
fundamentally fragile. Sixteenth-century disputes over natural knowledge
attained extraordinary levels of bitterness and vituperation.”®* Despite the

179 Hahn, Anatomy, p. 31. For a revision of one aspect of Hahn’s account of the early Académie, see
Robin Briggs, “The Académie Royale des Sciences and the Pursuit of Utility,” Past and Present, 131
(1991), 38-87.

Thomas Sprat, Observations on Monsieur de Sorbiers Voyage into England (London: John Martyn
and James Allestry, 1668), p. 144. On the notion of “general learning,” see Meric Casaubon, Gen-
erall Learning: A Seventeenth-Century Treatise on the Formation of the General Scholar, ed. Richard
Serjeantson (Renaissance Texts from Manuscript, 2) (Cambridge: RTM, 1999).

Marcus Hellyer, ““Because the authority of my superiors commands’: Censorship, Physics, and the
German Jesuits,” Early Science and Medicine, 1 (1995), 319—54.

William Petty’s suggestion that the Royal Society offer courses in natural philosophy at a charge
of £1 per month had to await the appearance of experimental lecturers such as William Whiston
in the early eighteenth century. See Hunter, Establishing the New Science, pp. 2, 202; and S. D.
Snobelen, “William Whiston: Natural Philosopher, Prophet, Primitive Christian,” Ph.D. disserta-
tion, University of Cambridge, 2001.

Abraham Cowley, A Proposition for the Advancement of Experimental Philosophy (London: Printed by
J. M. for Henry Herringman, 1661; facsimile repr. as The Advancement of Experimental Philosophy,
Menston: Scolar Press, 1969); John Evelyn to Robert Boyle, 3 September 1659, describing his plan
fora “College,” printed in The Correspondence of Robert Boyle, 163691, ed. Michael Hunter, Antonio
Clericuzio, and Lawrence M. Principe, 6 vols. (London: Pickering and Chatto, 2001), 1: 365—9;
Hunter, Establishing the New Science, pp. 157, 181-4; and Webster, Great Instauration, pp. 88—99.
The dispute between Julius Caesar Scaliger and Girolamo Cardano is a case in point. See Anthony
Grafton, Cardano’s Cosmos: The Worlds and Works of a Renaissance Magician (Cambridge, Mass.:
Harvard University Press, 1999), p. 4; and Maclean, “The Interpretation of Natural Signs,” pp. 231—
52.
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injunctions of the civilizing process, the new natural philosophical etiquette
was arguably no more successful at controlling controversy than its more
self-consciously disputatious predecessor.‘85

CONCLUSION

Issues of proof and persuasion in early modern Europe cannot be separated
from the theoretical accounts that were formulated about them at the time. It
is not a straightforward matter to claim that an argument proves something
conclusively when it failed to prove it to its original audiences.”® Claims for
demonstration must be understood within the context of contemporary pro-
cedures of proof and persuasion. Although these provide a necessary starting
point, contemporary accounts of how proof and persuasion function cannot
simply be used to explain all practical manifestations of natural argumen-
tation in the period in which they appear. Other factors — contingencies
of publication, language, illustration, and distribution — necessarily come
into play. More obviously, social, political, and institutional commitments
also affected to a profound degree how and why particular arguments were
accepted.””

Detailed examination of the multifarious ways in which such local com-
mitments affected questions of proof and persuasion is beyond the scope of
this study. Longer-term and wider-scale developments, however, can be iden-
tified more clearly. The most important factor within these developments is
education. Questions of proof and persuasion in early modern Europe were
closely associated with teaching, for pedagogy was the principal arena in
which probation and persuasion occurred. As we have seen, the fundamental
assumptions about proof and persuasion were imparted by the training in
logic and rhetoric in the early modern schools and universities. The teaching
of these disciplines remained a constant throughout the sixteenth and seven-
teenth centuries, and there were thus significant continuities in practices of
proof and persuasion throughout the period. The scope of the application of
rhetoric and logic, however, changed dramatically. Their applicability to nat-
ural philosophy came under intense pressure in the form of challenges from
skepticism, mathematical techniques, and new conceptions of experiment.

Furthermore, study of the natural world was increasingly undertaken by
individuals who had little or no connection with the universities and who

185 Daston, “Baconian Facts,” p. 353; Anne Goldgar, Impolite Learning: Conduct and Community in the
Republic of Lesters, 1680—1750 (New Haven, Conn.: Yale University Press, 1995); Anthony Grafton,
“Jean Hardouin: The Antiquary as Pariah,” Journal of the Warburg and Courtauld Institutes, 62
(1999), 241-67; and Hahn, Anatomy, pp. 30-1.

186 See R. H. Naylor, “Galileo’s Experimental Discourse,” in Uses of Experiment, pp. 117-34, at p. 130.

187 See, for example, Nicholas Jardine, “Keeping Order in the School of Padua: Jacopo Zabarella and
Francesco Piccolomini on the Offices of Philosophy,” in Di Liscia, Kessler, and Methuen, eds.,
Method and Order in Renaissance Philosophy of Nature, pp. 183—209.

Cambridge Histories Online © Cambridge University Press, 2008



Proof and Persuasion 175

were indeed frequently markedly hostile toward them. The freedom of these
individuals and of the institutions they formed from the imperative to impart
their investigations to the young systematically was perhaps the most signifi-
cant factor freeing them from the probative habits of the schools and allowed
for the period’s striking proliferation of techniques, methods, and forms of
presentation. Once sixteenth- and seventeenth-century investigators into the
natural world — whether natural philosophical, mathematical and astronomi-
cal, or medical — freed themselves from the imperative to teach, they also freed
themselves from traditions of proof and persuasion dictated, often literally,
by the schools.

Inquiry into the early modern natural world, then, was inextricably bound
up with the ways in which it was presented. Forms of proof and persuasion
cannot be dissociated from the content of natural knowledge in the sixteenth
and seventeenth centuries; changes in this content in turn had a significant
impact on forms of proof and persuasion. These changing conceptions of
probation may well also have had profound implications for early modern
notions of “science.”™®® For an Aristotelian of the sixteenth century, scientia
precisely consisted in being able to demonstrate with certainty the causes
of an observed effect. The new mathematical and experimental strands of
natural philosophy, however, cast that presupposition into doubt. As the task
of natural philosophy changed in the course of the sixteenth and seventeenth
centuries from explanation to description,
edge of the natural world became problematic. At the end of the seventeenth
century, the English philosopher John Locke (1632-1704) manifested an acute
consciousness of the implications of the new experimental natural philoso-
phy for the older conception of “science.” In his Essay Concerning Human
Understanding (1690), Locke noted that the getting and improving of knowl-
edge about natural substances was “only by Experience and History.” But this,
he went on, “makes me suspect, that natural Philosophy is not capable of
being made a Science.”° For better or worse, however, Locke’s successors
did not take him at his word. By the twentieth century, natural philosophy
had become simply “science,” a discipline whose persuasive power was greater
than that of natural philosophy had ever been.

claims to a “scientific” knowl-

188 On this subject generally, see Ernan McMullin, “Conceptions of Science in the Scientific Revolu-

tion,” in Reappraisals of the Scientific Revolution, pp. 27—92.

On this development, see Peter Dear, Revolutionizing the Sciences: European Knowledge and Its

Ambitions, 1500~1700 (Princeton, N.J.: Princeton University Press, 2001), esp. pp. 3—4, 13-15, 44, 65,

and r7o0.

19° John Locke, An Essay Concerning Human Understanding [1690], ed. Peter H. Nidditch (Oxford:
Clarendon Press, 1975), p. 645 (4.12.10). See further Margaret J. Osler, “John Locke and the Changing
Ideal of Scientific Knowledge,” Journal of the History of Ideas, 31 (1970), 3-16, at p. 15; and McMullin,
“Conceptions of Science,” pp. 75—6. Compare the similar remark in John Locke, Some Thoughts
Concerning Education, ed. John W. Yolton and Jean S. Yolton (The Clarendon Edition of the Works
of John Locke) (Oxford: Clarendon Press, 1989), p. 245.
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THE MAN OF SCIENCE

Steven Shapin

Itis difficult to refer to the early modern man of science in other than negative
terms. He was not a “scientist”: The English word did not exist until the
nineteenth century, and the equivalent French term — un scientifique — was
not in common use until the twentieth century. Nor did the defined social and
cultural position now picked out by “the scientist’s role” exist in the early
modern period. The man of science did not occupy a single distinct and
coherent role in early modern culture. There was no one social basis for the
support of his work. Even the minimal organizing principle for any treatment
of the man of science — that he was someone engaged in the investigation
of nature — is, on reflection, highly problematic. What conceptions of nature,
and of natural knowledge, were implicated in varying cultural practices?
The social circumstances in which, for example, natural philosophy, natural
history, mathematics, chemistry, astronomy, and geography were pursued
differed significantly.

The man of science was, however, almost always male, and to use anything
but this gendered language to designate the pertinent early modern role or
roles would be historically jarring. The system of exclusions that kept out
the vast numbers of the unlettered also kept out all but a very few women.
And although it is important to recover information about those few female
participants, it would distort such a brief survey to devote major attention to
the issue of gender' (see the following chapters in this volume: Schiebinger,
Chapter 7; Cooper, Chapter 9; Outram, Chapter 32).

Any historically responsible treatment of the early modern man of sci-
ence has to embrace a splitting impulse and resist temptations toward facile

' Women do become rather more substantial philosophical presences in the salons of the
Enlightenment; see, for example, Dena Goodman, “Enlightenment Salons: The Convergence of
Female and Philosophic Ambitions,” Eighteenth-Century Studies, 22 (1989), 329—50.

