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Preface

This work is a contribution to the historical literature both on Descartes and on the
Scientific Revolution, particularly the crucial first half of the seventeenth century.
It should not be confused with my earlier work on Descartes in my 1977 Princeton
dissertation. Over the years I have seen that text cited a fair few times. I even recently
encountered a colleague who reported having seen it referred to in print as some sort
of ‘underground classic’. But rather than have readers cite that work, I would today
prefer that they instead contemplate it as a vestige of how some history of science
theses were constructed in departments of history in the 1970s.

Between 1981 and 1999 I published almost no first order research on the natural
philosophical career of Descartes. The exception was my suite of papers (one in
collaboration with Evelleen Richards) on how to model grand doctrines of method
(including Descartes’) as ‘mythic speech’. That research was stimulated by the
post-Kuhnian sociology of scientific knowledge of that period. In those years,
beyond the work on method, I was more concerned with the historiography of the
Scientific Revolution; problems of Bachelardian/Kuhnian theorizing of the rise of
experimental fields; and, with the demands of course and degree structure design in
history and philosophy of science, under the compulsion of which I eventually
wrote two open access, introductory textbooks, one of which was recently revised
for translation and publication in Mandarin.

In the late 1990s, initially prompted by suggestions and invitations from Stephen
Gaukroger, I returned to Cartesian studies in the history of science. I was involved
in the editing of two thematic collections about Cartesian science and natural
philosophy, one with Gaukroger and John Sutton, the other with Peter Anstey. More
importantly, since 2000 I have published a series of papers concerning Descartes’
optics, his hydrostatics (with Stephen Gaukroger), his vortex celestial mechanics,
and (with Judit Brody) his previously little appreciated strategies of pro-Copernican
systematisation in the Principia philosophiae. My ‘late twentieth century’ work on
the structure, periodization and process of the Scientific Revolution has informed
this work, along with another historiographical category that has been attracting
attention in recent years. That is ‘physico-mathematics’, an actor’s term in the later
sixteenth and early seventeenth century, first brought to the notice of historians of
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science in an important way by the work of Peter Dear. Indeed, this category—
decoded in the early work of Descartes and also elaborated as an historiographical
theme—plays a central role in the present text, because this book is largely concerned
with the trajectory of Descartes between 1618 and 1633: that is, from being a physico-
mathematician who was seeking piecemeal corpuscular-mechanical grounding
to his work, to becoming a corpuscular-mechanical systematiser with recognizable
physico-mathematical conceptual stitches holding together large parts of the system.
However, unlike my earlier approach to Descartes, in the present work that trajectory
is now extended to include the Principles of Philosophy. There, based on my most
recent research, in collaboration with Judit Brody, a novel and perhaps surprising
interpretation is offered about Descartes’ strategies of systematization and his
enrolment of novel matters of fact—about sunspots, novae and variable stars—in
the service of the very daring version of realist Copernicanism that text offers to the
discerning reader, then and now.

In sum, then, my recent papers on Descartes, and my earlier work on his method,
form the backbone of the present book, while those papers themselves draw upon
my wider concerns with explaining the Scientific Revolution and with articulating
and putting to work the category of physico-mathematics. Additionally, there are
deployed in the present text some bits and pieces mined from my earliest work on
Descartes. In almost all cases, however, that mining is not crude, nor are the extracts
left unrefined. The historiographical categories and insights contained in my recent
papers have determined how slices of my earliest work have been selected, shaped
and placed in the present argument.

Accordingly, themes from my original dissertation which have not been topics of
development in my intervening published work are revised extensively, if they
reappear here. For example, in 1977 I had an overly optimistic view of the thesis
concerning the ‘crisis of the seventeenth century’ and its relation to the rhythm of
the Scientific Revolution (despite some terminological strictures against Popkin and
Rabb mentioned at the time). I then passed through a long stage of deconstructivist
scepticism about the entire notion, expressed only in conference and seminar papers,
but not in print. However, I now return to it in modified form. It plays through my view
of the ‘inflection’ (rather than rupture) in Descartes’ career, identity structure and
agenda, in 1629-1630, between the abandonment of the unfinished Rules for the
Direction of the Mind and the emergence of the project of his first system of natural
philosophy, Le Monde. Extending this approach in the present work, I endeavor to
take stock of Descartes’ self-understanding of his role and agenda at several key
moments in his natural philosophical career; for example, when in 1618 he follows
Isaac Beeckman into the alluring if under-determined realm of physico-mathematics;
or when, soon after, he diverts along the ultimately delusional paths of mathesis
universalis and universal method; or when, nearing completion of Le Monde, he
momentarily oscillates between, on the one hand, still craving an ‘a priori science’
and, on the other, bemoaning his lack of a ‘complete natural history’ of facts, necessary
to ground his effort; or when he decides, in the Principles of Philosophy, vastly to
outbid and out theorize even his younger self in the game of promoting a radical,
infinite universe, realist Copernicanism.



Preface vii

All this further points to a characteristic and goal of the present book which
I would hope all readers try to bear in mind as they proceed. This work, like almost
all of my research, is deeply imbued with historiographical claims, insights and
advice. The story, or at least my story, of the young Descartes’ trajectory in natural
philosophy, method and physico-mathematics could not have been told without the
guidance, framing and explanatory fruits of my own career-long concern with
historiographical problems and historical category formation in the history of
science. I learned this style of problematising, and category formation and testing,
from my initial mentors in the history of science, and early modern social and
economic history—Tom Kuhn, Mike Mahoney, Ted Brown, Ted Rabb and Lawrence
Stone. Some people discern in my historical style the overhang of a youth misspent
in trying to become a physicist (whilst obsessively reading history of all kinds).
It was this unpromising material on which these maestros of the Princeton History
Department tried to work.

Those history of science colleagues who in the long time since then have been
most important in influencing my work have been those who have in one way or
another prompted my concerns along these lines, rather than, say, pointing out this
or that Cartesian detail. Amongst these historiographical benefactors I would list
Jerry Ravetz, Bob Westman, Floris Cohen, Wilbur Applebaum, Keith Hutchison,
John Henry, Simon Schaffer, Richard Yeo, Peter Harrison and Peter Dear. But pride
of place goes to Stephen Gaukroger, since the late 1970s my Cartesian sparring
partner, occasional collaborator and constant exemplar of scholarly application and
distinction.

My concerns with explanatory and interpretive resources and categories have
always made me a consumer of cognate work in sociology of science, sociology of
knowledge and other areas of history of science which might confer some heuristic
guidance upon my own deliberations. These are patent in the present work. Over the
years the most important contributions to my own ‘concept formations’ in these areas
have come from the following (the last of whom I admit I never had the pleasure of
meeting in person): Stephen Shapin (despite some tangential but overt differences
over historical details), Barry Barnes, Trevor Pinch and Pierre Bourdieu. I also
acknowledge the work of history of science/medicine/technology colleagues who
have one way or another concretely affected or deflected my historiographical
concerns: Ivan Crozier, David Mercer, Adam Lucas, Jan Golinski, Larissa Johnson
Aldridge and Luciano Boschiero amongst former undergraduate or doctoral students
of mine, as well as former or present colleagues, Evelleen Richards, Alan Chalmers,
Barry Brundell, David Miller, Katherine Hill (Neal), Ofer Gal and Victor Boantza.
When it comes to highly technical scientific issues, or tangled textual matters, rather
than overtly historiographical questions, my debts are to such past and present history
of science (or mathematics) masters as Alan Gabbey, Alan Shapiro, Jed Buchwald,
Henk Bos, Eric Aiton and Bruce Eastwood.

For all the above reasons, the present book is not well categorized as history of
philosophy. I was not professionally trained as an historian of philosophy, let alone
as a philosopher as such. Of course, from the beginning I have benefitted from
philosophers’ research on Descartes, including even the oldest French Cartesian
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scholarship from the turn of the last century: from Boutroux to Brunschvicg; from
Gilson to Gueroult, from Mouy to Marion. To these we can add the burgeoning
ranks of Anglophone historians of early modern philosophy who have worked on
Descartes. In my case the most notable help has come from the works of Dan Garber
(supplemented in person in his case), Roger Arieu, Des Clarke, Peter Machamer,
Gary Hatfield and Denis Sepper. But, the philosopher who most shaped my approach
to Descartes, and indeed to parts of history of science in general, was the late Gerd
Buchdahl, a model colleague in the distant past, and, though he would have denied
it, a master of historiographically relevant conceptualization, malgré lui.

Nevertheless, the exception of Buchdahl rather proves the rule, for I do not, in
general, find amongst the cohorts of professional historians of early modern
philosophy treatment of the same sorts of properly historical questions—relevant to
micro as well as macro/comparative studies—that one finds amongst at least some
historians of science, especially those trained in, and concerned with, other areas of
general history. I very often benefit from the technical insights and wrangling of
historians of philosophy, but I cannot think of more than a small number of occasions
when an historiographical insight or problem of some import to this project has been
stimulated by such a practitioner. Nor do I expect that the kinds of categories explored
and deployed in this work in the service of an historical (partial) biography in context
will be of particular interest or relevance within the empire of history of philosophy.
However, exceptions will be welcomed and engaged, as they always have been.

A simple glance at the contents of Chap. 2, my initial statement of key concepts
and historiographical issues that will be deployed and articulated throughout the
work, will show this. In compensation I expect that the sort of categories and models
set up there will interest, or usefully incense, intellectual and social historians and
historians of science concerned with how nature-knowledge disciplines develop and
interact with each other and their wider contexts. In short, while I hope historians of
philosophy read (at least parts of) this book, I am speaking as an historian—with
wide and eclectic interests in that discipline beyond mere, say, history of physics or
natural philosophy—to historians, in a language of questions, concepts and categories,
many of my own making or revision, which remains unremittingly historical.!

In closing, I must acknowledge one philosopher whose work, more than any
other, haunts my present effort—and my earlier one. That scholar is the redoubtable
Norman Kemp Smith, whose New Studies in the Philosophy of Descartes (1952)
gave me my first clues about how to deal historically with the young Descartes.
I picked up that work in 1972 on the prompting of Tom Kuhn, who had written a
positive review of it in Isis in 1955, when he himself was contemplating a scientific
biography of Descartes. Many reading this Preface will know that Kemp Smith had

" Any historian of philosophy reading this might refer to my short review of Ted McGuire and Peter
Machamer’s recent brilliant rational reconstruction of the ‘mature Descartes’ in Descartes’
Changing Mind (2009) to see how I envision the difference between their work and any instance
of a suite of possible historical approaches, whilst granting the complete legitimacy of their terms
of discourse. Renaissance Quarterly 63 (2010): 579-581.
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two attempts at the study of Descartes. His New Studies post dated his original
Studies in the Cartesian Philosophy by 51 years. Perhaps Descartes exercises a
certain compulsion upon some of his scholars. After all, I am here presenting my
second attempt at ‘a Descartes for historians of science’—and students of history in
general—following a gap of a mere 35 years. I say this not in any way to equate my
efforts with those of Kemp Smith, but simply to acknowledge the effect of his
second book on me at my most formative moment, and to register the fact that such
Cartesian obsession, with which I might well be charged, is neither unprecedented,
nor necessarily unfruitful.

Mount Keira John Schuster

A note on the use of this book: A glance at the table of contents of this volume and
a reading of Sect. 1.4, ‘Overview of Argument’ will show that, despite its length,
this book embodies a tightly knit, and highly iterative, argument. The key categories
and frames of interpretation, as well as the central questions addressed, are treated
intensively, rather than diffusely. Core questions and concepts recur during the course
of the narrative with increasing articulation and contextualization. Two of the chapters,
Chaps. 2 and 6, are largely devoted to exposition of interpretative concepts and frames
required at those stages of the argument. There is a high level of internal cross
referencing both within chapters and between sections and sub-sections of differing
chapters. Use of the table of contents, which has over 160 entries, and the extensive
internal cross referencing, provide the best reader’s map to both the pattern of
the argument and its underlying conceptual architecture. These resources also make
perfectly clear where key figures other than Descartes enter the story. Additionally,
many readers will be approaching this volume in its digital manifestation, rendering
it easy to design one’s own complete searches for topics, persons and categories.

All these facts conduced to the decision not to provide a standard index, a piece
of apparatus that tends to enforce a particular and atomized picture of the contents
of a book. That may be appropriate to factually exhaustive and circumstantially rich
discourses. But, it does not suit works such as this, which attempts a detailed
narrative cum explanation of Descartes’ activities in a limited number of intellectual
disciplines, the narrative/explanation being shaped by, and iteratively articulating, a
number of historiographical concepts and frames of interpretation, some of which
began life as contemporary actors’ categories. Readers should note that internal
cross references to specific sections of this book (rather than to entire chapters),
always use the full numerical code for the section in question, as it appears in the
Table of Contents: the first numeral always denotes the chapter, the second the
section and the third, if needed, the sub-section. Thus, a cross reference to ‘Sect. 8.2.1°
refers the reader to Chapter 8, Section 2, Sub-Section 1. This protocol applies to
cross references in the text and in footnotes, and even to cross references within a
given chapter.
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Chapter 1
Introduction: Problems of Descartes
and the Scientific Revolution

1.1 Prologue: The ‘Young’ and the ‘Mature’ Descartes,
Natural Philosopher

In this book, I attempt to reconstruct key aspects of the early career of Descartes
from 1618 to 1633; that is, up through the point of his composing his first system
of natural philosophy, Le Monde, in 1629-1633. I focus upon the overlapping and
intertwined development of Descartes’ projects in physico-mathematics, analytical
mathematics, universal method, and, finally, systematic corpuscular-mechanical nat-
ural philosophy.! My concern is not simply with the conceptual and technical aspects
of these projects; but, with Descartes’ agendas within them, and his construction
and presentation of his intellectual identity in relation to them. Hence, my subject
matter is selective and ultimately limited in relation to the potential field of concerns
in which intellectual historians and historians of science and philosophy might place
Descartes, or even the young Descartes. Nevertheless, as explained below in Sect.
1.3.3, my focus on technical projects, agendas and identity well fits the scope and
aim of scientific or intellectual biography.

On my analysis, Descartes’ technical projects, agendas and senses of identity all
shift over time, entangle and display great successes and deep failures. This moti-
vates my choice of title, ‘Descartes Agonistes’: In all three dimensions—projects,
agendas and identity concerns—the young Descartes struggles and contends, with
himself and with real or virtual peers and competitors between 1618 and 1633, as he
morphs from a mathematically competent, Jesuit—trained graduate in neo-Scholastic
Aristotelianism to aspiring prophet of a firmly systematized corpuscular-mechanism,

! Physico-mathematics is defined in a preliminary way below, in Sect. 1.3.2, and more fully in
Sect. 2.5.3; Descartes’ early projects within the intended scope of this discipline are explored in
Chap. 3. Also see below, Sect. 1.4 ‘Overview of Argument’, for more on the way this category will
recur, be studied and explored throughout this work.

J. Schuster, Descartes-Agonistes: Physico-mathematics, Method & Corpuscular- 1
Mechanism 1618-33, Studies in History and Philosophy of Science 27,
DOI 10.1007/978-94-007-4746-3_1, © Springer Science+Business Media Dordrecht 2013
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passing through stages of being a committed physico-mathematicus, advocate of a
putative ‘universal mathematics’, and projector of a grand methodological dream.

I argue that Descartes’ evolving program in physico-mathematics was the central,
but not exclusive element in this complicated story, and thereby I indicate how the
more usual tales of Descartes’ development can and must be retold around this axis.
Unlike my previous work, the present book establishes that early on Descartes was
very far from being interested in constructing a systematic natural philosophy, and
that his commitment to corpuscular mechanism, though real, was more peripheral
than central to the evolving tangle of his projects and concerns.

Indeed, it was only through the maturation of his physico-mathematics, and the
simultaneous collapse of alternative grand projects in method and universal math-
ematics, that he saw his way, finally, to becoming a systematic philosopher of
nature. He then offers in Le Monde his first version of a corpuscular-mechanical
system with, as he saw it, unusually strong grounding in physico-mathematical
achievements and practices. Descartes’ early career, leading to the composition of
Le Monde, is explored in Chaps. 3, 4, 5, 6, 7 and 8. Chapters 9, 10, and 11 present
what I suspect may be the most extensive conceptual and technical dissection ever
undertaken of Le Monde.

But, despite what has just been proposed, why take Le Monde as such an impor-
tant event in investigating the early career of Descartes? It is perfectly clear that
there are many ways to define, and to inquire about, the intellectual projects of the
‘young’ Descartes, and thence, by contrast to define some works or achievements
as constituting the ‘mature’ or late Descartes. For example, to name but two:
Taking ‘method’ and its supposed applications or examples as central, one might
view the aborted Regulae ad directionem ingenii as marking the end of his early
development, and the publication of the Discours and Essais in 1637 to mark not
only the public, but the mature Descartes; or, privileging the trajectory of his work
in metaphysics, one might take the Discours as marking the end of a long appren-
ticeship in the field, which still left Descartes far short of the mature position[s]
he finally staked out in the Meditations, Objections and Replies and portions of
the Principia itself.

Now, the present work aims to be neither tendentious nor precious about this
issue. The matter is quite straightforward, once the goals and interpretative frame-
work of this book are stated. My focus, as already noted, is upon Descartes as a
philosopher of nature. The main concern is with natural philosophy and those fields,
such as optics and mechanics, as well as programs such as physico-mathematics,
that bore on the practice of natural philosophy, and vice versa. Therefore, the early
trajectory of Descartes, his early career in this sense, consists of those events, pro-
cesses and achievements that led to writing Le Monde, his first systematic work in
that field. This immediately dictates that whatever other scholars and studies may
define as the mature Descartes, in this work the mature Descartes is the mature
natural philosopher, whose definitive, natural philosophical system is his Principia
Philosophiae (1644, 1647).

It is for this reason that the penultimate chapter of the book undertakes an
extensive analysis of the Principia as a systematic work in natural philosophy.
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This inquiry will reveal a number of novel and surprising conclusions, concerning
the content and intent of the Principia as a daring gambit in natural philosophy
and in realist Copernican cosmology and cosmography.? These findings will serve
both to put into perspective our main target, Descartes’ achievement and inten-
tions in Le Monde, and to mark out a field of further inquiry into what exactly the
Principia was intended to accomplish within the natural philosophical contest of
Descartes’ generation. Overall, about three-quarters of the book are devoted to the
trajectory of the young Descartes, leading up to the composition of Le Monde,
whilst the final quarter consists of the detailed dissection of Le Monde, and the
comparison of it to the Principia, the latter treated in the rather unconventional
manner just outlined.

Finally, readers should rest assured that although this work declines to define the
early and mature Descartes in the alternative terms mooted three paragraphs above,
the Regulae as well as the Discours and Essais are treated herein, insofar as required
by our focus on Descartes’ natural philosophical career. As the ‘Overview of
Argument’ in Sect. 1.4 below shows, within the perspective adopted in this book, the
Regulae are examined extensively as a nodal work, especially in regard to their con-
tent and the history of their composition between 1618 and 1628. In addition,
although our approach dictates that we not focus upon the Discours and Essais as a
publishing event or putative statement of program per se, several aspects of Descartes’
1637 public manifestation come under examination at appropriate points in our argu-
ment—most importantly his work on the law of refraction of light and theory of
lenses in the Dioptrique; his purported method and tendentious autobiography in the
Discours, and his corpuscular—mechanical explanation of color in the Météores.

1.2 Descartes and the Historians of Science

As recently as a generation ago, apprentice historians of science, especially
Anglophones, faced a daunting challenge, linguistic and cultural, in coming to
grips with Descartes the mathematician, natural philosopher and ‘scientist’. They
tended to encounter a Descartes already unpalatably familiar from undergraduate
excursions in philosophy or the history of ideas: an eerily contextless and anonymous
author of atomic, isolated, putatively timelessly relevant texts, the Discourse on
Method and the Meditations, the Father of Modern Philosophy (epistemology)
with whom their philosophy instructors were, apparently, in constant, but critical
discussion.

With the help of equally frustrated but more experienced senior colleagues, one
soon realized that the best sources for the study of Descartes’ mathematics, science
and their relation to his philosophical projects were old, rare and mostly in French,

2Cosmography is initially defined below in Sect. 1.4, ‘Overview of Argument’, regarding Chap. 12,
and in Chap. 12, itself (Sect. 12.2).
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bearing names such as Brunschvicg, Milhaud, Boutroux, Dreyfus-Le Foyer, and
Klein.* As one who slogged through some of these tomes and others like them, I can
say that the lack of consensus they displayed about Descartes’ science, method-
ological and natural philosophical project(s) was on the whole challenging and
exhilarating. At least here was a Descartes relevant to the history of science, a work-
ing mathematician, anatomist, student of geometrical optics, natural philosopher
and methodologist. And if this Descartes did not have much of a context, either
intellectual, institutional or political, at least he had dense and much debated projects
and trajectories, imputed strategic plans and occasionally mooted failures, defeats
and tactical retreats.

I suspect I am far from alone in possessing several large canvas-bound loose leaf
notebooks of 1970s vintage, filled with the erudite thoughts of these earlier twenti-
eth century masters, along with my own almost random counterpoint of hesitant
query, contrast and even the odd idea. Luckily, I did not then appreciate the degree
to which many of these works, and their mutual conflicts, were themselves the prod-
ucts of arcane Parisian politico-religious-cultural-pedagogical battles which would
have required a second, very French and very privileged, life-time to unravel, if at
all. Most Anglophone neophyte Cartesian scholars were, I think, similarly insulated
from this insight, which might have extinguished all hope of penetrating, let alone
contributing to this archive.

As for contemporary Anglophonic Cartesian studies, most remained firmly anach-
ronistic. The number that gave access to even bits of Descartes’ scientific concerns
and projects would be counted on not more than one hand. Looking beyond Scott’s
(1952) even then dated but still occasionally useful work, one found inspiration
chiefly in the brilliant but scattered work of people like Gabbey (1971), Sabra (1967),
and Aiton (1972).* For an overall picture of Descartes’ intellectual projects and trans-
formations, it was not idiosyncratic to rely on the then generation old work of Norman
Kemp Smith.’ For Descartes’ cultural, religious, and, if you like, political context and
motivation, one of course resorted to Popkin.® As for the historiographical traditions
descending from Bachelard, Koyré and Kuhn in which many were being trained,
there was relatively little help to be found. These had shared one key premise: method
does not really account for work at the research coalface or for trajectories of research.
For Bachelard, much of Descartes technically is ‘pre-science’, the ‘philosophy of the
sponge’ to be exact, and although in an odd way Bachelard was inviting us to con-
sider what we might now term the field of natural philosophical discourse and
struggle, the insight was, in my view, impossible at the time.” Koyré was more to the
point, in a negative way, by stressing Descartes’ slippages and mistakes, compared to

3 Brunschvicg (1927), Milhaud (1921), Boutroux (1900), Dreyfus-Le Foyer (1937), and Klein
(1968).

4Scott (1952), Gabbey (1971), Sabra (1967), and Aiton (1972).

>Smith (1952).

¢Popkin (1964).

"Bachelard (1965) 79. Cf Schuster and Watchirs (1990) 7-11.
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the ultimate achievement of scientificity in mechanics by Galileo.® As for Kuhn,
early in his career he had called for serious work on Descartes in a series of reviews
in Isis and even apparently had contemplated some himself. However, in retrospect,
we can see how the socio-cognitive category of natural philosophizing eluded Kuhn,
just as it had Koyré.’

Since then many of these limitations have been swept aside. First year philoso-
phy does not seem to live or die on the Meditations. Many students may first meet
Descartes in a history of science course, where the readings can take advantage of
arenaissance of Anglophonic, serious, state of the art scholarship in the history of
science and history of philosophy. This has depicted Descartes as a significant
player in that historical passage of natural philosophical contention, physico-
mathematical invention, and grand methodological posturing called the Scientific
Revolution. He is a player who perhaps failed in terms of his own vision of his
mature projects and aims, but whose interventions shifted the ground of debate in
several key areas of natural philosophy, mathematics and the technical sciences.!®
In the wake of these developments we have also been able to benefit from full
scale intellectual biographical studies anchored in history of science and/or his-
tory of philosophy, which exploit and extend for Anglophones these relatively
recently expanded horizons.'

The present book similarly operates on the basis of these improvements in our
understanding, and expansion of our archive of reliable history of science studies of
Descartes. Like much of the newer literature, and in accord with my own apprentice
studies in this direction, this volume also concentrates on Descartes’ early career—
the period residing between his early and problematical methodological visions,
and the emergence of his mature philosophical works, the Discourse on Method
(1637), Meditations (1641) and Principles of Philosophy (1644)—and hence with
his natural philosophical and mathematical concerns in those years. It also has
something of the form of an intellectual biography, albeit in deliberately truncated
and narrowed form. This is because whilst there is little need at the moment for
another full blown intellectual biography of even the young Descartes, there is room
for a very detailed reconstruction of his concerns, precisely in the overlapping
domains he himself would have denominated physico-mathematics, mixed mathe-
matics, natural philosophy and method.

We have learned much in recent years on both a factual and historiographical
level about what these terms, and the activities they denote, meant to Descartes in
particular and to the overlapping communities of practitioners to which he belonged.

8 Koyré (1939). The time period I am discussing pre-dates Mephem’s valuable English translation
of this classic.

?Kuhn (1953) and (1955). Cf. Schuster and Watchirs (1990) pp.11-13. Kuhn himself informed me
at some stage in the early 1970s that he had intended in the early to mid 1950s to write a book
about ‘Descartes’ science’.

1For example, the Anglophonic studies collected at intervals of half a generation in, respectively,
Gaukroger (1980), Voss (1993), and Gaukroger et al. (2000).

Shea (1991), Garber (1992), and Gaukroger (1995).
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We have become attentive to what young natural philosophers were taught at
university by their neo-Scholastic Aristotelian masters about the (limited) relations
that were supposed to exist between the study of natural philosophy, the cognate
discipline of mathematics, and the curiously hybrid ‘mixed mathematical’ disciplines
taken to be subordinate to both. We have learned that the term physico-mathematics
signaled a questioning of the Scholastic Aristotelian view of the mixed mathematical
sciences as subordinate to natural philosophy, non explanatory and merely descrip-
tive.”> Somehow, the mixed mathematical disciplines would become intimately
related to natural philosophical issues of matter and cause—they were to become,
as I shall explain below, more ‘physicalised’, more closely intertwined with natural
philosophizing, regardless of which species of natural philosophy one pursued.
Finally, we have also realized that we have to be careful about such notions as the
possibility of an efficacious and transferable general method in the sciences; and
that one needs to look carefully at how systems of discourse, especially highly
contested systems, such as those in natural philosophy, were pursued by active
players. All this means that surviving evidence of the young Descartes’ involve-
ment in these activities can be looked at anew, and perhaps folded into a tentative
diachronic reconstruction of his intertwined trajectories in these fields. This inquiry
will facilitate better large scale studies of the mature Descartes, as well as improved

12My use of the terms mixed mathematical sciences and subordinate sciences follows that stated in
Gaukroger and Schuster (2002) p.537, which introduced a discussion of the young Descartes’
enterprise in physico-mathematical hydrostatics: “The term “mixed mathematics” had been framed
by Aristotle to refer to a group of disciplines intermediate between natural philosophy, which dealt
with those things that change and exist independently of us, and mathematics, which deals with
those things that do not change but have no existence independently of us, since numbers and geo-
metrical figures have (contra Plato) an existence only in our minds. (Aristotle, Metaphysics Book E.)
A physical account of something — such as why celestial bodies are spherical — is an explanation
that works in terms of the fundamental principles of the subject matter of physics, that is, it cap-
tures the phenomena in terms of what is changing and has an independent existence, whereas a
mathematical account of something — such as the relation between the surface area and the volume
of a sphere — requires a wholly different kind of explanation, one that invokes principles commen-
surate with the kinds of things that mathematical entities are. (Aristotle, Posterior Analytics,
75a28-38; Cf. 76a23ff and De caelo 306a9-12.) In the De caelo, 297a9ff, for example, we are
offered a physical proof of the sphericity of the earth, not a mathematical one, because we are
dealing with the properties of a physical object. In short, distinct subject matters require distinct
principles, and natural philosophy and mathematics are distinct subject matters. However, Aristotle
also recognizes subordinate or mixed sciences, telling us in the Posterior Analytics, 75b14-16, that
“the theorem of one science cannot be demonstrated by means of another science, except where
these theorems are related as subordinate to superior: for example, as optical theorems to geome-
try, or harmonic theorems to arithmetic.” Whereas physical optics — the investigation of the nature
of light and its physical properties — falls straightforwardly under natural philosophy, for exam-
ple, geometrical optics “investigates mathematical lines, but qua physical, not gua mathematical.”
(Physics, 194a10.) The question of the relation between mixed mathematics, on the one hand, and
the “superior” disciplines of mathematics and natural philosophy, which did the real explanatory
work on this conception, remained a vexed one throughout the Middle Ages and the Renaissance,
but so long as the former remained marginal to the enterprise of natural philosophy the problems
were not especially evident.”
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understanding of Descartes as a symptomatic player in these fields at a critical
phase in what we call the Scientific Revolution.

The resulting study is therefore limited in time, the biographical narrative stop-
ping after Descartes’ first extensive project in systematic natural philosophy, Le
Monde, largely finished but left unpublished in 1633 (although, as noted, we will
end by jumping forward to consider his mature natural philosophy in the Principia
philosophiae). More importantly, this study is quite focused (some might say limited)
in terms of the intellectual or, if you will, the psychological space it canvasses.'? Not
every documentable concern of Descartes in the years 1618—1633 will be examined,
only those bearing on his agendas, products and arguable self-images or identities
in relation to natural philosophy, physico- and mixed mathematics and method. The
colorful but more often than not wild motivational claims of some of the recent
popular work on Descartes will be eschewed. For example, whether or not Descartes
was an active, or more laid back, agent or informant for the Jesuits in the Counter
Reformation politics of the time is not terribly relevant to studying and reconstruct-
ing his expert practices and aims in fields of expert endeavor (which themselves
might be interrelated of course). Similarly, even the best intellectual history and
biography is prone to assert (or assume) billiard ball models of causation and motiva-
tion: Descartes engaged in this or that expert and technical aim or activity because of
some particular event, episode or one-off encounter, as, for example, he set out to do
metaphysics and conquer scepticism because in the late 1620s he happened to cross
paths with Cardinal Bérulle. This study eschews all such simplistic notions of how
large (and often quite speculatively asserted) contextual forces or commitments
immediately shaped Descartes’ (or anybody else’s) dense, long-term, complicated
and expert engagements in expert activities and disciplines. All of these have their
own more narrow social, organizational and rhetorical/persuasive economies, which
do need to be factored into biographical stories.'

I sympathize with the possibility that Descartes had and pursued aims of contem-
porary religio-political relevance. That is part of the reason why I shall advance a
model of how the game of natural philosophizing was played that allows players to
have articulated and expressed such outside aims and values in terms of moves and
positioning inside the expert field. Did Descartes’ natural philosophizing have a
Counter Reformation salience and message? The answer is, ‘yes’. Is that because he

13 We shall shortly see that the term ‘psychological’ is misplaced or misleading. Whilst I intend
continually to attempt to reconstruct Descartes’ relevant cognitive and motivational structures, this
is not an exercise in psychological diagnosis, therapy or causal explanation. My bearings come
from phenomenological sociology and so deal with evidence—based hypothetical reconstructions
of the contents of Descartes’ and others’ structures of knowledge, relevance and motivation. See
below, Sect. 1.3.3.

14We shall put these principles to work throughout this volume. A particularly salient example of
their application occurs in Chap. 8, where we consider the problem of the break or inflection in
Descartes’ career following the collapse of his project of the Regulae in 1628. Here the issue of
avoiding simplistic event to event causation and unrealistic images of rupture and revolution will
be to the fore, and an alternative mode of description and explanation will be employed.
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was a Jesuit agent."> The answer is, ‘we do not definitively know, and even if he was,
there was more in his background and view of the world which would have invited
such gambits inside his natural philosophizing’. Similarly, we can easily agree that
Descartes’ physico-mathematics and his later emerging mechanistic system of natu-
ral philosophy expressed values of utility, domination of nature and the import of
material practices for high cultural systems of knowledge. But, was this because he
had met one or two practical mathematicians, or because he belonged to a ‘class’
whose interests would be served by enunciating such views at an elite cultural level?
Neither popular and dramatic story telling, nor old fashioned vulgar Marxist social
structural imprinting will be employed here. Again, we shall work from the inside
out, placing Descartes in the more immediate and expert field of contention, natural
philosophizing, and then and only then we shall ask, “With what cultural items and
agendas would he personally have been acquainted and concerned to articulate to
his own particular weavings of natural philosophical utterance?’ Neither class
affiliation at one end, nor one-off biographical episodes at the other end, are likely
to throw much light on such moves and strategies inside what we shall term the field
of natural philosophical contention.

In short, the project I here propose is entangled in two intersecting spaces of
interpretative possibilities and problems: (1) The general problematic of scientific
biography (or intellectual biography) as it presents itself today; and, (2) the particu-
lar constraints and contours of a ‘scientific’ biography of Descartes, especially as
such a project handles issues of the relation of Descartes to the wider processes of
the Scientific Revolution. In the following Section we turn to these two spaces,
starting with the latter.

1.3 Key Pitfalls (and Opportunities) Facing Descartes’
Biographers (Even Authors of Quite Truncated
Biographies)

1.3.1 The Problem of Method and Its Texts: Regulae
and Discours

Although the message has perhaps not yet spread as widely as would be desirable in
Cartesian studies and intellectual history generally, we now have excellent grounds
for accepting, on the basis of the work of some historians and sociologists of sci-
ence, the general proposition that no doctrine of method, whether Descartes’ or
anybody else’s, ever has guided and constituted the actualities of scientific

1> Grayling (2005). Another option, perhaps more plausible in my view, is that speculatively
advanced by Harold Cook (in his contribution to the symposium ‘Wil de Echte Descartes
Opstaan?’ at the Descartes Centre for the History of the Sciences and the Humanities, University
of Utrecht, 2 October 2008), that Descartes may have been throughout his mature career some
sort of ‘intelligencer’ in the service of Richelieu.
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practice—conceptual and material—in the literal ways that such methods proclaim
for themselves. This raises immediate and catastrophic implications for some tra-
ditions of Cartesian studies. Just as, until relatively recently, some major interpreta-
tions of the Scientific Revolution have tended to be dominated by heroic tales of the
discovery, perfection and application of the scientific method; so, much the same
sort of ‘cult’ of method has prevailed in Cartesian studies, within which certain
broad ‘sects’ can be isolated, as I have argued elsewhere and shall revisit in
Chap. 6.' The solution to these difficulties and what will be applied throughout this
volume, is a full-blooded ‘atheism’ concerning the existence of any unique, efficacious
and transferable general method in the sciences, and a corresponding willingness to
ask what method-talk is, and how it works if it isn’t what it says it is."”

In the next chapter, dealing with historiographical and conceptual issues, we
shall locate the original grounds of such full-blooded modern ‘atheism’ about
method in the history of science in the writings of Koyré and Kuhn, building on
those of Bachelard. The problem for a long time was that whilst the historiographies
of Koyré and Kuhn effectively debunked method discourse as having no role what-
soever in the dynamics of the sciences, they left the matter with a merely negative
conclusion. It took the work of Feyerabend, on the rhetorical and propaganda func-
tions of Galileo’s and Newton’s methodological pronouncements, to begin to point
toward the political functions which method discourse can have in the life of the
sciences. This was despite the fact that method doctrines do not function literally in
the ways they proclaim, being as Koyré and company insisted, impotent and fruit-
less in those respects. Feyerabend’s initiative was then extended in a ‘post-Kuhnian’
literature within the history and sociology of science, which explored what method
discourse does in the sciences, if it does not and cannot do what had traditionally
been claimed for it. Broadly speaking, this work suggested that method discourses
are often deployed as rhetorical weapons in those negotiations and struggles over
the framing and evaluation of knowledge claims which go on at all levels of scientific
activity, from the laboratory bench, through published texts, to disciplinary debate
and its necessarily associated micro-politics of groups and institutions.

In the case of my prior work, and with reference to Descartes as an example, it has
been possible to address directly the Bachelard-Koyré-Kuhn problematic of method:
how to overcome mere debunking by analysing how it was the very discursive struc-
tures of method doctrines (Descartes’ included) which guaranteed both their lack of
efficacy and their creation of literary effects of that efficacy.'® This model of method
discourse as a kind of mythic speech, is, I contend, essential to a consistent develop-
ment of post-Kuhnian method atheism. It is not adequate to decode the rhetorical and
political deployments of method-talk without accounting for the genuineness of his-
torical actors’ belief in the efficacy, unity and transferability of scientific method.
Even if we do not believe in method, we must not attribute false consciousness to

¢ Schuster (1984, 1986, 1993).

17See also, J.A. Schuster and R. Yeo (1986) pp. ix—xxxvii.; E. Richards and J.A. Schuster (1989),
pp-697-720.

18 Schuster (1986, 1993).
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historical believers in method; rather we have to unravel the mechanisms, quite
obvious textual-discursive mechanisms, that help to solidify their belief in method.
Otherwise, it would seem that even the best equipped biography must opt for belief
in method, a carping debunking or a slippage between the two stools. From this
perspective, it follows that in so far as biographical writing about Descartes is a
function of the larger historiographies of method and of science, it too requires
reformation. I have argued that with such a model in hand of the discursive structure
and dynamics of Descartes’ method, it proves possible to understand both the appeal
and the necessary lack of efficacy of that doctrine, and also to address some of the
actual micro-political and rhetorical functions which Descartes” method discourse did
in fact perform.'® This material will be revisited and applied in the present volume.

In this exercise, some key points need to be grasped quite firmly: Descartes’
natural philosophical, scientific and mathematical work does not emerge from a
method and neither does his order of study and biographical trajectory; nor, finally
is his mature, metaphysically legitimated system of nature methodologically
‘deduced’ from first principles. By the same token, and putting all nostalgia for the
good old days of Cartesian studies aside, one cannot take seriously the autobiography
in the Discours as anything less than a method articulated, post-facto, self-legitimating
narrative. This is the perspective from which this volume will consider Descartes’
first methodological pronouncements of 1619, and his (ultimately abortive) project
of a detailed work on methodology, his Regulae ad directionem ingenii, written, and
developed, in several segments between 1619 and 1628. The Regulae reside at the
intersection of most of these interpretative insights and caveats, and so it constitutes
a critically important obstacle and challenge to any ‘method-smart” modern biography
of Descartes. One must ask: What is the text of the Regulae; when was it written;
what are its subject and aim; and what was the fate of this abandoned project,
premising all the answers on the new view of method as discourse which structurally
cannot accomplish what it structurally so convincingly says it can accomplish.
In short, the sorting out of Descartes’ method discourse, the reconstruction of its
genesis and the identification of its discursive structure and dynamics, are all necessary
conditions for our recovery of an historical rather than mythological Descartes.
This theme will play an important part in our story.

1.3.2 The Problem of Descartes the Natural Philosopher,
and of Natural Philosophy as a Wide and Dynamic
Field of Discourse and Contention

Descartes was from beginning to end a natural philosopher; that is to say, a well
educated and increasingly skilled member of what we shall term the culture or field
of discourse of natural philosophizing. Trained by the Jesuits in their brand of

1 Schuster (1980, 1986, 1993).
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Counter—Reformation, neo-Scholastic Aristotelianism, the young Descartes moved
under the tutelage of Isaac Beeckman in 1618-1619. With Beeckman, the young
Descartes adopted a radical stance on the place of the mixed mathematical disci-
plines, such as geometrical optics and hydrostatics, within his preferred brand of
natural philosophy, which he, like Beeckman, now took to be of a corpuscular-
mechanical type, although, as we shall see, he then held this natural philosophy in a
piecemeal manner. This program they termed ‘physico-mathematics’. For reasons
we shall explore in this volume, about a decade later he moved to design an explicit
system of corpuscular-mechanical natural philosophy, partly resting upon and
partly transcending his earlier physico-mathematical work. There are two sets of
questions here. We must ask, ‘What was the game of early modern natural philoso-
phizing about; what were its structure, dynamics and rules of participation?’
Additionally we must ask, ‘What was the genealogy and what were the specific
characteristics of Descartes’ brand of natural philosophy; that is, his particular brand
of corpuscular mechanism, and how over the period 1618-1633 did it relate to his
endeavors in physico-mathematics?’

To take the latter question first, one must grasp the impetuses and aims of
Descartes’ early commitment to corpuscular-mechanism, as well as its initially,
piecemeal, non-systematized character. This, in turn, provides a foundation for
assessment of the post 1628 systematization of his natural philosophy and its rela-
tion to his attempt at metaphysical and theological grounding. So, one must look for
the specificity of content, style and aim in his earliest natural philosophical initiatives,
growing from his interaction with and apprenticeship under Isaac Beeckman. Clearly,
considering the strictures on method stated above, there can be no question of a
methodologically articulated fairy tale of the sources or structure of that corpuscular—
mechanism. Nor, should it be simply assimilated to some latter day textbook
definition of what mechanical philosophy was ‘in general’. Descartes’ early mecha-
nism was quite particular and it remained so in explanatory style and aim, even in
later systematic form. For example, it fundamentally involved, as its doctrine of
causation, a (spatially and temporally) punctiform ‘dynamics’ of micro-corpuscles
where instantaneously manifested/altered force of motion and directional modes of
force of motion (‘determinations’) were the operative concepts.”

Most importantly, we shall learn that in his early years, roughly 1618—-1629,
Descartes was not at all interested in putting forward a system of natural philosophy.

22On this conception of Descartes” dynamics as the ‘causal register’ of his corpuscular mechanism,
see Schuster (2000), Gaukroger and Schuster (2002), Schuster (2005) and below, Sects. 3.3.3, 4.2,
4.6, 4.7.4, 4.8.1, 8.2.2, and 9.5.2. Any doctrine of natural philosophy had at the very least to
specify a theory of matter and a theory of causation. And, if it had aspirations to systematicity,
there needed to be added a doctrine of cosmology— dealing with the cosmic structuring of matter
and patterns of causality holding in situ—as well as a doctrine of method concerning how such
doctrines could be derived and/or justified. However, as should be clear, not all utterances or claims
of a natural philosophical nature had to be parts of a system, and whilst conflict of systems was
more characteristic of the early and mid seventeenth century, a muting of systematic claims and
overt conflicts about them characterized the natural philosophical field in the later stages of the
century. See below, Sect. 2.7.
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His commitment to an unsystematized corpuscular-mechanism was real. However,
it remained secondary to his primary intellectual agenda and domain of practice, in
physico-mathematics, which, as explored in more detail in Chaps. 2 and 3, denoted
a commitment to radically revising the received Aristotelian interpretation of the
mixed mathematical sciences as subordinate to natural philosophy, merely instru-
mental and non explanatory. The mixed mathematical disciplines were to become
more ‘physicalised’, meaning they would become intimately related to natural
philosophical issues of matter and cause.* Prior to his post—1628 turn to systematic
natural philosophizing, Descartes’ corpuscular-mechanism was used to provide the
ultimate explanatory terms—via the eminently natural philosophical categories of
matter and cause—for otherwise quite piecemeal exercises in this physico-mathematics.
And, as we shall see, it was primarily in physico-mathematical exercises in
hydrostatics and especially optics, that he applied corpuscular-mechanical explana-
tions, and worked out some of the principles of his dynamics of corpuscles, later
deployed more systematically in Le Monde.

Descartes’ later more systematized and self-consciously grounded and legiti-
mated project in corpuscular-mechanism, beginning with Le Monde, built upon and
articulated this basis, following the collapse of the project of the Regulae. However,
it is of course important to recognize that method did not dictate these moves or
their content; and that the system of mechanism was legitimated and grounded
metaphysically and theologically, not ‘deduced’ from metaphysics or theology.
Moreover, in accord with an understanding of Descartes as a player in an already
given field of contention about natural philosophy, many of his maneuvers in con-
structing and defending his mechanism in the latter portion of his life require expla-
nation in terms of the micro-politics of persuasion and contention in the agon of
natural philosophizing, and hence should not be seen as the peculiar (brilliant or
wrong headed) private gymnastics of a detached and aloof mind.*

Now, while adequate intellectual biographies can be constructed bearing in the
mind the above strictures about Descartes the natural philosopher, I would contend
that something is still missing, as a condition of the very best of state of the art his-
torical practice. Biographers also need to be aware of the context in which natural
philosophizing was done; in other words, the sort of universe of discourse and con-
tention in which men like Descartes constructed and ‘sold’ systems of natural phi-
losophy. Early modern natural philosophers risk being marginalized in historical
gazes which refuse to recognize the ‘culture of natural philosophical discourse’ in
and through which they struggled. After all, we no longer ‘do’ systematic natural
philosophy in their manner and probably have not since the late eighteenth century.
But it can be argued that the sub-culture of natural philosophizing, in all its rich-
ness, diversity and contention was the very locus and main prize in the critical phase

2! Gaukroger and Schuster (2002) and below, Sect. 2.5.3; Chap. 3 passim.

22We shall see early examples of his tactics in the construction of Le Monde, below in Chaps. 9,
10, and 11.
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(in the early and mid—seventeenth century) of that process we term the Scientific
Revolution.?® ‘Descartes savant’ is actually Descartes the philosopher of nature, and
so it is important to analyze his natural philosophical projects as such, within an
understanding of the larger domain of natural philosophizing. What we have here,
as in the case of method, is a question of new historiographical categories and ques-
tions: “What is natural philosophical discourse in the early modern period; how was
it in play and process in the period?’ These issues are the key to the period if they
are theorized and articulated fruitfully.* For this reason, a major part of the next
chapter will be devoted to a categorical construction and historiographical house-
cleaning about early modern natural philosophy, as a field of discourse, intellectual
sub-culture and organizational network.

1.3.3 Scientific Biography and the Historiography of Science

Before we outline the argument of this volume, one final set of pitfalls and opportu-
nities must be canvassed. These concern the very legitimacy and possibility of intel-
lectual biography. I have suggested that new perspectives on method and natural
philosophy strengthen the case for fruitful modern intellectual biographical study of
Descartes. This claim, however, collides with the broader problematic of biography
in the history of science. Scientific biography has been disparaged in some quarters,
on theoretical grounds, as unnecessary or misleading, because it tends to court the
history of ideas and because of its failure to address the group agon of knowledge
making/breaking sub-communities.” Additionally, and with more justification, the

% 0On the dynamics and trajectory of natural philosophizing in the seventeenth century as context
for our study of Descartes’ projects and agendas, see below, Sects. 2.5 and 2.7, particularly the
latter for the dissection of the key phases in the trajectory of natural philosophizing in the Scientific
Revolution.

24 Schuster 1990, 1995, 2002; Schuster and Watchirs 1990; Schuster and Taylor 1996.

The problems with traditional history of ideas are well known. The critique began with the school
of Quentin Skinner and John Dunn who debunked the traditional, if often tacit, assumption that
ideas have causal power; that earlier ideas (texts, books, core concepts) can ‘influence’ later think-
ers. Skinner and his colleagues insisted that intellectual historians not work in terms of the force or
influence of ideas, but rather try to construe actors’ intentions regarding the adoption, revision and
deployment of intellectual resources contingently available to and known by them. The loci classici
are John Dunn (1968) and Quentin Skinner (1969) .

Post Kuhnian sociology of scientific knowledge, especially of the early ‘Edinburgh School’ in
the work of Barry Barnes and Steven Shapin, also insisted that articulation of concepts cannot
occur via influence but rather through later actors’ access to, and appropriation, reinterpretation
and redeployment of, earlier intellectual or ‘cultural’ resources (Barnes 1982; Shapin,1992). They
widened this assault so that it did not appear merely psychologistic, and focused it on the seem-
ingly inhospitable terrain of history of science. The actors doing the appropriating, negotiating and
redeploying of resources are not treated as isolated, albeit intending and judging, agents; rather an
actor’s (formulations of) tactics and goals are taken into account as a function of the sort of net-
work, tradition or community into which he or she is trying to launch claims and have them taken
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theoretical distaste for biography also signals a turn away from the forms of
psychologism that characterized some earlier scientific biographies, and toward
‘social’ terms of explanation. The de facto alignment of advocates of contextualist
and social constructivist explanations against biography (and especially over against
biography as dealing with the ‘inner contents’ of actors) is, however, simplistic and
unnecessary in my view, since biographical study may bring to light things and
processes otherwise thought quite valuable from such contextualist and sociology
of scientific knowledge perspectives. These include diachronic understandings of
the forms of discursive and material practice that today’s historians and sociologists
of scientific knowledge desire. Biographical study can place a microscope on one
actor’s path through disciplinary struggles and negotiations, allowing for the real
possibility of grounding contexts in the biographer’s considered reconstructions or
modelings of an actor’s perceptions of relevant goals, costs and benefits. Moreover,
biographical study can do this without resorting to simplistic forms of home-spun
psychologizing.?

up in some form by others. If one wants to speak about an actor’s intentions, one must locate him
as a contender inside a contested field, where success can only be achieved by one’s competitors
taking on board and redeploying one’s own earlier claims. In short, the precepts of Skinnerian his-
tory of ideas and the implications of post-Kuhnian sociology of science, all comport to the conclu-
sions that it definitely is not a question of how the past of the tradition forces or ‘influences’ present
moves; but, of how later players mobilize and deploy resources for their present moves.

Givenall this, the modus operandi of earlier historians of ideas can be understood on this basis:
Classical historians of ideas misunderstood the fact, which we now grasp, that actors continually
adapt, interpret and redeploy available cultural and discursive resources of perceived relevance and
interest. They took this as an indication of the existence of an order of causation in the realm of
ideas alone. It is not surprising that a discourse on ‘influences’, progressive continuity and the
filiation of ideas resulted. Moreover, because of their acknowledged professional skill, and vested
interest, in dealing with texts, and systems and relations of ideas, rather than with the social orga-
nization and interactional dynamics of their production, dissemination and (re-)interpretation, ear-
lier historians of ideas were inclined to believe that ideas, especially scientific ideas, have a special
and autonomous cognitive status.

2Thus it would seem that the core concern of an intellectual or scientific biography is the subject’s
trajectory or course of engagement in the fields, traditions and disciplines in question in the study.
Otherwise it would be hard to see how such a work could transcend the mere narrative of ordinary
life events and contingencies. However, Don Howard (2008) has also forcefully pointed out
recently that there is always therefore a danger of over dramatizing the biographical subject in
scientific biography as the nodal hero of all the intersecting fields and forces. As he observes, it
is an empirical question (and judgment) how important the biographical subject’s intersection
with, and intervention in, the wider fields really was. Now, it is clear that Descartes was a first—
class player in his fields of activity, and that his work was later widely discussed and renegotiated—
hence he is, in a non-Whiggish sense, a significant figure. It is also obvious that if we do not come
to grips with the actual fields of play, nothing useful in scientific biography is likely to eventuate.
Hence, our concern in the next chapter in setting out the structure and dynamics of the intellectual
fields and disciplines—natural philosophizing and the mixed mathematical sciences—through
which we will trace the young Descartes’ trajectory. See Schuster (2009) for an analysis of a
recent biography of Descartes which does not adequately theorise the fields in which the young
Descartes worked.
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The interpretative or phenomenological sociology that resided behind many of
the first developments in the sociology of scientific knowledge can provide the his-
torian with considerable heuristic insight in this regard, by suggesting that historical
actors are best seen as appropriating and interpreting available cultural resources for
the attainment of ongoingly renegotiable goals. The array of resources available to
an actor is patterned over time by his social location, affiliations and experiences.
Similarly, goals and interests are socially transmitted and enforced. An actor’s
trajectory through the domains, fields and networks which constitute his social
environment is open to empirical investigation and theoretical articulation by the
historian as to their structures, dynamics and interrelations. In such a model, as
adumbrated, say, in the writings of Schutz and Luckmann,? actors are not internalistic
or externalistic cultural dopes; they can reinterpret resources and renegotiate goals;
and they can gloss and legitimate their actions in public, a process which can
contribute to molding the very environments in which they move.?

This, it should be obvious, provides a general basis for studying individual actors
and texts in biographical mode; but one should note the special salience that this
approach has for focusing the need for historians to attempt to construct and depict
both the social contexts of actors and their ‘inner mental contents’. One may see this
especially clearly by considering a strong and influential statement to the contrary
from within the school of post-Kuhnian sociology of scientific knowledge, amongst
which the most persuasive has probably been from Bruno Latour. In his classic
earlier works, he completely rejected the invocation not only of contexts, but of
actors’ cognitive contents, and thus a fortiori rejected biographical study of the
garden variety historical sort.”” However, the case for biography as serious histori-
ography informed by sociology of science perspectives can emerge directly from
confronting Latour’s denials of the historian’s craft.*® Over against Latour’s repeated
insistence that such large contextual structures as ‘society’, ‘economy’ or state’ are
not to be invoked in explaining the construction and stabilization of facts and
artifacts, one can argue, on historians’ terrain, that historians’ considered models of
larger contexts, and models of actors inner cognitive/interest/relevance structures
are fundamental to the tasks of narrative and explanation. Historians, including
biographers, attend to two related genres of tracing. First, historians must manufacture
models of what I have called the ‘inner contents’ of actors, their cognitive and inter-
est structures; their meaning and relevance structures. These structures are imputed

27 A. Schutz (1970) and A. Schutz and T. Luckmann (1973).

28 Macro-social forces need not be the major elements in any situation directly faced by an actor,
and played by him, but neither are they ruled out a priori. Similarly, cognitive structures, dis-
courses etc. are amongst the resources in play, they are not the strings of a puppet. One finds this
sort of model in the writings of Schutz, Luckmann and others, and to some degree it appears to
have informed some styles of post-Kuhnian sociology of scientific knowledge.

» Especially Latour (1987), which may be considered his systematic attempt to displace Kuhn at
the pinnacle of theory in ‘science studies’. But also see Latour (1986, 1988).

30 Schuster (1991).
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to actors at given moments in the process or interaction under study. Secondly,
historians must also manufacture models of relevant aspects of context, proximate
or distant. That is, those aspects of context taken as relevant to the shaping,
constraining and empowering of the actors with their ‘inner contents’. All this
obviously involves layers of theory—tacit or explicit on the part of the historian—
concerning the nature of contexts and of contextual relations to actors. This, need-
less to say, is the sort of thing one is doing in historically theorizing about, for
example, the ‘domain of method discourse’ or ‘the field of natural philosophical
struggle’, as I do in this volume.

So, contrary to the ‘socio-technical networking’ model of Latour of his co-
workers, with its ‘just-so’ stories of rational (that is, contextless and contentless)
combatants, actors come into encounters to negotiate or construct knowledge with
historically reconstructable and imputable internal grids of cognition, interest and
value. And those grids come from somewhere, do they not? Actors do not drop in
as dei ex machina miraculously gifted with inner socio-cognitive contents (except
in method stories or Latour stories, that is). So historians appeal to the existence of
contexts, whether mediate or quite macro, which have shaped, constrained and
variously empowered those actors and their inner contents.’® These models of
‘insides’ and of contexts are historians’ sui generis professional constructs.
Historians mobilize both sorts of tracing in accounts of passages of historical
action, and biographies are simply one genre of this procedure. As such, these
accounts, including biographies, obviously are simultaneously descriptions and
explanations. They are also one-off ‘life stories’, or narratives, of actions in and of
the structures so constructed.*

Given all this, biographers, far from despairing, should rejoice in the good news
that diachronic reconstructions, including biographies of individuals, arguably have
the character of adequate historical explanations. This is especially true for intel-
lectual biographies when the diachronic threads of relevant material and discursive
practices are fed through the biography; for example, as in this volume, when the
larger tidal thythms of the field of natural philosophizing are themselves woven
through a biography of an early modern natural philosopher. So, intellectual biogra-
phy need not be a chronology of ideas thinking themselves. Rather, such biography
is simply a form of contextual history brought to a focus in one actor’s life trajectory

3 Historians can and must make judgments about what context(s) and what models of such context(s)
are to be mobilized in their accounts. For example, it is typical of method-centric accounts of history
of science that they similarly conjure away such inner contents and outer contexts: they happily
leave all the little rational actors to agree straightaway on the latest falsifying test (Popper), or the
degenerating state of such and such a research program (Lakatos). For an early critique of Lakatosian
method-talk from an equally early post-Kuhnian perspective, see Schuster (1979).

32The foregoing should perhaps be taken in spirit of Evans (1999), Chaps. 1 and 8. in his highly
intelligent refutation of post-modernist declarations of the end of historical explanation and narra-
tive. Interestingly, my point here is that the kind of history of science which can provide adequately
post- post-modern explanation cum description makes use of some of the tools of the very phe-
nomenological sociology, and early post-Kuhnian sociology of scientific knowledge that later
inspired the irrational, anti-historical histrionics of the post-modern demolition squad.


http://dx.doi.org/10.1007/978-94-007-4746-3_1
http://dx.doi.org/10.1007/978-94-007-4746-3_8

1.3 Key Pitfalls (and Opportunities) Facing Descartes’ Biographers... 17

in the form of a narrative.® In biography, the historian still has to model macro
structures and sub-cultures and construct a narrative of how the actor’s ongoing
pursuit of projects played through or played into these, as well as into shifting social
contexts which, as usual, also tended to condition resources and goals.

Along the way, the biographer—historian can exploit other subsidiary diachronic
aspects of this sort of model. These include the fact that part of the contingent struc-
ture of resources and problems confronting an actor is his own product, the upshot
of his own engagement in earlier situations and resulting investments. Moreover,
there is the actors’ propensity to struggle to establish accounts of the meanings of
past actions and events. Actors do this in their own perceived interests and within
culturally available forms of discourse (such as method-talk) and it helps them
struggle to constitute the situations in which they find themselves (such as a contest
for natural philosophical hegemony in the age of the Baroque.). Our study of
Descartes in the following pages will see plenty of action of these latter types. These
matters are now typically grasped within the category of ‘identity’, meaning not so
much the ideas an actor possessed and advocated, but his role(s) and agenda(s) as he
saw them, and as he presented them. Accordingly, we shall have quite a bit to say
about Descartes’ shifting and evolving construction and presentation of his intel-
lectual identities, agendas and self-understandings in the years in question.

It is worth noting by way of further explicating these concerns that they were in
part inspired by, and aim to articulate what Stephen Gaukroger has premised as the
requisites of an intellectual biography at the beginning of his own more comprehen-
sive and full spectrum study of Descartes. Gaukroger argues that an intellectual
biography must do more than establish a sequence of intellectual pursuits, that it
must try ‘to establish a rationale for them both in terms of the subject’s motivations
and in terms of a specific cultural and intellectual context within which those moti-
vations are shaped and bear fruit’. Of course he did not mean by this the simplistic
reduction of the subject to his contexts. Rather, Gaukroger saw intellectual biogra-
phy, in general and in the case of Descartes, as having three interacting axes, not to
be collapsed together, the enterprise involving addressing all three in their mutual
relations: They are (1) the relations between Descartes’ personal development and
the cultural environment in which he lived and worked; (2) the relations between
Descartes’ personal development and his intellectual development; and (3) the rela-
tions between his intellectual pursuits and the cultural and intellectual environment
in which they were pursued.** This in turn entailed a very important heuristic or
regulative point about procedures and aims that was woven into Gaukroger’s project
and arguably should be reflected in any study that wishes, within its own limits, to
be similarly conceptually and historiographically sound: In so far as a distant figure

33 First put this way in Schuster (1995), p.113. following oral expression by Fr. Barry Brundell and
myself in a conference paper, ‘The Making of Mechanism 1620-1640: Descartes, Gassendi and
the So-called Crisis of the Seventeenth Century’, Annual Conference of the Australasian Assoc. for
the History, Philosophy and Social Studies of Science, May 1983.

3 Gaukroger (1995), p.8.
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such as Descartes is known to us only by his formal works; a few texts and fragments
unpublished in his life time; and a finite set of correspondence, our access to his
personal development is achieved primarily in terms of the self images he adopts or
conveys, those literally spoken or enacted by him or entailed in his discourse and
reported behavior.

I completely agree that we can and should produce reasoned, evidence—based
heuristic pictures of Descartes’ shifting senses of identity, agenda and self-
understanding, much as Gaukroger succeeded in doing. However, there are some
adjustments to be made due to the fact that our study here, compared to Gaukroger’s,
is a very much truncated intellectual biography, limited in space, time and scope of
intellectual activities examined. In recompense, we aim here to achieve improved
and deepened understandings of some matters, most often of a technical history of
science nature, reaching beyond even Gaukroger’s own considerable efforts.* For
that reason, I suggest we make the following substitutions in Gaukroger’s three
rules: for ‘personal development’ in general, let us put ‘reconstruction from time to
time of Descartes’ identity, sense of personal agenda and self-understanding as a
practitioner of natural philosophy and related fields’; for ‘intellectual development’
across the full spectrum, let us substitute ‘intellectual development in the field of
natural philosophy and related fields’; and for ‘intellectual pursuits’, let us limit
ourselves to natural philosophizing and related disciplines, as and when related.
In this way, our adoption and scaling down of Gaukroger’s principles and pro-
cedures is brought into affinity with the kind of biographical approach we just
presented—rfollowing Schutz and Luckmann and the thrust of post-Kuhnian sociology
of scientific knowledge—involving attempts to map at certain stages of life
Descartes’ lived ‘structures of relevance’ as chosen or ‘sedimented’ into him from
those available in his culture.

In sum, I think it can safely be concluded that it is a mistake to dismiss biography
as necessarily falling short of serious, theoretically articulated historical inquiry.*
In particular, the sociology of scientific knowledge and contextual history of science,
far from precluding biography, require it, can facilitate it, and in turn can be enriched
by it. In Chap. 2, I shall attempt to show in the discussion of method and of natural

3 Efforts which I note here I have publically approved of in the past; and had the opportunity to
collaborate upon with Gaukroger from time to time in the decade and a half since publication of
his intellectual biography of Descartes. (Schuster 1995; Gaukroger and Schuster 2002; Gaukroger
et al. 2000).

% One can criticize all one wants the targeting for study of ‘geniuses of the Scientific Revolution’.
The simple fact of the matter is that we shall not have a serious historiography of that process,
broad or narrow, social or intellectual, until the geniuses are properly understood, in so far as that
is possible. And one clear way forward, amongst others, is on the front of the kind of scientific/
intellectual biography envisioned here.

3 There is no pretence here of having noted, let alone solved, all the problems involved in taking biog-
raphy seriously as just another species of both history and sociology of knowledge. But at least some
breathing space has been gained for the style and aims of the present study. An example of yet another
problem or puzzle for biographers, working in the style advocated above, would be this: Starting
(and ending) points for biographical narrative must be a matter of convention and convenience.
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philosophy how a small bit of that historian’s modeling of categories used to depict
context and actor’s resources might proceed. We can therefore finally turn to an over-
view of what this ‘truncated’ intellectual or scientific biography will contain.

1.4 Overview of the Argument

Chapter 2 sets the stage for the fully biographical chapters to come, by considering
a number of conceptual and historiographical issues which frame the entire project,
and which, in my view, are also indispensable for approaching the larger problem of
explaining and narrating the so-called Scientific Revolution. The matters dealt with
have mostly been broached in parts of my earlier work, and are brought together
here on a ‘need to know’ basis. That is, they are arranged not as a putative primer or
textbook on historical technique for dealing with the Scientific Revolution and natu-
ral philosophical players within it, such as Descartes. Rather, they have been selected
and arranged based on ways substantive parts of the later argument depend upon,
and express them. Amongst the matters dealt with the most important are a model
for how the increasingly competitive and turbulent culture of natural philosophizing
worked in the era of Descartes, including the question of the place and import of the
subordinate mixed mathematical sciences, and the meaning Descartes and others
attached to the idea, and project of a physico-mathematics, rendering those mixed
sciences more properly ‘natural philosophical’.*

Chapter 3 deals with the early physico-mathematics of Descartes, which he
pursued at first in conjunction with his mentor Isaac Beeckman, who also had con-
veyed to him his first inkling of corpuscular-mechanism as an approach to natural
philosophy. I argue that in 1618-1619 Descartes’ emphasis was less on his newly
acquired knowledge of corpuscular-mechanical ontology than on a commitment,

They, especially starting points, may therefore have an old fashioned history of ideas feel to them,
as the actor is adduced ex machina equipped with certain ideas; identified as participating in certain
traditions; and posited as starting with such and such a structure of aims and relevances.
Methodologically speaking, there seems to be no way to avoid this, which is only to say that biog-
raphy, in which social history and interpretive sociology of knowledge are brought to a focus in
one actor’s life trajectory in the form of a narrative, has special problems. But, for that reason, it
does not cease to belong to the categories of proper historical discourse.

¥ Other matters dealt with in Chap. 2, and deployed later in the book include: An explication of the
generic rules of construction and contestation for natural philosophers and natural philosophies; a
model for dealing with the problem of ‘external or contextual’ drivers of natural philosophical
utterance; an heuristic model for talking about and assessing the nature and degree of systematicity
of a natural philosophy; an outline of the main phases in the trajectory of natural philosophizing
and its subordinate disciplines in the period of the so-called Scientific Revolution, so that Descartes’
location and role can be better identified; and finally, on the basis of the foregoing, an initial sketch
of ‘what sort of philosopher of nature was the young René Descartes’? I am presently engaged in
writing a larger explanatory/descriptive work on early modern natural philosophy and the subordi-
nate sciences, based on the articulation of the model of the dynamics of the field of natural philoso-
phizing, and the other matters, mooted in Chap. 2.
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similarly inherited from Beeckman, to a program of physico-mathematics in and of
his natural philosophical work. We see that early on he was paying more attention
to being an aspiring physico-mathematician within the field of natural philosophy
(wherein he was leaning toward a corpuscularian agenda), than he was to articulat-
ing and enunciating details of corpuscular structures and behaviors. In the physico-
mathematical program, the traditional Aristotelian view of the mixed mathematical
sciences as subordinate to natural philosophy and largely devoid of explanatory
scope and power was to be radically challenged. The mixed mathematical disci-
plines were intended to become more integrally linked related to questions of
matter and cause, in other words to questions of a natural philosophical type,
which, in the case of Descartes and Beeckman, meant an unsystematized, but
firmly held, corpuscular-mechanism.

The chapter deals with three case studies of Descartes’ physico-mathematics: his
manuscript on hydrostatics and the hydrostatic paradox; his well known work with
Beeckman on the nature of accelerated fall; and a curious, widely overlooked but
extremely important geometrical and physical optical fragment on refraction of
light adapted and explicated from bits of the work of Kepler. Although the material
on fall is better known, my emphasis is on the first and third cases. The hydrostatics
manuscript turns out to be the key case, most revealing of the style and aims of
Descartes’ physico-mathematics articulated to, and through, an embryonic corpus-
cular-mechanism. Understanding his agenda on this basis allows us to understand
the third fragment, which in turn is critically important to my examination in
Chap. 4 of Descartes’ later successes in physico-mathematical optics in the mid and
late 1620s, including his discovery and attempted mechanistic explanation of the
law of refraction of light. As to the material on accelerated fall, it takes on a differ-
ent appearance than it has in the traditional literature, because we view it across the
natural philosophical cum physico-mathematical preoccupations of Descartes and
Beeckman.*

Chapter 4 reconstructs the genealogy of Descartes’ discovery of the law of refrac-
tion, initial development of a theory of lenses, and first attempts to explain the law
through a mechanistic theory of light in the years 1626—1928. These events of the
mid to late 1620s constitute the greatest of Descartes’ achievements in mixed- and
physico-mathematics and were also of the utmost importance for his emergence,
from the late 1620s, as a systematic corpuscular-mechanical natural philosopher.*’

¥ For reasons discussed in Chap. 3, Descartes’ Compendium of Music, also composed at this time,
in close connection with the tutelage of Beeckman, will not figure in our considerations. The
simple reason is that the work is not a serious exercise in physico-mathematics, but, with some tiny
exceptions, remained firmly within the traditional conception of mixed mathematics. See Chap. 3
Note 8.

“The development of Descartes’ lens theory is discussed in an addendum to Chap. 4, Appendix 1
‘Descartes, Mydorge and Beeckman: the Development of Cartesian Lens theory 1627-1637’. The
material is unremittingly technical, hence its relegation to an Appendix. But it is also crucial for
confirming our reconstruction of the timing and technique of Descartes’ discovery of the law of
refraction, hence its inclusion.
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He would use the discovery of the law of refraction as a putative example of his
supposedly all conquering method. More importantly, the optical work led him to
the mature formulation of the central concepts of his dynamics—the causal register
of his emerging system of corpuscular-mechanism. That system was first embodied
in the text, Le Monde (1629-1933), tellingly subtitled * traité de la lumiere’, that
is, a veritable treatise on light, in which the recently polished dynamics, itself a
product of the optical work, ran a corpuscular-mechanical theory of light in its
cosmological setting and a corpuscular-mechanical theory of ‘celestial mechanics’.
The optical triumph of the 1620s was both the climax of the early physico-mathematical
agenda of the young Descartes, as well as the exemplar for important parts of his
mature, systematic natural philosophical work to come. It has posed difficulties of
understanding for scholars of Descartes; but, with the exception of his youthful
fantasy of a universal method, is perhaps the most important part of his early work
to reconstruct on the path to a plausible interpretation of his early career.

Taken together, our case studies in physico-mathematics in Chap. 3 and the story
of the great physico-mathematical work in optics of the mid 1620s in Chap. 4, are
indispensable to properly executing our reconstruction of Descartes’ struggles, first,
between 1618 and 1628, in physico-mathematics articulated to natural philoso-
phizing, and later, after 1628 in systematic natural philosophy bearing the genealogi-
cal imprints of that earlier physico-mathematics. But there is much more to the story
of Descartes’ struggles in these years, and the complicated—indeed largely unin-
tended way—he arrived at the decision to practice systematic natural philosophy.

Chapters 5, 6, 7, and 8 therefore address additional complexities and layers of
technical endeavor, agenda and identity spanning the period as far back as 1618 and
reaching forward to the composition of Descartes’ first system of corpuscular-
mechanical natural philosophy in Le Monde (1629-1633). This part of the story is
complex in itself, since it deals with both solid mathematical work, and rising, con-
catenating, and increasingly unrealistic and unrealizable aspirations of a general
methodological type. It is also shown that Descartes’ tortured trajectory in mathe-
matics and method intersected and articulated with the story of physico-mathematics
and natural philosophizing told in Chaps. 3 and 4, which in fact cannot be fully
understood on its own, but only when this second dimension of the young Descartes’
struggles is brought to light. Chapters 5, 6, 7, and 8 therefore form a bridge between
the story of Descartes as a young physico-mathematician and the later chapters on
his first systematic natural philosophy, written from 1629 to 1633. They deal with
his other projects of the years 1618—1629, which were meant to encapsulate, and
vastly transcend ‘mere’ physico-mathematics. The failure in the late 1620s of this
vision—in its final, highly crafted version in the Regulae ad directionem ingenii—
invited, or drove, Descartes toward an explicit vocation in systematic natural phi-
losophy, a program he had never before embraced.

Chapter 5 shows that since his early days with Beeckman, Descartes had pursued
a set of projects related to physico-mathematics, but far outstripping even it in
potential scope and invested hopes. From 1618, Descartes had pursued an analyti-
cal, problem-solving oriented agenda in mathematics, which in these respects
resembled his physico-mathematics, or so he thought. Indeed, the parallels he
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perceived between his mathematical and physico-mathematical work triggered in
1619-1620 his dream of a unified analytical approach to all mathematically based
disciplines—practical, pure and physico-mathematical—to which he appropriated
the already circulating name ‘universal mathematics’. Moreover, that overheated
conception quickly gave way to the even more encompassing mirage of a universal
method, which remained with him from 1619 to the late 1620s, when, after his opti-
cal breakthrough, he picked up universal mathematics and method again in detail.
These compounding enlargements of his mathematical and physico-mathematical
agendas are traced in this chapter. We learn that Descartes’ analytical mathematics,
and his dreams of universal mathematics and a universal method, involved their own
complicated genealogy, which interacted in intended and unintended ways with his
work in physico-mathematics and (piecemeal) natural philosophy. Between 1618
and 1629, Descartes, it therefore turns out, was not just struggling to work out a
physico-mathematics with possible corpuscular-mechanical bearings. He was also a
master analytical mathematician and dreamer of gigantic and seductive method-
ological fancies, all of which arguably affected his shifting and evolving self-
understandings and agendas. Once we have appreciated these addition sedimentary
layers of his projects and aspirations in the 1620s, we can more fully grasp
the implications of the term agonistes in our title. Moreover, our rising sense of the
turbulence of Descartes’ intellectual journey in the 1620s is only heightened, once
we take seriously the actual pitfalls and delusions he encountered regarding his
project in method, and accompanying identity as prophet of its triumph. It was the
collapse of his methodological program, and identity, that actually set the stage for
his mid career emergence as a systematic natural philosopher.

But, to reach that stage we shall first need to pause, in Chap. 6, for something of
a conceptual and historiographical interlude. We stop our narrative briefly to con-
sider the problem of how exactly to handle the young Descartes’ belief in his own
method. As discussed briefly above and in more detail below in Chap. 2, modern
scholarship in history, philosophy and sociology of science debunks the idea that
there is, or can be, a universal, efficacious and transferable ‘scientific method’. The
work of scholars such as Koyré, Kuhn and Bachelard has left us sceptical of the idea
of an efficacious general method; and Feyerabend, along with leading sociologists
of scientific knowledge, have explored the rhetorical and legitimatory use of meth-
odological discourse in the sciences. But, we still need a way of dealing with his-
torical actors’ belief in their own method claims and their tendency to define their
intellectual agendas and identities in these terms. We cannot, in short, believe in
Descartes” method, but neither can we merely debunk his own apparent belief in it.
We need to understand how methodological doctrines create for believers their
appearances of unity, efficacy, applicability and progress whilst remaining, for the
very same reasons, structurally incapable of delivering what they promise. In Chap. 6,
a model of methodological discourse is adduced for these purposes, allowing us, at
long last, to deal more appropriately with the historical Descartes and his apparently
genuine belief in his own method. The findings of this chapter are applicable to any
and all general method doctrines, and to figures espousing claims to possession of
any sort of universal method. So, as with our other conceptual and historiographical
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considerations in Chap. 2, they have implications for Scientific Revolution histori-
ography and the history of science in general.

Chapter 7 then returns to the main line of our narrative, explaining how all the
relevant tendencies and projects of the young Descartes agonistes—physico—
mathematics, universal mathematics and universal method—came to a climax and
inflection point in the late 1620s. Working partly in the shadow of Marin Mersenne
and his cultural battle against both radical scepticism and radical (religiously
heterodox) natural philosophies, Descartes launched out, trying to realize his earlier
dream of a methodologically sound ‘universal mathematics’. Riding on his physico-
mathematical and more purely analytical mathematical results and the confidence
they fed into his dream of method, he worked himself into an intellectual and voca-
tional dead end. We learn that this project, inscribed in the latter portions of his
unfinished Rules for the Direction of the Mind, did not blossom into a magisterial
work of method and universal mathematics, but collapsed in 1628 under its own
weight of self-generating problems and contradictions. From this point on, Descartes
arguably did not believe in his method, although he continued to exploit it for
purposes of public presentation and justification of his work. Additionally, Descartes
now entered upon a process of rapid change of direction of his intellectual agenda,
and correlatively, his self-understanding and identity.

Chapter 8 deals with how Descartes struggled to redefine his projects and his
vocation, given the collapse of the project of the Regulae in 1628. We find that it was
only at this point that he set out to become something we have not seen him intending
to become at any previous moment, the author of a systematic, radical, pro-Coperni-
can and corpuscular-mechanical, new philosophy of nature, embodied first in Le
Monde, which we study in Chaps. 9, 10, and 11. Accordingly, Chap. 8 deals with the
events, episodes and tendencies that have variously been taken to have caused his
move to systematic mechanism and/or dualist metaphysics. In accord with the his-
toriographical principles for dealing with the dynamics of intellectual traditions,
which guide this study, we shall eschew explanations by way of complete ruptures
of agenda and identity, as well as explanations which assign sufficient causality to
particular events and episodes. Rather, we shall take a structured approach, superim-
posing consideration of particular developments and events upon examination of
fundamental intellectual commitments and agendas, to produce a denser description/
explanation of what was more a ‘process of inflection’ of Descartes’ projects rather
than a ‘crisis and break’, ‘rupture’, or, a simple continuity. Chapter 8 also includes a
detailed reconstruction of the course of writing Le Monde 1629—-1633.

In sum, then, Chaps. 5, 6, 7, and 8 demonstrate that much of the story of
Descartes’ agonistes is precisely the story of the intended and unintended entan-
glements of two trajectories: in physico-mathematical natural philosophy and in
analytical mathematics, which latter was promoted to fantasy programs in universal
mathematics and method. The entire process was marked by determined planning,
unintended shifts and some spectacular insights, some decisively fruitful, some
disastrously misleading, all in turn conditioned by the varied environments in which
Descartes moved. It is the story of these struggles that will finally bring us, fully
prepared, to become readers of Le Monde.
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Chapter 9 explicates the opening sections of Le Monde and is particularly
concerned with their non-Scholastic rhetoric and organization, given their having
been written in the vernacular, in honnéte homme style with the core elements of
the system presented as a fable. This chapter serves to clear the ground for the rest
of our reading of Le Monde, so that we can appreciate both the systematicity it
displays, and the genealogy of some of its key concepts in Descartes’ earlier physico-
mathematical strivings and results. To that end, special attention is paid to Descartes’
curious cosmogonical fable, his matter theory cum theory of elements and the initial
delineation of the vortex theory. (A number of these topics in Le Monde are revisited
in Chap. 12, which examines their alteration and articulation in the Principia
philosophiae as part of the daring, new systematizing strategy of that mature natural
philosophical text.)

Chapter 10 then brings together two lines of investigation about the natural
philosophical structure and aims of Le Monde: First of all, it focuses on
showing that Descartes’ famous and to some degree notorious vortex celestial
mechanics was a serious intellectual construct and hence also a serious gambit in
the natural philosophical contest. Indeed, we learn that the vortex mechanics was
Descartes’ technical answer to the natural philosophical challenge posed by realist
Copernicanism. Often simplistically glossed and dismissed, the vortex celestial
mechanics is the veritable ‘engine room’ of the argument of Le Monde, and the
lynch pin of the corpuscular-mechanistic system of Le Monde.*' A charitable read-
ing of the vortex mechanics is offered, which takes us a long way into the details of
the system, with considerable coherence being displayed—from the explanations of
stars and stellar vortices, through planetary orbits, the behavior of satellites and
comets, as well as local fall and tidal phenomena on planets, whilst the same vortex
mechanics, element theory and dynamics explain, in broad terms, the existence and
behavior of light in the cosmological setting.