This chapter was substantially written while the author was a Fellow of the Center for Advanced Study
in the Behavioral Sciences, Stanford, California. He thanks the Center and the Andrew W. Mellon
Foundation for their support.

179

Cambridge Histories Online © Cambridge University Press, 2008



180 Steven Shapin

generalization.” The diversity of past patterns needs to be insisted upon, and
not as a matter of mere pedantry. Even those historical actors concerned with
bringing into being a more coherent and dedicated role for some version
of the man of science were well aware of contemporary diversities. Francis
Bacon (1561-1626) noted that “natural philosophy, even among those who
have attended to it, has scarcely ever possessed, especially in these later times,
a disengaged and whole man . . ., but that it has been made merely a passage
and bridge to something else.”

So the man of science was not a “natural” feature of the early modern
cultural and social landscape: One uses the term faute de mieux, aware of its
impropriety in principle, yet confident that no mortal historical sins inhere in
the term itself. Although it is a proper historical question to ask “how we got
from there to here,” one should at the same time be wary about transporting
into the distant past the coherences of present-day social roles. Despite the
legitimacy of asking how the relatively stable professionalized role of the
modern scientist emerged from diverse sixteenth- and seventeenth-century
arrangements, it would be misleading to mold historical inquiry solely to
fit the contours of present-day interest in “origins stories” or to construe
historical inquiry solely as a search for traces of present arrangements.*

Early modern scientific work — of whatever version — was pursued within
a range of traditionally established social roles. One has to appreciate the
expectations, conventions, and ascribed attributes of those existing roles, as
well as the changes they were undergoing and their mutual relations, in order
to understand the social identities of men of science in the period. Yet, vital as
itis to insist on the heterogeneity of existing roles in which natural knowledge
was harbored and extended in the early modern period, a brief survey such
as this one can treat just a few of the more consequential roles — and here I
have elected to focus on the university scholar or professor, the medical man,
and the gentleman.

% For justification of such splitting sensibilities, see, for example, Thomas S. Kuhn, “Mathematical
versus Experimental Traditions in the Development of Physical Science,” in The Essential Tension:
Selected Studies in Scientific Tradition and Change, ed. Thomas S. Kuhn (Chicago: University of
Chicago Press, 1977), pp. 31-65, and the archacology of disciplines and roles mooted in Robert S.
Westman, “The Astronomer’s Role in the Sixteenth Century: A Preliminary Study,” History of Science,
18 (1980), 105—47.

3 Francis Bacon, The New Organon [1620], bk. 1, aphorism 80, ed. Fulton H. Anderson (Indianapolis:
Bobbs-Merrill, 1960), p. 77.

4 A well-known essay on “the emergence and development of the social role of the scientist,” strongly
shaped by the assumptions of structural-functionalist sociology and by the so-called professionaliza-
tion model, is Joseph Ben-David, The Scientist’s Role in Society [1971] (Chicago: University of Chicago
Press, 1984), esp. chaps. 4—s (for early modern topics). Note that the negative claims of this and the
preceding paragraph are direct contradictions of Ben-David’s assertion (p. 45; cf. p. 56 n. 20) that
it was in the seventeenth century that “certain men . . . view[ed] themselves for the first time as
scientists and [saw] the scientific role as one with unique and special obligations and possibilities.”
For well-judged criticism of ahistorical assumptions in Ben-David’s account, see Thomas S. Kuhn,
“Scientific Growth: Reflections on Ben-David’s ‘Scientific Role’,” Minerva, 10 (1972), 166-78; cf. Roy
Porter, “Gentlemen and Geology: The Emergence of a Scientific Career, 1660-1920,” The Historical
Journal, 21 (1978), 809—36, at pp. 809-13.
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A more complete survey would be able to treat a whole range of other con-
temporary roles and their importance for the conduct of natural knowledge.
The clerical role, for example, overlapped significantly, but only partially, with
that of the university scholar, and a number of key figures spent the whole,
or very considerable portions, of their working lives within religious institu-
tions or sustained by clerical positions: among many examples, Nicholas
Copernicus (1473-1543) in his Ermland chapter house, Marin Mersenne
(1588-1648) in the order of Minims in Paris, and Pierre Gassendi (1592—1655),
whose canonry at Digne assured his financial independence. The significance
of the priestly role for contemporary appreciations of the proper relationship
between natural knowledge and religion cannot be overemphasized. When
some seventeenth-century practitioners circulated a conception of natural
philosophers as “priests of nature,” they meant to display the theological
equivalence of the Books of Nature and Scripture and also to imbue scien-
tific work with the aura surrounding the formally religious role.’

Still other major scientific and philosophical figures spent much of their
careers as amanuenses, clerks, tutors, or domestic servants of various kinds
to members of the gentry and aristocracy, a common career pattern for
Renaissance humanist intellectuals in several countries. Thomas Hobbes
(1588—1679) functioned in a variety of domestic service roles to the Cavendish
family for almost the whole of his adult life, and one of John Locke’s (1632~
1704) first positions was as private physician, and later as general secre-
tary, to the Earl of Shaftesbury. Relationships binding the practice of sci-
ence to the patronage of princes and wealthy gentlemen were pervasive and
consequential: The significance of the Tuscan court’s patronage for Galileo
Galilei’s “socioprofessional identity” and for the direction of his scientific
work has been vigorously asserted, and the importance of patronage and
clientage relations for the careers and authority of very many other notable
early modern men of science — and for the authority of the knowledge they
produced — merits much fuller study.® Finally, a more extensive account of
the early modern man of science would treat a whole range of less exalted
figures — mathematical practitioners, instrument makers, lens grinders, and
various types of “superior artisans” — whose significance both for the practical
conduct of scientific research and for the development of empirical methods
was much insisted upon by the Marxist historiography of the 1930s and 1940s
and as vigorously denied by idealist historians.”

See, for example, Harold Fisch, “The Scientist as Priest: A Note on Robert Boyle’s Natural Theology,”
Isis, 44 (1953), 252—65; and Simon Schaffer, “Godly Men and Mechanical Philosophers: Souls and
Spirits in Restoration Natural Philosophy,” Science in Context, 1 (1987), 55-8s.

Mario Biagioli, Galileo, Courtier: The Practice of Science in the Culture of Absolutism (Chicago: Uni-
versity of Chicago Press, 1993); see also Bruce T. Moran, ed., Patronage and Institutions: Science,
Technology, and Medicine at the European Court, 1500—1750 (Woodbridge: Boydell Press, 1991).

For classic stress on the crucial significance of craft roles in the emergence of modern science, see
Edgar Zilsel, “The Sociological Roots of Science,” American Journal of Sociology, 47 (1942), s44—
62. For Alexandre Koyré-inspired rejection of any such idea, see A. Rupert Hall, “The Scholar
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THE UNIVERSITY SCHOLAR

The man of science, and almost all specific versions thereof, represented a
subset of the early modern learned classes. By construing the investigation
of nature as an act within learned culture, one is immediately marking out
a massively important social division in early modern Europe, that between
those who were literate and those who were not, between those who had
passed through formal schooling and those who had not. European cultures
did differ in the extent to which their populations were schooled, and there-
fore literate, but, in general, the fraction of the literate was very small and
that of the learned even smaller.® What was understood about the characters
of the learned elite was, mutatis mutandis, understood of the learned man
of science as well.

By no means all noteworthy early modern men of science were systemati-
cally shaped by university training. Among those who did not formally attend
university at all were Blaise Pascal (1623-1662), Robert Boyle (1627-1691), and
René Descartes (1596-1650), though Descartes’ training at the Jesuit school of
La Fleche was considerably more significant to his intellectual development
than was Boyle’s time at Eton College. At both ends of the social scale, the
future man of science might escape university training — those being bred to
artisanal or mercantile work, such as the potter and natural historian Bernard
Palissy (1510-1590) or the merchant and microscopist Antonie van Leeuwen-
hoek (1632-1723), because they lacked the means or current interest,’ and
the aristocrat (e.g., Boyle) because private resources might be preferred and
because there was no professional or material inducement to secure formal

and the Craftsman in the Scientific Revolution,” in Critical Problems in the History of Science, ed.
Marshall Clagett (Madison: University of Wisconsin Press, 1959), pp. 3-23. For revived interest in
the role and standing of mathematical practitioners, see, for example, Mordechai Feingold, 7%e
Mathematicians’ Apprenticeship: Science, Universities, and Society in England, 1560—1640 (Cambridge:
Cambridge University Press, 1984); J. A. Bennett, “The Mechanics’ Philosophy and the Mechanical
Philosophy,” History of Science, 24 (1986), 1—28; Bennett, “The Challenge of Practical Mathematics,”
in Science, Culture, and Popular Belief in Renaissance Europe, ed. Stephen Pumfrey, Paolo L. Rossi,
and Maurice Slawinski (Manchester: Manchester University Press, 1991), pp. 176-90; Mario Biagioli,
“The Social Status of Italian Mathematicians, 1450-1600,” History of Science, 27 (1989), 41-95; Richard
W. Hadden, On the Shoulders of Merchants: Exchange and the Mathematical Conception of Nature in
Early Modern Europe (Albany: State University of New York Press, 1994); Frances Willmoth, Sir
Jonas Moore: Practical Mathematics and Restoration Science (Woodbridge: Boydell Press, 1993); Amir
Alexander, “The Imperialist Space of Elizabethan Mathematics,” Studies in History and Philosophy
of Science, 26 (1995), 559—91; Stephen Johnston, “Mathematical Practitioners and Instruments in
Elizabethan England,” Annals of Science, 48 (1991), 319—44; and Katherine Hill, ““Juglers or Schollers?’:
Negotiating the Role of a Mathematical Practitioner,” British Journal for the History of Science, 31
(1998), 25374

For treatment of changing relations between elite and lay cultures in the early modern period, see
Peter Burke, Popular Culture in Early Modern Europe (London: Temple Smith, 1978), esp. chaps. 2
and 9; see also Paul J. Bagley, “On the Practice of Esotericism,” Journal of the History of Ideas, 53
(1992), 231—47; and Carlo Ginzburg, “High and Low: The Theme of Forbidden Knowledge in the
Sixteenth and Seventeenth Centuries,” Past and Present, 73 (1976), 28—41.

The experimentalist Robert Hooke was at Christ Church, Oxford, as a chorister, and it is unclear
whether he ever availed himself of formal university instruction.
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training. For a larger number of other men of science, university educa-
tion was part of a background preparation for roles in civic life, and the
acquisition of scientific expertise, or at least of that expertise for which they
became known, occurred elsewhere. The mathematician Pierre de Fermat
(1601-1665) and the astronomer Johannes Hevelius (1611-1687) studied law
at a university, as did many other future men of science; William Gilbert
(1544-1603), author of De magnete (On the Magnet, 1600), and the math-
ematician and physicist Isaac Beeckman (1588-1637) studied medicine; and
Johannes Kepler (1571-1630) studied mainly theology.

In their mature careers, however, many scientific practitioners in the six-
teenth and seventeenth centuries were professionally engaged by universi-
ties or related institutions of higher learning, though the proportion of
these among the great figures making up the canon of early modern sci-
ence can be overestimated.’® Andreas Vesalius (1514-1564), Galileo, and Isaac
Newton (1642-1727) were professors (for at least part of their careers), whereas
Copernicus, Kepler, Bacon, Descartes, Mersenne, Pascal, Boyle, Tycho Brahe
(1546-1601), and Christiaan Huygens (1629-1695) were not. Moreover, the
professorial role was by no means a stable one. Although for late twentieth-
century scientists a permanent university appointment generally represents
a natural career culmination, this was not necessarily the case for the early
modern man of science. Occupying a university chair or fellowship might
be just an episode in a career that included a variety of other social roles.
There was indeed an early modern pattern of using university employment
as a stepping stone to more desirable positions directly supported by court
patronage. A figure such as the mathematician and astronomer Christoph
Clavius (1538-1612) was arguably exceptional in remaining at his professo-
rial position (in the Jesuits’ Collegio Romano) for almost the whole of his
adult life. Both Isaac Barrow (1630-1677) and his successor in the Cambridge
Lucasian Chair of Mathematics, Isaac Newton, abandoned their university
appointments while they were relatively young men — Barrow for brighter
prospects as a royal chaplain (returning to Cambridge later as Master of
Trinity and University Vice Chancellor), and Newton (after health prob-
lems) to become an official of the Royal Mint. Their contemporary Seth
Ward (1617-1689), the Savilian Professor of Astronomy at Oxford, gave up
his professorial career in early middle age, accepting several church livings
and ultimately becoming bishop of Exeter.

Thomas Willis (1621-1675) vacated the Sedleian Chair of Natural Philos-
ophy at Oxford for a lucrative medical practice in London. Vesalius left his
teaching at the University of Padua in mid-career for medical service in the

' This brief survey does not aim at a prosopography of early modern men of science and their
institutional affiliations. Such an exercise would first have to establish social and intellectual criteria
for identifying who wasa man of science, whereas a major purpose of this chapter is to draw attention
to the problematic nature of a7y coherent set of criteria the present-day historian might draw up.
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imperial household; the astronomer Gian Domenico Cassini I (1625-1712)
combined duties as a professor at the University of Bologna with engineering
work for the pope before abandoning both for a stipend as a member of the
new Académie Royale des Sciences in Paris; the French Huguenot inventor
Denis Papin (1647-1712) had no compunction about leaving his chair of
mathematics at the university of Marburg because of its miserable salary and
heavy teaching load, and the Danish astronomer Ole Rémer (1644-1710)
equally understandably quit his chair of mathematics at the University of
Copenhagen to become a powerful officeholder — first mayor and then state
councillor. Hence the identification of scientific work with the professorial
career was significant but tenuous and patchy during the early modern period.
If you were, for example, a cleric-professor, or a physician-professor, then it
needs no special explanation that you gave up your chair — and even gave up
your scientific research — when better-paid or more prestigious ecclesiastical
or medical opportunities presented themselves.

Professional affiliation with institutions of higher education and the stew-
ardship of learning meant three things above all. Firs, it signaled links with
organized forms of Christian religion. Throughout the early modern period,
universities outside Italy were widely under church control — the Reformation
splitting the institutional nature of that control but not, with some important
exceptions, diluting it. The universities had as one of their major purposes
the training of individuals for clerical roles, and membership in the clergy,
or formal subscription to church doctrines, were very general conditions for
matriculation, graduation, or entry to the fellowship and professoriate.

Second, the university combined curatorial and culturally reproductive
roles, and its professors’ activities and identities were primarily understood
in those lights. Universities signified both responsible custodianship of the
knowledge inherited from the past and its reliable transmission to future
generations, and, although a significant number of professors took it upon
themselves to engage in research that challenged orthodox beliefs, nowhere in
early modern Europe was such a conception of the professorial role standard.
Original research was not, so to speak, a role requirement.

Third, affiliation with the university associated the man of science with
specific hierarchical social forms: The master was understood to be a mas-
ter of knowledge traditionally accumulated and traditionally vouched for,
and his institutional purpose was to transmit that mastery to future gener-
ations. The value placed on these hierarchical forms implicated the value
placed on traditional forms of knowledge. The “modern” assault on school-
knowledge proceeded importantly by way of criticisms of the schools” hier-
archical social forms and the role of the professor in those forms. The
university setting vouched for expertise, authenticity, and orthodoxy, and
those ascribed characteristics spoke in favor of the knowledge housed there.
But to those of a mind to criticize university arrangements, the same
site and role were associated with authoritarianism, dogmatism, pedantry,
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disputatiousness, and melancholic sequestration from the civic and material
worlds.

Indeed, some of the new scientific societies that began to emerge in
the mid-seventeenth century developed in self-conscious opposition to the
universities: A peaceable and useful community of inquiring equals was juxta-
posed with bastions of school-mastery, divisiveness, and inconsequentiality.”
The Royal Society of London was a notable site in which such sentiments
were expressed, whereas in Germany Gottfried Wilhelm Leibnizs (1646—
1716) plans for a state-supported scientific academy stressed the importance
of selecting persons who were not only knowledgeable but who were “also
endowed with a unique goodness of mind; in whom rivalry and jealousy are
wanting; who will not use despicable devices to appropriate for themselves
the labors of others; who are not factious and have no wish to be regarded
as the founders of sects; who labor for love of learning and not for ambition
or sordid pay.”™ In such venues, disapproving assessments of the professorial
character precipitated by negation, as it were, the developing identity of the
free academic member of the Republic of Science. Yet, apart from a very
general commitment to a harmoniously collaborative — or at least collec-
tive — pursuit of natural knowledge, there is no single coherent pattern to be
discerned in the establishment or structure of seventeenth-century scientific
societies. Members of the Académie Royale des Sciences in Paris enjoyed sub-
stantial Crown pensions and devoted themselves effectively to the extension
of state power through reformed natural knowledge and technology, but,
although fellows of the Royal Society of London intermittently expressed
their desire to realize the imperializing dreams of the utopian research insti-
tute described in Bacon’s New Atlantis (1627), the English Crown offered no
stipends and little financial support. Charles II laughed at them for wasting
their time on intellectual trivialities.”

" Some of these issues are treated for the English setting in Allen G. Debus, Science and Education
in the Seventeenth Century: The Webster—Ward Debate (London: Macdonald, 1970); Michael R. G.
Spiller, “Concerning Natural Experimental Philosophie”: Meric Casaubon and the Royal Society (The
Hague: Martinus Nijhoff, 1980); and James R. Jacob, Henry Stubbe, Radical Protestantism and the
Early Enlightenment (Cambridge: Cambridge University Press, 1983), esp. chap. 5. The relations
between the Royal Society of London and gentlemanly conventions are briefly treated later in this
chapter. For a general sketch of the academic institutional form as it developed in Europe beginning
in the mid-fifteenth century, see Ben-David, The Scientist’s Role, pp. 59—66.

Gottfried Wilhelm Leibniz, “On the Elements of Natural Science,” in Leibniz, Philosophical Papers
and Letters [ca. 1682—4], ed. and trans. Leroy E. Loemker, 2nd ed. (Dordrecht: Reidel, 1969), pp. 277—
90, at p. 282. For the context and outcome of Leibniz’s plans for establishing scientific societies, see
Ayval Ramati, “Harmony at a Distance: Leibniz’s Scientific Academies,” sis, 87 (1996), 430-52.
There is a very large secondary literature on particular seventeenth-century scientific societies, as
well as some attempt to identify their collective significance: see, for example, Sir Henry Lyons, 7he
Royal Society, 1660—1940: A History of Its Administration under Its Charters (Cambridge: Cambridge
University Press, 1944), chaps. 1—4; Dorothy Stimson, Scientists and Amateurs: A History of the Royal
Society (New York: Henry Schuman, 1948); Sir Harold Hartley, ed., The Royal Society: Its Origins
and Founders (London: The Royal Society, 1960); Margery Purver, The Royal Society: Concept and
Creation (Cambridge, Mass.: MIT Press, 1967); Michael Hunter, Establishing the New Science: The
Experience of the Early Royal Society (Woodbridge: Boydell Press, 1989); Hunter, The Royal Society
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Membership in a scientific society or academy therefore had no one sta-
ble significance for the identity of the seventeenth-century man of science,
though eighteenth-century developments, and especially patterns emerging
in France, did eventually make the academic role increasingly important for
scientific identity."* The role of the seventeenth-century scientific academi-
cian might be recognized as a modified form of long-standing social roles —
the court bureaucrat or the recipient of Crown patronage — or, where the
ties between scientific societies and the state were weaker, patterns of gentle-
manly conversation and virtuosity might be more central to his identity. In
the former case, the contribution of academic membership to the recognized
role of the man of science could be substantial; in the latter, the significance
of such membership might be subsumed in the gentlemanly role.