Secondly, Chap. 10 explores the ways in which the celestial mechanics at the
heart of Le Monde is a hybrid entity. On the one hand, it is shown that the vortex
celestial mechanics has a genealogy reaching back through the physico-mathematics
studied in earlier chapters. But, on the other hand, we also learn that the vortex
mechanics was clearly a piece of generic natural philosophical discourse, under-
standable as such by any member of the educated culture of natural philosophizing,
and playing the central role in this new corpuscular-mechanical system of natural
philosophy. The larger lesson is that Le Monde was simultaneously the climax of
Descartes’ trajectory in physico-mathematics and the first iteration of a systematic
natural philosophizing, emergent from that carapace.

Chapter 11 concludes our detailed analysis of Le Monde, by building on the
structural and conceptual dissection of the text executed in the previous two

4 Because my detailed presentation of the celestial mechanical vortex model in Chap. 10 is syn-
thetic and the result of a rather complex process of interpretation, I have added a second Appendix,
‘Decoding Descartes’ Vortex Celestial Mechanics in the Text of Le Monde’, dealing with the blow
by blow textual exegesis underpinning the synthetic presentation in the main body of my text.
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chapters. It has two main aims: Firstly, Le Monde is examined as a competitive
bid for supremacy in the natural philosophical field. This is done by viewing it in
relation to key natural philosophical aspirations and strategies of similar con-
temporary actors, such as Kepler, who, like Descartes, were attempting to displace
Aristotelianism, install some version of realist Copernicanism, and create alterna-
tive hegemonic natural philosophical syntheses. Descartes had become a committed
systematizer in natural philosophy, but, in tune with the rising competitive temper
of the time, he was daring and aggressive in the ways he constructed and presented
his system. His building of Le Monde out from and in part upon physico-mathematics
(as he understood it over time), shows this daring, as does his creative engagement
with realist Copernicanism and his direct attack on the key ‘hot spot’ (as we term it
in Sect. 2.5.4) in relations between mixed mathematics and natural philosophy—
concerning the causes of celestial motions in Copernican astronomy.

Then, secondly, Le Monde is assessed in terms of its strengths and weaknesses as
a system of natural philosophy, using the model of natural philosophical systematicity
developed in Sect. 2.5.5, as part of the explication of conceptual and historiographical
foundations for this study. Such an assessment is necessary for the following reason:
Although Le Monde marked a node and climax in Descartes’ career, it was obviously a
particularly transient and occluded one, rather internal to Descartes’ development, not a
public marker. That is, despite our finding that Le Monde was indeed a bold and highly
systematic discourse in natural philosophy, we will also learn that it was, by the stan-
dards of the later Principia, a prentice work. This is not simply due to the obvious fact
of its being earlier than the Principia, but because of the more interesting finding that Le
Monde, Descartes’ first step toward systematic natural philosophizing, débouched from
a complex and often highly successful trajectory in physico-mathematics. On the
one hand, Le Monde was a systematic, and deeply interesting culmination of Descartes’
fifteen years of struggle in physico-mathematics, mathematics, method and emergent,
piecemeal corpuscular-mechanism. On the other hand, it was just the beginning of his
work as an even more masterly systematizing philosopher of nature, who, in the end
largely dropped his project of physico-mathematics, as well as the delusional dream
of a universal method. The resulting examination of the systematicity of Le Monde
leads to some striking individual examples of refinements and improvements in that
regard, as displayed by the Principia to come.

This, in a sense, completes our reconstruction of the trajectory of the young
Descartes, from physico-mathematician with some unsystematized corpuscular-
mechanical leanings, in 1619, to systematic mechanistic natural philosopher, shaped
in part by the course of his physico-mathematical endeavors, in 1633. However,
one more step is required fully to round off our inquiry. Since, as we noted above,
the Principia (rather than Le Monde or the Discours and Essais) obviously contains
the mature statement of Descartes’ system and strategies in natural philosophy, our
study of how Descartes matured as a natural philosopher can only be properly
closed through a detailed analysis of the Principia and comparison of it to Le
Monde as we now understand it.

Chapter 12 therefore uncovers exactly how the Principia was designed to improve
the systematic power, scope and consistency of Descartes’ natural philosophy
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compared to what he initially presented in Le Monde. Following my own work, and
previous, separate collaborative researches with both Jacqueline Biro and Judit
Brody, a number of very novel and surprising answers emerge: I find that the center
of gravity of Descartes’ revised systematizing strategies in the Principia did not
reside in his metaphysical grounding of the natural philosophy; or in his now elabo-
rate teaching concerning the laws of motion and collision. Rather, I argue that
Descartes’” systematizing strategy focused mainly upon weaving ranges of novel
matters of fact—concerning sunspots, novae and variable stars, and the structure
and formation of all planets (including the Earth)—into explanatory and descriptive
narratives with cosmic sweep and radical realist Copernican intent. These gambits
were “cosmographical” (the natural philosophical relating of heavens and earth in
contemporary usage), and they were characteristic of radical realist Copernican
natural philosophers, who reasoned that in a realist Copernican system, findings
about the Earth, now a heavenly body, could be used for cosmological purposes.
This tactic began with Copernicus himself, and ran through the contributions of
Bruno, Gilbert and Galileo, down to, as established here, their most radical form in
Descartes himself, with the Principia, properly decoded, expressing a stunningly
bold case for a realist, infinite universe Copernicanism. It is the vast system-binding
cosmographical gambit of Descartes, entraining the use and reframing of key, avail-
able matters of fact—in turn leveraged into explanatory resources within the sys-
tem—that best characterises the natural philosophical difference between Le Monde
and the Principia. By this point, and on this reading, the Descartes, physico-
mathematicus of corpuscular leanings of 1619, had, on the one hand evolved into an
entirely discursive and highly systematic natural philosopher of traditional type,
albeit, on the other hand, a natural philosopher possessed of dramatically new goals
and strategies within the field.

Chapter 13 takes the form of both a Coda, rounding out and underlining the key
themes of this study, and an Epilogue, surveying some salient points about the sub-
sequent career of the mature Descartes, as well as his (somewhat surprising) rela-
tions to the next phase in the Scientific Revolution, both now arguably more properly
understandable as a result of our studies in the previous 12 chapters.*?

The two Appendices, as signaled above in Notes 40 and 41 then follow.
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Chapter 2

Conceptual and Historiographical
Foundations—Natural Philosophy, Mixed
Mathematics, Physico-mathematics, Method

2.1 Jesuit neo-Scholasticism for the noblesse de robe

Born on 31 March 1596 in La Haye (now Descartes) in Touraine, Descartes was the
product of a relatively recently risen family of the noblesse de robe. His father,
Joachim, was a conseiller of the Parlement of Brittany in Rennes. Joachim’s father,
Pierre, had been a prominent physician, as had been his mother’s father. Descartes’
mother was Jeanne Brochard, daughter of René Brochard, lieutenant générale of
the Presidial of Poitiers. Her mother was Jeanne Sain, whose father, had been a
merchant from a family of merchants. Descartes’ family styled themselves noble.
René Brochard, Joachim and his father called themselves, écuyers, squires, and
thus appropriated themselves to the lowest rank of the nobility. As early as 1547,
Pierre Descartes had sought and obtained the all important exclusion from the taille.
In early adulthood, René Descartes sported the title Sieur du Perron, after a small
seigneurie which he was due to inherit. He was accustomed to bearing a sword, and
served for a time as a gentleman volunteer in the army of Maurice of Nassau.
Descartes’ family thus offers a rather typical example of the extrusion of provincial
upper professional and mercantile families into the ranks of the administrative
nobility, from which position they proceeded to try to ape the proprietary and social
habits of the landed nobility.

Although Descartes eventually trained in law, he did not follow the profession of
his father and older brother, Pierre, who, in 1618, also became a conseiller in the
Parlement of Brittany. Though they might aspire to the status and bearing of the
landed nobility, and often acted out of the narrow self-interest of men holding venal
offices and defending provincial liberties and nepotistic excesses, royal officials of
the generation of Joachim Descartes also had a broader role to play in upholding the
King’s law and administration. If anything, this key role could only have appeared in
sharp contrast to the background of administrative paralysis, political maneuvering
and popular and religious discontent, and endemic civil war in evidence in the late
sixteenth century and again (absent civil war as such) after the assassination of Henri
IV in 1610. It is not drawing too long a bow to conjecture that for the post-adolescent
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Descartes, who in 1615 and 16 considered a career in the law, idealized hopes
for good order and administration—to be asserted and actualized in the face of
apparently endemic unrest and turbulence—weighed more upon his student mind
than did those cynical, short range calculations of interests—in patronage, bureau-
cratic infighting, provincial politics and financial wrangling—that would have daily
absorbed the mental energies of experienced nobles de robe, such as his father.

For young René Descartes had been well prepared both for those sorts of idealized
insights and for possible careers in the law or the military by his years spent as a
good and loyal student of the Jesuit order. Between 1606 and 1614, or possibly 1607
and 1615, he was educated at the College de la Fleche, which had only opened in
January 1604, shortly after Henri IV had allowed the Jesuits back into France.'
Henri intended La Fleche to be a training ground for an elite and militant nobility,
loyally monarchist in politics and orthodox in the Catholic faith to which Henri
himself had converted to end the Civil Wars and consolidate his claim on the thrown.
The Jesuits of course were interested in training theologians and future Jesuits, but
equally so in molding a devoted and active elite of lay gentlemen of affairs. They
upheld the original inspiration of the Order that proper religion, and consequently
proper morals and order, could be restored to a world threatened by heresy and
chaos by men of action, well trained and prepared to deploy all the spiritual, intel-
lectual and material means at their disposals.

The curriculum at La Fleche was of a neo-Scholastic type modified by important
concessions to humanist reforms and content. The first five years were devoted to
classical languages and literature, embodying also rhetoric, which Descartes fondly
remembered in the Discours de la méthode. The heart of the course consisted in the
three final years of ‘philosophy’, divided respectively into logic, physics and math-
ematics, and metaphysics and ethics. In accordance with the Ratio studiorum, the
philosophy curriculum was Aristotelian in essence, and pride of place amongst
commentators was given to St. Thomas Aquinas. The logic showed little influence

'The dates for Descartes’ attendance at La Fleche are notoriously disputed, several brackets of nine years’
study having been offered. In the view of most commentators, 1606—-1614 seems to remain the
most likely period, despite Rodis-Lewis having mounted considerable argument for the period
1607-1615 (Cf. Gouhier 1958, 158-19, but also 19-20 and Note 143; and Rodis-Lewis 1992,
25-7). The line of argument for 1607-1615 turns to a large degree on accepting Sirven’s (1928,
41-46) original correction of the identity of Descartes’ instructor for the 3 year philosophy course,
showing it had not been the previously identified Pére Fournet, but rather Descartes’ later friend
and correspondent, Pére Noél, who had been in charge 1612—1613 through 1614-1615. (Cf. Gilson
1947, 479) Three of the four most recent Anglophone biographies of Descartes (Gaukroger 1995;
Watson (2007) and Grayling 2005) support the period 1606-1614, while Desmond Clark follows
Rodis-Lewis. Garber (1992) p. 5 agrees Noél was Descartes’ philosophy instructor whilst not
explicitly choosing between the two time frames. The outcome of this issue has little bearing on
the key themes of this volume, unless, contingently, proof of one or the other time bracket also
were to throw up evidence bearing on the way the dialectic of Descartes’ concerns for physico-
mathematics, natural philosophy and method are depicted in this volume. It obviously does have
consequences for understanding Descartes’ non-trivial later relations with Noél, renewed after the
publication of the Discours.
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of the sixteenth century innovations in the teaching of dialectic. It relied on Porphyry,
the Categories and Topics, a small part of the Prior Analytics and the material on
demonstration in the Posterior Analytics, framed in the sixteenth century introductory
texts of Toletus and Fonseca. The teaching of physics, or natural philosophy,
depended upon Aristotle’s Physica, de Caelo and a small part of de Generatione,
backed up by the modern Coimbrian Commentaries and others such as those of
Toletus and Rubius. The third year metaphysics instruction featured parts of
Aristotle’s De anima, De generatione and Metaphysics, with commentaries by
Suarez, the Coimbrians, Toletus and others, while the Nichomachian Ethics with the
relevant Coimbra commentary formed the core of the ethics curriculum.?

None of this, of course, signaled that the Jesuits purveyed a closed or fossilized
system of thought. Within limits, they prided themselves on their openness to new
currents in natural philosophy and the subordinate, mixed mathematical sciences, as
well as bits of the practical mathematical arts. It is well known, for example, that
during Descartes’ stay at La Fleche, the College celebrated Galileo’s discovery of
the ‘Medician planets’ as part of a commemoration of the death of Henri IV. More
generally, the mathematical portion of second year philosophy curriculum largely
consisted in the study of areas of mixed and practical mathematics, rather than
remaining at the level of elementary geometry, arithmetic and astronomy. Such
practical mathematical arts as geography, mechanics and military architecture were
touched upon. It appears that Descartes was able to familiarize himself with the
textbook of algebra by Father Clavius of the Jesuits’ Roman College.® Descartes’
philosophy and mathematics master, Jean Francois, was especially interested in the
mathematical arts and in distinguishing their supposedly useful and legitimate
application from the taint of suspicion of what he would categorize as magic.*

Their attention to mixed and practical mathematics spoke well for the Jesuits’
awareness of the needs and changing aspirations of their clientele. The educated
gentleman-officer was increasingly expected to command a knowledge of practical
mathematical arts. This shift in emphasis in the training of the secular elite in the late
sixteenth century is indicative of a temporary lowering of caste barriers to the accep-
tance of the mechanical arts, including practical mathematics, as elements of higher
culture.’ For those exposed to this sort of education, it could become a stimulus to the
later pursuit by some, and acceptance by many, of approaches which tried to bring
mixed and practical mathematics into closer contact with inquiry into matter and

2Sirven (1928), Chap. 1; Garber (1992) 5-9; Gaukroger (1995) gives the best and most fully contex-
tualized account, 38—62, citing in turn the most important sources; see also Clarke (2006) 15-36.
3de Dainville (1954) 6-21, 1-9-123; Gaukroger (1995) 57-9.

*E. Gilson (1947) 120, 1267, 129-30. On Clavius and the Jesuits’ version of ‘relating’ mathematics
to natural philosophy and its relation to Descartes’ emerging project of physico-mathematics, after
meeting Beeckman in late 1618, see below Sect. 2.5.3.

>For an early and forceful statement, cf. Ravetz (1975) 369. Such points about Descartes’ generation
may now be obvious to historians of science; they were not at the time, particularly in the
Anglophonic world.
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cause; that is, into the high cultural realm of natural philosophizing.® A great deal
of the present volume will be taken up with how, why and with what consequences
over time, the young Descartes pursued daring, sometimes brilliantly successful,
sometimes deeply misleading and disappointing, initiatives in this very sphere where
natural philosophizing and the existing mathematical fields were put into novel, even
revolutionary relations. Let us therefore consider briefly, and in the spirit of an initial
exposure, what might be made of Descartes’ educational experience for interpreting
his trajectory in natural philosophy and the subordinate mixed mathematical sciences
over the years, down through the early 1630s.

First of all, Descartes’ experience with practical and mixed mathematics was to
be critically important for his later work, although, as we shall see, not in some
vulgar sense of immediately or proximately suggesting the idea of a supposedly
general method, or some sense of unification of mathematics and natural philoso-
phy. Indeed, our main theme in this volume revolves around this problem, and so we
shall need to be very careful about the categories mixed mathematics, natural
philosophy, and ‘physico-mathematics’. An initial delineation of these matters takes
up the latter portions of this chapter. For the moment, we note only that as Descartes
explained in the Discours (in ways needing to be taken with some grains of salt), in
the several years after he left La Fleche, his exposure to the mathematical arts left
as it were a fascinating if elusive intellectual and aspirational residue, which contin-
ued to intrigue him, even as his commitment to official neo-Scholastic Aristotelian
natural philosophy began to wane:

I was most keen on mathematics, because of its certainty and the incontrovertibility of its
proofs; but I did not yet see its real use. Believing as I did that its only application was to
the mechanical arts, I was astonished that nothing more exalted had been built on such sure
and solid foundations....”

Even if this only vaguely reflects Descartes’ attitudes at the time he left La
Fleche, it is worth remembering and pondering as we go along in this volume.
Impressed by the clarity and rigor of mathematics, including practical and mixed
mathematics, he was also aware (1) that in Aristotelianism no proper explana-
tions, those dealing with matter and cause, could be formulated in mathematical
terms; and, (2) that the mixed mathematical disciplines were given a subordinate
and non-explanatory role in the accepted neo-Scholastic map of the domain of
natural philosophizing. As we shall see in the next chapter, four or five years later
in the Netherlands Descartes was, with the initial help of Isaac Beeckman, to be
seized by an awareness that it might be possible, under the label of a ‘physico—
mathematics’, to render the mixed mathematical fields, such as mechanics, hydro-
statics and optics more relevant to natural philosophizing so that matter and cause

This curriculum mix also contributed in some cases, including presumably Descartes’, to a growing
awareness of new aspirations and values to be associated with natural philosophy, in particular an
emphasis on operative, cumulative and correctable knowledge claims. Rossi (1970) 137-45 was
perhaps the first to see the matter quite this way.

7 AT VI, p.7; This translation is from Ian Maclean’s scholarly and vigorous rendering: Maclean
(2006) 9.
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could be in part pursued by mathematical techniques. Soon after that, as we learn in
Chap. 5, he was to inflate his aspirations to a ‘universal mathematics’, and then a
universal method of mathematics-like tenor and procedure. And, we learn in later
chapters, even after those over blown agendas failed in ways he recognized, leading
him to return to the more traditional, and discursive, style of natural philosophizing,
he remained focused on some important ‘physico-mathematical’ chromosomes in
his own approach, accordingly considered by him superior to others, and at least wist-
fully still able to be termed ‘mathematical’.

Similarly, his Jesuit education also had a number of important consequences for
Descartes in the realm of natural philosophy. First, as has been demonstrated by a
long line of brilliant studies, from Gilson, down through the contemporary work of
Garber, Arieu, Gaukroger and Des Chene,® the neo-Scholastic training provided
Descartes with a philosophical, indeed conceptual vocabulary which would inform
much of his later natural philosophizing, regardless of how radically opposed his
work became to the content and values of the dominant Aristotelianism. Moreover,
in the neo-Thomist ambiance of the Jesuit school, his vision of natural philosophy
took on the precise form of including a commitment to the mutual accommodation
of natural philosophy and orthodox Catholic theology, according to which natural
philosophy could not but serve as a necessary and efficacious propaedeutic to at
least some of the elements of faith. Despite various temptations and exposures to the
fideist and libertine currents of his day, Descartes was by the late 1620s to set
himself against them, as well as natural philosophical novelties which intimated
unsavory theological complications. We shall discern traces of this in his attempted
bold synthesis in the later portions of his Regulae written in the late 1620s. When
that daring gambit, deeply related to his youthful excursions in physico-mathematics
and method failed, he further recommitted himself to the form or grammar of the
Jesuits’ articulation of natural philosophy and theology, if not to its content on the
natural philosophy side, by redirecting his work toward an explicit system of natural
philosophy with worked out metaphysical and theological underpinnings.

2.2 In Search of Proper Categories and Angle of Attack

To speculate, as we just have, about possible uses and consequences of Descartes’
education for his early trajectory in natural philosophy and its related disciplines gets
us only so far. It certainly prevents our slipping into simplistic tales about the mean-
ing of his education: For example the conceit that Jesuit mathematical training pro-
vided the initial influence for Descartes’ supposed later creation of a new, modern
conception of mathematicized scientific thinking; or, that because his philosophical
vocabulary was initially and deeply neo-Scholastic, all we are faced with is a case
of subtle continuity and filiation of ideas between Descartes and his ‘forerunners’.

$Gilson (1947), Garber (1992), Arieu (1999), Gaukroger (1995), Des Chene (1996).
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No such stories will do, as we can already see. But how exactly do we pursue the
more promising line of taking seriously the problem of Descartes’ commitments,
work, and shifting identities in natural philosophy and subordinate mixed mathe-
matical disciplines?

The answer comes from reflecting on something about his education which is
both deeper and yet more subtle and difficult to discern or properly factor into his-
torical analysis than anything mentioned previously. It is tied up with this seemingly
simple claim—Descartes’ education rendered him an adherent of natural philo-
sophical culture, if not in the end a devotee of Aristotle and his modern renovators.
That is, as mooted in our opening Chapter, I want to attempt a maneuver which is
new to Descartes studies and which should be applied across the board to all players
in the so-called Scientific Revolution—I wish to focus on Descartes’ emersion in a
Europe wide ‘culture of natural philosophy’, a culture propounded to every young
educated man in Europe via his neo-Scholastic Aristotelian education, whether
Catholic or Protestant in allegiance. For, despite all the shifts Descartes’ agendas
and technical preoccupations were to undergo, we shall see that it was only in two
brief, and unsuccessfully consummated moments, that he ever envisioned leaving
behind and marginalizing the culture or, as we shall term it, the field of natural phi-
losophizing. We turn, therefore, in the remainder of this chapter to exploring the
categories of natural philosophizing and its related disciplines that we shall need to
deploy later in our attempt to describe and explain the trajectory of the young
Descartes agonistes.

What I mean by the culture or field of natural philosophy is not to be identified
solely with the content of Scholastic Aristotelianism, because there were old and
revived, as well as newly designed alternatives meant to displace it. Nor is this
culture to be thought of as fossilized and static, just because it was mainly purveyed
to post-adolescents in universities. Quite apart from the flux and contention within
universities in the late sixteenth and early seventeenth century, the culture of natural
philosophy was much more widely characterized at this time by conflict, turmoil
and hence, for the keen eyed historian, displays a certain dynamic of change and
process. Hence, I shall propose a model for dealing with natural philosophy as a
wide, dynamic and contested intellectual culture; a ‘cultural process’ model, in
other words, of what the game of natural philosophizing was about, its rules, its
patterns of change, what a natural philosopher of radical or conservative leanings
might concern himself with, and how he might conceive of his activities and his
identity in the game.’

We shall pursue this aim in three stages: First, in the next section (2.3), we shall
introduce broadly the idea of a large and contested and deeply institutionalized field
or culture of natural philosophizing in which much of what we call ‘the Scientific
Revolution’ took place. Then, in Sect. 2.4 we shall take something of a necessary
detour, in order to gain some heuristic and analogical purchase on the agonal character
of natural philosophy and its modes and rules of contestation. This we shall do by

Note, my terminology, ‘natural philosophizing’ invoking a ‘doing’ and ‘contesting’ by natural
philosophers in a disciplinary domain.
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looking at the agonistic knowledge making traditions par excellence which are, in
complex ways, descendents of this very natural philosophical turbulence of the
seventeenth century: That is, we shall examine the nature of the modern natural
sciences as contested, discovery seeking, and highly rhetorically couched traditions
and fields of contestation. Only then, with some valuable modeling under our belts,
will we return in Sect. 2.5 to flesh out in several dimensions the details of the dynam-
ics and rules of natural philosophizing as Descartes experienced them, knew them,
and played with and upon them. With this major work done, the three final sections
of the chapter will take advantage of our model to set up the remainder of the argument
of this book: Sect. 2.6 will alert us of the considerable dangers posed to critical
historiography by the fact that Descartes apparently believed, for a least part of his
career, in the efficacy of his own general method. A way out of these dangers will
be suggested, to be applied later in Chap. 7, when we actually meet Descartes the
young and enthusiastic methodologist. Section 2.7 will sketch a periodization of the
Scientific Revolution, between roughly 1500 and 1750 which follows from, and
further articulates, our model of natural philosophizing. This will allow us to locate
Descartes firmly in what we shall call the ‘critical period’ or ‘period of civil war
amongst natural philosophers’ in the early to mid seventeenth century. Finally in
Sect. 2.8 we shall ask, on the basis of our findings in this Chapter, “What kind of
natural philosopher was Descartes?’, providing a preliminary answer which will set
us on our concrete historical reconstruction from Chap. 3 onward. The reader should
be aware that every single concept, category and historiographical idea in this
chapter will be put to work somewhere in the rest of this book.

2.3 Constructing the Category of Natural Philosophy,
Part 1—Natural Philosophizing as Culture and Process

It is often said that periodization is the indispensible armature of historical inquiry,
a wise enough statement in itself; but, only half, or indeed less than half of the story.
Historical understanding also requires conceptualization of the kinds of entities,
structures and processes in play. Only this allows serious narration and explanation
to be slung across a periodization armature. There is no point telling stories and giv-
ing explanations about entities and processes whose nature and dynamics have not
been carefully thought out. These categories or models are heuristic and revisable,
but they are ignored, or frozen, at the peril of one’s life as a serious historian. So, to
inquire about the ‘Scientific Revolution’, and the young Descartes’ trajectory within
it, we need categories both of periodization and of entities and processes, with the
latter taking priority, starting with this Section.

In the early modern period, the central discipline for the study of nature was
natural philosophy.!® Hence, I employ the category ‘natural philosophy’ in strict

10 Anstey and Schuster (2005).
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preference to Science, Modern Science, new science, experimental science, etc.
‘Natural philosophy’ is THE appropriate historical category with which to think
through our problems.!" Natural philosophy is first of all an actor’s term, but, if
we metaphorically treat natural philosophy—and other important categories for the
history of science—as an iceberg, actors’ usages are merely the tip. We must also
theorize the bottom of the iceberg, by modelling the structure and dynamics of the
game of natural philosophizing, including points that did not or could not have been
known to the players. In the intellectual construction of a model of the structure and
dynamics of natural philosophizing (or of any sort of knowledge making/breaking
field, tradition or sub-culture), one employs prior concepts of others and one’s
own, along with appeals to historical evidence and analogy. The resulting model or
category then becomes an object of inquiry and tool of explanation and interpreta-
tion, meaning that the point of such models is both heuristic and explanatory: They
can guide our understanding and inquiry about the past and about other accounts of
the past; they can be woven into narratives and fed into explanations of players’
decisions and actions; the presumed dynamics and structure of the category in
question can similarly guide questions about larger processes and trends above and
beyond particular actors’ grasps; and finally, any such critical category is itself
continually open to revision and articulation in the light of evaluation of cases to
which it has been applied, and of outcomes of expert historiographical debates.!?
Categories of analysis and of explanation/narrative are always in use in historical
writing, whether or not one tries to pretend that they do not exist, or that one has
particular access to divinely given eternal and nugget-like facts and/or to permanent
conceptual truths of historiography. Not being conscious and critical of one’s cate-
gories, and not being willing to construct and revise them, simply means that one’s

"To place the evolution of natural philosophy, and in particular the shifting patterns of its relations
to other enterprises and disciplines, at the center of one’s conception of the Scientific Revolution
is not novel, and more scholars are realizing the value of such a perspective, but neither is it obvious
or agreed upon in the scholarly community. Many older discussions, and some contemporary ones,
are marred by a tendency to lump the culture of natural philosophizing under an anachronistic label
of ‘science’, thus obscuring the possibility of speaking convincingly about the internal texture and
dynamics of the culture of natural philosophy and its patterns of change over the period. H. Floris
Cohen’s massive survey of Scientific Revolution historiography (Cohen 1994) illustrates that the
term ‘natural philosophy’ has been endemically present in the literature, but not systematically
theorized, often serving as a synonym for ‘science’ or (some of) the sciences. Recent attempts to
delineate the category of natural philosophy and deploy it in Scientific Revolution historiography
include Schuster (1990, 1995); Schuster and Watchirs (1990), Andrew Cunningham (1988, 1991),
Cunningham and Williams (1993), Dear (1991, 2001a), Peter Harrison (2000, 2002, 2005), and
John Henry (2002). Cohen (2010) makes explicit use of a version of the category of natural
philosophy in his comparative and macro historical analysis of the rise of modern science in
seventeenth century Europe.

2My understanding of the category ‘natural philosophy’ as constructed here is similar to that of
Maravall (1973) when he speaks of an ‘historical structure’ (applied to the question of understanding
‘Baroque culture’). See also Schuster (2012a)
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The field, sub-culture or tradition of Natural Philosophy

Nature is a coherent unity, to be studied systematically under the
dimensions of 1.matter 2.cosmos 3. causation 4. method

*Hegemonic Scholastic Aristotelianism[s]

Challenger Genera:

*Neo-Platonic varieties, high tide 1580-1620
*Mechanistic varieties, high tide 1640-80

*Newtonianism[s] from 1690s

Fig. 2.1 Natural philosophy—generic structure, competing genera

key categories are unexamined, merely trendy, and very likely to be shown to be
seriously inadequate, even to one’s own stated aims in narration-explanation.
So, I intend here to produce a working heuristic model of early modern natural
philosophy as a dynamic, elite sub-culture and field of contestation, by theorizing
about its structure, dynamics and its process over time.!?

When one ‘Natural philosophized’ one tried systematically to explain the nature
of matter, the cosmological structuring of that matter, the principles of causation
and the methodology for acquiring or justifying such natural knowledge'* (Fig. 2.1).
The dominant genus of natural philosophy was, of course, Aristotelianism in various
neo-Scholastic species, but the term applied to alternatives of similar scope and aim;
that is, to any particular species of the various competing genera: neo-Platonic,

13Thus, in this spirit, I would contend that Kuhn’s original notion of ‘normal science’ was such an
ideal typical model of the structure and dynamics of how ‘a mature science’ functions over time
and may change and be affected by endogenous and exogenous forces. His model has been
modified in important subsequent theoretical, case study and historical work by ‘post-Kuhnian’
sociologists and historical sociologists of scientific knowledge. In this chapter, for reasons that will
become clear, we shall have cause to mobilize both Kuhn’s own model and that suggested by his
creative followers, respectively in Sects. 2.6 and 2.4.

4 The common method training, allowing of course for the unending technical debates about
method, its meaning, contents, scope etc., is of the upmost importance. This is not because knowledge
was actually discovered and demonstrated by method. As noted earlier, modern sociology and
philosophy of science has put paid to that notion, in the writings of Bachelard (1949), Kuhn (1970),
Feyerabend (1975), Schuster and Yeo (1986a), Schuster (1986, 1993) and others. Rather method
discourse provided universally understood packaging and rhetorical framing for claims of natural
philosophical type, and by means of the tools of logic provided natural philosophical players, as
subjective agents, the technical capability for reflexively criticizing, comparing, overthrowing and
radically reworking the claims of others and of themselves.
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Chemical, Magnetic, mechanistic or, later, Newtonian. Early modern natural
philosophers learnt the rules—or template for—natural philosophizing at university
whilst studying hegemonic neo-Scholastic Aristotelianism. Even alternative systems
followed the rules of this game. All natural philosophers and natural philosophies
constituted one sub-culture in dynamic process over time.

We should not simply equate ‘natural philosophy’ to Scholastic Aristotelianism.
Nor should we accept the popular historiographical conceit that after about 1660
‘natural philosophy’ died and was replaced by an essentially different activity,
Science.” As we shall see in Sect. 2.7, the ‘Scientific Revolution, in its most turbulent
or critical phase, in the early and mid Seventeenth century, was a set of transforma-
tions, a civil war, inside the seething, contested culture of natural philosophizing.
That culture then continued to evolve under internal contestation, and external
drivers, and variously elided and fragmented into more modern looking, science-like,
disciplines and domains, plural, over a period of 150 years from 1650.'¢

That there was a European culture of natural philosophizing depended upon
a High Medieval development of world historical import—the establishment of a
European system of universities all teaching and arguing about variants of a
Christianized Aristotelian corpus in logic and natural philosophy.!” This fact contin-
ued and evolved right into the early and mid seventeenth century and beyond.'

15Schuster and Taylor (1996, 1997); Schuster (2002)

1o Other contemporary knowledge systems, such as natural history and natural theology also need
to be theorized in this manner and the entire set examined for their dynamics and articulations over
time. For a cognate model of seventeenth century natural theology see Aldridge (2009).

17 The distinguished historian of medieval science, David Lindberg, writes of the Christianized
Scholastic Aristotelian undergraduate curriculum in the high medieval universities, ‘For the first
time in history, there was an educational effort of international scope, undertaken by scholars con-
scious of their intellectual and professional unity, offering standardized higher education to an
entire generation of students.” Lindberg (1992) 212. He is pointing to the unique fact of the exten-
sive European institutionalization of a religiously more or less acceptable version of one genus of
ancient natural philosophy, Aristotelian. And we might add, generation upon generation of stu-
dents was thus produced.

18We now know a lot more about neo-scholastic education at the turn of the seventeenth century,
thanks to efforts of scholars like Ian Maclean (2007) and Dennis Des Cheyne (1996): especially
about the tools and habituses of thought imbibed by years of study of the host of dense, printed
neo-Scholastic texts of the late sixteenth and early seventeenth century. Picture the tens of thou-
sands of educated men in each generation, who had been taught Aristotelian logic and related tools
of thought as well as large swathes of natural philosophy derived from Aristotelian doctrine about
cause, matter and how—methodologically—you get knowledge about them. That’s the core of
what all the players were on about—even the rebels wanted ‘regime change’ in natural philosophy
not total destruction. This ‘brute historical fact’ of institutionalized acculturation of educated
European men into one genus of natural philosophy is a continuing, necessary bass line, underscor-
ing a process best understood within a sharpened and refined understanding of what the field or
culture of natural philosophizing in a larger sense was all about. Hence, I hold that most of what
we conceive of as the process and the products of the ‘Scientific Revolution’ took place within
patterns of change, internal contestation and contextual shaping in this evolving field or culture of
natural philosophizing. I have written several overviews of the Scientific Revolution in this style.
Schuster (2002), also Schuster and Watchirs (1990) and Schuster (1990).
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Although specific concepts constitutive of Scholastic Aristotelianism were displaced
during the seventeenth century, this occurred inside the continuing, contested life of
the larger ‘field’ or ‘tradition’ of natural philosophizing. We should not throw out
the living baby of the ‘culture’ of natural philosophizing’” with the bath water of
large chunks of neo-Scholastic Aristotelianism."

A Scholastic Aristotelian education taught that nature has a coherent, systematic
unity; that nature not only can be studied by specific means, but that correspond-
ingly systematic knowledge of it can be obtained. This template for the generic
contents and aims of natural philosophizing applied to all jostling species of the
genus Scholastic Aristotelianism and to all natural philosophical challengers.
Additionally, Scholastic Aristotelianism, dominant institutionally and in the cultural
experience of educated men, entrained an entire geography of knowledge: It framed
the way in which other disciplines were conceived, and related to each other, and
to natural philosophizing.

How natural philosophical claims were positioned in relation to other enter-
prises and concerns is particularly important. Some disciplines were considered
superior to natural philosophy (such as theology); others cognate with it (such as
mathematics); or subordinate to it. One may think of the subordinate disciplines
as an entourage of more narrow traditions of science-like practice: (Fig. 2.2).
These included the subordinate mixed mathematical sciences, such as geometrical
astronomy, geometrical optics, mechanics, statics, and music theory, as well as the
bio-medical domains, such as anatomy, medical theorizing and proto-physiology in
the manner of Galen.?” The members of this entourage changed and interrelated
over time. In the seventeenth century, some were disputed; some were created; all
changed; new or newly revamped entourage members evolved.?' Still other fields,

“Hence, my category modeling can lead to the production of heuristic advice for historiographical
practice. For example, whether one studies Descartes, as I do here, or the Royal Society, as I some-
times do elsewhere, A site where natural philosophers natural philosophize is a natural philo-
sophical site, not a non-natural philosophical site. Since the field is pan—European and
cosmopolitan, a natural philosopher even alone in his study is in a natural philosophical site, and
at the very least virtually in communication with some intended sub-set of the pan European natu-
ral philosophical audience. He is not a ‘mind alone’, opposed to some new form of communicat-
able and networked knowledge making/breaking in the new scientific organizations, which are also
natural philosophical sites. There might have been some new registers of natural philosophizing at
the early Royal Society, as we mention below in Sect. 2.7 but no break or rupture had occurred in
the ongoing dynamics of the culture. See Schuster and Taylor (1996) and Boschiero (2007) for
parallel results for the Florentine Accademia del Cimento.

2 Below, in Sect. 2.5, when we return to more detailed modeling of natural philosophizing, we will
learn more about the relations that hold between a particular system of natural philosophy and its
particular selection and weighting of subordinate disciplines; in other words what is meant in
Fig. 2.2 by the indications (1) that subordinate disciplines can supply support for a system and
even shape its content and direction, whilst (2) a given system orders, prioritizes and imposes core
concepts upon its entourage of subordinate disciplines.

2l Mechanics meant something different to Galileo and to Descartes, and both had left behind
Stevin or Benedetti’s notions of the domain. A mutant novelty, a discourse of ‘celestial physics’
emerged in Kepler and Descartes. See below Sects. 2.5.3 and 2.5.4, Schuster (2005), and above all
Chap. 10 below.
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The field, sub-culture or tradition of Natural Philosophy

Nature is a coherent unity, to be studied systematically under the
dimensions of l.matter 2.cosmos 3. causation 4. method

*Hegemonic Scholastic Aristotelianism[s]

Challenger Genera:
*Neo-Platonic varieties, high tide 1580-1620
*Mechanistic varieties, high tide 1640-80

*Newtonianism[s] from 1690s

S

Support, shape Order, priority, basic concepts

Narrow, Specialist, Subordinate Disciplines: the ‘Entourage’

Full list and priority depends on your Natural Philosophical Agenda

Mixed mathe matical: mechanics, hydrostatics, optics, astronomy, music theory, geography etc
Some tend to be come ‘Physico-mathematical”

Bio-medical: anatomy, physiological theory, medical theory
Especially Disputed: astrology, alchemy, other branches of nawral magick etc.

New in the Period:
Physico-mathe matical: celestial mechanics, ‘classical mechanics’
Experimental: electricity and magnetism, heat, pneumatic chemistry

Fig. 2.2 Generic structure of natural philosophy and possible entourage of sub-ordinate fields.
In a given system of natural philosophy: (1) the particular entourage of subordinate disciplines
lends support to and can even shape the system; while (2) the system determines the selection of
and priority amongst entourage members, and imposes core concepts deployed within them

disciplines or domains of concern were considered (by some players at least) as of
some sort of relevance to natural philosophizing, as for example pedagogy or the
practical arts, including practical mathematics. The positioning of natural philo-
sophical claims in relation to other enterprises always involved two routine
maneuvers: the drawing or enforcing of boundaries and the making or defending
of linkages or articulations (including efforts to undermine others’ attempts at
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bounding and linking).”> This set-up created the ‘objective field of possible
moves’ in which natural philosophers carried out their own specific systematiz-
ing and linking strategies—claiming new linkages or defending older ones—
depending upon their respective proclivities, aims and skills, and hence producing
for their own natural philosophies particular linkage profiles, with a selection and
weighting of subordinate fields.”

This almost completes our initial examination of the category of natural philoso-
phy. But before we take the necessary detour mentioned earlier, which will pave the
way for an expansion of the model in Sect. 2.5, we need to deal with one aspect of
my more complete model: its overall manner of dealing with natural philosophy as
a dynamic and evolving sub-culture.* To explicate this notion, I invoke Marshall
Sahlins’ way of analyzing cultures as dynamic historical entities in terms of their
mechanisms of change and adaptation over time to exogenous and endogenous
challenges. Insisting on the need for an historical category of culture in anthropol-
ogy, he argues that cultures display specificity of response to outside impingement,
they are not simply imprinted upon or pushed around. The dynamics of response,
over time, characterizes the culture.” Similarly, my overall model of natural

22 Cf. Anstey and Schuster (2005). We shall refine the concept of boundary-work, including how
we think about players’ contestation about it, below in Sect. 2.5.6.

2 This manner of conceptualizing a competitive creative ‘field’, or fields of modern science, of
course derives originally from the seminal and suggestive work of Bourdieu (1971a, b, 1975) to be
discussed in Sect. 2.4. It has some analogical applicability inside our model of natural philosophiz-
ing, which will be more apparent after our discussion of contestation in modern sciences in the
next section, and when we return to the dynamics of natural philosophizing in Sect. 2.5.

2] put the matter this way because my full model of natural philosophizing has five major theoreti-
cal dimensions, of which this is only one. Limitations of space mean that even the more developed
model to follow in Sect. 2.5 will not canvass these issues. For the record, the five theoretical dimen-
sions of the model are: (i) natural philosophy as intellectual tradition in the manner of post-
Kuhnian science dynamics with a dash of Quentin Skinner; (ii) as a competitive creative field in
the manner of Bourdieu; (iii) as an evolving field of claims governed by rules of utterance, with
apologies to the younger Foucault; (iv) as an historically dynamic sub-culture of the larger culture
in the manner of Marshall Sahlins; (v) and as a network of institutions, in a much revised manner
of Mertonian sociology as refracted through my work with Alan Taylor on the ‘organization of the
experimental life’ at the early Royal Society. The full version of the model will be presented in my
work in progress on ‘The Fate of Natural Philosophy at the Dawn of Modern Science: A recasting
of the plot of The Scientific Revolution.”

» Sahlins (1993) at pp. 25 ,15. ‘[Cultural orders] reveal their properties by the way they respond to
diverse circumstances, organizing those circumstances in specific forms and in the event changing
their forms in specific ways. Here, then, in a historical ethnography—an ethnography that extends,
say, over a couple of centuries—here is a method for reconciling form and function in a logic of
meaning, for discovering the relatively invariant and mutable dimensions of structures....the cur-
rently fashionable idea that there is nothing usefully called “a culture”—no such reified entity—
since the limits of the supposed “cultures” are indeterminate and permeable...paradoxically...
misreads a cultural power of inclusion as the inability to maintain a boundary. It is based on an
underestimate of the scope and systematicity of cultures, which are always universal in compass
and thereby able to subsume alien objects and persons in logically coherent relationships.” Shapin
(1992) speaks of sciences as cultures in process in analogous ways.
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philosophizing includes conceptualizing it as a sub-culture, tradition or field in
dynamic process—defined over time by the resultant of its players’ combats over
claims, where some of those claims have to do with attempts to respond culturally
to variously perceived, and represented, contextual structures and forces, threats and
opportunities. These moves are not determined by a universal logic, may express
considerable novelty, but remain specific to the (evolving) culture. This approach
also allows one to deal with all types of contextual drivers or causes asserted by
externalists in their explanations of the ‘rise of science’, as we shall see later in
Sect. 2.5.6.% Indeed this dimension of the model is so important that I term the
entire model of the field of natural philosophizing a cultural process model. But
before we arrive there, or indeed arrive at any of the more advanced parts of the
model of natural philosophy, we have to stop, detour and seek important heuristic
help in our modeling from the one place in the modern academic landscape where
there has been a sustained attempt to model the agonistic processes of knowledge
construction and negotiation in expert communities; that is, in the realms of post-
Kuhnian analysis of how mature, modern scientific traditions function. A look at
these results will supply us with useful hints as to how to proceed to deal with that
earlier cultural entity, natural philosophy, which, it turns out, first displayed during
the heated period of the seventeenth century the sorts of agonistic dynamics that led,
eventually, to its own dissolution and the formation of the earliest examples of those
very modern expert traditions of scientific research which have been the object of
post-Kuhnian scrutiny.

2.4 Some Heuristic Help: Modeling Modern Sciences
as Unique, Agonal Traditions in Process

It is an obvious and trivial claim to assert some kind of link between the culture
and dynamics of the modern sciences and the Scientific Revolution. But what if
one could fruitfully link the culture and dynamics of the modern sciences to
specific aspects of the process in the Scientific Revolution; that is, to some key
elements of the structure and dynamics of natural philosophizing. This is pre-
cisely what I seek to do. We therefore need to acquaint ourselves with those traits
of modern sciences which, I shall suggest, express competitive, cognitive and
rhetorical accounting genes first implanted in Western seeking of natural knowl-
edge during the most turbulent phases of the civil war in natural philosophizing of
the early to mid seventeenth century. Reading our results backwards, we will then

% On internalism/externalism, Schuster (2000a), Shapin (1992). These ideas are applied to the
problems of externalist explanations of the role of practical mathematics and mathematicians in the
Scientific Revolution in J.A. Schuster, ‘Consuming and Appropriating Practical Mathematics and
the Mixed Mathematical Field, or Being ‘Influenced’ by Them: The Case of the Young Descartes’,
available on my website: http://descartes-agonistes.com.
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have some hints about how further to model the structure and dynamics of natural
philosophizing, especially in its turbulent phase which coincided with the adult
life of René Descartes. To these ends, we have to examine an ideal typical model
of the agonal dynamics of modern scientific disciplines, grounded, I shall argue,
in reflection on state of the art findings in contemporary HPS and sociology of
scientific knowledge (SSK).”’

We need to grasp the historically unique and, on reflection, quite peculiar tradition
dynamics of the modern sciences. Indeed, to think of the modern sciences as consisting
in social, cognitive and rhetorical accounting traditions goes against three centuries
of both popular and elite Enlightenment rhetoric emphasizing the anti-authority,
anti-tradition essence of ‘Science’, and focusing attention upon heroic discoveries
by isolated individuals, struggling with the sole help of ‘scientific method’, to extract
from nature discoveries of significant fact and theory. The realization that each of
the sciences is a tradition of theorizing, material practice, social organization and
communication is one of the lasting achievements of critical history, philosophy and
social studies of science of the mid to late twentieth century.?® A related advance is
the realization that the discourse concerning isolated, non-tradition bound and
method-wielding heroic discovers is not an accurate representation of how the
sciences work, but rather an accounting rhetoric used within the sciences, their
pedagogy and public representations as part of the mechanisms of contestation and
accounting for change.?”

A corrected, or post-Kuhnian reading of Thomas Kuhn’s model of science
dynamics is a good entry point for the conclusions we need to canvass. Kuhn,

*"The model presented below is ideal typical. It is not meant to capture the precise social and
cognitive dynamics of any particular modern (that is, post early nineteenth century) scientific dis-
cipline. As an ideal model, it invites complexification on a case by case basis by considering vari-
ants, deviances and even emerging long term shifts affecting the sciences as a whole. One suspects
that the sorts of ideal models arising from post-Kuhnian thinking in HPS and SSK are better
attuned to what Ravetz (1971) called the classical academic science of the late nineteenth and early
twentieth century, rather than the industrial/military science of the mid and late twentieth century
or the emerging post-modern transdisciplinary sciences of today, which are more than ever deeply
engrafted onto government and corporate funding drivers, and strongly tinged by deliberate plays
for attention from the educated public and elite policy makers, thus diluting and shifting the clas-
sical point of reference in peer competition and approval, via expert communication networks and
status systems.

21 put the matter this way, because where the writ of ‘revolution and rupture’ has not run in imag-
ining ‘Science’, it has not been unusual to think of Science, or the sciences as old fashioned history
of ideas traditions, consisting in so-called filiations of ideas, plays of ‘forerunners’ and ‘final
accomplishers’ and the like. Cf above Chapter I, Note 25.

2 For the literature on the politics and rhetoric of scientific method, see above, Chapter I, Notes 16
and 17. ‘Method-talk’, as I call it, is flexibly used by players inside science to account for achieve-
ments, failures and allocate credit. It is part of the self-identity of many practicing scientists and an
important part of the public imaging of science and its constituent disciplines. We shall see that
much of this also applies not only to Descartes’ own illusions about method, but also to those of
some of his loyal scholars.
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properly understood, was fully committed to the idea that the sciences are many, not
one Science, and that his theorizing was aimed at providing an ideal typical account
of how any given mature science functions, the motor of tradition dynamics in any
given science as it were. In simplistic readings of Thomas Kuhn’s view of this motor
or tradition dynamics, one has rigid—frozen—paradigms facilitating puzzle solving
research, until dysfunction, crisis and revolution install a new puzzle solving para-
digm, equally rigid. Against this, post-Kuhnians have explicated ‘normal science’
dynamics using micro-sociological tools.* In this approach the cultural resources
in play in a tradition of research, and constituting that tradition at that moment, are
constantly subject to re-negotiation and modification. Suppose a problem is solved
by advocating a shift in some aspect of ‘the paradigm’, however so slight. This means
the problem solution involves feed-back alterations to the paradigm—conceptual,
instrumental, normative. Such alterations—if negotiated into place by the expert
community?'—carry over into subsequent rounds of problem-solving, where further
alterations may be negotiated. Post-Kuhnian historians and sociologists of science
call such negotiated alterations of the paradigm ‘discoveries’, especially when they
involve the conceptual/theoretical ‘objects of inquiry’ in the discipline®?, rather
than, say, its instrumental techniques and standards, or norms of adequate procedure
and argument. So, normal scientific research involves as its core aim and raison
d’étre, ‘discoveries’, negotiated significant modifications of the paradigm, or pre-
vailing disciplinary culture at any given moment in its life.*® Modern sciences are
expert research traditions, in which claims are constantly made about ‘discoveries’,
which are contested, debated and negotiated.** The acceptance of such a claim (often
in quite revised form) into the working resources of the tradition affects for the time
being both the tradition make up and the nature and directions of immediately

%Ravetz (1971), Schuster (1979), Barnes (1982), M. Mulkay (1979), Latour and Woolgar (1979),
Knorr-Cetina (1981), Collins (1985).

31 Of course the form of the discovery claim negotiated into place, and accounted back to the pre-
sumed individual discoverer, can differ greatly from that originally published, let alone imagined,
by the first inventor[s] of the claim.

2 The expression ‘(intellectually constructed) objects of inquiry’ is Ravetz’s (1971) term of art in
his own early and brilliant sophistication of Kuhn’s original model of ‘normal science’.

3 This ‘post-Kuhnifies’ the partially separate development of the so-called attributional model of
scientific discovery. (Brannigan 1980, 1981; Schaffer 1986); For a textbook level exposition of a
case study of these issues of post-Kuhnian notions of discovery and ‘revolution’ see Schuster
(1995a) Chaps. 4 and 5.

3 Again standard HPS fare: a claim to a significant discovery is not just a claim to have found some
atheoretical nugget of fact in the world (not possible in any case); but a claim, simultaneously, to
introduce new or changed reports about external affairs linked to some modification/renegotiation
of previously accepted conceptual framework. As Kuhn more or less said many years ago, a dis-
covery claim is not just in the form ‘that x is the case’ but also ‘what therefore in revised theory
terms is at stake’. (Kuhn 1977) If nobody’s previous or newly minted theories are at stake, the
discovery claim is about everyday trivia stated in ordinary language: e.g., ‘I found the pencil I lost
yesterday’; rather than a really big and significant discovery claim like this one made by Lavoisier
in the late eighteenth century: ‘Gents, ‘phlogiston’ does not exist, but ‘oxygen’ and the ‘weightless
fluid of heat’ (caloric) do.” See Schuster (1995a) Chaps. 4 and 5.
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subsequent work. Hence, any facts or theories originating as significant discoveries
of this type (and hence themselves the product of contestation and negotiation at
their births) have non-trivial subsequent histories as play continues in the discipline.*
(Remembering of course that any fact in such a situation is necessarily and always
a heavily ‘theory-loaded’ fact.)

According to this sort of ideal model, modern scientific disciplines constitute
unusual sorts of traditions in which tradition—modifying alterations are constantly
sought, and fought over. The only people who can accredit, and subsequently make
use of, a ‘significant discovery’ are the very peers and competitors of a claimant;
and the highest status and rewards accrue to the members who are credited with the
most significant of such ‘discoveries’.* Note, also, that this sort of post-Kuhnian
modeling throws into high relief the sorts of rhetorics and accounting resources that
players (and other commentators, popular or expert historians of sciences for exam-
ple) use in self-understanding their roles and moves, and in representing them to
each other, and to wider publics. These rhetorics involve resources for story telling
about universal scientific methods, heroic, isolated discoverers as well as about the bad
influence of this or that sort of bias or prejudgment; but, they do not capture the
actual dynamics of these traditions as we now understand them. Instead, they are
part of the very weave of how the traditions function, since they are, amongst other
things, actor’s possessions.”’

% There are other important implications, crucial in comprehending post-Kuhnianism, but less
important for our present concerns: For example, we have learned to see paradigms, the working
core of a research tradition at a given point in time, as fluid and constantly open to greater or less
renegotiation, around ‘significant discoveries’. Hence, ‘revolutions’ are merely relatively large
renegotiations within continuing traditions, not battles between armies from incommensurable
intellectual planets. Normal practice within a tradition should be seen as a process of social negotia-
tion of change, continually shaped by the distribution of resources and power amongst the players.

% These traditions, by virtue of their own living dynamics, are not and cannot be frozen into shape
over any significant period of time, and even the greatest authority is in principle, and in fact, sub-
ject to revision or even rejection as play unfolds. What is taught to initiates in advanced textbooks
in one generation is typically radically different from what is taught in the next. However, this
should not be read simplistically: At any given moment the cultural package in play in a scientific
tradition is highly structured. Some tools, concepts, standards, and even instruments and protocols
are more deeply sedimented into the main line of current research trajectories than others, and
hence will be subject to revision and renegotiation in different ways, and on different time scales,
than elements of the tradition that are more marginal and in play. Think of Newton’s laws of
motion. Basic to mechanics and celestial mechanics as they have been since the early eighteenth
century, they have been changed in mathematical expression (Euler) and generalization of system-
atic presentation (Lagrange, Hamilton); and they have been restricted or changed in domain of
application (advent of special relativity, and trajectory of subsequent developments). So, funda-
mentals, the equivalent of holy writ, there may be, but only ‘for the time being and until further
notice’, as the early Edinburgh and Bath ‘Schools’ of SSK taught us always to remember.

3Let us put this another way: There are multiple scientific traditions (another point always stressed
by Kuhn). We now know that not one of them has an essence—by rupture or accretion—only endless,
competitive claim-making and claim breaking and a shifting consensual tool kit of theory, standards
and hardware. This plays into new understandings about supposedly general, universally efficacious
‘scientific methods’: they cannot explain what they claim to explain, the essence of scientific practice
in any and all sciences. Rather, they are attractive, indeed, I would argue mythopoeically seductive



48 2 Conceptual and Historiographical Foundations—Natural Philosophy...

Post-Kuhnian modeling of scientific tradition dynamics also depends upon and
further stimulates inquiry into the organizational structures and dynamics of such
fields and how these are intimately involved in their knowledge-making, knowledge-
breaking dialectic. Pierre Bourdieu’s approach is particularly striking, especially for
our purposes here, because it again highlights the historical peculiarity of scientific
traditions, and because it may even be applied, with care, to certain moments in the
dynamics of the natural philosophical field.*® Bourdieu places members of any
creative tradition, including science, as players in a field, in a peculiar agonistic,
mutually competitive, relation, involving an economy of material and symbolic
resources, strategies, positions etc. Bourdieuian players seek a monopoly of the sorts
of cognitive and social power at stake in their particular field: To try to survive in
their field they have certain amounts of symbolic and material resources (or capital)
which they can deploy, strategically, in attempts to secure more resources and more
power over the determination of the social and cognitive stakes at risk in the field in
the next rounds of play. For Bourdieu, unlike ethnomethodologists or discourse
analysts, a ‘system of objective relations’ exists at any given moment among the
positions already won and occupied in the field, via previous rounds of struggle.
Bourdieu insists that the system of relations should not be reduced to or conflated
with the micro-interactions and moment to moment strategies ‘which it in fact
determines’. There is more to the field than the ethnographically recordable dis-
course and posturing of the players.*

Let’s recall our conclusion that HPS/SSK theorists have concentrated upon the
idea of players’ bids to alter significantly, but not catastrophically, the terms of the

accounting resources, deployed within these traditions by the members for self-understanding and
for packaging of one’s own claims, and attacking those of opponents (as we shall see in detail in
Chap. 6, on the basis of our preparations for the deconstruction of Descartes’ method in Sect. 1.3.1
and below Sect. 2.6.

3% An application Bourdieu himself does not envision, indeed he writes as though Science were one
generic field, rather than as though he were modeling, in a generic way, any given scientific field. His
model of course is an ideal type to which empirical fields approximate. Bourdieu (1975, 1971a, b).

¥ Cf. the discussion above, at Note 23 and corresponding text. Bourdieu says the system is ‘objective’.
We need to interpret this claim into the terms of historian’s craft: It means that the field exists as
an analyst’s model, an historian’s model of the internal political economy of the field at a given
moment. As in any model in historiography—for example my model of natural philosophy pre-
sented below, or the post-Kuhnian model of research dynamics in a scientific tradition—it is an
intellectual construct, category, constellation of concepts, constructed using social theory, bits of
other historical findings, and appeals to evidence about the field or discipline in question. It then
functions, as Bourdieu suggests, as the ultimate object of study and as an explanatory resource for
understanding particular plays and processes in the field. Such models of fields and traditions need
to be constructed by historians as objects of inquiry/objects providing explanations. It is not a ‘bad’
thing for historians that fields or traditions exist in this manner—that is the condition of, and the
nature of, our knowledge of them as historians. Nor does it mean as tendentious post-modernists
proclaim, that no material reality past or present exists or can be referred to by these models (as
first cousins to theories in natural sciences, they are as good or as bad about ‘reality’ as are the
natural sciences) We shall apply these same methodological reflections to the model of natural
philosophy as a tradition of practice/field of discourse.
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objects of inquiry—thus making normal science dynamic and reducing the plausibility
of classical Kuhnian revolutions. In a complementary manner, Bourdieu sees the
strategic imperative of players, given their different positions and resources as
follows: A player attempts to produce claims that are both do-able within the limits
of his symbolic capital and most likely to prove significant and attractive to his
competitors. It is these peers who accredit his work by taking it up and redeploying
it in their own subsequent construction of bids: Just as the attractiveness and significance
of the first player’s bid to these same competitors depended upon his having made use
of and redeployed their claims and those of their common predecessors. Whilst Ravetz,
Barnes and others saw the dynamics of a scientific tradition in post-Kuhnian terms as a
negotiated drift of concepts, standards and aims, Bourdieu focussed on the motivated,
tactical play of differentially resourced and placed players. But what they are playing
for—the production of non-trivial, new claims that will be taken up and used by
peer-competitors—maps directly onto the post-Kuhnian conception of ongoing
negotiation into place of ‘discoveries’, which shift the terms of practice in subsequent
rounds of research. Bourdieu can thus be read as showing us how to deal with the
internal political-economy of a field, the agon that drives on the play of negotiation
of the conceptual fabric and tools, glossed and understood as ‘making discoveries’.
So a tradition of science gets a social and political ‘inside’ and a motor, and we may
speak of ‘agonistic traditions of scientific practice’.

In sum, we wind up with a post-Kuhnian/Bourdieuian model of modern sciences
as peculiarly agonistic traditions, compulsively and continuously manufacturing
and negotiating novel shifts of tradition practice, and awarding credit for these shifts
using a rhetoric of individual methodologically based heroic discovery. We can now
return to the main line of our argument, using the insights just gained to articulate
further our model of natural philosophizing begun in Sect. 2.3.

2.5 Constructing the Category of Natural Philosophy, Part 2:
The Dynamics and Rules of Contestation of Natural
Philosophizing

Our focus now will be on the modes and types of contestation and competition
amongst natural philosophers and the rules (revisable and negotiable of course) of
such engagement. Our modeling will be thematic, unfolding in terms of a half dozen
further dimensions of our model. But our modeling will also be recursive and cumula-
tive, in that discussion of earlier dimensions will be applied and articulated by dis-
cussion of later ones, while the deferred discussion of certain dimensions is dictated
by the need first to sediment into the model more basic points. Additionally, although
the presentation of the model is generic and meant to be applicable, with modifications,
at all stages and phases in the unfolding of the process of the Scientific Revolution,
between the early sixteenth century and the mid eighteenth century, we shall keep an
eye on the heightened contestation that marked the critical phase of the Scientific
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Revolution—the period of civil war amongst natural philosophies—through which
Descartes lived and worked.*’

First we should note what amounts to an objective condition of the field:*' that
virtually any natural philosophical utterance, by any player, was ultimately
referred back to a template initially learned through neo-Scholastic training in
Aristotelian natural philosophy which taught the possibility of systematic, unified
and true knowledge of nature (Scientia), expressed through systematically related
doctrines of matter, cosmology, causation and method. Superimposed upon this
in the critical period of the early to mid seventeenth century was the fact that
Scholastic Aristotelianism, with its extensive and hegemonic institutional base,
provided the target of strategies of displacement and alternative institutionaliza-
tion, whilst competition amongst members of different broad genera of natural
philosophizing—Aristotelian, neo-Platonic, Magnetic, qualitative atomistic, and
finally mechanistic—also heated up, as has been long recognized.

2.5.1 Articulation on Subordinate Disciplines: Grammar
and Specific Utterance

As mentioned in Sect. 2.3, every natural philosophy necessarily had a profile of
linkages or articulations onto a selection and weighting of subordinate fields of
inquiry. Natural philosophers had different interests and skills within the entourage
of subordinate disciplines, and even different lists of what was within or without its
boundaries. Onto these structural conditions in the grammar of natural philosophiz-
ing, the critical period of the early and mid seventeenth century superimposed
increasing competition amongst natural philosophers to co-opt and shape entire
members of the entourage of sub-disciplines and to practice them under the aegis of
one’s preferred natural philosophy. This phenomenon was an index of contestation
and was objectively intensified by the fact that the subordinate fields had been more
intensively cultivated during the later sixteenth century than previously, displaying
more dense interrelations amongst themselves.*?

“ As noted earlier: the penultimate section of this chapter will outline the three main phases or
stages in the Scientific Revolution correlative with this sort of modeling of natural philosophy and
its dynamics. This will help us place Descartes in the critical or civil war phase, and also aid in our
discussion of ‘what kind of natural philosopher Descartes was’ in the final Section of this chapter.
“I'The term ‘objective’ is used here in the sense of Bourdieu (see above Note 39), whereby we denote
the (model-derived) organization and dynamics of a competitive field, existing above and beyond the
immediate control, or even necessarily the understanding, of actors in the field, and not capable of
being instantly or unilaterally modified by the actions of such players in their respective micro con-
texts. These notions may of course be related back to the iceberg metaphor offered earlier, at the
commencement of Sect. 2.3 and the related historiographical observations laced into my argument.
42 As is argued below in Sect. 2.7, in describing the main phases of the Scientific Revolution and
Descartes’ place in that temporal process.
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As usual with our model, we must first ask what in general was involved the
articulation of a natural philosophy to a subordinate field at the level of grammatical
possibility, before examining particular, highly contested co-optations of such fields.
Consider the situation of the mixed mathematical fields, under Aristotelianism,
where they were considered to be intermediate between natural philosophy and
mathematics. A natural philosophical account of something was an explanation in
terms of matter and cause, but for Aristotle, mathematics could not provide that. The
mixed mathematical sciences, such as optics, mechanics, astronomy or music theory,
used mathematics not to provide explanations, but instrumentally to represent physi-
cal things and processes mathematically in ways that might be useful but certainly
were not true to reality as defined by natural philosophical explanation stories of mat-
ter and cause. For example, for Aristotelians, the investigation of the physical nature
of light would fall straightforwardly under natural philosophizing, an issue of invok-
ing appropriate principles of matter and cause. In contrast, the mixed mathematical
science of geometrical optics studied ray diagrams, in which geometrical lines repre-
sented rays of light, and phenomena such as the reflection and refraction of light
were dealt with in a descriptive, mathematical manner. This might be useful, but it
was, according to Aristotle, incapable of providing proper explanations, dealing with
the physical nature, properties and causal behavior of light.**

The question of the relation between the mixed mathematical disciplines, on the
one hand, and the ‘superior’ discipline of natural philosophy, which did the real
explanatory work on this conception, was thus dominated by the entrenched, gram-
matically definitive, Scholastic viewpoint. However, as the competition amongst
differing approaches to natural philosophy heated up in the early seventeenth cen-
tury, many natural philosophers hostile to Aristotelianism proposed a more central
explanatory role for mathematics in natural philosophy, and sophisticated Scholastic
Aristotelians also began to loosen the Aristotelian marginalization of mathematics
as non-explanatory. And it is here that we begin to see a competitive dynamic
develop, out of attempts to bend or elude the template, the ‘declaratory’ rules of
subordination of the mixed mathematical sciences to Aristotelian natural
philosophy.*

Geometrical astronomy, the exemplary case of a mixed mathematical science,
provides illuminating insights. The fine details and elaborate geometrical tools of
Ptolemaic astronomy fell outside any plausible realistic interpretation, offered
merely appearance-saving geometrical models and could not provide natural philo-
sophical explanations in terms of matter and cause. However, a deeper grammatical

$Cf. Chap. 1 Note 12.

#“T term the widely taught rule of subordination of mixed mathematics to natural philosophy
‘declaratory’ to denote that it was publicly proclaimed, but not necessarily binding or agreed to by
relevant players, as we shall see in more detail in Sect. 2.5.3 below. The usage mirrors the distinc-
tion in U.S. cold war nuclear strategy, between publicly available and academically discussed
declaratory doctrine, compared to then secret actual war plans within the military establishment.
See Mark Rix (1997).
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gaze clearly shows that the fundamental concepts of Ptolemaic astronomy were
shaped by Aristotelian natural philosophy: the finite earth-centered cosmos, the
distinction between the celestial and the terrestrial realms, the primacy of uniform
circular motion. Hence, even in the relations of Aristotelian natural philosophy to
Ptolemaic geometrical astronomy, there were some, albeit thin, linkages of a causal
and matter theoretical nature that grounded the discipline and linked it to its ‘paren-
tal’ natural philosophy. When Copernican astronomy came to be hotly debated in
the later sixteenth and early seventeenth centuries, it was not as an instrumental
predictive device, but rather as a system with realistic claims about the cosmos,
implying the need for a non-Aristotelian natural philosophy, able to explain its
physical workings. However, the articulation of a natural philosophy to a mixed
mathematical science could be much looser than the Copernican example implies.
As just noted, under Aristotelianism geometrical optics consisted largely in geomet-
ric ray diagrams, their rules of construction and a set of canonical puzzles, such as
the behavior of mirrors, the rule governing reflection, the explanation of the rainbow
and other curious optical effects. Broadly speaking, virtually any natural philosoph-
ical theory of matter could have been used to provide an explanatory ‘voice over’
for this science, from Scholastic ‘propagation of species’, through the transport of
atoms or the propagation of neo-Platonic immaterial substances, to the mechanists’
passage of light corpuscles or propagation of mechanical pressures or tendencies to
motion in a medium. Only later, during the critical phase of the Scientific Revolution,
in the optical work of Johannes Kepler and René Descartes, do we begin to find
attempts to bring into more intimate and organic relation new findings in geometri-
cal optics and the matter/cause considerations of their respective natural philosophi-
cal programs. Both of these examples illustrate the ways in which articulation of a
subordinate field to one’s brand of natural philosophy involved acceptance or non-
acceptance (or bending) of the template Aristotelian rules, and also entailed that the
discipline in question should be conceptually flavored (in terms of matter and cause
explanations) and pursued as part of, and in support of, that favored natural philosophy—
a generic type of gambit which we shall discuss under the contemporary label
‘physico-mathematics’ in Sect. 2.5.3.%

But there was an even more radical way in which concern with a putatively
subordinate field could be played as a gambit into the contest of systematic utter-
ances, for, in a way, entire natural philosophies could be launched, or differentiated
off from a broader genus, by borrowing their core conceptual and normative
resources from a particularly privileged, more narrow discipline.*® Indeed, and not

4 This kind of move operated at an individual basis, but over time, such ‘physico-mathematizing’
moves could themselves aggregate and form patterns of largely unintended change in the subordi-
nate disciplines in question, as we shall mention in Sect. 2.7 and Note 64 below.

 For example, what differentiated natural philosophies of a Chemical type from the wider set
sharing neo-Platonic ontologies was the way they linked the more widely shared neo-Platonic
ontology and commitment to the possibility of natural magic to their own particular concern with
the content and value structure of chymical arts and practices, including especially the use of
chymical knowledge in medicine. This, in effect, was the natural philosophical master stroke of
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surprisingly, articulating one’s natural philosophy onto a favored version of a
favored discipline was a two edged sword, because natural philosophical opponents
would then be stimulated to co-opt and ‘sanitize’ (of opposing natural philosophi-
cal valencies) the domain in question: Perhaps the most profound level at which
this strategic battle was carried out was where entire disciplines and their value
structures were at stake.*’

2.5.2 Find or Steal Discoveries, Novelties or Facts, Including
Experimental Ones

There was, especially in the critical period of the Scientific Revolution in the early
to mid seventeenth century, a competitive production of novel experiments and
facts, accompanied by scrambles to deflect, co-opt, steal or reinterpret others’
claims, whether amongst nominal members of the same natural philosophical genus,
or across such families.*

Paracelsus' to whom the Chemical Philosophers of the critical period looked for inspiration. The
varieties of mechanical philosophy battened upon and projected the supposed meanings and prom-
ise of mechanics, their construction upon metaphorical amplifications of the supposed content and
meanings of various strands in the domain of mechanics being obvious, although space require-
ments mean we leave them tacit at this point. What were constructed were still natural philoso-
phies, within the common field of natural philosophizing, but the Aristotelian limitations on the
rules or terms of construction were being radically challenged and shifted. As we shall learn in
Chap. 3, Beeckman’s corpuscular mechanism was keyed to a reading and amplification of dynamical
interpretations of mechanics, as in the pseudo Aristotelian Mechanical Questions. Descartes’
corpuscular-mechanism, surprisingly was keyed in part to the purely static mechanics and hydro-
statics of Stevin (and Archimedes) much overlaid as it developed with material from his own
‘physical” optics. (Gaukroger and Schuster 2002; Schuster 2000, 2005)

47S0, versions of the Chemical philosophy depended for both technical and value orientation on the
notion of a spiritualized yet practically productive alchemy. In this energized and articulated spiri-
tual form, alchemy powerfully expressed moral-psychological aspirations, a search for redemption
through esoteric knowledge and successful practice. These powerful sentiments were partially
shared, and certainly co-opted, in the programs of Bacon, Descartes and their later seventeenth
century followers. For mechanists, the nature and ‘control’ of alchemy was therefore a particularly
strategic issue. In Bacon, Descartes and their mechanist followers, the values and aims which
Paracelsianism and later the Chemical philosophy invested in alchemy were co-opted, sanitized of
radical political and religious resonances and made acceptable to intellectually progressive but
socially conservative elites, a ready audience for the mechanical philosophy. Alchemy itself was
de-spiritualized and reduced to applied mechanistic matter theory, whilst the search for personal
justification and social benefit would now be achieved through proper method and well grounded
results, rather than esoteric insight and wisdom.

48 As we shall see later, in the succeeding phase in the late seventeenth century, the emphasis falls
more on production of one’s own novel facts and experimental outcomes. This contrast correlates
with there having been more contestation about systems in the critical period, and more contestation
within and about crystallizing more narrow domains of inquiry in the later seventeenth century.
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Note first of all, that any given natural philosophy was capable of stimulating
new developments—discoveries of fact, production of new instruments or exper-
iments—conditioned and shaped by the natural philosophy in question.
Aristotelianism itself could still provide deep conceptual orientations for narrow
specialist pursuits, of which those of William Harvey, extending the deeply
Aristotelian ‘comparative anatomy’ program of Hieronymus Fabricius at Padua,
are only the best known.* Aristotelians continued to contend about experimental
discoveries and instruments well into the middle of the seventeenth century. The
novelties in Gilbert’s work heavily conditioned by, and in turn affecting the shape
of, his neo-Platonic natural philosophy are well known.* Similarly, the manner
in which Kepler’s, optical, astronomical and celestial mechanical discoveries
were shaped by his version of a neo-Platonic philosophy of nature will be touched
on below.”!

The increasing imperative and willingness to pursue novelties and embed them
within one’s own natural philosophical agenda was a remarkable phenomenon, and
one bound to alter the cozy world of Scholastic ‘teaching and learning’ (to use a
modern policy epithet). But, this did not simply amount to a lust to fill cabinets of
curiosities: 7o be important in the history and dynamics of natural philosophizing,
novelties had to be pursued and coveted within and for natural philosophical
purposes. Nor was competition to produce novelties and discoveries the whole story,
because at this stage natural philosophers vigorously attempted to appropriate the
discoveries and novelties of others, or to negate them. (Only later was genuine
novelty of claim seemingly required.) Moreover, all this appropriation or negation
was tactical; that is, if a discovery or claim was particularly significant in the archi-
tecture of a competing system that claim had to be appropriated, down played,
reinterpreted or neutralized.

So, in a nice example, Harvey’s ultra significant claims about the motion of
the heart and blood became a target in an extended game of inter-systemic com-
petitive football: Descartes was happy to appropriate Harvey’s epochal, yet
clearly Aristotelian based discovery of the circulation of the blood and motions
of the heart, radically altering the latter (to the point of arguably contradicting it)
to fit his mechanistic program in physiology.’> Within his radical Chemical natu-
ral philosophy, Fludd endorsed the discovery of his friend Harvey, but invested

4 Cunningham (1985).

0 William Gilbert’s On the Magnet (1600) is arguably the most influential and impressive new
natural philosophical gambit of the turn of the seventeenth century. To call Gilbert ‘the father of
electrical or magnetic science’ rather misses the point that his program involved a new natural
philosophical agenda and content, on which see below, Note 55, as well as, Sect. 12.5, where we
discuss Descartes’ co-optation of Gilbert’s work in the Principia philosophiae.

! Chemical natural philosophies were not bereft of new claims that were quite plausible to a wide
range of contemporaries, as illustrated by Paracelsus’s iatrochemical treatments and later by van
Helmont’s chemical novelties, such as the beginning of the construction of the concept of ‘gas’.
Pagel (1982), Hannaway (1975).

32 Descartes, Treatise on Man, AT X1, 123-6, 167-70.
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its meaning with mystical connotations in ways that only committed aficionados
of his natural philosophy could appreciate. The tactical cross fire became even
more entangled when Gassendi, another early mechanist of quite different stripe
from Descartes, and in competition with him, bid to refute Fludd’s interpretation
of the meaning of the circulation, before going on to reaffirm, against Harvey
(and Descartes) the Galenic pores in the septum of the heart on the basis of first
hand witnessing of anatomical facts! For Gassendi, this Galenic claim vindicated
the identity of venous and arterial blood, one of Harvey’s marquee claims. Hence,
with Harvey, Gassendi endorsed the ‘anatomists’ way’ of first hand experience,
yet also preserved a key conceptual claim of Galen, the ‘physiology expert’, that
both Harvey and Descartes were determined to kill off, or at least fatally
co-opt.>

What was at issue here was not merely staking a first discovery claim. The
players were happy to co-opt, and reinterpret, each others’ claims. Nor was sym-
bolic capital assigned just to new matters of fact.’* Novelty, discovery and dra-
matic observations of matters of fact were all in play, but often second hand, since
borrowing and renegotiation were endemic, because, and this is crucial, the entire
contest was about systematic natural philosophical advantage, not toting up of
unique, novel discoveries. That pursuit would gain more privilege later in the
century, but not during the critical period of natural philosophical turbulence.*

3 0n Fludd and Gassendi’s maneuvers and negotiations: Debus (1977) 206-224, 253-279; Debus,
(1970). On the anatomists” way, Wear (1983, 1990)

% For example, Gassendi’s observational claim only confirms Galen, and is subservient to the
larger natural philosophical contestation in which he is involved.

3 Descartes’ extended strategic encounter with Gilbert’s work on magnetism, in his Principles of
Philosophy, a case of massive co-optation of previously claimed, often dramatic novelties,
illustrates all the above points. What was novel in Gilbert’s experimentation was co-opted by
Descartes, without the addition of a single new experiment. For Descartes the nub of the encounter
lay elsewhere. Gilbert’s natural philosophical exploitation of the magnet was dictated by his
concern to establish a novel system of Magnetic natural philosophy of distinctly neo-Platonic
flavor and embodying and supporting a modified Tychonic cosmology. This was the ‘significance’
of the magnet work that had to be appropriated, reframed, and tamed to the imperatives of
Descartes’ program. Gilbert’s natural philosophizing of the magnet was too important and
impressive a gambit in the natural philosophical field to be ignored by his natural philosophical
competitors. So, Descartes efforts were directed at re-glossing Gilbert’s experimental work in
mechanistic terms, rather than at extending the number and type of magnetic experiments.
Descartes devoted considerable attention to preserving and capturing the ‘cosmic’ significance of
magnetism, the keynote of Gilbert’s system. He replaced Gilbert’s story of the cosmos making and
binding role of the spiritual magnetic force with a mechanist’s story of an equally cosmic magne-
tism which was now the purely mechanical effect of a species of corpuscle of particular, and
peculiar, shape and size, moving in and through suitably configured aggregations of ordinary ‘third
matter’. We shall recur to some of these points when commenting on the ‘system-binding’ strate-
gies of Descartes in Chap. 12, but there we will go beyond the above mentioned rather defensive
tactics of Descartes to show how his co-optation of Gilbert was actually part of a hitherto little
noticed, but vast, novel systematizing gambit which resides at the heart of the Principia.
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2.5.3 Bend or Brake Aristotle’s Rules About Mathematics
and Natural Philosophy: The Gambit of ‘Physico-
Mathematics’

Historians have traditionally talked about a movement to ‘mathematicize science’,
invoking Kepler, Galileo, Descartes and others in the early seventeenth century
stages of a process leading to Newton. These developments are better understood as
products of contestation and renegotiation in a particular corner of the natural philo-
sophical field, involving challenges to the dominant Aristotelian template rules
about how the mixed mathematical sciences should relate to natural philosophy.
I address this problem making use of the category ‘physico-mathematics’, which,
like natural philosophy, is both an actors’ term from the time, and a category to be
fleshed out for historiographical use. Exploring physico-mathematics throws more
light on the dynamics of natural philosophical contestation in the critical phase, and
illuminates what used to be denoted by the term ‘mathematization’.%

Recall our sketch of the dominant Scholastic view of how the mixed mathematical
disciplines related to the ‘superior’ discipline of natural philosophy, where we cited
examples of attempts to articulate geometrical astronomy and optics much more
closely to anti-Aristotelian natural philosophies, bringing the matter and cause
dimensions of the natural philosophy into play inside the target discipline. This is
what one means by players attempting to render the mixed mathematical disciplines
more physico-mathematical. It is not the mathematization of natural philosophy, but
the physicalization (tighter natural ‘philosophication’ as it were) of disciplines
taught by Aristotelianism to be merely instrumental and non-explanatory.®’

% The category of ‘physico-mathematics’ was first systematically explored as a thread in the pro-

cess of the Scientific Revolution by Dear (1995). Gaukroger and Schuster (2002) first explored in
detail what the category meant to the young Descartes in relation to his work on hydrostatics, with
Beeckman (See Chap. 3 below).