THE MEDICAL MAN

The profession of medicine also associated the pursuit of natural knowl-
edge with recognized and authoritative early modern social roles, and many
medical men pursued scientific investigations within the rubric of a profes-
sorial role, such as Vesalius (at Padua) and Marcello Malpighi (1628-1694)
(at Bologna). Established colleges of physicians and surgeons might also
offer quasi-academic roles, such as the lectureship on surgery held for many
years by William Harvey (1578-1657) at the London Royal College of Physi-
cians. Nevertheless, the medical role was one that in principle provided for
the authoritative pursuit of natural knowledge outside the rubric of the

and Its Fellows, 1660—1700: The Morphology of an Early Scientific Institution (British Society for the
History of Science Monographs, 4) (Chalfont St. Giles: British Society for the History of Science,
1982); Roger Hahn, The Anatomy of a Scientific Institution: The Paris Academy of Sciences, 1666—1803
(Berkeley: University of California Press, 1971); Claire Salomon-Bayet, L Tnstitution de la science
et ['expérience du vivant: Méthode et expérience i [’Académie Royale des Sciences, 1666—1793 (Paris:
Flammarion, 1978); Alice Stroup, A Company of Scientists: Botany, Patronage, and Community at
the Seventeenth-Century Parisian Royal Academy of Sciences (Berkeley: University of California Press,
1990); W. E. Knowles Middleton, 7he Experimenters: A Study of the Accademia del Cimento (Baltimore:
Johns Hopkins University Press, 1971); Knowles Middleton, “Science in Rome, 1675-1700, and the
Accademia Fisicomathematica of Giovanni Giustino Ciampiani,” British Journal for the History of
Science, 8 (1975), 138—s54; David S. Lux, Patronage and Royal Science in Seventeenth-Century France:
The Académie de Physique in Caen (Ithaca, N.Y.: Cornell University Press, 1989); Daniel Roche,
Le siécle des lumiéres en province: Académies et académiciens provinciaux, 1680—1789, 2 vols. (Paris:
Mouton, 1978); K. Theodore Hoppen, The Common Scientist in the Eighteenth Century: A Study of
the Dublin Philosophical Society, 1683-1708 (London: Routledge and Kegan Paul, 1970); Harcourt
Brown, Scientific Organizations in Seventeenth Century France (1620-1680) (Baltimore: Williams and
Wilkins, 1934); Martha Ornstein, The Role of Scientific Societies in the Seventeenth Century (Chicago:
University of Chicago Press, 1928); R. J. W. Evans, “Learned Societies in Germany in the Seventeenth
Century,” European Studies Review, 7 (1977), 129—s1; and James E. McClellan 111, Science Reorganized:
Scientific Societies in the Eighteenth Century New York: Columbia University Press, 1985), chaps. 1—2.
See also many of the works cited in notes 17-24.

4 Eighteenth-century developments are treated in Steven Shapin, “The Image of the Man of Science,”
in The Cambridge History of Science, vol. 4: Eighteenth-Century Science, ed. Roy Porter (Cambridge:
Cambridge University Press, 2003), pp. 159-83. See also works cited in note 24.
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universities or, indeed, of incorporated learning. To become a physician, of
course, one had to pass through the institutions of higher learning — some-
times only quite nominally — but once one had done so, one could occupy that
role, and be active in scientific inquiry, without necessarily being a member
of any university or in the pay of any medical corporation.”

Unlike the role of the university scholar in general, the social role of the
medical man strongly linked natural knowledge with practical interventions.
No matter how much the physician’s role — though not the surgeon’s or
apothecary’s — was argued to belong to the world of polite and pure learning,
the value of the physician’s knowledge was nevertheless vouched for by its
ability both to explain the real vicissitudes of human bodies and, where pos-
sible, to guide those practices that maintained health and alleviated disease.’®
Although physicians were commonly mocked for what were seen as their
illegitimate therapeutic pretensions, the very existence of the role testified
to the overall esteem in which formal medical knowledge was held and the
overall efficacy attributed to that knowledge. Medicine was therefore one
important domain within which natural knowledge enjoyed well-established
social authority and credibility.

Moreover, medical roles — unlike those of the professoriate generally — were
centrally concerned with the description, explanation, and management of
natural bodies. And however much many early modern philosophers insisted
upon the dual nature of human beings — spiritual and material — the medi-
cal role tended to focus its interventions on human beings in their material
aspects. For these reasons, it was common for medical men to pursue those
scientific subjects most closely linked with the form and functioning of the
human body. The medical role therefore “naturally” propelled some of its
members toward the study of anatomy and physiology, including among very
many examples Harvey, Malpighi, Willis, Santorio Santorio (1561-1636), Olof
Rudbeck (1630-1702), Richard Lower (1631-1691), Francesco Redi (1626—
ca. 1697), and Regnier de Graaf (1641-1673). Similar professional concerns
attracted others to natural history, such as Conrad Gessner (1516-1565), Jan
Swammerdam (1637-1680), and Nehemiah Grew (1641-1712), or chemistry,
in the cases of Georgius Agricola (1494-1555) and John Mayow (1641-1679)."7

' Training in natural philosophy and natural history was a key preparatory requirement for a medical
degree at many medieval and early modern universities. That is one reason why so many men
trained in natural philosophy and natural history were physicians, and also why membership of
early scientific societies was so heavily weighted toward medical men.
The cultural and social boundaries that reserved “professional” standing to bookishly trained physi-
cians and that relegated surgeons and apothecaries to trade or craft status were hard to enforce. In
England, at any rate, more liberal and inclusive notions of “the medical profession” were emerging
by the late seventeenth and early eighteenth centuries, with interesting consequences for relations
between medicine and the culture of science; see, for example, Geoffrey Holmes, Augustan England:
Professions, State, and Society, 1680—1730 (London: Allen and Unwin, 1982), chaps. 6-7.
17" See, for example, Harold J. Cook, “Physicians and Natural History,” in Cultures of Natural History, ed.
Nicholas Jardine, James A. Secord, and Emma C. Spary (Cambridge: Cambridge University Press,
1996), pp. 91-105. Cook notes how materia medica provided a substantive link between natural
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However, the participation of medical men was not confined to subjects
strictly related to medical practice; see, for example, the work of such physi-
cians as Gilbert (in magnetism), Nicolaus Steno (1638-1686) (in geology),
and Henry Power (1623-1668) (in experimental natural philosophy). John
Locke earned a medical degree before establishing his reputation in men-
tal and political philosophy, and it might be said that Thomas Sydenham’s
(1624-1684) key achievement was a methodology of quite wide scientific
applicability. Nor was substantial interest in medical subjects restricted to
those occupying the social role of physician or surgeon: Bacon, Descartes,
and Boyle lacked professional qualifications but either theorized on medical
subjects or dabbled in medical therapeutics and dietetics.

THE GENTLEMAN

Like the roles of the scholar and the medical man, the gentlemanly role offered
both problems and opportunities for changing conceptions of what it was to
make natural knowledge. On the one hand, the traditional gentlemanly role
was not, of course, primarily defined around the acquisition and pursuit of
formal knowledge, though humanist writers argued strenuously through the
sixteenth and early seventeenth centuries that virtuous and polite knowledge
ought to be central to legitimate conceptions of gentility. Although there were
important overlaps between the gentle and the learned classes, gentlemanly
culture was uncomfortable — in England more than in Italy or France — with
the idea that the wellborn should make the pursuit of formal knowledge a
professional activity, either in a remunerative sense or in the sense of the
pursuit being fundamental to one’s social identity. Scholars might in many
cases be genuinely respected by gentle society, but that society importantly
distinguished the roles of the gentleman and the professional scholar or
pointed to features of the scholar’s “character” that handicapped his ability
to take part in gentlemanly conversation. Particular targets of criticism were
the scholar’s traditional isolation, his “morose” or “melancholic” complexion,
his tendency toward disputation, and his pedantry.’®

On the other hand, the gentle classes were widely literate, sometimes well
educated, and, especially on the Continent, often disposed to act as patrons
to men of science — in the case of the “mixed” mathematical sciences because
of their acknowledged utility to the arts of war, wealth-getting, and political

history, chemistry, and medical therapeutic concerns; see also Paula Findlen, Possessing Nature:
Museums, Collecting, and Scientific Culture in Early Modern Italy (Berkeley: University of California
Press, 1994), chap. 6.

8 Steven Shapin, “A Scholar and a Gentleman’: The Problematic Identity of the Scientific Practitioner
in Early Modern England,” History of Science, 29 (1991), 279-327; Shapin, A Social History of Truth:
Civility and Science in Seventeenth-Century England (Chicago: University of Chicago Press, 1994),
chaps. 2—4; Adrian Johns, “Prudence and Pedantry in Early Modern Cosmology: The Trade of Al
Ross,” History of Science, 35 (1997), 23—59.
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control, and, in the case of other scientific practices, such as astronomy or
natural history, because they lent luster to the patron and sparkle to civil
conversation.” The gentry, aristocracy, and nobility therefore controlled an
enormously important pool of resources for supporting the work of men of
science, while cultural and social attitudes placed obstacles between patronage
oramateurism, on the one hand, and the professional pursuit of, or systematic
identification with, scientific practice on the other. In the sixteenth and early
seventeenth centuries, those obstacles could in principle be set aside — there
were some very notable aristocratic men of science — but contemporary
culture possessed few resources for appreciating and approving a substantive
merger between the role of the professionally learned and the role of the
gentle.

Those cultural resources soon began to be available, with potential conse-
quences for changing notions of the social role of the man of science and of
scientific knowledge itself. Beginning in the late sixteenth century, Francis
Bacon — English aristocrat and Lord Chancellor — argued strenuously for
methodological and organizational reforms in natural knowledge that would
at once make that knowledge an effective arm of state power and render it
a pursuit suitable for civically engaged gentlemen. Natural knowledge was
to be hauled out of the privacy of the traditional scholar’s study — which
made science disputatious, wordy, and barren — and into the bright light of
real-world phenomena and practical civic concerns.*® The reformed man of
science was supposed to live a vita activa, and reformed science was to be
done in public places.”

Bacon’s vision of a civically pertinent science practiced by civically situ-
ated scholars was further developed in England starting in the 1660s by the
new Royal Society of London. Here such publicists as Henry Oldenburg
(1618-1677), Thomas Sprat (1635-1713), and Joseph Glanvill (1636-1680)
announced that the Royal Society had turned traditionally deductive nat-
ural philosophical practice upside down, and, placing particular facts before
causal and metaphysical systems, had cured science of its disputatiousness,
pedantry, individualism, authoritarianism, and aridity. And when the social
and intellectual virtues of the new practice were embodied in the person of
the Honourable Robert Boyle — a great Anglo-Irish aristocrat — the Royal

" See, for example, Biagioli, Galileo, Courtier; Mario Biagioli, “Le prince et les savants: La civilité
scientifique au 17° siecle,” Annales: Histoire, Sciences Sociales, 50 (1995), 1417—53; Biagioli, “Etiquette,
Interdependence, and Sociability in Seventeenth-Century Science,” Critical Inquiry, 22 (1996), 193—
238; Willmoth, Sir Jonas Moore; Findlen, Possessing Nature; Moran, ed., Patronage and Institutions,
Stroup, A Company of Scientists; and Pamela H. Smith, The Business of Alchemy: Science and Culture
in the Holy Roman Empire (Princeton, N.].: Princeton University Press, 1994).

See Julian Martin, Francis Bacon, the State, and the Reform of Natural Philosophy (Cambridge: Cam-
bridge University Press, 1992).

For early modern debates over whether the scientific life should be “active” or “contemplative,”
see Owen Hannaway, “Laboratory Design and the Aim of Science: Andreas Libavius versus Tycho
Brahe,” Isis, 77 (1986), 585—610; and Steven Shapin, “The House of Experiment in Seventeenth-
Century England,” Iszs, 79 (1988), 373—404.
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Society declared that it had realized Bacon’s dream of joining a new sci-
ence to a new social role for the man of science: not a professional scholar,
not a schoolman, not a slave to a philosophical system, not a professional
cleric, and not a professional physician, but a free, independent, modest,
and virtuous seeker of truth about God’s nature. Science, the Society said,
had been remade into both a polite and a useful practice, fit for gentlemanly
participation and equipped to secure and extend state power.”

It is the gentlemanly pattern of changing conceptions of the social role
of the man of science that poses the greatest challenge to the traditional
“professionalization model.” Historians and sociologists working within that
model searched the historical record for traces of modern arrangements, par-
ticularly for emerging appreciations of the distinctiveness and autonomy of
science and for a remunerative basis for the conduct of scientific research.
Yet gentle culture tended to be suspicious of intellectual specialization and
scholarly isolation, and, again especially in England, those who offered their
intellectual labor in exchange for pay were sometimes considered to have sac-
rificed that freedom of action and integrity considered vital to making reliable
knowledge.” Where the pursuit of natural knowledge was not specifically
sustained by resources attached to such other social roles as that of the univer-
sity scholar, the cleric, and the physician, that pursuit — like most other early
modern learned activities — was supported and made possible by accumulated
capital. Inherited independent means overwhelmingly provided the practi-
cal resources to seek natural knowledge, while such independence might be
pointed to as a powerful symbolic guarantee of the integrity and disinterest-
edness of the authentic amateur, he who pursued knowledge for love rather
than for lucre.

The gentlemanly conception of a new social role for the man of science was
important in new practitioners’ self-conceptions and in justifications of new
intellectual practices. Yet its wider cultural legitimacy was circumscribed,
both in England and on the Continent. In England, influential wits and
courtiers poked fun at the utilitarian pretensions of the Royal Society and rec-
ognized no substantial differences between the new social forms and the old
pedantry and dispute. In the Royal Society itself, Boylean patterns of modest

?* The significance of particular patterns of gentility associated with some Continental men of science

has been addressed by Stephen Gaukroger, Descartes: An Intellectual Biography (Oxford: Oxford

University Press, 1995), esp. pp. 28-67; Peter Dear, “A Mechanical Microcosm: Bodily Passions,

Good Manners, and Cartesian Mechanism,” in Science Incarnate: Historical Embodiments of Natural
Knowledge, ed. Christopher Lawrence and Steven Shapin (Chicago: University of Chicago Press,

1998), chap. 2; Albert Van Helden, “Contrasting Careers in Astronomy: Huygens and Cassini,” De

zeventiende eenw, 12 (1996), 96-105; and Victor E. Thoren, The Lord of Uraniborg: A Biography of
Tycho Brahe (Cambridge: Cambridge University Press, 1990).

Studies of Hooke and Boyle that have treated these aspects of remunerated science include Stephen

Pumfrey, “Ideas above His Station: A Social Study of Hooke’s Curatorship of Experiments,” History

of Science, 29 (1991) 1-44; Steven Shapin, “Who Was Robert Hooke?,” in Robert Hooke: New Studies,

ed. Michael Hunter and Simon Schaffer (Woodbridge: Boydell Press, 1989), pp. 253—8s; and Shapin,
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empiricism and polite probabilism were soon challenged by a Newtonian
persona and a Newtonian natural philosophical program that suggested to
many a revival of older conceptions of scholarly isolation and philosophical
authority. Early Royal Society rhetoric about the proper conduct of inquiry
and the proper role of the man of science was widely applauded on the Con-
tinent, but the grip of corresponding social patterns was never very secure
in France, Italy, and the German states. Everywhere the social role of the
man of science remained heterogeneous, the pursuit of natural knowledge
adventitiously attached in all sorts of ways to the preexisting social roles of
the professional scholar, the medical man, the gentleman, and to as many
other roles as figured in the production of learned culture generally.**

>4 The early to mid-eighteenth century developed much more elaborate cultures of both politeness

and utility, and more contested notions of the role of the man of science within those cultures.

On politeness, see Anne Goldgar, Impolite Learning: Conduct and Community in the Republic of
Letters, 1680—1750 (New Haven, Conn.: Yale University Press, 1995); Geoffrey V. Sutton, Science for
a Polite Society: Gender, Culture, and the Demonstration of Enlightenment (Boulder, Colo.: Westview

Press, 1995); and Alice N. Walters, “Conversation Pieces: Science and Politeness in Eighteenth-

Century England,” History of Science, 35 (1997), 121—54. For science and utility, see Larry Stewart,

The Rise of Public Science: Rhetoric, Technology, and Natural Philosophy in Newtonian Britain, 1660—1750

(Cambridge: Cambridge University Press, 1992); Jan Golinksi, Science as Public Culture: Chemistry
and Enlightenment in Britain, 1760—1820 (Cambridge: Cambridge University Press, 1992), esp. chap.

4; and also Shapin, “The Image of the Man of Science.”
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WOMEN OF NATURAL KNOWLEDGE

Londa Schiebinger

“L’esprit n’a point de sexe” (“the mind has no sex”), declared Francois Poul-
lain de la Barre (1647-1723) in 1673 in an effort to level what he considered
“the most remarkable of all prejudices”: the inequality of the sexes. ' An
ardent Cartesian, he set out to demonstrate that the mind — distinct from
the body — has no sex. New attitudes toward women, such as those voiced by
Poullain and others, raised questions about female participation in natural
knowledge, itself a novel enterprise struggling for recognition within estab-
lished hierarchies. In the sixteenth and seventeenth centuries, the relation of
natural inquiry to church, king, households (grand and humble), princely
coffers, and global and local marketplaces was in a state of flux. Important
questions remained to be answered about natural knowledge — its ideals and
methods, its proper limits, and who should mold them.> The looser institu-
tional organization and openings in attitudes allowed women to enter into
natural inquiry through a number of informal arrangements and, in some
cases, make important contributions to natural knowledge.

At a time when participation in natural inquiry was regulated to a large
extent by social standing, men and women seeking to understand nature
came primarily from two distinct social groups: learned elites and artisans
(see Shapin, Chapter 6, this volume). The humanistic literati mixed in

! Frangois Poullain de la Barre, De [%galité des deux sexes: Discours physique et moral (Paris: Jean du Puis
1673), preface. Materials in this chapter are drawn in part from Londa Schiebinger, The Mind Has
No Sex? Women in the Origins of Modern Science (Cambridge, Mass.: Harvard University Press, 1989),
pp. 1-I0L.