570n the terminology of ‘physicalization’ of the mixed mathematical sciences, rather than mathe-
matization of natural philosophy, the following genealogy should be noted: Gaukroger and Schuster
(2002) 538, 545, 547 came close to saying this, as did Schuster (2002) 347. The conception has
thus far been made clear in the following conference papers: J.A. Schuster, ‘Descartes agonistes—
The ‘Real’ Descartes Stands Up: How the agendas, identities, rebellions, successes, failures and
delusions of ‘youth’ (1618—1633) generated the historians ‘mature Descartes’, Invited Lecture for
‘Nacht van Descartes’, Descartes Centre for the History of the Sciences and the Humanities,
University of Utrecht, and Studium Generale, University of Utrecht, October 2008; John Schuster,
‘What was Seventeenth-Century Physico-Mathematics?’ for the session on ‘Connecting Disciplines:
Mathematics, Natural Philosophy and Reason in the Early Modern Era,” Sixth Joint US/UK/
Canadian History of Science Societies Quadrennial Conference, Oxford University, July 2008;
J.A.Schuster, ‘From Natural Philosophy to Science(s): Transformations (Intended and Unintended),
Not Ruptures, in Early Modern Knowledge Network—the Disputed Case of the Early Royal
Society, First International Conference of ARC Network of Early European Researchers (NEER),
University of Western Australia, July 2007; and J.A. Schuster, ‘What was the Relation of Baroque
Culture to the Trajectory of Early Modern Natural Philosophy,” Second International Workshop
of the Baroque Science Project, Unit for History and Philosophy of Science, University of
Sydney, February 2008. The conception of physicalization of the mixed mathematical sciences is
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Outcroppings of such ‘physico-mathematical’ initiatives began to appear in the
sixteenth century, for example, regarding the natural philosophical status of mechanics.*®
The heightened natural philosophical contestation of the early seventeenth century
intensified the proliferation, and competition amongst, physico-mathematical gambits,
a number of which can be identified in the period. There were competing varieties
of physico-mathematics: (1) As Peter Dear has found, some leading Jesuit mathe-
maticians pursued what I would term a ‘conservative’ sort of physico-mathematical
program within the confines of Scholastic natural philosophy and its institutions.
They argued that the mixed mathematical fields should enjoy a status as ‘separate
but more or less equal’ to natural philosophizing’ thus in a way liberating the pursuit
of the mixed sciences from Aristotelian constraints (but without fully cashing out
their potential to deal with matter and cause).”® (2) As noted, there were attempts
reaching back into the sixteenth century to bring mechanics, particularly a dynami-
cal approach to the simple machines into natural philosophy. This was a physico-
mathematical program of long duration and complex internal structure, consisting
in a series of attempts, from the early sixteenth century onward, to move one or
another of the constituent texts or sub-disciplines grouped under the label ‘mechanics’—
such as the statics and hydrostatics of Archimedes, the so-called Medieval science
of weights, the more diffuse science of machines, or the pseudo-Aristotelian
Mechanical Problems—into closer contact with natural philosophizing. We find in
this domain, whether the term physico-mathematics is deployed or not, varied,
sustained and serious attempts to do the very opposite of the strategy of Dear’s
Jesuits, that is, divorce mechanics from natural philosophizing (it was already
sufficiently divorced from natural philosophy in the declaratory Aristotelian view).
Rather, the common denominator—whether expressed through classificatory
arguments, rhetoric about values and aims, or downright technical gambits—was to
modify natural philosophizing by bringing in mechanics, and to shift the valencies
of mechanics by making it relevant to, even central to, natural philosophizing; that
is, seeking explanations in terms of matter and cause. This is radical, rather than
‘inventive yet conservative’ ‘physico-mathematicizing’. (3) There was Kepler’s
profound neo-Platonising of mixed mathematics and redirecting the thus physicalized
disciplines back into natural philosophy, while also creating a new physico-
mathematical field, celestial physics; (4) Beeckman’s linking of an emergent corpus-
cular mechanism to dynamical interpretations of the simple machines, which we
shall study in, Sect. 3.2.2; (5) Descartes’ very radical attempts to ground a corpuscular-
mechanism and determine the principles of its doctrine of causation (laws controlling
force and determination of motion) through exploitation of hydrostatical and optical

discussed in John Schuster, ‘Consuming and Appropriating Practical Mathematics and the
Mixed Mathematical Fields, or Being ‘Influenced’ by Them: The Case of the Young Descartes
1619-1637’, available on my website: http://descartes-agonistes and has been explicitly and
categorically stated in print in Schuster (2012, 2012a).

8 Hattab (2005), following Laird (1986), Rose and Drake (1971).
3 Peter Dear (1995)
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inquires of a physico-mathematical character.’; and finally (6) Galileo’s rather more
piecemeal physico-mathematical excursions, including his construction of a sui generis
new kinematical science of motion.*!

Physico-mathematicians hostile to Aristotelianism claimed that mathematics
could play an explanatory role in natural philosophy, thus promoting the ‘physical-
ization’ of the mixed mathematical sciences, which, in turn required unprece-
dented, tight, articulations between their respective innovations in the mixed
mathematical sciences and their respectively favored natural philosophies.
Moving between mixed mathematics and novel natural philosophizing, the usual
suspects—@Galileo, Kepler, Descartes, Gilbert, Mersenne and Beeckman—
variously produced their much more ‘physico-mathematical’ versions of the old
fields, supportive of their natural philosophical agendas. Consider, for example,
how the traditional mixed mathematical field of geometrical optics developed
‘physico-mathematically’ inside the natural philosophical turbulence in the early
seventeenth century: In their optical work Kepler (1604) and Descartes (1637)
each sought closer articulation between optical innovation, on the one hand, and
natural philosophical explanations, on the other. That is, new natural philosophi-
cal theories of matter and cause were taken more intimately to control technical
details in geometrical optics, and in turn, technical details in geometrical optics
exerted pressure on the exact nature of those natural philosophical claims about
matter and cause.®® Under such pressures mixed mathematical geometrical optics
began to evolve into a much more obviously ‘physico-mathematical’ discipline, in
which innovating natural philosophers extracted natural philosophical capital out
of optical work, whilst unintentionally there emerged at each turn a more dense,
relatively more independent domain of physico-mathematical optics—a disciplinary

® Gaukroger and Schuster (2002), Schuster (2000, 2005). These will be our main topics in
Chaps. 3 and 4 below.

'In regard to Galileo historiography, it is worth adding that he presents a difficult case, in that he
was every bit as avid as other radical players to appropriate and make natural philosophical capital
out of mixed mathematics, and quite technically expert at this tactic as well. But, because he did
not pursue a systematic natural philosophy throughout his career, as opposed to trying to establish
a realist Copernican cosmology and a strong anti-Aristotelian stance, his strategy and results look
more modern to us than do the strivings of a Kepler or Descartes. But, if we think the issue through
in contemporary categories, we can plausibly conclude that Galileo, like Kepler and Descartes,
was specifically and pointedly breaking the declaratory Scholastic rules about subordination of
mixed mathematics, and that his pro-realist Copernican cosmology campaign and anti-Aristotelian
agenda amount to substantial gambits in the field of natural philosophizing, short of advocating a
‘new system’.

92 Kepler practiced geometrical optics under, and in the service of, a neo-Platonic natural phi-
losophy and conception of light. He got brilliant results in the theory of the camera obscura,
theory of vision, and, to some degree, the theory of refraction and the telescope. Descartes, as
we shall see in later chapters, emulated Kepler’s technical optical achievements but in competi-
tion with his neo-Platonic natural philosophical program, practiced geometrical optics under his
version of a mechanical conception of light. He achieved a simple and workable version of the
law of refraction and a general theory of lenses. Conversely, as we shall also see, essential
details of Descartes’ mechanistic system were shaped by his optical successes. Cf. also Schuster
(2000, 2005).
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area was crystallizing as a function of being batted around in the natural
philosophical ruck.®

Finally, before we leave the issue of physico-mathematics, it will be useful to
reflect on what it means to talk about players within the field of natural philosophy
obeying, or bending ‘rules’. This is motivated by our important finding that attempts
to found a physico-mathematics were parts of the larger picture of contestation and
competition within the natural philosophical field, not steps beyond or away from
it.% Members of a culture may in the normal sense of politics try to take it over or
marginalize opponents within it; they are not usually involved in the wholesale
destruction of it. Hence, we should view the physico-mathematicians as indeed
rebels, but not in the sense of intending the destruction of the culture of natural
philosophizing, but rather as attempting to alter the rules under which the natural
philosophical game subsequently would be played.®® So, returning to the our main
theme, in my terminology, by the first third of the seventeenth century, the given,
template-derived rules about the status of the mixed mathematical sciences were the
subject of an unprecedentedly vexed debate and a turbulent state of play.

2.5.4 “Hot Spots” of Articulation Contest: Additional Causes
and Effects of Heightened Turbulence in the Field
of Natural Philosophizing

Just as the overall intensity and ‘spatial’ extent of contestation increased in the criti-
cal phase of the Scientific Revolution in the early to mid seventeenth century, so also

% Hence, what was involved was the long term emergence of a more autonomous new field of
‘physico-mathematical’ optics, which, like other such fields, tended to become more autonomous
of natural philosophizing per se, and develop embryonic tendencies toward disciplinary indepen-
dence, as we shall see in a bit more detail in Sect. 2.7 below.)

% Of course at a macroscopic level, these sorts of individual and local gambits contributed to a pattern
of change in the field of natural philosophy which involved consequences and outcomes unintended
by any particular player or group of players, the most important of which was the long term tendency
for specialist disciplines (emergent physico-mathematical ones, as well as new experimentally based
ones) to crystallize off from natural philosophizing and for the latter to dissipate over time, as we
shall discuss briefly in Sect. 2.7 below. Cf Schuster and Watchirs (1990), Schuster (2002).

% Innovation in natural philosophy, as in any particular more narrow scientific tradition, then or
now, is not limited to significantly new claims about conceptual content, or technique. Innovation
can also be pursued in regard to rules and values. We need to know how to calibrate and describe
such radical gambits. Furthermore, we have observed (in the spirit of interpretive sociology) that
Aristotle’s rules about natural philosophy and the mixed mathematical sciences were actually
‘declaratory’ rules; formally invoked and usually obeyed in practice; but constantly open to rene-
gotiation in practice and challenge at the level of formal principle. The letter of Aristotle’s distinc-
tion was hard to practice and was violated in many instances such as astronomy, where natural
philosophical and mixed mathematical commitments at least overlapped, and where the entire
issue eventually became inflamed by the realist Copernican challenge—a mixed mathematical
theory that claimed natural philosophical truth and demanded perforce the overthrow of
Aristotelianism to achieve it. Similarly, it was open for non-Aristotelian rebels like Descartes and
Beeckman to try to renegotiate the rule.
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sites of particular inflammation of contestation appeared, which, unsurprisingly,
I term ‘hot spots’ in the field of natural philosophizing. At a hot spot: (1) the
inflammation was new, not having appeared in the late Medieval period or in the
initial ‘Renaissance’ phase of the Scientific Revolution (1500-1590), as we shall
term it below;® and (2) a dual process of change took place, involving, on the one
hand, the target—the subordinate science, theory, instrument, novelty or discovery
in question—and, on the other hand, the natural philosophies contending, as it were,
to exploit the target in question. The target in a hot spot was often pushed along an
unintended trajectory toward becoming a small domain of inquiry with relative
independence from natural philosophy; whilst the future shape and success of natu-
ral philosophies struggling about the target was often at stake at the hot spot of
contention. An example of such a hot spot involved the claims of Harvey discussed
above. Not only were Harvey’s claims contested, and revised, by natural philosophi-
cal combatants for natural philosophical ends, but, over the next two generations we
see an unintended trajectory, as a domain of experimental physiological inquiry
emerged at this site, leading on to later English experimental natural philosophers,
so-called, investigating issues not only about ‘cardiology’, but about the functions
of respiration, the blood, the lungs and the atmosphere.®’ In this case a new, rela-
tively autonomous domain of inquiry started to crystallize only to suffer a foreshort-
ened and ultimately abortive trajectory.

All the characteristic features of a hot spot are even more apparent in that most
important, exemplary and historically consequential instance, where some astro-
nomically concerned natural philosophers, and natural philosophically engaged
astronomers wanted to articulate realist Copernicanism to natural philosophical
claims, which in the nature of the case had to be non-Aristotelian. Recall that in the
traditional alignment of Aristotelian natural philosophy and Ptolemaic astronomy,
what I term the ‘declaratory’ position on the merely instrumental and non-explanatory
status of astronomy was slightly but necessarily compromised in practice by small
but noticeable articulations of Aristotelian natural philosophy onto Ptolemy’s
astronomy.®® These high order conditions of Ptolemaic model building were not
going to be altered within Aristotelianism. No matter how much Aristotelians
debated the marginal elements of their system; and no matter what elaborations
needed to be added to Ptolemaic planetary models to improve predictive utility, no
natural philosophical ‘field-altering’ controversy would take place at this site. This
was no hot spot, and never likely to become one under the prevailing hegemonic
rules of the field of natural philosophizing.

% Hence, the salience of significant novelties and discoveries, immediately up for contestation in
the field. As interesting novelties emerged across increasingly dynamic and interrelating subordi-
nate fields, the struggles over them increased. Merely gazing at, or hording or collecting curious
new facts may have been a popular pastime, but it was not central to the natural philosophical
agon—contention about curiosities was!

" Frank (1980), Anstey (2000).

% The Ptolemaic cosmos was finite and spherical with a motionless, spherical earth more or less
centrally located. Combinations of uniform circular motion prevailed and the celestial and the
terrestrial realms were distinct.
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Copernicus himself, with his realist claims for his astronomical theory, had been
de facto attempting what we can now discern as a ‘physico-mathematical’ move:
This theory of astronomy had natural philosophical implications contradicting the
prevailing Aristotelianism, and in effect demanding a systematic replacement,
although Copernicus offered nothing substantial along these lines. A hot spot devel-
oped in the natural philosophical field, between systematic natural philosophical
theorizing and the formerly relatively tame sub-ordinate mixed mathematical science
of geometrical astronomy, only when some later players took Copernican realism
more seriously for their own reasons and for their own agendas.

Supporters of realist Copernicanism needed to adduce a framework of non-Aristotelian
natural philosophy, a new theory of matter and cause, adequate to explaining the
heliocentric cosmos. Implicitly or explicitly, they had to bid to radicalize the gram-
mar of relation between mixed mathematics and natural philosophical explanation.
The entire late sixteenth and early seventeenth century debate over realist
Copernicanism (culminating in the embryonic emergence in Kepler’s and Descartes’
respective philosophies of nature of a discourse of ‘celestial physics’) was a phe-
nomenon of competition at a now inflamed site within the natural philosophical
field—no realist Copernicanism, no inflammation.® But why be a realist Copernican,
unless you intend a quite radical overhaul of Aristotelian natural philosophy (and its
rules) as such?” Furthermore, it was only in articulations of natural philosophy onto
realist Copernicanism that the issue or possibility of a ‘physico-mathematical’
astronomy arose. The cutting edge here was the embryonic emergence of that field

%What is meant in Descartes’ case by his having a discourse on celestial mechanics or physics will
be fully discussed when we arrive at his vortex celestial mechanics in Le Monde, in Chap. 10. For
the moment, it can be foreshadowed that in Le Monde Descartes had a complex articulation strat-
egy spanning astronomy, optics and a new challenging utterance in natural philosophy. His vortex
theory of celestial motion, which formed the core of the natural philosophy, was the engine room
of a now ‘infinite universe’ realist Copernicanism, and also explained the higher registers of the
theory of light, and hence, he hoped, articulated onto his dazzling physico-mathematical achieve-
ments in geometrical optics. See also Schuster (2005).

"The rhythm of this process is fascinating, and important. Copernicus, a realist himself, staked his
claims about the natural philosophical truth of his mixed mathematical theory upon the truth value
of the ‘cosmic harmonies’ his astronomical models for the motions of each of the planets displayed
when considered together as a ‘cosmological’ package or assemblage. Copernicus himself was
either too timid, or unprepared, to force the realist issue more deeply into natural philosophical
issues of cosmic matter and cause—What were planets, including the earth, that they could so
move, and what moved them? His own answers were famously lame, even in contemporary terms,
rather poor attempts at twisting Aristotelian matter and cause discourse to finesse the natural philo-
sophical problems of his system. Instead, it was Tycho who, toward the end of the century, kicked
off the eventual crisis of natural philosophy/astronomy articulation by linking his favored version
of quasi Copernican astronomy to significantly altered (Aristotelian) claims in natural philosophy.
Gilbert weighed into the contest with arguably the most innovative and consequential natural phil-
osophical vision of his generation. Then, in short order, Kepler subsumed his brand of Copernicanism
within physico-mathematical explanations which in turn resided at the centre of his version of a
neo-Platonic natural philosophy. The situation was similar with Descartes, for in Le Monde he
staked the truth of his natural philosophy on the truth of his version of a physically explained
Copernicanism. (Schuster 2005; Gaukroger 1995; and below, Chap. 10).
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we retrospectively term celestial mechanics, and which Kepler, its first self-conscious
advocate, called celestial physics. The relevant work of Kepler and Descartes tended
toward a physicalization of certain astronomical questions.”' The old mixed mathe-
matical science of Ptolemaic astronomy was passing, not simply as a particular the-
ory, but the very genus ‘astronomy as mixed mathematics’ was giving way to
physico-mathematical problematics in astronomy and celestial mechanics.”

2.5.5 Modeling System Construction and Contestation —
The ‘Core’, ‘Vertical’ and ‘Horizontal’ Dimensions
of a Natural Philosophical System

It is now time to think through what we might mean by systematization and a system-
atizing €lan in natural philosophy. This model of making systems and competing
about them can help us understand the rules and dynamics of conflict; its typical
modes; competition over co-optation of fields and novel discoveries and the develop-
ment of hot spots. As such, it summarizes and interpretively solidifies many of our
findings so far. To address this modeling problem, I have begun to develop the idea of
systematicity of a natural philosophy as another ‘iceberg’ category. Like ‘natural phi-
losophy’ itself, systematicity is an actor’s category, in their hands to negotiate from
instance to instance, but it has certain contours we can model, beyond what they might
have enunciated, and which we can use as a regulative tool for describing and assessing
player versus player moves, and long-run dynamics and trends, whilst also looking to
refine the category by critical reflection on its application to concrete cases.”

"'The natural philosophical strivings of Descartes and Kepler, which were pursued with special atten-
tion to the subsumption of astronomy, i.e., Copernican astronomy, variously interpreted, and to its
problem of celestial causation, raised a number of crucial topics and opportunities for natural philo-
sophical inquiry and construction, quite apart from what arose later and was taken on board as a result
of the use of the telescope: What was the nature of the earth as a planet, what could be gathered about
the earth, for example, about its structure, its magnetism (Gilbert), its tides (Galileo and Descartes),
the nature of local fall, that would support its construal as a planet amongst planets and allow for the
motions realist Copernicanism required of it; what caused the celestial motions; what physical role
did the sun (and all stars in multiple planet system versions of Copernicanism) play in those motions;
did the nature and behaviour of comets throw any light on these problems? We shall later see that both
Le Monde (Chap. 11) and the Principles (Chap. 12) intentionally played upon these issues.

2 An outcome occluded and hidden in the turbulence of early and mid seventeenth century natural
philosophy, but quite clear in the wake of the reception of Newton’s work two generations later.

73 Additionally, by offering us a view of what systematizing was about, particularly in the heated
critical phase of the Scientific Revolution, it gives us a set of interpretive measures by which to
perceive and gauge the processes that set in after the critical phase. As we shall see in Sect. 2.7,
one of those later seventeenth century trends was the muting of contestation over systems and the
tendency for quasi-autonomous, more narrow successor fields of inquiry to emerge from natural
philosophy, along fault lines forming amongst subordinate fields and domains previously pursued,
in part at least, for systematizing ends, thus signaling the slow but inevitable dissolution of the
field of natural philosophizing.
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Fig. 2.3 Horizontal dimension of articulation of system

I articulate systematicity using the concepts of the explanatory ‘core’ of any
natural philosophy; its ‘horizontal’ and ‘vertical’ articulations toward particular
domains of explanation; and the idea of ‘system-binding moves’. This model will be
mobilized later in relation to Le Monde (Chap. 11) and the Principles (Chap. 12).
First, by the core, we mean its central, enunciated doctrines of matter and cause and
any especially significant explanatory cases within it.” By the horizontal articulation
of the system (Fig. 2.3), we denote the explication/modification of the core in order
to try to launch explanations of results, ‘matters of fact’, or ‘solid findings’ in various
sub-disciplines and sub-domains of inquiry. Across the horizontal level, one asks
how well these articulations of the core cohere over the spectrum of applications to
differing domains.

By the vertical articulation of the system (Fig. 2.4), we mean how fully and
coherently any and all of the various sub-disciplines (such as fields of mixed math-
ematics) or domains of inquiry (such as local motion and fall, or magnetism) are
grasped and explained by the (articulated) core of the system, and what sort of
program of further inquiry, if any, is possible in any given case. In this way, we
explore, horizontally, the arguable coherence of extension of the core to cover vari-
ous sub-domains, and, vertically, the arguable depth and strength of the core’s
explanatory grasp of those various domains.” System binding moves occur across

" For example, we shall see in Chap. 11 in the case of Descartes’ system of corpuscular mechanism
in Le Monde, we mean the matter/element theory, the dynamical principles and laws of motion
and, as an exemplary explanatory case, his vortex celestial mechanics itself. Then in Chap. 12, we
shall uncover a hitherto unnoticed vast system-binding strategy in the Principles, far outstripping
Descartes” accomplishment in Le Monde.

5 ‘Arguable’ means, of course, that there is no essentially correct or final answer. We can observe
actors struggling over such judgments and as historians may sometimes have to evaluate for
ourselves in the interest of explanation.
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Fig. 2.4 Vertical dimension of articulation of system

the horizontal dimension and will tend to be missing where systematicity is not an
important actor’s aim or intention.”

Now, of course, at the actor’s level the criteria for assessing the goodness of a natural
philosophy and the modes of applying such criteria to cases, were themselves objects
of negotiation, part of the weave of the contestation in natural philosophy itself. Hence,
we would expect that each and every type and focus of contestation we have discussed
thus far could be mobilized in such constructions of putative systematicity and contes-
tations thereof. Nevertheless, what is proposed by my articulation of the idea of syste-
maticity is not meant as the only, best or truest way of sizing up any system, and
certainly not a set of criteria any actor embraced fully explicitly and exclusively. Rather,
itis a self-consciously designed analytical tool for dissecting systems of the time, in the
interest of building better accounts of the process of natural philosophizing, a tool
reflecting to some degree some of the goals and standards the actors arguably used.

Finally, two immediate heuristic benefits of this model need to be mentioned:
First, analyzing a natural philosophy in the vertical dimension—where subordinate
fields or novel results or non-natural philosophical claims might be attempted to be
co-opted—can show us what was and was not happening in the dynamic heart of a
system, where reduction and co-optation of subordinate domains was expected, and
often rhetorically claimed, but where, in the nature of the beasts under examination,
smooth success is hard to find, never consensually granted by everyone, and very

¢ For example, when we study Le Monde in Chaps. 10 and 11, we shall see that Descartes makes
a number of elegant and clever moves that arguably bind the system together and lend extra theo-
retical credibility to some of his claims. Things that look rather ad hoc from one angle, look highly
systematic, almost inevitable, if we tease out the system binding logic with a perspective informed
by a category of systematicity
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much dependent upon the eye of the beholder. On the player’s level, this was part of
the field of possible contestations that made the game so inviting and difficult.
Secondly, the model gives us some heuristic insight concerning the long run tendency,
from the mid seventeenth century, for natural philosophizing to be pursued less in terms
of explicit systems, and more as fragments of ‘experimental natural philosophy’, eliding
slowly toward the crystallization of more specialized domains of inquiry, which began to
look more like separate disciplines. Analysis of natural philosophical work by vertical
and horizontal articulation suggests a rule of thumb: In a given natural philosophy, to the
extent that vertical articulations within subordinate domains are dictated by and co-opted
toward the strengthening of horizontal systemic considerations, that natural philosophy
is, and indeed is intended to be, a system. To the extent that investigations within subor-
dinate domains take on a life of their own—meaning amongst other things that horizontal
systematic articulation is neglected, rather ad hoc, or merely rhetorically asserted—that
natural philosophy is tending toward the genus ‘experimental natural philosophy’, which
appears more frequently, indeed endemically, in the later phases of the Scientific
Revolution. Moreover, to the extent that various natural philosophies tended to treat
specific sub domains in the latter way, relatively autonomous of horizontal articulation
concerns, those sub domains took on sui generis, quasi disciplinary characters, and over
time floated more free of any particular natural philosopher’s systematizing ambitions.”’

2.5.6 The Mechanics of Responding to ‘Outside’ Challenges
and Opportunities

The next dimension of our model concerns how we may more seriously treat the
problems colloquially spoken of in terms of ‘contextual or macro forces’ somehow
‘shaping or influencing’ the content, values, agendas and directions of natural phi-
losophizing. This problem has a long pedigree in the so-called internalist/externalist
debate about the historiography of science, as well a special relevance to our topic,
because of the equally long discussion in wider historical circles about a general,
sceptical, or cultural crisis in the second and third generations of the seventeenth
century.”® We will not be directly concerned in this study with the larger reaches of
the latter problem, although we shall touch upon it when we meet Descartes expand-
ing his intellectual horizons, and the presumed cultural import of his method, in
Paris in the mid and late 1620s, in Chaps. 7 and 8. Nevertheless, the issue of how we
should think through the possible causal role[s] of larger socio-political, religious
and cultural structures and events in terms of our model of natural philosophizing is
an important one, with implications for studying the Scientific Revolution and any
players within it.” Fortunately, the trajectory we have thus far followed in constructing

""The assertions in the last four sentences of this paragraph will be canvassed in a bit more detail below
in Sect. 2.7, where we overview the key phases and stages in the process of the Scientific Revolution.
78 On internalism/externalism, see the literature cited Note 26 above.

This part of the model and its historiographical applications, including to the problem of the crisis of
the seventeenth century, will therefore play a large role in my study in progress of ‘The Fate of Natural
Philosophy at the Dawn of Modern Science: A recasting of the plot of The Scientific Revolution’.
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historical categories and structures of interpretation, leads rather straightforwardly
toward a solution of this problem, indeed a solution which simply explicates and
further applies the approach followed thus far.

After two generations of development of methodological criticism from both the
school of Quentin Skinner and the school of post-Kuhnian sociology of scientific
knowledge, we cannot appeal to the ‘influence’ of ideas upon other ideas, nor can
we revisit vulgar Marxism and its cognates, wherein social and economic structures
imprint corresponding constellations of ideas upon leading thinkers, who just
happen for these purposes to be cultural dopes.®® A promising avenue does, however,
arise directly from within our model of natural philosophizing. Indeed, the way to
deal with ‘contextual drivers, shapers or causes’ of ‘thought’ is built into our model
of a dynamic agonistic field or tradition, in which competing players deploy
resources, and follow (or attempt to revise) rules of engagement, in order to con-
struct claims whose value, longevity or otherwise, is entirely in the hands of their
peers and successors in the evolving field. The modeling here follows directly from
Sahlins’ conception of the historicity of cultural dynamics, discussed above in
Sect. 2.3, by extending the idea of natural philosophical players competing over
articulations of their preferred natural philosophy onto subordinate fields. Quite
macro entities—social structure, economic forces, political structures and forces—
can be brought into the explanatory machinery, but not in the form of causing,
imprinting or influencing the ideas of actors.®! Rather, natural philosophers responded
to challenges and forces and decided to bring them into play in the form of revised
claims, skills, material practices and values in the field. To do that, the ‘things’
being brought in had to be represented to and by them (not us!) in appropriate form.
In my model’s terminology, a player had to articulate his natural philosophical
claims upon some available representation of the ‘contextual’ or ‘external’ things of

% See J.A. Schuster, ‘Consuming and Appropriating Practical Mathematics and the Mixed
Mathematical Field, or Being ‘Influenced’ by Them: The Case of the Young Descartes’, cited above
note 26. Nor do we want to follow normal intellectual history practice, as evidenced in this particu-
lar area by, for example, Popkin (1964) with his hypostatized, growing then resolved ‘sceptical
crisis’. The technique is to give thick enough, untheorized descriptions so that a de facto and largely
tacit explanation emerges something along the psychologistic lines of ‘great thinkers somehow get
it into their heads to address the great challenges hanging about in the cultural atmosphere, and
hence their intellectual output somehow reflects or is shaped by them’. (We shall encounter this sort
of difficulty below in Chap. 8 in reconstructing Descartes’ path of inscription of Le Monde.) On the
problems of the older style socio-economic ‘imprinting” Marxist historiography of science, see
Schuster (2000a); on transcending the older history of earlier ideas or thinkers influencing later
ideas or thinkers, see above, Chap. 1, Note 25.

81 Note also that nobody is being naively essentialist about these macro entities. Historians’ represen-
tations of them are also categorical constructions, woven out of relevant evidence, previously accepted
claims, metaphors, and arguments. As we said in Chap. 1, ‘historians must also manufacture models
of relevant aspects of context, proximate or distant’. However, as also previously stressed, this no
more means that these constructs completely lack real reference than that the theoretically couched
objects of natural scientific inquiry do so as well. There was a French economy in the seventeenth
century, and a French state. We know them through the evidence based, conjectural and revisable
models we make of them, exactly as the case with ‘natural philosophy’. We judge and revise those
models in the light of expert debate concerning the explanations and narratives we offer using them.
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relevance and concern to him, his allies and opponents—just as players variously
articulated their own natural philosophical views onto a selection and weighting of
the subordinate disciplines.®? The players do the acting; they are not forced, imprinted,
influenced or caused to do anything by large scale contextual features, let alone such
features as later historians model them. Rather, from a natural philosophical player’s
perspective, available and appropriately thinkable/writable representations of things
about contextual structures and features were intentionally mobilized, used, reshaped
and deployed strategically in natural philosophical claims.®

Hence, in modeling terms, we are now talking about the boundaries of the field of
natural philosophizing, or more properly, the shifting ways in which players
accounted, acted upon, and competed over, what they took to be the boundaries of the
field at any given moment.** According to this model, there were no fixed, essential
boundaries of the field of natural philosophizing; no permanent and always honored
account of what was inside natural philosophy and what was outside: what was rel-
evant to natural philosophical utterance and what was not.* Rather, (1) the utterances

82 The term articulation is used here in extension of our use of it in Sects. 2.3 and 2.5 above, partly
as inspired by Sahlins’ model of cultural process and, as some readers will note, in partial emula-
tion of the young Foucault (1972). My thinking about this began a number of years ago in conjunc-
tion with suggestions from, and collaboration with, Dr Ivan Crozier, formerly of the Science
Studies Unit, University of Edinburgh, now in the Department of History, University of Sydney.

8 Our own models of the relevant macro structures and processes can therefore enter into our overall
explanation, but not as drivers or printers of natural philosophical ideas. Rather, we use our knowledge
or modeling of contextual structure and process to deepen our understanding of a given natural philo-
sophical gambit. Such a gambit will initially be explained by appealing to the actor’s decisions to
mobilize into natural philosophical utterance bits and pieces of his representations of the kinds of things
we denominate as larger contextual features. We can then extend our understanding by locating the
actor’s representations of those features, in a realm unknown to him in our form, but known to us
through considered, evidence based, rational model building, that is, by framing our description of the
situation with our models of the contextual features in play. Descartes did not think about natural phi-
losophy the way he did because he was influenced by the rise of the noblesse de robe. But, there is much
about his own cognitive make up and self understandings that arguably was sedimented through his
experience in, and reflection about, the lives and training of many of his relatives and himself.
We see him mobilizing bits and pieces of these available representations into his discourse in, and about,
natural philosophy, for example in his autobiography in the Discourse on Method. Similarly, Descartes
built the values of utility and progress in domination of nature into his natural philosophizing. He was
not forced to do this by the rise of the commercial capitalist economy or centralization of the state,
nor did these macro processes imprint the ideas in his head. Rather he himself imbibed rhetoric and
literature by others already representing things about the changing commercial and political situation of
the time. That is how he thought about such things, and when he wanted to bring such wider consider-
ations into natural philosophizing, he did not wait to be driven or impressed, rather he decided to
mobilize certain representations for certain agendas and types of claims in natural philosophy.

$To this end, T have also benefited from post-Kuhnian sociology of scientific knowledge scholars’
concept of ‘boundary work’ in disciplines or professions (Gieryn 1983), but, as some readers will
sense, my conceptions of boundary maintenance and work upon field or disciplinary boundaries
are wider, more historical and tempered by a much modified ‘Foucault’ passed through the filter of
Bourdieuian sociology of agonistic fields.

8 Hence, shifting views in this regard can be seen as involving tacit or explicit ‘rules’ for natural
philosophizing.
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of dominant figures and groups tended to create, and recreate, a ‘leading or hegemonic
picture’ of those boundaries and how to articulate natural philosophy onto them,
whilst (2) articulation upon boundaries was an essential part of the competitive dynamics
of the field. The university neo-Scholastic Aristotelians’ possession of dominant
institutions was crucial; but, competitors challenged the way dominant players artic-
ulated utterances to boundaries in order to define the field. In general, the dominant
utterances in the field carried a particular selection, weighting and thematization of
articulations on boundaries.* Challengers could reorder these selections, weightings
and contents, and also modify existing articulations, or bring in new ones.

For example, one might say that in the university teaching of Aristotelianism, a
virtual articulation was present to whatever version of orthodox religion dominated
that particular polity and university. However, the traditional exclusion of discus-
sion of theology in the undergraduate course meant that this articulation was tacit,
not thematized in the body of undergraduate natural philosophical teaching. In effect,
a rule existed about not explicitly articulating natural philosophy to theology from
the natural philosophers’ side of the fence. But, competing utterances from non- and
anti-Aristotelian challengers could mobilize explicit and deeply developed articu-
lations onto religion. To bring in religion in an explicit way involved devising
new utterances, new articulations in depth and degree of thematisation in accord
with favored religious and theological commitments, claims and agendas.®’

% My emphasis on selection, weighting and content of boundary articulations seems to me an
important conceptual point, requiring more ‘articulation’ on my part. I can say, however, that I
believe it pushes beyond the customary ‘boundaries’ in how sociology of scientific knowledge
work on boundary management has been conceived and applied in case studies.

8 This is what we mean by challenging the choice, depth and weighting of an articulation. Similar
points attach to politics, or more particularly to issues about the nature and role of ‘the state’, and
the contemporary tortured issues of sovereignty, church governance vis a vis the state, and issues
of civil order and legitimate rebellion (all of which could count as elements in a larger ‘crisis’
perceived and responded to by some natural philosophical players). Most Aristotelian teachers of
natural philosophy in the university environment would have left largely unsaid within natural
philosophy its linkages to the local political status quo, and to the institutional arrangements that
supported the very existence of that particular university and its natural philosophical functions.
A Bacon or Hobbes, however, articulated natural philosophical utterance in part upon such particu-
lar evaluations of these political issues. But this is not to say that politics or political doctrines or
agendas ‘influenced’ the natural philosophical utterances of Bacon or Hobbes. Rather, it is to say
in the first instance that within the field of natural philosophy they saw fit to mobilize and deploy
such articulations in an effort to win the natural philosophical agon, and through it, partially to
support their properly political aims, now recursively expressed, amongst other ways, through
natural philosophy. So we do not deny their aims and aspirations in the actual domain of politics—
but, we must demarcate and understand before we associate and explain. Hobbes would have liked
to have won in politics as well as natural philosophy, and his possession of a natural philosophy
well articulated to a particular view of the state, and the causes and cures of civil wars, was in his
view a weapon in the real political field, as his novel articulation upon politics was in his view a
weapon and argument in his favor in the natural philosophical field. To conflate the two fields of
play or link them by ‘influence’, contextual imprinting’ or an intimate psychology of motive may
paint a pretty picture of Hobbes, but it will probably ruin our ability to do the history of either natu-
ral philosophy or politics (or their precise modes of interrelation in the actions and discourse of
such interestingly innovative figures).
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This, for example, would provide a more precise meaning (and tool kit for study) to
a the well worn formula that in the second and third generations of the seventeenth
century ‘some natural philosophers responded to a perceived ‘crisis’—cultural,
religious or sceptical— with cultural moves inside natural philosophy’.® In general,
contending players, with differing agendas and perspectives, were always in the
process of making out the boundaries and relations of the field (from their perspec-
tives and agendas) by articulating utterances in the field upon (their selection and
weighting of) boundary structures and discourses. If outside entities and forces
seemed to some to be particularly threatening and challenging (if, hence, a crisis
was in progress), the variety, intensity and scope of competing articulations would
rise, and it did!

Our suggestions for handling the contextual shaping or driving of natural phi-
losophy will be applied below in our periodization of the Scientific Revolution in
Sect. 2.7, especially when we look the critical or ‘civil war’ in natural philosophy
stage. For the moment, in concluding this initial and exploratory construction of the
category of natural philosophy that we have attempted in this section, we can say
that a prima facie case has been established for giving serious consideration to the
category of ‘natural philosophy’ in Scientific Revolution historiography: The issue
is not whether we should entertain such a category, but rather how to design it con-
ceptually and set it to work in explanation and narrative. The key dimensions of the
model in its present stage may be enumerated as follows: (i) the field or culture of
natural philosophizing encompassed more than merely its hegemonic Aristotelian
variants; (ii) families or genres of natural philosophy differed with each other; yet
(iii) they obeyed common rules about the production and content of natural
philosophical claims; (iv) the entire field was marked by competitive struggle,

To recur to the parallel ruminations of Marshall Sahlins (1993) on the need for an historical

category of culture: This is analogous to his critique of post-modernist views of indigenous cultures
as simply the decrepit or sad results of a steamrollering impact or imprinting by Western imperialism.
He argues that such pessimistic sentimentality systematically neglects the specificity of response
to Western impingement from an indigenous culture, and the fact that even the history of imperialism
must take note of the dispersion and effects of such culture specific responses over time. Similarly
‘politics’ or ‘social factors’ impinging upon natural philosophy and philosophers did not denature,
or collapse the latter. Rather, politics were played by some natural philosophers, as part of doing
natural philosophy and often as part of their engagement with politics. Correlatively, natural phi-
losophy as a (sub-)culture needs to be studied historically, with close attention to contestations
within it, including responses to, and articulations upon, ‘contextual factors’—large and small,
structural or ephemeral.
8 Similarly, it can be argued that the practical arts and their practitioners did not influence natural
philosophers, but rather that certain natural philosophers articulated their natural philosophical
utterances in part upon resources from and about the domain of practical arts. I apply similar argu-
ments to the more specific issue of the relation between practical mathematics and mathematicians
and the ‘Scientific Revolution’ in J.A. Schuster, ‘Consuming and Appropriating Practical
Mathematics and the Mixed Mathematical Field, or Being ‘Influenced’ by Them: The Case of the
Young Descartes’, cited above note 26. Cf. also Note 107 below, on the suggestive findings of
Paolo Rossi which can also now be interpreted along these lines.
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which (v) in turn was linked to and shaped the development of the sub-ordinate
sciences; (vi) natural philosophical claims or utterances were variously linked to
agendas and beliefs about other neighboring fields of discourse in theology, politics,
pedagogy and the practical arts; and finally (vii) the dynamics of this field, the tissue
of unfolding intended and untended consequences of the various plays and gambits,
largely constituted the sequence of developments identified as ‘the Scientific
Revolution’. This did not occur in any simple or linear sense. The natural philo-
sophical game evolved significantly and eventually natural philosophy dissolved as
a cultural field and institution—hence our concern in Sect. 2.7 below with stages
and phases in the period of the Scientific Revolution. But, before we reach that point
we need to clarify and remove one of the most important pitfalls, and illusions,
standing in the way of a proper understanding of Descartes in the context of his
natural philosophical and physico-mathematical concerns: the problem of what to
do with his claims about, and apparent belief in, his ‘method’.

2.6 The Special Status of the Problem of Method

If there is one concept, and agenda, shared by Descartes (or at least the young
Descartes) and his contemporaries—as well as by many today, including scholars of
these matters—which could derail the entire thrust of the present study it is this:
belief in the in principle or in fact existence of a unique, universal, transferable and
efficacious general method of discovery and/or justification for rational disciplines,
outside of the realm of faith. If there is such a method, there is no need for any of
the historiographical criticism or categorical construction we have undertaken. The
history of science becomes a simple tale of heroic figures who first struggled against
obstacles and opponents to piece together, and then employ, this method.

Indeed, until relatively recently interpretations of the Scientific Revolution
tended to be dominated by heroic tales of the discovery, perfection and application
of the scientific method. Descartes, Bacon, Galileo, Harvey, Huygens and Newton
were singularly successful in persuading posterity, historians of science included,
that they contributed to the invention of a single, transferable and efficacious
scientific method. The earliest systematic studies of the history and philosophy of
science, the writings of d’Alembert, Priestley, Whewell and Comte, attempted to
distil from the historical progress of science a sense of that method, so that its further
perfection and wider application could insure the future growth of the sciences.®
In the early twentieth century, pioneer professional historians of science, such as
George Sarton and Charles Singer, saw the elucidation of the scientific method as
one of the chief functions of the study of the history of science.” Subsequently, a

% Cf. Priestley (1767) v—vi, Whewell (1837) 5, Whewell (1980) 3-4.
% Singer (1917-21) vi, Sarton (1921-22) 25, Sarton (1924) 26.
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thriving sub-discipline of the history of science concerned itself with the history of
methodological ideas in (supposed) relation to the larger course of the history of
science,’! and later, Karl Popper, Imre Lakatos and their followers sought to revive
the link between theorizing about the purported scientific method and re-writing a
‘method-centric’ history of science.®?

In Chap. 1, we have already foreshadowed the nature of the historiographical
challenge we face in this area, by noting the way in which modern work in history
and philosophy of science has, for the attentive at least, rendered inoperative belief
in such a general, transferable and efficacious method, so that scholars of Descartes
and of the Scientific Revolution generally, need to be aware of this conceptual
ground note to any and all narratives and explanations they may attempt. We now
need to pay more sustained and minute attention to this issue, in order, firstly, to
make certain that our categorical and historiographical housecleaning to this point
is not undermined by sloppy thinking, forgetfulness and backsliding, and secondly,
because later in Chap. 6 we shall have to delve even further into this question, and
seek not the reasons why such grand methods do not work (to be explored here) but
why and how any rational actor, such as Descartes for example, could come to
believe that an efficacious general method could exist—how, in short, we can sym-
pathize with the genuine belief that actors have in doctrines which we are certain
cannot accomplish what they believed them able to accomplish.

As we noted briefly in the preceding chapter, it has become increasingly clear to
some historians and sociologists of science that the traditional belief in the existence
of a single, transferable, efficacious scientific method is highly dubious. The work
of Alexandre Koyré, Gaston Bachelard and Thomas S. Kuhn especially pointed in
this direction, but only in the last 30 years or so have their insights been followed up
in attempts to revise the ‘believer’s’ historiography of method. Although Koyré—
the doyen of post World War II French and Anglo-American internalist history of
science—firmly believed in scientific progress, he did not consider it the product of
applying a general scientific method. Rather, for Koyré, progress depended upon the
adoption of appropriate metaphysical presuppositions and the pursuit of science
within them. His classic example was Galileo’s mechanics, which, he argued, owed
nothing to any methodological achievement, but issued from Galileo’s brilliance in
working and arguing his case within the framework of a loosely ‘Platonic’, mathe-
matical metaphysics. Similarly, Aristotelian physics had not failed for lack of a
method, but largely because it had had the wrong conceptual presuppositions, ones
too close to untutored commonsense about motion.” The point for Koyré was that a
general, transferable method is neither necessary nor sufficient for the pursuit of
science. ‘No science has ever started with a treatise on method and progressed by
the application of such an abstractly derived method,” Koyré intoned, commenting

' For example, Crombie (1953), Randall (1961).
22Popper (1959), Lakatos (1978).
% Koyré (1939, 1978, 1956, 1969).
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on the Discours, and at least some historians of science have tended, correctly,
to agree.™

Bachelard’s early work slightly pre-dated that of Koyré, and seems to have been
subtly refracted in the thinking of both Koyré and Kuhn. In this process, Bachelard’s
scepticism about method was not brought to the fore, and even with the wider dis-
semination of his writings over the past thirty years, the implications of his work for
undermining the cult of method have not been sufficiently articulated. However,
those implications are quite clear in the core of his work. For Bachelard, each field
of science consists in a set of interlinked, mathematicized concepts which interact
dialectically with the instrumentalities through which the concepts are objectified
and materialized.” To paraphrase Bachelard, the meaning of a concept must include
the technical conditions of its material realization.”® When a science is created, an
artificial technical realm comes into being, in which phenomena are literally manu-
factured under the joint guidance of the system of mathematicized concepts and the
instruments and experimental hardware in which those concepts have been realized.
In an ironic jibe at positivist dogma, Bachelard termed any such realm of theoreti-
cally dominated artificial experience a ‘phénoméno-technique’, thus signifying that
the phenomena of science are not discovered but made, not natural but artificial,
being created and commanded in the light of theory and theory-loaded instruments.
In Bachelard’s view, therefore, each science is unique and self-contained; each has
its own specific system of concepts and related instrumental armory. No single,
transferable, general scientific method can explain the genesis of any science or its
contents and dynamics.

Kuhn, too, can hardly be said to have focussed upon the demystification of
method in his theoretical or historical writings. But, just as we have seen with Koyré
and Bachelard, there is in Kuhn a clear denial of the role traditionally ascribed
to method, and that denial relates directly to the major premises of his position. In effect,
Kuhn’s approach vastly strengthened Koyré’s assertion that grand set-piece doc-
trines of method are irrelevant to the practice of the sciences. The key point resided
not in Kuhn’s conception of ‘scientific revolutions’, but rather was implicit in his
view of routine, ‘normal’, ‘puzzle-solving’ research within a ‘paradigm’. Here we
shall delve into that concept, looking at the ways it underscores Kuhn’s scepticism
about general methods. Before we do that, however, we must note that here we are
recurring, at least at first, to a more primitive conception of paradigms than we man-
aged to achieve earlier in Sect. 2.4, where we discussed the nature of discovery-seek-
ing, knowledge-making and knowledge-breaking expert traditions in the modern
natural sciences. Recall that in Sect. 2.4, we discussed Kuhn’s notion of a paradigm
and of a normal tradition of puzzle solving research based on it. There we were
interested in how post-Kuhnian research in sociology and history of science has
broken down Kuhn'’s stark, black and white dichotomy of normal versus revolu-

% Koyré (1956).
% Bachelard (1975a, b, 1949); Lecourt (1975) 4047, 60-70.
%Bachelard (1975a) 61. Cf. Gaukroger (1976) 212-23.



2.6 The Special Status of the Problem of Method 73

tionary types of research. This leads us toward the post-Kuhnian conception of
expert scientific research traditions as dynamic, constantly re-negotiated and
focussed on claims to, and debates about, ‘discoveries’. The acceptance of such
discoveries into the working resources of the tradition, affects both the tradition (the
paradigm) and the nature and directions of subsequent work. Here, in deconstruct-
ing the possibility of efficacious general methods, we begin by referring more
directly to Kuhn’s own, rather static, view of a paradigm, although, as will be shown,
nothing about the argument we shall build on this notion is undermined by then
re—introducing the post-Kuhnian concept of dynamic and ever changing discovery-
seeking ‘normal’ traditions of research.

So, taking the notion in its original form as set forth by Kuhn himself, recall that
a Kuhnian paradigm is that entire discipline-specific culture which at a given time
governs cognition, action and evaluation within a given mature tradition of scientific
inquiry. For Kuhn, a paradigm consists first of all in a ‘metaphysics’, a set of deep
conceptual presuppositions, which need not be of Koyré’s Platonic type. A para-
digm also contains the central concepts and law sketches of the field, and all the
instrumental hardware and experimental procedures considered relevant to the pos-
ing and solving of problems within the paradigm. Kuhn stresses the theory-loading,
or, more precisely, the paradigm-loading of the instruments and procedures.
Standards and norms for the adequate use of instruments and procedures are also
part of the paradigm, being inherent in the theoretical and craft training necessary to
become proficient in paradigm-based research. One learns these and other parts of
the paradigm through a course of practice on piecemeal, already solved problems—
‘paradigms’ in the narrow sense (later designated ‘exemplars’), bearing some rela-
tion to Bachelard’s phénoméno-techniques. There is also a negotiable pecking order
of unsolved problems and their correspondingly negotiable degrees of ‘significance’
or ‘anomalousness’, which forms a resource for selecting, shaping and evaluating
courses of research and their results.”’

Assuming that such paradigms, or anything like them, guide normal research in
the various traditions of research in the sciences, it then becomes highly unlikely
that some single method guides the history of the sciences, individually or collec-
tively. The elements making up a particular paradigm, and hence making possible,
for the time being, a particular tradition of research, are unique to that field and are
a sufficient basis for its practice. Moreover, if each field has such a unique and self-
contained conceptual fabric and associated mode of practice, then it is irrelevant to
our understanding of its cognitive dynamics to re-describe, gloss or otherwise
‘account’ for them by the use of heroic tales of method.”® This point also holds for

7 Presumably none of this surprises readers of Kuhn (1970), especially the ‘Postscript’; Kuhn
(1977), Chap. 13; Ravetz (1971) 71-240, Barnes (1982), Bachelard (1975a, b).

% The parallel to Bachelard’s conception is particular strong at this point. Bachelard saw the vari-
ous ‘philosophical’ glosses on scientific practice, such as instrumentalism, empiricism, rationalism
and conventionalism as each, in a specific manner, missing the ‘point’ of how real sciences are
constituted by phénoméno-techniques. Bachelard (1949) 4-5, Bachelard (1975b) 61.
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Fig. 2.5 The Kuhnian disciplinary matrix of elements in a paradigm

all the traditions of scientific research existing at any moment: Each has its own
particular paradigm, and whilst neighbouring or cognate fields might share certain
paradigm elements in common, there is no reason to assume, as methodological
accounts must, that there is some identity or long term convergence among
paradigms.

The radical anti-methodism to be extracted from Kuhn’s position can be illus-
trated using a pair of figures. First, in Fig. 2.5, we illustrate the general point that
any given field of science has at any given moment its own paradigm, its own ver-
sions of the generic elements displayed in the matrix: (1) basic concepts and law
sketches; (2) metaphysics; (3) tools and instrumentalities (including the theories
and standards thereof); (4) standards of relevance and of adequacy for the selection
of problems and for the formulation and evaluation of knowledge claims; (5) disciplinary
goals of any internally or externally generated sort; (6) concrete achievements,
exemplars, instantiating laws, concepts and standards.

Then, at any given moment, the domain of the sciences may then be represented
as in Fig. 2.6, where we have n sui generis fields, each with its own particular con-
stellation of matrix elements, constituting, for the time being, its own paradigm.
Field 1 has its own sui generis matrix of concepts (C), metaphysical presuppositions
(M), theory-loaded tools and instruments (T), standards (S), aims and goals (A), and
exemplars (E); so does Field 2 and every other field down to Field n. The sciences;
that is research traditions, are thus many, not one. True, neighboring and cognate
fields may share certain elements in common; concepts in one field may be taken up
(under translation) as tools in another; or, groups of fields may have emerged under
the aegis of a common metaphysical umbrella. But none of this argues the identity
or even the long term convergence among paradigms.

In Kuhnian terms, each field or tradition of research has, at each moment, its own
‘method’, inextricable from the contents and dynamics of its paradigm. But, to
speak of some putatively common, transferable, efficacious, universal scientific
method or epistemology—Baconian, Cartesian, Newtonian, Popperian—is merely
to float above the lived, thought and practiced life of each of the sciences, and fal-
laciously to substitute an externally prompted discourse for the dense and varied
cultures of the several paradigms. There are, in short, no unified and literally
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Fig. 2.6 A set of n coexistent, sui generis paradigms or n conceptually and materially sui generis
research traditions at a given moment of time

applicable methods. No method discourse corresponds to, or maps onto, any given
domain of scientific practice, let alone a number of such domains.”

So much, then, for a deconstruction of the possibility of there being some universal,
transferable, efficacious general method of the sciences, working from a crude
Kuhnian model of paradigms and the Kuhnian principle that ‘the sciences are many,
not one’. We now need to increase the stakes by noting an important further claim:
It makes no difference to the foregoing argument that whilst Kuhn saw his para-
digms as rather static, until they entered an anomaly induced crisis leading perhaps
to a radical and incommensurable shift to a new (rigid) paradigm, we post-Kuhnians
have learned to see paradigms as fluid and constantly in principle open to greater
or less renegotiation, around ‘significant discoveries’. The dynamism of a set of
Kuhnian paradigms in no way suggests that they are any less sui generis and unre-
lated as (ongoingly negotiated) research sub-cultures. Additionally, and importantly,
the two perspectives—crude Kuhnian and post-Kuhnian—actually collapse into
one if we append to discussion of Kuhn’s paradigms the rider ‘at any given moment’,
(which the reader will notice we have in fact done throughout the above argument).
In that case, the anti-method argument from Kuhn’s conception of multiple, co-
existent, sui generis static paradigms becomes indistinguishable from the same
argument made in terms of post-Kuhnian multiple, co-existent, sui generis and
dynamic paradigms.

Moreover, the post-Kuhnian work in the sociology of scientific knowledge is not
merely consistent with the above argument, but in fact considerably deepens it.
Recall that post-Kuhnianism unfreezes Kuhn’s metaphor of routine ‘puzzle solv-
ing’, and suggests that even in normal research there is a constant, subtle revision

*“In more colloquial terms, I instruct undergraduates on these points with the following axioms and
conclusions: (1) There are scores of scientific disciplines and sub-disciplines. Each one has its own
unique research ‘coalface’. (2) Workers at each different coalface use theories, assumptions and
techniques specific to that discipline or sub-discipline. (3) Even experimental techniques and
instruments are shaped or loaded by theories. (4) So, each coalface is constituted by a collection of
theories, assumptions and techniques unique to that coalface. (5) Each coalface has its own
‘method’ of going on with research. (6) The idea of a unique, single, transferable simple method
for each and every coalface, past, present and future is highly implausible.
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and negotiation of the elements in the paradigm.'® Therefore, normal research
always involves bids to make small, but significant, alterations in the prevailing
disciplinary objects of inquiry. Such bids exert feedback effects on some of the ele-
ments of the paradigm—conceptual, instrumental, evaluative—if they are success-
ful. So, in post-Kuhnian perspective, normal science may be ‘puzzle solving’, but it
is a peculiar version of that activity, because the pieces, the rules of assembly, and
the ultimate ‘picture’ keep changing as the players play and negotiate.'! Hence, to
recur to the anti-method argument that disciplinary ‘method’ is inextricable from a
particular paradigm, now the situation worsens, because that disciplinary ‘method’
is also in flux, inextricable from the socio-cognitive dynamics of the field. No general
doctrine of method can command or describe the static picture derivable from a
popular reading of Kuhn himself, let alone this new, dynamic, post-Kuhnian picture
of how a research tradition functions.

Indeed, the post-Kuhnian case against method did not stop here, but extends
further to the issue of the social and political organization of normal fields and com-
munities. If a research tradition is not in the grip of a total and immobilizing consen-
sus (until the next ‘revolution’), and if ‘significant’ research always involves a
negotiated outcome (revolving around some sort of ‘discovery’) which alters the
next rounds of disciplinary play, then a normal field must have a social and political
life sufficient for the carrying out these knowledge-making and knowledge-breaking
maneuvers, and for keeping them, most of the time, within the (actor) accounted
realm of the ‘non-revolutionary’ (hence acceptable and ‘non-cranky’). Accordingly,
as we have seen in Sect. 2.4, discussing Barnes, Bourdieu and post-Kuhnian SSK
generally, attention shifts to the micro-politics of scientific specialty groups to see
how they manage, negotiate, refine, accept and reject bids to modify the paradigm,
i.e. bids to have accomplished ‘significant’ results and discoveries. So, again to
recur to the anti-method argument, in this view the ‘method’ of a discipline is not
simply identified with its own particular paradigm—itself in flux over time—but
further with the political and social structure and dynamics of the specialist com-
munity. The construction of scientific knowledge cannot be explained apart from
the social processes in and through which that activity takes place.'” No invocation
of a general method can explain the manufacture and transformation of knowledge by
paradigm-bearing and paradigm-negotiating communities, including the historically
contingent socio-political structures of those communities. Method discourse abstracts
from and floats above the proper cognitive and social complexity of scientific fields,
and so it misses everything that now appears to be of importance in understanding the
discovery—producing and hence tradition—altering dynamics of the sciences.

10 Ravetz (1971), Mulkay (1979), Latour and Woolgar (1979), Knorr-Cetina (1981), Collins
(1985), and above all Barnes (1982).

191 For early ‘derivations’ of this position from the writings of Kuhn see Ravetz (1971) and Schuster
(1979).

12 These points were first brought out and displayed in full-scale contextualist studies in the history

of science at the time of the emergence of these sorts of post-Kuhnian perspectives, for example,
Rudwick (1985), Shapin and Schaffer (1985), Desmond (1982).
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So much, then, for a formal deconstruction of the likely existence of universal,
transferable and efficacious general methods, wherein we have, as it were, elaborated
Koyré and Kuhn’s debunking of general methods, by articulating it with reference
to post-Kuhnian understandings of tradition dynamics in the sciences. We shall next
meet the issue of grand methods in Chaps. 5, 6, and 7 in the context of Descartes’
own methodological dreams and projects. There we will be in a position to move
beyond the pure debunking of method. Rather, we will be able to understand in a
more sympathetic, and ‘anthropological’ manner, how it could be that a Descartes
(or anybody else) could genuinely believe in the efficacy of the kind of general
method doctrine which we firmly know cannot work in the manner it claims. As noted
in Chap. 1, this approach is necessary to any serious biographical understanding of the
issue of method in Descartes’ life. Mere debunking will not do; but, neither will it
suffice to avoid the issue, or worst of all, to concede, if only tacitly, that there may
after all have been something to his grand methodological claims. Our more sympathetic
and biography-enhancing approach will be made possible through the construction
of a model for how method discourses systematically mislead their inventors and
believers—a model based in part on the very articulation of Kuhn’s position we
have outlined in the present section. For the moment, however, we must conclude
our conceptual and historiographical exercise, by first sketching a periodization of the
Scientific Revolution which follows from and articulates our model of natural
philosophizing, before then locating Descartes in terms of our modeling and
periodization by asking, ‘What kind of natural philosopher was Descartes?” The
preliminary answer to that question will bring us to the commencement of our
biographical study proper.

2.7 Phases and Stages in the ‘Scientific Revolution’ Seen as an
Unfolding Process in the Field of Natural Philosophizing,
with Its Attendant Articulations to Other Domains

I offer here a periodization regarding the flow and dynamics of natural philosophizing,
with its variously associated superior, cognate and subordinate disciplines and
domains of concern. It marks out the central plot of the period called the Scientific
Revolution.'” The periodization categories are: (1) The Scientific Renaissance
1500-1600; (2) The Critical Period (or Period of Civil War in Natural Philosophy)
1590-1660; (3) The Period of Relative Consensus, Muting of Systemic Conflict,
New Institutionalization, End of Scientia and Incipient Fragmentation of the Field
1660-1720 (which will be abbreviated as CMF period below.)

The Scientific Renaissance displays in the realms of the subordinate sciences of
the ‘entourage’ (Fig. 2.2 above), as well as that of natural philosophy, many of the

1% For more details, and somewhat varying emphases, see Schuster (1990, 2002) and Schuster and
Watchirs (1990).
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scholarly aims and practices which already characterized the treatment of classical
literature, history and languages in earlier stages of the Renaissance. The estab-
lished humanist practices of textual recovery, editing, translation, commentary and
printing increasingly focused on the scientific, mathematical and natural philosoph-
ical heritage of classical antiquity. These developments came late in the Renaissance
considered as a larger historical epoch, but they mark the first stage and essential
pre-condition for the further process of the Scientific Revolution.

There was a marked increase in the recovery, reconstruction and extension of the
existing subordinate entourage sciences, the timing of which differed from field to
field.!** This took place amid the catalyzing influence of the pedagogical and
philosophical assault on Scholastic philosophy; the reassertion of Platonizing modes
of thought which helped revalue mathematics as the key to knowledge; and the more
general trend toward recasting the ideal of knowledge in the image of practice, use
and progress, rather than contemplation, commentary and conservation.

In natural philosophy, a wide and confusing array of non- or anti-Aristotelian
approaches was made available through the recovery or improvement, assimilation
and publication of alternatives. Outside of the universities, in princely courts, print
house and workshops of master artisans, anywhere the practice of a subordinate sci-
ence or practical art fell outside the preview of Aristotelianism, the practitioner
could be set at odds with School philosophy and reach for rhetorical tools against it.
Yet, throughout the sixteenth century ‘orthodox’ Scholastic Aristotelianism was
officially entrenched as central to the education of all men with any serious con-
cerns in natural philosophy. Indeed, from the late sixteenth century Scholastic
Aristotelianism enjoyed renewed vigor in the rapidly rigidifying curricula of insti-
tutionalized forms of Protestantism and a militant, post-Tridentine Catholic Church.
Hence the sixteenth century produced no crisis of natural philosophy.

In many ways, Descartes’ Jesuit neo-Scholastic education at La Fleche embodied
the results of these patterns of change. A critical juncture in the history of natural
philosophizing and its subordinate disciplines was about to eventuate, and the young
Descartes was both a product of these processes and an influential player in them.

The Critical Period (or Phase of ‘Civil War in Natural Philosophy’) of the
Scientific Revolution (roughly 1590-1650) interests us most at the moment, as it

1%Tn mathematical astronomy, the Renaissance phase is discernible from the late fifteenth century,
whilst in mathematics and geometrical optics the pace of the Renaissance phase only accelerates
in the later sixteenth century. In astronomy Copernicus could enter into the highly technical
tradition of planetary astronomy basing himself on the prior labors of Regiomontanus and
Peurbach, the late fifteenth century renovators of the field, who themselves had tried to appropriate
and perfect the tradition as it had emerged from the later Middle Ages. In geometry the process of
assimilation and purification is even easier to discern, for the century saw not only improved texts
and commentaries on Euclid’s Elements, but the recovery, translation and edition of the texts of
higher Greek mathematics, of Apollonius, Archimedes and Pappus, not to mention Diophantus,
who was critically important for the typically Renaissance development of the emergence of the
mathematical art of algebra as a subject of theoretical import and structure. Anatomy and medical
theory followed more closely upon astronomy, the program of editing and publishing the complete
body of Galen’s works culminating in the 1520s and 1530s. In each case, there was an initial stage
of recovery, improvement, and, if necessary, translation of texts.
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embraces the life-time of Descartes and the intellectual, and institutional, context in
which were played out those features of his career under study here. The critical
period was characterized by a conjuncture unique in the history of pursuit of natural
knowledge, whether in classical antiquity, medieval Islam or Renaissance Europe:
On the one hand, there was an unprecedented burst of conceptual transformation in
the subordinate entourage sciences—optics, mechanics and astronomy, as well as
anatomy/physiology—and in the crucial discipline cognate to natural philosophy,
mathematics. The achievements of a Kepler, Galileo, Descartes or Harvey exem-
plify a wider pattern of accelerating transformation and mutual interaction among
the subordinate entourage sciences in the two generations after about 1590. In this
period, ‘Renaissance’ lines of development culminated, whilst the major figures of
these generations worked out previously unexplored and unexpected orientations in
the entourage sciences, thereby radically transforming them.'® On the other hand,
in natural philosophy the tendencies corrosive of Aristotelianism—the challenge of
Paracelsianism, of Hermetically or alchemically tinged neo-Platonism, of calls for
the re-evaluation of practical knowledge, of anti-Aristotelian rhetoric tied to the
practice of the mathematical arts or classical mathematical sciences—all took on a
greater urgency. There was a heightened, often desperate competition amongst sys-
tematic natural philosophies (some tied to utopian and irenic programs of religious,
social and intellectual reform) which, later in this phase, eventually issued in the
construction and initial successful dissemination of the mechanical philosophy.'%

15 The great stature, and frequently Whiggish interpretation of these men, and the Janus-like qual-
ity of their work, stems from their engagement with the classical subordinate sciences, mixed
mathematical and ‘bio-medical’, at just the moment when characteristic lines of sixteenth century
work were pushed to their apparent limits, and intended or unintended steps through these limits
unexpectedly opened radically altered conditions and possibilities of investigation. H. Floris Cohen
(2010) in his multi-phased interpretation of the process called the Scientific Revolution, also
emphasizes the first generation of the seventeenth century as the crucial moment (consisting of
three overlapping transformations, in realist mathematical science; corpuscular-mechanism; and a
‘Baconian’ style of experimentation) which took European natural philosophy and sciences for the
first time beyond any previous revival of classical sources, such as had occurred in medieval Islam,
high medieval Europe or even the European Renaissance itself, without in any of these previous
cases reaching such a transformative watershed. A short version of part of this argument appeared
in Cohen (2005). See my essay review of Cohen [DOI 10.1007/s11016-012-9645-6] in Metascience
(2012), focused upon his conceptualization of this phase of the Scientific Revolution.

1% About the earlier historiography of this heightened contestation, the following can be said in
summary fashion: It has been obvious since Lenoble’s (1943) work that in what we are calling the
period of ‘civil war in natural philosophy’, families of natural philosophies competed in respect of
the values, aspirations and religious resonances they endorsed and condemned. The classic work
of Rattansi (1963, 1964) and Easlea (1980) took up this topos. However, we really begin to see the
contestation in play when we contemplate the inter and intra family competition, arising from the
fact that natural philosophy had that entourage of subordinate, more narrow traditions of science-
like practice, including the mixed mathematical sciences, and the ‘bio-medical’ domains, such as
anatomy, medical theorizing, and proto physiology in the manner of Galen. Hence, all the competi-
tion and contestation in the critical period was more serious than even the traditional literature
suggests, since it is obvious that the competing families of natural philosophies actually consisted
of quite individual systems, and that the situation was actually more like every man for himself.
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Within and between both sets of developments the Renaissance themes of the
re-evaluation of practical knowledge and the desire for domination of nature continued
to be echoed. Now, however, they sounded more urgently and in a new key, marked
by the crystallization of the hitherto disparate debate on the plane of ‘high’ natural
philosophical utterance, as figures such as Bacon and Descartes systematically
assimilated them to natural philosophical discourse.'”’

Out of this proliferation and climactic struggle amongst competing systems and
their advocates there emerged varieties of the mechanical philosophy, which were
designed and sold by a handful of innovators in an effort to finesse and resolve
(in their own favor) the natural philosophical conflict of the age. By the mid-seventeenth
century the cultural dominance of Aristotelianism collapsed (although it continued

The existence of clear genera did not prevent, and indeed it undoubtedly enflamed, a tendency,
even for natural philosophers of similar genealogical stripe—neo-Platonic, proto or emerging
mechanist, ‘magnetic’, or chemical—to compete with each other as well: Kepler vs. Fludd;
Descartes vs. Gassendi vs. Hobbes; Libavius and other latter day Paracelsians vs. the heritage of
Paracelsus himself.

197 This sense of appropriation by natural philosophers of pre-existing discourse and rhetoric of the
practical arts was the great insight of Paolo Rossi (1970) which becomes all the move obvious
when one superimposes our model of natural philosophy onto his interpretation. Rossi’s book,
after all, is one of the great works on the Scientific Revolution. A naive summary runs like this: In
the sixteenth century lots of books were written extolling the value of practical knowledge and the
status of men of practice. These books issued from pedagogues, master artisans, courtiers, physi-
cians, surgeons and others. Later these same revaluations and images become central in Bacon,
Descartes and Hobbes. Most readers take this as an improvement on the vulgar Marxist notion of
imprinting by structures upon actors. But how exactly should we understand Rossi? Do the new
values float into Bacon’s and Descartes minds, do they ‘influence’ these thinkers in some way: Is
this a parallelism of ideas, or some contextual imprinting of them? Is this in the end a history of
ideas, or some sort of mitigated Marxist account, or what? It is hard to answer, unless one has a
model of the structure and dynamics of the field of natural philosophizing. Using it, we can inter-
pret Rossi as having described a diffuse sixteenth century field of non-natural philosophical dis-
course on the practical arts. That discourse was itself articulated upon structural changes in
sixteenth century Europe: changes in state and economy, to be modeled in state of the art social and
economic history. Utterances in that discourse, that is, representations of the practical arts and their
values, were later co-opted and redeployed, by Bacon and Descartes, into debates inside the natural
philosophical field, as part of their respective strategies for advancing their overall claims in the
natural philosophical agon. They were now articulating upon ‘the practical arts’ in this mediated
sense. We need no implausible direct constitution of Science or natural philosophy by technical
demands of a changing economy and state structure, a la Hessen (1931) or Zilsel (1942a, b).
Similarly, we do not need a history of ideas notion of the ‘influence’ of this literature upon
Descartes and Bacon. They were not being influenced by something in the society or economy that
others were missing; nor were they ‘reflecting’ the interests of some particular group or class magi-
cally imprinted upon them. They were simply re-working, and projecting in the natural philosophi-
cal field, already available discursively embodied representations and revaluations of the meaning
of the practical arts. In the first instance, the explanation of their behavior arises from their posi-
tions, tactics, resources and goals in the field of natural philosophy. Recalling our appeal to Sahlins’
call to historicize the understanding of ‘culture’ in anthropology, we, like Sahlins, would see these
natural philosophical ‘natives’ adapting to big, hard changes and forces by culturally specific
moves; moves that are not determined by a universal logic, and may even possess novelty, but
which are specific to the (evolving) culture. Finally, if all this reminds us of the discussion in
Sect. 2.5.6 of ‘the mechanics of responding to outside challenges’, that is because precisely the
same model and strategy of explanation are in play here.
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supreme in most universities for another generation). The mechanical philosophy, in
its several species, became the dominant genus. Hence my image of a ‘civil war in
natural philosophy’, with multiple regime change: from Aristotelianism to mecha-
nism, which had averted a threatened neo-Platonic take over. These struggles over
natural philosophical systems on the one hand shaped struggles within the entou-
rage of subordinate fields, and also, on the other hand, involved concerted attempts
to articulate favored versions of natural philosophy to particular representations of
matters political, theological, pedagogical or related to the content or values of the
practical arts.

This is precisely where the description of change in natural philosophy and the
entourage of subordinate sciences needs to be linked to the context of heightening
political, religious and intellectual turmoil, denominated as the ‘general crisis of the
seventeenth century’. In terms of our model of natural philosophy we can now say
the following about the troubled and turbulent age of the civil war within natural
philosophizing: A genuine sub-culture of natural philosophy existed, in which sys-
tems of nature had significant and contested articulations to religious, political and
social discourses. The equally really existing contextual problems and tensions,
sometimes labeled a ‘general crisis’ of the seventeenth century, were interpreted by
players through the filter of natural philosophizing, thus suggesting that the prob-
lems of the age had some of their basis in natural philosophical contention and dis-
sensus. This raised the stakes in finding and enforcing the ‘true’ philosophy of
nature, since natural philosophy was arguably part of these problems and part of
their solutions. Hence, in the generation of civil war within natural philosophy, the
proliferation of desperate and daring initiatives in neo-Platonic, alchemical, magical
and Hermetically tinged natural philosophy, which in turn, elicited from some
few individuals the equally sweeping, desperate as well as sudden invention of
corpuscular-mechanism.!'®

108 All of the major innovators in natural philosophy, whether or not part of the eventually triumphant
mechanist party, should be viewed as actors responding to the context of religio-political-cultural
‘crisis’ of their generation. The careers of all the major figures in natural philosophy display certain
similar strategies and aims, shaped by the needs of innovating in natural philosophy, because natu-
ral philosophy itself was thus placed in the turbulent culture of the age. They all aimed to fill a
perceived void of natural philosophical authority, and they all overtly rejected Scholastic
Aristotelianism, whilst remaining to varying degrees dependent upon its vocabulary and concep-
tual resources (hence giving endless work to historians of the continuity of ideas). Additionally,
they all resonated, on the plane of natural philosophical discourse, some positive interpretation of
the sixteenth century revaluation of the practical arts; and they all drew models and exemplars from
the accrued catalogue of achievements in the practical arts and subordinate sciences of that century,
although the choice and weighting of privileged items did vary greatly. In addition, most of the
innovators stressed proper method and pedagogy as a salient feature of a new natural philosophy,
as being necessary for establishing its truth and facilitating its dissemination and triumph. Their
strivings grew in all cases from a sensitivity to the apparently irreconcilable divisions within the
politics, religion (and natural philosophy) of the age. They also shared the perception that
Aristotelianism could neither deal with those divisions, nor grasp or stimulate the proliferation of
novelties in the practical arts and subordinate sciences. Beyond all this there was the suspicion,
characteristic of the self-understanding of natural philosophers, that natural philosophical dissension
was itself a conditioning cause of the larger political and religious conflicts, which, accordingly,
could be wholly or partially cured by the installation of a true philosophy.
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Educated men with natural philosophical interests recognized an imperative to
find, and install, the ‘proper’ system of natural philosophy, because it was widely
believed that the ‘correct’” program for natural knowledge would ipso facto provide
much needed support for ‘correct’ religion, as well as a set of directives or for the
improvement of both the moral and practical aspects of life. This powered and
shaped the proliferation of alternative programs to Aristotelianism, and the eventual
emergence of mechanism out of the competitive turbulence thus created. The
stakes—political, moral and religious—inside the natural philosophical field were
high. That there was no consensus on correct religion casts a poignant light on this
struggle and explains its intensity as well as, to some degree, its ultimate lack of
closure: There did not even emerge an agreed mechanistic system within the broad
mechanistic consensus and, of course, the adherents of mechanism, Protestant and
Catholic, remained unreconciled. No wonder René Descartes, as a radical and bold
player in the natural philosophical contest of the age, in our view deserves the epi-
thet, Descartes agonistes.

The founders of mechanism, such as Descartes, hoped to resolve the conflict of
natural philosophies in a way which was to them cognitively progressive, but reli-
giously and politically conservative. They exploited and co-opted recent achieve-
ments in the classical sciences, including the realist Copernican initiative, and
amplified the premium placed upon mathematics and operative knowledge by sec-
tions of Renaissance opinion, whilst they avoided the perceived religious, political
and moral pitfalls of the alchemical, Paracelsian, Hermetic and eclectic, ‘qualita-
tive’ atomistic systems. Accordingly, the selection and molding of discursive
resources to form the mechanistic systems was a nice and dangerous task. It involved
endorsing some values and aims characteristic of the magical-alchemical systems,
whilst explicitly opposing them as such. Mathematics was construed in terms of the
sober geometry typical of the practical mathematical arts, to avoid any hint of neo-
Platonic mathematical fancies; and yet, as in neo-Platonism—as opposed to
Scholastic Aristotelianism—mathematics was to be the very language of nature.
Experience was identified with experiment, itself rhetorically modeled upon the dis-
section and reassembly of machines, so as to marginalize alchemical and Paracelsian
accounts of experience as an affect-laden, spiritually sanctioned and uplifting intu-
ition of otherwise hidden relations and correspondences; and yet, as in natural magic
and Paracelsianism—as opposed to Scholastic Aristotelianism—operative com-
mand over nature was sought through an active experiential engagement with nature.
The mechanical philosophy was also constructed to embody an arguably orthodox
‘voluntarist’ vision of God’s relation to nature and to mankind, so as to avoid col-
lapsing the divine into nature and/or elevating man to the level of a ‘magus’, a status
unacceptable to mainstream orthodox Catholic and Protestant thought alike.
Accordingly, mechanism was neither the finest fruit of detached, rational ‘modern’
thought finally asserting itself to end ‘the confusion’, nor was it simply or directly,
the reflection of some long rising merchant, administrative or craftsman-technologist
groups, who for some contingent reason invented mechanism between 1630
and 1650.
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Since we will be attending closely to what we can reconstruct about Descartes’
shifting structures of agenda, self-understanding and identity, it is worth closing this
description of the critical period with a look at how one might characterize these
structures more generally amongst the anti-Aristotelian players in the critical
period.'” Note, first of all, that trying to run rings around Scholastic institutions and
thinkers is a proclivity of the critical phase, indeed a characteristic of Baroque cul-
ture in general, although, to be sure, not a new pastime.'"” However, unlike
Renaissance humanism, early and mid seventeenth century natural philosophizing
displayed specific forms of anti-Aristotelianism focused on strategies of displace-
ment of hegemonic Aristotelianism within a continuing and contested game of natu-
ral philosophy. Many contenders desired system change within the culture of natural
philosophizing—a bold, determined change of regime— not the destruction of the
game as such. These are the players Stephen Toulmin picked out in Cosmopolis—The
Hidden Agenda of Modernity as the anti-Renaissance, self-proclaimed heroes of
intellectual and cultural salvation.!!! The established rules of Renaissance human-
ism would have to go, as well as the taken for granted institutional hegemony of
neo-Scholastic Aristotelianism. However, one did not have to be the mature
Descartes, Hobbes or Bacon to be involved in this rather Baroque-looking penchant
for rule breaking and bending. The vogue of seeking out novelty and discovery, not
in the first instance a feature of the Scholastic culture of commentary and disputa-
tion,''” meant that natural philosophies and natural philosophers were under pres-
sure to change as the entire field came to be more contested and turbulent. A host of
de facto or actually declared neo-Scholastic rules of the game can be cited as under
threat from aggressive and individualistic (hence, if you like, Baroque looking)
players. Neo-Scholasticism taught ‘don’t change the mixed mathematical sciences
and their relation to natural philosophy’. But, some bold innovators tried to do so,
and in doing so they created, fomented and explored the new domain of physico-
mathematics, as we have seen. Neo-Scholasticism, in its deeply institutionalized
customs of pedagogy and content, said, ‘do not explicitly articulate natural philo-
sophical claims on religious/political challenges, agendas and debates’. But some
bold innovators tried to do so. Neo-Scholasticism also held de facto, but strongly, by
means of its customs of pedagogy and content, ‘do not bring in “inappropriate”

1 Some of the points in this and the next paragraph were stimulated by participation in some of the
Workshops and Seminars of the Baroque Science Project, headed by Ofer Gal at the Unit for
History and Philosophy of Science, University of Sydney. Working papers in this area by me may
be found at the Project website: www.usyd.edu.au/baroquescience/ The final result is Schuster
(2012a).

10 Clark (1992)
11 Toulmin (1990)

12 Which of course is not to say that no seeking of novelty and curiosities went on in Scholastic
circles, teaching and textbooks, only that it was not the leading edge of these phenomena, rather
the reluctant follower. Gascoigne (1990), Reif (1969), Schmitt (1973), Dibon (1954).
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values, aims or players, particularly anything related to practical arts, material practice,
instruments, and images and rhetoric concerning the status and value of same’.
Although many bold innovators did so.