* Alexandre Koyr¢, From the Closed World to the Infinite Universe (Baltimore: Johns Hopkins Uni-
versity Press, 1957); Robert Merton, Science, Technology, and Society in Seventeenth Century England
[1938] (New York: H. Fertig, 1970); A. Rupert Hall, 7he Revolution in Science, 15001750 (New York:
Longmans, 1983); H. Floris Cohen, The Scientific Revolution: A Historiographical Inquiry (Chicago:
University of Chicago Press, 1994); S. A. Jayawardene, The Scientific Revolution: An Annotated Bib-
liography (West Cornwall: Locust Hill Press, 1996). The notion that universities stood in the way of
the new sciences has been challenged in Mordechai Feingold, The Mathematicians' Apprenticeship:
Science, Universities, and Society in England, 1560—1640 (Cambridge: Cambridge University Press,
1984).
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courtly circles, scientific academies, and salons, while skilled craftsmen and
craftswomen fashioned telescopes and astrolabes, made maps, and refined
techniques for capturing with exactitude the minutest details of natural phe-
nomena. In addition to these two groups, European peasants, fishermen,
women who gathered medicinal herbs, and others served as informants to
naturalists. William Eamon (Chapter 8, this volume) discusses how Ulisse
Aldrovandi (1522—1605) visited fish markets to learn the names, habits, and
unique characteristics of fish. Harold Cook has argued against a historiogra-
phy that emphasizes too stringent a separation of head and hand, suggesting
that especially in the Dutch Republic (and one might add the German lands)
precisely the marriage of book learning and craft skills produced that ferment
in knowledge still sometimes instructively referred to as the Scientific Revo-
lution.? Nonetheless it is useful to highlight the nonacademic training offered
within artisanal workshops that worked to the advantage of women and men
of lower estates.

This chapter investigates the shifting institutional foundations of natu-
ral knowledge during the revolutions that marked its origins in the sixteenth
and seventeenth centuries, and the changing fortunes of women within those
institutions. We look first at the world of learned elites: universities, princely
courts, informal humanist circles, scientific academies, and Parisian salons.
These networks of literati are contrasted with the workshops of the skilled
craftsmen and craftswomen. The chapter closes with a look outward from
Europe, investigating the naturalists who undertook long and arduous jour-
neys during the expansive voyages of scientific discovery.

LEARNED ELITES

Without proper training, access to libraries, instruments, and networks of
communication, it is difficult for anyone — man or woman, highborn or
lowborn, European or non-European — to make significant contributions to
knowledge. Historically, women have not fared well in European institutions
of learning. From their origins in the twelfth century, universities were, in
principle, closed to women. Unlike religious houses, which had been centers
of learning for both men and women, universities provided formal training
in theology, law, and medicine aimed at preparing young men for careers
in the church, government, or teaching. Women, barred from these learned
professions, were not expected to enter the university.*

3 Harold Cook, “The New Philosophy in the Low Countries,” in 7he Scientific Revolution in National
Context, ed. Roy Porter and Mikul4§ Teich (Cambridge: Cambridge University Press, 1992), pp. 15—
49. For a critique of the notion of a “scientific revolution,” see Steven Shapin, The Scientific Revolution
(Chicago: University of Chicago Press, 1996).

4 Paul Kristeller, “Learned Women of Early Modern Italy: Humanists and University Scholars,” in
Beyond Their Sex: Learned Women of the European Past, ed. Patricia Labalme (New York: New York
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Although today it would be difficult for anyone prohibited from entering
universities to work in science, this was not the case in the early modern
period. At this time, as Steven Shapin discusses (Chapter 6, this volume),
“men of science” cultivated natural knowledge in a variety of settings: Galileo
Galilei (1564—1642) was a resident astronomer at the court of Cosimo de’
Medici; Francis Bacon (1561-1626) and Gottfried Wilhelm Leibniz (1646—
1716) were government ministers as well as men of letters; and René Descartes
(1596-1650), Christiaan Huygens (1629-1695), and Robert Boyle (1627-1691)
were men of independent means.

In the absence of clearly established prerequisites of education and certifi-
cation, participation in natural knowledge was regulated largely by networks
of princely, aristocratic, and ecclesiastical patronage. The key to courtly and
private patronage was power — not raw military might, but rather a highly
ritualized exchange of gifts and status. A prince’s courtiers, some of whom,
such as Galileo, were mathematicians and philosophers, added to the luxu-
rious ostentation of a court where displays of self-glorification affirmed the
prince’s title and power. In their turn, courtiers basked in the reflected glory of
their patrons. Such an exchange is portrayed in the frontispiece to Johannes
Kepler’s (1571-1630) Tabulae Rudolphinae (Rudolphine Tables, 1627); here
Emperor Rudolf II’s imperial eagle drops talers from its beak and spreads pro-
tective wings over Kepler’s “temple of astronomy.” The development of infor-
mal intellectual circles worked to the advantage of wellborn women whose
high social standing allowed them to wield influence in the learned world,
as it did in other domains of culture. Genteel women insinuated themselves
into networks of learned men by exchanging patronage or public recognition
for discourse with men of lesser rank but of significant intellectual stature.

Women in princely courts and the informal scientific circles that emerged
from them served as important patrons, interlocutors, hostesses, and ready
consumers of natural knowledge and curiosities — matters of import in an
age when patronage often structured a naturalist’s identity and career.® In
the exchange characteristic of this system, Christina (1626-1689), queen of
Sweden, invited Descartes to her court in the 1640s to serve as her tutor
in natural philosophy and mathematics and to draw up regulations for her
scientific academy. In the 1690s, Sophie Charlotte (1668-1705), electress of
Brandenburg and later queen of Prussia, supported Leibniz in founding the

University Press, 1984), pp. 117—28; David Noble, A World without Women: The Christian Clerical
Culture of Western Science (Oxford: Oxford University Press, 1993).

I. Bernard Cohen, Album of Science: From Leonardo to Lavoisier, 1450~1800 (New York: Scribner,
1980), p. 53, n. 68; Bruce Moran, ed., Patronage and Institutions: Science, Technology, and Medicine at
the European Courts, 1500—1750 (Rochester: Boydell Press, 1991); and Mario Biagioli, Galileo, Courtier:
The Practice of Science in the Culture of Absolutism (Chicago: University of Chicago Press, 1993).

On the creation of identities, see Stephen Greenblatt, Renaissance Self-Fashioning: From More to
Shakespeare (Chicago: University of Chicago Press, 1980); on the economy of discourse characteristic
of this period, see Anne Goldgar, Impolite Learning: Conduct and Community in the Republic of Letters,
1680—1750 (New Haven, Conn.: Yale University Press, 1995), pp. 12—53.
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Societas Regia Scientiarum, with its new astronomical observatory, in Berlin.”
To my knowledge, however, no woman served as court philosopher; there
was, in other words, no female Galileo, a client of princely patronage whose
charge it was to plumb the depths of natural philosophy.® Although a few
wellborn women, such as the Princess Elisabeth (1618-1680) of Bohemia,
proved themselves acute natural and moral philosophers (as Elisabeth did in
her correspondence with Descartes), most served as patrons rather than as
producers of natural knowledge.

In the late seventeenth century, the scepter of learning passed from courtly
circles to learned academies. Historians of science have identified the found-
ing of Europe’s scientific academies — the Accademia dei Lincei in Rome, the
Accademia del Cimento in Florence, the Royal Society in London, and the
Académie Royale des Sciences in Paris — as key steps in the emergence of mod-
ern natural knowledge.” These princely academies provided social prestige
and often religious and political protection for the fledgling natural knowl-
edge. State recognition of natural knowledge also coincided with a more
stringent exclusion of women from scientific institutions.” This exclusion of
women, however, was not a foregone conclusion and requires explanation.

The seventeenth-century scientific academies had their roots in two dis-
tinct traditions — the medieval university and the Renaissance court. Insofar
as academies were rooted in universities, an explanation for women’s exclu-
sion is easily found in the traditions of those all-male institutions. It is also
possible, however, to see scientific societies as descendants of courtly circles
and the informal intellectual gatherings that emerged alongside them." If
we emphasize the continuities between scientific academies and Renaissance
courtly culture — where women were active participants — it becomes more
difficult to explain the exclusion of women from these academies.

Take the case of the Parisian Académie Royale des Sciences. Women
joined in the informal réunions, salons, and scientific circles that flourished in
late sixteenth- and early seventeenth-century Paris.”” They gathered among
the curious every Monday at Hermeticist Théophraste Renaudot’s (1586—
1653) Maison du Grand Coq on the Ile de la Cité in Paris to observe his

7 Adolf von Harnack, Geschichte der Kiniglich Preussischen Akademie der Wissenschaften zu Berlin
[1900], 3 vols. (Hildesheim: Georg Olms, 1970), 1: 124.

8 At the French court, Christine de Pizan (ca. 1363—ca. 1431) wrote several commissioned works in the
fifteenth century.

9 David Lux, Patronage and Royal Science in Seventeenth-Century France: The Académie de Physique in
Caen (Ithaca, N.Y.: Cornell University Press, 1989); and Alice Stroup, A Company of Scientists: Botany,
Patronage, and Community at the Seventeenth-Century Parisian Royal Academy of Sciences (Berkeley:
University of California Press, 1990).

'° Joan Landes, ed., Feminism, the Public and the Private (Oxford: Oxford University Press, 1998).

" Frances Yates, The French Academies of the Sixteenth Century (London: Warburg Institute, 1947), p. 1;
and Martha Ornstein, The Role of Scientific Societies in the Seventeenth Century (Chicago: University
of Chicago Press, 1928). On women as cultural ambassadors, see Susan Groag Bell, “Medieval Women
Book Owners: Arbiters of Lay Piety and Ambassadors of Culture,” Signs, 7 (1982), 742—68.

 G. Bigourdan, “Les premiéres sociétés scientifiques de Paris au XVII® siecle,” Comptes rendues de
["Académie des Sciences, 163 (1916), 937-8.
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experiments. Women were also present among the Cartesians, persons of
“all ages, both sexes, and all professions,” who gathered every Wednesday at
Jacques Rohault’s (1620-1675) home to watch him attempt to give an exper-
imental base to Descartes” physics.” In the years preceding the founding of
the Académie Royale des Sciences, women attended the Palais Précieux pour
les Beaux Esprits des Deux Sexes and flocked to the salons of the Marquise de
Sévigné (1626-1696) and the Duchess of Maine (1676-1753). The number of
women attending informal academies grew at such a rate that Pierre Richelet
(1626-1698) added the word académicienne to his famous dictionary in the
1680s, explaining that this was a new word signifying a person of the fair
sex belonging to an academy of gens de lettres, coined on the occasion of
the election of Madame des Houlieres (1638-1694) to the Académie Royale
d’Arles."

Despite their prominence in informal scientific circles, women were not
to become members of the Académie Royale des Sciences. Why not? Certain
aspects of the French academic system could have encouraged the election
of gentlewomen. Seventeenth-century academies perpetuated Renaissance
traditions where learning mixed with elegance, adding grace to life and beauty
to the soul. The Académie retained a conviviality in its program, with rules
of etiquette and a routine of dinners and musical entertainment, all of which
tended to blur the boundaries that would later separate the academies from
the salons.” This was an atmosphere in which wellborn women might have
flourished. At the same time, the Académie was monarchical and hierarchical.
Atits head sat twelve honorary nobles whose presence was largely ornamental;
working naturalists — the new aristocracy of talent — found themselves on
a lowlier rung. Yet noble birth was not enough to secure even an honorary
place for women. The closed and formal character of the academy discouraged
the election of women. Membership in the academy was a public, salaried
position with royal protection and privileges."® Although a salaried position
in itself might not preclude women — the illustrious Marie le Jars de Gournay
(1565-164s5), for example, received a modest pension from Richelieu until her
death in 1645 — in the case of the Académie, with the membership limited to
forty, the election of a woman would have displaced a man.

B Claude Clerselier, ed., Leztres de Mr. Descartes [1659], 6 vols. (Paris: Charles Angot, 1724), 2: pref-
ace. On Renaudot’s gatherings, see Howard Solomon, Public Welfare, Science, and Propaganda in
Seventeenth Century France: The Innovations of Théophraste Renaudot (Princeton, N.J.: Princeton
University Press, 1972).

4 Pierre Richelet, Dictionnaire de la langue frangoise, ancienne et moderne, 3 vols. (Lyon, 1759), 1: 21.

S Harcourt Brown, Scientific Organizations in Seventeenth-Century France, 1620-1680 (Baltimore:
Williams and Wilkins, 1934); and Roger Hahn, The Anatomy of a Scientific Institution: The Paris
Academy of Science, 1666-1803 (Berkeley: University of California Press, 1971).

16 Members supplemented the modest salary of 2,000 livres per year with private funds. Charles
Gillispie, Science and Polity in France at the End of the Old Regime (Princeton, N.]J.: Princeton
University Press, 1980), pp. 81—2.
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Women fared no better in England with the founding of the Royal Society
of London in 1662. The Royal Society was open — at least ideologically —
to a wide range of people. Thomas Sprat (1635-1713), the first historian of
the society, emphasized that valuable contributions were to come from both
learned and vulgar hands: “from the Shops of Mechanicks; from the Voyages of
Merchants; from the Ploughs of Husbandmen; from the Sports, the Fishponds,
the Parks, the Gardens of Gentlemen.”" In fact the Royal Society never made
good its claim to welcome men of all classes; the entrance fees and weekly
dues alone discouraged those of humble means. Merchants and tradesmen
comprised only four percent of the society’s membership; the vast majority
of the members (at least fifty percent in the 1660s) came from the ranks of
gentlemen virtuosi, or wellborn connoisseurs of the new natural knowledge.”
Considering that the Society relied for its monies on dues paid by members,
the absence of noblewomen from the ranks of enthusiastic patrons is difficult
to explain.

One woman in particular, Margaret Cavendish (1623-1673), Duchess of
Newcastle, was a qualified candidate, having written some eight books on
natural philosophy. Fellows of noble birth bestowed prestige upon the new
Society; men above the rank of baron could become members without sci-
entific qualifications. However, when Cavendish — a duchess — asked for
nothing more than a visit, her request aroused great controversy. Her now
famous visit took place in 1667. Robert Boyle prepared his “experiments
of . . . weighing of air in an exhausted receiver; [and] . . . dissolving of flesh
with a certain liquor.”™ The duchess, accompanied by her ladies, was much
impressed and left (according to one observer) “full of admiration.”* She
did not, however, when asked, contribute funds to the Royal Society.”"

Margaret Cavendish’s one fleeting encounter with the men of London’s
Royal Society indeed appears to have set a precedent — a negative one: no
woman was elected to full membership until 1945. This pattern did not hold
uniformly across Europe. The Académie Royale des Sciences did not admit

17 Thomas Sprat, History of the Royal Society of London (London: Printed by T. R. for J. Martyn and J.
Allestry, 1667), pp. 623, 72, 435.
8 The society required new members to pay an admittance fee of 10, and later 20, shillings. (Peers were
required to pay £5.) Fellows were expected to pay a weekly subscription of 1 shilling. See Michael
Hunter, The Royal Society and Irs Fellows, 1660—1700: The Morphology of an Early Scientific Institution
(Chalfont St. Giles: British Society for the History of Science, 1982), pp. 15, 24, tables 5—7.
Thomas Birch, History of the Royal Society, 4 vols. (London: Printed for A. Millar, 1756—7), 2: 175.
Samuel Pepys, The Diary of Samuel Pepys, ed. Robert Latham and William Matthews, 11 vols.
(London: Bell, 1970-83), 8: 243. See also Samuel Mintz, “The Duchess of Newcastle’s Visit to
the Royal Society,” Journal of English and Germanic Philology, st (1952), 168—76; Douglas Grant,
Margaret the First: A Biography of Margaret Cavendish, Duchess of Newcastle, 16231673 (London:
Hart-Davis, 1957); Kathleen Jones, A Glorious Fame: The Life of Margaret Cavendish, Duchess of
Newcastle, 1623—1673 (London: Bloomsbury, 1988). For other women, see Lynette Hunter, “Sisters of
the Royal Society: The Circle of Katherine Jones, Lady Ranelagh,” in Women, Science, and Medicine,
15001700, ed. Lynette Hunter and Sarah Hutton (Gloucestershire: Sutton, 1997), pp. 178—97.
Michael Hunter, Establishing the New Science: The Experience of the Early Royal Society (Woodbridge:
Boydell Press, 1989), pp. 167, 171.
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women until the 1970s, but Italian academies in Bologna, Padua, Rome,
and elsewhere did admit a few accomplished women, such as Madeleine
de Scudéry (1607-1701) in the seventeenth century, and Laura Bassi (1711—
1778) and Emilie du Chatelet (1706-1749) in the eighteenth century. The
Académie Royale des Sciences et Belles-Lettres in Berlin (as it was styled
in the eighteenth century) also admitted honorary luminaries, including
Catherine the Great of Russia (1729-1796) and Duchess Juliane Giovane, a
poet and woman of letters.”

The focus of historians on academies has drawn attention away from
another legitimate heir of courtly circles — the salons. In contrast with the
massive public receptions of the Italian sa/oni, the French salons offer a unique
example of intellectual institutions run by women. Featuring intimate intel-
lectual gatherings in the sitting rooms of socially prominent women, these
elegant gatherings of diverse character competed with academies for the atten-
tion of the learned. Like the French academies, the salons created cohesion
among intellectual elites; Bernard de Fontenelle (1657-1757), for example,
longtime secretary of the Académie Royale des Sciences, became président
of Madame Lambert’s (1647-1733) salon. They also played a crucial role in
assimilating the rich and talented into the French aristocracy.” The discussion
of natural knowledge — examination of the exact characteristics of the two
chameleons sent to Scudéry by the consul of Alexandria in 1672, for exam-
ple — was fashionable in Scudéry’s salon as well as in the salons of Madame
Rochefoucauld and Madame Tencin (1685-1749).>* Despite their informal
and private character, salons wielded influence in public matters: Women,
such as Madame Lambert, served as intellectual power brokers at a time when
natural knowledge was organized through highly personalized patronage
systems.

?> Kathleen Lonsdale and Marjory Stephenson were elected to the Royal Society in 1945 (Notes and
Records of the Royal Society of London, 4 [1946], 39—40). See also Joan Mason, “The Admission of
the First Women to the Royal Society of London,” Notes and Records of the Royal Society of London,
46 (1992), 279—300. On du Chatelet, see Mary Terrall, “Emilie du Chatelet and the Gendering of
Science,” History of Science, 33 (1995), 283—310; and Terrall, “Gendered Spaces, Gendered Audiences:
Inside and Outside the Paris Academy of Sciences,” Configurations, 3 (1995), 207—32. On Bassi, see
Paula Findlen, “Science as a Career in Enlightenment Italy: The Strategies of Laura Bassi,” Isis, 84
(1993), 441-69; and Beate Ceranski, “Und Sie Fiirchtet sich vor Niemandem”: Die Physikerin Laura
Bassi, 1711—1778 (Frankfurt: Campus Verlag, 1996). See also Paula Findlen, “A Forgotten Newtonian:
Women and Science in the Italian Provinces,” in The Sciences in Enlightened Europe, ed. William
Clark, Jan Golinski, and Simon Schaffer (Chicago: University of Chicago Press, 1999), pp. 313—49.