In the Critical Period, natural philosophical rules and norms, explicit or implicit,
and practices, well entrenched and firmly reproduced from academic generation to
generation, were all under threat of reformation, deformation or outright rejection.
The self image, self-understanding, and correlated public posturing of the rebels
and challengers was one of isolated, heroic, honor seeking, black and white decisive
decision-making and action-taking. Interestingly, students of the cultural manifesta-
tions of this period, such as Carl Friedrich, stress that the Baroque was about rule
bending and rule breaking, as well as about especially self-regarding and anguished
matters of identity and honor. We easily discern these sorts of ‘Baroque personali-
ties’ in the political and military figures of the age—Richelieu, Wallenstein,
Gustavus Adophus, Maurice of Nassau, and Olivares—who displayed these cultural
identity garments and proclivities at the same time that they forged new or revised
forms and concretions of power (and of legitimations of power).''? The natural phil-
osophical players for the biggest stakes in the Critical Period seem similarly to
display these traits."* To contest for systemic hegemony meant that one was a lone
combatant against the rest, including the massed ranks, and deeply entrenched net-
work of bastions of neo-Scholasticism. It would be an heroic effort, and one perhaps
poignantly overlaid with intimations of tragic failure. We cannot know the nice
biographical cum psychological channels through which the favored identity garments
and protocols came to be lived and expressed. It is, however, clear that the situation
in natural philosophizing seemed to many to demand such self-understandings,
and public imagings, and that it was further enflamed by the presence of such
personalities.

As noted earlier, the stakes in natural philosophizing were now very high, at least
in some players’ minds. And for such players, there were now numerous avenues
open through which to pursue and express the traits of rule bending and honor seek-
ing whilst natural philosophizing: Is natural philosophy to become mathematical,
that is more physico-mathematical? In what sense, who gets the credit? What is the
role and identity of the natural philosopher in that sense? Is good and true natural
philosophy to be decided more in terms of co-opting and explaining novel discoveries?
In which realms, by what techniques? What is the role and identity of the natural
philosopher in this sense? Can natural philosophy articulate to political philosophy,
medicine, theology or not, and on whose terms? What then is the role and identity
of the natural philosopher? Is natural philosophy meant to produce useful results?
Which ones? How? What then is the role and identity of the natural philosopher?

13 Friedrich (1962) 41-46 and passim.

14With the exception of the gentle, genial (and resigned to unending crisis?) Gassendi, a man for
that reason well recognized by historians as interestingly generationally displaced (too late for the
scientific renaissance, too early for the age of consensus, muting and fragmentation). I thank my
former University of New South Wales colleague, Dr. Barry Brundell for enlightening discussions
on this and related points. See Brundell (1987).
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Since all these channels were potentially open, and various gambits available within
them, the overall goal of replacing Aristotelianism by producing the really best and
truest natural philosophy got supercharged, at least for bold rebels, even if not for
most Scholastics. René Descartes, with his particular concerns in natural philoso-
phy, its rules and its subordinated disciplines, as well as his struggles over identity,
agenda and self-understanding, was perhaps the exemplary figure of this moment in
the cultural process of natural philosophy.

Turning now to the third and final stage in the Scientific Revolution, we find the
‘CME’ Period (1660-1720), or in its full title, “The Period of Relative Consensus,
Muting of Systemic Conflict, New Institutionalization, End of Scientia and Incipient
Fragmentation of the Field’. Descartes, of course, did not live to see and grapple with
the post-1650 developments of the CMF phase. However, as is well recognized, his
work in natural philosophy and the subordinate sciences was hugely ‘influential’
(appropriated, used, renegotiated) in the CMF period, despite the less than overwhelm-
ing success of his own intended system.!'> Additionally, and a bit surprisingly, as we
shall see in our concluding Chap. 13, Descartes even displayed a few of the tendencies
which were to become more apparent in the two generations after his death.

The CMF Period was marked by the dissemination and widespread acceptance
of mainly loosely held varieties of the mechanical philosophy, and by the endemic
melding of these variants to Baconian rhetoric of method and experiment; the mut-
ing of contestation over systems (at least in public, especially in the new ‘scientific’
institutions); and the tendency for quasi-autonomous, more narrow successor fields
of inquiry to emerge from natural philosophy, as natural philosophy itself began to
undergo a slow century and a half process of final dissolution.'!® That is, the for-
merly more coherent—if internally contested—domain of natural philosophizing
began to fragment into and débouche onto a suite of successor, more narrow and
modern science-like domains. These included the emergent master science, classical
mechanics, as well as evolved versions of the old mixed mathematical fields, now
crystallized as more experimental and physico-mathematical; and a host of emergent
new fields which solidified further in the eighteenth century.!'” Over the course of the
next century, natural philosophy faded and died, and modern sciences emerged, along

5Dear (2001a, b), Schuster (2000b, 2002), Clarke (1989).

116 Another, related ironic upshot of the ‘civil war in natural philosophizing” was that natural phi-
losophizing as a whole—the entire field of all these plays and turbulence—became, from the mid—
seventeenth century, more autonomous of other cultural forms such as theology, as well as other
branches of philosophy, whilst, at the same time beginning to undergo the process of fragmentation
and dissolution just mentioned. (Schuster 2002)

17 As to Newton, I hold that we misunderstand the rhythm of the development of early modern
science by focusing too intently upon Newtonian celestial mechanics and physics. It is arguable
that given the state of the natural philosophical field, including the subordinate sciences, the
consensually held experimental form of corpuscular-mechanism, and its attendant sciences in their
institutional, rhetorical and technical garb of the CMF stage, might have proceeded qualitatively
rather undeterred for some considerable time had Newton not contingently intervened. Our peri-
odization and plot—focusing on the trials of natural philosophy—should take this into account, seeing
the process in terms of three phases or moments, punctuated, contingently by Newton, rather
than aiming for him, or finding some clear closure in him. See Schuster and Watchirs (1990),
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with an increasing armory of philosophical and other meta-scientific rhetoric and
ideology constitutive of the onset of a wider ‘modern scientific culture’.!8

Additionally, and perhaps most tellingly as a function of these changes, the long
held ideal of Scientia—systematic, unified and certain knowledge of nature—was
destroyed. Aristotelianism had promised and promoted Scientia, and at the height of
the process of the Scientific Revolution in the critical phase of the early and mid
seventeenth century, other types of systematized natural philosophies challenged
neo-Scholastic Aristotelianism, and some of these, notably Cartesianism, also
seemed to promise Scientia on their own terms. But, in the CMF period, as natural
philosophizing began its long process of fragmentation into a number of diverse and
narrow special domains or disciplines of natural inquiry, which begin to look like
sciences in our modern sense, the ideal of a unitary, systematic edifice of scientific
knowledge was effectively rendered null and void.!"

Natural philosophers also found themselves doing some of their natural philoso-
phizing within the confines of new institutions, where they played the institution’s
organizational patterns in ways advantageous to them in institutional and natural
philosophical terms. These institutions were additional nodes in the Europe wide
field of natural philosophizing, not the exclusive ones, and, they were not the incuba-
tors of an essentially new, unified Modern Science, replacing a natural philosophiz-
ing supposedly barred from their precincts. This is because ‘Modern Science’ is not
a unitary, ‘Scientia’ like entity, but rather a rhetorical and ideological label for the
much messier, historically evolving and multiplying suite of expert scientific tradi-
tions and institutions—the very fact that, as we have seen, formed the ground note
for Kuhn’s model of science dynamics, and his anti-methodism.

Having noted the beginning of this process of dissolution of natural philosophiz-
ing into more modern looking, more narrow, highly internally competitive and ‘dis-
covery-seeking’ disciplines, we may now reverse the direction of argument used
above in Sects. 2.3 and 2.4. There we took some guidance in constructing our model
of natural philosophizing from post-Kuhnian models of the agonistic dynamics of
subsequently emerging more narrow, expert and modern scientific traditions of

Schuster (1990, 2002). Material in this and the preceding note implicitly touch upon the problem
of how to think through the eighteenth century fragmentation and dissolution of natural philosophy
into successor experimental and physico-mathematical sciences. Kuhn and Bachelard initially, if
problematically, theorized this issue, later addressed and revised in Schuster and Watchirs (1990);
Schuster (2002) as well as Schuster and Taylor (1996, 1997). See also Chap. 11 Note 11.

118 By the late eighteenth century, all these tendencies contributed to the dissolution of the 500 year
long European culture of systematic natural philosophizing and the emergence in its wake of that
more typically nineteenth century institutional, professional and disciplinary ecology of the sci-
ences which we might actually call ‘modern’. Thus giving us the well known historiographical
problem of the so-called ‘Second Scientific Revolution’, which, of course, was not a revolution at
all. But, that is another story in the macro history of the natural sciences.

9The best treatment of these larger processes, with an emphasis on the intertwining of intellectual
and social history is Gaukroger (2006), whose central motif may perhaps be captured by the notion
that late in the Scientific Revolution, Scientia had definitely died, but the processes leading to the
emergence of our modern, more socially and institutionally encompassing ‘scientific culture’ had
begun to germinate.
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research. It is now possible to suggest that the key cultural ‘genes’ found at the
heart of modern, agonistic, discovery-seeking scientific disciplines were inherited
from the culture of natural philosophizing as it passed through its critical and CMF
phases in the seventeenth century Scientific Revolution.

The slow but powerful processes toward fragmentation of natural philosophy
into successor domains and disciplines, unleashed originally during the critical
phase, and clearly in play in the following CMF phase, carried the élan of continu-
ous competition and contestation from the earlier period right into the structure and
dynamics of the successor fields. Competing over systems disappeared, as did mere
co—opting and copy—catting of others’ discoveries. Transcribed into the successor
fields were the peculiar tradition dynamics according to which a scientific tradition
exists through, and for the purpose of, producing accredited novelty, a trait first
expressed, in confused and desperate form, during the heated contestation of the
critical phase. After all, modern sciences are by historical standards very odd beasts.
They are continuously reproduced expert traditions whose very dynamics, and
raison d’étre in rhetoric and in practical activity, consists in the unremitting, com-
petitive and concerted struggle to construct, and have implanted into the tradition,
significantly tradition-altering achievements, which are proffered on a contested
basis, and only have effect after being revised and negotiated into place by peer
competitors of the initial proponents. Both the actual, messy, competitive and politi-
cal ‘mangle of practice’ inside scientific traditions,'”® and the channels of crisp
method rhetoric through which they are understood and accounted for, seem to bear
just legible hallmarks that say—*“forged by somewhat rebellious master practitio-
ners in the white heat of the early to mid seventeenth century natural philosophical
crisis and initially polished by the experimental and physico-mathematical natural
philosophers of the late seventeenth and early eighteenth century.”'!

120 The term derives of course from Andrew Pickering’s (1995) brilliant and illuminating study of
knowledge construction in modern physics.

2 These conclusions also involve important insights about the history and deployment of ‘method-
talk’ in the CMF stage of the Scientific Revolution. As the processes we have ascribed to the CMF
period continued, actors’ legitimatory and packaging rhetorics (typically rhetorics of method, as I
have argued in previous publications on this issue) evolved to meet the needs of players with these
new sorts of aims and agendas. For example, even before being further popularized by Newton, a
method—discourse concerning ‘speculative’ vs. ‘experimental’ (natural) philosophy flourished in
late seventeenth century England and was deployed, mainly by self-styled advocates of the latter,
against real or imagined adversaries of the former stripe (Anstey 2005). All mid to late seventeenth
century users of this rhetoric were inside the field of natural philosophizing—they had not really
escaped to some other space. And, although those favoring the ‘experimentalist’ side of the rheto-
ric might have proclaimed the death and overcoming of natural philosophy (and fooled some sub-
sequent historians), it was in fact a way of positioning themselves and their work in a field still
inhabited not only by themselves, but by others, including a few players and texts of overtly theo-
retical, systematic and contentious natures. Once we understand that, we see that the ongoing secu-
lar process toward fragmentation of natural philosophy, and crystallization of more narrow and
more modern looking successor fields, makes no difference to the argument, as some domains
became more autonomous, sui generis and discipline—like, they still enjoyed the genetic endow-
ment of this rhetoric of experimental method.
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In sum, to take an overview of the changes in natural philosophy in the early
modern era we have just sketched, I think we can say that coming out of the late
medieval and into the early sixteenth century, natural philosophizing was largely,
indeed almost entirely, a university based, in-house game of competing versions of
Aristotelianisms. A subsequent ‘scientific renaissance’ stage followed in the six-
teenth century, especially heating up in its last two decades, during which the game
was opened to a widening range of available sources, eclectic takes on recovered
alternatives, and increasingly bold and religiously implicated moves and claims in
the field. The mechanistic gambits of the critical period of the early to mid seven-
teenth century can then be seen as direct responses to the already disturbed and
turbulent state of the field. But, even that turbulence and bold stake-claiming did not
and could not last forever. The conflict of systems in the early to mid seventeenth
century was what first attracted the attention of historians of science to the problem
of natural philosophy as an actor’s and historiographical category—starting with
Lenoble’s great work in the 1940s down through Rattansi in the 1960s and Ravetz
in the 1970s, to scholars of my own generation. But it also diverted us from looking
at natural philosophy as a field, institution and tradition with a longer and wider life
than indicated by the nodes of vicious confrontation in ‘the age of the Baroque’.
(Just as the contemporary phase of vicious religio-political, civil and international
warfare was only a phase in the longer process of crystallization of some states—
and of the state system itself—and failure of others).

2.8 Looking Forward—What Kind of Natural Philosopher/
Physico-Mathematician Was René Descartes?

Let us draw this chapter long excursion into historiographical and conceptual foun-
dations to a close by refocusing on our subject, the young René Descartes. We know
that he was trained as, and would eventually practice as, a philosopher of nature.
But, what sort of natural philosopher was he; which subordinate fields was he

As aresult, an interesting macro picture of the evolution of methodological accounting rhetoric
emerges, which can now embrace the picture of the Scientific Revolution explored here. The mat-
ter might be envisioned as follows: The history of method discourse tracked and reflected the
shifting dynamics and contents of natural philosophizing, and its fate—a long process running
from the sixteenth century dominance of neo-Scholastic discussions of method, through the meth-
odological prophets of ‘the Baroque’ such as Bacon and Descartes, with then some new threads of
method—discourse being forged and deployed as the mid and later seventeenth century history of
natural philosophizing unfolded. Later, with deepening fragmentation of the field and emergence
of descendant fields, virtually the only dimension of natural philosophizing (of the original four—
matter, cause, cosmology and method) that survived into the nineteenth century with its rationale
and practice little changed was the dimension of ‘method’. It became the last vanishing ghost of
the living field of natural philosophizing. All the issues and implications involved in this Note are
being pursued as part of my present project on: ‘The Fate of Natural Philosophy at the Dawn of
Modern Science: A recasting of the plot of The Scientific Revolution.”
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concerned with, and how did those concerns both reflect and shape his larger natural
philosophical agendas and outcomes; and what stages and phases did his natural
philosophical and related activities display, in relation to what we now know about
the field of natural philosophizing and its larger processes of change in the seven-
teenth century? The simple answer, based on common knowledge and the little we
have said so far, is of course that he would become a corpuscular-mechanist natural
philosopher, a devotee of aradical ‘physico-mathematicising’ approach to the mixed
mathematical sciences, a realist Copernican of an extreme type and a dedicated
proponent of the replacement of hegemonic Scholastic Aristotelianism by his own
brand of natural philosophy. We also know he would pursue these activities during
a period of heightened turbulence and contention in the field of natural philosophiz-
ing, and that many of his traits as a philosopher of nature would seem to set him, and
many of his contemporaries, apart from the style and concerns of natural philoso-
phizing in the later seventeenth century phase of the Scientific Revolution, with its
muting of public theoretical controversy; consensual but increasingly piecemeal
corpuscular-mechanism; new organizational forms; and creeping processes of death
of Scientia, fragmentation of natural philosophy, and embryonic crystallization of
narrow successor fields.

However, such generalities, whilst true and certainly useful for more cursory
depictions of Descartes, will not disclose the kinds of details and dynamics we are
after, nor suggest how to arrive at them. For that we need to concentrate on two
related sets of considerations: first of all, an understanding of the main domains and
fields he pursued, most notably natural philosophy as we have modeled it here; and,
secondly the caveats and hints about pursuing Descartes’ intellectual biography set
out in Chap. 1, especially the imperative to reconstruct, at various moments in
Descartes’ trajectory, his own likely understanding of his agenda, his intellectual
identity and his key concepts and skills. By proceeding this way, and bearing in
mind our modified version of Gaukroger’s suggested three interacting heuristic axes
of intellectual biographical study, also offered in Chap. 1, we can better discourse
biographically about issues of development, change, continuity and rupture. This
will tend to keep us from neglecting changes in Descartes’ doctrines and states of
self-understanding and agenda; thus in turn helping us avoid the homogenization or
rendering monolithic and monocausal of elements of his thought; and preventing
misconceptions about what he was trying to achieve and why he employed the
means he did.

Excellent, and innovative in a way, that his Jesuit education into neo-Scholastic
Aristotelianism had been, there was nothing in it that would have prompted or armed
the young Descartes in the direction of corpuscular-mechanism or any radical form
of physico-mathematics.'? It had, however, made him one of the natural philosophi-
cally literate. Tacitly and explicitly he had imbibed the aims and grammar of natural

122 Notwithstanding the acquaintance he would have made with the very conservative form of
physico-mathematics advanced by some of the Jesuit mathematicians. Cf. above, text accompany-
ing Note 59, point [1] concerned with Peter Dear’s important findings on the topic.
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philosophizing, in a well taught neo—Scholastic Aristotelian form. He had benefitted
from that short historical moment when sectors of the Catholic gentlemanly elite
were actually trained to some degree, at university level, in some practical mathe-
matics, and so also acquainted at least in passing with the rudiments of the idea that
the utility of some forms of mathematics was to be valued, and to be pursued on that
basis, legitimately, by the gentlemanly officer or functionary. But the brush with
natural philosophy of the potential future officer, lawyer or royal administrator
could easily have remained frozen at that level, never to be enlivened or explored
again. After his legal studies, Descartes was travelling, not unlike thousands of other
young educated gentlemen of the time, seeking experience and adventure, when
there occurred the absolutely critical event of his entire natural philosophical career.
This was his meeting with, and initial mentoring by Isaac Beeckman. The Dutchman,
eight years his senior, is of supreme import to Descartes, philosopher of nature.
Beeckman was one of only two people from whom anyone could have imbibed a
corpuscular-mechanical perspective at the time (the other being the brilliant but
unpublished Englishman, Thomas Harriot).!?

Corpuscular-mechanism, as Beeckman and later Descartes and others practiced
it, was not simply the adoption of some sort of ancient atomist matter theory. There
were plenty of advocates of such styles of what historians now call ‘qualitative
atomism’. What set off corpuscular-mechanism as a unique genus of natural phi-
losophy was the addition to atomism of a commitment to devise a ‘mechanics’ or
‘science of motion’ embodying laws governing the motion and exchanges of motion
in the world of micro corpuscles. This would be the causal dimension of such natu-
ral philosophies. Qualitative atomists had no such imperative, the causal registers of
these natural philosophies being filled out from traditional notions of spiritual or
immaterial forces, attractions, repulsions, antipathies and sympathies. The search
for a ‘mechanics’ to ‘run’ the world of micro particles was one sense in which the
traditional mixed mathematical science of mechanics was being articulated and
renegotiated in a physico-mathematical direction. It is important to note that the
conventional topos according to which Descartes’ mechanism comes from a, quite
real, fascination with automata and mechanical contrivances, is misleading at this
point. Simply to revel in automata, or read engineers and students of more tradi-
tional mechanics, like Simon de Caus, would not make you a corpuscular-mechanist:
there were many devotees of mechanics and mechanical contrivances who were not
corpuscular-mechanical natural philosophers.

However, Descartes was not at this point in 1618—1619 a systematic philosopher of
nature, corpuscular-mechanist or otherwise. Neither he nor his mentor displayed the
slightest interest in weaving a systematized version of their corpuscular-mechanism
for private or public consumption. Rather, something else was on their minds, and it
was tied up with how and why they held to corpuscular-mechanism as a preferred
stance in natural philosophizing. That something else was what they explicitly and

123 Gaukroger (1995) Chap. 3; Gaukroger and Schuster (2002). To see Harriot working out his own
mechanics of corpuscles on analogy to the behaviour of light, see Smith (2008).
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proudly called physico-mathematics, viewed in much the way we have generically
described it earlier in Sect. 2.5.3. Beeckman and Descartes were committed radicals,
challenging the declaratory Aristotelian rules about the nature and status of the
mixed mathematical sciences. They worked on several projects which we shall
examine in considerable detail, all devoted to moving bits and pieces of some of the
mixed mathematical fields into direct, organic connection with natural philosophy,
meaning for them a corpuscular-mechanical natural philosophy which would sup-
ply, in a piecemeal way, the explanatory framework of matter and cause involved in
resolving each separate problem. So, we can and will picture the young, rather radi-
cal Descartes in late 1618 and early to mid 1619 as follows: In natural philosophy,
he held a marginal and radical species, corpuscular-mechanism, but he held it
loosely, not pursuing a system or advocating the program as such. It was subordi-
nated to the real program, in physico-mathematics. His identity, perhaps his dream,
was that of a corpuscular-mechanical physico-mathematicus, not a systematic cor-
puscular mechanist.

This, by the way, will show the value of attending not only to natural philoso-
phizing, its structure and dynamics, but also simultaneously to how players address
given but negotiable rules of natural philosophizing, and how, additionally, they
position themselves as players. Simply to say Descartes becomes interested in cor-
puscular-mechanism is not enough; nor is it enough to recognize that this was one
species of a number of increasingly competing programs in a turbulent field; nor is
it enough to recognize that the rules and grammar of natural philosophizing were
conveyed through university teaching of Aristotelianism; nor that gua rules they
were in principle contestable and renegotiable. No, one also has to see that holding
a natural philosophy might or might not involve commitment to systematization and
that what a player imagined about his agenda and identity in the field will help
explain much of how he dealt with and worked within the landscape just
described.

Given all that, it would be a relatively easy problem with which to deal, if
Descartes had simply remained this kind of Beeckmanian, piecemeal corpuscular-
mechanical physico-mathematicus, and if correspondingly, this identity and agenda
of his could have been smoothly actualized. Neither of these conditions were
fulfilled. We shall see that Descartes’ early physico-mathematics, which was both a
vast agenda and possible intellectual identity, remained in practical terms a scene of
very mixed results. So, even early on there was a tension between program and
identity, on the one hand, and results, on the other. Moreover, this kind of tension
was to escalate for the young Descartes in these very early years, because his
trajectory did not remain fixed on physico-mathematical corpuscular mechanism.
It became even more complex and tortured, and for long periods between 1618 and
1628 it even effectively took him out beyond, and as he would see it, above natural
philosophizing, to a pair of related and extremely radical, indeed delusionary,
imperialistic knowledge programs within which corpuscular-mechanical physico-
mathematics would be reduced to only a small fiefdom.

We shall learn that in 1618-1619, Descartes envisioned in quick succession two
breathtaking projects reaching beyond physico-mathematics: universal mathematics
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and universal method. First, he imagined his universal mathematics as meant to
encapsulate and transcend ‘mere’ physico-mathematics by unifying it with the tech-
niques and protocols he was also working on, in a piecemeal fashion, in analytic
mathematics. Then, in a peak of excitement later in 1619 (around the time of his
famous dreams), he envisioned his universal method which was meant to absorb
universal mathematics itself and move on much further to be applicable and
efficacious in all rational disciplines. We shall have much to say about these
projects, their relations, and the reasons for their inevitable sterility and failure.
Additionally, as suggested by Sect. 2.6 above, we shall also find out why projects
such as Descartes’ method offer such a convincing and attractive appearance to their
inventors, and sympathetic audiences. Importantly, each of these programs offered
Descartes resources for imagining his agenda and identity. With universal mathe-
matics and method in mind, as he seems to have held them during the 1620s, he was
in fact proposing to pass beyond natural philosophizing, by first limiting natural
philosophy to physico-mathematics of his own style (a vast culling, or reforming of
the field) and second, by subordinating even that type of natural philosophy to a
subsidiary role in the larger proposed field of universal mathematics, to be ‘worked’
by the method.

This version of the young Descartes illustrates that he was aiming to become the
leader of, and model for, a kind of intellectual program in which natural philoso-
phizing would become ‘mathematical’, in the sense of physico-mathematical and be
subsumed with all other mathematically based disciplines into universal mathemat-
ics. Indeed, all rational disciplines, including universal mathematics, would come
under the sway of common procedures of a universal method, itself devised by
extension and articulation of properly mathematical procedures. However, as we
shall see, the young René Descartes eventually discovered the impossibility of his
dreams of universal mathematics and method, when he tried to work them out in full
in an expanded version of his Rules for the Direction of the Mind between 1626
and 1628.

We shall examine in considerable detail how and why that happened, and when
we reach that point, we shall also see something completely explicable and unex-
ceptional happen. With the collapse of his methodological dream, agenda, and iden-
tity, that is, with the failure of his project of the Rules for the direction of the mind
in 1628, Descartes retreated to more familiar and densely populated terrain. He quickly
evolved or inflected into being, by agenda and identity, a systematic philosopher of
nature, as he developed his project for Le Monde, his first system of natural philoso-
phy, a bold corpuscular-mechanical and realist Copernican vision which bore at its
core some of the conceptual DNA of his earlier physico-mathematics. His more
pure analytical mathematical work was separated off from natural philosophizing,
in accord with the traditional Aristotelian position on natural philosophy and math-
ematics being cognate fields. The substitute for his previous grandiose programs
became the attempt to ground and legitimate both natural philosophy and mathe-
matics, by an overarching dualist metaphysics. Thus was the embryonic form of
mature Cartesianism hatched. We shall see just how far Descartes was intending to
design Le Monde as a coherent system of natural philosophy; how Le Monde bore
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some conceptual DNA from his physico-mathematical results and aspirations; and
what his strategies of co-optation, emulation and replacement involved vis a vis his
competitors such as Beeckman and Kepler. In all of this, our modelling of the system-
aticity of a natural philosophy in Sect. 2.5.5 will be of much use.

Such, in brief, will be our answer to the questions: What kind of natural philoso-
pher was the young Descartes? How did he practice? What at various points did he
envision as his agenda and identity? What tactics did he follow? How did he play
with and upon the common rules and grammar of the field? And, where did he arrive
by the time he had written his first system of natural philosophy? The detailed
answers will be worked out in the next nine chapters by reconstructing his natural
philosophical, physico-mathematical and methodological trajectories in their con-
crete and evolving circumstances.'” As indicated, we must begin with the most
important stage in the entire story, Descartes’ second natural philosophical educa-
tion under Isaac Beeckman, and his entry into the aspirational realm of physico-
mathematics.
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Chapter 3
‘Recalled to Study’—Descartes,
Physico-Mathematicus

3.1 Introduction

When Descartes received his baccalaureate degree and licentiate in civil and canon
law from Poitiers, on November 9 and 10, 1616, he faced the problem of the choice
of a career appropriate to a man of his social background and education. He might
have followed his father and brother in the legal and administrative career of an
aspiring noble de robe. Certainly everything in his immediate family background
and education conduced to this choice. Alternatively, since he had been raised on
the Jesuits’ diet of neo-Scholastic natural philosophy, ethics, mixed mathematics
and perhaps some military architecture, and was a minor a landowner in his own
right, and, moreover, belonged to an age when aspiring French merchants and mag-
istrates yearned to emulate the status and habits of the feudal nobility, he could have
tested his fortune as a gentleman soldier. Apparently, after some hesitation, or per-
haps just a period of deliberation, Descartes passed into the Low Countries some-
time in 1618 and enrolled as a gentleman-volunteer in the army of Prince Maurice
of Nassau, Stadholder of six of the seven United Provinces. It was by no means
unusual at that time for young French Catholic gentlemen to pursue military careers
in the service of the Protestant, and hence intensely anti-Habsburg, Dutch Republic.
These were the closing years of the tense Dutch-Spanish truce, due to expire in
1621, and of mounting political and religious tension in the Holy Roman Empire,
which would erupt into the thirty Years War within a matter of months. The moder-
ately pro-Protestant and stridently anti-Hapsburg policy of France had perhaps been
more clearly defined whilst Henri I'V had lived, and, it would be revived and extended
by Richelieu under the pressure of widening war as the 1620s unfolded. Still, even
in the confused years of the minority of Louis XIII, service with the Dutch was a
clear and acceptable option for a young French gentleman.

Descartes later claimed to have chosen a military career in order to begin to allay
early sceptical doubts by studying ‘the great book of the world’, and he even implied
that his experiences were meant to serve as a sort of propaedeutic to his natural
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philosophical career. His remarks, really rhetoric in the service of his method-based
myth of his own life, served up in 1637 in the Discourse on Method, may have tickled
a romantic nerve in generations of uncritical admirers. But, given Descartes’ back-
ground and education, there was really nothing very romantic, or (methodologi-
cally) prophetic in his move to the United Provinces. There is no evidence for
supposing that in 1618 he was in search of practical experience and worldly knowl-
edge such as could assuage a seriously articulated scepticism, or in some way pre-
pare him for the career of the future author of the Discourse. One is tempted rather
to conclude that Descartes was a bit disillusioned with the lack of guidance his edu-
cation had offered in the choice of a career, and that perhaps he had had enough of
bookish learning, for the time being, or perhaps even for good. But even if it could
be shown that Descartes harbored such commonly observed attitudes, little light
would be cast on the subsequent direction of his career as a physico-mathematical
natural philosopher and aspiring prophet of method.

By contrast, what is known about his stay in the United Provinces is of the
utmost importance for interpreting his career as a natural philosopher of a so-called
physico-mathematical type and as a self proclaimed prophet of method. In
November 1618, while garrisoned in Breda, the 22 year old Descartes had the good
fortune to make the acquaintance of Isaac Beeckman, a 30 year old Dutch scholar,
who had recently taken his medical degree at Caen in Normandy.' This was to be
the beginning of a decisive period in the development of Descartes’ views about
natural philosophy. For two months at the end of 1618, Descartes and Beeckman
worked together, speculating upon and resolving various problems in natural
philosophy, mechanics, theory of music, hydrostatics and mathematics. After
Beeckman’s departure for Middelburg, early in 1619, the two men continued to
correspond at least until Descartes set off on his travels in Germany and the east in
late April.? In one of those letters Descartes confessed that Beeckman had ‘recalled’
him to ‘erudition’ and led him back to ‘serious occupations’.? If anything this was
an understatement, for Descartes’ work and study with Beeckman set the tone of
his career as a natural philosopher. In effect, Descartes served a second natural
philosophical apprenticeship with Beeckman. This fortified him with a new vision

'Beeckman was born in Middelburg on 10 December 1588. He was first intended for the reformed
ministry and studied theology at Leiden between 1607 and 1610. There he also came in contact
with Rudolph Snel, the Ramist practical mathematician and pedagogue. This connection is of
potentially great significance for the interpretation of Beeckman’s career, for Snel offers a prime
example of the tendency of late sixteenth century Ramism to concern itself with problems of the
practice and pedagogy of the mechanical arts and applied mathematics. See Hooykaas (1981) and
biographical note by C. de Waard in Mersenne (1932-88) ii. 217; Mahoney (1981); Ong (1958),
305; Vollgraff (1913). The most important work on Beeckman of the last generation without doubt
is Klaas van Berkel (1983). The author informs me that the long awaited English translation of this
work is presently being prepared by Maartin Ultee for the Johns Hopkins University Press.
(Personal communication 15 September 2009.)

2The last extant letter from this period dates from 29/4/1619, AT. X. p. 164.

3Descartes to Beeckman, 23/4/1619, AT. X. pp. 162-3.
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of the aims and content of a physico-mathematical style of natural philosophy and
displaced the Scholastic vision purveyed at La Fléche.* Beeckman also apparently
stimulated Descartes’ return to the study of mathematics.’ But here Beeckman’s
influence was less decisive, for Descartes’ earliest recorded work in mathematics
already shows deep conceptual concerns which did not form an important part of
Beeckman'’s intellectual armory.®

Beeckman famously was, along with Thomas Harriot, one of the very first genu-
ine corpuscular-mechanical natural philosophers in Europe and hence a unique
resource for Descartes’ own orientation toward that species of natural philosophy.
But, we misunderstand the situation and the nature of their intellectual relations, if
we assume [ 1] that Descartes made a crisp, total, systematic, explicit and immediate
conversion to corpuscular-mechanism; and [2] that corpuscular-mechanical ontol-
ogy was the only dimension to their cultural exchange. As to the former point,
Descartes did not become a clear and explicit advocate of corpuscular-mechanism
in 1619-1620. Indeed, he only undertook a systematic elaboration of corpuscular
mechanism after 1628. But, it is safe to say he had from Beeckman a leaning toward
corpuscular-mechanism, which peeps out from some of his early natural philosoph-
ical work, and even that some of his early talk of force, attraction, penetration and

4 With a few notable and important exceptions—Gaukroger (1995), van Berkel (1983), Shea
(1991), and Garber (1992)—who all published subsequent to my (1977). Cartesian scholars have
tended to minimize the import of Descartes’ friendship with Beeckman. The literature has under-
standably focused attention on the metaphysical and epistemological aspects of Descartes’ thought,
and to the extent that it has dealt with Descartes’ natural philosophy at all, it has usually stressed
the novelty of his enterprise. The lack of appreciation of the similarities between the natural philo-
sophical enterprises of Descartes and Beeckman has perhaps been reinforced by an implicit bias
toward accepting Descartes’ account of their relations. That account derives in large measure form
Descartes’ correspondence concerning a dispute with Beeckman which broke out in the early
1630s when Descartes was writing Le Monde. Descartes’ complaint rested on Beeckman’s remarks
to Marin Mersenne to the effect that the had been Descartes’ ‘master’ for ten years; that he had
taught Descartes whatever he knew about music; and that he had invented many natural philo-
sophical ideas and recorded them in his Journal long before Descartes decided to put similar ones
into print. Additionally, as Descartes had learned, Beeckman was also on the verge of preparing his
disparate natural philosophical manuscripts for publication (see below notes 11 and 12 and corre-
sponding texts). Beeckman’s claims are undoubtedly exaggerated, and the novelty of Descartes’
natural philosophical vision, emerging in Le Monde, cannot be denied. But one should not ignore
the very real, if somewhat elusive nature of Beeckman’s influence on Descartes’ career in natural
philosophy, and hence one should not dismiss Beeckman’s dismay at the prospect of Descartes
publishing a system of natural philosophy. Descartes’ debt to Beeckman was quite complex, not
only on the basis of their early interaction, but also in the light of Descartes’ dealings with him in
the late 1620s, after an absence of 10 years. Descartes was to emulate some of the natural philo-
sophical concerns of Beeckman and part of his style of explanation; but, he also found inadequa-
cies in Beeckman’s work and developed his own ideas partly in response to them, as we shall see
in Sect. 10.3.

3 Descartes alludes to the study of ‘mechanics’ and ‘geometry’ in the correspondence with
Beeckman: 26/3/1619, AT, X. p. 159 1.13; and 23/4/1619, AT. X. p. 162 1.15.

©On Descartes’ early mathematical work, interest in analytical procedures and a general science
thereof, see below Chaps. 5, 6, and 7.
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generation was, like Beeckman’s endemic use of similar terms, meant to gloss
implied, unarticulated and rather vague underlying commitments to corpuscularly
mediated natural processes.” We are going to see several reasons why Descartes’
natural philosophical talk remained so allusive and non-committal. Perhaps the
most important reason of all was that his emphasis was less on his newly acquired
knowledge of corpuscular-mechanical ontology than on a commitment, similarly
inherited from Beeckman, to a program of physico-mathematics in and of his natu-
ral philosophical work. We shall see that early on he was paying more attention to
being an aspiring physico-mathematician within the field of natural philosophy
(wherein he was leaning toward a corpuscularian agenda), than he was to articulat-
ing and enunciating details of corpuscular structures and behaviors.

As we saw in Chap. 2, the term physico-mathematics, used historiographically to
characterize players regardless of whether or not they adopted the term, denoted a
commitment to radically revising the conventional Scholastic Aristotelian view of
the mixed mathematical sciences as subordinate to natural philosophy, non explana-
tory and merely descriptive. The mixed mathematical disciplines were somehow to
become more intimately related to natural philosophical issues of matter and
cause—they were to become more ‘physicalised’, more closely intertwined with or
integrated into natural philosophizing, regardless of which specific genre of
natural philosophy the budding physico-mathematician endorsed. As we shall see,
Beeckman’s approach involved a physico-mathematical agenda in, or for, his
favored brand of corpuscular-mechanical natural philosophy. One dimension of this
admittedly vague program involved a dynamical approach to mechanics and
the simple machines—in the well known sixteenth century style of the (pseudo-
Aristotelian) Mechanica—as a template for drawing up rules of corpuscular impact
behavior for the natural philosophy. Under Beeckman’s tutelage, Descartes also
identified himself as a physico-mathematician, and it is his physico-mathematical
work, in several telling cases, that we examine in this chapter.

However, before we become immersed in Descartes’ early physico-mathematics,
we should, as it were, write ourselves a memorandum not to lose sight completely
of the more purely mathematical work he also initiated in the period 1618-1620, to
which we shall return in Chap. 5. Our promissory note should read as follows: In
this early period Descartes pursued an analytical, problem-solving oriented agenda
in mathematics, to which, in his view, his physico-mathematics bore a striking
resemblance, in that it, too, was piecemeal, problem oriented, and aimed in part to
physico-mathematically ‘analyze’ findings in mixed mathematics ‘back to’ their
natural philosophical causes. Indeed, we shall later learn that the parallels he per-
ceived between his mathematical and mixed mathematical work triggered in 1619—
1620 his dream of a unified analytical approach to all mathematically based
disciplines—practical, pure and physico-mathematical—to which he appropriated
the already circulating term ‘universal mathematics’. Moreover, that overheated

7See examples of this below, and in Beeckman’s case later in 1620s in the context of celestial
mechanical speculations in Sect. 10.3.
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conception quickly gave way to the even more encompassing mirage of a universal
method. We shall trace these compounding enlargements of his mathematical and
physico-mathematical agenda in Chap. 5. For the moment we should note first of all
their common origin with the ‘physico-mathematisation’ of corpuscular-mechanism
in the early years 1618—1620. And secondly, we should flag the fact that much of
our story of Descartes agonistes is precisely the story of the intended and unin-
tended entanglements of these two trajectories—in physico-mathematical natural
philosophy, and in analytical mathematics, promoted to fantasy programs in univer-
sal mathematics and method—marked as they were by determined planning, unin-
tended shifts and some spectacular insights, some decisively fruitful, some
disastrously misleading, all in turn conditioned by the varied environments in which
Descartes moved.

Returning, then, to the present chapter on Descartes’ physico-mathematical genre
of natural philosophy in its embryonic forms, we shall examine three case studies of
this work: his manuscript on hydrostatics and the hydrostatic paradox; his well
known work with Beeckman on the nature of accelerated fall; and a curious, widely
overlooked but extremely important geometrical and physical optical fragment on
refraction of light adapted and explicated from bits of the work of Kepler. The first
two cases derive from a document itself entitled ‘Physico-Mathematica’ which
dates from the end of 1618 or beginning of 1619.% The third fragment may be dated
around 1620. Although the material on fall is better known, our emphasis will be on
the first and third cases. The hydrostatics manuscript will turn out to be the key case,
most revealing of the style and aims of Descartes’ physico-mathematics articulated

8 As is the case with all the early writings, no exact date can be assigned to the hydrostatics manu-
script. Some internal evidence suggests that Descartes composed it shortly before Beeckman left
Breda at the beginning of 1619: see AT x. 69 1.15 and 74 1.23 which seem to imply that Beeckman
and Descartes had recently discussed these problems in person. Adam and Tannery note that the
‘Physico-Mathematica’ were misplaced in Beeckman’s Journal, having been transcribed along
with the Compendium Musicae between two entries for 20 April 1620 (AT. x. 26-7). By that time
Descartes himself was in Germany and no longer in contact with Beeckman. If, as seems to be the
case, the ‘Physico-Mathematica’ were composed around the same time as the Compendium of
Music which was a New Year’s gift to Beeckman, then it again seems very likely that the hydrostat-
ics manuscript dates from late 1618 or early 1619. The Compendium is not treated in this chapter
on Descartes as a physico-mathematician for the simple reason that this early work of Descartes
shows hardly any traits of physico-mathematics, staying almost entirely within the realm of tradi-
tional mixed mathematics. Zarlino’s views on consonance are followed, but derived as much as
possible from geometrical considerations. There is a brief early passage, inserted according to a
suggestion by Beeckman, dealing with the physical vibrations actually made by a string, but it does
not affect the tenor of the bulk of the piece. At no point do physico-mathematical protocols of the
sort we will unpack here make an appearance. On the content and tenor of the Compendium the key
work is by Floris Cohen (1984). See also the discussion in Gaukroger (1995), pp. 74-80, who
points out that at this early stage Descartes is oblivious to recent developments by Benedetti,
Vincenzo Galileo and Beeckman himself, who all recognised difficulties with Zarlino’s arithmeti-
cal treatment of consonance and thus turned their attention to conceptualizing consonance, and its
problems, as due to the coincidence of sound vibrations (variously physically explicated). Descartes
keeps the Compendium within the realm of mixed mathematics, rather than opening up this poten-
tially physico-mathematical domain.
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to, and through, an embryonic corpuscular-mechanism. Understanding his agenda
on its basis will allow us to understand the third fragment, which in turn will be
critically important to our examination in Chap. 4 of Descartes’ later successes in
physico-mathematical optics in the mid and late 1620s, including his discovery and
attempted mechanistic explanation of the law of refraction of light. As to the mate-
rial on accelerated fall, it will take on a different appearance than it has in the tradi-
tional literature, because we shall view it across the natural philosophical cum
physico-mathematical preoccupations of Descartes and Beeckman. To them it was
not simply a search for a descriptive law of accelerated fall, but rather an exercise in
the physico-mathematics of fall, meaning that an exact descriptive law was sought
in order to reveal, or confirm, natural philosophical insights about the causes of the
phenomenon. Our two physico-mathematici were stymied in this project by two
interrelated problems: they could achieve no conviction either about the correct
descriptive law, or about the nature of the causes at work. Hence, this approach
helps explain what their work did and did not accomplish, and why it is not simply
a case of trying, but failing, to ‘be Galileo’. In contrast, regarding the physico-
mathematics of hydrostatics, Descartes judged that he had a solid achievement and
way forward; whilst in physico-mathematical optics, although his initial foray was
inconclusive, he had an agenda, and indeed a style of practice, that would lead less
than a decade later to the greatest of his physico-mathematical feats, precisely in the
realm of optics and the refraction of light.

So, our cases are indispensable to properly commencing our reconstruction of
Descartes’ struggles, first, between 1618 and 1628, in physico-mathematics articu-
lated to natural philosophizing, and later, after 1628 in systematic natural philoso-
phy bearing the genealogical imprints of that earlier physico-mathematics. But, the
precondition to understanding the cases is to comprehend Descartes’ mentor,
Beeckman, as an anti-Aristotelian, corpuscular-mechanical natural philosopher,
interested in some sort of radical take on the relations of mixed mathematics and
natural philosophy, which he pursued under aims and values redolent of the rise of
elite estimation of the status of the practical and mechanical arts.

3.2 Beeckman: Mentor and Colleague in Physico-Mathematics
and Natural Philosophy’®

3.2.1 Corpuscular-Mechanical Natural Philosophy
and the Values of the Practical Arts

Beeckman was one of the very first individuals in Europe to pursue consistently the
idea of a micro-mechanical approach to natural philosophy. He conceived of a rede-
scription of all natural phenomena in terms of the shape, size, configuration and

“Material in this section broadly follows Gaukroger and Schuster (2002).
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motion of corpuscles. He insisted that what we have termed in Chap. 2 the ‘causal
register’ of this account, that is, the principles of all natural change, had to be derived
from the transdiction of the presumed mechanical principles of macro-phenomena,
in particular the behavior of the simple machines. As discussed in Chap. 2, this was,
of course, an exemplary ‘physico-mathematical’ move, because it promoted findings
in the practical and mixed mathematical field of mechanics to the level of natural
philosophy, indeed, to the very core of the causal register of that natural philosophy.
Beeckman offered on a first-hand basis an approach to natural philosophy which
was not available to Descartes from any other contemporary source.'”

For most of his natural philosophical career Beeckman was no systematizer. His
natural philosophical inquiries have a disorganized, almost random character,
bespeaking more the humanist commonplace book than the Ramist attention to
methodical textuality he surely learned from the elder Snel. However, at the end of
the 1620s he edited his notes on mechanics and cosmology into the form of a rea-
sonably systematic account with a view to publication.!! Descartes, who was begin-
ning to put together the material for Le Monde at this time and was evidently
disconcerted to learn that Beeckman had a similar project in mind, directed a bar-
rage of abuse against Beeckman, calling into question his abilities and his original-
ity. As a result Beeckman abandoned plans for the book.'? His Journal is filled with
questions ranging from embryology to celestial mechanics and from logic to applied
mathematics, all addressed in short entries, rarely as much as a page in length.
Beeckman prided himself on the spontaneous character of his inscriptions, which he
thought offered a more genuine insight into the questions posed than any prear-
ranged program of scholarship."® In fact, he may have had a point, because his ran-
dom speculations did focus his attention on troublesome details of applying
micro-mechanical principles to specific questions, without the baggage of textual
systematization and metaphysical or theological legitimation. This makes the
Journal a unique source of insight into the values, aspirations and presuppositions
constitutive of the emerging corpuscular mechanical genre of natural philosophy.
As we shall see, Descartes’” hydrostatics manuscript, emerging in this natural philo-
sophical milieu, arguably displays in the case of Descartes a similar ‘naive’, non-
systematic, stage in the early formulation of a corpuscular mechanical approach.

Beeckman’s views on natural-philosophical explanation seem to stem from his
unexamined faith in the truth and relevance of the theory and practice of the mechanical

120Of course, in his own natural philosophizing Descartes would eventually employ a very different
notion of just what the principles of mechanics are which provide the causal dimension of his
mechanical philosophy. In addition, unlike Beeckman, Descartes would later be drawn into serious
concern about the metaphysical grounding of his natural philosophy and the epistemic status of his
claims. Nevertheless, from Beeckman came the inspiration for a new species of natural philosophy,
as well as a considerable portion of its content.

Ut was edited by his brother Abraham after Beeckman’s death and appeared as Beeckman
(1644).

12For the details of this episode, see van Berkel (2000).

3 Beeckman (1939-53) ii. 99.
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arts, and practical mathematics, as he had learnt them working with his father laying
water conduits, and reading the works of Stevin and the Snels. In the Journal, with
its hundreds of pages of natural-philosophical speculations, interleaved with practi-
cal questions drawn from the mechanical arts, one can detect the merger of natural
philosophy with the re-evaluation of the aims and limits of knowledge which had
emerged in discussions of technology and the practical arts in the later sixteenth
century.'* He consistently held Aristotelian and neo-Platonic notions of immaterial
causes and agencies to be ‘unintelligible’ and hence useless in natural philosophy,'
and he frequently insisted that natural philosophy speak in terms of imaginable
things and processes, rather than entities of the pure understanding.!®* No doubt
Beeckman conceived himself to be attacking traditional modes of philosophical
discourse in the name of common sense; but, his ‘common sense’ was precisely the
educated, and to that degree sophisticated, common sense of the theory, practice,
and ideology of the mechanical arts and practical mathematics. No simple mechanic
would appeal to teleological processes, occult virtues, or immaterial causes to
account for the functioning of a simple mechanical device, although devotees of
natural magic or Platonising trends in natural philosophy might. Explanations in the
mechanical arts rested on the appeal to a clear picture of the structure and interac-
tion of the constitutive parts of the apparatus. As simple mechanical and hydrody-
namical devices showed, only motion or pressure can produce the rearrangement of
parts and hence produce work, and for theoretical purposes, the causes of motions
and pressures are other motions and pressures.

What Beeckman was demanding in natural philosophy was the application of the
criteria of meaningful communication between mechanical artisans—the appeal to
a picturable or imaginable structure of parts whose motions are controlled within a
putative theory of mechanics. His central contention was that there is no point in
talking about effects if you cannot imagine in this way how they are produced. The
exemplar of imaginatively controlled efficacy resides in the mechanical arts, where
one can command nature at a macroscopic level. Hence, it was characteristic of
Beeckman’s translation of the imperatives of the mechanical arts into the terms of
natural philosophy, that he was not overly concerned with metaphysical objections
to his doctrines. Transdiction from the macroscopic to microscopic realms did not
pose epistemological difficulties for Beeckman, as it would later for Descartes and
other more ‘scholastified” mechanists, bearing the discursive weight of their
Aristotelian educations. The only constraint he placed on transdiction was the eminently

14See Paolo Rossi (1970), 1-62, and our historiographical observations above Sect. 2.7.
S Beeckman (1939-53) i. 25.

!* Beeckman to Mersenne, 1 October 1629, Mersenne (1932-88) ii, 283, ‘nihil enim in philoso-
phia admitto quam quod imaginationi velut sensile representatur.” Cf. the demands that Descartes
was to place on mathematics and ‘mathematical’ natural philosophy in the latter portions of the
Regulae, written in the late 1620s, as well as his insistence on the ‘figurate’ representation of
problems to be solved, both in mathematics and in optics and natural philosophy generally, on which
in general see Sepper (2000) and which we will see illustrated in the early physico-mathematical
work below.
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‘mechanical’ one of questioning whether the widely differing surface to volume
ratios of macroscopic bodies and corpuscles would entail any differences in their
mechanical behavior in various systems.!” Nevertheless, Beeckman did not pursue
such a natural philosophy because he had read Stevin, studied with Rudolph Snel,
and made an early career in the mechanical arts. Rather, it was Beeckman’s educa-
tion and pedagogical vocation, and his objectively correct image of himself as a
man of learning and polite interests which instilled in him the cultural value of the
pursuit of natural philosophy.'® In accordance with our ‘cultural process model” of
natural philosophy in Chap. 2, the point is that what helped make him unique within
the culture of natural philosophy was the way his desire to be a natural philosopher
was refracted by his early experience in the theory and practice of the mechanical
arts. The Journal testifies to his private goal of reforming natural philosophy in the
name of values of mechanical intelligibility and utility.

Beeckman held a fundamentally atomistic view of nature. His atoms possess
only the geometrical-mechanical properties of size, shape, and impenetrability
(being absolutely hard, incompressible and non-elastic). Motion is conceived as a
simple state of bodies, rather than an end-directed process which they undergo.
Moreover, the possession of motion is not mediated by any metaphysical concep-
tion of an internal moving force, impetus, or virtue. All other qualities, including the
four elemental qualities of Aristotle, arise from the diverse ways in which various
atomic structures constituting bodies impinge upon our sense organs.' Indeed,
Beeckman devoted much of his speculation about matter to devising a four element
theory within the assumptions of his atomic doctrine.?® Beside allowing cooptation
of traditional modes of explanation still very much alive in Aristotelianism and
Galenic medicine, Beeckman’s element theory allowed him, in certain contexts,

7Beeckman (1939-53) ii. 77-8. Similarly, Aristotelian ‘philosophical’ arguments against the
existence of the void carried less weight against his atomism than the transdiction of the ‘meta-
physical’ objection that perfectly hard atoms lacking pores cannot undergo rebound (ibid. p. 100).
He was obviously disturbed by his inability to conceive of a convincing macroscopic model for
hard body rebound. Mechanical common sense seemed to indicate atoms do not exist.

'8 Prior to 1616 Beeckman had spent a few years in the trade of candle making and also followed
his father’s craft of laying water conduits, especially for breweries. Many of the notes in his Journal
reveal that Beeckman saw connections between practical questions raised in relation to his craft
activities and the teachings he had received from the elder Snel, as well as the writings of Willebrord
Snel and Simon Stevin. Beeckman, however, did not plan on remaining a practitioner of the
mechanical arts, albeit a highly educated and philosophically literate one. In 1618 he took an M.D.
degree at Caen. From November 1619 he was Conrector of the Latin School at Utrecht, and in
December 1620 he moved to Rotterdam, where his brother was Rector of the Latin School.
Beeckman gave lessons and became Conrector in 1624. He also founded a ‘collegium mechani-
cum’, or society for craftsmen and scholars interested in natural philosophical questions with tech-
nical import. In 1627 he became Rector of the Latin School at Dordrecht, a position he held until
his death in 1637.

1 Beeckman (1939-53) ii. 86.

21bid, pp. 86, 96; cf. Beeckman (1939-53) iii. 138, ‘Ignis minimum non est atomus sed homoge-
neum ex atomis compositum.’
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to de-emphasize atoms as explanatory elements. This was important, because he
was impressed by arguments showing the impossibility of rebound after collision of
perfectly hard atoms, and because he had difficulty reconciling atomic theory with
the phenomena of elasticity.”! Accordingly, he built his traditional elements out of
congeries of atoms and manipulated the elements as functional units of explana-
tion,?? without, however, explaining what structural features the congeries had that
enabled them to possess the required property of elasticity that their constituent
parts lacked.

3.2.2 Beeckman’s Causal Register, Principles of Mechanics
and Version of Physico-Mathematics

Unlike previous advocates of atomism, and prior to any of the great mechanists of
the later seventeenth century, Beeckman sought to explain the behavior of his atoms
by applying to them a causal discourse modeled on the principles of mechanics; that
is, the science of the simple machines, articulated in a dynamical way, in the tradi-
tion of the pseudo-Aristotelian Mechanica or Mechanical Questions, rather than in
an Archimedean mathematically rigorous statical manner.® It is here that very
precise bearings emerge for Beeckman’s own understanding of the meaning of

2 Beeckman (1939-53) ii. 100-1.

2Beeckman (1939-53) iii. 31 Beeckman’s theory of light provides a good example: He held light
to be corporeal and to consist in the finest particles of elemental heat or fire. Because light can be
reflected and refracted (to Beeckman refraction was a form of internal reflection), it cannot consist
in isolated atoms; therefore, light, heat and fire had to be conceived as second order homogenous
composites made up of numerous atoms and void space.

2 See Gaukroger and Schuster (2002), p. 545. For example, the basic principle behind the
Mechanica’s treatment of the lever (set out in a number of passages in Aristotle) ‘holds that the
same force will move two bodies of different weights, but it will move the heavier body more
slowly, so that the velocities of the two bodies are inversely proportional to their weights. When
these weights are suspended from the ends of a lever, we have two forces acting in contrary direc-
tions, and each body moves in an arc with a force proportional to its weight times the length of the
arm from which it suspended. The one with the greater product will descend in a circular arc, but
if the products are equal, they will remain in equilibrium.” In contrast, the purely statical and math-
ematical approach of Archimedes ‘makes statics a mathematical discipline independent of any
general theory of motion, whilst that of the Mechanica makes statics simply a limiting case of a
general dynamical theory of motion, a theory which is resolutely physical. In other words, the
Mechanica account comes as part of a package which is driven by Aristotelian dynamics, above all
by the principle of the proportionality of weight and velocity. This did not stop a number of math-
ematicians, such as Benedetti, Tartaglia, and Galileo, from trying to revise the package, hoping
they could salvage the dynamical interpretation of the beam balance and simple machines while
jettisoning the natural philosophy that lay behind it, but the pivotal role this natural philosophy had
played meant that such a revision could never be successful, as we shall see below when we con-
sider Galileo’s attempt to realize this program. The Archimedean account, by contrast, comes
without any dynamical, or more broadly speaking physical, commitments: put more strongly, it
comes without any physical content.’
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‘physico-mathematics’, and hence for the resources his physico-mathematics could
offer to Descartes, who adapted and translated them into a different, and we shall
see, even more radically anti-Aristotelian form.

By 1613 or 1614 Beeckman formulated a concept of inertia holding for both
rectilinear and curved motions.?* He insisted that motion, once imparted to a body,
is maintained at the same speed, unless destroyed by external resistances. In the
absence of external constraints there is no reason why the state of motion of the
body should alter:

Everything once moved never comes to rest unless due to an external impediment. Moreover,
the weaker the impediment, the longer the moving body moves.... A stone thrown in a
vacuum is perpetually moved; but the air hinders it by always striking it anew and thus acts
to diminish its motion. Indeed, what the philosophers say, that a force is impressed in the
stone, seems without reason. For who can conceive in his mind what that force would be, or
how it would continue to move the stone, or in what part of the stone it would find its seat?
But someone can easily conceive in his mind that motion in a vacuum never comes to rest,
because no cause changing the motion is present; for nothing is changed without some
cause of change.”

Combining his principle of inertia with his atomic ontology, Beeckman con-
cluded that the only possible mode of external constraint or resistance that can be
exerted on an inertially moving body is corpuscular impact. Conversely, only cor-
puscular collision and transfer of motion can account for the initiation of motion of
resting bodies which have resisted the passage of inertially moving bodies.
Ultimately, therefore, only the transfer of motion can account for change in the posi-
tion, arrangement and disposition of atoms, and hence furnish the principle of all
natural change.?

Beeckman eschewed metaphysical elaboration of concepts of internal moving
forces or impetus as the cause of the continuation of inertial motion.?” His attitude
seems to have been that the idea of motion is sufficiently well understood, and that
it is motion per se, the state of traversing space in time, which is imparted to bodies

On the influence of the Mechanica in the sixteenth and seventeenth centuries, see Duhem
(1905-6), Rose and Drake (1971), and Laird (1986). The Mechanica, which is probably the work
of Strato or Theophrastus, was traditionally attributed to Aristotle, an attribution which Duhem
and Carteron (1923) follow. The work is Aristotelian in tenor, but has the peculiar feature that
whereas Aristotelian natural philosophy confines itself to natural processes, for it is these that
follow from the nature of things, the subject matter of the Mechanica, as is explained in the
opening sentence of the work is ‘those phenomena that are produced by art despite nature, for the
benefit of mankind.’

2 Beeckman (1939-53) I. 24-5. I have employed the typescript translation by the late Michael
S. Mahoney, Princeton University.

»Ibid.

26 Beeckman even tried to explain the centrifugal tendency of bodies moving in circular motion in
resisting media as the result of the combination of circular inertia and differential resistance of the
medium on different parts of the body. Beeckman (1939-53) i. 253.

*1bid, 25.
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at the beginning of their movements. All this again points to the hard-headed
‘common sense’ of macro-mechanics which controls Beeckman’s conceptualiza-
tions. His ‘mechanics’ of atoms—the causal register of his natural philosophy—was
constructed within the limits of a mechanical artisan’s belief in the priority of
explanations appealing to the motions, resistances, and displacements of parts, and
requiring no further verbal explication.

Central to such a mechanics was the problem of furnishing rules of collision,
specifying the outcomes of exchanges of motion on the atomic level.?® Since
Beeckman’s atoms are perfectly hard, he formulated rules applicable to what we
would term perfect inelastic collisions. He measured the quantity of motion of cor-
puscles by taking the product of their quantity of matter and their speed. Significantly,
Beeckman linked his measure of motion to a dynamic interpretation of the behavior
of the balance beam. He evaluated the effective force of a body on a balance beam
by taking the product of its weight and the speed of its real or potential displace-
ment, measured by the arc length swept out in unit times during real or imaginable
motions of the beam—the classic Mechanica—based procedure, but with his own
dynamical gloss. Beeckman was able to build up a set of rules of impact, by com-
bining certain intuitively symmetrical cases of collisions with the dictates of the
inertial principle and an implicit concept of the conservation of the directional quan-
tity of motion in a system. His treatment of symmetrical cases of collision and his
notion of the conservation of motion owed their form and their putative legitimacy
to the model of the balance beam, interpreted in a dynamic rather than static fash-
ion.” In this very ‘physico-mathematical’ way, he wanted to transfer findings from
a particular—~Mechanica centered—interpretation of mechanics to the causal regis-
ter of his natural philosophical discourse. Indeed, Beeckman’s commitment to a
dynamical interpretation of the principles of the simple machines and his belief in a

2 See Appendix I in Mersenne (1932-88) ii. 632—44, which includes de Waard’s notes.

2 Beeckman’s rules fall into two broad categories: (1) cases in which one body is actually at rest
prior to collision, and (2) cases which are notionally reduced to category (1). The concept of inertia
and the stipulation that only external impacts can change the state of motion of a body provide the
keys to interpreting instances of the first category. The resting body is a cause of the change of
speed of the impacting body and it brings about this effect by absorbing some of the quantity of
motion of the moving body. Beeckman invokes an implicit principle of the directional conservation
of quantity of motion to control the actual transfer of motion. In each case the two bodies are con-
ceived to move off together after collision at a speed calculated by distributing the quantity of
motion of the impinging body over the combined quantities of matter of the two bodies. For exam-
ple, in the simplest case, in which one body strikes an identical body at rest, ‘...each body will be
moved twice as slowly as the first body was moved...since the same impetus must sustain twice as
much matter as before, they must proceed twice as slowly.” And he adds, analogizing the situation
to the mechanics of the simple machines, °...it is observed in all machines that a double weight
raised by the same force which previously raised a single weight, ascends twice as slowly.’
(Beeckman 1939-53, i. 265—-6) Instances of the second category of collision are assessed in rela-
tion to the fundamental case of collision of equal speeds in opposite directions (ibid, 266). Being
perfectly hard and hence lacking the capacity to deform and rebound, the two atoms annul each
other’s motion, leaving no efficacious residue to be redistributed to cause subsequent motion.
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correspondence between these principles and the rules of corpuscular collision run
right through his work.*® Beeckman consistently demanded a dynamical approach
to statics, the theory of simple machines and mechanics in general, including hydro-
statics. This dynamical approach inheres in a set of rules or principles about the
motion or tendencies to motion of bodies, which may also be read into the behavior
of fundamental corpuscles and atoms, to provide the causal register for our explana-
tory discourse about them.

To state this more generally, one can say that the style of Beeckman’s natural
philosophy demanded that macroscopic phenomena be explained through reduction
to corpuscular-mechanical models. The Journal offers hundreds of examples of this
sort of enterprise. In many cases merely qualitative reports of phenomena are so
reduced; but in other cases one was dealing with quantitative representations of
phenomena already achieved in the practical or mixed mathematical disciplines, as
is the case in Beeckman’s reading of laws of collision out of exemplary findings in

This symmetrical case, which was also generalized to cases of equal and opposite quantities of
motion arising from unequal bodies moving with compensating reciprocally proportional speeds,
derives from a dynamical interpretation of the equilibrium conditions of the simple machines.
Instances in which the quantities of motion of the bodies are not equal are handled by annulling as
much motion of the larger and/or faster moving body as the smaller and/or slower body possesses
(Beeckman 1939-53, i. 266.) This in effect reduces the smaller and/or slower body to rest. The
outcome of the collision is then calculated by distributing the remaining unannulled motion of the
larger and/or swifter body over the combined quantities of matter of the two bodies (ibid). It is
obvious that Beeckman viewed this case through a two-fold reference to the simple machines; for
the first extracts as much motion as can conduce to the equilibrium condition for symmetrical
cases, and then he invokes the principle cited just above in this note to determine the final
outcome.

¥ Beeckman (1939-53) iii. 133—4. Consider for example his commentary in 1629 upon a remark
made by Mersenne in his Traité de I’Harmonie universelle (1627) to the effect that, ‘Vitesse ou
tardivité du mouvement cause de tout ce qui se fait par bilances.” As Beeckman’s entry shows, he
fundamentally agreed with this dynamicist interpretation of the principles of the simple machines:
“The reason for this fact can be rendered very easily by those things which I wrote a little before
concerning motion. For it follows from them that a sphere twice as heavy [as another sphere], that
is, having twice as much matter, but moving twice as slowly [as the other sphere], will be stopped
after colliding with it, that is, both spheres will be at rest. For I specified that mass and motion
compensate for one another [se reciprocari]. The same thing must also be concluded concerning
the balance.” Despite some confusions Beeckman introduced in the explication of this point, his
central contention is clear enough: even macroscopic equilibrium is a consequence of the laws of
motion and impact, because it can be explained through a dynamical interpretation of countervail-
ing motions on the model of the laws of collision. He closes with a clear statement of this point:
‘One should not doubt how an account is given here of the theory of equilibrium [in isorhopicis]
by means of motion. For even if there is no motion when bodies hang in equilibrium, motions
would however take place immediately if an external force, a weight, etc. were to displace these
weights from equilibrium. Moreover, all bodies that return to their own places as soon as they are
moved from them never change their places of their own accord. Thus stones never ascend sponta-
neously and in the absence of an external force. Bodies which are at rest in our vicinity never
spontaneously move.... The cause of equilibrium therefore can be motion, even if the bodies in
equilibrium are not moved. For the cause of equilibrium is past and future motion. During the pres-
ent, to be sure, the body is at rest because past and future motions occasion rest.’
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the (dynamical) interpretation of the simple machines. Descartes’ own venture in
physico-mathematics began, as we shall now see, when Beeckman questioned him
about Stevin’s ‘paradoxical’ hydrostatical findings. Beeckman’s queries arguably
sat squarely within his own practice of physico-mathematics as we have just
described it. Beeckman wanted to see what his new friend and fellow ‘physico-
mathematicus’ could do about reducing Stevin’s work to corpuscular mechanical
terms, thereby fundamentally explaining it. This was what Beeckman and Descartes
were envisioning when in 1618 they congratulated themselves on being among the
very few ‘physico-mathematici’ in Europe. What they meant was that only they
unified the mathematical study of nature with the search for true corpuscular-
mechanical causes.’! Hence, it is to this, the first and most important of our case
studies in physico-mathematics that we now turn.

3.3 Exemplary Physico-Mathematics: The Hydrostatics
Manuscript of 16193

In 1586 Simon Stevin, the great Dutch engineer, algebraicist, maestro of the
mechanical arts and practical mathematics, at the height of his considerable powers,
did something that still incites interest, and admiration, amongst those literate in
mechanics and curious about its history—he produced in strict, deductive
Archimedean fashion, a proof for what is in effect a special case of the hydrostatic
paradox. In late 1618 or early 1619 Descartes and Beeckman—who, as a student of
the elder Snel, was also an intellectual descendant of Stevin—tried to improve upon
Stevin’s work. That is, he attempted to provide a deep natural philosophical expla-
nation for Stevin’s result. Descartes’ treatment of the hydrostatic paradox is given in
a report from Beeckman, which Stephen Gaukroger and I have termed, ‘the hydro-
static manuscript’.** Beeckman set this task to Descartes as an exercise in their style
of ‘physico-mathematics’. Moderns literate in physics find nothing admirable, or
even comprehensible in the young mechanist’s machinations—and neither do

3LAT x. 52. ‘Physico-mathematici paucissimi’. In this regard Beeckman was to note in 1628 that
his own work was deeper than that of Bacon on the one hand and Stevin on the other just for this
very reason. Beeckman (1939-53) iii. 51-2, ‘Crediderim enim Verulamium [Francis Bacon] in
mathesi cum physica conjugenda non satis exercitatum fuisse; Simon Stevin vero meo judico
nimis addictus fuit mathematicae ac rarius physicam ei adjunxit.’

32 Material in this section broadly follows Gaukroger and Schuster (2002).

3The text, Aquae comprimentis in vase ratio reddita a D. Des Cartes which derives from Beeckman’s
diary, appears at AT x., 67-74, as the first part of the Physico-Mathematica. See also the related
manuscript in the Cogitationes Privatae, AT x. 228, introduced with, ‘Petijt e Stevino Isaacus
Midlleburgensis quomodo aqua in funda vasis b...”.The expression ‘hydrostatics manuscript’
appears in Schuster (1977, 1980, 2005), Gaukroger (1995), and Gaukroger and Schuster (2002).
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hydrostatics (1586) in Stevin
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Descartes scholars or more contextually oriented historians of science. But, we shall
see this strange fragment as a valuable window into Descartes’ early physico-
mathematical agenda.

3.3.1 Stevin, Archimedes and the Hydrostatic Paradox

In his Elements of Hydrostatics 1586, Stevin demonstrated that a fluid can exert a
total pressure on the bottom of its container that is many times greater than its
weight. In particular, he showed that a fluid filling two vessels of equal base area
and height exerts the same pressure on the base, irrespective of the shape of the ves-
sel and hence, paradoxically, independently of the amount of (weight of) fluid con-
tained in the vessel. Stevin’s line of argument in establishing the hydrostatic paradox
proceeds entirely on the macroscopic level of gross weights and volumes. The
mathematical character of his proof depends upon his insistence on the maintenance
of a condition of static equilibrium, understood in terms of the fundamentals of
Archimedes’ hydrostatics.

Stevin (Fig. 3.1) proves that the weight of a fluid upon a horizontal bottom of its
container is equal to the weight of the fluid contained in a volume given by the area
of the bottom and the height of the fluid measured by a normal from the bottom to
the upper surface.** He employs a reductio ad absurdum argument applied to the
gross statical properties of fluids: ABCD is a container filled with water. GE and HF
are normals dropped from the surface AB to the bottom DC, notionally dividing the
water into three portions, 1, 2 and 3. Stevin has to prove that on the bottom EF there
rests a weight equal to the gravity of the water of the prism 2. If there rests on the
bottom EF more weight than that of the water 2, this will have to be due to the water
beside it, that is water 1 and 3. But then, there will also rest on the bottom DE more
weight than that of the water 1; and on the bottom FC also more weight than that of
the water 3; and consequently on the entire bottom DC there will rest more weight

*Stevin (1586); reprinted and translated in Stevin (1955-66), i. 415.
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Fig. 3.2 Stevin, Elements of
hydrostatics (1586) in Stevin
(1955-66) I p. 417
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than that of the whole water ABCD, which would be absurd. The same argument
applies to the case of a weight of water less than 2 weighing upon bottom EF.*

Stevin then ingeniously argued that various portions of the water can be notion-
ally solidified, or replaced by a solid of the same density as water. This permits the
construction of irregularly shaped volumes of water, to which, paradoxically, the
theorem can still be applied. Take, for example, Stevin’s Corollary II (Fig. 3.2):

He shows therefore that on bottom EF there rests a weight equal to that of a vol-
ume of water whose bottom is EF and whose height is GE. Stevin goes on to apply
these findings to oblique bottoms and thus to the sides of containing vessels.

3.3.2 The Hydrostatics Manuscript [1]
The Micro-Corpuscular Reduction

The hydrostatics manuscript is concerned with four problems of hydrostatics, of
which we shall only need to discuss one in detail. Descartes takes as given the
following conditions (Fig. 3.3):

... let there be four vases of equal width at the base, of the same weight when empty and of

the same height. Let A be filled with only as much water as B can contain, and let the
remaining three be filled as much as possible.

31bid, i. 415. “We have to prove that on the bottom EF there rests a weight equal to the gravity of
the water of the prism GHFE. If there rests on the bottom EF more weight than that of the water
GHEFE, this will have to be due to the water beside it. Let this, if it were possible, be due to the
water AGED and HBCEF. But this being assumed, there will also rest on the bottom DE, owing to
the water GHFE, because the reason is the same, more weight than that of the water AGED; and
on the bottom FC also more weight than that of the water HBCF; and consequently on the entire
bottom DC there will rest more weight than that of the whole water ABCD, which (in view of
ABCD being a corporeal rectangle) would be absurd. In the same way it can also be shown that on
the bottom EF there does not rest less than the water GHFE. Therefore, on it there necessarily rests
a weight equal to the gravity of the water of the prism GHFE.

% bid, i. 417. ‘Let there again be put in the water ABCD a solid body, or several solid bodies of
equal specific gravity to the water. I take this to be done in such a way that the only water left is
that enclosed by IKFELM. This being so, these bodies do not weight or lighten the base EF any
more than the water first did. Therefore we still say, according to the proposition, that against the
bottom of EF there rests a weight equal to the gravity of the water having the same volume as the
prism whose base is EF and whose height is the vertical GE, from the plane AB through the water’s
upper surface MI to the base EF.
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Fig. 3.3 Descartes, Aquae comprimentis in vase ratio reddita a D. Des Cartes, AT X, p. 69

It is proposed to show that,

the water in vase B will weigh equally upon the base of the vase as does the water in D upon
its base, and consequently each will weigh more heavily upon their bases than the water in
A upon its base, and equally as much as the water in C upon its base.

The first statement contains the key problem, because it refers to Stevin’s impor-
tant findings about the hydrostatic paradox. Beeckman, with his theoretical and
practical concerns in hydrostatics and his corpuscular-mechanical aims in natural
philosophy, was probably curious about how Descartes would explain this funda-
mental but strange result.

While Stevin’s approach is geometrical, Descartes’ analysis and explanation are by
contrast based on an attempt to reduce the phenomenon to micro-mechanical terms.
The hydrostatics manuscript implies the judgment that Stevin’s macro-geometrical
arguments and results can only be truly explained in terms of the corpuscular-mechanics
of fluids. Thus, it reflects the opinion of Descartes and Beeckman, cited earlier,
that they were among the very few true ‘physico-mathematici’ in Europe. It also
foreshadows Beeckman’s later claim, also cited earlier, that Stevin was too given
to mathematics and insufficiently concerned with the physical causes residing
behind his mathematical representations of macroscopic bodies and phenomena.*
While the judgments of the two physico-mathematici corresponded, we shall see

3T AT x. 68-9. This is the second of the four puzzles posed in the text, the others are: ‘(First), the
vase A along with the water it contains will weigh as much as vase B with the water it contains. ...
Third, vase D and its water together weigh neither more nor less than C and its water together, into
which embolus E has been fixed. Fourth, vase C and its water together will weigh more than B and
its water. Yesterday I was deceived on this point.” (Descartes’ latter point is not to be confused with
his proof in the text that the water in vase B and vase C will weigh equally upon their respective
bases—another case exemplifying the hydrostatic paradox and argued in a manner similar to the
case we are treating in detail.)

¥ Beeckman (1939-53) iii. 51-2.
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that in the end the detailed understandings of physico-mathematics on which these
judgments were reached differed rather significantly.

Descartes’ intention of reducing the problem to micro-mechanical terms emerges
in the opening four paragraphs of the report. He complains that a full account would
require a good deal of explanation of the ‘foundations’ of his ‘mechanics’.* (It will
soon become apparent that had this eventuated, it would have been intended as some
sort of system of concepts concerning the causation of corpuscular behavior—a
dynamics, as we are terming it, for the corpuscular-mechanical realm, meant to
ground the sorts of arguments employed in the remainder of the manuscript.) In any
case, Descartes asks us to accept a series of assumptions. First, he claims that of the
various ways in which bodies may ‘weigh-down’ [gravitare], only two need be
discussed: the weight of water on the bottom of a vessel which contains it, and the
weight of the entire vessel and the water it contains.*® Descartes’ later discussion
shows that by the weight of the water on the bottom of the vessel he does not intend
the gross weight of the quantity of water measured by weighing the filled vessel and
subtracting the weight of the container itself. He means instead the total force of the
water on the bottom arising from the sum of the pressures exerted by the water on
each unit area of the bottom. Secondly, the term ‘to weigh down’ is explicated as
‘the force of motion by which a body is impelled in the first instant of its motion’.
Descartes insists that this force of motion is not the same as the force of motion
which ‘bears the body downward’ during the actual course of its fall.*! Finally, one
must, Descartes contends, attend to both the ‘speed’ and the ‘quantity of the body’,
since both factors contribute to the measure of the ‘weight’ or force of motion
exerted in the first instant of fall. He explains that,

if one atom of water about to descend would be twice as fast as two other atoms, the one
atom alone will weigh as much as the other two together.*?

These three suppositions mark the first appearance of some fundamental notions
of Cartesian natural philosophy, at least in forms from which later, mature versions
are clearly descended. Weight or heaviness reduces to the mechanical force exerted
by a particle in its tendency to motion of descent. Moreover, as will be more clear
later in the text, the ‘weight’ of a body is now affected by the mechanical constraints
and conditions of its surroundings. Far from being an essential and invariable qual-
ity of bodies, weight is now a derivative mechanical quality, jointly determined by
the size of the body and its tendency to motion, as conditioned by the given
configuration of neighboring bodies. To be sure, Descartes does not offer anything

% “In order to set out fully my reasoning concerning the questions which have been proposed,
I would first have to explain a great deal concerning the foundations of my Mechanics; but, since
time does not permit this, I shall try to explain the matter briefly.” AT X p. 67.

AT X. 68.

4 AT x. 68. In the Cogitationes Privatae (AT X. 228) the inclination to motion is described as being
evaluated ‘in ultimo instanti ante motum’.

AT x. 68.
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like his mature version of these ideas. For example, there is little hint of the systematic
composition and resolution of tendencies to motion which he would employ later,
especially in his mechanistic optics. Nor does Descartes generalize from ‘weight’
considered as a tendency to motion to the decomposition of real motion into momentary
states of tendency to motion. This move, which will be the key element in his mech-
anistic optics and general system of dynamics (i.e. what in 1619 in its embryonic
form he is calling his ‘mechanics’), only emerged in the 1620s.* On the other hand,
Descartes does develop and articulate the concept of tendency to motion to a certain
extent, as he struggles to apply it consistently throughout the manuscript. We should
also note that Descartes’ measure of the force of motion shows the imprint of
Beeckman’s ideas and their common source in a dynamical interpretation of the
simple machines and ultimately therefore in the Mechanica tradition. As Milhaud
long ago observed, this is apparent both in Descartes’ concern with the first instant
of descent, which is, so to speak, permanently maintained in dynamical equilibrium,
and, in the evaluation of force as the product of quantity of matter and potential or
nascent velocity.*

Descartes next solves the problem of accounting for the hydrostatic paradox.
But, where Stevin offered an argument from macroscopic conditions of equilibrium,
Descartes manufactures a curious exercise in ad hoc micro-mechanical reduction-
ism. He proposes to demonstrate the statement by showing that the force on each
‘point’ or part of the bottoms of the basins B and D is equal, so that the total force
is equal over the two equal areas.” He does this by claiming that each ‘point’ on the
bottom of B is, as it were, serviced by a unique line of ‘tendency to motion’ propa-
gated by contact pressure from a point (particle) on the surface of the water through
the intervening particles. (See Fig. 3.3.)

For example, let there be determined in one base the points g, B, h; in the base of the other,
i, D, 1. I contend that all these points are pressed by an equal force, because they are each
pressed by imaginable lines of water of the same length; that is, from the top part of the vase
[water level] to the bottom. For line fg is not to be reckoned longer than fB or [any] other
line. It does not press point g in respect to the parts by which it is curved and longer, but
only in respect to those parts by which it tends downward, in which respect it is equal to all
the others.*

At least the latter portion of this passage is initially plausible. Assuming the
points on the bottoms are indeed served by unique lines of tendency transmitted
from points on the surface; then, in so far as we are only concerned with the ten-
dency to descend, we may compare the lines of tendency in respect to their vertical

4 0On Descartes’ optics and its connection to his mature dynamical conceptions, see Schuster
(2000), and below Sect. 3.6 and Chap. 4.

“Milhaud (1921), 34.

4 Descartes consistently fails to distinguish between ‘points’ and finite parts. But he does tend to
assimilate ‘points’ to the finite spaces occupied by atoms or corpuscles. Throughout we shall
assume that Descartes intended his points to be finite and did not want his ‘proofs’ to succumb to
the paradoxes of the infinitesimal.