Carolyn Lougee, Le paradis des femmes: Women, Salons, and Social Stratification in Seventeenth Century
France (Princeton, N.J.: Princeton University Press, 1976), pp. 41-53; and Dena Goodman, The
Republic of Letters: A Cultural History of the French Enlightenment (Ithaca, N.Y.: Cornell University
Press, 1994), chap. 3.

Madeleine de Scudéry wrote her Histoire de deux caméléons as a rebuttal to Claude Perrault’s Descrip-
tion anatomique d’un caméléon. Her paper was eventually published in the Académie’s Mémoires pour
servir a ['histoire naturelle des animaux (Papers for a Natural History of Animals, 1671-6). See Erica
Harth, Cartesian Women: Versions and Subversions of Rational Discourse in the Old Regime (Ithaca,
N.Y.: Cornell University Press, 1992), pp. 98—110; Gillispie, Science and Polity in France, pp. 7, 94.
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Salonniéres experienced the same limits to their power as other highborn
women in this period: They maneuvered to ensure the election of favored
male candidates to prestigious posts, but not women. Because women were
barred from the centers of scientific culture, such as the Royal Society of
London and the Académie Royale des Sciences in Paris, their relationship to
knowledge was inevitably mediated by a man, whether that man was their
husband, companion, or tutor.

Some historians have taken the case of women as consumers of natural
knowledge as the paradigmatic example of women’s participation in natural
inquiry. Yet relegating women to the status of hostess or amateur diminishes
the contributions that women such as Maria Sibylla Merian (1647-1717) made
to natural knowledge. Not all natural inquiry in early modern Europe was
transacted within elite social settings. In the workaday world of artisanal
workshops, women’s contributions (like men’s) depended less on learned
discourse and more on practical innovations in illustrating, calculating, or
observing.

ARTISANS

Sociologist Edgar Zilsel was among the first to point to the skills of “artist-
engineers” as being central to the development of modern natural knowl-
edge.” It has become commonplace to malign scholarship on artisans’” con-
tributions as the product of Marxist historiography (as indeed it was in
the 1930s and 1940s). One might today, however, join scholarship in this
area to laboratory studies (see Smith, Chapter 13, this volume). To be sure,
gentlewomen such as Mary Sidney Herbert (1561-1621), Countess of Pem-
broke, built elaborate laboratories in their private residences and employed
men of humbler origins, such as Adrian Gilbert, half-brother to Sir Walter
Raleigh (1552-1618), as her “Laborator” to assist her in compounding house-
hold medicines, such as “Adrian Gilbert’s Cordiall Water.”2¢ By the same
token, princes welcomed court engineers and architects — men unskilled in
learned discourse but with considerable technical expertise — to construct
ostentatious gardens and waterworks and fabulous facades, and undertake
other feats of artistic and technical virtuosity in improving fortifications and
ballistics.”” Independent craftsmen and women, who employed keen obser-
vational skills within household workshops, also secured an empirical base for
fields such as astronomy and natural history. Women were at best bystanders
in gentlemen’s laboratories (even when present among the spectators,

* Edgar Zilsel, “The Sociological Roots of Science,” American Journal of Sociology, 47 (1942), 545-6;
Arthur Clegg, “Craftsmen and the Origin of Science,” Science and Society, 43 (1979), 186—201.

26 Margaret Hannay, “How I These Studies Prize’: The Countess of Pembroke and Elizabethan Sci-
ence,” in Hunter and Hutton, eds., Women, Science, and Medicine, pp. 108—21.

*7 William Eamon, “Court, Academy, and Printing House: Patronage and Scientific Careers in Late-
Renaissance Italy,” in Moran, ed., Patronage and Institutions, pp. 25-50, esp. pp. 31-2.
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they — like the humble male “laborants” or “operators” — rarely featured
among the “modest witnesses” whose signatures validated experiments in
early modern England). Nonetheless they were prominent within arti-
sanal workshops, especially on the Continent (see Cooper, Chapter 9, this
volume).?

The new value attached to the traditional skills of artisans in this period
helps explain the success women enjoyed as astronomers in this period.
Between 1650 and 1710, some fourteen percent of astronomers in German
lands were women (a higher percentage even than is true in Germany today).*
Astronomy was never officially an organized guild, yet craft traditions that
molded much of working life in early modern Europe were very much alive
in the practices of astronomy, especially in Germany, the Low Countries, and
parts of Poland. Astronomers, for example, derived income from artisanal
activities, such as preparing popular almanacs and calendars — what Leibniz
called “libraries for the common man.” By choosing astronomers known for
their calendar making and establishing a monopoly on the sale of calendars,
the Royal Society of Sciences in Berlin hoped to capture this income for
itself.3°

Women’s exclusion from universities set limits on their participation
in astronomys; for instance, Maria Margarethe Winckelmann’s (1670-1720)
sighting of an important comet was attributed to her husband in part because
she was not educated in Latin and could not easily publish her finding in the
Acta eruditorum, then the leading journal for natural knowledge in German
lands.?* The actual work of observing the heavens, however, took place in
this period largely outside the universities and was commonly learned under
the watchful eye of a master. Gottfried Kirch (1639-1710), one of Germany’s
leading astronomers, for example, studied at Johannes Hevelius’s (1611-1687)
private observatory, built across the roofs of three adjoining houses in Danzig
in 1640; this was as important for his astronomical career as his study of math-
ematics at the University of Jena.

Whereas men’s work in the trades was typically regulated by their occu-
pational status (apprentice, journeymen, master), women’s was more com-
monly governed by their familial and marital status.’* Trained by her father
(or occasionally by her mother), a woman moved, in typical guild fashion,

3 Steven Shapin, A Social History of Truth: Civility and Science in Seventeenth-Century England (Chicago:
University of Chicago Press, 1994); Donna Haraway, Modest-Witness@Second_Millennium (New
York: Routledge, 1997), pp. 29-32.

29 This estimate is drawn from Joachim von Sandrart, Teutsche Academie der edlen Bau-, Bild- und
Mabhlerey-Kiinste (Frankfurt: J. P. Miltenberger 1675); Friedrich Lucae, Schlesische Fiirsten-Kron oder
eigentliche, wahrhaffie Beschreibung Ober- und Nieder-Schlesiens (Frankfurt am Main: Knoch 1685);
Frederick Weidler, Historia astronomiae (Wittenberg: Gottlieb Heinrich Schwartz, 1741).

3 Harnack, Geschichte der Kiniglich Preussischen Akademie der Wissenschaften, 1: 48—9.

3t Schiebinger, The Mind Has No Sex? pp. 82—98.

3* Margaret Wensky, Die Stellung der Frau in der stadtkolnischen Wirtschaft im Spéitmittelalter (Cologne:
Bohlau, 1981); and Merry Wiesner, Working Women in Renaissance Germany (New Brunswick, N.J.:
Rutgers University Press, 1986).
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from being an assistant to her father to becoming an assistant to her husband.
Elisabetha Koopman of Danzig (1647-1693), like other women in this period,
wed with care to ensure her place in astronomy. In 1663, she married a
leading astronomer Hevelius, a man thirty-six years her elder. Hevelius, a
brewer by trade, took over the lucrative family beer business in 1641. His first
wife, Catherina Rebeschke (1613-1662), had managed the household brew-
ery, leaving him free to serve in city government and to pursue his avocation,
astronomy. When she died in 1662, Hevelius married Koopman, who had
been interested in astronomy for many years. In appropriate guild fashion,
Elisabetha Hevelius served as chief assistant to her husband in both the fam-
ily business and the family observatory. In her pathbreaking work, Margaret
Rossiter has described “women’s work” in nineteenth- and ewentieth-century
science (and especially in astronomy) as typically involving tedious computa-
tion, lifelong service as an assistant, and the like — all of which are a legacy of
the guild wife.” The role of the guild wives, however, cannot be collapsed into
that of a mere assistant; wives were of such import to production that every
guild master, at least in Germany, was required by law to have one.3* The very
different structure of the workplace in the early modern period allowed the
wife a more comprehensive role. For twenty-seven years, Elisabetha Hevelius
collaborated with her husband, observing the heavens in the cold of night
by his side.’

COLONIAL CONNECTIONS

Historians have lavished attention on universities, princely courts, scientific
academies, salons, and even artisanal workshops as loci of intellectual ferment
in early modern Europe. Today, new attention is being brought to bear on
another aspect of early modern natural knowledge — overseas exploration. In
this context, domestic and colonial botanical gardens (and later menageries
and natural history museums) served as displays of princely élan, experimen-
tal stations for economic and medicinal horticulture, collection points for
voyagers, and, last but not least, innovative institutions of the new natural
history.?* One could argue that the opening of the Jardin Royal des Plantes

33 See Margaret Rossiter, “ “Women’s Work” in Science, 1880—-1910,” Isis, 71 (1980), 381-98; and Rossiter,
Women Scientists in America: Struggles and Strategies to 1940 (Baltimore: Johns Hopkins University
Press, 1982), pp. 51—72.

3 Merry Wiesner, “Women’s Work in the Changing City Economy, 1500-1650,” in Connecting Spheres:
Women in the Western World, 1500 to the Present, ed. Marilyn Boxer and Jean Quataert (New York:
Oxford University Press, 1987), pp. 6474, esp. p. 66.
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