4 AT x. 70.
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‘components’—a nice Stevinite touch, it may be noted. However, the procedure of
mapping the lines of tendency is quite curious. Descartes can perhaps be taken to
imply that when the upper and lower surfaces of the water are similar, equal and
posed one directly above the other, then unique normal lines of tendency will be
mapped from each point on the surface to a corresponding point directly below on
the bottom. But, when these conditions do not hold; that is, when the upper surface
of the water differs from the lower in respect to size and/or shape, or when it is not
directly posed above the bottom, then some other unstated rules of mapping come
into play. It would seem that in the present case, the area of the surface at f in the
basin B is precisely one-third that of the bottom, so that each point or part on f must
be taken to service three points or parts of the bottom. The problem, of course, is
that no explicit criteria or rules for mapping are, or can be, given. Descartes makes
no attempt to justify the three-fold mapping from f. He merely slips it into the dis-
cussion as an ‘example’ and then proceeds to argue that given the mapping, f can
indeed provide a three-fold force to g, B and h.

In fact, the demonstration continues solely as a justification of the three-fold
efficacy of f, rather than as a general demonstration of the problem, such as we
might expect:

It must be demonstrated, however, that point f alone presses g, B, h with a force equal to that
by which m, n, o press the other three i, D, 1. This is done by means of this syllogism. Heavy
bodies press with an equal force all neighboring bodies, by the removal of which the heavy
body would be allowed to occupy a lower position with equal ease. But, if the three points
g, B, h could be expelled, point f alone would occupy a lower position with as equal a facil-
ity as would the three points m, n, o, if the three other points i, D, 1 were expelled. Therefore,
point f alone presses the three points simultaneously with a force equal to that by which the
three discrete points press the other three i, D, 1. Therefore, the force by which point f alone
presses the lower [points] is equal to the force of the points m, n, o taken together.*’

Let us note the structure of this argument, for it is of some significance in under-
standing important aspects of Descartes’ later natural-philosophical views. The
demonstration depends on taking the mapping as given and then imagining g, B and
h to be removed or the spaces below them opened. Descartes then asks whether it is
not obvious that f would descend with equal ease toward each one of the three points
and that it thus exerts a tendency to descend upon each one of them. In addition, it
is implied that in working out the hypothetical case of descent, Descartes imagines
away the rest of the fluid, qua fluid. That is, it is in effect hypothetically solidified,
so that its behavior does not complicate the postulated mechanical relations between
fand g, B and h. There is thus a three-fold displacement away from what one might
consider the original terms of the problem: Descartes assumes an ad hoc mapping;
invokes a hypothetical voiding and consequent motion; and, finally, implicitly
solidifies parts of the fluid not involved in the first two steps. The proof of this
‘example’ is then taken as a general demonstration, without any indication as to
how the procedure is to be generalized to all the points or parts in the surfaces.

AT X. 70-1.
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This idiosyncratic mode of argument has a much greater significance than might
appear at first sight, because Descartes will make precisely the same moves in
important areas of his later natural philosophy. In fact, the three-fold technique by
which Descartes evades the problem forms, as it were, a fairly consistent motif or
style of explanation in his later work. Much of his aerostatics and cosmological
mechanistic optics will employ these sorts of arguments.*® The key to this later style
of natural philosophical argument will reside in his propensity for explanations
based on the attribution of tendencies to motion to corpuscles in various states of
rest, motion, and spatial relation. Often, tendencies to motion will be represented by
geometrical lines which in turn are analyzed in order to yield the required explana-
tion. But, Descartes will never make explicit the rules guiding the attribution of
‘lines of tendency’; just as, in the present problem, he baldly presents his mapping
of tendencies, yet cannot justify or even rationalize his choice. In his later work he
will typically try to establish the mechanical efficacy of the lines of tendency chosen
for the problem, granted their existence and precise configuration in the first place.
As we have just seen, this post facto justification proceeds by means of the hypo-
thetical voiding of the region toward which the relevant particles are said to tend. An
analysis of the resulting hypothetical motion is used to buttress the claim for the
efficacy of the particular configuration of lines in question. All this in turn renders
comprehensible the de facto ‘solidification’ of parts of the medium, which he
employs in this problem and will use again in his theory of light in its cosmological
setting. The solidification is the conceptual corollary of mapping lines of tendency
between specially chosen ‘privileged surfaces’, and those privileged surfaces will
also reappear in the cosmological theory of light in Le Monde.*

What, then, should we make of the young Descartes’ performance so far? For
Stevin’s formally rigorous and conclusive geometrical demonstration, Descartes
substitutes a very different kind of account. Descartes did not and could not have
denied the rigor of Stevin’s account. If he was conceding rigor to Stevin’s analysis,
what was Descartes seeking to accomplish? The answer is that he was seeking

8 On the aerostatics see Sect. 8.2.3.3 below. On the cosmological version of mechanistic optics in
Le Monde, see Sect. 10.7 below. By ‘cosmological’ mechanistic optics, I mean the physical theory
of light as a mechanical tendency to motion caused by the corpuscular-mechanical character of the
sun and other stars, as well as their vortices, and governed by certain rules of dynamics.

4 This mode of explanation haunts so much of Descartes’ physical thought that one could venture
to suggest that it goes a long way toward accounting for the curiously tendentious and idiosyncratic
character of much of his later natural philosophical discourse. On the one hand, we can say,
Whiggishly, that, after all, this style of explanation really consists in a connected sequence of ad
hoc manipulations. The manipulations masquerade as clarifications, while in fact they condition a
progressive loss of contact with the original aims of the problem. They close in on themselves,
forming a superficially tidy universe of discourse increasingly irrelevant to the problem at hand
and insulated from any fruitful return to new empirical information. On the other hand, and taking
Descartes’ part as it were, we shall argue in Chap. 10, concerning Le Monde that the persistence of
these protocols and motifs shows the manner in which Descartes’ first system of natural philoso-
phy still bore the traces of (and was partially constituted by) his previous engagements with ‘physico-
mathematics’.
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proper explanation, meaning explanation in terms of natural philosophy or physics.
For all its oddness to us, this little exercise seemed to Descartes to bespeak the
possibility of some new sort of agenda in the mixed mathematical science of hydro-
statics and between it and a corpuscular or atomistic natural philosophy, or more
generally between the mixed mathematical sciences, plural, and a new kind of natural
philosophical discourse—atomist and mechanist. We see hints of this in his allusion
to a ‘Mechanics’ which he intends to write. This, as we have seen, certainly would not
have been a rehash of Archimedes or Stevin, but a compendium of the concepts and
protocols he was developing for reducing macroscopic findings to talk about particles,
their tendencies to motion and the geometrical representation of same. As noted, his
later practice will tend to confirm this trajectory: he would elaborate dynamical con-
cepts as a causal register for corpuscular-mechanical natural philosophizing, and he
would invoke odd protocols of representation and argument descended from the sec-
tion of the hydrostatics manuscript we have thus far surveyed.

The above points allow us to note in passing two further features of the hydro-
statics manuscript, which just peak into view in the passages just surveyed, but
which will have a long and important trajectory in his work, deeply intertwined with
the evolution of his concerns with ‘physico-mathematicized’ natural philosophy.
The first feature concerns a leaning toward, or a preference for, a problem solving,
analytical, rather than deductivist approach to mathematical matters, including the
mathematics that should be at play within natural philosophy. We can conjecture
that this helped lead him initially to see, or reinforced an already rising preference
for seeing, mathematics in terms of problem-solving analysis as opposed to demon-
strative techniques.>® The second feature involves the strategic importance Descartes
places upon the set of geometrical lines and conditions he imposes upon the basic
diagram of the filled vases. It is these lines of tendency to motion, linking particular
points in privileged surfaces—along with correlative ‘solidified’ volumes—that set
the terms for his discursive argument concerning underlying matter and cause. We
shall see several further cases of this sort of ‘figuring up’ problems in physico-
mathematics, meaning the way given diagrams, representing either common phe-
nomena, or hard geometrical results in the mixed mathematical sciences, are further
prepared for ‘causal analysis’ by the imposition of geometrical representations of
key points, surfaces, lines of tendencies and ‘frozen volumes’.’!

3 See Gaukroger (1995) 172-81, and Sepper (1996), 157-208. Indeed, Descartes would over time
drive an agenda favoring analysis over synthesis in all mathematical pursuits: his view being that
a geometrical demonstration does not reveal to us how a mathematical result is generated. Algebraic
proofs, by contrast, have a transparency which reveals the path by which the conclusion is pro-
duced. The problem-solving, analytical approach to physico-mathematics in the manuscript hints
at this later maturing agenda. In Chap. 5 we shall examine his early work in mathematics along
these lines between 1619 and about 1625 and see how his pure mathematical work developed, and
intersected with his physico-mathematical natural philosophizing, by means of his unifying dreams
of first, a so-called ‘universal mathematics’, and then, his universal method.

3'My use of the term ‘figuring up’, here and throughout, to denote Descartes’ idiosyncratic proto-
cols for problem preparation in physico-mathematics was suggested to me by reflecting on Sepper’s
seminal work on Descartes’ early use of imagination in ‘figuring things out’ and ‘figurate solution
of problems’ (Sepper 2000).
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Given all this, what we next have to do is look at further embryonic yet
profoundly promising developments in the remainder of the hydrostatics manu-
script, concerning emergent ‘principles of dynamics’ or a causal register for his
natural philosophizing.

3.3.3 The Hydrostatics Manuscript [2] The Force of Motion

A different set of conceptual problems was raised by a part of Descartes’ argument
which we have not yet examined. Descartes did resolve these problems with a
degree of success. In so doing, he was able to begin to clarify some of the central
ideas used later in his mature system of dynamics; that is, what in 1619 he terms his
mechanics—the causal register in his nascent mechanistic natural philosophy. The
difficulty involves an ambiguity or tension in the formulation of the concept of ‘ten-
dency to motion’. Descartes had two concepts through which to express the ‘ten-
dency to motion’ of a body. On the one hand, in his second ‘assumption’ he spoke
of the ‘“force of motion by which [a body] is impelled in the first instant of motion’.
Here ‘force of motion’ is used in a manner similar to that in which it will later be
employed in Descartes’ mechanistic optics or in Le Monde. It bears the connotation
of an efficacy or force characterizing the body during an instant (specifically the
first instant) of its motion. By contrast, when Descartes specified the measure of
‘tendency to motion’ in his third ‘assumption’, he introduced the notion of speed:

in that first imaginable instant of motion, we must take note also of the imaginable begin-
ning of the speed by which the parts of the heavy body descend.>

Hence it turns out that one dimension of the instantaneous efficacy or ‘force of
motion’ is constituted by the speed of the body. Conceptual tensions begin to appear
at this point; because, in order to assimilate speed to instantaneous force, Descartes
tries to introduce the notion of an ‘imaginable beginning of speed’. This phrase
deflects the kinematic connotation of speed over a finite interval of space or time
toward an idea of instantaneous speed. However, the maneuver leads to a degree of
ambiguity when Descartes later tries to evaluate real instantaneous tendencies (i.e.
forces of motion) by reference to a set of hypothetical but ‘kinematic’ speeds. The
kinematic connotation then reasserts itself, and Descartes is left saying that the body
has a tendency to a triple speed when, in fact, it can attain only ‘one’ speed in case
of a finite translation being actualized.

We see this issue played out in Descartes’ explanation of the three-fold force of
motion of the point f (Fig. 3.3). He first evaluates the total tendency to motion of f

S2AT x. 68.



122 3 ‘Recalled to Study’—Descartes, Physico-Mathematicus

by attributing to it three units of instantaneous speed, arising from the three paths of
descent caused by hypothetically voiding g, B and h:

... let all the lower points g, B, hand i, D, I be imagined to be opened at the same instant by
the force of gravity of the superposed bodies. Certainly it will have to be conceived that in
the same instant point f alone will move three times more quickly than each of the points m,
n, o. For in that instant three places will have to be filled by the former [f], while only one
place will have to be occupied by each of the points, m, n, 0.3

Then he translates the result into a total force of motion, as we have already
seen:

Therefore, the force by which point f alone presses the lower [points] is equal to the force
of the points m,n,o taken together.™

Descartes’ argument can be rendered as follows: Point f will descend along all
lines fg, fB and fh with the same ‘natural’ speed of descent. Since all three lines
materialize at once, f must have three units of speed at once. But three speeds implies
a three-fold force of motion and hence f can have as much ‘weight’ as m, n and o
put together. The term ‘speed’ can mediate between the consequences of the three
cases of hypothetical voiding and the reckoning of the total force of motion, because
it signifies both the finite but hypothetical translations and a dimension of the mea-
sure of instantaneous force of motion.

Descartes quickly realized that the multiple speeds calculated for the hypotheti-
cal voiding are difficult to reconcile with the intuitively plausible idea that a body
should be able to actualize its instantaneous force of motion as a commensurable
real speed of descent. He saw that the dual role of ‘speed’ was to blame, for it allows
one to slide easily between tendencies expressed as ‘speeds’; and actualized tenden-
cies measured by ‘speeds’. Viewed in terms of the triple voiding, f has a three-fold
instantaneous speed at the first moment of descent. But, if any real translation were
to occur, it would obviously occur in one direction and at one speed only. We might
say that f cannot really fall in three directions at once; or that its triple ‘potential’
speed can only be realized as a single unit of ‘actual’ speed. As Descartes put it,

... an objection can be offered, which in my opinion is not to be disregarded, and the solu-
tion of which will confirm the foregoing. All bodies of equal magnitude and weight, if they
should be borne downwards, have some certain equal mode of speed, which they do not
exceed unless they are impelled by some extraneous force. Thus it is wrongly assumed
above that point f is inclined to move three times more quickly than any one of the points
m, n, o, since it cannot be said to be impelled by any external force.”

To his credit, Descartes perceived that the difficulty is a conceptual one requiring
a more precise notion of the relation between ‘tendency to motion” and ‘motion’, as
well as the avoidance of loose talk about multiple instantaneous speeds:

I respond in this way to the objection. The antecedent is quite true; however, it is errone-
ously deduced from it that the point f is not able to incline to a triple velocity. For there are
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two different considerations in relation to weight which must be distinguished: inclination
to motion and motion itself. For bodies which tend downwards are not inclined to move to
the lower place with this or that speed, but rather they are inclined to move there as quickly
as possible. Whence it happens that point f is able to have a triple inclination, since there
are three points through which it is able to descend. The points m, n, o each have a unitary
inclination, since there is only one point through which each can move respectively.*®

Through a conceptual reshuffling, Descartes is prepared to accept both horns of
the dilemma. He grants that only one real speed can possibly be actualized and he
still insists on the triple inclination. However, he is now expressing a modified
understanding of inclination. It is now obvious that multiple inclinations are not and
need not be translatable into multiple real motions. Clarification is achieved by
insisting on a consistent dualism between ‘motion’ and ‘tendency to motion’, or
‘speed’ and ‘inclination to speed’: Descartes’ phrase is ad triplicem celeritatem
propendere. The real translation—motion or velocity—of a body cannot be evalu-
ated in terms of the manifold tendencies to motion it may possess at any moment,
owing to the mechanical conditions in which it is placed. Conversely, the fact that
only one real translation can be attributed to a body does not alter the truth of
mechanics that bodies, such as f, can press down on several bodies at once in several
different directions.

The most striking thing about the passages just discussed is that they show
Descartes in the very act of reformulating some of the concepts of his dynamics
of corpuscles, his ‘mechanics’, as he struggles to solve the problem at hand.
Descartes” mechanistic optics, as it developed in the later 1620s, and his general
system of dynamics in Le Monde, are based on the configuration of concepts
which begins to emerge in these passages. Cartesian mechanistic optics and natu-
ral philosophy will mainly depend on the analysis of instantaneous tendencies to
motion, rather than finite translations. Indeed, Descartes dissolves real translation
into a series of inclinations to motion exercised in consecutive instants of time at
consecutive points in space. Moreover, many of Descartes’ explanations will
require the consideration of multiple tendencies to motion which a body may pos-
sess at any given instant, depending on its mechanical circumstances. In such
cases, Descartes will be careful to employ the terms ‘tendency to motion’ or
instantaneous ‘force of motion’, rather than ‘motion’ or ‘speed’, so that he may
avoid the consequence that the real speed of a body varies with the number of dif-
ferent tendencies to motion one attributes to it at any given instant. In short,
Descartes will insist that instantaneous tendency to motion can be resolved into
various configurations of its ‘components’, but that real motion cannot be so ana-
lyzed, lest different sums result for the total quantity of motion of the body, the
system to which it belongs, or the cosmos as a whole.

After responding to the objection that he has confused real motion with tendency
to motion, Descartes adds that he described lines fg, B, mi etc. ‘not because’ he
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wanted ‘a mathematical line of water to descend, but rather for the easier comprehension
of the demonstration’. He then closes the paragraph by remarking,

For, since I speak here about things which are new and my own work, much must of neces-
sity be supposed, unless they are to be explained in a complete treatise; therefore I judge
that it is sufficient that I demonstrate that which I have undertaken.”’

This treatise was presumably to deal with the ‘mechanics’ mentioned at the begin-
ning of the manuscript. Hence, it would have contained the principles for an attempted
justification of the hydrostatic argument. Such a treatise on ‘mechanics’ is also men-
tioned twice in the early correspondence between Descartes and Beeckman in the
spring of 1619.% As noted above, it may be conjectured that Descartes’ planned
treatise of mechanics would have had to have been quite different from the classical
model of treatises in statics or hydrostatics, such as those of Archimedes or Stevin.
Unlike the latter thinkers, Descartes was not primarily interested in a macro-geomet-
rical mechanics in which mathematical rigor was achieved by arguing through cases
of static equilibrium. In order to legitimate the approach taken in the hydrostatics
manuscript, which was, to a first approximation, a special exercise in Beeckman’s
kind of micro-mechanism, Descartes’ treatise would have had to have dealt with the
mechanics of corpuscles.” This could have included a micro-mechanics of moving
particles concerned with the laws of collision, as already pursued by Beeckman; and,
in addition, as our study of the entire manuscript has now made clear, a mechanics of
force of motion and tendencies to motion, including a discussion of the representa-
tion of tendencies through geometrical lines—a style of mechanics more typically
Cartesian, as evidenced in the manuscript and throughout his subsequent work.%
This entire undertaking, in its embryonic and somewhat disjoint state in 1619, repre-
sented what Descartes then termed ‘physico-mathematics’.

3.4 What’s the Agenda: Descartes’ Radical Form
of Physico-Mathematics

There has been a tendency among those few commentators who mention Descartes’
hydrostatical exercises to assimilate his treatment to that of Stevin. Milhaud, for
example, maintains that Descartes proceeds geometrically, starting with definitions
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31 say to a first approximation, because whilst superficially this seems to comport with the physico-
mathematics of Beeckman, we shall soon see that it is, in underlying terms, much more radical—
and intentionally so.

The representation of corpuscular tendencies to motion by means of geometrical lines is a symp-
tom of the more radical intentions of Descartes’ species of physico-mathematics and also a partial
indicator of its links to his aspirations for an analytical (rather than demonstrative) approach to
mathematics, including mixed mathematical disciplines, which he intends to render more ‘physi-
cal’ or organically articulated to natural philosophizing.
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or postulates and demonstrating results from these in a syllogistic way.®
Rodis-Lewis also mentions his syllogistic path, noting his ‘remarkable formal
rigor’.%2 But actually what is remarkable is the absence of formal rigor, except for
the one syllogism he presents, as noted above. Descartes substitutes, for Stevin’s
formally rigorous and conclusive geometrical demonstration, a very different kind
of account which is, by the standards of Stevin’s Archimedean statics, exploratory
and inconclusive. Descartes, the talented and skilled mathematician, would not have
denied the rigor of Stevin’s account. So, we may ask—if Descartes was not concerned
with Stevin’s work vis a vis its rigor in the Euclidean or Archimedean sense, what
was at stake—what was his agenda? We can hone in on this question by recalling
what we now know about our actors’ categories of natural philosophy, mixed math-
ematics and practical mathematics.

Stevin’s explanation falls within the domain of mixed mathematics and Stevin,
as usual, is eyeing off a range of follow—on practical applications.®> The account
Descartes substitutes for it falls within the domain of natural philosophy. The con-
cern is to identify what causes material bodies to behave in the way they do. The
geometrical account does not provide an explanation of the phenomenon, because
it does not identify what causes the phenomenon. Fluids are physical entities made
up, on Descartes’ account, of microscopic corpuscles, the behavior of which deter-
mines the macroscopic behavior of the fluid. We need to understand the physical
behavior of the constituent corpuscles, if we are to understand the behavior of the
fluid, because this is what is causally responsible for its behavior. As we have seen,
he speaks in terms of microscopic corpuscles whose movements or tendencies to
movement are understood in terms of an emergent, but still largely tacit, theory of
forces and tendencies, a causal discourse which he identifies as part of that
‘Mechanics’ upon which he claimed he was working.

This fully accords with the traditional view of the scope and aims of natural phi-
losophy outlined in Chap. 2. Physical explanation involves the identification of what
causes material bodies to behave in particular ways. This was understood to be the
case whether, as in Aristotelianism, natural processes were explained primarily on
the basis of causes identified with the nature or essence of the substance in question,
or, as in neo-Platonic natural philosophies, brute matter was worked upon from the
outside by various types of non-material causal agents. Theorizing about matter and
an associated ‘causal register’ was traditionally taken as constitutive of natural phi-
losophy, whatever disputes there might have been amongst Platonists, Aristotelians,
Stoics, and atomists. And it was such a conception, reflected through Aristotle’s

¢ Milhaud (1921), 34-7.
¢ Rodis-Lewis (1971) vol. 1, 30-1.

6 As was the case with many master practitioners of the practical mathematical disciplines, Stevin envi-
sions the applications of these results to more properly practical ends; that is, a key mathematical result
will command a wide domain of application in a number of practical fields . Cf. Bennett (1998).
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categorization of the mixed mathematical sciences as subordinate to given, previ-
ously established explanatory physical principles of matter and cause, that had
effectively marginalized, or at least rendered problematic, mathematical approaches
to natural phenomena within natural philosophy.

Now we more fully see what was at stake. This work on hydrostatical problems
implied a radically non-Aristotelian vision of the relation of the mixed mathemati-
cal sciences to this emergent form of corpuscular-mechanical natural philosophiz-
ing. Descartes’ aim seems to have been to shift hydrostatics from the realm of
practical or mixed mathematics unambiguously into the realm of natural philoso-
phy. This he tries to achieve by redescribing, in terms of his matter theory and
embryonic concepts of dynamics, what it is that causes the pressure exerted by a
fluid on the floor of the vessel containing it. He redescribes what causes the pressure
in terms of the cumulative dynamical behavior of postulated microscopic corpuscles
making up the fluid.

In terming this work physico-mathematics, Beeckman and Descartes were sig-
naling a break with the traditional, Aristotelian modes of connecting, or not con-
necting, the mixed mathematical sciences with natural philosophy. Like their older
contemporaries Kepler and Galileo, the two young mechanists were trying to re-
negotiate the standing of the mixed mathematical sciences in relation to natural
philosophy, having rejected both the matter-theoretical and causal content of
Aristotelianism and its grammar of subordination of mathematical sciences.

Descartes had learned from Beeckman that when you explain a machine by its
parts and their motions, you simultaneously deal with it mechanically and in terms
of its matter and the properties of that matter. In the hydrostatics manuscript, we see
Descartes reducing Stevin’s macro-analysis in descriptive geometry to the underly-
ing ‘machinery’—the material parts, their arrangements and motions, or rather their
forces and tendencies to motion. The idea of ‘underlying machinery’ takes Descartes
from mechanics as a general science of machines, which falls within practical and
mixed mathematics, to mechanics, or dynamics, as a general causal account of
underlying corpuscular machinery, that is, of matter and motion. We are going to
see this agenda in play in many of the key moments in his work at the interface of
mixed mathematics and mechanistic natural philosophy—that interface being the
domain of what he calls physico-mathematics. In Sect. 3.6 below we shall learn that
in 1620, he attempted precisely the same move in unpacking what he took to be a
great insight of Kepler, who had suggested that light moves with more force in
denser optical media and ‘hence’ is bent toward the normal in moving from a less to
a more dense medium. Moreover, we shall find in the next chapter that the principal
step in Descartes’ constitution of a physico-mathematical optics—which in turn
was to have an exemplary role in his mature natural philosophizing—occurred
directly after his discovery of the law of refraction in 1626/1627 in a simple geo-
metrical form (as a law of cosecants): He literally read out of his key geometrical
diagram the principles of a micro-mechanical theory of light, which would then
subsume the new macro-geometrical law that had prompted them in the first place.®

%For details see below Chap. 4 and Schuster (2000).
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In short, after his initial interaction with Beeckman, Descartes almost always
interpreted the search for causes in natural philosophy as the search for real corpus-
cular models worked according to principles of a mechanics, indeed a dynamics,
specifying the causal principles at work in the microscopic realm. Those like
Galileo, who theorized at the level of macroscopic geometrical regularities, would
be accused of ‘building without foundation’, in much the same way that Beeckman
identified ‘physico-mathematics’ with a proper balance of the mathematical and the
physical (natural philosophical), using Stevin and Bacon respectively as examples
of those who cleaved too much to the erroneous extremes of this continuum.®

However, granting all this, I am not saying that Descartes was slavishly follow-
ing Beeckman—not in 1618 and certainly not later. If we look closely, we can see
that even when he was pursuing his first physico-mechanical researches with
Beeckman in 1618, Descartes’ approach to this agenda was already much more
radical than Beeckman’s. What Descartes asserts in the hydrostatics manuscript
does not map directly onto Beeckman’s detailed conceptualization. Right from the
start, he proceeds not via a dynamical interpretation of the Mechanica account of
the lever, as we have seen Beeckman was doing, but rather via Stevin’s statically
based neo-Archimedean account, of all things, which he fleshes out in terms of the
micro-corpuscularian model he learned from Beeckman, albeit with the details
significantly revised. Neither in 1618 nor ultimately did he accept Beeckman’s for-
mulation of the principles of mechanics, or causal register of corpuscular mecha-
nism. By the early 1630s and quite possibly even earlier, Descartes had invented a
full system of dynamics, applied to corpuscles, as the causal dimension of his natu-
ral philosophical discourse. It was based on concepts owing little, if anything, to the
teachings of Beeckman. Instead, it was largely grounded in his struggles over issues
in geometrical and physical optics as they grew out of the work of 1618-1620.5 We
should see Descartes as consequentially much more radical than Beeckman in his
interpretation for physico-mathematics and his agenda for its articulation.

But, what would Beeckman have thought at this stage.? Well, despite these rather
profound differences, we can conjecture that Beeckman would have been pleased
with Descartes’ hydrostatic manuscript as a token of ‘their’ physico-mathematics.
To Beeckman it would have seemed obvious Descartes was reducing Stevin’s
macro-analysis in descriptive geometry to the underlying ‘machinery’—the mate-
rial parts, their arrangements and motions, or, the kind of matter involved and its
properties. At a general level, and as we said above, ‘to a first approximation’, this
search for underlying machinery and its dynamic principles would have seemed
similar to Beeckman’s own unification of atomism and the Mechanica tradition. But
Descartes was already potentially on a significantly different flight path, as his sub-
sequent trajectory, especially his later results in optics, would show with absolute
clarity. Nevertheless, we should remember that these differences can only be

% AT ii. 385.
% See below Sect. 4.6 and Schuster (2000).
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assessed from within a perspective which recognizes the ‘influence’ of Beeckman.
That is, we should note the role of Descartes’ active adoption and modification of
concrete and programmatic bits of Beeckman’s work in the original formation of his
own view of micro-mechanical natural philosophy, and its relation to the practical
and mixed mathematical sciences, in particular as evidenced in the work on
hydrostatics.

Next, therefore, we need to turn to the second of our early examples of physico-
mathematics, the much better known work on naturally falling bodies. We can now
approach the surviving materials in a different way than previous commentators,
because we can frame our reading through what we have begun to know about
Beeckman’s stimulus to, and Descartes’ embryonic agenda within, physico
mathematics.

3.5 The Physico-Mathematics of Natural Fall

3.5.1 Introduction—The Study of Fall as [Abortive]
Physico-Mathematics

Beeckman and Descartes’ work on fall is contained in Beeckman’s Journal, the
second essay in the Physico-Mathematica of Descartes and further fragments in
Descartes’ Cogitationes Privatae.”” This work has attracted considerable attention
from Descartes scholars and historians of science—indeed much more attention
than the hydrostatics manuscript, the early mathematical work (which we survey in
Chap. 5) or the important fragment on optics from circa 1620, which below forms
our third and final case study of the early physico-mathematics.%® Attention is usu-
ally paid to the material on fall because it parallels that of Galileo on the law of
falling bodies but, interestingly, involves several ‘errors’ and pitfalls related in turn
to supposed reasons why Beeckman and Descartes failed to become Galileo; failed,
that is, further to pursue the law, correct and confirm its form and publish the results.
Alexandre Koyré famously analyzed Descartes and Beeckman’s work in this manner,

¢ Beeckman’s Journal (Beeckman 1939-53) contains Beeckman’s statement of the problem, his
remarks on the mathematical arguments of Descartes and his own further comments. Journal
f105v-106r, cited in AT X 58-61. The Journal also contains a set of two short essays by Descartes
which have been published under the title ‘Physico-mathematica’, AT X 75-78. The first essay, as
we have seen, concerns the hydrostatics. The second essay contains Descartes’ version of his con-
tribution to the discussion of accelerated fall. Finally, in the early fragments of Descartes, pub-
lished in the Adam-Tannery edition under the title Cogitationes Privatae, one entry directly
concerns the matters discussed with Beeckman about fall and several others on the related theme
of the mathematical representation of motions. AT X 219-222.

% Duhem (1906-13) vol. III. 566ff, 399-405, 481ff. A. Koyré (1939) pt ii 28-39, ptiii 167-171.
Hanson (1958) 43—49.
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in his historiographically epochal, and iconic, Etudes Galiléennes, in order all the
better to pave the way for his account of the modern science founding achievement
of Galileo. Borrowing heavily from Koyré, Norwood Russell Hansen then presented
the case in his path breaking, anti-inductivist philosophy of science tract, Patterns
of Discovery, to illustrate the role of theoretical commitments in the process of dis-
covery, with special attention in this case to the way errors and pitfalls could divert
discovery processes from a straight, true and fruitful path.®

In this section we will have occasion to review and criticize Koyré and Hansen,
but that is not our main concern, for the following reason: This section treats the
material on fall in a new way, explicitly as a case study in the sort of physico-
mathematical agenda that we have seen Beeckman and Descartes following. We
shall not primarily see Beeckman and Descartes as ‘failed Galileos’ or as aspiring
Hansonian discoverers, who happened to be interestingly conceptually confused.
Rather, we shall interpret their work as a set of initiatives regarding ‘the physico-
mathematics’ of natural fall. This means we take it that they were concerned not
merely with the exact form of the law of fall (assuming, as we shall see, that they
could agree that such a thing really existed!), but also with the physico-mathematical
‘treatment’ of such a law, a movement of analysis from the law back to its natural
philosophical causes. There would be little point in working back, physico-
mathematically, to causes, unless one were sure that there existed an exact descriptive
law of mixed mathematical type, and that it had been found. Much about their work,
its ‘errors’, pitfalls, and even its hitherto little noticed outcroppings of lightness,
playfulness and speculation, will thus be explained. In addition we shall be able to
set the case of fall alongside that of the hydrostatic paradox, as initiatives in physico-
mathematics. In turn this will pave the way for our treatment of the 1620 optics
fragment in the same way, allowing us to see it for the first time in its profoundly
physico-mathematical character and, eventually, revealing its rich and complex
relation to Descartes’ great physico-mathematical achievements in optics during the
late 1620s.7

Given all this, it is best to state from the outset, in general terms at least, what
‘the problem’ is with Beeckman and Descartes’ work on fall, if it is not a failure to
‘be Galileo’. We shall see that the problem facing our physico-mathematicians was
that they could make no headway either on an agreed, geometrically expressed law
of fall, or on the structure of (equally mathematical representable) causes that would
explain it. Here is why: In physico-mathematics one ideally wants a crisp clean geo-
metrical result at the ‘empirical’ level in the relevant mixed mathematical discipline,
so that the natural philosophical causes of that result can be discerned by reading

% See also Jullien and Charrak (2002) 19-20, 89-96, 100-104, 107-112.

"My treatment of the material on fall differs considerably from that in Schuster (1977), which had
been taken up and improved by Gaukroger (1995) 80-84. The chief difference is owing to my
emphasis here on a new and improved understanding of the early physico-mathematical aspira-
tions of Descartes. This frames the entire presentation and much of its content, although many
technical details remain the same.
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out from (or into) the diagrams in question. In the case of hydrostatics, this is
obvious, as we have just seen. Descartes begins with diagrams of cases in which he
knows that Stevin has demonstrated that the hydrostatic paradox occurs—these dia-
grams (cases) are ripe for what we have called his ‘figuring up’ of the problem, his
reading in of further lines, supposedly bespeaking the underlying causes. In the case
of his ultimately successful optical work of the later 1620s, Descartes will do the
same thing; that is, take a geometrical representation of an arguably well established
mixed mathematical result—a law of refraction—and read back from certain of the
parameters of its geometrical representation to knowledge of the underlying causes
of the phenomenon. A looser, more exploratory type of inquiry was also possible,
as Descartes’ 1620 optical work will illustrate in our next case study. Here, although
he had no firm, convincing result about the law of refraction he was seeking, he had
certain speculative suggestions from Kepler as to the geometrical form, and causes
of the law, as well as his own initial guesses as to the nature of the causes, based on
an improvement and articulation of Kepler’s speculations. Descartes seemed to be
implying that the ‘gap’, as we may term it, between a geometrically represented
law-to-be-specified, on the one hand, and geometrically representable causes-to-be-
specified, on the other hand, might be closed a bit, toward ultimate solution, by
some play with both ends of the problem. We are about to see that the problem with
fall, as it turned out for Beeckman and Descartes, was that this gap was just too
wide, with both end points offering a confusing array of possibilities, some not eas-
ily to be discriminated one from the other, even on the basis of further evidence,
assuming it could be obtained in some way. Leaving aside the facts that Beeckman
and Descartes had some subsidiary differences of approach, and that the ‘errors’
attributed to Descartes by Koyré and Hanson are less damaging than they thought,
the fundamental conclusion we shall reach is that the physico-mathematical inquiry
into naturally accelerated fall petered out because the results at both ends of the gap
were inconclusive and not likely to be improved, and Beeckman and Descartes
knew it. For Descartes at least, optics was to prove a much richer field for uncover-
ing not just natural philosophical causes, but core elements in his dynamics, that is,
in the very causal register of his natural philosophy.

3.5.2 Beeckman’s Problem, and His Version
of Descartes’ Solution

Beeckman entitled his first entry on fall “Why the speed of a body falling in a vac-
uum always increases’.”! However, the accompanying text shows that Beeckman
did not so much seek a natural philosophical explanation of accelerated fall as

AT X. p. 58.
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assume one, whilst he concentrated more on the concepts to be employed in describing
the macroscopic aspects of accelerated motion. He wrote,

When there is a vacuum between the body and the earth, the body moves downwards,
towards the centre of the earth, in the following way: in the first moment it covers as much
space as possible as a result of the tractive force of the earth. In the second it keeps up this
motion, to which a new motion is added due to the tractive force, so that in this second
moment it covers a double space. In the third moment the double space is maintained and
to it is added, by the earth’s tractive force, a third, so that in one moment it covers a space
three times the first.”

Beeckman asserts the existence of a terrestrial ‘tractive’ force acting repeatedly
from ‘moment’ to ‘moment’. Characteristically, Beeckman later explicates this trac-
tive force as actually arising because of corpuscular collisions.” According to
Beeckman’s inertial principle, each time this ‘terrestrial force’ (corpuscular colli-
sion!) acts, it impresses upon the falling body a new degree of motion, which will
be conserved in all subsequent ‘moments’. Thus, the total motion of the body
increases at each ‘moment’ and hence the space traversed during each subsequent
‘moment’ also increases. For the time being, this is all Beeckman has to say about
the causation of the phenomenon. His problems reside elsewhere, particularly in his
use of the term ‘moment’ of time. He, and we, need to work out what he is intend-
ing, and what requires further clarification.

The remainder of Beeckman’s discussion clearly shows that he intends by
‘moments’ uniform intervals of time, which will be mathematically reduced to a
continuous series of instants. But, despite the fact the central connotation of
‘moment’ is ‘interval’, it does not follow that Beeckman conceives the force to act
continuously during each ‘moment’. Of course, the literal sense of such expressions
as ‘Secundo [momento]...superadditur motus novus tractionis’ is that the force acts
anew at each moment and continuously during the moment. Nevertheless, a close
reading of the text shows that Beeckman is fundamentally concerned with the way
in which reiterated applications of the ‘tractive’ force at the initial instant of each
‘moment’ give rise to increments of space traversed during consecutive ‘moments’.
Hence Beeckman manipulates the ‘moments’ as notional dividers which space out
the reiterated instantaneous application of the force over time. We shall see that the
rest of his discussion derives from precisely this conceptual orientation. Beeckman
is not at all concerned with the idea that a force acting continuously over a ‘moment’
would itself give rise to a series of space increments which would have to be ana-
lyzed before any sums of space increments were taken over several ‘moments’ taken
together. We are about to see that his argument moves in the opposite direction

AT X p. 58, Koyré (1978) 80. Moventur res deorsum ad centrum terrae, vacuo intermedio spatio
existente, hoc pacto: Primo momento, tantum spacium conficit, quantum per terrae tractionem fieri
potest. Secundo, in hoc motu perseverando superadditur motus novas tractionis, ita ut duplex spa-
cium secundo momento peragretur. Tertio momento, duplex spacium perseverat, cui superadditur
ex tractione terrae tertium, ut uno momento triplum spacii primi peragretur. The translation has
been slightly modified.

AT X p. 61 Beeckman often speaks in this kind of shorthand for actually intended corpuscular-
mechanical explanations.
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entirely. Descartes will show him how to continuously reduce the intervals until he
has a mathematical expression for the space increments arising from continuous
instantaneous reapplications of the tractive force. In this connection his admission
that the ‘tractive’ force is caused by corpuscular collisions lends weight to the con-
tention that all along he is thinking in teams of instantaneous increments of motion
imparted at the beginning of each interval.

Granting this interpretation of Beeckman’s ‘moments’, we can return to the text
in order to uncover the precise nature of the problem of describing fall which
Beeckman posed for himself. In the text cited above, Beeckman has a tendency to
translate immediately into spatial terms the amount of motion the body possesses at
each moment. In the uniform intervals (or moments) between applications of the
force, he implicitly assumes that the space traversed is proportional to the amount
of motion possessed by the body, and that the amount of motion itself depends on
the motion conserved from the previous moments and the unit increment of motion
impressed by the application of the force at the commencement of the present
moment. By the end of the passage he is most interested in the proportion between
the spaces traversed and the number of moments accrued, being particularly focused
upon the series of whole numbers which expresses the spaces traversed during suc-
cessive moments. In fact, discussion of the space-time relation displaces any further
consideration of the causal principles upon which the entire argument is based. It
turns out that, for the time being at least, Beeckman is not interested in further natu-
ral philosophical inquiry into ‘why the speed of a body falling in a vacuum always
increases’. Rather, he is setting up the mathematical problem of correlating the unit
spaces traversed with unit ‘moments’ elapsed, given that the space increments arise
directly from increments of motion imparted in consecutive ‘moments’.

This is important, because it was this manner of stating the problem of fall which
dictated the form of the question Beeckman posed to Descartes. Beeckman asked
Descartes to calculate how far a body in accelerated free fall would move from rest
in one hour, given the distance it traversed from rest in two hours.” Both Descartes
and Beeckman understood this question to entail the problem of first selecting a time
frame for the spacing of the ‘moments’ to which the series of space increments are to
be applied. Beeckman’s initial conceptual framework provided only an abstract
schema, according to which the distances traversed from rest during any arbitrary
consecutive units of time are as the series of whole numbers. In any putatively real
case of fall one has to demonstrate or suppose a particular magnitude for each of the
‘moments’ so that the space series may be summed, over the entire time of descent.
I suggest that the question posed to Descartes reflects Beeckman’s insight into the
problem of summing spaces over definite intervals of time; although, to be sure, one
cannot know what particular aspects of the problem were of immediate interest to
Beeckman. For example, we cannot know whether he was initially puzzled about the
consequences of making different assumptions about the magnitude of the ‘moments’,
or, whether he had already seen the problem in terms of trying to reduce the ‘moments’
down to instants of time. In any case, it is plausible that he posed the question to

AT X p. 60.
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Descartes as the converse of ‘given the distance fallen in one hour, find the distance
fallen in two hours’ so that Descartes would not be tempted to rely on the following
simple idea: if the ‘moments’ are of an hour’s duration, one unit of distance is traveled
in the first hour, and two units in the second, so the ratio of the distance traveled in
the two hours to the distance traveled in the first hour would be 3:1.

Beeckman next reports on Descartes’ solution to the problem (Fig. 3.4), ‘Haec
ita demonstravit Mr. Peron’... .

If the moments are not divided up, the space covered by a falling body in one hour will be
ADE. The space covered in two hours will be double the proportion of the times, i.e., will
be ADE to ACB, which is double the proportion of AD to AC. Let the moment of space that
the body covers in falling for one hour be of some magnitude, e.g., ADEF. In two hours it
will cover three similar moments i.e., AFEGBHCD. But AFED contains ADE and AFE.
And AFEGBHCD contains ACB with AFE and EGB, i.e., with the double of AFE. Thus, if
the moment is AIRS the proportion of the spaces will be ADE with klmn to ACB with klm-
nopqt, i.e., once again, the double of klmn. But klmn is much smaller than AFE. Since,
therefore, the proportion of space covered to space covered is composed of the proportion
of one triangle with another triangle, with equal [magnitudes], added to these terms, and
since these equal additions become ever smaller as the moments of space become smaller,
it follows that these additions become null quantities when the moment has become a null
quantity. Now, such is the moment of space through which the body falls. It remains, there-
fore, that the space through which the body falls in one hour is related to the space through
which it falls in two hours as the triangle ADE to the triangle ACB...”

3 AT X pp. 59-60 Koyré (1978) 80-81. Cum autem momenta haec sint individua, habebit spacium
per quod res una hora cadit, ADE. Spatium per quod duabus horis cadit, duplicat proportionem
temporis, id est ADE ad ACB, quae est duplicata: proportio AD ad AC. Sit enim momentum spatii
per quod res una hora cadit alicuius magnitudinis videlicet ADEF. Duabus hours perficiet talia tria
momenta, scilicet AFEGBHCD, Sed AFED constat ex ADE cum AFE; atque AFEGBHCD constat
ex ACB cum AFE & EGB, id est cum duplo AFE.
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Beeckman goes on to reiterate that the ratio of the distances fallen in one and two
hours from rest is 1:4, or as the squares of the times.

For the moment let us leave aside Descartes’ supposed contribution to the solu-
tion and concentrate instead on the structure of the proof as Beeckman recorded it.
Beeckman labeled the entry ‘the time of a falling body computed’.”® But, in fact, he
was computing the distances to be attributed to portions of the total time of fall,
Throughout the proof, he speaks of the elements of area of the figure as momenta
spatii, and he adds up series of these moments relative to intervals of time as the
intervals are reduced to instants. Two key points need to be underscored before we
look at Descartes’ own report of this proof. Firstly, if the present report accurately
reflects the essence of Descartes’ own analysis, we see that Descartes here has no
trouble relating momenta spatii (or their equivalent in his own terminology as we
shall see) to intervals of time. Descartes will shortly be seen making an error on this
point in another passage, so it is important to notice that Beeckman’s version of
Descartes” work has no problem in this respect. Secondly, as has already been hinted
above, Beeckman tends to defocalize the natural philosophical substructure of this
proof. He is not primarily interested in his own inertial principle or the tractive force
(read corpuscular impact) which causes the increments of motion. Nor does he men-
tion the direct relationship between the distance traversed in an interval of time and
the degree of motion possessed by the body in that interval. Descartes, as we shall
now see, presents the same mathematical argument, including the correct relating of
distance to time, but his natural philosophizing—his dynamics that is—is more
elaborate, for he relates intervals of time to increments of force [vis] which cause
increasing momenta motis, which, by implication, can be summed to indicate space
traversed.

3.5.3 Descartes’ Solution—Triumphs and Pitfalls
of a Physico-Mathematics of Fall

Turning now to Descartes’ version of the solution, in the Physico-mathematica, we
see that the opening of his exposition, dealing with the mathematical movement

Sic, si momentum sit AIRS, erit proportio spatii ad spatium, ut ADE cum klmn, ad ACB cum
klmnopgqt, id est etiam duplum klmn. At klmn est multo minus quam AFE. Cum igitur proportio
spatii peragrati ad spatium peragratum constet ex proportione trianguli ad triangulum, adjectis
utrique termino aequalibus, cumque haec aequalia adjecta semper eo minors fiant, quo momenta
spatii minora sunt; sequitur haec adjecta nullius quantitatis fore, quando momentum nullius quan-
titatis statuitur. Tale autem momentum est spatii per quod res cadit. Restat igitur spatium per quod
res cadit una hora, se habere ad spatium per quod cadit duabus horis, ut triangulum ADE ad trian-
gulum ACB.

7 AT X p. 58.
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from finite to instantaneous time intervals, corresponds very well with Beeckman’s
report (Fig. 3.5).

In the proposed problem, in which it is imagined that at each instant a new force is added to
that with which the heavy body moves downwards, I say that this force increases in the
same manner as do the transverse lines de, fg, hi, and the infinite other transverse lines that
can be imagined between them. To demonstrate this I take as the first minimum or point of
motion, caused by the first attractive force of the earth that can be imagined, the square alde.
For the second minimum of motion we have the double, namely dmgf: the force in the first
minimum persists and a new, equal force is added to it. Thus in the third minimum of
motion there will be three forces, namely those of the first, second and third time minima,
and so on. This number is triangular, as I will perhaps explain more fully elsewhere, and it
appears here to represent the figure of the triangle abc. But, you will say, there are parts
which protrude, ale, emg, goi etc., which are outside the figure of the triangle. Therefore,
the figure of the triangle cannot represent this progression. But I reply that these protuberant
parts come from the fact that we have given extension to the minima which must be imag-
ined as indivisible and as containing no parts. This is demonstrated as follows. I divide the
minimum ad into two equal parts at g; then arsq will be the [first] minimum of motion, and
gted the second minimum of motion, in which there will be two minima of force. Similarly
we divide df, fh, etc. Then we have the protuberant parts ars, ste, etc. Clearly they are
smaller than the protuberant part ale.

Furthermore, if I take a smaller minimum such as a¢, then the protuberant parts will be
yet smaller, such as af3y, etc. If, finally, I take as this minimum the true minimum, i.e., the
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point, then these protuberant parts will be nothing, for they could not be the whole point
clearly, but only a half of the minimum alde, and a half of a point is nothing.”

This mathematical argument is clearly the source of Beeckman’s analysis. In
effect Descartes had shown Beeckman how to sum increments of areas applied to
intervals along line ab, as the areas are reduced to lines and the intervals to points.
It has been shown that Beeckman could offer a precise interpretation of the formal-
ismin terms of the relation between the time intervals and the space series. Descartes’
physical interpretation of the formalism does not seem to differ very much from that
of Beeckman. When mentioning the increments of force, and hence of motion, he
sees that they are related to intervals of time. It is true that whereas Beeckman terms
the areas in question momenta spatii, Descartes insists on terming them minima or
punctii motiis. But, it seems likely that Beeckman would have understood and
agreed with this, for he too presupposed that the spaces traversed in equal intervals
of time are directly proportional to the quantity of motion possessed by the body
during those intervals. However, these differences in terminology are of course
symptomatic of a difference in conceptual perspectives regarding the natural philo-
sophical explication of motion and its causes. As we shall shortly see, these differ-
ences, plus the peculiar way Beeckman posed this problem to Descartes, were
enough to produce an interesting mistake on the latter’s part, which, in turn, has
been the point of departure for accounts of this entire episode. We are going to see
that Descartes’ ‘error’ is less serious than has been made out; that explanations for
this mistake have themselves been largely erroneous; and that perseverating on this
aspect of the work has diverted attention from what I shall argue were the central
physico-mathematical concerns and speculations that exercised Beeckman and
Descartes, and perhaps even led to their giving up work on this issue.

TAT X pp. 75-7, Koyré (1978) 82-83 (translation slightly modified). In proposita quaestione, ubi
imaginatur singulis temporibus novam addi vim qua corpus grave tendat deorsum, dico vim illam
eodem pacto augeri, quo augentur lineae transversae de, fg, hi. & aliae infinitae transversae, quae
inter illas possum imaginari. Quod ut demonstrem, assumam pro primo minimo vel puncto motus,
quod causatur a prime quae imaginari potest attractiva vi terrae, quadratum alde. Pro secundo
minimo motus, habebimus duplum, nempe dmgf: pergit enim ea vis quae erat in primo minimo, & alia
nova accedit illi aequalis. Item in tertio minimo motus, erunt 3 vires; nempe primi, secundi & tertii
minimi temporis etc. Hic autem numerus est triangularis, ut alias forte fusius explicabo, & apparet
hunc figuram triangularem abc representare. Immo, inquies, sunt partes protuberantes ale, emg,
goi, etc., quae extra trianguli figuram exeunt. Ergo figura triangulari illa progressio non debet
explicari. Sed respondeo illas partes protuberantes oriori ex eo quod latitudinem dederimus mini-
mis, quae indivisibilia debent imaiginare & nullis partibus constantia. Quod ita demonstratur.
Dividam illud minimum ad in duo aequalia in q; iamque arsq est primum minimum motus, et gted
secundum minimum motus, in quo erunt duo minima virium. Eodem pacto dividamus df, fh, etc.,
Tune habebimus partes protuberantes ars, ste, etc., Minores sunt parte protuberante ale, ut patet.
Rursum, si pro minimo assumam minorem, ut ac., partes protuberantes erunt adhuc minores, ut
a9, etc., Quod si denique pro illo minimo assumam verum minimum, nempe punctum, tum illae
partes protuberantes nullae erunt, quia non possunt esse totem punctum, ut patet, sed tantum media
pars minimi alde; atqui puncti media pars nulla est.
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So, continuing the exposition in the Physico-Mathematica, we find Descartes
purporting to apply his just announced geometrical formalism to Beeckman’s
problem with the help of yet another figure.

From which it clearly follows that if we imagine, for example, a stone which is attracted by
the earth, in a vacuum, from a to b, by a force which always remains equal to the first, persist-
ing, force, then the first motion at @ will be to the last at b as the point a is to the line bc. The
part gb, which is half, will be covered by the stone three times as fast as the other half ag,
because it will be drawn by the earth with three times the force. The space fgbc is three times
the space afg, as is easily proved. And one can say this of the other parts proportionately. 78

Beeckman’s question and solution thus slipped from view. Somehow Descartes
managed to transform the problem into the following form: given a completed
motion along distance ab uniformly accelerated from rest at a, to find the ratio of
the times taken to traverse ag and gb. Descartes still employed the minima motis,
but he apparently applied them to ab taken as the trajectory of the body, rather than
as a time. In addition, he reintroduced time through the device of interpreting the
areas afg and fgbc as sums of minima motiis, or ‘total motions’, which are inversely
proportional to the times taken to traverse the distances to which they refer.

From the standpoint of subsequently emergent classical mechanics Descartes
has committed some egregious errors, while his friend Beeckman has unerringly

AT X p. 77. Koyré (1978) p.83 ...si imaginetur, verbi gratia lapis ex a ad b trahi a terra in vacuo
per vim quae aequaliter ab illa semper fluat, priori remanante, motum primum in a se habere ad
ultimum qui est in b, ut punctum a se habet ad lineam bc; mediam vero partem gb triplo celerius
pertransiri a lapide, quam alia media pars ag, quia triplo majori vi a terra trahitur: spatium enim
fgbce triplum est spatii afg, ut facile probatur; & sic proportione dicendum de caeteris partibus.
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pursued the correct answer. The need to explain Descartes’ poor performance has
driven commentators, such as Koyré and Hanson, to denigrate Descartes’ suppos-
edly excessively mathematical approach and his inability to grasp fundamental
physical principles. According to Koyré, Descartes’ difficulty lay in the fact he was
too much a mathematician, too given to hasty geometrization of the terms of the
problem, and that therefore he did not understand Beeckman’s insights into the
fundamental notions of what was, after all, to become classical mechanics. Koyré’s
ultimate claim is that this entire episode is just another case of Descartes’ tragic
scientific flaw, his tendency to ‘géométriser a outrance’™:

Koyré (1939) pt 2, pp. 32-33, 37; (1978 pp.83-84). ‘C’est lorsqu’il essaie de traduire les résultats
de son integration (of minima motis) en terms d’espace que, emporté par I’élan de la representa-
tion imaginative et de sa tendence a la géométrisation a outrance, il tombe dans I’erreur’. Cf
Hanson (1958) 45-46, “The point of the problem of free fall eludes Descartes’. We shall see, and
indeed already have seen in regard to the hydrostatics manuscript, that Descartes’ views on causa-
tion within natural philosophy were marked not by a géométrisation a outrance, but if anything, by
a ‘dynamicization’ a outrance’—a concern with imputing forces and tendencies to bodies at
particular instants in their motions or tendencies to motion.

Koyré’s indictment, however, runs to further particulars. In his view, the specific mistake of
Descartes the mathematician was to have failed to exploit Beeckman’s ‘intellectual conquest’, the
principle of conservation of motion (1939 pt 2, 36; 1978, 83). To Koyré, Beeckman’s notion that the
conservation of uniform motion does not require a cause or explanation was clearly in the line of
development of classical mechanics. By reintroducing the metaphysical concept of an internal mov-
ing force, Descartes fell back into the ‘impetus physics’ of the fourteenth century (1939 pt 2, 36;
1978, 83). It is correct to point out the contrast between Descartes’ view of mechanics and that of
Beeckman. In his later work Descartes would further develop the idea that the inertial motion of a
body is caused by the continued action of an internal force of motion. In fact, much of his natural
philosophy and mechanistic optics will be built around the analysis of the magnitude and components
of directional magnitude of the force of motion possessed by a body at each moment of its motion.
By contrast, Beeckman always seems to have entertained a ‘modern’ concept of motion, just because
he did not mention impressed or internal moving forces. Nevertheless, Koyré’s view can be shown to
have been doubly misguided. In the first place, as Koyré himself showed, and subsequent research
confirmed, the inertial concepts of both Descartes and Newton had significant residues of notions of
impetus-like internal moving forces. Beeckman may have had a modern textbook notion of inertia,
but the modern view itself emerged from the tradition of mechanics in which Descartes and then
Newton forged the concept with strong dynamical overtones. Therefore, it is of little conceptual or
historical significance to credit the ‘progressive’ nature of Beeckman’s ideas over those of Descartes.
Secondly, and more pertinently, it is erroneous to imply, as did both Koyré and Hanson, that Descartes’
so-called impetus physics was responsible for his mistakes. (Koyré 1939 pt 2, 36; 1978, 83; Hanson
1958, 48). We are about to see that Descartes’ concept of a conserved internal moving force mediates
between the reiterated applications of the tractive force and the consequent motion actually produced
and conserved. It is a conceptual elaboration, explicating the problem of the cause of the continued
motion of the body. It need not have posed any mathematical difficulties. Beeckman’s ‘correct’ dem-
onstration of the time-space relation can be rewritten, substituting for momenta spatii more involved
phrases relating increments of impressed internal moving force to minima motiis and thence to
momenta spatii. Nor is this surprising, since the impetus theorists of the Parisian School following
from Oresme were the first to derive the triangular representation of ‘uniformly difform motions’ in
general (Clagett 1961, 331-418). Finally, it is amusing to note that if we reflect Koyré’s views back
onto our reading of the hydrostatics manuscript, we can speculate that had Descartes in fact been
more of a pure geometer, and less of a physico-mathematician, he probably would have left Stevin’s
findings in the rather more rigorous form in which he had found them!
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Let us therefore look at what was actually going on in the Beeckman/Descartes
interchange. What natural philosophical and specifically dynamical principles did
they entertain; did Descartes misunderstand his own or Beeckman’s principles; and
why, in fact, did he slip up in the latter stages of the solution of the problem, if his
difficulty was not some vocational and epistemological blindness about how to
geometrize natural philosophical issues? After all, Beeckman and Descartes were
not trying to practice a Galilean mechanics they knew nothing about, and which did
not yet exist in public, and which Descartes rejected when it was eventually pub-
lished. They were trying to practice physico-mathematics, and that, perforce, could
only be done in the piecemeal, problem-oriented way we have been examining. The
game was ongoingly to devise and revise natural philosophical concepts—hopefully
corpuscular-mechanical ones—in attempts to apply them to well formed and well
grounded results in the mixed mathematical disciplines. It is quite possible, there-
fore, that there were more immediate, indeed contingent, reasons for Descartes’
slip up.

3.5.4 How and Why Descartes Hit a Pitfall

In fact Descartes does not seem to have misunderstood Beeckman’s principles for
describing motion and its causes. A more equitable judgment might be that they
shared a common conceptual approach but that each emphasized different elements
in that structure at the expense of others. Beeckman’s central insight was that in
accelerated motion the spaces traversed in consecutive ‘moments’ of reapplication
of the ‘tractive force’ (i.e. corpuscular impacts) are as the series of whole numbers.
His thought moved smoothly from the initial dynamically interesting idea that,
given his inertial principle, reiterated application of force (corpuscular impacts)
produces increments of motion, to the central ideas that motions produce propor-
tional distances in unit times, and hence that the proportionality of distance and time
suffices for the description of the phenomenon of accelerated fall. Beeckman’s par-
ticular view of his inertial principle was both symptomatic and constitutive of his
position. As we know, his principle of inertia did not involve any notion of a con-
served internal moving force which ‘produces’ the conserved motion. In the absence
of external constraints, motion, once imparted, is conserved qua motion. No further
natural philosophical qualms about the cause of motion disturbed Beeckman. The
very wording of his inertial principle tended to prevent him from formulating any
difficulties about the body’s ‘force of motion’ or its conservation. Similarly, since
the inertial principle directed his attention to ‘motion per se’, it was all the easier for
him to attend consistently to the space relations arising from various degrees of
intention of motion.

Descartes saw much the same pattern of underlying causal natural philosophical
concepts, but he paid closer attention to articulating a different sector of it. His
language, both here and in the hydrostatics manuscript, shows that he was more
interested in the cause of motion than in the space-time relations derivable from a
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knowledge of those causes. Beeckman attended to the space series arising from the
concatenation of conserved and impressed motion. Descartes focused on the rela-
tionship between impressed motive force and consequent motion. In his discussion
of the problem, he insisted on employing and correlating the terms ‘vis” and ‘minimum
motiis’. At each moment (of time!) it was a new increment of force which was added
to the body, and the force caused an added minimum motis. Likewise, it was the
force which was conserved from instant (of time!) to instant, and the conserved
force acted anew at each instant to cause another minimum motiis. As Descartes
wrote in the opening section of his problem solution, in the second instant (of time)
there will be twice the motion, for ‘pergit ea vis quae erat in primo minimo, et alia
nova accedit illi aequalis’. Additionally, Descartes clearly did understand the time
dependency of the force. When, opening his discussion, he wrote of the addition of new
force to the body, he clearly stated that the force is added ‘singulis temporibus’ 3

It is therefore probably quite fair to conclude that Descartes understood perfectly
well the contention that reiterated acts of the tractive force result in the addition of
increments of motion, which are then conserved during subsequent intervals of
time. This presupposes his understanding the spirit of Beeckman’s principle of iner-
tia. The issue for Descartes—and this is typical of his dynamical thinking all the rest
of his life—was that he did not agree to the letter of that principle. His own criteria
of natural philosophical intelligibility demanded that an extra link be added to the
chain of concepts. He insisted that each application of the tractive force, or each
corpuscular impact, or whatever, impressed upon the body an increment of an inter-
nal moving force which was henceforth conserved. The internal moving force in
turn ‘causes’ the increment in ‘motion’.

All this amounted to a considerable shift in focus, and it did lead, as we have
seen, to different results. But, it does not in itself constitute a misunderstanding of
Beeckman’s principle, and is at least compatible with Beeckman’s manner of
‘mechanics discourse’. There is no reason to assume that Descartes could not in
principle have concluded with Beeckman that the spaces traversed by a body in equal
times are as the force of motion, and hence as the ‘motion’ it possesses during those
times. And, as just noted, Descartes opened his discussion with a clear recognition
that the increments of force (or motion) are to be added relative to intervals of time
expressed along a linear co-ordinate. If Descartes slipped when he addressed the
question of distance traveled in one hour, given the distance traveled in two hours, it was
not because his principles were incompatible with getting the right answer, or
because he had some cognitive bias, as a mathematician, infecting his ability to think
through physical questions. Rather, it would seem that his difficulties stemmed from
a particular conjunction in this case between Beeckman’s manner of posing the
problem and his already emerging ideas about the dynamics of motion, which led
to his tendency to speak of ‘minima of motion’ rather than ‘moments of space’.

%1n the hydrostatics manuscript, where of course no actual translation takes place, only instanta-
neously exerted tendencies to motion, the instants obviously are instants of time not of space or
distance.
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At first sight it might appear a trivial matter whether one seeks the distance fallen
from rest in one hour, given the distance fallen in two hours; or, the distance fallen in
two hours, given the distance fallen in one hour.?! If one commands the basic functional
relationship between distance and the square of the time in subsequent classical
mechanics—as taught in algebraic form, for example, in one’s high school physics
textbook—the two problems are structurally identical. The point is that Beeckman and
Descartes did not command a nice functionally expressed kinematics—nor were
they seeking one as such. Instead, they were struggling, in the name of physico-
mathematics, to find some workable match between the geometrical description of
the phenomenon and some acceptable understanding of the underlying causal
framework. We are going to see that it is plausible to speculate that they harbored
real doubts about the form of the law, as well as the likely underlying structure of
causes. For them the problems need not have been trivial ‘inverses’ of one another.
As for Descartes, the fact that he started with a somewhat different articulation of
dynamics—involving consideration of internalized causal forces, expressed as
instantaneously exerted ‘forces of motion’, rather than with Beeckman’s seemingly
more parsimonious principle of inertia—did not help matters, given Beeckman’s
posing the question of space/time relations in ‘inverse’ fashion.

Descartes’ initial demonstration for Beeckman of the ‘triangular’ character of
uniformly accelerated motion is quite cogent in natural philosophical terms, as far
as it goes. We have seen that for Descartes the solution of Beeckman’s problem
required the establishment of a mathematical relationship between [summed] min-
ima motiis and time: The minima motis arise from instantaneous unit increments of
moving vis, and their conservation throughout the rest of the motion; and in turn the
minima motiis, summed instantaneously over time, produce the ‘triangular’ acceler-
ated motion. He shows a firm grasp, physically and mathematically, of how to relate
minima motiis to time. Beeckman had no trouble adapting the proof, articulating it
instead around momenta spatii (arising from instantaneous reiteration of moving
force and the conservation, via the principle of inertia, of speed acquired to that
point).® It would seem very uncharitable to assume that just because Descartes, in
his version of the proof, does not explicitly translate summed minima motiis into
distance, that he did not, or could not, comprehend that as the needed end point of
the proof, since that was what the question was about. Beeckman easily inserts the
needed category. So, we may ask, What did Descartes think the summed minima
motiis expressed over his explicitly used time coordinate, if not distance? Yet
Descartes, left to his own devices with the initial proof, went on to produce his
‘mistaken’ final solution to the problem (and indeed we shall shortly see him repeating

811n this spirit Koyré termed Beeckman’s question the inverse of the latter one. Koyré (1939) part
11, 28; (1978) 79.

82 Remember that Beeckman himself is very clear from the first statement of the problem that
reiteration of a moving force is imparting increments of motion, expressed in the condensed
locution, italicized here: ‘Secundo, in hoc motu pervererando supperadditur motus novus tractionis,
ita ut duplex spacium secundo momento peragretur.” At one level the differences of conception and
expression between the two physico-mathematicians were quite small.
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that pitfall in another very interesting case). So we, like Koyré and Hanson, must
ask why. But, rather than positing some supposedly life-long, mathematician’s cog-
nitive bias, infecting every corner of his physical reasoning, we shall find local and
contingent reasons, more perhaps in the nature of a ‘craftsman’s pitfalls’, when
working near the limits of his previously achieved competence. In this connection,
we shall see that Beeckman’s manner of stating the problem did help Descartes step
into a pitfall with his own attempted completion of the solution.

Let us put ourselves in Descartes’ place in regard to his discussion and figure relating
to the final solution of the problem. Beeckman’s question requires consideration of a
completed motion. Descartes was asked to compute the distance traversed in the first
hour of the motion, given that traversed in the entire motion of two hours. The ques-
tion explicitly requires that one initially stipulate the absolute distance covered in
the full two hours. That is, as would be customary, in order to gain a geometrical
foothold on the problem—even if one were working on the ‘back of” the proverbial
‘envelope’—one is tempted to draw a line or surface representative of the total
distance traversed. Beeckman, of course, did not do this. He was presented with
Descartes’ finished diagram for the first part of the problem, and he had a sharp
awareness of the space/time relations it embodied (as arguably did Descartes in
regard to that diagram as suggested above). Consequently, Beeckman could see
that the ratio of the distances is given directly by the areas associated with the time
intervals. Descartes’ first diagram presented Beeckman with what he wanted to see:
the summing of momenta spatii over the two hours; and he immediately concluded
the correct ratio of times and distances. Now, the evidence—in the form of Descartes’
second diagram—suggests that Descartes started again to work from scratch on the
specific question, ‘Find the distance traversed in one hour, given the distance traversed
in two hours’. He did this, as mathematicians are wont, by drawing a new diagram,
embodying the ‘givens’ of the problem. Having cleverly established the basic
‘triangular nature’ of the accelerated fall (when the causes act instant to instant) via
his first analysis and diagram, he now very reasonably decided that he had better
start the second part of the problem by again signifying both the total distance and the
total time of fall. He had no Galileo or modern physics tutor to peer over his shoulder
and kindly suggest he not thereby run the risk of conflating the two givens. Instead,
the unarticulated category of a ‘completed motion’ helped him to conflate (or more
charitably, attempt elegantly to express) time and distance as one line. This is clear
from his statement of the problem to be solved, in the Cogitationes Privatae and the
Physico-mathematica, and the figures appended to them.®

In both cases line ab (Fig. 3.6) is intended as a representation of a motion
completed in space. Descartes next introduces the already cleverly established tri-
angle of minima motiis. Thinking in his accustomed dynamical terms concerning
the correlated minima motiis and vis, he was perhaps hampered from turning the
argument in the direction of the space relations of [summed] minima motiis, or the
instantaneously exerted and conserved vires that cause them. (As noted, he had not

$ AT X pp. 77, 219.
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bothered, in the first part of his analysis, explicitly to move to distances as the results
of summed minima motiis.) Acting consistently with his first analysis, he then con-
cluded, correctly in his terms, that the areas of the figure reveal the ‘total force’ or
‘total motion’, whilst continuing still to suppress their previously implied
signification as spaces as well.** It was then that he succumbed to the crucial pitfall:
he immediately assumed that the total force or total motion—represented by areas
in his figure—is inversely proportional to the elapsed time. That (mis—) step was
facilitated and indeed shaped by the possibility of interpreting ab as also a distance,
because, as is obvious, the intuitive and here inviting idea of an inverse proportion-
ality between time and ‘total motion’ or ‘total force of motion’ depends on the prior
postulation of a constant reference distance. Having, as usual, thought himself into
the problem in terms of forces and motions, Descartes could glance at his nicely
stipulated datum, ab, and slip into thinking that his total motions were being referred
to a fixed distance. Had Descartes, like Beeckman, eschewed an articulated dynamics
of causal forces and expressed minima motiis, and discoursed directly in terms of
minima spatii, he might well have remembered that ab is also a stipulated, given
time, and gone on to take the summed minima spatii to signify distances traversed.
But having taken the areas as summed, instantaneously acting forces or resulting
minima motiis, he was less likely to reason the long way around, as it were, that ‘ab is
a time, so that the areas really are distances’. After all, in a sense, he already ‘knew’
when he started the second part of the solution, that minima motiis denote, amongst
other things, distances, for this was the point that Beeckman made explicit on the
implicit basis of Descartes’ first analysis. Descartes himself continued to leave that
conclusion implicit, even repressed as it were, as he again deployed, with increasing
confidence, his own conceptual tools, the dynamical concepts of instantaneously
exerted forces and correspondingly expressed minima motiis, which he knew how to
‘integrate’ over given ‘lines’, in this case the easily ‘double purpose’, given line ab.

One might say that Descartes was not geometrizing a outrance as Koyré main-
tained, but rather, quite in the manner of his emerging physico-mathematics, he was
‘dynamicizing’ reference diagrams, a outrance! We are presented not with evidence
of some deep, dire, essential cognitive failure on Descartes’ part, due to his ‘being
a mathematician’ not a physicist. Rather, following a Kuhnian or Ravetzian under-
standing of research practices as craftsperson-like activities, we should say that
Beeckman and Descartes were not seeking to found Galilean kinematics before
the fact, but were straining, albeit in a piecemeal, problem oriented manner, to
found and articulate physico-mathematics.® Descartes’ proclivities, commitments,

8 A signification that Beeckman, of course, made quite explicit!

% In addition to Thomas Kuhn’s well known and seriously intended metaphor of expert, problem-
oriented, scientific research as craftsman’s work, see the profound development of that conceit by
J.R. Ravetz (1971) and the convincing articulation of the notion in very many examples of the sub-
sequent literature on ‘sociology of scientific knowledge’, particularly in the works of Karen Knorr-
Cetina (1981), Trevor Pinch (1985) and Andrew Pickering (1995). I deploy the idea of pitfalls
looming at the research coal-face, and of initial recognition of them, followed, one hopes, by grad-
ual, crafty finding one’s way around them, in the spirit of Ravetz’s deep and still useful discussion.
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and just achieved success with part of the problem, combined with the manner of
statement of the task to push him into a set of pitfalls and missteps. This was despite
the clear fact that in the opening stage of this same project he had, in physical and
mathematical terms, provided just the solution that Beeckman could easily take up
and deploy, because for that purpose, and in that context, Beeckman had an advan-
tage: Beeckman’s dynamics, his causal account of motion in natural philosophy,
focused on inertia and conservation of motion per se, whereas Descartes deployed a
dynamics of applied and internalized moving forces, and resulting minima motiis.
Descartes’ preferred style of ‘tinkering’ may have caused hitches and pitfalls in this
case, but in other cases he could, and would, presumably have seen considerable
success, able to be credited by his physico-mathematical research associate.®® The
hydrostatics manuscript embodies an example of this—the rigorous but ‘superficial’
(that is, merely mixed mathematical) work of Stevin is physico-mathematically co-
opted and natural philosophically explained. In the next chapter, we shall see that
Descartes’ physicalisation of mixed mathematical optics, on the basis of the discov-
ery of the law of refraction, would appear to him, and to Beeckman to whom he
soon reported it, a very successful piece of physico-mathematics—no slipping and
sliding on pitfalls in that case. Like any ‘phénoméno-technical’ practice, this physico-
mathematics had its robust and extendable achievements and its lame or abortive
initiatives as well. To make mistakes and encounter pitfalls in a living and developing
craft is one thing; to be supposedly doomed to error and failure by some innate or
acquired cognitive characteristic is another. The latter seems to be the stuff of fairy tales
of scientific ‘heroes or villains’—the heroes ‘doomed to success’ by happily possess-
ing the inverse cognitive capacities. The former is the modus vivendi of competent
people pursuing and articulating a tradition of cognitive and material practice.

3.5.5 The Physico-Mathematics of Fall Stalls—Too Many Laws,
Too Many Causes, No Measurements

Most accounts of Beeckman and Descartes’ texts on fall tend to concentrate
upon Descartes’ ‘mistake’. However, if we take seriously the embryonic project of
physico-mathematics, the material not only looks quite different—as we have seen
so far—but, additionally, more of it comes into the frame of interpretation. This
applies especially to some fragments in the Beeckman—Descartes exchange which
are often overlooked. They confirm the senses in which this was an exercise in

% Recent luminaries of ‘science studies’ have described partially overlapping dimensions of the
sort of craftsman-like grappling with scientific research problems alluded to here: Knorr-Cetina
(1981) discussed ‘tinkering toward success’; Latour (1987) borrowed and attractively articulated
Levi-Strauss’s conceit of ‘bricolage’, whilst Pickering (1995) describes ‘the mangle of practice’.
It is surely better to look to these authorities for heuristic guidance in understanding Descartes’
problem-solving styles and struggles, than to spin out fantasy tales of ‘methodological control’, or,
with Koyré, tales of ingrained, congenital epistemological blockages.
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physico-mathematics, and indeed will help us to form some conjectures about why
it was an unconsummated physico-mathematical project. They also provide more
evidence against the Koyré/Hanson reading of this material and their reasons for
Descartes’ “failure’.

The main entry in Beeckman’s Journal containing the report of Descartes’ proof
ends with a set of ‘physico-mathematical’ reflections on the proportionality of space
and time in free fall. Beeckman may not have been able to provide for himself the
mathematical argument he attributes to Descartes. Yet, he was fully aware of the
inner structure of the argument, and how it might accord with potentially ascertain-
able facts about local free fall. Consider his initial, extremely interesting, reflection:

If the minimum moment of space has a finite magnitude, there will be an arithmetical
progression. But one will not be able to know on the basis of one instance of fall, how far
the body will fall in each hour; rather two instances would be needed in order that we might
determine the quantity of the first moment.*’

If the momenta spatii are not referred to instants of time, then their summation
over unit times will be represented by the sum of an arithmetical progression, as we
have seen earlier. This would also mean that the cause of the motion, the terrestrial
traction/corpuscular collisions, would not be virtually continuous, but would arrive
at (repeated, exact) finite intervals. Beeckman was clearly showing that he under-
stood the physical question of causation turns on the size of the time intervals of
action. Accordingly, he also concluded that no single measure of the distance and
time of fall would suffice to establish the time dependency of the arithmetical series
of spaces—in principle two measurements would have to be taken.

We may explicate Beeckman’s thought as follows, allowing of course for the total
impossibility of the sorts of measurements he discusses. Consider his case of distances
travelled over one hour and two hours of fall respectively. Take a case where the ratio
of the distances fallen does not ‘arguably’ result in the ratio of 1:4, to be expected if
the causal ‘terrestrial tractions’ (corpuscular collisions) are effectively continuous.
If the ratio of measured distances instead fall out ‘reasonably’ close to some other
ratio of whole numbers, Beeckman is saying that this would indicate the causal
force acts at intervals and not continuously. In this case the arithmetical progression
of spaces could be fitted to the time intervals, thus giving the period between
successive increments of motion and, hence, the ‘unit interval’ of causal action could
be determined. This is what Beeckman means when he writes that two instances are
needed to determine the ‘quantity of the first moment’. For example, if the distance
fallen from rest could be measured after one hour and then again after two hours,
and if the ratio of distances were ‘reasonably’ judged to be 1:3, then we would know
that the ‘quantity of the first moment’, the unit interval of causal action is one hour.
If the measured ratio were reasonably judged to be, say, 6:21, then the unit interval
of causal action would be 20 minutes, for the space series at 20 minutes intervals

87 AT X p. 61 Si vero momentum minimum spatii sit alicuius quantitatis, erit arithmetica progres-
sio. Nec poterit sciri ex uno casu, quantum singulis horis perficiat; set opus erit duobus casibus, ut
inde sciamus quantitatem primi momenti.
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would be 1+2+3 (=6) in the first hour, and 4+5+6 (=15) in the second and 6:21
overall first hour to total time. Beeckman goes on to observe that as the time intervals
are reduced, the ratio of the distances fallen in one hour and two hours more closely
approaches 1:4. At the natural philosophical—causal—Ievel of analysis, with the
‘traction’ by ‘corporeal spirits’, Beeckman suggests that the ratio will not sensibly differ
from 1:4; because, although the spirits act through distinct impacts, there are so
many of them and they act so quickly that the [finite] intervals virtually vanish.®
Taken as a whole this latter portion of Beeckman’s discussion shows a subtle
understanding of the mathematical and natural philosophical implications of
Descartes’ formalism—this is physico-mathematics after all. Beeckman seems to
think that the causal structure behind natural fall is indeed a continuously acting
force, yielding, as Descartes has shown him, a mixed mathematical law of distances
being proportional to the square of the time of fall from rest. But, Beeckman is say-
ing that empirical investigation could in principle check this, and if it were found
instead that the moving force acts discontinuously but at regular intervals, those
intervals, and hence the causal structure, might be able to be determined. Beeckman
is showing a healthy physico-mathematical concern with the underlying causal
structure and the resulting mixed mathematical form of the law (if there is one).
Beeckman’s remarks also seem to raise three troubling realizations for the two
budding physico-mathematicians: [1] they have no way of performing any such
measurements; [2] a fortiori, they cannot be sure of the mathematical form of the
law of fall, or [3] about the causal structure behind it. In short, Beeckman’s remarks
reveal that this inquiry into fall may be physico-mathematics, but that it consists
mainly of conjecture and speculative play with possibilities. To see that these con-
cerns are more than our own modern projections, we need to look at a little noticed
portion of this exchange, where we shall see that Descartes was in his own way, and
contra Koyré and Hanson, also sensitive to the physico-mathematical aims and chal-
lenges of this project, and in particular seemed also to be playing on the wide open
speculative nature of the issues under [2] and [3] above. Although we cannot with
certainty reconstruct the give and take of their contributions, there are some frag-
ments from Descartes which make it seem as though at this point he, as it were,
stepped in to articulate further just the problems that Beeckman’s remarks had
highlighted. As we are about to see, Descartes put forward further speculations
about the causation of fall and hence the form of the law—speculations that serve,
amongst other things, to reinforce the conclusion that neither the law nor its causal
framework are likely to be determined, and perhaps that a unique and simple law
does not exist in this regard, rendering physico-mathematics of this domain point-
less. In effect Descartes says to Beeckman, ‘You have just argued very well, and your
results are not a little troubling. Indeed, the situation is even more complex, because,
Isaac, a completely different causal structure may be in play, and acting either in a
continuous or discontinuous manner—what then is the mixed mathematical law of
fall, and how shall we make any physico-mathematical progress in this inquiry?’

8 Ibid.
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To the short summary of the problem of fall in the Cogitationes Privatae,
Descartes appended a curious speculation about the geometrical representation of
another possible sort of accelerated motion:

The question could be posed differently: suppose the force of attraction of the earth remains
equal to that which exists in the first instant, and a new force is produced (during each sub-
sequent instant) while the pre-existing force remains. In this case the question will be solved
by a pyramid.*

Koyré and Hanson both took this remark as further evidence of Descartes’ mathe-
matical hauteur, his lack of concern for the physical problem of fall and his geometer’s
delight in posing and solving yet another problem about possible relations of time
and space. For Koyré the postulation of an attractive force increasing with time is
a flight of mathematical fancy.”® According to Hanson, ‘Descartes never asks
about the physical possibility of this hypothesis of growing force. It is a case of
geometry....” He adds that in this case Descartes has ‘the velocities (sic) increase in
a cube-like way’.”!

In fact, however, Descartes was not off on some merely mathematical wild goose
chase. The notion of a cause of fall increasing in intensity over time is not implau-
sible. As budding corpuscular-mechanical natural philosophers, neither Beeckman
nor Descartes had any basis for preferring a speculative explanation of a constant
cause of fall, as opposed to one that increased over time. Perhaps, for example, the
flow of ‘corporeal spirits’ becomes more dense near the earth so that a gross body

% AT X p. 219 Aliter autem proponi potest haec quaestio, ita ut semper vis attractiva terrae aequalis
sit illi quae primo momento fuit: nova producitur, priori remanante. Tunc quaestio solvetur in
pyramide.

9Koyré (1939) pt 2, p. 32 ‘Comment un tel accroisement de la force attractive serait-t-it possible?
Descartes ne se le demande pas. En fait ce n’est pas en physicien, c¢’est en mathematicien pur, en
pur geométre, qu’il voit le problem.” This surely will not do, however, because there was no crite-
rion of contemporary relevance to Beeckman and Descartes permitting a distinction between
Beeckman’s ‘physics’ and Descartes ‘geometry’. Neither man had any firm basis for asserting the
physical reality of any particular law of fall—as we are in the process of learning. Nor was the
speculative corpuscular-mechanical explanation of one law any less plausible than that of another.
Descartes’ law of increasing force could be ‘explained’ just as well as Beeckman’s law of uniform
periodic impulse.

' Hanson (1958) 45-6. As we shall see, the ‘cubic relation’ that holds here—provided the force
acts continuously, from instant to instant, a physical matter about which we have seen Beeckman
and Descartes might have doubts— is that the distance travelled (or as Descartes would say, the
sum of instantaneously exerted ‘minima motus’) will be as the cube of the time of fall. Hanson’s
text reads in full: ‘(Descartes) proposes another possible case, one in which the attractive force
grows from moment to moment. In the second moment of its fall a body is attracted with twice the
force of the first moment, in the third moment with a triple force. In this solution the velocities
increase in a cube-like way and not as squares. Descartes never asks about the physical possibility
of this hypothesis of growing force. It is a case of geometry—one more mathematical possibility.’
Apparently, behind the fagade of discussing natural philosophy, Descartes was really playing a
mathematician’s game of altering variables and solving new mathematical puzzles. What Hanson
should have said, of course, is that if Beeckman’s speculations were physics—that is physico-
mathematics!—so were those of Descartes.
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encounters an increasing flux of them (corpuscular impacts per unit of exposed
surface area per unit time).”> Nor is Descartes simply saying ‘try a cubic relation
rather than a square one’, because the cubic relation, like the previous square one,
only holds if the cause of fall acts continuously not at intervals—Beeckman has just
been holding forth on this very matter.

Descartes, like Beeckman, has in mind issues of causation and geometrical
expression of a law of fall. Additionally, Descartes was indeed engaging in specula-
tion, but, again, in a very physico-mathematically relevant way, and in a mathemati-
cal idiom deriving from classical geometry, rather than a yet to be forged analytic
geometry. All this can be demonstrated by Descartes’ detailed exposition of ‘pyra-
midal motion’ in the Physico-Mathematica. This precious text makes very interesting
reading, provided we allow for the fact that, once again, Descartes repeats his previous
error in conflating the time coordinate for a distance coordinate, and adds another
trivial slip of the quill as well. Descartes writes, again referring to Fig. 3.6 above.

This problem can be solved in another, more difficult way. Let us imagine the stone remain-
ing at point a, the space between a and b being a vacuum. And that for the first time, for
example, today at nine o’clock, God creates at b a force which attracts the stone, and that at
successive moments he creates ever new attractive forces, equal to that created at the first
moment; and that combined with the previously created forces these pull the stone ever
more powerfully, and even more powerfully given that in a vacuum a thing once set in
motion moves for ever; and suppose that the stone, which was at a, arrives at b at ten
o’clock. If we ask how long it takes to cover the first half of the path, i.e. ag and how long
the remainder, I reply that the stone descends through the line ag in % (sic) of an hour and
through the line gb in 7 of an hour (sic). Thus we must make a pyramid on a triangular base
and of height ab, and divide the whole pyramid in some way by horizontally equidistant
transverse lines. The stone will pass through the lower parts of the line ab as much faster as
these parts are contained in larger sections of the pyramid.”

If we wish to understand this new version of the problem and its solution, we
need first to look at the force law that Descartes is proposing: At each instant a new
force is added (created) which is subsequently conserved and therefore produces a
new increment of motion in each subsequent moment. Whereas Beeckman’s force
law gave rise to a series of motions or spaces in consecutive moments as 1, 2, 3,4...,
Descartes alternative causal regime will give rise to a series in consecutive moments
as 1, 3, 6, 10, 15, 21 (Fig. 3.7).

92Koyré forgets that in Newtonian physics the acceleration of locally falling bodies also increases
if only in a small manner.

% AT X pp. 77-78. Koyré (1978) 85 Aliter vero potest haec quaestio proponi difficilius, hoc pacto.
Imaginetur lapis in puncto @ manere, spatium inter a & b vacuu; iamque primum, verbi gratia,
hodie hora nona Deus creet in b vim attractivam lapidis et singulis postea momentis novam et
novam vim creet , quae aequalis sit illi quam primo momento creavit; quae iuncta cum vi ante
creata fortius lapidem trahat & fortius iterum, quia in vacuo quod semel motum est semper movetur;
tandemque lapis, qui erat in a, perveniat ad b hodie hora decima. Si petatur quanto tempore pri-
mam mediam partem spatii confecerit, nempe ag, & quanto reliquam: respondeo lapidem
descendisse per lineam ag tempore 1/8 horae; per spatium autem gb 7/8 horae. Tunc enim debet
fieri pyramis supra basim trangularem, cuius altitudo sit ab, quae quocunque pacto dividatur una
cum tota pyramide per lineas transversas aeque distantes ab horizonte. Tanto celerius lapis inferiores
partes lineae ab percurret, quanto majoribus insunt totium pyramidis sectionibus.
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Units of Time Units of motion due to Sum
[a] Reapplication of prior force [b] Conservation of units of motion
Or initiation of a new force obtaining in prior unit of time
Beeckman’s Law of Fallé
First 1 0 1
Second 1 1 2
Third 1 2 3
Fourth 1 3 4
Fifth 1 4 5
Sixth 1 5 6

#1In each unit of time the magnitude of the tractive force is constant

Descartes’ Pyramidal Law*

First 1 0 1
Second 1+1 1 3
Third 2+1 3 6
Fourth 3+ 6 10
Fifth 4+1 10 15
Sixth 5+1 15 21

* In each unit of time the magnitude of the tractive force increases by a unit.

Fig. 3.7 Descartes’ and Beeckman’s laws of fall compared

Now, any seventeenth century mathematician would recognize this series as the
Pythagorean ‘triangular’ numbers, that is, numbers arising from summing the units
arrayed to form increasingly larger equilateral triangles as the next figure illustrates
(Fig. 3.8).

Descartes reasoned that the pattern of increase of motion over time is as ever
larger Pythagorean triangles; for in the first ‘moment, the motion will be as 1; in the
second moment, as 3 (rather than Beeckman’s 2, because of the addition of a wholly
new force in that moment); in the third moment as 6 (3 units of motion conserved
from the second moment, and now 3 measures of force acting) etc. Implicitly
following the argument of his previous proof, he moves to the limit as the moments
are reduced to instants, resulting in his realization that the total motion would be
represented not by a triangle as before, but now by a triangular pyramid, whose
height represents the time, and whose triangular horizontal sections would represent
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Fig. 3.8 Triangular numbers Triangular numbers Sum of first n rows
. 1
oo 3
oo 6
e o oo 10
coe o oo 15
ce oo o0 21

successively larger instantaneous ‘minima motis’.** At this point he again suffered
the pitfall evidenced in his earlier proof. Instead of continuing to construe the height
of the pyramid as the time, he slips into taking it as the distance travelled. He performs
his summation of minima motis over the first half and second half of this distance,
and then takes the sums as inversely proportional to the time [sic] of travel over the
referred distances. Since, according to Euclid, in a pyramid the volumes of the upper
and lower halves are respectively 1/8 and 7/8 of the entire volume, Descartes uses
these figures for the respective summed minima motis and then somehow manages
to attribute the faster motion to the first part of the trajectory, arriving at an inverted
version of his own (pitfall marred) answer. (Although his verbal rendering in the last
sentence corrects the former small slip.) If this new sort of additive causal structure
acted continuously, the ratio of distances traversed over given time would indeed by
as the cubes of the times. But is that all that Descartes was intending to explore and
express? I think we should conclude that is not the case, if we take into account
Beeckman’s remarks on measurements, and the general tenor of this physico-
mathematical project.

%Descartes’ argument thus moves entirely within the confines set by the procedure of establishing
an arithmetical series expressive of a force law (or causal regime) and then conceiving of a repre-
sentative figure by intuitively reducing the ‘moments’ of application of the force to instants. He
wrote in the Cogitationes Privatae (AT X p. 220 1.5-9) ‘Ut autem huius scientiae fundamenta
jaciam, motus ubique aequalis linea representabitur, vel superficie rectangula, vel parallelogrammo,
vel parallelpipedo; quod augetur ab una causa, triangulo; a duabus, pyramide, ut supra; a tribus,
aliis figuris.” This might at first glance seem reminiscent of the treatment of ‘latitude of forms’
stemming from Oresme and involving a looser kind of inquiry involving classification of types of
motion mapped by reference to types of figural representations. Taking the entire exchange into
account, however, it would seem that what Descartes envisions is just what we have been describ-
ing, a physico-mathematical inquiry into the modes of representation of various possible causal
regimes covering natural fall. There were many possibilities, as no agreed, exact mixed mathemati-
cal law of fall had eventuated, and many causal regimes could be imagined, and geometrically
represented. No closure of the physico-mathematical inquiry was reached, and it petered out in
ramifying possibilities.
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Descartes’ text can be read, within the project of physico-mathematics, as a kind
of extended response to, and articulation of, Beeckman’s ruminations about causal
structure, continuous or discontinuous causal action, and possible forms of the law
of fall. Beeckman, assuming a cause of constant magnitude, has raised the issue of
measurement to determine the ‘time unit of causal action’ in case the law is not
arguably found to obey a simple relation between distances fallen and squares of
time elapsed. That is, in case the cause of constant magnitude acts discontinuously.
Beeckman in a sense ‘plays’ with the issue of what the time intervals of causal
action are. Descartes, in his text, is playing not so much on the issue of discontinu-
ous action of the force but the very structure of the force. Regardless of whether it
acts continuously or discontinuously, it might not be constant, but rather grow lin-
early with time. In that case, if it acts instant to instant a ‘pyramidal law’ will result,
yielding ratios of distances fallen as cubes of the respective times of fall. But, what
if we imagine this increasing force to act discontinuously, as Beeckman had imag-
ined the constant force to do? Here we go beyond the texts of Descartes, but one can
imagine that this line of inquiry was also on Descartes’ mind (in response to
Beeckman). Let’s explore it speculatively for a moment.

Note first of all that if Descartes’ increasing cause of fall acts discontinuously, it
will in principle require Beeckman’s sort of ‘two measurements’ to determine the
‘quantity of the first moment’. Now, not only would such measurements be mere
pipe dreams, as in Beeckman’s case, but in addition, the new, regularly increasing
cause would be even harder to pin down to its unit interval structure, or to discrimi-
nate from the law arising from a (discontinuously acting) force of constant magni-
tude. To see why consider the series of motions or spaces in the first eight consecutive
moments given by this law: 1, 3, 6, 10, 15, 21, 28, 36 compared to Beeckman’s
sequence of whole numbers, 1, 2, 3,4, 5, 6,7, 8, in the case of discontinuous action
of his force of constant magnitude. Assuming one could ‘catch’ the unfolding
moments near the beginning of the sequence, the numbers would not yield simple
(to judge) ratios. For Beeckman’s law the ratio of distances if one caught the 3rd and
4th moments would be 6:10, in Descartes law 10:20; or in the 4th and 5th moments
10:15 and 20:35. Assume such measurements could be made, could one discrimi-
nate between the law of constant force and the law of constantly increasing force?
That applies to both forces acting in a non-continuous manner.

But, the problem runs deeper, because, in empirical terms, a continuously acting
force of constant magnitude, yielding the distances as a time squared law, would be
hard to tell apart from the discontinuous action of the continuously increasing force.
Consider a measurement lucky enough to capture the first three moments of causal
action according to the discontinuous version of Descartes’ law and compare them
to the ratios yielded over those times according to the continuously acting force ver-
sion of Beeckman’s law: The distance ratios would be 1st to 2nd moment: 1:4
(Beeckman) and 1:4 (Descartes)! A worrying identity! Or, taking the ratio of 1st to
3rd moment, the ratios of distances would be 1:9 (Beeckman) and 1:10 (Descartes);
or 2nd to 3rd moment, the ratios of distances would be 4:9 (Beeckman) and 4:10
(Descartes)—hardly to be discriminated one from another using the fantasy
measuring protocols that one might imagine. Backing up a step to more reasonable
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speculations, one can say, ‘Surely actual measurements will be capturing exceedingly
high numbers of ‘intervals’ even if they are finite, thus we might expect Beeckman’s
law to approximate to a law of squares and Descartes’ to a law of cubes’. That is
fine, but again it points out that Descartes and Beeckman, after this exchange, were
faced with the problem that there might be various sorts of causal regimes account-
ing for natural fall; and hence various descriptive, mixed mathematical laws that
might be found, if only such empirical work could be done. Even without allowing
for the fact that they have not directly addressed their own idealization of the cases,
‘motion in a void’, they display no interest in, or commitment to, the idea of mea-
surements, let alone the ability to carry any out.

In conclusion, three sets of reflections may be offered on this case study. First of
all, as we foreshadowed at the start of this section, the physico-mathematical inquiry
into fall petered out into play and speculation. There are too many possible and
plausible regimes of natural philosophical causation, in continuously and discon-
tinuously acting modes. There are too many resulting descriptive laws, laws that
might well be impossible to determine one from another, even if measurement were
possible. This is not a domain in which mixed mathematical practice might yield up
anice, given, simple, ‘true’ law to be open to natural philosophical explanation; nor
is it one where a very narrow choice of possible causes is available, leading to a
promising and unique geometrical regularity about which ‘measurements’ can be
made. This is not hydrostatics, where as we have seen, Stevin’s stunning and para-
doxical results led Descartes, at least, to think he had made (quite radical) physico-
mathematical capital; nor is it optics, where Descartes would eventually achieve
profound physico-mathematical results.

Secondly, this outcome undoubtedly helped condition Descartes’ cool and
sceptical response to Galileo’s kinematics when it appeared eighteen years later. As
early as 1619 Descartes could have begun to form the opinion that the highly ideal-
ized study of fall, in search of some sort of descriptive, mixed mathematical law,
was of no natural philosophical, that is, physico-mathematical import. Of course,
we know that the search for and discovery of a law of falling bodies would be one
of the key exemplars in the crystallization of classical mechanics during the course
of the seventeenth century. But the study of falling bodies (meaning an attempted
physico-mathematics of falling bodies) would play no role in Descartes’ formulation
of the causal register, the dynamics, that would sit at the heart of his later system of
corpuscular mechanical natural philosophy. That dynamics also made a contribution
to classical mechanics, but as we shall see, it would be derived physico-mathematically
from important work in optics.

Finally, as was also signaled above, we have seen that Beeckman and Descartes’
work on fall, viewed as physico-mathematics, begins to look rather different from
how it has traditionally been interpreted. They were not simply striving for a
‘Galileo-like’ kinematic, or mixed mathematical law of fall. As physico-mathematicians,
they were also looking for the causal explanation of such a law. This does not mean
that the problem of mathematically describing fall was not important to Beeckman
and Descartes. As physico-mathematicians they certainly wanted to find the descrip-
tive law, if it existed. But simply to find and state such a law would have been to
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work, like Stevin, ‘superficially’, and without insight into causal issues, natural
philosophical issues of matter and cause. They did not fail to find candidate laws,
nor did they fail to find speculative candidate causes. The problem was that neither
side of the equation could be well determined, so that some gain might be made
toward determining the other. The physico-mathematics of fall, riven with little
errors and pitfalls as it was, ended up looking like a poorly defined, or unsolvable
problem from mixed mathematics. It was from mixed mathematical optics that
Descartes would extract more physico-mathematical capital, hence, for our third
and final case study, we turn now to his initial, halting, steps in rendering optics a
physico-mathematical discipline.

3.6 A Physico-Mathematical Foray into Optics (1620)°**

We turn now to the third case study of Descartes’ early physico-mathematics. It
deals with a fragment on optics and theory of light found in the ‘Cogitationes
Privatae’ and datable from about 1620. It reads in part,

Because light can only be produced in matter, where there is more matter there it is more
easily generated; therefore, it more easily penetrates a denser medium than a rarer one.
Whence, it happens that refraction occurs in the rarer medium from the perpendicular, in the
denser medium toward the perpendicular.”

Close analysis of this fragment shows that Descartes was studying Kepler’s opti-
cal masterpiece, the Ad Vitellionem paralipomena (1604) and that Descartes’ text is
a physico-mathematical ‘reading’ of a set of texts and figures in Kepler’s work.
Descartes was reading Kepler the way he had read Stevin: Seeking grist for the
physico-mathematical mill, he attempted to elicit a physical theory of light, and
perhaps the law of refraction, from a set of compelling geometrical diagrams and
texts for refraction presented by Kepler. The 1620 optics fragment is little studied,
apart from A.I Sabra’s interesting speculation that it contains premises adequate for
Descartes to have deduced from them his sine law of refraction of light, first pub-
lished seventeen years later in the Dioptrique of 1637.%

The most important claims in Descartes’ fragment are (1) that the ‘penetration’
of light varies positively with the density of the medium; and (2) that consequently
light is refracted toward the normal in the denser medium, and away from the nor-
mal in the rarer one. It is essential to realize that in the traditional optical literature

 See Schuster (2000) 279-85, 287-89.

% AT X pp. 242-3: ‘Lux quia non nisi in materia potuit generari, ubi plus est materiae, ibi facilius
generatur, caeteris paribus; ergo facilius penetrat per medium densius quam per rarius. Unde fit ut
refractio fiat in hoc a perpendiculari, in alio ad perpendicularem.’

7 Reasons to reject Sabra’s speculation (Sabra 1967) will emerge below in this section (see Notes
106, 111 and accompanying texts) and in Chap. 4 where Descartes’ actual path to the law of refrac-
tion, discovered in 1626/1627, will be examined. See also Schuster (2000) 277-285.
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there is no precedent for this sort of sketch physical theory of refraction. Earlier
major authorities on optics, such as Alhazan, Witelo, Roger Bacon and Peckham, as
well as contemporary ones such as Snel, had maintained in one fashion or another
that media resist the passage of light in proportion to their densities, and that the
path of motion normal to the refracting surface is the easiest or one of least resis-
tance. From these premises opticians contrived to conclude that a ray obliquely
entering a denser medium, and hence meeting increased resistance at the interface,
must be refracted in a path lying closer to the easiest, normal path; and that a ray
obliquely entering a rarer medium, and hence meeting decreased resistance at the
interface, must be refracted into a path lying farther from the easiest, normal path.%
Various explications were offered in attempting to link these conclusions to the
premises. What one might term Kepler’s ‘official’ qualitative theory of refraction,
published in Chap. 1 of Ad Vitellionem, differed considerably from that of the
Medieval and Renaissance perspectivists; but even he retained the stress on the
denser medium weakening the incident light.”

It is quite obvious that Descartes’ sketch theory of refraction rejects the central
elements of the Medieval and official Keplerian theories of refraction. For example,
refraction toward the normal in denser media in no way depends upon a weakening
or obstructing of the incident light; quite the contrary, refraction toward the normal
is said to depend directly upon the greater ‘penetration’ or ‘generation’ of light in
denser media. A fortiori, there is no role for a compensating bending toward the
easier, normal path, as in the Medieval theories. Nor does Descartes envision that a
weakened parallel component causes the bending toward the normal, as in Kepler’s
official theory. So, Descartes certainly did not obtain his 1620 theory of refraction
by reworking those of his predecessors. The conceptual resources upon which he
was drawing are likely to have resided, if at all, in less obvious corners of the
traditional optical literature. As suggested above, there is strong evidence that
Descartes was reflecting upon certain parts of Kepler’s work on refraction in Ad
Vitellionem. This line of investigation was initially prompted by the concluding

% Lindberg (1968). On Snel’s adherence to this type of conceptualization see Vollgraff (1913)
622-3.

% Kepler held that light is an immaterial emanation propagated spherically in an instant from each
point of a luminous object. Refraction, he maintained, is a surface phenomenon, occurring at the
interface between media. The movement of the expanding surface of light is affected by the surface
of the refracting medium, because, according to Kepler, like affects like, hence surface can only
affect surface, and the surface of the refracting medium ‘partakes’ in the density of the medium.
He analyzed the effect of the refracting surface upon the incident light, by decomposing its motion
into components normal and parallel to the surface. The surface of a denser medium weakens the
parallel component of the motion of the incident light, bending the light toward the normal; a rarer
refracting medium facilitates or gives way more easily to the parallel component of the motion of
the incident light, deflecting it away from the normal. (The normal component of the motion of
light is also affected at the surface by the density of the refracting medium, weakening or facilitat-
ing its passage, but not contributing to the change of direction). Ad Vitellionem Paralipomena,
Chap. 1 Prop. 12, 13, 14, 20, in Kepler (1938ff) vol. 1I, 21-3, 26-7. I have termed this Kepler’s
official theory of refraction, because it is not his only articulated discussion of the causes of refrac-
tion (and their geometrical representation) offered in Ad Vitellionem, as we are now about to see.
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portion of the 1620 fragment, not cited earlier, which discusses image places in the
context of Kepler’s new theory of vision, first published in Ad Vitellionem.'®
Examining the portions of Ad Vitellionem which deal with refraction, whilst bearing
in mind Descartes’ ‘physico-mathematical’ interests, brought to light two sets of
passages which do seem to have provided the starting point for his curious 1620
theory of refraction.

The first and most important passage occurs in Chapter IV of Ad Vitellionem,
where Kepler attempts to discover a simple law of refraction, by means of an analy-
sis of its putative physical causes. Kepler asserts that there are two fundamental
physical factors which any adequate theory of refraction must take into account: the
inclination of the incident rays, and the densities of the media. (These points are
consistent with his ‘official’ theory of refraction, described above.) He offers a geo-
metrical construction representing these factors (Fig. 3.9).

Take AG incident upon a basin of water. The density of water is said to be twice
that of air. Kepler lowers the bottom of the basin DE to LK so that the new basin
contains ‘as much matter in the rarer form of air as the old basin contained in the
doubly dense form of water’. Kepler then extends AG to I and drops a normal from
I to LK. Connecting M and G gives the refracted ray GM. Its construction involves
the obliquity of incidence and densities of media.!”! Although Kepler then goes on
to reject this construction on empirical grounds,'?? the question is, did this text speak
to René Descartes, the ‘physico-mathematician’ and budding optician, and what did
it say?

The first thing to notice is that Descartes’ fragment and Kepler’s text resemble
one another in precisely those respects in which they are anomalous with regard to
the traditional theories of refraction. Kepler’s construction, like the Medieval theo-
ries and his own official theory, stresses the role of the greater density in bending
rays towards the normal. But, in his figure Kepler directly represents the greater
density (by lowering bottom DE) and he then utilizes that representation in an
unmediated fashion to construct the refraction of the ray toward the normal. It is
strongly implied that greater density is a direct cause of bending toward the normal.
Kepler does not argue, as had the Medieval perspectivists, from greater density of the
medium, to more resistance to the passage of light, and thence to a compensating

10 Descartes” familiarity with Kepler new theory of vision and image formation has important
implications for our reconstruction, in Chap. 4, of his later discovery of the law of refraction. Some
time ago Dr Albrecht Heeffer, University of Gent, explored the Kepler/Descartes relation regard-
ing these passages in the context of reconstructing Descartes’ discovery and explanation of the law
of refraction. During the course of an interesting and erudite discussion, ‘The logic of disguise:
Descartes’ discovery of the sine law’, Dr Heefer did not cite my work (1977) and (2000; 2005)
This was apparently a seminar or working paper at the University of Gent, History of Science
Institute. I had the opportunity to confer with Dr Heeffer whilst he visited the HPS Unit, University
of Sydney, March 2011, during which he kindly directed me to his published version of the original
text, Heeffer (2006), which does cite my (1977) extensively.

101 Ad Vitellionem Paralipomena Kepler (1938ff), vol. II, 81-5.

12Kepler (1938ff) 86.
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Fig. 3.9 Kepler’s diagram representing the possible role in refraction of light of density of refract-
ing medium and obliquity of incident ray. Kepler, Ad Vitelionem Paralipomena (1604) in (Kepler
1938) 11, p. 85

bending toward the ‘easier’ normal path. Nor does he argue, as he had in his official
theory, from greater density of the medium, to weakening of the parallel component of
the motion of the light, and thence to bending toward the normal. Descartes’ fragment
is peculiar in precisely this same respect. There is no mention of a weakening of
the light or of any of its components, nor of a compensating bending toward the
normal. Instead, greater density is connected with greater ‘generation’/‘penetration’,
which apparently directly causes refraction toward the normal. Descartes’ frag-
ment would therefore appear to be based in some way upon Kepler’s text and
construction.

It is not difficult to see why Descartes, the aspiring ‘physico-mathematician’,
would have been attracted to the non-traditional approach manifested in Kepler’s
text. Kepler was trying to penetrate beyond the mere phenomenon of refraction and
to identify its physical causes. He wanted to represent geometrically the action of
these causes and build the representations into a method of generating, by geo-
metrical construction, the paths of refracted rays. If successful in empirical terms,
this would be tantamount to possessing the sought for law of refraction of light.
Descartes had already attempted to identify and geometrically represent the true
causes of the paradoxical statical behavior of fluids, ‘superficially’ (if rigorously)
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mathematicized by Stevin. He probably saw Kepler’s construction as a promising
step toward the desired physico-mathematization of the problem of refraction, by
both obtaining the descriptive, geometrical law of refraction and identifying its
physical causes.'®

This may explain Descartes’ source and his motivation, but it does not yet eluci-
date the precise wording of his fragment. Here one has to be careful in teasing out
the relationship between Descartes’ fragment and Kepler’s passage; for the frag-
ment is not a simple verbal transcription of Kepler’s construction technique (and
verbal gloss), but rather an elaboration and explication of them. As we have seen,
the two texts share the same anomalous posture vis-a-vis traditional theories of
refraction. But within that broad similarity there resides an important residual dif-
ference. Kepler’s construction technique does not focus upon, or work with, the
parallel and normal components of the motion of the incident light or light ray. He
directly represents the causally efficacious greater density of the lower medium and
postulates a construction technique which uses that representation of density, and
the obliquity of the incident ray, to manufacture a ray path bent toward the normal.
The greater the obliquity of incidence and the farther the bottom DE has been low-
ered, the greater the resultant refraction toward the normal. In contrast, Descartes’
fragment introduces the concept of ‘generation’/‘penetration’ of light, which varies
with density. It is the increased or decreased ‘penetration’ (itself the product of
greater or lesser density) which causes refraction toward or away from the normal.
Descartes, unlike Kepler, wishes to characterize the properties of the light or light
ray itself and to insert the characterization between the talk of ‘density’ and of
‘refraction’ toward or away from the normal.

Why should Descartes have been led to view the Kepler diagram in these terms;
why mention ‘penetration’/‘generation’ at all; why not just say that greater or
lesser density causes refraction toward or away from the normal? The answer
would seem to be that Descartes, in interpreting Kepler’s passage, was reintroduc-
ing quite customary questions about the comportment of the parallel and normal
components of the motion of the incident light, or of the ray that represents it.
Kepler, in other contexts in which he deals with refraction (and reflection), typi-
cally considers the comportment of these components, even though he does not
always deduce changes in direction of light by (re-)composing altered components
of its motion.'™ Descartes’ contention that the ‘penetration’ of light varies with the
density of the medium makes sense as a reading of Kepler’s text, provided one
takes Descartes to be thinking in terms of the comportment of the parallel and

193 Schuster (1977) 336-9 and Schuster (2000) 281-285. Cf. also the problem solving techniques
attributed to the young Descartes above in our analysis of the hydrostatics manuscript and the more
general argument on this important issue by Sepper (2000).

104 For example, Kepler’s official theory of refraction (Note 99 above) dealt with the parallel and
normal components of the motion of the light, asserting that both are weakened at the interface,
whilst attributing the refraction to the alteration in the parallel component alone. In the traditional
optical literature it was also thoroughly commonplace to attend to the comportment of the normal
and parallel components of the motion of light when discussing its refraction and reflection.
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normal components of the motion of the incident light or of the incident ray. When
approached in this way, Kepler’s diagram and construction technique would be
taken as saying that the denser medium has the effect of increasing one or both of
these components, hence causing refraction toward the normal. Only a little
reflection is required to see that this in turn boils down to the claim that the normal
component of the motion of the incident light increases upon entering a denser
medium, while the parallel component can remain constant, increase in appropri-
ate proportion, or even decrease.

The literal text of Descartes’ optical fragment is therefore to be explained as fol-
lows. Descartes was pursuing the central idea of Kepler’s passage, the direct causal
role of greater or lesser density in bending light to or from the normal. But, Descartes
translated that physico-mathematical insight into the customary mode of discourse
about the parallel and normal components of the motion of light or of light rays, and
so produced his proposition about ‘penetration’ varying with density. Hence, when
Descartes writes of the ‘penetration’/‘generation’ of light being directly related to
the density of the medium, he is envisioning the behavior of the normal components
of incident light rays. The magnitude of these components (the ‘penetration’) varies
with the density of the medium. Increase in the normal component (with conserva-
tion or appropriate alteration in the parallel component) will bend the refracted ray
toward the normal; decrease in the normal component (with conservation or appro-
priate alteration in the parallel component) will bend the ray away from the nor-
mal.'% This also explains the entailment between the first and second sentences of
the fragment, claimed by Descartes and first discerned by Sabra in his interesting
analysis of part of this fragment.'® Descartes can say that greater or lesser ‘penetra-
tion’ causes refraction toward or away from the normal, because he identifies
greater/lesser ‘penetration’ with increase/decrease in the normal component, which
can be represented in ray diagrams and used in the construction of refractions
toward/away from the normal. Needless to say, given the argument of this chapter,
Descartes’ strategy here is pure physico-mathematics. He is eager to read a possible
geometrical construction and representation of refraction back to a knowledge of its
(mathematically representable) causes, and vice versa. Kepler’s figure and construction
may not capture the law of refraction—Kepler admits as much—but some such

195 Again, our interpretation should be compared to Sepper’s (2000) interesting thesis about how
the young Descartes solved problems via strategies of figural representation. Here Descartes uses
the routine representation of the components of rays to represent and articulate Kepler’s interesting
physical hypothesis. He was, in the language we developed above to describe his physico-mathe-
matical practices, ‘figuring up’ the problem, by imposing upon Kepler’s inviting conjecture and
diagram the customary component analysis of rays.

106 See above Note 97. Sabra (1967) drew attention to Descartes signalling the entailment, but
incorrectly interpreted Descartes’ premise concerning ‘greater penetration in denser media’ as
applying independently of angle of incidence—thus allowing Sabra to deduce the sine law of
refraction from the ‘text’. We have seen that Descartes’ premise applied to the normal component
of the force or motion of the incident ray. Had Descartes carried out the resulting deduction, he
would have arrived a tangent law of refraction.
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Fig. 3.10 Refraction by the most dense medium possible, after Kepler, Ad Vitellionem
Paralipomena (Kepler, 1938) 1. pp. 89-90, 107

inquiry of a similar type might. Descartes is working through what Kepler had done,
in order to articulate and correct it.'””

Our reading of Descartes’ fragment—both in its detailed content and as a speci-
men of physico-mathematical procedure—can be confirmed by looking at a second
set of passages in Ad Vitellionem which conditioned his thinking about the ‘physico-
mathematics’ of refraction. Let us return to Descartes’ fragment, and consider the
sentence following on from the extract quoted above at the beginning of this section.
Descartes continues,

Moreover the greatest refraction of all should be in the densest medium of all....!%
As it happens, in Ad Vitellionem Kepler twice considers the notion of ‘the most

dense medium possible’, pointing out on both occasions that any ray entering such
a medium will be refracted into the normal direction (Fig. 3.10).

17 This tactic curiously foreshadows a similar process of adaption, criticism and modification
which Beeckman and then Descartes would adopt toward Kepler’s celestial mechanics in the late
1620s, a process that had its outcome in Descartes’ vortex theory of planetary motion, a very seri-
ously worked out theory indeed, as we shall learn in Chap. 10 Cf. Schuster (2005).

108 AT x. 242-3. ‘...omnium autem maxima refractio esset densissimum, a quo iterum exiens radius
egrederetur per eundem angulum.’ In his analysis of the fragment, Sabra did not cite or discuss this
remark; yet, it is of vital importance in understanding Descartes as a ‘physico-mathematical’
reader and-interpreter of Ad Vitellionem. See Sect. 4.6.
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In the most dense medium of all refractions are performed toward the perpendiculars
themselves, and are equal in respect of (all) inclinations.'®”

And,

...if you should ponder what ought to occur in the most dense medium (or medium of
infinite density), you would comprehend from the analogy of other media that, if there
could be such a medium, it is necessary that all rays falling from one point onto the surface
would be fully refracted, that is, after refraction they would coincide with the perpendicular
itself.!?

The context of these remarks is Kepler’s official theory of refraction. The infinite
density of the refracting medium destroys the parallel component of the motion of
the light, leaving it only its normal component.

When Descartes echoes these passages in his fragment, the context is not Kepler’s
official theory of refraction, but rather the first two sentences of his own 1620 text,
as we have learned to read them. Clearly, Descartes intended to present the case of
the ‘most dense medium’ as a limiting case of the general proposition that ‘penetra-
tion varies with density and causes refraction to or from the normal’. That is, when
a ray enters the most dense medium possible, the normal component is infinitely
(or as Descartes probably would have had it, indefinitely) increased and the ray bent
into the normal, regardless of whether the parallel component suffers a finite
increase, decrease or merely stays the same. If Descartes drew his limiting case
from Kepler, this lends extra weight to the claim that the first two sentences of the
fragment constitute a ‘physico-mathematical’ reading of the other passage in Ad
Vitellionem. In sum, Descartes connected two lines of speculation present in Ad
Vitellionem but not explicitly linked by Kepler: (1) The geometrical representation
of the claim that ‘the greater the density, the greater the refraction toward the nor-
mal’. And, (2) the claim that infinitely dense media would refract all incident rays
into the normal. It was Descartes, not Kepler, who first related (2) to (1), using (2)
to illustrate the limiting case of his own explicated version of (1), which related
change in density to change in ‘penetration’ (normal component) to change in
direction.

So, the optical fragment is a piece of highly interesting (and for the young
Descartes increasingly typical!) physico-mathematics But what about the actual law
of refraction? What did this physico-mathematical inquiry produce for Descartes?
Well, we have now found that in the 1620 fragment Descartes embraced an assump-
tion which would have hindered his deducing a sine law of refraction. He held that
in two media the normal components of the force of light are in a constant ratio. Had
he then assumed that the parallel components are constant, and attempted a

19 Kepler (1938ff) II 107. ‘In medio densissimo omnes refractiones fiunt ad ipsas perpendiculares
suntque aequales inclinationibus.’

W loc. cit. pp.89-90. ‘...si perpendas, quid fieri debeat, medio existente plane densissimo (seu
infinitae densitatis), deprehendes ex analogia mediorum caeterorum, oportere, si quod esset, omnes
omnino radios ab uno puncto in superficiem huiusmodi illapsos, refringi plenarie, hoc est, coinci-
dere post refractionem cum ipsos perpendicularis.’
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physico-mathematical deduction of the law of refraction, he would have been led to
a law of tangents.!!! We shall see in the next chapter that the obstacle posed by the
1620 optical fragment is critically important in reconstructing Descartes’ path to the
sine law of refraction in the mid to late 1620s.

Finally, we need to ask what sort of natural philosophical commitments—about
matter and cause—were articulated to the physico-mathematical approach in the
fragment. Descartes’ physico-mathematics was meant, on the one hand, to ‘phys-
ico-mathematicize’ the mixed mathematical sciences—render them organic parts
of natural philosophy, not subordinate, merely descriptive hangers on—and, on the
other hand, it was supposed to produce from the terrain of ‘to-be supplanted’ mixed
mathematical sciences, conclusions of natural philosophical relevance and import.
To be sure, Descartes’ optical fragment of 1620 makes no direct reference to a cor-
puscular-mechanical ontology. Indeed it appears to take a quasi-Aristotelian view of
the nature of light, with Descartes writing of the ‘generation’ of light. (Although, if
taken literally, this would imply light to be a substance rather the actualization of a
potential property of the medium, as Aristotle held.) The generally Keplerian con-
text of the fragment might suggest an underlying ontology of light as immaterial
emanation. Yet, Descartes’ apparent concern with quantifying the variation of ‘pen-
etration’ (normal component) with density might also bespeak an unarticulated
theory of light as mechanical impulse or tendency to motion. For example, in the
hydrostatics manuscript of 1619, Descartes had, as we have seen, already explained
gross weight as the product of summed corpuscular tendencies to (downward)
motion, and he had analyzed the ‘weight-producing’ normal components of those
tendencies.!!?

However, teasing deep and specific natural philosophical commitments out of
the optical fragment of 1620 may be slightly beside the point. Descartes seems less
interested in specific natural philosophical claims, or precise matter and cause dis-
course about light, than with generally explaining refraction in physico-mathematical
terms, by relating density to ‘generation/penetration’ (magnitude of normal component),
and expressing the relation geometrically. In so far as Descartes sought to explain

""Had Descartes assumed that the parallel component varies either directly or inversely with the
density, he would have again deduced ‘tangent laws’ with slightly differing indices of refraction.
There seems no way to proceed directly from the assumptions of 1620 to the sine law of refraction,
unless one is prepared to introduce Newtonian complications about the variation in components as
functions of the angle of incidence, a way of conceiving the problem foreign to Descartes in 1620,
1626, as well as 1637. Sabra, of course, assumed that penetration varied with density regardless of
the angle of incidence, an assumption that does indeed yield the sine law, when conjoined with the
assumption that the parallel component of the motion, force or penetration of the incident ray is
unaffected by refraction. Sabra’s error consisted in his construal of the first premise: Descartes was
envisioning that the normal component of penetration varied with density. These matters are dis-
cussed in more detail below in Chap. 4.

12 And in the case of the study of the physico-mathematics of fall, Beeckman and Descartes had
both seemingly spoken a surface language of attractions and forces, arguably covering corpuscular-
mechanical commitments about the causes of fall.
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refraction by mathematicizing the density-penetration relation (which could have
various specific natural philosophical explications), he was comporting himself as a
physico-mathematicus. The question of how (or even whether) a corpuscular-
mechanical ontology (or any other ontology) applied was pushed to the periphery,
as was any unequivocal commitment about the physical nature of light. So, the optical
fragment is every bit as physico-mathematical as the hydrostatics manuscript, but it
eschews a definite commitment to a specific natural philosophical approach, speak-
ing a generic matter/cause language of generation/penetration and density.

Two tentative reasons may be advanced as to why Descartes was so coy about
specific natural philosophical claims in the optics fragment. First of all, as in the
case of the study of fall, Descartes did not have in hand a firmly established descrip-
tive geometrical law governing the phenomenon. So, reading back physico-mathe-
matically from an established law to definite natural philosophical causes was not
on the cards. The fragment is exploratory and preliminary, but certainly novel and
pregnant with later work in optics. A second possible reason for his relative natural
philosophical reticence may reside in Descartes having compared Kepler’s approach
to refraction with Beeckman’s corpuscular speculations about the phenomenon,
leading him to conclude that specific natural philosophical commitments would be
premature. To explain refraction Beeckman explicitly employed his corpuscular-
mechanical natural philosophy and a theory of light as the translation of light cor-
puscles. The macroscopic refraction of light results from a complex series of
collisions between light corpuscles and the constituent particles of the refracting
medium.'®* The explanation was qualitative and discursive, incapable of physico-
mathematical treatment, and, if we may judge by Descartes’ eager appropriation of
Kepler’s texts, was thought by Descartes as unlikely to lead to the discovery of the
law governing refraction. Encountering Kepler’s physico-mathematical approach to
refraction, Descartes may well have faced a choice: either to pursue Beeckmanian
qualitative corpuscular-mechanical speculations about light and refraction, or, to
follow Kepler’s ‘obviously physico-mathematical’ attempt to identify and mathe-
maticize the causes of refraction as a step toward the discovery of the law. In the
latter case a corpuscular-mechanical explanation need not have been rejected in
principle, but merely deferred until such time as the law of refraction might be
discovered (and indeed this is the pattern our analysis has suggested thus far.) When,
in 1626-1628, Descartes did move forward in optics, we shall see that he first estab-
lished a descriptive law of refraction by means of rather traditional geometrical
optical techniques and then submitted the result to physico-mathematical treatment
in an attempt to extract natural philosophical causes of a generally mechanistic type.
But, he did not indulge in detailed corpuscular mechanical stories about light or its
refraction, until he became engaged after 1628 in composing Le Monde and the
earliest versions of the Dioptrique.'*

3¢.g. Beeckman (1939-53) III, 27-28.
114See Chap. 4, and Schuster (2000) 272-295.


http://dx.doi.org/10.1007/978-94-007-4746-3_4

3.7 Conclusion: Options, Pitfalls and Trajectories 163

Descartes’ physico-mathematical encounter with Kepler’s optics, recorded in the
1620 fragment, therefore probably affected his views about a physico-mathematical
optics in two ways. First, it discredited, for the time being, detailed corpuscular-
mechanical stories about light, media, sources and the micro-mechanics of refrac-
tion, because these eluded and obstructed attempts at mathematization. Second, at
the level of physical theories of light—even quite unarticulated ones—it exerted
pressure away from explicit kinematic models and toward models involving no pas-
sage of any material entity. Beeckman’s kinematic fantasies were avoided, but there
were permitted models of light as mechanical impulse or as tendency to motion, or
indeed as Keplerian immaterial substance, or even as Aristotelian actualization of a
potential property of the medium.'"

In the end, viewing the optical fragment in the context of what we have seen in
the other two case studies in this chapter, we may say that the fragment offers slim,
but crucial evidence that Descartes was interested in a physico-mathematical agenda
in optics, and that matters were necessarily fluid and inconclusive at the level of
technical accomplishment—progress toward finding the law of refraction—and in
relation to specific natural philosophical aims and valencies. In the next chapter we
will be able go much further, to reconstruct the subsequent trajectory of his work in
optics in the 1620s, including the next steps in the attempted physico-mathematical
transformation of this traditional mixed discipline—his work on the law of refrac-
tion and its mechanistic explanations or rationales, and, his attempt to inscribe a
methodological ‘just-so’ story of how all this work was accomplished.

3.7 Conclusion: Options, Pitfalls and Trajectories

This chapter arguably has made it clear, on the basis of the available evidence, that
the hydrostatics manuscript was the key text and event in Descartes’ early physico-
mathematical experience. The hydrostatics manuscript exemplified the Beeckman/
Descartes physico-mathematical agenda in profound ways: It showed how Descartes
thought one might move a mixed mathematical science right into corpuscular-
mechanical natural philosophy, and indeed much more. It held out the promise of
arriving at principles of a dynamics, a causal register, for corpuscular-mechanical
natural philosophy, and it seemed to forge a kind of protocol for the posing and solv-
ing of problems of physicalization of mixed mathematical findings and puzzles. The
1620 optics fragment looks as though it could have moved along similar lines, and
we shall soon see that hint realized in Descartes’ optical work of the later 1620s.
We have also learned that the extensive materials on accelerated fall are properly
seen as exercises toward a physico-mathematisation of the domain—exercises
which ran out into inconclusive results, due to multiplication of reasonable options

115 For Descartes’ similar reaction to Beeckman’s celestial mechanical speculations see Schuster
(2005) and Sect. 10.3 below.
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for both the law and its putative causes. Beeckman and Descartes were not Galileo,
but not because of some failure of their ‘scientific’ or mathematical merit, but
because, after some examination, accelerated natural fall did not seem to them to
lend itself to solid physico-mathematical results in natural philosophy. To pretend
that a kinematic law of fall did provide a royal road to natural philosophical insight—
which is what Descartes thought Galileo was purporting in his great work of 1638—was
to ‘build without foundations’, as he laconically commented at the time. Accelerated
free fall was not the portal to wisdom about a physico-mathematicized corpuscular
mechanism. It was to turn out that neither was hydrostatics to play that role. Rather
it was optics, to which we now turn.

But, a note of caution and preparation must be registered first. The story of his
next moves in physico-mathematical optics is not intended as some, albeit new fan-
gled, linear, Whiggish tale of Descartes. His situation in 1620 was complicated and
presented many options for further work. There was, first of all, as flagged earlier,
the parallel work in analytical mathematics, which by late 1620 had also given birth
to his overheated projects, first of ‘universal mathematics’ and then universal
method. In physico-mathematics, optics would indeed play out fruitfully later; but,
in 1620 it would not have been so clear to the budding physico-mathematicus what
was the most promising exemplar and agenda. Moreover, Descartes was apparently
not even involved in mathematical and natural philosophical matters over the next
few years. When he moved back into Parisian circles in the mid 1620s, he effected
his physico-mathematical breakthrough in optics, but his concerns (now under
Mersenne’s influence) were also unexpectedly extended to the political and reli-
gious implications of scepticism and rising radical philosophies of nature. This too
would shape what he elected to select and develop out of his earlier repertoire of
mathematical and natural philosophical concerns. He decided to deploy his new
mechanistic optics (and a theory of perception) in the service of an attempt to articu-
late what his supposedly all conquering universal mathematics actually involved—
all this, moreover, supposedly illustrating the power of his underlying universal
method. This would answer to Mersenne’s, and his own, cultural concerns. However,
the resulting project, the bulk of the latter portion of the (unfinished) Rules for the
direction of the mind, collapsed in 1628/1629. This in turn forced a detour into what
we now see as the emergence in of Descartes, the systematic corpuscular natural
philosopher, with Le Monde (1629-1633), a text which in a different way extends
and articulates the impulses (and results) of his earlier physico-mathematics. In
short, the future adventures of the brilliant and difficult disciple of Beeckmanian
physico-mathematicized corpuscular mechanism, which we shall trace in the
remaining chapters, were by no means inscribed in the early work we have reviewed
in this chapter. That work, properly understood, is just the initial staging post for a
surpassingly complex struggle played out over the next decade and a half, before
anything like the public Descartes emerged into the wider projects and conflicts of
his later life. With these caveats, then, we can turn first to the purest of his physico-
mathematical feats, in optics, although even here the details of the trajectory were
complex, surprising, and, for various reasons, occluded by Descartes from common
view, when he finally came to publish them in his Dioptrique of 1637.
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Chapter 4
Descartes Opfticien: The Optical Triumph
of the 1620s

4.1 Genealogical Detective Work— Hints, Clues
and the Problematical Text of the Dioptrique

This chapter reconstructs the genealogy of Descartes’ discovery of the law of refraction,
initial development of a theory of lenses, and first attempts to explain the law through
a mechanistic theory of light. These events of the mid to late 1620s constitute the
greatest of Descartes’ achievements in mixed-and physico-mathematics and were
also of the upmost importance for his emergence, from the late 1620s, as a system-
atic corpuscular-mechanical natural philosopher. He would use the discovery of the
law of refraction as a putative example of his supposedly all conquering method.
More importantly, the optical work led him to the mature formulation of the central
concepts of his dynamics—the causal register of his emerging system of corpuscular-
mechanism. That system was first embodied in the text, Le Monde (1629-1633),
tellingly subtitled ‘traité de la lumiere’, in which the recently polished dynamics,
itself a product of the optical work, ran a corpuscular-mechanical theory of light in
its cosmological setting.! The optical triumph of the 1620s is, from one point of
view, the culmination of the physico-mathematical agenda of the young Descartes,
whilst viewed prospectively, it is the exemplary basis and resource for large swathes
of his mature, systematic natural philosophical work. Nothing could be more impor-
tant to understand about the early career of Descartes, and nothing, with the excep-
tion of his fantasy of method, has proven so difficult and allusive to reconstruct.
The materials for this reconstruction are few and scattered, and this sort of recon-
struction—especially one grounded in the realization that Descartes was a physico-
mathematician leaning toward corpuscular mechanism—has not previously been
attempted. For reasons that will become quite clear as we proceed, this inquiry takes

'"The centrality of light and its action in the system of corpuscular-mechanical natural philosophy,
as a set of phenomena and as an exemplar of action and explanation, will be discussed in
Chap. 10.
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the form of a detective story. We have to start from work published much later—the
Dioptrique, published in 1637 as one of the three ‘Essais’ supporting the Discours
de la Méthode—working back through scattered earlier hints and clues to uncover
the genealogy of the discovery of the law, its application to lenses and attempted
mechanistic explanations. We do have a slight head start, because we already know
something about Descartes’ physico-mathematics and embryonic corpuscular-
mechanism, and the place that the optical fragment of 1620 holds in that enterprise.
We know, for example, of his early interest in a physico-mathematized optics. We
also know that at that point he did not have the law of refraction, and was working
within a set of assumptions likely to hinder, rather than facilitate, its discovery.
Finally, we have surmised—in, Sect. 3.6—that in optics, under the stimulus of
Kepler, he was probably sceptical of kinematic-corpuscular models, and leaning
toward instantaneous transmission (of an action or power). However, very little
evidence survives between that document and the Dioptrigue of 1637, and that evi-
dence consists in fragments and scraps which can only facilitate a reconstruction of
his discovery path, once we have found out how to decode what is going on in the
Dioptrique itself. Therefore, that is our first problem, because the Dioptrique is by
no means a straightforward text.

The Dioptrique certainly does not reveal on its surface the trajectory of Descartes’
mixed and physico-mathematical optical struggles. Indeed, it has traditionally raised
its own problems, puzzles and even accusations. For example, Descartes deduces
the laws of reflection and refraction from a model involving the motion of some
very curious tennis balls. Descartes’ contemporaries tended not see any cogency in
this model, nor did they grasp the theory of motion (actually his dynamics) upon
which it is based.? These problems only further focused the question of how
Descartes arrived at the law of refraction, if not through his dubious deduction.
Later, suspicions were raised about whether Descartes had simply plagiarized the
law from Willebrord Snel. If not, where had it come from?* To these contemporary
and traditional problems, we may add a few more: how did the lens theory develop
over time; how does this complex of optical work relate to the program of a physico-
mathematics ‘leaning toward corpuscular-mechanism’, and indeed to his grandiose
ideas of method? The Dioptrique offers no obvious answers to these problems, oth-
erwise they would have been discerned long ago, and so its value to our detective
story might seem rather dubious. Nevertheless, some of the puzzles of the Dioptrigue
can be resolved, and the resulting answers will in turn direct us to how to use the
surviving hints and clues to construct the genealogy of Descartes, physico-
mathematical ‘opticien’.

Our order of play in decoding the Dioptrique runs as follows: First I will show
that the tennis ball model for reflection and refraction links quite coherently to
Descartes’ impulse theory of light through his dynamics of micro-corpuscles. We

2Fermat (1891-1922) t. IT. 108-9, 117-24, 485-9; Mouy (1934) 55, Milhaud (1921) 110.

31t has long been well established that it is quite unlikely Descartes stole the law from Snel, as
some contemporaries maintained. See Kramer (1882) and Korteweg (1896) pp.489-501.
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have seen that dynamics mooted in his earliest physico-mathematical work, and it
would be first worked out in some detail for Le Monde between 1629 and 1633.
Nevertheless, we will also learn that the tennis ball model, even when given its
proper dynamical basis, still poses a number of problems, which indeed were
acknowledged at the time, by Descartes and his contemporary critics. Thus, we
shall find that it is the very strengths and the weaknesses of the tennis ball model
that provide us with further clues and tools for our main aim, the reconstruction of
how the law of refraction was discovered. Given that reconstruction, we shall finally
be able to explore some of the complicated relations between Descartes’ geometri-
cal optics and his attempts at mechanistic explanation in the 1620s, and we shall
even be able to return to the Dioptrique in order to unpack the reasons for some of
its allusive and misleading surface appearance. In sum, what we are after is a recon-
struction of how, after 1620, Descartes’ mixed- and physico-mathematical optics
developed, down to the discovery of the law of refraction in 1626/1627; and how,
after that discovery, he increasingly committed himself to mechanistic explanations
of the law, instigating in effect a physico-mathematical optics of firmly mechanistic
tenor, which, in turn, became exemplary for his emerging form of systematic
corpuscular mechanism.

4.2 Cartesian Dynamics in Le Monde

This section examines the earliest articulated version of Descartes’ dynamics, as
offered in Le Monde. This will set the stage for our analysis of the tennis ball proofs
in the Dioptrique. These will be fully explicated and consistently reduced to
Descartes’ actual mechanical theory of light, by means of an understanding of this
dynamics. The rudiments of this dynamics of instantaneously exerted forces and
determinations dates back to Descartes’ earliest work in the hydrostatics manuscript
of 1619, as we saw in the previous chapter. It was first fully articulated in Le Monde.
As we shall learn in the course of this chapter, there was no straightforward evolu-
tion of clear conceptual possibilities between the embryonic dynamics of 1619 and
the elaborated version in Le Monde. The intervening optical work, its triumphs and
difficulties, embodies much of the tortuous path, from the first stirrings of a ‘causal
register’ for corpuscular-mechanism in 1619, to the relatively mature Cartesian
dynamics of Le Monde.

Descartes’ elaborated dynamics of micro-particles in Le Monde had nothing to
do with the mathematical treatment of velocities, accelerations, masses and forces.
Rather, it was concerned with accounting for the motion, collision and tendency to
motion of corpuscles. Descartes held that bodies in motion, or even merely tending
to motion, can be characterized from moment to moment by the possession of two
sorts of dynamical quantity: First, there is the absolute quantity of the ‘force of
motion’; secondly, there are the directional modes of that quantity of force; the
directional components along which the force or parts of the force act. These directional
modes of the quantity of force of motion, Descartes termed actions, tendencies, or
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most often determinations.* Descartes explains natural change mainly by instantaneously
occurring corpuscular collisions. At the moment of a corpuscular impact, the God
of the Cartesians instantaneously adjusts the quantities of force of motion and the
determinations that will characterize the corpuscles concerned in the instant after
the impact. God does this by following certain laws and rules of impact he has
framed and ‘ordinarily’ follows. He, God that is, considers the force and determina-
tion relations of the two bodies just prior to impact, and upon impact God instanta-
neously rearranges those forces and determinations in accordance with the rules He
has laid down. The laws and rules of impact are Divinely ordained prescriptions,
stating what God will do about redistributing the dynamical quantities, given the
conditions of the impact.’
Consider Descartes’ first ‘rule of nature’ in Le Monde, which reads as follows:

Each part of matter always continues to exist in the same state as long as other bodies do
not constrain it to change that state. If it has a certain size, it will never become smaller,
unless other bodies divide it... if a body has stopped in a given place, it will never leave that
place unless others force it out; and if it has once commenced to move, it will continue
along with the same force, until other bodies stop or retard it.®

We may take this to assert the conservation of the motion (or rest) of a body in
the absence of external constraints. Closer inspection reveals a telling point.
Descartes slips into speaking of the ‘force of motion’. This is the quantity which is
conserved. This is the force of motion we have been talking about. Descartes uses
the term in relation to his Voluntarist understanding of ontology: God must continu-
ally support (or re-create) bodies and their attributes from moment to moment. This
implies that in the final analysis a body in phenomenal translation, in motion, is
really being recreated or continually supported at successive spatial points during
successive temporal instants. In addition, and this is the key point, in each of those
instants of re—creation, it is characterized by the Divine injection of a certain quantity
of “force of motion’. We should view the instantaneously conserved ‘force of motion’
as a kind of quantity of efficacy (the phenomenal mirror of the instantaneously injected
Divine action).

The third law of motion in Le Monde specifies the direction in which the Divinely
conserved quantity of force of motion is to act.” The force of motion is directed

*The understanding of determination used here develops work of Sabra (1967) 118-121, Gabbey
(1980), Mahoney (1973), Gaukroger (1995), Knudsen and Pedersen (1968), Prendergast (1975),
and McLaughlin (2000).

31t should also be noted that Le Monde itself contains a reference to the text of the Dioptrique,
attributing the distinction between force of motion and directional force of motion to that text. AT
X. 9. cf Alquié (1963) t. 1, 321 note 2. The importance of the priority of optics in the elaboration
of the dynamics will emerge clearly from our reconstruction.

®AT xi. 38; SG 25-6; MSM 61.

7 AT xi. 43-44: SG 29, ‘I shall add as a third rule that, when a body is moving, even if its motion
most often takes place along a curved line and, as we said above, it can never make any movement
that is not in some way circular, nevertheless each of its parts individually tends always to continue
moving along a straight line. And so the action of these parts, that is the inclination they have to
move, is different from their motion (...leur action, c’est a dire I’inclination qu’elles ont a se
mouvoir, est different de leur mouvement).” And,
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along the tangent to the path of motion at the point under consideration. We have to
be careful here. The third law does not say that merely a direction is conserved.
Rather, it asserts that a quantity of force of motion is annexed to a privileged direction.
That is, the law specifies a directional quantity of force of motion. It says that in the
absence of external constraint, this directional quantity of force of motion would be
conserved by God from instant to instant. This directional quantity of force of
motion is, of course, that ‘determination’ discussed above.® Let us call the direc-
tional quantity of force of motion directed along the tangent to the path of motion at
a given instant the ‘principal determination’ of amoving body. Following Descartes,
one can decompose that directional quantity into components, also called determi-
nations. In any given case, mechanical conditions and the spatial relations of bodies
dictate which components of the principal determination come into play. We are
going to see that in the demonstrations of the optical laws, the reflecting or refracting
surfaces effectively dictate which components of the principal determination of a
moving tennis ball come into play in the collision. The only other thing we have to
remember is that determination, like force of motion, is a dynamical property predi-
cated of moving bodies (or of bodies tending to motion), from instant to instant. Just
as force of motion is injected by God from instant to instant, so is determination,
which according to the third law, is only the directional magnitude of that force and
the components into which it may be resolved. As God maintains or alters from
moment to moment the absolute quantity of force of motion; so he also maintains or
alters instantaneously the directional manifestations of that force—what Descartes
calls the determinations.

Let us consider Descartes’ chief example in Le Monde of the use of these con-
cepts (Fig. 4.1). Consider a stone rotated in a sling. Descartes analyses the dynami-
cal condition of the stone at the precise instant that it passes point A. By the first and
third laws of motion, the force of the motion of the stone is directed along the

“This rule rests on the same foundation as the other two, and depends solely on God’s conserv-
ing everything by a continuous action, and consequently on His conserving it not as it may have
been some time earlier, but precisely as it is at the very instant He conserves it. So, of all motions,
only motion in a straight line is entirely simple and has a nature which may be grasped wholly in
an instant. For in order to conceive of such motion it is enough to think that a body is in the process
of moving in a certain direction (en action pour se mouvoir ver un certain coté), and that this is the
case at each determinable instant during the time it is moving.” (pp.29-30)

81n the passages discussing the third law, cited above, Descartes defines ‘action’ as ‘I’inclination a
se mouvoir’. He then says that God conserves the body at each instant ‘en action pour se mouvoir
ver un certain coté’. This would seem to mean that at each instant God conserves both a unique
direction of motion and a quantity of ‘action’ or force of motion. In other words, the first law
certifies God’s instantaneous conservation of the absolute quantity of tendency to motion, the
‘force of motion’. The third law specifies that as a matter of fact in conserving ‘force of motion’ or
‘action’, God always does this in an associated unique direction. The first law asserts what today
one would call the scalar aspect of motion, the third law its necessarily conjoined vector manifesta-
tion. Just because he recognizes that some rectilinear direction is in fact always annexed to a
quantity of force of motion at each instant, Descartes often slips into abbreviating ‘directional
force of motion’ by the terms ‘action’, ‘tendency to motion’ or ‘inclination to motion’, all now
seen in context as synonyms for ‘determination’.
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Fig. 4.1 Descartes’ dynamics of the sling in Le Monde (Modified from AT XI, p.46)

tangent, that is along AG. If the stone were released and no other hindrances affected
its trajectory, it would move along ACG at a uniform speed reflective of the con-
servation of its quantity of force of motion.” However, the sling constrains the
privileged, principal determination of the stone and deflects its motion along the
circle AF.

Descartes considers that the principal determination along AC can be divided
into two components: one is a ‘circular’ determination along ABF; the other a cen-
trifugal determination along AE. For present purposes, let us ignore the curious
circular tendency. To discuss it would lead us further than we need to go into
Descartes’ manner of treating circular motion.'® What Descartes is trying to do is
decompose the principal determination into two components: one along AE com-
pletely opposed and hindered by the sling—so no actual centrifugal translation can
occur—only a tendency to centrifugal motion; the other along the circle, which is as
he says, ‘that part of the tendency along AC which the sling does not hinder’.!!
Hence it manifests itself as actual translation. The choice of components of determi-
nation is dictated by the particular configuration of mechanical constraints on
the system.

®Le Monde, AT xi. 45-6, 85. SG 30, 54-55;, MSM 73-75, 147-151.

Le Monde , AT xi. 85. For the sake of Whiggish edification it can be noted that had Descartes dealt
with the centripetal constraint on the ball, offered by the sling, instead of the ‘circular’ tendency
(which violates the first law in any case), he might have moved closer to Newton’s subsequent
analysis of circular motion. For an analysis of Newton’s success and Descartes’ pitfalls in dealing
with circular motion, as a function of their respective theories of dynamics see Smith (2008a)

' Le Monde, AT xi. 85.
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Fig. 4.2 Descartes’ figure for reflection of light (Tennis Ball) in Dioptrique, AT VI, p.91

Now, leaving aside Descartes’ theory of elements and his cosmology, his basic
theory of light in Le Monde is that light is a tendency to motion, an impulse, propa-
gated instantaneously through continuous optical media. So, in the dynamical
language of Le Monde, light is or has a determination, a directional quantity of force
of motion. Note that light, as a tendency to motion, can have a greater or lesser
quantity of force—we can have weak light impulses or strong ones—but the speed
of propagation in any case is instantaneous. This distinction between the force of
light and its instantaneous speed of propagation is about to become very important,
having been neglected for the better part of four centuries.

4.3 Making Sense of the Proofs of the Laws of Reflection
and Refraction in the Dioptrique

We may now turn to the laws of reflection and refraction, as they are demonstrated
using the tennis ball model in the Dioptrique of 1637. First the case of reflection
(Fig. 4.2) Descartes takes a tennis ball struck by a racket along AB towards surface
CBE. We neglect the weight of the tennis ball, its volume, as well as air resistance.'?

ZAT vi. 94.
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The reflecting surface is considered to be perfectly flat and perfectly hard: upon
impact it does not absorb any of the force of motion of the ball. The tennis ball is
now virtually a mathematical point in motion; it bears a certain quantity of force of
motion, divisible into directional components, or determinations.'* The demonstra-
tion of the law of reflection is carried out as a geometrical locus problem. Descartes
places two conditions upon the dynamical characterization of the ball. First, the
total quantity of its force of motion is conserved before and after impact—no force
can be lost to the surface. Second, the component of the force of motion parallel to
the surface is unaffected by the impact. Descartes expresses these conditions geo-
metrically, and uses them to determine the quantity and direction of the force of
motion of the ball after impact with the surface.'*

For the first condition, the conservation of the quantity of force of motion, we
draw a circle of radius AB about B. Assume that prior to impact the ball took time ¢
to travel along AB. Having lost no force of motion to the surface, the ball will, in an
equal time ¢ after impact, be located somewhere on the circle. The second condition
is that the parallel determination, the component of force of motion along the sur-
face, is unaffected by the collision. In time ¢ before impact, while the ball traversed
AB, Descartes says that the parallel determination ‘caused’ the ball to traverse the
horizontal distance between AC and HB. In an equal period of time ¢ after impact,
the unchanged parallel determination will ‘cause’ the ball to move an equal distance
toward the right."> We represent this by drawing FED so that the distance between
FED and HB equals that between HB and AC. At time ¢ after impact the tennis ball
must lie somewhere on this line FED and it must also lie on the circle; that is it must
be at F or D. The surface is impenetrable, so at time ¢ after impact the ball must be
at F. Geometrical considerations immediately show that the angle of incidence is
equal to the angle of reflection.'® This proof never takes into consideration the
behavior of the component of force of motion perpendicular to the surface, the nor-
mal determination as we shall term it.!”

I now propose to do something Descartes refused to do in the Dioptrique, even
though it is perfectly feasible and follows easily in his overall physico-mathematical
and natural philosophical perspective at the time. I shall translate the tennis ball
proof into the terms of Descartes’ theory of light, using his dynamics, taking both
the theory of light and the dynamics from Le Monde. This is not difficult to do,
because the tennis ball has already been stripped of all properties except location,
force of motion and its determinations. It is already virtually a mechanical impulse,
and that is all a ray of light is in Descartes’ theory. So we can assert the same things

13On this interpretation of ‘determination’ in the Dioptrique see Sabra (1967) 118-21.
14 AT vi. 95-6.

S AT vi. 95.

19 AT vi. 96.

17Cf. Sabra (1967) 85, 110, Mahoney (1973) 379-80, and Westfall (1971) 65-6, were amongst the
first scholars to appreciate this point. Previous students of Descartes’ optics, such as Mach, Ronchi,
Scott and Boyer, did not, as cited by Sabra (1967) 110.
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about the tennis ball at the instant of impact as we would assert about a ray of light
at the instant it meets a perfectly hard reflecting surface.'®* Consider in Fig. 4.2 a
light ray, AB, a line of tendency to motion, or determination, impacting the surface
CBE at B. The surface is perfectly hard, therefore the magnitude or intensity of the
impulse is conserved. The parallel component of the impulse is unaffected by the
collision.

The proof is again a locus problem. After impact, what are the orientation and
magnitude of the force of the light impulse? The same two conditions apply. (1)
unchanging total quantity of force of the ray; (2) conservation of the parallel com-
ponent of the force of the ray. Represent (1) by a circle about A. Represent (2) by
appropriately spacing FED parallel to HB and AC. Combining our conditions gives
BF as the representation of the unchanged magnitude of the force of the ray and
its new orientation. We have taken the diagram for the tennis ball model and
re-interpreted it as a diagram about forces and determinations. This is obvious, pro-
vided (1) you attend to the very instant of impact; and (2) you take the circle and
lines to represent the quantity and determination of the force of motion of the ball,
as they are instantaneously rearranged in the impact. Descartes’ vocabulary of
‘forces’, ‘tendencies’ and determinations is already reading the diagram that way,
and later correspondence supports this, as we shall soon see. In this reading, the
conceptual distance between the tennis ball model and the impulse theory of light
virtually disappears.”

Let us now turn to the tennis ball model for the refraction of light (Fig. 4.3).
Again consider a tennis ball struck along AB toward surface CBE. In this case the
surface is a vanishingly thin cloth. The weight, shape and bulk of the ball are again
neglected. It is taken to move without air resistance in empty geometrical space on
either side of the cloth. In breaking through the cloth, the ball loses a certain fraction
of its total quantity of force of motion, say one half. This fractional loss is indepen-
dent of the angle of approach.”® Again, two conditions are applied to the motion of
the ball. First, the new quantity of force of motion (one half the initial amount) is
conserved during motion below the sheet. Second, the parallel component of the
force of motion, the parallel determination, is unaffected by the encounter with the
cloth. Descartes takes the breaking through the cloth as an analogue to a surface
collision, in which the parallel component is unaffected. We draw a circle about
point B. Assume the ball took time ¢ to traverse AB prior to impact. After impact it
has lost one half of its force of motion, and hence one half of its speed. It therefore
must take 2 7 to traverse a distance equal to AB. It arrives somewhere on the circle
after 2 1.*!

18 This crucial point was first noted by Mahoney (1973) 378-9 in the course of his path breaking
reinterpretation of Descartes’ optical proofs in terms of relations amongst quantities and directional
quantities of forces.

1 See below note 25, and the argument in Sect. 4.4 below.
AT vi. 97.
2LAT vi. 97-8.
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Fig. 4.3 Descartes’ figure for refraction of light (Tennis Ball) in Dioptrique, AT VI, p. 96

Now, prior to impact the parallel determination ‘caused’ the body to move towards
the right between lines AC and HBG.?? But, after impact, the ball is taking 2 ¢ to move
to the circumference of the circle, so its unchanged parallel determination has twice as
much time in which to act to ‘cause’ the ball to move toward the right. Therefore set
FEI parallel to HBG and AC, but make the distance between FEI and HBG twice as
great as that between HBG and AC. At time 2 ¢ after impact the ball will be on the
circle and on line FEI; that is, at point I, their intersection point below the cloth. The
sine of the angle of incidence, AH, is to the sine of the angle of refraction, IK, as one
is to two; that is as the force of motion in lower medium is to the force of motion in
upper medium—which ratio is constant for all angles of incidence.”

Next, as we did in the case of reflection, let us sketch a proof of the law of refrac-
tion in the case of a light ray and Descartes’ dynamics (Fig. 4.4). This will prove
most instructive and consequential for our inquiry into how Descartes first con-
structed the law and how he subsequently came to design his dynamical rationale of
it.2* Consider a ray incident upon refracting surface CBE. Let length AB represent
the magnitude of the force of the light impulse. The orientation and length of AB

2 AT vi. 97.
2 AT vi. 97-8. Descartes later supplies arguments concerning the mechanical structure of optical
media to explain why light bends toward the normal when passing into a denser medium. AT vi. 103.

2 Mahoney (1973) 379, was the first to suggest how the tennis ball model could be referred back
to an imputed Cartesian dynamics in order to explicate Descartes’ proof.
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Fig. 4.4 Refraction of light using Descartes’ dynamics and real theory of light

represent the principal determination of the ray. The force of the ray is diminished
by half in crossing the surface, so we must draw a semi-circle below the surface
about B with a radius equal to one half of AB; that is condition one. We also know
that the parallel determination of the force of the ray is unchanged in crossing the
surface; that is, condition two. The distance between AC and HBG represents that
parallel determination. Therefore, we must set out line FEI parallel to the two for-
mer lines and with the distance between FEI and HBG equal to that between HBG
and AC. Again the intersection of the lower semi-circle and line FEI gives the new
orientation and magnitude of the force of the ray of light, BI and the law of sines
(actually a law of cosecants) follows.

The case of the light ray (Fig. 4.4) requires manipulation of two unequal semi-
circles. These directly represent the ratio of the force of light in the two media. In
the tennis ball case (Fig. 4.3) we went from ratio of forces to ratio of speeds and
hence differential times to cross equal circles. But in both cases, at bottom, we are
attributing the same type of force and determination relations to the ball, and to the
light ray, at the instant of impact.”

1t is noteworthy that Descartes himself thought about his tennis ball model proof in precisely the
manner we have just used to render it in terms of his dynamics and apply it to light rays. He later
wrote to Mydorge for Fermat to explain the manipulation of the speeds (forces of motion) and
determinations in the tennis ball proof: (To Mydorge for Fermat, 1 Mar. 1638, AT ii. 20): ‘The
(principal) determination is forced to change in various ways, in accordance with the requirement
that it accommodate itself to the speed (force of motion). And the force of my demonstration con-
sists in the fact that I infer what the (principal refracted) determination must be, on the basis that it
cannot be otherwise than I explain in order to correspond to the speed, or rather the force which
comes into play at B.” Here Descartes views his proof in dynamical terms, as a deduction of the
new refracted principal determination induced at the instant of impact with the surface, rather than
in kinematical terms, as a deduction of the position of the tennis ball at a certain time after impact
with the surface.
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It is sometimes said Descartes fell into a contradiction, because in his theory of
light, rays move instantaneously through any medium, whilst in the tennis ball
model we must deal with a ratio of finite speeds. But, taking into account Descartes’
dynamics and theory of light, we can now see that he had no problem: one must
distinguish the speed of propagation of a light ray, which is instantaneous, from the
magnitude of its force of propagation, which can take any finite positive value. The
speed of Descartes’ tennis ball corresponds not to the speed of propagation of light
but to the intensity of the force of its propagation.

4.4 Descartes’ Dynamical Premises: Demonstrative Efficacy
and Empirical Weakness

Our analysis thus far goes some way toward vindicating the plausibility and coher-
ence of Descartes’ attempted demonstrations. Having decided in 1633 not to pub-
lish his first system of natural philosophy, Le Monde, Descartes offered the public
in 1637 the Discours de la méthode and its three supporting Essais. The Dioptrique
therefore appeared without the full backing of Descartes’ principles of dynamics
and real theory of light. Yet, we have now seen that the proofs were set up in such a
way that their dependence upon the dynamics, and pertinence to the real theory of
light, lurked between the lines, and hence could have been brought into the open in
case of the eventual revelation of the full system. We have simply tried to read the
proofs across a prior knowledge of the relevant contents of Le Monde. The dynam-
ics of light which we can read out of Le Monde make good sense of the core aspects
of the optical proofs. Using Descartes’ dynamical principles, we can relate the ten-
nis ball model back to the real theory of light, and hence vindicate Descartes of the
traditional charge that the variable speed of the tennis ball bears no analogy within
the real theory of light. We have also seen that recent interpreters are correct to
interpret ‘determination’ as a coherent dynamical concept, denoting the directional
magnitude of the instantaneously exerted force of motion. There are, however,
definite limitations to this procedure of interpretive vindication. Even in our inter-
pretation many problems surround Descartes’ presentation, and the analysis of these
problems is going to provide some signposts, both for the reconstruction of
Descartes’ route to the law of refraction and about its manner of ‘demonstration’.

The difficulties with Descartes’ theory of refraction arise from the very core of
his presentation, from the two principal dynamical premises used in deducing the
law of refraction. One may formulate his premises as follows:

1. For any two optical media, the quantity of the force of light in the upper ‘incident’

medium bears to the quantity of the force of light in the lower ‘refracting’ medium

a constant ratio, characteristic of the two media and independent of the path of
propagation, or

[Fi

1— =const

[Fr]
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where |Fi| is the quantity of force of light in the upper medium and |Fr| the quantity
of the force of light in the lower medium.

2. The component of the determination of the force of light parallel to the refracting
surface is unaffected by the refraction of the ray, or

|Fi| sini = |Fr| sinr
Combining (1) and (2), we obtain, following Descartes?

sini _[F| 1

sinr |F1| const

We have seen that these premises can be grounded in Descartes’ dynamics;
that they mesh with his real theory of light as an instantaneously transmitted
mechanical impulse; and that they allow a plausible deduction of the law of
refraction in an idealized case, in which a vanishingly thin sheet, separating two
void spaces, refracts an incident tennis ball, which, for all practical purposes,
has been reduced to a point localization of an instantaneously exerted quantity
and directional magnitude of force. But, although the premises work well in this
limited and idealized context, as soon as one considers more complex and less
idealized cases, they begin to reveal certain problems of empirical plausibility
and logical consistency. Not only were these problems in principle capable of
being detected by Descartes and other knowledgeable contemporaries, but in fact,
as we shall now see, they were.

To put the matter in a nutshell, when one considers real space-filling media,
Descartes’ first dynamical assumption—path independent ratio of the force of
light—seems to entail that optical media are isotropic, whilst the second dynamical
assumption—conservation of the parallel determination—seems to entail that they
are not. We are about to see that Descartes was aware of some of the difficulties
consequent upon so construing the premises, and that he tried both to finesse and
ignore them, whilst holding firm to the premises themselves. His determined
investment in premises which permit derivation of the law of refraction, yet which
are so empirically questionable in themselves, can provide us with clues about how
and when the law was originally discovered and why the premises were devised. We
shall first look at these difficulties in an abstract and slightly ‘“Whiggish’ fashion,

26This derivation merely reworks Sabra’s well known analysis of Descartes’ demonstration. (Sabra
1967, 97-100, 105-6, 116.) The only difference is that here we deal with quantities of forces and
their directional components (determinations), rather than with quantities of speed and their direc-
tional components, as Sabra did. The reason is that we have insisted upon the centrality of the
former concepts for Descartes, and we have argued that Descartes could reduce phenomenal speeds
to instantaneously exerted quantities of force of motion, so that speeds and tendencies to motion
could be treated under the same conceptual and geometrical framework. We shall return to Sabra’s
analysis below in Sect. 4.6, concentrating on his contentions about the timing of Descartes’ discov-
ery and its possible relation to the optical fragment of 1620, discussed in, Sect. 3.6.
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and then show how they manifested themselves in Descartes’ articulation of his
theory of refraction.”’

At first sight Descartes’ assumption (1) would seem to entail that optical media
are isotropic, for the force ratio depends only upon the nature of the media and is
independent of the incident and refracted paths of the tennis ball or light ray. The
most superficial examination of assumption (2), however, shows that this must be an
oversimplification. Assumption (2) maintains the conservation of the parallel com-
ponent of the principal determination before and after refraction, and hence it entails
that in refraction all dynamical changes affecting the ball or the ray in fact come
about through variation in the normal component of the incident principal determi-
nation. Of course Descartes’ proofs assign no quantitative or geometrically con-
structive role to the comportment of the normal component: the locus problems are
solved using only the absolute quantities of force and the parallel components of the
determination (laid off by lines normal to the refracting surface). Clearly, then,
assumption (2) entails that Descartes’ implied sense of ‘isotropic’ must differ from
ours. His ‘isotropic’ media effect changes in the normal components of the determi-
nation of the incident ray which are complicated functions of the angle of incidence,
while they leave the parallel component untouched.

Assumption (2), which raises difficulties for the isotropic character of optical
media suggested by assumption (1), also generates some empirical implausibilities
when considered on its own. While one can perhaps intuitively grasp how a vanishingly
thin sheet might affect only the normal component of the incident determination, is
this really plausible in the case of real space filling media? In such media, collision
with the surface may well affect only the normal determination; but, what about the
ball’s or ray’s subsequent penetration of a finite thickness of the medium? Would
not the ball or ray now encounter altered conditions of motion (or of tendency to
motion) in the direction parallel to the surface? If (1) really entails that media are
isotropic in some sense, then the parallel component must be affected in precisely
the same way as the normal component. So, depending upon how one views
Descartes’ implied notion of isotropic media, his assumptions are either contradic-
tory or simply wildly implausible in an empirical sense: either (1) entails our notion
of isotropic media while (2) denies it; or (1) entails path dependent variations in the
normal component which are then most implausibly denied to the parallel compo-
nent by (2) in the case of space filling media.

Returning to the Dioptrique, one finds that Descartes began to encounter
difficulties reflective of these deeper problems, as soon as he moved beyond the case
of the thin sheet separating two void spaces. When he turns to space filling media,
Descartes harks back to Fig. 4.3 in which he now takes CBE to be the upper surface
of a volume of water. He argues that if the tennis ball loses, as before, one—half of
its force of motion in encountering the surface, then the derivation of the new

2"We take it that in the spirit of Bachelard’s epistemological and historiographical conception of
récurrence, such analytical Whiggism is not at all a thing to be avoided. Cf. Gaukroger (1976)
229-34.
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refracted principal determination will also follow as before and the ball will be
refracted toward I.

...first of all, it is certain that the surface of the water must deflect it toward there in the
same way as did the cloth, seeing that it takes from the ball the same amount of its force,
and that it is opposed to it in the same direction.?®

So, as one expects, refraction is still held to be an interface phenomenon, the new
principal determination being set at the instant the ball encounters the surface, by
the alteration of the quantity of force of motion, conjoined with the conservation of
the incident parallel determination. It makes no difference, Descartes next argues,
that the ball, after refraction, passes through a real, dense volume filling medium, for
the medium is isotropic in the sense that it offers the same resistance to the passage
of the ball, regardless of the angle of path ‘set’ by the refraction at the interface.

Then, as for the rest of the body of water that fills all the space between B and I, although it
may resist the ball more or less than did the air that we assumed to be there before, this is
not to say that because of this it must deflect it more or less: for it can open in order to
permit it passage, just as easily in one direction as in another, at least if we always assume,
as we do, that neither the heaviness or lightness of this ball, nor its bulk, nor its shape, nor
any other such foreign causes changes its course.”

Descartes apparently expects readers to accept that by appealing to the isotropic
character of the medium, he can thus separate the setting of the refracted determina-
tion, at the moment of encountering the interface, from any mechanical effect the
ball might undergo in passing through a finite thickness of the medium.

Descartes’ strategy here seems to be to preserve at all costs the locus construction
in Fig. 4.3, centering on the circle AHF and the lines AC, HB and FE, the representa-
tions of his two central assumptions. He fails to explain why the parallel component
should be conserved during the passage of a finite thickness of the medium, and
simply tries to persuade us that since media are isotropic in the Cartesian sense,
whatever determination is set at the interface will be preserved within the medium. It
was quite feasible for a contemporary reader to question Descartes’ implied concept
of isotropic media as both ad hoc and empirically implausible. In 1640 Pere Bourdin
explicitly questioned why the ball, in entering the water, is not retarded in moving
from left to right, just as it is retarded in moving from high to low. Descartes’ less
than edifying response was that he had already dealt with this problem in the
Dioptrique when he considered refraction through a thin sheet (sic):

...in order to show that it does not occur in the depth of the water, but only on its surface;
and... that it is necessary to consider only the determination of the ball (ver quel cote se
détermine la bdle) upon entering the water, because afterwards, whatever resistance the
water exerts upon it will not change its determination.*

28 AT vi. 98.

2 AT vi. 98-9.

to Mersenne, for Bourdin, 3 December 1640 AT iii. 250. Bourdin (1595-1653) an almost exact
contemporary of Descartes, was a Jesuit, lecturing, since 1635, on natural philosophy and mathe-

matics at the College of Clermont. He had most likely attended La Fleche during the time Descartes
had been there, and had taught there from 1618 (Clarke 2006, 194).
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This adds virtually nothing to the argument in the Dioptrique, and it in no way
justifies Descartes’ premises or answers Bourdin’s penetrating query. What is at
issue is, How can it possibly be, given Descartes’ premises, that refraction does in
fact only occur at the interface? Descartes’ answer amounts to the claim that since,
in fact, refraction occurs only at the interface, his premises explaining refraction
must surely be adequate to that fact. And, indeed they are, if only one conceptually
separates consideration of the causes of refraction at the interface from the effect
upon the ray of the isotropic character of any finite thickness of the medium. Hence,
we are forced to the following conclusion: The cash value of these maneuverings
can only have been the staunch defense of the premises as such, and of the construc-
tion and demonstration which they ground.*!

The difficulties posed by the two premises emerge more subtly when Descartes
deals in the Dioptrique with the case of refraction toward the normal. In the tennis
ball model the racket is taken to strike the ball again at the moment of incidence,
thus increasing its speed, or quantity of force of motion, in a given ratio to the inci-
dent speed.* Commentators have often noted the sheer ad hocness of this strategy,
as well as the even more damaging point that, in the real theory of light, there is
virtually no analogue for this providentially adjusted stroke of the racket. But, it is
less the ad hocness of the argument which interests us here than the deeper concep-
tual embarrassments of which it is merely a symptom. Note that according to
Descartes’ theory, the second stroke of the racket must act in the normal direction,
for there can be no alteration in the parallel component of the determination. This
means that depending upon the angle of incidence, the racket acts in the normal
direction to increase the normal component in such a manner that, as a conse-
quence, the overall absolute quantity of force of motion is increased in just the
prescribed ratio. Descartes could hardly have failed to realize this, since it is an
immediate consequence of the explicitly stated portion of his theory. However, he
astutely avoided a clear indication that the racket must act in the normal direction
(much less that its normal action is a function of the angle of incidence).

But let us make yet another assumption here, and consider that the ball, having been first of
all impelled from A toward B, is impelled again, once it is at point B, by the racket CBE
which augments the force of its movement by for instance one-third, so that afterwards it
can make as much headway in two moments as it previously made in three. This will have
the same effect as if the ball were to meet, at point B, a body of such a nature that it could
pass through the surface CBE one-third again more easily than through the air.*

Descartes’” form of words is designed so as not to reveal to the reader the deeper
consequences of the theory. His concern was well justified, because these conse-
quences attach as well to the previous case of refraction away from the normal.

31 Descartes is tacitly appealing on the empirical level to an indubitable fact: when dealing with a
pair of homogenous media, refraction is an interface phenomenon. His dynamical premises are
consistent with this fact, but they cannot be consistently articulated so as to allow the deduction of
this fact, and this fact only.

32 AT vi. 99-100.

Bibid.
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Although the metaphor of penetrating a thin sheet tends to hide the relevant dynami-
cal considerations, it remains the case that the loss of force of motion in a fixed ratio
to the incident force of motion can only be accomplished on Descartes’ premises
through a path dependent decrease in the normal component of the incident deter-
mination. Descartes was and remained unwilling to bring these consequences into
the open, for they threatened the plausibility of his central assumptions, and their
presumed ties to his larger views on dynamics and the real theory of light. By what
Cartesian mechanical means, after all, is such a path dependent variation in normal
component to be effected, in the case of the decrease or increase of the incident
force of motion? And if such a path dependent variation in normal component must
occur, why then, to resume the earlier critique, does this not also occur in the paral-
lel direction in the case of penetration of a finite thickness of the ‘isotropic’ refract-
ing medium?

In sum, Descartes’ two dynamical premises permitted a plausible deduction of
the law of refraction, but they generated what seemed to some of his readers, and
arguably to Descartes himself, to be crippling difficulties. His theory deals poorly
with volume filling media, with refractions toward the normal, and more generally
with the question of how it happens that the alteration in the normal determination
is variable, depending upon the angle of incidence. Indeed, virtually the only
strength of Descartes’ central assumptions resides in their pleasing ability to ratio-
nalize the geometrical steps in his construction of the path of a refracted ray or ball.
Descartes was willing to try to ride out likely accusations that the premises are
empirically implausible, dynamically ad hoc, and in some interpretations, logically
inconsistent, because the premises provided elegant and more or less convincing
rationalizations for the geometrical moves in his demonstration. All this suggests
that Descartes did not obtain his premises through a deep inquiry into the concep-
tual and empirical requirements of a mechanical theory of the propagation and
refraction of light. It seems more plausible to associate the premises closely with the
very geometry of the diagrams in which Descartes depicts and constructs the paths
of refracted rays—as we have seen him doing here in the Dioptrique, once we
understand the underlying dynamical rational of his proofs. The issue then turns on
whether the premises are post-facto glosses of geometrical constructions arrived at
in some other way; or, whether the diagrams themselves were invented to illustrate
previously held dynamical principles concerning the behavior of light. In the
following sections it will be suggested that the former hypothesis is the more likely.
In particular it will be argued [1] that although Descartes held a number of
unsystematized and abortive ideas about the mechanics of light as early as 1620, he
discovered the law of refraction independently of any mechanical assumptions and
through a process entirely within the bounds of a traditional mixed mathematics
approach to optics; and, [2] that it was the geometrical diagrams expressing his
newly found law which suggested to him a physico—mathematical insight into the
precise form and content of his two dynamical premises and their mode of relation
in explaining refraction.

In other words, having discovered the law of refraction at the level of a
descriptive geometrical result in mixed mathematics, he worked back, in the style of
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physico-mathematics, reading underlying natural philosophical causes out of features
of the diagram geometrically expressing the new found law. This is what in 1619 he
had done in hydrostatics and had tried unsuccessfully to do with a law of falling
bodies. It was also what he had abortively explored in the physico-mathematics of
refraction in 1620. The discovery of the law of refraction and extraction of its
dynamical rationale was to be his greatest moment as a physico-mathematicus. To
understand it, we must first reconstruct how the descriptive law was found within
the practices of traditional geometrical optics; and then how Descartes moved to
extract causal insights from that discovery. It is this reconstruction that will ulti-
mately explain the puzzle of why Descartes was so focused on keeping the prem-
ises, despite their vulnerability and dubiousness upon articulation: why, in short, he
defended the premises at all costs, granting them special status. It was not just
because they allowed ‘deduction’ of the law of refraction. It was also because, physico-
mathematically, they had come from the well grounded mixed mathematical law!
That was their ultimate warrant and import. Descartes was no fool, and he knew
well what his physico-mathematics was supposed to produce, where it had seemed
to work and where not. This is why seemingly obvious objections to his finished
product were waved aside—after much trouble he had cracked an acclaimed classical
problem, in a physico-mathematical way. He was justified in this procedure, what-
ever sniping was done by superficial critics, uninitiated into the ideal, and practice,
of physico-mathematics.

4.5 Descartes’ Route to the Law of Refraction 1619-1627

In this section we turn to the discovery of the law of refraction. As indicated above,
our unearthing of the dynamical framework of the optical proofs will ultimately aid
our detective work.

4.5.1 The Mydorge Letter of 1626/1627

Thomas Harriot discovered the law in exact form around 1598 and Willebrord Snel,
who died in 1626, discovered it sometime after 1620.3* Descartes, working with
Claude Mydorge, discovered it in 1626/1627. The chief document supporting this
conclusion is a letter from Mydorge to Mersenne.* It is well known to students of

34 Lohne (1963, 1959), Vollgraff (1913, 1936), deWaard (1935-6). Here and throughout, ‘exact
form’ of the law of refraction means not allowing for chromatic dispersion, they are working with
and articulating assumption that all light rays are refracted in exactly same manner at a given inter-
face. For the sequel, see Dijksterhuis (2004).

3 Mersenne (1932-88) 1 404-415.
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Fig. 4.5 Mydorge’s refraction prediction device, Mersenne (1938-88) I, p.405

seventeenth century optics, but I suggest that it has not yet been properly understood.
That depends upon its dating, and the dating depends upon its content.

Mydorge’s first claim is that if he is ‘Given the inclination and refraction of any
one ray at the surface of any refracting medium’ he can ‘find the refraction of
any otherray incident on the same surface.’* This is Mydorge’s procedure: (Fig. 4.5) Ray
ZE is refracted at surface AEB, along EX. Draw a semi-circle above AEB cutting the ray
at F. Draw FI parallel to the surface. From I, where FI intersects the semi-circle, drop
IG perpendicular to the surface until it cuts the refracted ray at G. Then with radius EG
draw another semi circle about E, this time below the surface. This figure now permits
the construction of the refracted path of any other incident ray, say HE. Draw HM paral-
lel to the surface cutting the upper semi-circle at M. Drop MN normal to the surface until
it meets the lower semi-circle. Connect E and N, then EN is the refracted ray.*’

¥ loc cit. p.404.
Tloc cit. p.405.
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Mydorge observes that the law is given here as a law of cosecants. That is, taking
the first ray

coseci R1/OF
cosecr R2/0I

since OF =0, the cosecants are as the radius of upper semi-circle is to the radius of
lower semi-circle.®® Let us call this the ‘cosecants’ or ‘unequal radii’ form of the law
of refraction, compared to Descartes’ Dioptrique form, which we shall call the
‘sine’ form or ‘equal radius’ form. We have seen this diagram before—it is mathe-
matically identical to our Fig. 4.4 for refraction, using Descartes’ theory of light as
an instantaneous impulse. Mydorge uses two conditions to calculate the refracted
ray. They are the same conditions that Descartes uses in his theory of light. The dif-
ference is that Mydorge states them only as rules of geometrical construction, while
Descartes also gives them a dynamical rationale. The two conditions of course are:

1. the constant ratio of the radii of the upper and lower semi-circles for all angles of
incidence. This, in Descartes’ theory, becomes the path independent constant
ratio of force of light in the two media.

2. The equality of lines FO, O, the parallel component of the line representing the
ray. This later becomes the conservation of the parallel determination of the ray.

Note that Mydorge’s figure gives a clearer picture of Descartes’ two assumptions
than does Descartes’ one circle diagram (Fig. 4.3) in the Dioptrique. Why is this so?
And why did Descartes invoke tennis balls in actual translation? Before we can find
out, we must date the material in the letter.

4.5.2 Lens Theory and the Date of the Material
in Mydorge’s Letter

Descartes’ earliest recorded statement of the sine law of refraction dates from a
report to Isaac Beeckman in October 1628.% Descartes consistently identified
1626/1627 as the crucial period for his optical studies.*® He collaborated with
Mydorge in that period, and Mydorge credited Descartes with the discovery of the
law.*! De Waard dated this letter from 1626, but that was merely a conjecture based

#loc. cit. p.406
¥ AT x. pp.336ff; also Beeckman (1939-1953) fol. 333v ff.

4 Descartes repeatedly mentioned that during this period he recruited Mydorge and the master
artisan Ferrier in an attempt to confirm the law and construct a plano-hyperbolic lens. Eg. Descartes
to Golius, 2 February 1632, AT i. 239; Descartes to C. Huygens, December 1635, AT i. 335-6.

#In addition to the material cited in previous note, see Descartes to Ferrier, 8 October 1629, AT i.
32; 13 November 1629, AT i. 53ff; Ferrier to Descartes, 26 October 1629, AT i. 38 ff. In the mid
1620s Mydorge annotated Leurechon’s Récréations mathématiques, a popular work dealing
with mathematical tricks and fancies of a natural magical character. Leurechon’s work was
first published anonymously in 1624 and reprinted several times thereafter with additional notes,
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on this collateral evidence.** Costabel, Shea and others date the letter from 1631 at
the earliest.* But, evidence in the letter concerning the presentation of the law and
the development of lens theory, strongly suggests this material is from 1626/1627,
and is contemporary with the initial construction of the law and first articulation of
lens theory.

After presenting the cosecant form of the law, Mydorge outlines a theory of
lenses clearly antecedent to the theory of lenses offered in the Dioptrique. The key
difference is that Mydorge does not initially use the sine law in constructing lens
theory. Rather, starting with the cosecant form of the law, he only strikes a sine
formulation in the course of his opening analysis of the anaclastic problem: it is a
simple matter of adding a few lines.* He does not seem to know the sine form
before that constructive maneuver. Then he deploys the sine form in the following
synthetic demonstrations.*

Moreover, Descartes own synthetic lens theory demonstrations in the Dioptrigue
differ from those of Mydorge in another historically revealing way. Mydorge had set
up the sines of the angles of incidence and refraction by reference to a semi-circle
on one side of the interface.*® In the Dioptrique, as we have seen, Descartes directly
relates the sines to their respective rays.*’ Isaac Beeckman seems to have been the
author of Descartes’ more ‘natural’ representation of the sines. In October 1628
Descartes asked Beeckman to prove the refractive properties Descartes claimed for
the hyperbola. Beeckman’s proof is geometrically identical to Descartes’ figure in
the Dioptrique and was ‘approved’ by Descartes.*® At the same time Descartes
showed Beeckman an elegant proof for the ellipse case.* However, Descartes did
not use that proof in the Dioptrigque, probably because the sines of incidence and
refraction are not related to their respective rays in the obvious way Beeckman
achieved for the plano-hyperbolic case.

including those by Mydorge. I have consulted (Jacques Ozanam) Les Récréations Mathématiques...
Premierement revu par D. Henrion depuis par M. Mydorge (Rouen 1669). Mydorge notes con-
cerning the nature of refraction ‘Ce noble sujet de refractions dont la nature n’est point esté cogneue
n’y aux anciens, n’y aux modernes Philosophes et Mathematiciens iusque a present, doit maintenant
I’honneur de sa découverte a un brave Gentilhomme de nos amis, autant admirable en scavoir et
subilité d’esprit.” p.157.

“2DeWaard admits that the copy he examined dated from 1631 at the earliest, Mersenne (1932-88)
1. 404.

43 Shea (1991) 243 note 38.

“Mersenne (1932-88) 1. 411-413. The anaclastic problem is to define the refracting surface that
will focus all parallel incident rays to one point.

4 Mersenne (1932-88) 1. 408—11. The textual and mathematical claims made in this and the next
paragraph are documented in Appendix 1, ‘Descartes, Mydorge and Beeckman—The Evolution of
Cartesian Lens Theory 1627-1637". The sceptical reader should examine this Appendix immedi-
ately after finishing the present Sect. 4.5.2.

4 Mersenne (1932-1988) 1 408-9.

47 cf. Figure 4.3 above.

“ AT x. 341-2; Beeckman (1939-1953) fol. 338r.

#1ibid.
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I conclude that in the Dioptrique Descartes used Beeckman’s more ‘natural’
representation of the sines in both cases, ellipse and hyperbola, thus rejecting his
own elegant ellipse proof and Mydorge’s early ‘one sided’ representation of the
sines. The Mydorge letter therefore contains Mydorge and Descartes’ earliest lens
theory, and arguably their first form of the law, the cosecant form. The material in
the letter, if not the artifact itself, pre-dates October 1628, certainly predates com-
position of the Dioptrique and very plausibly is as early as 1626/1627—but not
earlier as we shall soon see. So, this dating points to the cosecant form of the law as
the first form Mydorge and Descartes possessed. And this, it transpires, is the key to
reconstructing how they obtained it, because the other independent discovers first
obtained it in the same unequal radius form.

4.5.3 Traditional Geometrical Optics and the Discovery
of the Cosecant Form of the Law

To reconstruct how Descartes found the law, let us first follow Johannes Lohne’s
important analysis of how Thomas Harriot discovered the law, because, as we shall
see, Mydorge’s letter provides evidence for an identical path of discovery.

One obvious phenomenological expression of the behavior of refracted rays is
the displacement of images of objects viewed under refracting media. Traditional
geometrical optics had a rule for constructing the image locations of such sources.
Lohne supposed that Harriot attempted to discover a general relation between the
incident and refracted rays, using the image rule; and that the cosecant form of the
law resulted from this strategy of research. The traditional image placement rule
ran as follows (Fig. 4.6): AB is a refracting interface; a normal is dropped to AB at
O, the point of incidence. E is a point source emitting ray EO, refracted at O to the
eye at F. Experience teaches that E will not appear at E. Where does it seem to
appear? The rule says that it will appear at [, which is the intersection point between
the refracted ray FO drawn back into the first medium, and EG, which is the normal
to the surface from E.*

Harriot used this rule in conjunction with observations made with a disk refracto-
meter half immersed in water. Taking source points at 10° intervals around the lower
circumference of the disk, he observed the corresponding angles of refraction. He then
constructed the image places for the source points, by applying the image rule. With
the source points located around the circumference of the disk, he found the calculated
image places lie roughly on a smaller, concentric circle. If you suspect the plot is
really a circle, a little trigonometric analysis gives you the cosecant form of the law.
Harriot’s key diagram (Fig. 4.7) is indistinguishable from Mydorge’s diagram.’!

This principle appears in Alhazen, Pecham, Witello, Roger Bacon and Maurolico; cf Robert
Smith, A Compleat System of Optics (Cambridge, 1738) para 212, cited in Turbayne (1959) 467.

! Lohne (1959) pp.116-7, (1963) 160. Gerd Buchdahl (1972) 284 provides a particularly clear
statement of the methodological role played by the image principle in Harriot’s discovery of the law.
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Fig. 4.6 The traditional image locating rule
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Fig. 4.7 Harriot’s key diagram, Lohne (1963), p. 160
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It is important to note that Mydorge and Descartes need not even have made any
such observations. They could have used Witelo’s rather cooked data for water/air and
glass/air interfaces. I have followed calculations originally provided by Bossha and
found that this data is good enough to give a strong suggestion of a semi-circular plot
when used in Harriot’s manner.>> Trigonometricians of the power of Snel, Mydorge and
Descartes need only have suspected the circular plot to seize upon it and explore it
further. Mydorge’s diagram arguably has the form it does because he and Descartes
proceeded in the same way as Harriot (and Snel), leading to the same cosecant form of
the law. Mydorge probably took a diagram like Harriot’s, and then flipped the smaller
semi-circle up above the surface to create the path predicting device in his letter.

In sum, strong evidence exists that the law was constructed by traditional optical
means, using data and concepts familiar to skilled students of geometrical optics.
This account involves nothing about the dynamics of light or of tennis balls. What
then is the relation between the cosecant form of the law and Descartes’ two dynam-
ical assumptions? Did Descartes perhaps have the two assumptions prior to
1626/1627? And, if he did, is it still possible that, despite our reconstruction, he
arrived at the law by deducing the cosecant form from the assumptions? Whilst that
is, of course, logically possible, it is not supported by the existing evidence, as we
shall learn in detail in the following section.

4.6 The Dynamical Premises for the Deduction of the Sine Law
of Refraction: Their Pre-History and History 1618—-1629

In this section we shall establish that Descartes two key dynamical assumptions
permitting deduction of the law of refraction were indeed a product of more tradi-
tional mixed mathematical optical work of the mid to late 1620s; that they only
emerged in the course of the discovery of the law by those means. That is, in the
manner of physico-mathematics, the two dynamical premises were initially ‘seen
in’, and modeled upon, the Mydorge diagram, when Descartes saw that the geom-
etry of that diagram modified and rectified his earlier dynamical notions about light
embodied in his 1620 fragment discussed earlier in Chap. 3.

We shall work our way through to this important conclusion by considering, and
rejecting, an important conjecture by A.I Sabra concerning how Descartes may have
discovered the law of refraction. Sabra’s well known hypothesis holds that Descartes
could have discovered the sine law in the very way he deduces it in the Dioptrique.
Suppose Descartes possessed the two key assumptions used in this proof; he could
then have discovered the law by deduction.>® We have already foreshadowed Sabra’s

Willebrord Snel’s initial construction of the law of refraction also followed the type of path indi-
cated by the Lohne analysis. See Vollgraff (1913, 1936), deWaard (1935-6), and Schuster (1977)
pp. 313-5.

2J. Bossha (1908) xii—xiv. Cf Schuster (1977) 311.

3 Sabra (1967) 97-100, 105-6,116.
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argument in Sect. 4.4.5 The first assumption is that the ratio of the force of light in
two media is a constant for all angles of incidence

Fi

— = const

|Fr| 1)

The second assumption is that the component of the force of light parallel to the
refracting surface is unchanged by refraction.

|Fi|sin i= |Fr|sinr 2)
Combining (1) and (2) we get the sine law.

sini_[Fr|_ 1

sinr |F1| const

The essential question is, did Descartes have the two assumptions before the
Mydorge letter? Sabra made use of Descartes’ optical fragment from 1620, which
we analyzed in detail in Chap. 3. He claimed that the fragment implies possession
of both assumptions. This means Descartes could have deduced the law any time
from about 1620. Sabra cites the 1620s fragment only in part, as follows:

Because light can only be produced in matter, where there is more matter there it is more
easily generated; therefore, it more easily penetrates a denser medium than a rarer one.
Whence, it happens that refraction occurs in the rarer medium from the perpendicular, in the
denser medium toward the perpendicular.”

For Sabra the first sentence is assumption 1: the force of light is as the density
of the media—independently of path. Sabra then notes the sentence: ‘whence
refraction occurs toward the normal in the denser medium, and away from the
normal in the rarer medium’. He asks, how can Descartes say that unless he also
has the second assumption? And, of course, given the two assumptions, Descartes
could have deduced the law of refraction.”® Sabra is thinking of a diagram very
much like the Mydorge diagram (Fig. 4.5), which, of course, neatly represents
these assumptions.

Let us recall what our study, in Chap. 3, of Descartes’ optical fragment of 1620
revealed: Descartes did possess in 1620 some intriguing views about the dynamics
of light, but these conceptions could not have directed him to the sine or cosecant
law. Rather, they constituted an obstacle to his ever finding it. Our analysis of the
entire fragment, and its likely contexts in Descartes’ exploration of parts of Kepler’s

3 cf Note 26 above. Sabra, of course, spoke in terms of the ‘speed’ of light in the two media.
The reader should note both here and in Sect. 4.4, we correct Sabra, speaking of the ratio of the
‘force of light’ in the two media. (For Descartes, the speed of the propagation of light being instan-
taneous, but with variable, finite, degrees of ‘force’, as explained above.)

3 AT x. 242-3

% Sabra (1967) 106, 111.
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optics, makes it clear that Sabra is mistaken: for, as we found, Descartes’ first sentence
does not contain or entail assumption (1). Rather, Descartes was assuming that the
normal component of the force of light is increased in a denser medium. In other
words in 1620 he held:

Fil
= = const
Rather than,
[Fil
ﬁ = const
T

So, as was mentioned in Chap. 3, in 1620 Descartes embraced an assumption
which would have hindered his ever deducing the sine law. Holding that in two
media the normal components of the force of light are in a constant ratio, had he
then assumed that the parallel components are constant, he would have gotten a law
of tangents.”’

How then did Descartes ever devise his two assumptions—and in particular why
did he ever decide that the constant force ratio applies to media in a path independent
manner? All the evidence examined thus far suggests that a likely answer is this:
Descartes only formulated his two dynamical assumptions after he had constructed
the law in cosecant form, using traditional means—issuing in the Mydorge diagram.
The Mydorge diagram—the cosecant form—gives you the two assumptions if you
are looking to read them out of the diagram. And in 1626 Descartes, physico-
mathematician, was very interested to read out of his ray diagram some mechanical
theory explaining that diagram. He did to the Mydorge diagram exactly what he
earlier did to diagrams in Stevin and Kepler. That is, he took a geometrical picture
of a macroscopic phenomenon, garnered by mixed mathematical procedures, and
read out of it the underlying dynamical causes. Viewed through physico-mathematical
spectacles, the Mydorge diagram was the locus where the two dynamical assump-
tions were forged and coordinated. In short, the two dynamical premises were
modeled upon, or ‘seen in’, the Mydorge diagram, with Descartes realizing that the

7 As we commented in Chap. 3, Notes 106 and 111 on this point: Had Descartes assumed that the
parallel component varies either directly or inversely with the density, he would have again deduced
‘tangent laws’ with slightly differing indices of refraction. There seems no way to proceed directly
from the assumptions of 1620 to the sine law of refraction, unless one is prepared to introduce
Newtonian complications about the variation in components as functions of the angle of incidence,
a way of conceiving the problem foreign to Descartes in 1620, 1626, as well as 1637. Sabra, of
course, assumed that penetration varied with density regardless of the angle of incidence, an
assumption that does indeed yield the sine law when conjoined with the assumption that the paral-
lel component of the motion, force or penetration of the incident ray is unaffected by refraction.
Sabra’s error consisted in his construal of the first premise: Descartes was envisioning that the
normal component of penetration varied with density.
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geometry of that diagram clarified and modified his earlier, inefficacious, dynamical
notions about refraction.

This reconstruction thus helps us understand why, after 1627, Descartes
moved to a dynamical rationale for the law; and why that rationale took the form
it did. Having been thwarted in his early attempt, in 1620, to arrive at the law of
refraction by physico-mathematical analysis of its purported physical causes,
Descartes would have seized upon the newly discovered, and arguably correct,
cosecant form of the law of refraction. Acting in accord with the procedures of
his physico-mathematics, he decoded the Mydorge diagram—representing the
correct mixed mathematical form of the law—as a message concerning the causes
of refraction. This account also helps us deal with the problem of why Descartes
embraced such problematical dynamical premises for explaining refraction.
Why, as we noted earlier, he used dynamical premises which simultaneously
entail that optical media are, and are not, isotropic. The most likely answer is that
having formulated (or ‘seen’) the premises by inspecting the geometry of the
already discovered cosecant form of the law of refraction, he accepted and
defended these premises because of their supreme value in grounding a deductive
physical rationale for the law.’® We are now going to see, in Sect. 4.7, how in the
late 1620s and early 1630s the two key dynamical premises were variously articulated
by Descartes, for the purpose of producing ‘demonstrations’ of the law. That is, as
a physico-mathematician, he first ‘read’ his newly discovered mixed mathematical
geometrical rule for refraction back to its presumed dynamical causes, understood
as rather generically stated premises. He was now going to explore further mechanistic
articulations of those premises. This was to be physico-mathematics in the grand
style, at least as Descartes conceived it, based on a mixed mathematical break-
through, and aiming at the elucidation of its causes and explanation through
mechanistic models of light, if not yet at a fully articulated corpuscular-mechanical
theory of light.

3 The discerning reader will note a difficulty in this reconstruction. It has been argued that
Descartes and Mydorge (as well as Snel) used the traditional image finding rule in their path of
research leading to the law of refraction. But, unlike Harriot, the three later discoverers presum-
ably were well aware of Kepler’s new theory of vision, which cast grave doubt on the use of the
traditional rule. Descartes, after all, was working on a mechanistic version of Kepler’s theory
of vision around the same time he and Mydorge discovered the law, and his 1620 optical fragment
already indicates familiarity with Kepler’s new work on vision. This fascinating issue cannot
be addressed in full here. Suffice it to say that the problem is more Descartes’ than our own.
That is, there is evidence that Descartes suppressed discussion of his actual path of discovery
for several reasons, one of which was the embarrassing point that his work depended upon an
optical principle he could no longer accept. For example, his odd methodological story about
how the law might be discovered, offered in rule 8 of the Regulae ad directionem ingenii, seems
intended to occlude this fact, and to mythologize several of his other theoretical quandaries,
under a cloak of persuasive, but necessarily vacuous ‘method talk’. See below Sect. 4.9 and
Chap. 6 where the issue of the efficacy of Descartes’ method is discussed. These matters are
also discussed Schuster (1993).
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4.7 The Mechanical Theory of Light 1620-1628

4.7.1 Expository Strategy and Working Distinctions

Thus far, as promised, our investigation has allowed us to use the Dioptrique and the
dynamics of Le Monde as a basis for decoding Descartes’ actual intentions in his
published optical proofs. This in turn prompted us to recognize the import of the
Mydorge letter and the path of discovery of the law of refraction it revealed, and the
way that Descartes and Mydorge’s procedure resembled the purely geometrical
optical techniques of the other independent discoverers of the law. We were then
able to suggest a reconstruction how Descartes developed his two dynamical prem-
ises physico-mathematically out of his newly discovered ‘mixed mathematical’ law
of refraction. Whilst doing this we have bracketed the question of what he actually
took to be the nature of light in the crucial period of 1626—1628, before he launched
into the composition of Le Monde and the Dioptrique. The reconstruction of the
emergence of the two dynamical premises presupposed only what we already knew:
(1) that since 1619 Descartes had thought of himself as a ‘physico-mathematician’;
(2) that, as we discovered in Chap. 3, he was, as a natural philosopher leaning toward
corpuscular-mechanism of the Beeckmanian variety, but had done little to explore
it, and certainly nothing to systematize it; whilst (3) his optical fragment of 1620 did
not speak a mechanistic dialect, but may to some extent have implied one. Beyond
that, the discussion was intentionally non-committal about details. Descartes was
said to have realized that the parallel component of the force or motion of the inci-
dent light is conserved before and after refraction, and that the quantity of the force
or motion of the light varies with the density of the medium and is path independent.
Problems of exposition necessitated this strategy, because the evidence relating to
Descartes’ mechanistic theory of light in the period 1626—1628, which we are about
to survey, can only be decoded on the basis of a prima facie account of how and
when the law of refraction was discovered. So, in this section, we examine Descartes’
commitment to a mechanistic theory of light between 1620 and 1628 with the goal
of confirming and deepening the findings of Sect. 4.6.

When investigating Descartes’ commitments to corpuscular—mechanism, and to
a mechanistic optics, certain working categories need to be kept in mind. It is useful
to distinguish between (1) fundamental ontological convictions in general, and
(2) theories about the nature of light in particular. Furthermore, when considering
(1) or (2), one needs to distinguish between (a) relatively articulated or systematized
commitments or theories, and (b) relatively unarticulated commitments or theories.
Combining these possibilities, one obtains a set of four broad analytic categories

(la) A systematic corpuscular-mechanical ontology: such as is found in Descartes’
two systematic treatises on the philosophy of nature, Le Monde (1629-1633)
and Principia philosophiae (1644). This involves an elaboration of the corpus-
cular-mechanical structure of matter, leading on to a theory of ‘elements’, a
theory of the ‘cosmological’ structuring of matter, and an explicit doctrine
concerning the laws of motion, collision and tendency to motion, or what we
have termed Cartesian dynamics.
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(1b) An unarticulated corpuscular-mechanical ontology: such as is found in
Beeckman’s Journal, or in Descartes’ work prior to his commencement of
Le Monde. This involves a general belief in corpuscular-mechanism and piece-
meal appeals to it in formulating particular explanations, without a sustained
attempt to organize or mediate between these particular applications. Certain
consistencies might run through these applications and, to that extent, one
might speak of an ‘element theory’, ‘cosmology’ or ‘dynamics’ implied in them;
but, in general, the more that the theme of systematization emerges, and claims
to control the applications, the more articulated and systematized the ontology
can be judged to be.

(2a) An articulated corpuscular-mechanical theory of light, such as is found in the
explanations of light in Le Monde or Principia philosophiae. In the broadest
sense this would therefore involve the attempt to explain the true nature of light,
as part of the sort of system envisioned in (1a), in which the theory of light is
articulated to the matter theory, cosmological setting and controlling principles
of motion and dynamics.*

(2b) An unarticulated mechanical theory of light: such as we shall find in Descartes’
optical work in 1626-1628. This would involve a loose commitment to the
mechanistic nature of light, based on piecemeal and unsystematized appeals
to mechanistic causes, and to ‘causal principles’ which have not quite taken the
form of a systematized dynamics. This can involve a background belief in
the corpuscular-mechanical character of matter and light.

One needs also to note that two broad options were open to Descartes in con-
structing a theory of light, whether under (2a) or (2b). Light could be taken to con-
sist in the translation of pieces of matter, or, in mechanical impulses or tendencies
to motion transmitted through media. Finally, under both (2a) and (2b), a theory of
light could be elucidated, or applied, by means of explicit mechanical analogies. So,
by the early 1630s Descartes had to hand his tennis ball model, which, as we have
seen, was really offered under the tacit aegis of his (2a). Similarly we shall see that
in the late 1620s he employed a balance beam model for the refraction of light,
which was meant to clarify the version of (2b) which he then held.

4.7.2 Reprise—The Optical Fragment of 1620

Our starting point is the optical fragment of 1620, the third of our case studies of
Descartes’ early physico-mathematics in Chap. 3. The optical fragment of 1620, we
recall, variously hints at a quasi-Aristotelian, or even a Keplerian, physical theory of
light. Nevertheless, while the fragment makes no direct reference to a corpuscular-
mechanical ontology, Descartes’ apparent concern with quantifying the variation of

% One can also imagine slightly lesser degrees of articulation, involving, for example, merely a
corpuscular-mechanical explanation of optical sources and media, but lacking cosmological
articulation, and possibly lacking a highly articulated theory of dynamics.
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‘penetration’ (normal component) with density might also indicate he held an
unarticulated theory of light as mechanical impulse or tendency to motion. We saw,
however, that mining deep ontological commitments out of the optical fragment of
1620 is beside the point. Descartes was more interested in explaining refraction by
relating density to ‘generation/penetration’ (magnitude of normal component), and
expressing the relation geometrically. Seeking to explain refraction by mathemati-
cizing the density-penetration relation (which could have various specific natural
philosophical explications), Descartes was comporting himself as a physico-
mathematicus. But, the question of how a corpuscular-mechanical ontology (or any
other ontology) might work into such a physico-mathematical inquiry was post-
poned, along with any firm commitment about the physical nature of light.

Additionally, we saw that Descartes’ physico-mathematical encounter with
Kepler’s optics probably affected his views about ontology in two ways. First, it
marginalized, for the time being, corpuscular-mechanical explanations of light,
media, sources and refraction, because these did not seem to lend themselves to
mathematization. Second, even at the level of unarticulated theories of light, his
encounter with Kepler’s optics devalued explicitly kinematic models, and raised the
perceived value of models involving no passage of any material entity. Beeckman’s
kinematic models were avoided, whilst still potentially allowing for models of light
as mechanical impulse or as tendency to motion, or indeed as Keplerian immaterial
substance, or even as Aristotelian actualization of a potential property of the
medium.®® However, the search for a Beeckman-like a corpuscular-mechanical
explanation of light need not have been rejected in principle, but merely deferred,
until such time as the law of refraction might be discovered. In sum, the optical
fragment offered evidence that Descartes was definitely interested in a physico-
mathematical agenda in optics, and that matters were fluid and inconclusive at the
level of technical accomplishment—progress toward finding the law of refraction—
and in relation to specific natural philosophical aims and valencies.

This brings us back to the period of 1626-1628, and to Descartes’ moves in
physico-mathematics to attain a natural philosophical rationale for the newly dis-
covered law of refraction. We shall now see that by 1626—1628 he was firmly convinced
of an unarticulated theory of light (2b) as instantaneously transmitted mechanical
impulse or tendency to motion. However, it was only in 1629/1630, when he began
to compose Le Monde, that Descartes attempted to devise an articulated corpuscular-
mechanical theory of light (2a) within his emerging system of mechanical natural
philosophy (1a). Likewise, it was apparently at this same time that he designed the
tennis ball model for use in the Dioptrique. The latter was his only foray into the
‘corpuscular’-kinematic modeling of refraction, and its use is quite circumscribed.
On the one hand, the tennis ball model is only a model for the corpuscular-mechanical
theory of light as tendency to motion, and, on the other hand, the model itself is

% For Descartes’ similar reaction to Beeckman’s celestial mechanical speculations see Schuster
(2005) 70-2 and below, Sect. 10.3.
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essentially premised on the principles of his dynamics of instantaneously exerted
forces and determinations, as we have seen.®!

4.7.3 Light as an Instantaneously Transmitted Mechanical
Impulse 1626-1628

Whatever the ambiguities of the 1620 fragment on the issue of the nature of light,
one can be reasonably certain that by 1626 Descartes had opted for an unarticulated
theory of light as mechanical impulse or tendency to motion, transmitted instanta-
neously through corpuscular media, although the microstructures of those media
were not as yet a matter of concern, for the very reasons we have just canvassed. The
main evidence on this point comes from parts of Descartes’ Regulae ad directionem
ingenii which he wrote in Paris between 1626 and 1628, after the discovery of the
law of refraction, as well as from discussions he held with Beeckman in 1628. The
former are discussed in this Section, the latter in Sect. 4.7.4.

We shall be examining the Regulae and Descartes’ abortive dream of a universal
method in great detail in Chaps. 5 and 6. For the present we are only interested in
flagging some points which will be proven in those chapters, but which must now
be posited as part of our inquiry into the evolution of Descartes’ mechanistic theo-
rizing about light. The key point for the moment is the following simple and unal-
loyed fact: An unarticulated theory of light as an instantaneously transmitted
mechanical impulse plays a central role in and between the lines of the latter por-
tion of the text of the Regulae written in Paris between 1626 and 1628. The Regulae,
it will be shown, really consist in three main textual strata, written at different times
between 1619 and 1628 with rather different aims in view.®> The first stratum, con-
sisting in a portion of Rule 4, is the remnant of a treatise which Descartes planned
to compose in mid 1619 on the subject of ‘universal mathematics’. Descartes con-
ceived of this ‘discipline’ in mid 1619, viewing it as some sort of synthesis of his
physico-mathematical project and his more purely mathematical researches into the
generalization of analytical procedures, applied to classes of geometrical and alge-
braic problems. Later in 1619, this early project of universal mathematics was itself
superseded by, and encysted within, the main lines of his method, the dream of a
general analytical machinery suitable for all rational disciplines, mathematical or
not. Accordingly, we shall see that Descartes’ constructed his doctrine of method in
the winter of 1619-1620, the results being recorded in the second stratum in the
Regulae, rules 1-3, part of 4, and 5-11, excluding some material in rule 8.9

' On the larger functions and uses of the tennis ball model and Descartes’ difficulties with it, see
below Sect. 4.8.2.

©2Below Chaps. 5 and 7 and Schuster (1980).
S Below Sect. 4.9 and Chap. 5, as well as Schuster (1986, 1993).
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The third and final stratum of the Regulae, the one that interests us here, arose
when Descartes arrived back in Paris in 1625 with his apparently effective method
in hand. Seeking to emulate, and outdo, his friend Marin Mersenne, Descartes
revived his Regulae project. He returned to the universal mathematics of 1619,
which he now attempted to construct in detail, by expanding and extending his
1619/1620 text on method, that is, roughly rules 1-11 of the Regulae. This version
of universal mathematics would appear to grow out of, and articulate, the doctrine
of method. Interestingly, the shift from the second to third stratum in the Regulae
can be located inside the present text of rule 8 and contains priceless evidence as to
dating. The text in question contains a peculiar little methodological tale about how
the anaclastic problem—to find the refracting surface that will focus all parallel
incident rays to one point—might be solved on the basis of the prior discovery of
the law of refraction. We shall look at this method story below in Sect. 4.9. What is
important here is that the story, depending upon prior possession of the law of
refraction, reinforces the dating of this third stratum of the Regulae after 1626/1627
(and prior to 1629 when the whole project collapsed). So, we have a dating just after
the discovery of the law of refraction. And, finally, to get to the point about an
unarticulated mechanistic theory of light, we find in this third stratum of the Regulae,
that in order to underwrite his universal mathematics, Descartes, in rules 12—14, out-
lines a mechanistic theory of nervous function and perception.** In turn, a mechanistic
theory of light as instantaneously transmitted impulse underpins this enterprise,
which includes, prominently, a ‘mechanization’ of Kepler’s new theory of vision.®
So, whatever else we might know about Descartes’ views on light immediately following

% Schuster (1980) 59-64, and, Sect. 4.7.3: In rule 12 Descartes claims that the external senses
‘perceive in virtue of passivity alone, just in the way that wax receives an impression /figuram/
from a seal.” He intends no mere analogy: just as the wax is impressed with the image of the seal,
‘the exterior figure of the sentient body is really modified by the object’. All of our sensations,
whether of light, color, odor, savor, sound or touch, are ultimately caused by the mechanical
disturbance of the external sense organs. From the sense organs the impressed ‘figures’ are trans-
mitted instantaneously to the common sense via the nerves, by means of the passing of a pattern of
mechanical disturbance. ‘No real entity travels from one organ to the other’, just as the motions of the
tip of a pen are instantaneously communicated to its other end, for ‘who could suppose that the parts
of the human body have less interconnection than those of the pen’. Patterns in the common sense
can then be imprinted in the imagination, either to be stored in memory for the future ‘attention’ of
the vis cognoscens, or to be immediately attended to in sense perception. AT x. 4124

% Schuster (1980) 61-2 and, Sect. 4.7.3 below: Although Descartes focuses upon the mechanical
causation of sensation and perception, it is clear that a mechanical theory of light underpins the
entire discussion. Whatever the essential nature of external objects may be, Descartes implies, they
act upon the perceiving subject in a mechanical manner. In the case of visual perception, therefore,
light (or the optical media through which it acts) mechanically impresses the ‘figures’. Presumably
light is an instantaneously transmitted mechanical impulse: Descartes’ mention of instantaneous
mechanical nervous action, and his analogy of it to the instantaneous transmission of motion from
one end of a pen to the other, suggest that light is considered to act in the same fashion. Note also
that although the pen analogy is applied to nervous action (see previous Note), it is similar to the
analogy of the blind man’s staff, used later in Partie 1 the Dioptrique to illustrate the instantaneous
mechanical transmission of light. AT VI 85-6.
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the discovery of the law of refraction, we can be virtually certain he was willing
to write about, and rely upon, a mechanistic theory of light, vision, and nervous
function. We shall now see him working directly and intriguingly on mechanistic
models for the action of light, and its law of refraction, at precisely the same
time.

4.7.4 Light as Mechanical Impulse and the Explanation of the
Law of Refraction 1626—-1628—The Balance Beam Model

The theory of light as an instantaneously transmitted mechanical impulse, unarticu-
lated as it was in 1626—-1628, would still have been sufficient to provide the conceptual
framework for Descartes’ physico-mathematical reading of the Mydorge diagram,
as discussed in Sect. 4.6. Descartes, physico-mathematicus, operating with an
unarticulated theory of light as mechanical impulse, could have read the Mydorge
diagram as bespeaking the true physical premises necessary for the demonstration of
the law of refraction, premises which corrected and reformed the ideas about density
and penetration (normal component) evident in the 1620 fragment: (1) A light
impulse, or ray, has a force, strength, or perhaps (retaining the language of 1620) a
‘penetration’, which varies when the impulse passes from one medium to another.
For a given pair of media the ratio of these forces or ‘penetrations’ is constant and
independent of the angle of incidence; (2) The force or ‘penetration’ of an impulse
or ray may also be considered directionally, in the usual terms of components
parallel and normal to the refracting surface. The force or penetration of the ray or
impulse acting parallel to the surface must be unaffected by the refraction. This, of
course, is a ‘rational reconstruction’ of how Descartes might have interpreted the
Mydorge diagram, using a theory of light as mechanical impulse in the interests of
designing a ‘physico-mathematical’ explanation of the new law. This rational recon-
struction fills up the interpretive and evidential void left at the common terminus of
our several lines of textual and contextual reconstruction. There is, however, a very
remarkable piece of evidence, dating from 1628, which we are now finally in a
position to examine, and which shows Descartes striving to elucidate how the theory
of light as mechanical impulse could be used in the demonstration of the law of
refraction. Although it does not record Descartes’ initial ‘physico-mathematical’
reading of the Mydorge diagram, it is arguably a product of research and reflection
which followed very closely upon that event.

In the autumn of 1628 Descartes paid a short visit to the United Provinces prior
to his settling there permanently early the next year. On 4 October he met with his
old friend Isaac Beeckman for the first time since early 1619. He sketched for
Beeckman some of his discoveries of the previous nine years, including the work on
lens theory (cf. Sect. 4.5.2 and Appendix 1). This was prefaced by a statement of the
(sine) law of refraction, which Beeckman recorded in a short memorandum, illus-
trated by Fig. 4.8, in which for rays aeg and cef: (ab/kg) = (cd/if). There immediately
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Fig. 4.8 Beeckman’s 1628 illustration of discussion of the sine law of refraction

follows Beeckman’s description of an analogy through which Descartes sought to
explain the law to him,

(Descartes) considers water to be under s and the rays to be aeg, cef. They seem to undergo
the same (change) as the arms of an equal arm balance, on the ends of which are fixed
weights, of which that in water is lighter and raises the arm.®

This passage certainly is cryptic; even so patient a Cartesian scholar as Gaston
Milhaud was moved to dismiss the analogy as ‘bizarre’.®’” But, Descartes’ concep-
tion can be reconstructed, provided one is willing to grant that Beeckman, in an
understandable way, garbled or mistook part of the sense of Descartes’ exposition.

Let us take Descartes to be suggesting that the behavior of the incident and
refracted rays of light is analogous to the behavior of an equal arm balance, the arms
of which must be bent, or refracted, at the fulcrum to maintain equilibrium under
varying conditions of loading (Figs. 4.9 and 4.10). The constant ratio of the force of
light in a given pair of media is likened to the constant ratio of the ‘effective’ weights
of identical bodies immersed in a pair of fluids differing in specific gravity. In
Figs. 4.9 and 4.10 we have a balance whose equal arms can be pivoted about the
fulcrum and fixed at the settings required to maintain equilibrium under differing
conditions of ‘effective’ weight. The arms are loaded with two identical bodies of
specific gravity SGb. The specific gravity of the upper medium, SGu, and the
specific gravity of the lower medium, SGI, are each less than SGb, so the weights
‘weigh down’ from both ends of the balance. In Fig. 4.9, SGu>SGl and in Fig. 4.10,

% AT x 336; Beeckman (1939-53) fol. 333v.
%" Milhaud (1921) 110.
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Wt

Fig. 4.9 Reconstruction of Beeckman’s bent arm balance: refraction toward the normal

SGu<SGl. Then, in Fig. 4.9, the effective weight of body in the upper medium,
Wt'u bears to the effective weight of the body in the lower medium, Wt'l, the ratio

Wt'u  SGb - SGu

= =const. <1
Wt'l SGb — SGI
And, in Fig. 4.10 the corresponding ratio is:
Wt'u  SGb — SGu
= = const. > 1

Wtl  SGb — SGI
In either case at equilibrium,
(Wt'u)(R sini)=(Wt'T)(R'sinr)
where r sin i and r’ sin r are the effective lever arms

but, R=R’
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R:

......................................

Fig. 4.10 Reconstruction of Beeckman’s bent arm balance: refraction from the normal

therefore,

sini _ Wt'l

sint  Wt'u

= const.

Thus, if equilibrium is to be maintained, in Fig. 4.9 the right arm must be dropped
toward the normal.

And, in Fig. 4.10 the right arm must be removed away from the normal. For a
given pair of media, the ‘refraction’ of the right arm will always be given by the last
equation, a veritable ‘law of sines’ telling us how to adjust the right arm at the
fulcrum, for a given setting of the left arm, in order to maintain the condition of
equilibrium.

Returning to the entry in Beeckman’s Journal, we see that his diagram (Fig. 4.8)
indicates refraction toward the normal in water, but that his discussion specifies that
the weight on the right rises due to the buoyancy of the water being greater than that
of the air. The inconsistency can be explained by Beeckman having garbled
Descartes’ explanation. Figure 4.10 illustrates what Descartes intended in the case
of a real balance with weights immersed in air and water.®® But, as we also know

1t would also illustrate the case of a ‘tennis’ or cannon ball whose motion is refracted away from
the normal in water, as discussed later in the Dioptrique (AT vi. 97-8). Beeckman and Descartes
might perhaps also have discussed this phenomenon in 1628.
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from the Dioptrique, when Descartes switched from tennis balls to light rays, he had
to argue that the force of light is greater in water than in air, in order to explain its
refraction toward the normal in water. Accordingly, to apply the balance analogy to
the case of light, Descartes must have claimed that the lower medium is rarer than
the upper one, so that the effective weight of the body in the lower medium (analo-
gous to the force of the refracted light) is greater than the effective weight of the
body in the upper medium (analogous to the force of light in the upper medium),
hence that Wt'l>Wt'u. This makes no sense if one still has in mind a real balance,
with one arm plunged into a real vat of water. To make the balance germane to the
behavior of light passing from air into water, one must abstract from the concrete
situation and invoke different media with the appropriate ratio of densities. Beeckman
may have become confused in the shift from the concrete case of a balance beam
with weights in air and water, to the abstract case where the balance illustrates by
analogy the force changes light undergoes in different media. In any case, Beeckman
must have garbled the sense of his discussion with Descartes, for he cannot have
both his figure and his text.

On this reading, Descartes was offering to Beeckman a particularly fine model
for his two recently devised dynamical premises, as conceived against the back-
ground of the unarticulataed (category 2b) theory of light as instantaneous mechani-
cal impulse (for example, as used in the later portions of the Regulae):

1. The path independent ratio of the force of light in the two media is modeled by
the ratio of ‘effective’ weights, which depend on the ratio of the densities of the
media.® The ‘effective’ weights, moreover, are beautifully ‘path independent’.
The weights hang down perpendicularly from the ends of the arms, regardless of
the direction in which the left arm, the ‘arm of incidence’ if you will, has been
set, and regardless of the direction then assumed by the right arm, the ‘arm of
refraction’, in order to maintain equilibrium.

2. The conservation of the parallel component of the force of the light is modeled
by the condition of equilibrium, which requires the equality of statical moments
about the fulcrum.

One should also note that if, as seems likely, Descartes was thinking of his premises
against the background of a theory of light as instantaneous impulse or tendency to
motion, then the model is particularly apt for two further reasons. Firstly, weight
may be interpreted as a tendency to motion (as Descartes did indeed conceive of it
as early as 1619 in the hydrostatics manuscript), and hence as a kind of impulse
reiterated from moment to moment; and, secondly, weight, like a tendency to motion
or a light impulse, can be conceived to have a certain gross magnitude (measured by
weighing), as well as specifiable components of ‘directional magnitude’.”

% The only problem with Descartes’ analogy of course is that greater force (effective weight)
depends upon placement in a rarer medium and vice versa, thus implying a disanalogy between
specific gravity and refractive ‘density’ of an optical medium

70 As Stevin, the stimulus for the hydrostatic manuscript of 1619, had taught with his near approach
to the parallelogram of forces, mainly applied to the non-vertical components of weight. Stevin
(1955-66) Vol. 1. 183-5.
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4.8 Full Circle: Cartesian Dynamics, Optics and the Tennis
Ball Model 1628-1633

Our detective inquiry has now travelled almost full circle. It began with an analysis
of Descartes’ systematic dynamics in Le Monde, which was then used to unpack the
tennis ball model and optical proofs in the Dioptrique. The reinterpretation of the
Dioptrique was an important, yet secondary goal: The strategic aim was to take
some bearings which could orient our reconstruction of Descartes’ route to the law
of refraction and of his physico-mathematical struggle to explain it in mechanistic
terms. The analysis of the Dioptrique uncovered Descartes’ two dynamical prem-
ises and the hidden radius form of the law of refraction to which they are best
adapted. These findings provided questions and points of reference around which
the reconstruction was developed. We can now reverse the process, using the recon-
struction of the course of Descartes’ optical researches in order to throw new inter-
pretive light on two issues very significant in understanding the nature and direction
of Descartes’ post 1628 natural philosophical endeavors. They are (1) the origin and
nature of his mature dynamics; and, (2) the reasons for the design and use of his
tennis ball model. In regard to (1) we shall start by recalling that the originally
discovered cosecant form of the law of refraction provided the basis for the two
dynamical assumptions later used to explain it. We shall see that those assumptions,
physico-mathematically ‘read’ out of the Mydorge diagram, in turn provided the
exemplar for two of the three laws or ‘rules’ of nature in Descartes’ systematic
corpuscular-mechanical natural philosophy of Le Monde, thereby constituting a
very large part of the core of his mature dynamics. In relation to (2) we shall dis-
cover that far from being central to Descartes’ physical optical research, the tennis
ball model was really a rather contingent element, explicable by the circumstances
and needs which shaped the writing of the text of the Dioptrigue, and consequently
that it does not reflect the trajectory of Descartes’ earlier optical researches and is
likely to mislead us about them.

4.8.1 The Exemplar for Descartes’ Laws of Dynamics
in His Physico-mathematical Optics

As we have seen in Sect. 4.2, Descartes’ mature dynamics treats bodies in motion or
tending to motion in terms of two instantaneously acting dynamical properties: the
absolute quantity of a force of motion, and its directional manifestations, expressed
in law 1 and law 3 in Le Monde. We may now suggest that these principles derived
from a further generalization of his original reading of the Mydorge diagram.
Descartes first read the diagram for some basic principles of physico-mathematical
optics, assumptions about the quantity and directional quantity of the force of light.
But what about the laws of nature which he had to construct after 1629, when he
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began to write Le Monde? How better to base the laws of nature than to use as an
exemplar the dynamical principles revealed by successful physico-mathematical
research in optics: Light, after all is just an impulse, so its behavior clearly reveals
the basic dynamics of forces and determinations. Descartes would have had every
reason to be confident that his optical exemplar was well chosen and correctly ana-
lyzed, and so he would have had every reason to think that his dynamics of force and
determination could be premised upon his having cracked the code of the physico-
mathematics of refraction.

Whilst this interpretation is easy to state in brief terms, given our detective work
so far, there is one important obstacle to its acceptance. This involves the quite rea-
sonable, indeed necessary, consideration that it may have been the pressures and
requirements of constructing, at long last, a systematic corpuscular mechanical
philosophy that largely or entirely shaped the form and content of the laws of nature
(dynamics) that lay at its center. We shall have to take these issues very seriously,
showing just how far they reach, and how in the end both sets of drivers—requirements
of systematicity and consistency, and the need to exploit the best and most exemplary
physico-mathematical results as keys to nature—drove Descartes’ inscription of his
first and third laws of nature. Let us look therefore at the composition of Le Monde
and some of the systematic needs that may in part have shaped the laws of nature
enunciated therein.”!

It was only in 1629 that Descartes began to construct a system of corpuscular-
mechanical natural philosophy, supported by a systematic dualist metaphysics. At
no time during his previous career as a physico-mathematician had he shown the
slightest interest in systematizing the corpuscular-mechanism into which Beeckman
had initiated him. Yet, by 1630 he had the main lines of his metaphysics, and by
1633 he was prepared to publish Le Monde, his first systematic treatise on natural
philosophy. This reorientation in Descartes’ projects had as its immediate cause
the unexpected failure and collapse of the project of the third stratum of the Regulae,
which he had begun three years before in Paris under the inspiration of Marin
Mersenne. Recognizing by late 1628 that the Regulae suffered from fatal mathe-
matical, epistemological and ontological problems, Descartes abandoned the text in
mid stream, moved to the United Provinces, and spent his first six months there
sketching the basics of his dualist metaphysics. This, he hoped, would resolve, or
finesse, the fatal problems with the Regulae, whilst preserving its larger goals,
influenced by Mersenne; that is, to defeat ‘unorthodox’ philosophies of nature,
while avoiding (now defeating) scepticism.

By mid 1629 in the midst of this work, Descartes began to be drawn into the
composition of a system of corpuscular-mechanical natural philosophy. At first he
was attracted by the prospect of applying his optical results to explain the rainbow,
as well as the unusual parhelia which had appeared at Rome the previous spring. By
November 1629 he envisioned an entire system of corpuscular mechanism. Hence,
by that time he would have had to contemplate the articulation of a theory of light

IMaterial in the next two paragraphs is explained in detail in Chaps. 7 and 8 below.
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beyond the state reached in the Regulae. The execution of his plans, the designing
and inscribing of the details of the system, took three years. Central to that systematic
design were the laws of nature for his new mechanistic ‘world’, laws which embody
his first expression of his mature ideas about dynamics—the causal register of his
natural philosophy.

Let us recall our discussion in Sect. 4.2 of Le Monde’s first and third rules of
nature. The first rule in Le Monde asserts that, in the absence of external constraints,
God conserves from moment to moment a body’s state of rest or motion, or more
properly its force of rest or motion. The third rule of nature specifies that at each
moment the conserved force of motion of a moving body (or of a body merely
tending to motion) is directed along the tangent to its trajectory at the point under
consideration. Taken together, these laws occupy some of the same explanatory
space in a corpuscular-mechanical natural philosophy that had been occupied in the
embryonic mechanics of Beeckman by his inertial principle. So, part of the explana-
tion of their existence and shape has to do with Descartes explicitly refusing simply
to adopt Beeckman’s principle, and his decision to replace and reformulate the
required concepts.

As we learned in, Sect. 3.2.2, as early as 1613/1614 Beeckman had enunciated
an inertial principle in the following form:

Everything once moved never comes to rest unless due to an external impediment. Moreover,
the weaker the impediment, the longer the moving body moves. For, if something is thrown
upwards and at the same time is moved circularly, it will not sensibly come to rest before its
return to earth; and if it nevertheless were to come to rest, it would not do so due to a uni-
form impediment, but due to a non-uniform impediment, because one part after another of
the air turn touches the thing moved.

And,

...a stone thrown in a vacuum is perpetually moved; but the air hinders it by striking it anew
and thus acts to diminish its motion. Indeed, what the philosophers say, that a force is
impressed in the stone seems without reason. For who can conceive what that force would
be, or how it would maintain the stone in motion, or in what part of the stone it would find
its seat?”

Beeckman’s statements can be used as a benchmark to gauge the character and
peculiarities of Descartes’ dynamical conceptions. For example, Descartes has not
one law, but two closely related ones. These deal not with the spatio-temporal trans-
lation of bodies, but with instantaneously manifested forces of motion. Correlatively,
Descartes” mechanics deals with motions only in terms of their analysis instant by
instant in terms of the momentarily exerted force of motion and its determinations.
Where Beeckman stoutly refused to discourse about such internalized moving
forces to explain the conservation of motion, Descartes asserts their existence, anal-
yses their absolute and directional quantities, and refers their existence, causal
efficacy and rules of ‘behavior’ to God’s moment to moment rule—bound oversight
of nature.

2 Beeckman (1939-53) i. 24-5.
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So, without referring to the trajectory of his work in optics, one can conclude that
Descartes’ laws of dynamics differ considerably from the analogous concepts in the
mechanics of Beeckman. There is, moreover, good textual evidence to suggest that
Descartes formulated these two laws of nature in this fashion under the pressure of
conceptual constraints exercised by his emerging system of natural philosophy, in
particular by his Voluntarist conception of God’s relation to Nature, and by his
plenist cosmology and insistence on impact and pressure as the sole intelligible
modes of natural activity. The dead mechanical world of corpuscles depends for its
existence upon God’s moment to moment exercise of his freely willed conserving
concourse. The continued existence of bodies and their properties is radically depen-
dent upon the instant to instant reiteration of this divine action. It would seem to
follow that the laws of natural change, which can only be laws concerning the con-
servation or alteration of bodies’ motion and rest, must deal with divinely regulated
instantaneous conservation or alteration of the forces of motion and rest. Moreover,
in Descartes’ plenum universe all real translations entail the displacement of matter
around a closed path. No finite inertial rectilinear translations can occur. Presumably,
it was therefore necessary in Descartes’ third law to reformulate Beeckman’s con-
cept of rectilinear translation as an instantaneously exerted tendency to rectilinear
motion. Similarly, Beeckman’s approach raised the problem of the loss of motion
through the presumably inelastic impact of perfectly hard ultimate principles.
Descartes’ Voluntarism, his conception of God’s relation to nature, would not allow
this running down of the world machine. He needed a law of divine conservation of
the total quantity of (the force of) motion in the universe. But, this could not deal
with the directional manifestations of motion or force of motion, what Descartes
was to term ‘determination’. It probably appeared to Descartes (as it later did to
some of his readers) that determination could not be conserved. This was because
the (scalar) sum of it present in any system naturally appeared to depend upon how
a grid of components was applied to what we have termed the ‘principal” determina-
tion, denoted by the third rule of nature. If rectilinear inertia could only be preserved
in the form of the third law, because of systematic conceptual constraints, so, simi-
larly cosmic conservation of (the force) motion could only be formulated in essen-
tially scalar terms, in the manner of the first law.

There is additional evidence for Descartes having devised his two laws under the
pressure of structural constraints involved in building his system of natural philoso-
phy. Shortly after starting to compose Le Monde, Descartes reminded himself to
employ Beeckman’s inertial principle. In the margin of one of his letters to Mersenne
he noted, ‘“We must remember to add that which has once been set in motion, will
move forever in a vacuum, and I shall try to demonstrate this in my treatise.”” It
would therefore seem likely that Descartes replaced Beeckman’s inertial principle
with his two new laws during the course of composing Le Monde and for the sorts
of systematic reasons just discussed.

73To Mersenne December 18 1629, AT 1 90
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Important and enlightening as these structural explanations of Descartes’ two
laws may be, they do not fully explain their genesis. It was one thing for the per-
ceived needs of the emerging system to exert pressure upon Descartes’ formulation
of the laws of nature; it was another thing for him to find a model or exemplar
around which to elaborate his response to those pressures. I would argue that
Descartes’ prior physico-mathematical optical work provided him with the exem-
plary basis from which to elaborate a satisfactory response to those pressures.

There is, after all, an extremely close analogy between Descartes’ first and
third laws in Le Monde and his two unarticulated dynamical premises for the
demonstration of the law of refraction. The first law establishes the principle of
conservation of force of motion, regardless of the direction of the motion or its
analysis into components. Hence it appears to transcribe and generalize the
assumption that the force of light is related to the nature of the medium and is
independent of the path of propagation. The third law specifies the (principal)
tangential determination of the force of motion, and, by implication, licenses its
analysis into components. It appears to transcribe and generalize the assumption
that in the derivation of the refracted ray path, the determination of the light can
be manipulated independently of the absolute quantity of the force of the light.
The two rules together ground a general dynamical approach to mechanical expla-
nation paralleling that implied in the particular instance of the optical proofs. The
outcome of a collision, that is, the new quantities and principal determinations of
the forces of motion of the bodies in question, is deduced by applying ‘rules’ of
interaction to the quantities and directional quantities of the forces of motion
obtaining just prior to the instant of collision.

Do these analogies bespeak a genetic relation? Let us recall that the reconstruction
of the discovery of the law of refraction, the text of the later Regulae and Descartes’
balance analogy of 1628 all suggest that by that date he thought he could demon-
strate and explain the law of refraction by using his two dynamical premises, which
he had read out of the Mydorge diagram, and which he maintained in the context of
an unarticulated theory of light as mechanical impulse. But, when he began to com-
pose Le Monde there arose the need not only to articulate his theory of light, a pro-
cess leading eventually to his theory of elements, celestial mechanics and
cosmological optics; but also to create the fundamental laws of this new ‘nature’,
principles of natural change for the corpuscular world. The emerging shape of his
plenist physics and Voluntarist theology showed that he could not simply appropri-
ate Beeckman’s formulation of the law of inertia. He needed an analogous principle
dealing with tendencies to motion (a concept familiar to him since 1619), and so
designed as to permit the conservation of force of motion in all possible circum-
stances of corpuscular collision. The optical premises were at hand and they pre-
cisely fit these needs. They embodied assertions about the comportment of
instantaneously exerted tendencies to motion, in which quantity and directional
quantity of force were distinguished, so that one could apply them in practice to the
derivation of refracted paths without, it could now be seen, endangering a principle
of conservation of force.
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Optics practiced in the manner of physico-mathematics, moreover, was the
obvious place for Descartes to look for exemplars for his desired cosmic laws. He
believed light to be merely a mechanical impulse. Therefore the behavior of light
would reveal the dynamics of impulses or tendencies to motion clearly and in para-
digmatic ways obscured by systems in which real translation takes place. What is
more, in the plenist and Voluntarist perspective he had now adopted, the dynamics
of impulses was conceptually and ontologically prior to a dynamics of real transla-
tions and cycles of displacement. He possessed both the law of refraction and,
thanks to his physico-mathematical ‘analysis’, the underlying dynamical principles
needed to explain it. Thus, the refraction of light could be viewed as an exemplary
case of mechanical interaction, involving the law-like instantaneous alteration of the
force and determination of an impulse. How better, then, to determine the funda-
mental laws of nature than to work on the basis of the dynamical assumptions which
were already informing his physico-mathematical understanding of the law of
refraction? In a word, Descartes’ exemplar for the constitution of some of the cosmic
laws of dynamics was his physico-mathematical understanding of the physical
behavior of light, embodied in the law of refraction. From the unarticulated dynamical
premises he elaborated the first and third laws of nature, working under the con-
straint, and through the medium of, his Voluntarist theology and plenist ontology—both
sets of drivers acted and acted in a conjoint manner. As Galileo’s mechanics had its
exemplars in certain ways of rendering problematical and then explaining pendulum
motion and descent along inclined planes, so Cartesian dynamics had its exemplar
in Descartes’ physico-mathematical rationale for the law of refraction of light.

4.8.2 In a Spin Over Tennis Balls and Boules of Second Element:
Cartesian Dynamics, Optics and the Problem of Color

Anyone the least familiar with the Dioptrique and who has followed the argument
thus far will no doubt be wondering why Descartes chose to employ the tennis ball
model in the first public exposition of his optics. In Sect. 3 we saw that the tennis
ball demonstrations of the laws of optics make sense only when supplemented by a
knowledge of Descartes’ dynamics, which contemporary readers could only have
gained from the suppressed Le Monde. We were able to recognize cryptic hints
about Descartes’ dynamics between the lines of the Dioptrique only after familiar-
izing ourselves with the relevant portions of Le Monde. What is more, we have
discovered that kinematic tennis ball type models of light probably played no role
in the long gestation of Descartes’ physico-mathematical optics from the 1620
fragment down to the Regulae and bent arm balance beam analogy of the late 1620s.
If our reconstructions are accepted, they seem to entail that Descartes committed
a rhetorical miscalculation in the Dioptrique, when he suddenly elected to use a
kinematic model for light and almost completely neglected to provide it with an
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adequate and explicit dynamical rationale which could link it to his real theory of
light as a mechanical impulse.

The canons of historical interpretation suggest that perhaps there is something
wrong with our reconstruction, if it entails such an unflattering picture of Descartes’
capacities. In this section I want to avoid this conclusion by showing why Descartes
himself probably believed that the tennis ball model could do an adequate job in the
Dioptrique, despite certain gross limitations of which he was arguably aware. The
answer resides in the demands of Descartes’ theory of color, which figures promi-
nently later in the Dioptrique and Météores. That requires the real spatial translation
of balls or corpuscles, so that spin/speed ratios can account for colors; yet, you cannot
have a ratio of a tendency to spin to a tendency to move. We are about to see that this
problem partially explains Descartes’ characteristic reticence about color theory at
the level of his fully articulated mechanistic theory of light in its systematic setting.
Using tennis balls at least allowed Descartes to finesse the problem in his 1637 texts.
The tennis ball model could bear the weight of the color theory, and if one did not
ask too many questions, it might seem to comport with the idea of the corpuscular
basis of light in the behavior of his boules of second element. Unfortunately, his
color theory and the mechanistic theory of light as tendency to motion transmitted
through those boules did not cohere. Descartes, I suggest, knew this and struggled
with the tensions it generated.

The first step toward grasping Descartes’ rationale for the tennis ball model is to
understand its wider range of functions in the Dioptrique and in the optical portions
of the Météores. Thus far we have only discussed its use in the demonstration of the
optical laws in the second discourse of the Dioptrique. In the Météores Descartes
employed the model in a mechanistic explanation of the causes of the sensations of
colors. Descartes was particularly interested in the production of spectral colors
when a thin beam of light is refracted through a prism. The explanation of this
phenomenon then served as the basis for the explanation of the colors of the
rainbow and parhelia. These were among the first problems he addressed in 1629,
when he began the work which eventually was embodied in Le Monde, the Dioptrique
and the Météores.”* One must appreciate the importance Descartes would have
attached to a general solution to the problem of the (apparent) production of colors
through the reflection and refraction of light.

According to Descartes, the tennis balls, whose rectilinear translation models the
transmission of light, may also have spin imparted to them when they collide with
‘reflecting’ or ‘refracting’ surfaces. In certain situations the spin imparted to the
balls is ‘nearly equal to their motion in a straight line’, and no colors result. But, in
other situations, what we may term the ratio of ‘spin to speed (of translation)’ will
be increased or decreased relative to the ‘normal’ ratio. Such non-normal spin to
speed ratios are taken to explain the triggering of sensations of colors, red in the
former case, ‘blue or violet’ in the latter.”

74+To Mersenne, 8 October 1629, AT i. 23. His work at this time is discussed in more detail below,
Sections 8.4.3, 8.4.4 and 8.4.5.

5 Météores , AT vi. 331-32


http://8.4.3
http://8.4.4
http://8.4.5

4.8 Full Circle: Cartesian Dynamics, Optics and the Tennis Ball Model 1628-1633 211

Descartes lays the basis for this approach early in the Dioptrique, in the third of
a series of analogies or ‘comparisons’ through which he proposes to explain and
illustrate those properties of light relevant to the understanding of the Dioptrique
and Météores, without having to enter upon the details of his ‘philosophy’ (element
theory, dynamics and real theory of light at the corpuscular-mechanical level). The
first two analogies explain properties of light travelling through uniform optical
media.” To explain the phenomena which occur when light encounters a second
medium, Descartes introduces the tennis ball model, to which he then adds the spin/
speed articulation. He describes how one may impart spin to a tennis ball by grazing
or ‘cutting’ it obliquely with a racket, and he points out how the same thing can
happen when a ball bounces obliquely off uneven surfaces. Analogously, colors are
produced when rays encounter uneven reflecting surfaces. And, as smooth regular
surfaces do not graze the ball, so smooth regular reflecting surfaces do not endow
the reflected light with the property of causing the sensation of colors.”

Later, in the Météores, the explanation of the generation of spectral colors
through prismatic refraction, which is fundamental to the explanation of the rain-
bow and parhelia, proceeds on the basis set down at the beginning of the Dioptrique.
Dropping all reference to macroscopic tennis balls, Descartes boldly descends to the
micro level, to those ‘petites boules d’une matiere fort subtile’, whose ‘action or
movement’ constitutes the true nature of light, as, he says, was ‘described’ in the
Dioptrigue.” The boules, passing (or tending to pass)” through the pores of ‘ter-
restrial bodies’, can also acquire spin in certain circumstances. When such boules
pass obliquely out of the glass prism into the air, their paths are, of course, refracted,
and, entering a medium which alters their force of motion, they all acquire a uni-
form spin in the same direction ‘equal to’ their rectilinear motion. In this case no
colors are produced. But if what we might term the ‘beam’ of boules is narrowed,

" First, he uses the analogy of the blind man’s staff to illustrate the instantaneous propagation of
light without the passage of any material (or immaterial) entity. The analogy clearly derives from
the pen analogy used earlier in the Regulae. As the blind man receives from the far end of his staff
only instantaneously conveyed tendencies or resistances to motion, so light rays are only lines of
tendency to motion propagated instantaneously through the contiguous particles of optical media.
(AT vi. 84-6) The second analogy deals with the rectilinear propagation of light rays, their propaga-
tion in infinitely many directions from a luminous point, and their ability to cross without impeding
each other. Descartes” model is a vat filled with half crushed grapes and new wine. The analogy is
carried out by manipulating putative lines of tendency-to-descend running from wine particles on
the surface of the vat to hypothetically voided points on its bottom, a procedure clearly borrowed
from the hydrostatics manuscript of 1619. (AT vi. 86-8). On a closely related set of observations,
regarding Descartes’ theory of light in its cosmic setting in Le Monde, see, Sect. 10.7.4 below.

7 Although he will later deal with the production of colors through refraction of light, Descartes
introduces the ‘spin/speed’ articulation of the tennis ball model in the case of reflection (AT vi.
90-1), because it is much more easily grasped in common sense terms, and because, he has not yet
even shown how the simple tennis ball model can be applied to the law of reflection and then
extended to the law of refraction.

78 Météores, AT vi. 331.

Ploc. cit. p. 332.
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by blocking off with a shade all but a small area of exit on the refracting surface of
the prism, then the boules in and near one side of the beam will have their spin/
speed ratios increased above their normal amount, whilst those in or near the other
side of the beam will have theirs lowered. In the former case the sensation of the
color red will be produced in observers; in the latter case ‘blue or violet’. The altera-
tion of the spin/speed ratios necessarily follows from the fact that the boules at the
edges of the beam must graze boules at rest, nestled amid the grosser particles of the
shade (and of the air proper). Given their previously acquired uniform speed and
sense of spin, the boules at one edge have their spin increased and those at the other
edge have theirs decreased, and these respective effects also propagate inward from
the edges of the beam to some distance, through the contact and interaction among
the boules making up the beam.?

From Descartes’ perspective the tennis ball model therefore works rather ele-
gantly within the texts of the Dioptrique and Météores: In unarticulated form (that
is without talking about ‘spin’) the model facilitates the deduction of the laws of
reflection and refraction; then a simple articulation allows Descartes to explain the
production of colors in these same processes. (In addition, the articulated model at
least held out the promise of a general explanation of color phenomena, through the
study of the reflection and absorption of light by the varied surfaces of colored
bodies.) However, this elegance is achieved in Descartes’ texts at some considerable
cost, which is chargeable to his views about the real nature of light, and hence to
the coherence of the system of natural philosophy he had just created. Descartes, we
shall see, was well aware of this liability.

Unfortunately for Descartes, the model for the production of colors works only on
condition that the balls, whether tennis balls or boules of ‘subtle matter’, undergo real
rectilinear translation, and not merely a ‘tendency to motion’ or ‘action’. ‘Grazing’ or
‘cutting” imparts a real spin, and can do so in the systems of interest to Descartes only
as the balls pass by the grazing or cutting surfaces.?! In such cases there can be no
question of merely a ‘tendency to rectilinear motion’, which might bear some ratio to
a spin; or, even worse, to a ‘tendency to spin’.®? There simply is no coherent and
convincing analogy in the real theory of light for the spin of the tennis ball or boules,
or for their mode of acquisition of spin. The articulated tennis ball model therefore can-
not be translated into the terms Descartes’ real theory of light as an instantaneously
propagated mechanical impulse. In this it differs from the unarticulated tennis ball

8oc. cit. pp.331-4. This piece of explanation in turn is fundamental to Descartes’ groundbreaking
work on the rainbow. The best modern explication of Descartes’ research on this classic problem
is Buchwald (2008), which also brilliantly demonstrates how within this work Descartes achieved
the only instance in his corpus where a corpuscular-mechanical model is applied and further articu-
lated with relation to novel experiments which have quantitative implications.

81 At times Descartes speaks of a part of the speed of translation of a ball being converted into spin.
(eg. AT vi. 90) He was no doubt thinking of everyday macroscopic analogies, such as a tennis ball
appearing to lose some its incident speed upon acquiring a spin after bouncing obliquely on the
ground.

82 Descartes uses this infelicitous locution at AT vi. 333.
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model used in the proofs of the optical laws. There the model and the real theory map
onto each other, provided one attends to the crucial instant of impact with the reflecting
or refracting surface, and concentrates upon the instantaneous, rule-bound alteration of
the force and/or determination which occurs at that moment.**

Nevertheless, this difficulty need not have worried Descartes all that much in so
far as he was concerned with the internal coherence and presentation of Dioptrique
and M¢étéores. Since the full details of his real theory of light and of his dynamics
were not on display, because of his decision to abandon publication of Le Monde
consequent upon the condemnation of Galileo, the tennis ball model could be
deployed in these texts without appearing to violate the tenets of his real theory.
The very absence of the full details allowed Descartes to write in the Météores of
the translation of the boules, a violation of his real theory of light, but a neat and
consistent sequel to the (superficially) kinematical optical proofs.

Looking more deeply into this, one realizes that at the level of the published texts
the coherence of Descartes’ presentation really turned on the dual character of the
proofs of the optical laws: On the one hand, the tennis ball optical proofs were based
on his dynamics and drew their cogency from the way they modeled instantaneous
alterations of force and/or determination. Of course, their true character was only
partly inscribed in the text, and for the most part had to be sought between the lines.
The dynamical underpinnings were hinted at, and could be mobilized if questions
arose, as occurred in the subsequent debates concerning the proofs, for example in
Descartes’ remarks cited above at Note 25. On the other hand, the optical proofs
were presented in an overtly, if superficially, kinematical fashion. As such, they
motivated and paved the way for the spin/speed articulation which would explain
colors. This therefore marks our return full circle to the optical proofs in the
Diotprique with which our detective work began. We now understand their implicit
dynamical basis and their mode of overt presentation!

In Sect. 4.3 we in effect cast doubt upon Descartes’ conceptual and literary skills
when we discovered how little of the real dynamical rationale for the optical proofs
is present in the Dioptrigue. Now, however, we can appreciate that Descartes was
cleverly adapting to the facts that Le Monde had been suppressed and that the
Dioptrique and Météores would therefore appear without any extended discussion
of dynamics or the real theory of light as an instantaneously propagated mechanical
impulse. What from one perspective seems to have been a miscalculation in
Descartes’ presentation appears from this new perspective as a quite reasonable
strategy of argument, adopted after he had decided that could not then publish Le
Monde and the system it contained.

This interpretation assumes that Descartes was aware of the difficulty of identi-
fying the spin/speed model with his real theory of light, and that he made his strategic
decisions on that basis. Evidence on this score can be gleaned from both of Descartes’

8 For, as we have established above, at the moment of impact, the tennis ball (reduced to a weight-
less, frictionless point) behaves exactly the way a light impulse would—indeed dynamically
speaking the two are identical—and the superficially kinematical aspects of the model ‘momentarily’
drop from view.
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treatises of systematic natural philosophy, Le Monde and Principia philosophiae, as
well as from the Météores itself. Descartes never discussed the spin/speed explana-
tion in detail in his systematic treatises: In Le Monde Descartes refuses to mention
color as an essential phenomenon of light and so relieves himself of the onus of hav-
ing to explain color in a manner inconsistent with the rest of his discussion.®* His
behavior, I contend, was quite intentional. Later, in Principia philosophiae he still
avoided explicit discussion of the spin/speed explanation. With one exception, all
questions about the causes of color were dealt with by referring the reader to the
Dioptrigue and Météores.®

But to say that Descartes was aware of this problem is not to suggest that it
always haunted him with equal vigor. The intensity of the problem would have
varied from context to context and from time to time. When, in 1644, Descartes
finally published a system of mechanical natural philosophy, the problem would
have loomed large and caused his evasions. But earlier, in the mid 1630s, when he
was committed to suppressing Le Monde and only publishing the Discours de la
méthode and its three Essais, he could well have been satisfied with the heuristic
and organizational role played by the tennis ball model within the combined texts of
the Dioptrique and the Météores.*

% When presenting his real theory of light in Chap. 14 of Le Monde, he lists 12 properties of light
and explains them as arising from tendencies to motion transmitted through the spherical boules of
his ‘second element’. Color is not mentioned explicitly as one of these properties; but, it is implic-
itly contained in the last two properties, described in terms of capacity of the ‘force’ of a light ray
to be increased or decreased ‘by the diverse dispositions or qualities of the matter that receives
them’. Descartes’ ‘explanation’ of these properties makes no mention of color and seems intended
more to elaborate the explanation of the tenth property, refraction. As for refraction and reflection
themselves, Descartes passes up the opportunity to introduce the tennis ball model (or moving
boules), and simply refers the reader to the Dioptrique. (AT x. 97-103)

% The exception occurs in an obscure corner of the final part of the French version of the treatise
(Principia IV 131, AT IXB. 270; MM 241), where Descartes explains the properties of colored
glass. Leaving aside this limited and late passage, which is Descartes’ and/or Picot’s afterthought,
we see that Descartes steadfastly refused to introduce the spin/speed model into his systematic
work. And the likely reason for this is that the model cannot be made to agree with his real theory
of light as a tendency to motion. Further evidence of Descartes’ awareness of the problem, and its
intractability, may be found in the Météores. In the passages discussed above (Note 82 above),
Descartes twice writes of the boules ‘tendency’ to move and ‘tendency’ to spin. Evidently he was
caught between the content and the grammar of his real theory, on the one hand, and the mechani-
cal rationale of his spin/speed model, on the other. At this point of tension his discourse falters and
wavers, despite the fact that here in the published text of 1637 he could (for the foreseeable future)
have gotten away with the pretence that light consists in the translation (and spin) of boules.

% The little we know about the course of composition of the Dioptrigue tends to confirm this pic-
ture of a Descartes reluctantly satisfied, for the time being, with the tennis ball model in the publi-
cations of 1637. The Dioptrigue is first mentioned in a letter to Mersenne of 25 November 1630
(AT i. 179), over a year after the problems of parhelia and the rainbow had first stimulated his work
on a system of corpuscular-mechanical natural philosophy. Descartes writes that he wishes to
insert into the Dioptrique an explanation of ‘the nature of light and colors’, a task which has held him
up for six months. This will virtually turn the Dioptrique into a ‘system of physics’, an ‘abridgment
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4.9 Grist for the Method Mill: Method and Optics in Rule 8
of the Regulae ad directionem ingenii

Descartes” work in physico-mathematical optics was so important, impressive and
rich that he used and exploited it across a range of natural philosophical projects and
initiatives. We have looked at Descartes’ appropriation of his dynamical rationalization
of the law of refraction in his attempt to frame general laws of nature in his
first systematic natural philosophical treatise, Le Monde. We turn now to Descartes’
attempt in 1626-1628 to weave a methodological tale of discovery around his
experience in mixed— and physico-mathematical optics over the previous several
years. Properly deciphered, Descartes’ tale bears witness to some of the complexities,
quandaries and pitfalls of his optical work, as revealed by our reconstruction. This
episode will also prepare us for the next two chapters, where we turn to the complex
trajectory of Descartes’ work, and his aspirations, in analytical mathematics and
methodology over the same period 1619-1628 which we have analyzed in respect
of physico-mathematics in this and the previous chapter.

In rule 8 of the Regulae Descartes describes, in a carefully chosen subjunctive
mood, how the law of refraction, the anaclastic curve, and the physical explanation

of Le Monde’, and so acquit him of his promise to Mersenne, made in April 1630, to finish the system
within three years. He adds that if the reception of the Dioptrique shows he can persuade people of
the truth, then he will proceed to complete his treatise on metaphysics begun earlier in 1629.

Two main difficulties seem to have been haunting Descartes. First, the explanation of the nature
of color had proven a most difficult proposition. One suspects this was not only due to the intrica-
cies of his articulated tennis ball model, but also because of the dawning realization that it bore no
convincing analogy in the real theory of the ‘nature of light’. Second, Descartes was clearly still
undecided about how much material from his emerging system of corpuscular-mechanism should
or could appear in the Dioptrique. In the letter he toys with the idea of adding a section on the true
nature of light and color, and thus implying that he already possessed some version of the model-
based presentation he later published. Again, part of his hesitation and indecision may have related
to the difficulty of linking the spin/speed articulation to his real theory of light. In January 1632 he
sent to Golius what he termed ‘the first portion of the Dioptrique’, dealing with ‘refractions with-
out touching upon the rest of philosophy’. (AT i. 235) This, too, tends to indicate that Descartes
still contemplated publishing in the Dioptrigue more of his dynamics and real theory of light than we
find in the publication of 1637. If so, he was probably then still facing the problem of the relevance
of the spin/speed articulation to the real theory.

In the end Descartes’ problems were solved on a pragmatic basis, motivated by external events.
When he learned of the condemnation of Galileo and decided to withhold Le Monde from publica-
tion, he reorganized his publication program, producing within three years the Discours and three
Essais in the form with which we are now familiar. The reorganization allowed him to design the
Dioptrique and the optical portions allotted to the Météores around the tennis ball model, without
having to face up to the problem of whether the model in its articulated form could represent
aspects of the real theory of light. In this respect, perhaps, he came to see the demise of Le Monde
as something less than a complete disaster, since it allowed him to resolve the problem of present-
ing and justifying his optical achievements. Again, from this perspective, he may well have viewed
the tennis ball model as a qualified success.
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of refraction might all have been discovered by using his method. This part of the
rule dates from 1626 to 1628: it obviously post-dates the discovery of the law of
refraction, the first elaboration of lens theory and the initial attempts to provide a
physical rationalization of the law.*’

Descartes’ story in Rule 8 of the methodological investigation of the anaclastic
and other problems unsurprisingly contains an initial analysis and a concluding,
demonstrative synthesis, and follows the general lines of the method doctrine
extractable from the early Regulae.®® The analysis consists in the discovery of that
ordered series of questions upon the solution of which the resolution of the anaclastic
problem ultimately depends. If, Descartes begins, one were going to search for the
anaclastic curve using the method, the initial step would be to see that the solution
depends upon first discovering the law of refraction, ‘the relation which the angles
of refraction bear to the angles of incidence’. At this point, Descartes observes, a
mathematician would have to give up the search, for all he can do is assume some
relation and work out the consequences. Further analysis shows that the problem of
the law of refraction in turn depends upon knowledge of ‘physics’ as well; for
the relation between the angles of refraction and incidence depends in some way
upon the manner in which light passes through media. But the answer to that question
would be seen to depend on the more general issue of ‘what is the action of light’, and
the answer to that question would be seen to depend in turn upon the answer to the
ultimate question in this series, ‘what is a natural power?” One would have to deter-
mine, by a ‘mental intuition’ what this ‘absolute nature’ is.% This would be the last
step in the analysis and the first in the deductive synthesis.

Unfortunately, Descartes does not inform us as to the content of this ‘intuition’;
but, we can presume that light and all other natural ‘powers’ are to be explained
mechanically, by corpuscular motion, impact or tendency to motion. In any case,
having discovered this by ‘intuition” one would have to pursue the rest of the syn-
thesis by proceeding back along the chain of questions, deducing the more relative
natures from the less relative ones. However, our deduction might stall at some
point, for example, at the step of trying to deduce the nature of light from the nature
of natural powers in general. In such cases one would have to proceed by ‘analogy’.
The investigator must ‘enumerate all the other natural powers, in order that the
knowledge of some other of them may help him, at least by analogy...to understand
this one.” Again, we are not told anything more here about the analogies, but we are
acquainted with one of Descartes’ favorites from this period, the bent arm balance he
was soon to expound to Beeckman.”® Allowing for such occasional and unpredictable

87Tt can also be shown that it is the first of the passages added to the Regulae in Paris and leads
directly to the core of the third stratum of the text. See below, Sects. 7.2 and 7.3. Cf Schuster
(1980) 58-9.

8 AT x 393-5.

% We shall learn more about Descartes’ methodological terms, ‘absolute’ and ‘relative natures’ in
Chap. 5, where we examine his dream of a universal method and the opening portions of the text
of the Regulae.

% Perhaps he also had in mind other analogies for the action and refraction of light, for example, a
rudimentary and unarticulated kinematic model, a tennis ball model; we simply do not know.
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recourse to analogy, the synthesis would ultimately lead from a theory of natural
powers, via a theory of light to a deduction (and physico-mathematical explanation)
of the law of refraction, and thence to a theory of lenses.

As one would expect, Descartes’ methodological tale about how he ‘could have
done optics’ bears no relation to the complex trails of research that we have recon-
structed in this chapter. In Chap. 6 we shall argue that what when such tales of
particular researches are woven out of the discursive cloth of a grand doctrine of
method (Descartes’ or anyone else’s) some characteristic effects follow. On the one
hand, the ‘thick’, sui generis conceptual and procedural density of the field of inquiry
in question is necessarily suppressed and lost from view. This entails that the method
story really cannot accurately describe any actual or even possible course of genuine
practice in that field; it necessarily structurally mystifies the dynamics of knowledge
production and evaluation in that field. On the other hand, the little methodological
story bears structural similarities to other such stories which can be generated within
the same method discourse. To the methodologist, therefore, the story seems to be true,
or at least possibly true, and his belief in the unity and efficacy of his method are
enhanced by this further ‘evidence’ of its value.”!

Given all this, Descartes’ story is to be construed as a rationalization of the com-
plex and sometimes abortive course of his researches up through 1626-1628; as an
attempt to show that, since the results could in principle have been produced by
using method, they should enjoy certain epistemological and methodological acco-
lades. After all, our reconstruction indicates that Descartes’ lived experience of
‘being an optician and physico-mathematician’ had not been entirely happy or tidy.
On the one hand, there was the tortuous and none too orderly course of his researches,
which had, at long last, produced some results of note. On the other hand, despite or
indeed because of these results, he confronted a confusing array of resources, theories,
programs and commitments—the disorderly residues of 8 or 9 years of endeavor.
Among these we can number (a) a law of refraction discovered using the possibly
discredited image locating principle; (b) an unarticulated theory of light as mechan-
ical impulse; (c) two dynamical premises read out of (a) in the light of (b); (d) a
body of lens theory in the process of refinement and alteration; and, (e) at least one
analogy for the deduction of (a) from (c). Upon this chaos of personal history and
conceptual baggage the method tale imposes a double order. There is the diachronic
order of an ideal course and flow of research, and conflated with, or contained
within, that diachronic order is a logical/explanatory order, revealing the deductive
relations holding amongst his theories and principles.®? From the perspective of a

I Schuster (1984, 1986, 1993), Richards and Schuster (1989), and Chap. 6 below.

”2Like a myth viewed in a Lévi-Straussian perspective, the method discourse provides a structure
which imposes order on this jumble of biographical and in part contradictory conceptual meaning-
tokens, by means of a narrative of particular events and actions which is, at bottom, yet another
instance of his core myth of method. Lévi-Strauss (1972), 216, 224. Alternatively, if one prefers
Roland Barthes’ view of myth, we might say Descartes’” account amounts to a none too convincing
rational reconstruction, motivated by a host of personal, philosophical and ideological concerns,
and posing as a true story of the discovery. Barthes, ‘Myth Today’ in (1973), 109-59. We return to
these theoretical reflections on ‘method-talk’ as akin to mythopoeic talk in Chap. 6.
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believer (or at least a promoter of method), the virtues of this story are considerable
(if only it could have been done this way) and, although virtues here are displayed
in a particular case; but they are generic to method-talk, as we shall learn in Chap. 6.

This interpretation further allows us to make sense of two otherwise peculiar
aspects of Descartes’ tale in Rule 8: (1) his appeal to the use of analogies, and (2)
his reticence about the nature of light and natural powers in general.

1. It would appear likely that Descartes introduced an analogy when moving to the
step of deducing the nature of light, because in 1626-1628 he simply did not
quite know what else to say about the issue. At the time he possessed an unarticu-
lated theory of light as mechanical impulse, two roughly hewn premises read
from the Mydorge diagram, and the bent-arm balance beam analogy. The theory
of light was not closely articulated to a system of mechanistic natural philoso-
phy; he simply did not have such a system. Similarly, the dynamical premises
were not yet part of a systematically theorized dynamics, explicitly forming the
causal register of such a larger system of natural philosophy. Leaving aside the
Mydorge diagram, read ‘physico-mathematically’, the only thing holding
together the theory of light and the premises was the bent-arm balance analogy:
it modeled light as an impulse and it modeled the two premises; and, it could be
used to explain/deduce the law of refraction, as we know it was used in October
1628 to explain the law to Beeckman. In rule 8 Descartes is probably simply
echoing this as yet unsystematized and unresolved state of affairs. His only alter-
native would have been to begin discoursing about the Mydorge diagram; his
program in physico-mathematics; how to read Kepler; as well as admitting to
having used the now arguably superseded traditional image location rule—all
amounting to a most unmethodical undertaking, if our reconstructions are to be
believed.

2. A similar sort of explanation applies to the question of why Descartes was coy
and reticent about the ‘nature of natural powers’ in general and about the ‘nature of
light’ in particular. We may surmise that Descartes preferred to be non-committal,
because as of 1626—1628 he had not yet committed himself to articulated the-
ories on either topic. The beauty of the method tale is that it can accommodate
this vagueness and hide it by enfolding it in ‘orderliness’. Certainly he had a
sketch theory of light, a mechanistic outlook on nature and premises from which
to deduce the law of refraction; but none of this was settled or elaborated. Since
he had to hand a workable analogy for deducing the law and modeling light, it
was better in such circumstances to inject into the tale a sub-discourse on the use
of analogy, than it was to imply that any of his currently unsettled ideas might
have the status of products of ‘intellectual intuition’ or ‘deduction’ therefrom.

A final point about this may now be troubling scrupulous readers, who may feel
something has been missed in this account: Does not Descartes’ physico-mathematics,
as presented thus far, entail a kind of methodological skeleton that Descartes could
have exploited here in Regulae 8? His physico-mathematical work in hydrostatics,
and eventually in optics can be given the following sort of ‘method-talk’ gloss:
‘First in the manner of mixed mathematics, find a simple, workable, and on this
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superficial level “true” geometrical rule for the phenomenon in question. Then
move “analytically” to discover the natural philosophical bases for the law, by
inspecting the geometrical representation of law and intuiting or “seeing the
causes” in it. ** Finally, in an explanatory synthesis, start with those natural philo-
sophical [matter and cause] premises and deduce the law in question.” Why in
16261628 didn’t Descartes give us this sort of methodological tale about (physico—
mathematical) optics?

This query can be answered by the following observations. First, one must note
again that the above method-gloss, like all such little tales cut from the cloth of a
larger doctrine of method, misses the conceptual and practical density of the work
that actually produces the results so cavalierly paraded at each methodological step.
It cannot capture what Descartes did in mixed mathematical optics, and it cannot tell
anyone else how to do that work. Similarly, it cannot capture how and why Descartes
selected and designed his natural philosophical commitments, or explain to anyone
else how to do so. A fortiori, it cannot explain how Descartes or anyone else might
‘analyze’ natural philosophical results out of mixed mathematical findings.** So,
even if one prefers the above ‘physico-mathematical’ method tale to the one
Descartes actually tells in Regulae 8, no real grip is going to be obtained on his
actual decisions, actions and practices in his course of research. With that point
understood, it can still be asked, “Why did not Descartes report his optical work the
following way (which at least conforms to the traditional methodological movement
of analysis followed by synthesis)?’® (Fig. 4.11).

In Descartes’ Regulae 8§ story, we need natural philosophical insight before we
get the law of refraction, and the mixed mathematical discipline of geometrical
optics is not mentioned at all. But why not say what he knew (and practiced) very
well, that a mixed mathematical optician can find an instrumentally useful and
descriptively fairly accurate geometrical expression of the law of refraction, and
that this law can be used to design lenses embodying the anaclastic curve? Again, I
think we have to say Descartes avoids the actual story of his discovery of the law of
refraction because his geometrical optics involved the increasingly dubious traditional
image location principle; that is, a bit of outmoded mixed mathematics. Accordingly,
there is no mention of geometrical optics as such, and the law of refraction is found

% This conceit of ‘seeing (natural philosophical) causes inside well grounded mixed mathematical
results’ emerged in discussion of ‘Baroque Optics’ with my colleagues, Dr. Ofer Gal (Unit for
HPS, University of Sydney) and Dr. Sven Dupré (then of the Department of History of Science,
University of Ghent). We have put this notion to work in research on the physico-mathematization
of optics in the work of Kepler and Descartes, brought together in a dedicated issue of Synthése.
See Schuster (2012).

% See below Chap. 6. On the specific issue of the necessary vacuity of the rules of grand methods
see Schuster (1984, 1986) and, as noted therein the very important, and little noted paper of Paul
Feyerabend (1970) on exactly this issue, which is to be preferred to his wider ranging and better
known works on method in relation to this critically important point.

% And where the arrows in the figure, of course, do not, and cannot, represent strictly valid logical
movements.
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ANALYSIS SYNTHESIS
MECHANISTIC THEORY MECHANISTIC THEORY
OF LIGHT OF LIGHT

v
DYNAMICAL PREMISES LAW OF REFRACTION

T ‘,

LAW OF REFRACTION LENS THEORY AND
T ANACLASTIC SURFACE
MIXED

MATHEMATICAL
OPTICS

Fig. 4.11 A traditional analysis—synthesis methodological schema for Descartes’ optical
researches

in the second, synthetic phase of the method story, not at the beginning of its first or
analytical phase. Moreover, he did not want to say he could ‘analyze’ all the way
from the law of refraction to natural philosophical premises, because as yet—in
1626—-1628—he did not have a settled and systematized natural philosophy to put
forward as the outcome of that process. Accordingly, the opening analysis does not
consist in findings at all, but in discovery of a sequence of appropriately ordered
questions, ending with the ultimate natural philosophical question of ‘what is a
natural power’. Then, that question is left vague, and the synthetic movement back
down toward the discovery of the law of refraction is made to depend on intervening
use of analogy, as described above. The law of refraction does not appear early in
the (analytical) game based on geometrical optics; and even in the synthesis phase,
it is not reached by a conclusive deduction from natural philosophical premises, but
emerges from some auxiliary play with models and analogies, rather than firm natural
philosophical principles and commitments.

4.10 Conclusion: Looking Forward—Mathematics
and Method: 1618-1629

This completes our two chapter reconstruction of Descartes’ work in physico-
mathematics and embryonic corpuscular-mechanism from 1618 to 1628. If the
reconstruction offered carries some degree of plausibility, it brings into relief com-
plex diachronic and conceptual relations amongst Descartes’ early enterprises, and
demonstrates the centrality of geometrical optics, and optical concerns in general,
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in the evolution and cross fertilization of his agendas in physico-mathematics and
corpuscular-mechanism. His work in physico-mathematical optics had reached a
notable climax, but in no way did this signal the onset of some smooth, linear course
of work and endeavor, leading to the more mature Descartes we recognize in his
published work from the Discourse on Method onward. Our next three chapters will
address additional complexities and layers of endeavor spanning the period as far back
as 1618 and reaching forward to the composition of his first system of corpuscular-
mechanical natural philosophy in Le Monde (1629-1633). This part of our story
will be complex in itself, since it deals with both solid mathematical work, and rising,
concatenating, and increasingly unrealistic and unrealizable aspirations of a general
methodological type. We shall also see that Descartes’ tortured trajectory in math-
ematics and method intersected and articulated with the story of physico-mathematics
and natural philosophizing which we have told so far, and which in fact cannot be
fully understood on its own, but only when this second dimension of the young
Descartes’ struggles is brought to light.
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Chapter 5

Analytical Mathematics, Universal Mathematics
and Method: Descartes’ Identity and Agenda
Entering the 1620s

5.1 Introduction: The Struggle Over Mathematics,
Universal Mathematics and Method

The young Descartes, physico-mathematicus, whom we have studied in the previous
two chapters was certainly not a builder of natural philosophical systems, nor had
he even consistently applied himself to underwriting his physico-mathematical
results in corpuscular-mechanical terms, although he had clear leanings in that
direction. Even at the time of the optical triumph of the 1620s, the future author of
Le Monde and the Principia was nowhere in sight, and it would be drawing a long
bow indeed to characterize Descartes at that stage as having the vocation or identity
of a bold would-be conqueror of the field of systematic natural philosophizing. Our
problem is that thus far we have, necessarily, taken too narrow a view of the young
Descartes.We have to trace in this and the next two chapters the wider trajectories of
intellectual endeavor, and shifting self-definition, that Descartes had been pursuing
during the very period we have canvassed in the previous two chapters. These projects
interacted with, and constantly promised—at least in his view—productively to
subsume the ‘mere’ physico-mathematics we have thus far observed him practicing.
And, unsurprisingly, these projects did not concern systematic natural philosophizing,
its neo-Scholastic hegemons or increasingly numerous challengers. In these years,
Descartes was not simply a physico-mathematicus, but he certainly was no serious
natural philosophical player; that is, a competitive builder of systems. We need to
discover what, in fact, he was doing, and what he thought his identity and agenda
might be, so that, in the end, we can understand how, why and with what aims and
resources to hand, he turned to natural philosophical systematics and the composition
of Le Monde, from 1629.

We are going to see that since his early days with Beeckman, Descartes had
pursued a set of projects related to physico-mathematics, but far outstripping even
it in potential scope and invested hopes. From 1618, Descartes had pursued an ana-
Iytical, problem-solving oriented agenda in mathematics, which in these respects
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resembled his physico-mathematics, or so he thought. Indeed, the parallels he
perceived between his mathematical and physico-mathematical work triggered in
1619-1620 his dream of a unified analytical approach to all mathematically based
disciplines—practical, pure and physico-mathematical—to which he appropriated
the already circulating name ‘universal mathematics’. We shall see that this concep-
tion was somewhat overblown and overheated, and that despite that fact, or perhaps
because of it, this project quickly gave way to the even more encompassing mirage
of a universal method. He remained committed to this idea from 1619 right through
to the mid and late 1620s, when, after his optical breakthrough, he picked up universal
mathematics and method again in detail. It is these compounding enlargements of
his mathematical and physico-mathematical agenda—and of his self-understanding
of his intellectual identity—that we now have to trace in this and the following two
chapters.

We shall see in the present chapter that Descartes’ analytical mathematics, and
his dreams of universal mathematics and a universal method, involved their own
complicated genealogy, which interacted in intended and unintended ways with his
work in physico-mathematics and (piecemeal) natural philosophy. Descartes ago-
nistes, it turns out, was not just struggling to work out a physico-mathematics with
possible corpuscular-mechanical bearings. He was also a master analytical math-
ematician and dreamer of gigantic and seductive methodological fancies, all of
which arguably affected his shifting and evolving self-understandings and
agendas. Then, in the next chapter, we shall pause to consider just what Descartes’
youthful dream of a universal method entailed, and to what degree, if any, the
method in fact could have guided and facilitated his intellectual work. On this
important issue, which has constituted a pitfall to generations of Cartesian scholar-
ship, we shall conclude that Descartes’ method—Iike all grand discourses of
method, then or now—could not accomplish what it promised, but that it easily
created in the minds of willing believers the impression that it could do so. Clearing
away epistemological and historiographical obstacles on this issue is essential to
any serious work on the history of science and natural philosophy involving
Descartes’ career, practices and achievements. Accordingly, in Chap. 7 we shall be
able to return to the story of Descartes’ trajectory in these projects in the 1620s. We
shall learn that his concerns with physico-mathematics, universal mathematics and
method came to a climax and inflection point in the late 1620s. Working partly in
the shadow of Marin Mersenne and his cultural battle against both radical scepti-
cism and radical (religiously heterodox) natural philosophies, Descartes launched
out, trying to realize his earlier dream of a methodologically sound ‘universal
mathematics’. Riding on his physico-mathematical and more purely analytical
mathematical results and the confidence they fed, he worked himself into an
intellectual and vocational dead end. We shall see that this project, inscribed in
the latter portions of his unfinished Rules for the Direction of the Mind, did
not blossom into a magisterial ‘post-Mersennian’ work of method and universal
mathematics, but collapsed under its own weight of self-generating problems and
contradictions. Descartes now had to struggle to redefine his projects and his voca-
tion, and it was only at this point, from 1629, that he set out to become something
we have not seen him intending to become at any previous moment. He became the
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author of a systematic, radical, pro-Copernican and corpuscular-mechanical,
new philosophy of nature, embodied first in Le Monde, which we shall study in
Chaps. 8, 9,10, and 11.

The pivot and basis of our reconstruction will be a careful textual and contextual
reading of the surviving text of Descartes’ Rules for the Direction of the Mind. The
text is generally taken to have been composed between 1626 and 1628, having been
conceived on a coherent plan as a unified exposition of Descartes’ method. Here
I develop my earlier work, partially based upon and modifying that of J.-P. Weber,
who argued that the Regulae, in fact, were composed in stages between 1619 and
1628, and that different strata in the text correspond to different stages in the devel-
opment and reformulation of Descartes’ methodological ideas.! The extent of my
borrowing from Weber and my sometimes drastic revision of some of his claims are
apparent in my previous work and on display here.? The fundamental point for my
argument is that certain strata in the text can be identified with stages in the develop-
ment of universal mathematics, which emerged in embryonic form in 1619, just
before the idea of method, but which was only articulated later, between 1626 and
1628, under and within the framework of Descartes’ ideas about method.?

On my modification of Weber’s findings, the Regulae really consist in three main
textual strata, written at different times between 1619 and 1628, with rather different
aims in view.* The first stratum, consisting in a portion of rule 4, is the remnant of a

' Schuster (1980) and Weber (1964) “...ce n’est pas une Méthode que les Regulae exposent, mais
plusieurs, qui se succedent, se perfectionnent ou s’annulent mutuellement.” (p.2).

2 As Schuster (1980) argued in detail, I fully concur with Weber’s three main findings:

(1) That Rule 4 of the Regulae consists of two autonomous and chronologically skewed segments:
one dealing with universal mathematics and dating from mid-1619; the other dealing with method
and dating from November 1619.

(2) That a substantial portion of the first eight rules dates from Descartes’ earliest period of work
on the method in 1619-1621.

(3) That an important break in the aim and content of the text occurs in the middle of Rule 8 (a
point we have already touched upon in Sect. 4.9).

Weber deploys these results, and his identifications of other ‘strata’ in an attempt to show that the
text was composed fairly continuously between 1619 and 1628, and that its various layers contain
different and often contradictory versions of the method. Because of issues of textual interpretation
and dating, discussed below, I do not accept this picture of various methods sedimented into the
text. I believe the text teaches one method (in Rules 3-7 essentially), which dates from 1619 to
1620. The bulk of the later portion of the text (Rule 12 forward) was written much later, after 1626,
that is after the discovery of the law of refraction, but before 1629, and deals essentially with an
elaborated version of the universal mathematics (now taken as framed within and constrained by
the method). All these points will be reaffirmed in the course of this and the next two chapters.
3In addition to the modified version of Weber’s thesis, the most important studies guiding my
interpretation of the text have been: P. Boutroux (1900), Brunschvicg (1927), pp. 277-324; Klein
(1968), and Buchdahl (1969). What these works have in common is a serious concern with relating
Descartes’ mathematical and scientific (let us say physico-mathematical!) practices to his method-
ological pronunciamentos, and realistic views of the conceptual tensions holding within and
between various of his intellectual pursuits.

4Schuster (1980).
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treatise which Descartes planned to compose in mid 1619 on the subject of ‘universal
mathematics’. Descartes conceived of this ‘discipline’ in mid 1619, viewing it as
some sort of synthesis of his physico-mathematical project and his more purely
mathematical researches, in particular his recent work in the generalization of
analytical procedures applied to classes of geometrical and algebraic problems.
Universal mathematics was supposed to embody general analytical methods
applicable to all genuinely mathematical fields, whether pure or physico-mathematical.
It was more an enthusiastic post-adolescent dream rather than a practical reality.
Descartes overestimated the generality and power of his analytical findings,
and, as has been seen, his physico-mathematics was itself a loose assemblage of
embryonic concepts and protocols for ‘figuring up’ and resolving problems of a
physico-mathematical type. These difficulties most likely did not become clear to
Descartes at the time, for by November 1619 his horizons widened even farther. The
half-baked project of universal mathematics was superseded by and encysted within
the main lines of his method, the dream of a general analytical machinery suitable
for all rational disciplines, mathematical or not. We shall see that Descartes’ con-
structed his doctrine of method by analogically extending concepts embedded in his
none too efficacious discourse about universal mathematics. This was done in the
winter of 1619-1620, the results being recorded in the second stratum in the Regulae,
rules 1-3, part of 4, and 5-11, excluding some material in rule 8. After we decon-
struct Descartes” method and its illusory efficacy in the next chapter, we shall in
Chap. 7 see that Descartes arrived back in Paris in 1625, with his apparently effec-
tive method in hand, and there was led into the composition of the third and final
stratum of the Regulae. Under the influence of Marin Mersenne, Descartes’ Regulae
project now took the form of returning to the universal mathematics of 1619, which
he would attempt to construct in detail, by expanding and extending his 1619/1620
text on method, that is, roughly rules 1-11 of the Regulae, in such a way that the
now articulated universal mathematics would both express the terms of the method
and be shaped by them. It was the collapse of this major initiative in late 1628 that
induced the crisis through which Descartes emerged as the system-building natural
philosopher of his later years.

In this chapter, we therefore proceed as follows: First we unpack the problematical
Rule 4 of the Regulae, which teaches both universal mathematics and method. In
Sect. 5.2 we look at exactly what Rule 4 tells us about universal mathematics and then,
in Sect. 5.3, we compare the passages on universal mathematics with the slightly later
passages in Rule 4 which present, in a parallel manner, the idea of a universal method.
Next, in Sect. 5.4, we survey Descartes’ 1619 projects and aspirations in analytical
mathematics, which, we argue in Sect. 5.5, were crossed with the idea of physico-
mathematics to produce, before November 1619, the idea of the universal mathematics.
Section 5.6 examines what we may term the core of Descartes’ method doctrine, as
presented both in the Regulae and even later in the Discours. This sets the stage for
Sect. 5.7, where it is shown how the elements of the method doctrine, first mooted
in November 1619, themselves emerged from rather overheated and impractical
extension and inflation of the vague concept of the universal mathematics.
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Woven through these developments, as we follow them in this and later chapters,
will be issues about the young Descartes’ own understanding of his intellectual
agenda and role, his intellectual identity if you will. Each step in the accelerating,
indeed dizzying genealogy of projects in 1619 presumably signals, if only momen-
tarily, a state of Descartes’ aspiration and self-understanding, as a bold seeker
after varieties of intellectual fame. Clearly the physico-mathematics begun with
Beeckman, and continued, as we have seen, very successfully into the 1620s was
not in itself sufficient or definitive. From very early on, Descartes was an aspiring
analytical mathematician, seeking general analytical insights and the powerful
problem solving command they would yield. The mathesis universalis of 1619
bespeaks a hope to generalize and transcend both physico-mathematics and the
enterprise in pure analytical mathematics, rendering Descartes some sort of super
mathematician, the man who would finally show what the idea of mathesis universalis
might really mean. But, in 1619, this was only a momentary flirtation, since he was
almost immediately to construct the idea of a universal method through another
round of enthusiastic analogical extension of elements of his half—developed universal
mathematics. Thus, by late 1619, Descartes’ rapidly concatening intellectual and
identity affairs had reached a remarkable condition—superheated, yet simultaneously
raw and underdone. We are presented with a twenty-two year old Descartes, self-styled
prince of analytical mathematicians, practitioner of a new physico-mathematics,
and owner of the synthetic meta-discipline of universal mathematics, who, not to
stand on any modesty regarding his former endeavors, further thought that he had
found a general method that could control work not only in these his pet disciplines,
but in all disciplines governed by reason. The issue of René’s identity and agenda
had certainly reached a post-adolescent stage of megalomaniacal incandescence,
and correspondingly, as it stood in late 1619, it lacks any real interest for us in terms
of concrete intellectual endeavors and products.

Indeed, the only way by which we can make any sense of the position into which
Descartes had enthused himself by late 1619 is to follow the ensuing paths along
which he played upon and pursued both universal mathematics and method over the
next decade. Here, at least, there are interesting initiatives, practices, successes and
failures to explore, above and beyond his apparently continuing identification with
his grandiose dreams. (Recall that we uncovered his trajectory in physico-mathe-
matical optics in the 1620s without having previously to explore his mounting
enthusiasms of 1619.) As we shall see, in the 1620s the universal mathematics came
to represent to Descartes some sort of practicable agenda and hence a serious anchor
to his identity and vocation. For, despite its underdeveloped state and transient place
at the forefront of his thinking in 1619, his universal mathematics would later resur-
face with a vengeance, when in the mid to later 1620s he attempted to construct it in
great detail. This would for a time become of the focus of his work, and presumably
his sense of his identity as some new sort of natural philosophically relevant math-
ematician (in the radical sense that what would remain of the traditional field of
natural philosophizing would be dictated by what could be taken up into universal
mathematics via physico-mathematics). But, the commitment to the method would
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be entangled in this, because as we shall see, the detailed universal mathematics of
the later 1620s was clearly meant to take shape within the bounds of his beliefs
about method, and to express its principles. So, the dream of the method from 1619
also remained with Descartes and framed his self-understandings. Indeed, it was to
do this in a complex way: As we shall later see, at first, in the period 1619—1629, he
took the method quite genuinely and seriously as a guide to self-understanding
about who he was and what he was doing. But later, after the failure of the intel-
lectual project of the Regulae in the late 1620s, the method would remain not as a
genuinely held source of identity and agenda, but rather would be more cynically
wielded as a tool of presentation and public rhetoric. By that time, and for that rea-
son, Descartes’ agenda and identity will have shifted to the ground of ‘systematic
and boldly innovative philosopher of nature’, the guise in which he clearly intended
to step forth publicly in Le Monde, had it not had to be withheld from publication
for other emergent reasons. Throughout all these twists and turns, we shall have
occasions to note, in this and later chapters, that the published Discours of 1637
offers only dim or occluded views of all this—Descartes’ supposed life plan; his
actually shifting vocations and agendas; the nature of the method; the engagement
with mathematics; and the claim that his post-1629 systematic natural philosophy is
‘mathematical’ in some serious sense.

5.2 The Universal Mathematics of 1619: Rule 4 of the Regulae

We begin with rule 4 of the Regulae. This is the only place in Descartes’ work or
correspondence where he both names and describes (however sketchily) the disci-
pline of universal mathematics. I shall argue that this is an early text, dating from
between March and November 1619, and that it contains something close to
Descartes’ earliest vision of universal mathematics.

Introducing the discussion of universal mathematics in rule 4, Descartes laments
the disorderly pursuit of study in the mathematical fields. Often people are satisfied
with ‘superficial demonstrations’, discovered more frequently by chance than by
skill. Tt is therefore no wonder that many abandon mathematics as empty and child-
ish.> Pondering this state of affairs, he continues, he was struck by the fact that the
ancient Pythagoreans and Platonists had held mastery of mathematics to be a pre-
requisite for the study of wisdom. They surely, therefore, must have commanded a

>Regulae, rule 4, AT, X, pp.374-5; CSM, p.18, HR, pp.11-12. References to the Regulae in English
translation will generally rely on the now standard Cottingham, Stoothoff and Murdoch version, in
CSM vol. 1, but occasionally we shall prefer the much older Haldane and Ross in HR vol I. Neither
translation was made in the light of the reconstruction of Descartes’ trajectories offered here, and
so they occasionally need modification or comment, always within the scope of the tenor of the
Latin text of AT. Additionally, appeal will be made from time to time to Jacques Bruchschwig’s
French translation in t. I of the Alquié (1963) edition of the Oeuvres philosophiques.
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sort of mathematics very different from that now extant. Not that they had a complete
knowledge of it, rather merely some traces of it springing from ‘primary germs of
truth implanted by nature in the human mind’, which ‘had a very great vitality in
that rude and unsophisticated age of the ancient world’.® In particular, traces of this
true mathematics are to be discerned in Pappus and Diophantus, and may even be
glimpsed today in ‘the art which goes by the outlandish name of “algebra™’, which,
if its symbolism and canons of procedure could be rationalized, would display
‘that abundance of clarity and simplicity which I believe the true mathematics ought
to have’.’

Such reflections, claims Descartes, recalled him from particular mathematical
studies to the question of what precisely is meant by the term ‘mathematics’, and
why not only arithmetic and geometry, but also astronomy, music, optics, mechan-
ics and several others are termed ‘branches of mathematics’.® The problem was thus
to disengage the exact character of the underlying unity which held together the
various mathematical sciences and arts and so fitted them for the name.’ This, he asserts,
will not be too difficult, because anyone with the least schooling easily recognizes
matters relating to mathematics and can distinguish them from non-mathematical
matters.'” The answer is that:

When I considered the matter more closely, I came to see that the exclusive concern of
mathematics is with questions of order or measure and that it is irrelevant whether the mea-
sure in question involves numbers, shapes, stars, sounds or any other object whatever. This
made me realize that there must be a general science which explains all the points that can
be raised concerning order and measure irrespective of the subject—matter, and that this science
should be termed mathesis universalis—a venerable term with a well-established meaning—
for it covers everything that entitles these other sciences to be called branches of mathematics.
How superior it is to these subordinate sciences both in utility and simplicity is clear from
the fact that it covers all they deal with and more besides; and any difficulties it involves
apply to these as well, whereas their particular subject—matter involves difficulties which it
lacks."

Though the text is tantalizingly cryptic, certain aspects of this universal mathe-
matics are tolerably clear. Perhaps most striking is the limited character of the
discipline. Universal mathematics somehow subsumes and is superior to prop-
erly mathematical fields only. There is no claim to mathematicize all knowledge

Ibid. AT, X, pp.375-6; HR, p.12; CSM, p.18.

"Ibid. AT, X, pp.376-77; CSM, pp.18-19; HR, pp. 12-13.

81bid. AT, X, p.377, CSM, p.19; HR, p.13.

?‘Sciences and arts’ because Descartes names here, besides geometry and arithmetic, the ‘mixed
mathematical sciences’, such as music, astronomy and optics, as well as mechanics and algebra,
which some might not have admitted unconditionally as such ‘sciences’. In addition, of course, all
the mixed mathematical sciences had practical dimensions, so one arguably can assume that uni-
versal mathematics was meant to encompass all domains of mathematics—pure, mixed and
practical.

AT, X, p.377; CSM, p.19; HR, p.13.

"Ibid. AT, X, pp.377-78; CSM, p.19; HR, p.13
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(whatever that might mean) and subordinate it to universal mathematics; nor is it
even hinted that in some metaphorical sense all knowledge is to be rendered
‘mathematics like’ and commanded through a suitably extended notion of universal
mathematics. Descartes insists that ‘...almost anyone with the slightest education
can easily tell the difference in any context between what relates to mathematics and
what to the other disciplines’.'” So, when he refers to numbers, figures, stars and
sounds as among the objects about which questions of measurement arise, it is
unlikely he intended a metaphorical extension of ‘measure’ (or its correlative term
‘order’) to encompass any and all objects of rational knowledge.'”> Moreover,
Descartes goes on to state quite clearly the relation of universal mathematics to
‘higher disciplines’. Universal mathematics does not subsume or displace such
higher studies; rather, it is to be pursued as a moderately useful introduction to
them.'* There is no indication here that universal mathematics offers methods, tools
or concepts directly, or even indirectly, applicable to the actual practice and cultiva-
tion of higher studies. But, given that universal mathematics is limited to properly
mathematical fields, it was certainly intended to include and subsume Descartes’
early physico-mathematics, such as we have unveiled it, since Descartes clearly
believed that physico-mathematics involved properly mathematical procedures and
protocols for the stating and resolving of problems within its domain.

It is also obvious that Descartes was acquainted with earlier discussions about the
possible existence, scope and content of a ‘universal’, ‘general’ or ‘common’ mathe-
matics. Ultimately deriving from passages in Aristotle’s Metaphysics and more espe-
cially in Proclus’ Commentary on the First Book of Euclid’s Elements, these issues
were widely canvassed in the sixteenth century against the background of the revival
of the study of classical mathematics, debates over the place of mathematics in the
scholastic curriculum, and—in some quarters—promotion of algebra as an important

21bid.

13 The interpretation advanced here differs from that advocated by Marion in his Ontologie grise
(1981, 55ft), and in the notes to his admirable French translation of the Regulae prepared with the
help of the computer-assisted Latin—French Descartes lexicon (Marion 1977, 155-7). Given that
Descartes was a working mathematician, the straightforward meaning of the passage cited at Note
11 is the following: Anyone who knows the least mathematics, in the narrow sense of the term, can
tell the fields of pure and mixed mathematics from any other non-mathematical discipline. Why the
fields of mixed mathematics are called ‘parts’ or ‘branches of mathematics cannot be explained in
terms of the meaning of the Greek word mathesis, or ‘discipline’, for then all those ‘more physical
branches of mathematics’ (Aristotle, Physics 11, 194a 7ff) would be called mathematics, not parts
of mathematics.

14 Regulae, Rule 4, AT, X, p.379; CSM p.20; HR, p.14: Descartes states that his order of study has
been to start with the ‘simplest and easiest’ of disciplines and to master them before moving on.
Therefore, he has hitherto cultivated only universal mathematics rather than more advanced or
profound sciences. Prior to undertaking higher studies, as he ‘hopes to do soon’, he will ‘try to
bring together and arrange in an manner whatever I thought noteworthy in my previous studies’.
These findings, collected in ‘this little treatise’ will serve as an aid to memory so that he may be
free to concentrate his mind on his future studies.
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(or unique) source of analytical insight in mathematics.'”” The very term ‘universal
mathematics’, concedes Descartes, is a traditional one, and he goes on to castigate
earlier writers for pursuing the subordinate mathematical fields, despite the fact that
they understand the name ‘universal mathematics’ and what its object ought to be.'®
However, the degree of Descartes’ acquaintance with the traditional literature, and his
precise sources within it, cannot at present be specified.'” It is at least very likely that
he had read Proclus, perhaps in Barozzi’s Latin edition of 1560, and, as a result of his
Jesuit training, was familiar with the relevant Aristotelian texts. Nevertheless, the lack
of more precise information will not be absolutely crucial for our present purpose.
Beyond this point, the text does not speak with much clarity about Descartes’
views on issues central to the earlier discussions of universal mathematics. For
example, in the sixteenth century, much of the debate about the existence and scope

15 Aristotle had alluded to the existence of such a general field, intimating that it consisted in the
Euclidean axioms, taken as applicable to any sort of quantity whatever, as well as the Eudoxian
theory of proportion which appears in Euclid, Book V. (Metaphysics E 1, 1026a 25-7; M 2, 1077a
9-10; 174, 1005a 19-22; Posterior Analytics I" 10, 76a 37-41; cf. Klein (1968) 158-9. Proclus, in
his commentary on Euclid, Book I, had discussed a ‘general mathematics’ prior to arithmetic and
geometry, as well as to the more subordinate fields of astronomy, mechanics and optics. See
Proclus (1970), Prologue, Part I, Chapters III, VII and XIV. General mathematics would have
provided the principles and procedures constitutive of all the mathematical subjects. Not only the
theory of proportion, but also the ‘methods’ of analysis and synthesis were included. Similarly,
some sixteenth-century algebraists, starting with Gosselin and Bombelli, had seized upon Proclus’
conception and identified the general science with algebra in the sense of a general analytical
discipline dictating the art of discovery in the mathematical fields. (Klein 1968, 148-9, 181). More
recently, in the generation before Descartes, Adrianus Romanus (van Roomen) had advanced a
conception of universal mathematics reminiscent of that of Proclus; he did not stress the role of
contemporary algebra in the field in his first version of a mathesis universalis, but as Paul Bockstaele
(2009) has shown, did so in his second attempt following his acquaintance with the work of Viéte.
It was a rare work (and remains so now) printed but not properly published. An extremely useful
survey of the sixteenth-century debates about the existence, content and extent of universal math-
ematics and its relation to ‘metaphysics’ and ‘dialectic’ is contained in Crapulli (1969). Bockstaele
(2009, 435) points out that (quite understandably) Crapulli’s analysis of van Roomen was based on
knowledge of the first version only.

16 Regulae, Rule 4, AT, X, p. 378 ; HR, p. 13; CSM, pp.19-20.

17Some scholars have claimed Romanus (Note 15) as the proximate source for Descartes’ knowl-
edge of the ideal of universal mathematics. See Weber (1964) ‘Appendix A’; and J. Brunschwig, in
anote to his useful French translation of the Regulae in Alquie (1963, t. 1, 98, note 3). The text does
seem to derive from Proclus, perhaps by way of Romanus or Ramus. (Klein 1968, 182)) that
Descartes seems to have Proclus in mind when he dismisses the importance of inquiring into the
origin of the term ‘mathematics’. See Proclus (1970) Prologue, Part I, Chapter XV, and Regulae,
Rule 4, AT, X, p. 377; CSM, p.19; HR, p. 13. Recent work on Romanus includes the very valuable
study by Bockstaele (2009) which discusses van Roomen’s two attempts to devise a mathesis uni-
versalis, and briefly (pp. 464—68) canvasses his quite possible influence upon Descartes. It would
appear it was van Roomen’s much more widely distributed first attempt, lacking an emphasis on
algebra, that Descartes might have seen, although there are tantalizing hints that Descartes may
have also seen the second version (Bockstaele 2009 467-68). However, it should be noted that
these hints occur in portions of the Regulae which we will argue were written in Paris 1626-1628,
so that, again, van Roomen’s second attempt may not have been known to the young Descartes
when, in 1619, he formulated his conception of universal mathematics embracing algebra).
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of universal mathematics turned on the question of whether the Euclidean common
notions, or axioms, and the Eudoxean theory of proportion should be taken to apply
to the study of continuous quantities only (and hence solely to geometry and its
subordinate disciplines), or whether they also applied to the study of ‘multitudes’ or
discontinuous quantities (and hence to arithmetic and its subordinate fields).'® Both
Proclus and Aristotle had held the common notions and Eudoxean theory to be
essential elements in the discipline in question, though they did not exhaust its content.
Descartes would clearly have been committed to the broadest view of the applicability
of the common notions and theory of proportion, for he held that universal mathe-
matics embraced the classical geometrical analysis preserved in Pappus, Book
Seven, as well as the ‘arithmetic’ of Diophantus and the doctrines of contemporary
algebra. But beyond that, it is not at all obvious what role he would have assigned
to the theory of proportion in relation to algebra. Did he intend to identify the two
by stressing, in the manner of Stevin and Vieta, the interconvertibility of proportions
and equations? Or, as some modern commentators insist, did he intend that an
improved symbolic algebra be identified with universal mathematics tout court."®
One’s doubts in this connection are compounded by the fact that Descartes makes
no comment about the overall content of universal mathematics. Does it extend, as
Proclus insisted, to methods of analysis and synthesis, or does Descartes’ implied
stress on analysis exhaust the field?

Similar ambiguity surrounds the connotation of the apparently central terms
‘order’ and ‘measure’. These might signify discontinuous and continuous quantity
respectively, and so signal the subsumption of arithmetical and geometrical fields.?
Alternatively, ‘measure’ might connote ‘quantity in general’, regardless of whether
it has been abstracted from continuous or discontinuous quantities; and ‘order’
might connote a concern for discovering systematic ways of unfolding the orders of
relations which can hold among such abstracted quantities. There is warrant for this
reading in Descartes’ later assertion that his teaching is concerned solely with the
unfolding of relations among ‘measures’, so that the problems they present can be
viewed as ones of order.”! Even in rule 4 he remarks that there is ‘no difference’
whether the ‘question of measurement’ arises in ‘numbers, figures, stars, sounds or
any other object’.”? ‘Order’ could then refer to the business of studying the relations
which can hold among the ‘measures’ of any and all quantitative objects. Ultimately,
it is this interpretation of ‘order’ and ‘measure’ which will be vindicated by our
reconstruction of the universal mathematics of 1619, as well as our interpretation of
the developed version of universal mathematics, constructed in 1626—-1628, which

18See Crapulli (1969) passim.
Y For example Klein (1968), Boutroux (1900) and Liard (1880) 591, 593.
2 There is warrant for this later in the text at Rule 14, AT, X, p. 450; CSM, p.64; HR, p. 63.

2 Regulae, Rule 14, AT, X, pp. 451-2; HR, p. 64 is much to be preferred to CSM pp.64—5 which
compresses the long paragraph involved and seems to ignore the key phrase ‘de quibus evolvenda’,
in making no mention of ‘unfolding’ relations.

22 Regulae, Rule 4, AT, X, p. 378; CSM, p.19; HR, p. 13.
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we shall examine in Chap. 7. But, to go further in this direction, we must try to date
the text we have been examining and attempt to place it in the context of Descartes’
work and aims at the time of composition.

5.3 Reading Rule 4: Method and Universal Mathematics

The discussion of universal mathematics occupies the latter two paragraphs of rule
4 (AT, X, p. 374 1.16 to the end of the rule). The first four paragraphs of the rule
(AT, X, p. 371 1.1 to p. 374 1.15) describe Descartes’ conception of his general
method of discovery and they are continuous with the immediately surrounding text
(rules 1-3 and 5-7). Jean-Paul Weber maintained that the two portions of the rule
are divided by a clear boundary of conception, intention and chronology, and he
argued that a proper understanding of the stratigraphy of the rule is crucial to his-
torical reconstruction of the development of Descartes’ thoughts on method. In this
section we shall follow and amplify Weber’s views, using his denotation of the
opening portion of the rule as ‘rule 4A’ and the latter portion as ‘rule 4B’.%

The differences between the two sections are indeed very striking. At no point
does 4A mention universal mathematics, nor does 4B mention the method.*

2 Weber (1964) 7ff. The initial occasion for Weber’s division was probably the fact that in the
Hanover ms. of the text rule 4B is displaced to the end, after rule 21. Weber argues that Descartes
intended the separation, but this becomes much less plausible in the light of Crapulli’s republica-
tion of the Dutch edition of the Regulae of 1684, see Crapulli (1977). This text, like the Latin
edition published at Amsterdam in 1701, has no such displacement. Nevertheless, textual and
contextual evidence will support Weber’s basic contention that 4A and 4B need to be treated as
conceptually and chronologically separate. It should be noted that Dr Richard Serjeantson of
Cambridge University has recently announced the discovery of a hitherto unknown manuscript of
the Regulae, to be called the Cambridge Manuscript. He informs me (private correspondence,
February 2012) that he hopes to publish an edition of this document in the near future. The new
manuscript is characterized by, amongst other things, the fact that it is about forty per cent shorter
than the other versions; does not contain rule 4B; ends at rule 16, rather than with the mere title of
rule 21, and omits the discussion in rule 12 of ‘simple natures’. An initial conjecture about the
dating and intent of this document is offered below, Chap. 8, note 73, after we learn more about the
composition of the Regulae and the reasons for its abandonment in 1628.

2The CSM translation uses the term ‘method’ at least six times (on pages 18-19) in the text we,
following Weber, have denominated rule 4B: AT X 3751.17 to 377 1.15. The Latin text employs in
these loci the term ‘art” or unambiguous reference to a preceding use of that term. Correctly, HR,
and Brunschwig in the Alquié (1963) French edition use the terms ‘art’ and ‘invention’ in the cor-
responding loci. Clearly, it is reasonable for a translator of rule 4 to use the term ‘method’, if he
believes the rule is unitary and devoted to method only. But, if, following Weber, one accepts the
conceptual, and temporal disjunction between 4B and 4A, then it is inappropriate to interject
‘method’ multiple times into rule 4B, where the term does not appear in the Latin. Without the
benefit of Weber’s arguments, HR and Brunschwig had arrived at very good translations, simply
by following the Latin text more literally in this context. These matters are, to put it mildly, of the
utmost importance for Anglophone students attempting to decode the Regulae in technical detail,
whilst relying in whole or in part on the CSM translation.
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Universal mathematics is not explicitly said to issue from the method, nor is method
explicitly said to derive from universal mathematics. Nowhere are the two enter-
prises identified.”® Whereas 4B describes universal mathematics as a discipline of
limited scope, applicable to properly mathematical fields only, and bearing only a
modest propaedeutic relation to ‘higher’ studies, rule 4A presents the method in
grandiose tones. The scope of method, Descartes writes, should ‘extend to the dis-
covery of truths in any field whatsoever’.? Waxing enthusiastic he concludes that,
‘Frankly speaking, I am convinced that it is a more powerful instrument of knowl-
edge than any other with which human beings are endowed, as it is the source of all
the rest’.”’

Furthermore, as we shall see in more detail below in Sect. 5.6, rule 4A fits
precisely into the flow of argument of the first 7 or 11 rules of the Regulae.” Indeed,
it is the very fulcrum of the early portion of the text. By contrast, rule 4B with its
universal mathematics produces no echo elsewhere in the early portion of the text,
although, as we shall see in Chap. 7, the later portion of the text, composed in Paris
in the mid and late 1620s, deals almost entirely with an articulated version of the
discipline of universal mathematics. Method, Descartes explains in 4A, consists in

...reliable rules which are easy to apply, and such that if one follows them exactly, one will
never take what is false to be true or fruitlessly expend one’s mental efforts, but will gradu-
ally and constantly increase one’s knowledge till one arrives at a true understanding of
everything within one’s capacity.”

2 Weber (1964) 5-7. This does not mean that the two projects are not related; they are, as will be
argued below. The present point is textual; they are introduced and discussed independently in the
text, and that will provide an important key to their chronology and natures.

Though it is nowhere stated in the Regulae that universal mathematics issues from the method,
Descartes does claim in Discourse II (AT, VI, p. 20; HR, p. 93) that a discipline which would seem
to be identical with universal mathematics was developed after the discovery of the four rules of
method. Weber takes account of this in a footnote (1964, 9 note 34) by pointing out that at least in
the Latin version of the Discourse (AT, VI, p. 551) the discipline in question demands that all
quantities be represented by straight line lengths. Since rule 4B makes no such stipulation, Weber
concludes that the discipline evolved later and so does not prove the priority of 4A over 4B. My
interpretation will tend to support Weber’s line, because, on the basis of our findings in Chap. 7, it
will be possible to identify the discipline in Discourse Il more precisely with the mature, expli-
cated form of universal mathematics worked out after 1626 in rules 12-21; for in this explicated
form the representation of all quantities in terms of straight lines and rectangles plays a crucial
legitimatory role. This interpretation therefore preserves and deepens Weber’s claim and explains
the residual similarity between 4B and the discipline in Discourse II. Traditionally, this passage in
the Discourse has been the basis of rather speculative assertions about: (a) the priority of the
method over universal mathematics; and/or (b) the identification of the discipline (a product of the
method) with analytical geometry, simply because of the mention of representation by (straight)
lines. On these various options, see the literature cited in Schuster (1980, 41 notes 1 and 2).

% Rule 4, AT, X, p. 374; CSM, p.17; HR, p. 11; see Weber (1964) 7-8, 40, 43.
2 Ibid. AT, X, p. 374; CSM, p.17; HR, p. 11.

% Weber (1964) 5-6.

» Regulae, Rule 4, AT, X, pp. 371-2; CSM, p. 16; HR, p. 9.
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This, then, as we shall further explicate later, is a two-fold conception of the
method: first, there is a rule or rules describing inborn human cognitive faculties
productive of true judgments and inferences; second, there are additional largely
heuristic rules which offer aid to the inquirer in preparing for or checking-up after
inquiries. In the Regulae this distinction corresponds to the discussion of ‘intuition’
(and ‘deduction’) in rule 3, and the heuristic rules 5-7, of which Descartes wrote
that they exhaust the essential content of the (heuristic part of the) method.*® The
former rule gives us a basis for ‘distinguishing the true from the false’, while the
latter ones give a non-exhaustive set of what we may term ‘tips’ about ‘how not to
waste our mental efforts to no purpose’. The placement of rule 4, or, to be precise,
rule 4A, then becomes clear. Entitled ‘There is need for a method for finding out the
truth’, it comes directly after the discussion of intuition and deduction, and right
before a series of heuristic guidelines.

It is a curious fact that rules 4A and 4B, which differ so much in their content,
tone and linkage to the surrounding text, are nearly identical in structure and form
of argument.’' In 4A, as in 4B, Descartes points out the futility of disorderly studies
(now studies in general, not simply mathematical ones in particular); he alludes to
the inborn seeds of truth, from which can grow the discipline in question (now the
method, formerly universal mathematics); and he gleans intimations of the disci-
pline from the history of mathematics, in particular, Greek geometrical analysis and
contemporary algebra. Neither discipline is derived from the other, instead both are
independently derived by parallel arguments.*?

The structural similarities between 4A and 4B, combined with their contrasting
contents and tones, raise the issue of their relative dates of composition, since it is
rather implausible that they were composed simultaneously with an integrated
rule 4 in mind. It is highly plausible that 4B pre-dates 4A and provided a model
for its composition. Loosely following Weber, one need first assume that Descartes
initially developed some conception of universal mathematics and intended to
write a ‘small treatise’ about it.>* Assume secondly, that Descartes subsequently
hit upon the grander idea of the universal method of discovery. Descartes might
then have tried to model the pivotal passages of his methodological treatise upon
important draft sections of his discussion of universal mathematics. This would

30 Regulae, Rule 7, AT, X, p. 392; CSM pp.27-28; HR, p. 22. In the Discourse on Method this
distinction corresponds to that between rule 1, the rule of evidence, and the three following heuristic
rules.

31 These points derive from Weber (1964) 1-4; Marion (1981) 55ff. has also noted the parallel
construction between 4A and 4B, but he argues for the essential unity of the two as moments in the
elaboration of a unified method.

2 Again, these arguments are textual, see Note. 25. They do not purport to show that in fact there
was no genetic relation between universal mathematics and the method. Weber argues from textual
autonomy to genetic autonomy; Marion argues from a supposed textual unity to an underlying
identification of the two projects.

3'Weber (1964) 8, 9, 15. (On the ‘small treatise’ on universal mathematics, see above Note. 14).
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explain the content and tone of rule 4A, its integral relation to the surrounding
text, as well as the curious isolation and ‘provincial’ character of rule 4B, which
would then constitute a fossilized relic of a treatise (the ‘little treatise’ he men-
tions in rule 4B)*, the project of which was now subsumed within the scope of the
elaboration of the method.

While such textual arguments suggest that 4B preceded 4A, they cannot tell us
much about the precise dates of composition. I take it as not contentious in Cartesian
circles that Descartes first hit upon the main themes of the method and began to
work some of them out in detail in the winter of 1619-1620, following on from his
initial insights and self-justifying dreams of November 1619: After all, Part 2 of
the Discourse on Method describes the origin of the method and its guiding insights
in the winter of 1619-1620; and the Olympica, some early notes of Descartes par-
tially preserved by Baillet, describe the Descartes’ famous three dreams (and his
own interpretations) of the night of 10 November 1619, during a period of work on
the ‘foundations of a marvelous science’.’ The ‘marvelous science’ is not explic-
itly identified as the method, but the dreams can be interpreted (by us) as bespeak-
ing a recent concern with the basic premises of the method.*® Rule 4A cannot then
pre-date November 1619. Weber has gone so far as to suggest that it does date from
around that time and that it records Descartes’ initial enthusiastic aspirations for
the method. Rule 4B, he further concludes, therefore dates from the days or weeks
just preceding his experiences of early November.’” Nevertheless, it must be con-
ceded that these remain only plausible conjectures so long as one attends only to
the text of the Regulae and to the collateral evidence in the Discourse and Olympica.
Even if one agrees that Descartes began to work out his vision of the method in the
winter of 1619-1620, and that universal mathematics very probably preceded it,
there is still a real possibility of rule 4A having been written at any time between
1619 and 1628, with 4B preceding it at some distance in time and intention. We
therefore first concentrate on the possibility of dating rule 4B to 1619. This can be
further confirmed by looking for contextual evidence plausibly bearing on its con-
tent and composition. In the next two sections, it will be argued that Descartes’
earliest mathematical work in 1619 provides a likely context in which universal
mathematics was developed and rule 4B in fact composed. Then, once we know
more about the universal mathematics of 1619 embedded in rule 4B, we will be
able further to discern that the method discussed in rule 4A and the surrounding
rules arose from an attempted analogical extension of that only partly elaborated
universal mathematics, and that this enthusiastic and hopeful extension arguably
did take place from November 1619, hard on the heels of the inscription of the
notion of universal mathematics in rule 4B.

3See Note 14 above.
3 AT X pp.179-88.

3 See Weber (1964) 16. On the status of the dreams and their interpretations see Gouhier (1958)
37ff. and Rodis-Lewis (1971) vol I, 46ff.

'Weber (1964) 16-17.
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Fig. 5.1 The chief proportional compass 1619

5.4 Straining at the Classical Bit: Descartes’ Early Work
in Analytical Mathematics

In addition to the physico-mathematical investigations we examined in Chap. 3,
Descartes also pursued mathematical researches during the year prior to November
1619.% Surprisingly, his focus was not upon algebra nor upon geometrical analysis, nor
indeed upon the attempt to relate the one to the other in ways anticipating his mature
mathematical thought. He took a rather instrumentalist tack, devoting much effort to
devising compasses which would generalize and solve geometrical as well as alge-
braic problems. One compass in particular deserves notice (Fig. 5.1). It is basically
a device for generating magnitudes in continued geometrical proportions, and it is
the same instrument introduced twice into the Geometry nineteen years later.*

¥ Cogitationes Privatae, AT, X, pp. 234—41.

¥ The compass, which will be termed Descartes’ proportional compass, is described in Books
II and III of the Geometry in terms corresponding to the more crude figures and implied mode
of use in the Cogitationes privatae. The lettering in the figure is based on that in the Geometry.
The compass consists of two main branches, YX and YZ, pivoted at Y. Set inside the branches
are a series of rulers, of which BC, DE and FG are set at right angles to YX, while CD, EF
and GH are set at right angles to YZ. BC is fixed to YX at B, but the bases of the rest of the
rulers can slide along the inner side of the branch to which they are set. As the compass is
opened BC pushes CD along YZ, and CD in turn pushes the base of DE along YX and so on.
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In the Geometry Descartes uses the compass to show that the curves generated by
the motion of points D, F and H are of increasing orders of complexity and can be
represented and analyzed by means of algebraic equations reflective of those orders.*
In 1619 Descartes does not attend to the curves, though he names some of them, nor
does he represent them algebraically. Instead, he looks at the actual articulation of the
limbs and branches of the physical compass. He sees that many geometrical and
algebraic problems can be reduced to problems of determining magnitudes in contin-
ued geometrical proportions, and that those so reduced can be modeled to the archi-
tecture of the compass and solved. I contend that this manner of exploiting the
compass was to serve as the veritable ‘exemplar’ for his emerging doctrine of univer-
sal mathematics. Let us explore in some detail how this came to pass.

Descartes’ use of the compass and his aspirations for extending analytical tech-
niques in mathematics emerge in a letter written to Beeckman on 26 March 1619.*!
During the previous six days, he reported, he had found four remarkable ‘demonstra-
tions’ with the aid of several compasses of his own devising. The first demonstration
dealt with the classical problem of trisecting an angle and was accomplished by
means of a compass, which in principle could be elaborated to produce the n-section
of an angle.*”” The remaining three demonstrations related to the solution of the three
general classes of cubic equations i.e. those in the form x* =+ ax?+ ¢ ; x*=+ bx *c;
and x*=% ax’+bxxc* Descartes’ working notes of the time, preserved in the
Cogitationes privatae, show how he hoped to use the proportional compass of
Fig. 5.1 to produce these demonstrations.*

The proportional compass first appears in connection with the solution of the equa-
tion x*=7x+ 14. Descartes commits a curious algebraic error, arguing that after reduc-
ing the equation to the form x*7=x+2, he will solve x*=x+2, and then ‘multiply
x*by 7°.% A similar error runs through the notes in this section of the Cogitationes.

The compass is ‘a machine for generating series of magnitudes (line lengths) in continued
geometrical proportion” (Vuillemin 1960, 112)], for, by similar right triangles CYB, DYC, EYD,
FYE, GYF, and HYG it is the case that:

YB _YC YD YE YF YG
YC YD YE YF YG YH
The compass was obviously designed to construct this series, most probably in the first instance to solve
the problem of inserting two mean proportionals between two given line lengths (Milhaud 1921 41).
0 Geometry, 11, AT, VI, pp. 442-4.
#I'To Beeckman, 26 March 1619, AT, X, pp. 154-60.
#2Schuster (1977) 116-118, 124-127; Shea (1991) 40-1; Gaukroger (1995) 93-95.
B AT, X, pp. 154-6. Descartes claims to be able to solve ‘13 species’ of cubic falling under these
classes; that is, of the 16 possible types of cubic, he rules out those of the form
x3=—ax? - C; x*=-bx - ¢; x*=—ax?> — bx — c. Throughout Descartes’ cossic symbolism has been
modernized.
# Cogitationes Privatae, AT, X, pp. 234-9.
$Ibid. AT, X, p. 234.
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It seems to arise from Descartes’ desire to generalize his solutions, and from his still
considerable naiveté concerning the principles of the art of algebra. The remainder of
the note, however, shows that Descartes’ drive for analytical generality may have
been the decisive cause here, for he proceeds to show how x*=x+2 can be solved on
the compass. YB is taken as a unit and the compass is opened until CE is equal to two
units; then YC will be the root.*® Descartes probably envisioned this procedure as a
model for the general ‘demonstration’ of equations of the form x*=bx + ¢, as men-
tioned in the letter to Beeckman of 26 March 1619. But he apparently did not notice
that the compass cannot be applied to any ‘species’ of the equation in which a nega-
tive term appears on the right-hand side.*” He seems rather to have been intrigued by
the possibility of generalizing his method of solution. This is apparent both from his
haste to eliminate the coefficient of x* in the example given, and from his injudicious
claim in the letter to be able to extend his ‘demonstrations’ to all thirteen permissible
cases of the cubic, despite the fact that in this example the cases x*=—bx +c¢, x*=bx
— ¢ and x*=-bx — ¢ cannot be solved by his instrumental method.

Another entry in the Cogitationes confirms this line of interpretation, for it shows
Descartes reducing cubics of the form x* = ax*+bx +c to the form x*=bx+c,, suit-
able, he thought, for solution on the compass.*® Having obtained the latter form,
Descartes asserts that the root is extracted ‘according to our invention’ (ex invento
nostro), which no doubt means that the compass is to be employed as explained
above.* Here again Descartes concentrates on the search for general solutions to the
exclusion of certain otherwise obvious difficulties.*

In the first instance, therefore, the proportional compass had been devised to
solve a classical problem in geometry, the insertion of two mean proportionals
between two given lines. In constructing the compass so as to generalize the problem

“Ibid. AT, X, pp. 234-5. This is obvious from the geometry of the compass. Let YC=x, YD=x?
L = E — Q then
YC YD YE  x X x

And, since YE=YC+CE, or x>=x+CE, when CE is opened to two units, the root x can be read
off the compass.

2
1 x x

and YE=x3, because: _

“TThis is clear from the figure. YE or x* can only be constructed as the sum of YC=x and CE=b.
8 Cogitationes Privatae, AT, X, pp. 244-5 and Enestrom’s Note a to p. 245.

¥ Cogitationes Privatae, AT, X, p. 245, 1.3.

" For example, his method of reducing the original form was of limited value and was subject to
the same errors of algebraic manipulation that he committed above. In addition Descartes contin-
ued to fail to see the limitation of his use of the compass to ‘species’ of this equation with positive
terms only. Descartes also applied the compass to the first listed class of cubics in the form
x*=ax?+ ¢ (AT, X, pp. 238-9). Equations of this sort with positive terms can indeed be solved on
the compass ifa=1. (One sets YB=1, YC= Vx, YD=x, YE= x2, YF=x% YG=x"?2, YH=x’. Then
one opens the compass until FH=c, for then YF+FH=YH, or x>+b=x* and YD is the root x
sought). Descartes, however, erred in assigning the powers of x to parts of the compass. (In effect
he set YC=x, YD=x? and YF=x? so that DF=c). The text is so garbled that it is not possible to
determine just how much he understood about the possibility (and limitations) of a correct manipu-
lation of the compass.
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to the determination of any number of mean proportionals, Descartes aimed to
recapitulate and surpass the achievements of the ancients by means of rough-and-ready
instrumental solutions. By March 1619 he had also moved hopefully beyond the
purely ‘geometrical’ use of the compass for finding mean proportionals. He had
seen, in part mistakenly, that the compass also permitted the solution of certain
types of algebraic equations, provided they could be interpreted as proportions and
unfolded on the compass. Descartes’ enthusiastic use of the compass in order to
transcend the immediate geometrical or algebraic statement of problems, and to
reduce them to common forms of relation among proportional magnitudes, was
soon to constitute the technical core of universal mathematics (in so far as it had
one) and to provide exemplars for its discursive elaboration. This, it will now be
shown, must have occurred between late March and November of 1619.

5.5 Genesis and Dating of Universal Mathematics

The letter to Beeckman of 26 March 1619 shows that Descartes did not then possess
the notion of a universal mathematics as expressed in rule 4B. In the first place
Descartes was envisioning, not a unified analytical discipline, but a loose compen-
dium of analytical techniques. His proportional compass and his compass for the
sectioning of angles were just two of the tools which he would admit to his compen-
dium.' Second, he failed to mention the subsumption of physico-mathematics or

3!In the letter of 26 March, Descartes says he is undertaking ‘not an Ars brevis of Lull but a fun-
damentally new science, by means of which may be solved all questions which can be proposed
about any sort of quantity you wish, both continuous and discrete’ (AT, X, pp. 156-7). But, it
transpires that this ‘science’ is only a compendium of techniques, for the passage continues: ‘But
each one according to its nature: for just as in arithmetic certain questions are solved by means of
rational numbers, others only by irrational numbers, others finally can be imagined but not solved;
thus I hope to demonstrate that in regard to continuous quantity, certain problems can be solved
with only straight lines and circles; others cannot be solved except with other curved lines (than
circles), but which are produced by one motion, and therefore they can be drawn by means of new
compasses which I do not judge to be less certain and geometrical than the ordinary compass
which is used to draw circles; other problems, finally, can only be solved by means of curves gener-
ated by motions not subordinated to one another, which (curves) certainly are only imaginary, such
as the quadratrix, which is well known. And I think nothing can be imagined which cannot in any
event be solved by means of such lines.’

G. Milhaud (1921) 43 commented on this text, ‘C’est une sorte de classification compleéte de
toutes les questions relatives a la quantité, selon leur nature, leur solution devant chaque fois y étre
adoptée.” Note that among the curves used to make constructions Descartes includes the quadratrix, a
curve banned from geometry in the Geometry of 1637, because it is not produced by a motion
‘subordinated to others’; that is, it is not describable by means of a polynomial equation. For a
different interpretation of this passage, based, I believe, on a misconstrual of Descartes’ attitude
toward the quadratrix, see Gibe (1972) Anhang 1, 113-20.
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the mixed mathematical fields within his program. Finally, there was as yet no hint
that he was acquainted with the traditional discussions of universal mathematics.>
For universal mathematics to emerge, therefore, Descartes would have to envision a
more unified analytical discipline, one which embraced ‘physico-mathematics’, and
was designed in the light of Proclus’ speculations.

Little can be said about how or when Descartes acquired his knowledge of the
traditional notion of universal mathematics. It is simply clear from rule 4B that he
probably would not have been motivated to design a universal mathematics without
the stimulus directly or indirectly owing to Proclus. The case is different as regards
the other two factors; the move to an integrated discipline, and the subsumption of
physico-mathematics. Even on the basis of the evidence of March 1619, one can
begin to conjecture that Descartes was then very near to realizing them and could
not have been very long delayed in so doing.

The move to subsume physico-mathematics within some sort of analytical program
is not difficult to understand. Although in March 1619 the physico-mathematical
researches still appear to have been independent of the compendium of analysis,
Descartes already firmly believed that such work should, in principle, depend upon
properly mathematical modes of representation, analysis and demonstration. He
need only have realized that his compendium had to include tools suitable for physico-
mathematics. Although we have no evidence of this score between March 1619
and rule 4B, the small but logical move to include physico-mathematical problems
would have constituted the key step between the letter to Beeckman and rule 4B,
as far as physico-mathematics were concerned. The central problem in recon-
structing the genesis of universal mathematics, therefore, is to understand how the
loose and relatively untheorized notion of a compendium came to be transformed
into the project for creating an integrated analytical discipline. It is in this respect
that the researches with the proportional compass may have become very significant
in the period after March, especially if and when they were viewed, as it were, through
newly acquired Proclean ‘spectacles’.

The early work with the proportional compass showed Descartes that certain sorts
of algebraic and geometrical problems were subject to identical types of analytical
treatment, provided that they could be rendered in terms of relations between propor-
tional magnitudes. If so, the proportional magnitudes could be represented or instantiated

32 At the time it seems Descartes’ thoughts about a universal science were dominated by a vague
interest in the Lullian art (see Note 51, and To Beeckman, 29 April 1619, AT, X, p. 165). Beeckman
advised him in effect to stick to ‘mechanics’ (To Descartes, 6 May 1619, AT, X, p. 168). In the
letter of 26 March 1619, Descartes had also confessed that the project of his compendium was an
‘incredibly ambitious’ one, and that it was ‘infinite, not to be accomplished by one person’. This is
a far cry from the tone of rule 4B, where universal mathematics is not said to be ‘infinite’ in this
sense, despite the fact that it clearly is intended to subsume all properly mathematical fields. All
this suggests that early in 1619 Descartes rightly judged his proposed program to be infinite, or at
least very demanding, precisely because he well knew that it consisted in a compendium of dispa-
rate techniques, and he either had not envisioned or seriously entertained the conception of a
unified discipline, such as universal mathematics was intended to be.



244 5 Analytical Mathematics, Universal Mathematics and Method: Descartes’...

on the limbs and branches of the compass, and general solutions could be discovered
in the form of procedures—Iliterally manipulations—for the unraveling of the relations
between known and unknown line lengths. To extrapolate further from such observa-
tions would be to speculate that perhaps problems about all types of quantities could
and should be rendered in the abstract in terms of relations between some ‘magni-
tudes in general’, so that, as a consequence, very general schemas for unpacking
classes of relations might be derived and applied. Such a speculation is, of course,
very close to the meaning of rule 4B, at least on our preferred reading of ‘order’ and
‘measure’. If Descartes read such meanings into his compass researches, he would
have been well on the way to displacing the earlier idea of a ‘grab bag’ of analytical
techniques with the idea of a universal mathematics.

That the work with the compass, though still part of the compendium, was mov-
ing toward the centre of his concerns, is evident in the careless enthusiasm of
Descartes’ notes in the Cogitationes privatae. But the notes themselves are not
sufficient evidence to carry the weight of my conjecture. It is obvious that if his
route to universal mathematics were anything like this, he would sooner or later
have had to acquire more specific motivation and direction for his speculations by
reading or re-reading Proclus’ discussion. Descartes’ personal vision of universal
mathematics most likely crystallized when, reflecting on Proclus, he thought he saw
expressed in his compass work some specific elements of a general analytical disci-
pline which could subsume physico-mathematics, as well as arithmetic, geometry
and algebra.

On the one hand, the work with the compass, and the aspirations surrounding it
in early 1619, could be interpreted in a new and more ambitious way in the light of
Proclus’ notion of a universal mathematics. In the mathematical researches could
then be seen concrete exemplars for certain otherwise ambiguous, or at least unar-
ticulated, aspects of Proclus’ teaching. For example, the compass could be seen to
materialize the idea that there are operations and axioms applicable to all species of
quantity, a notion traditionally vested by proponents of the existence of a universal
mathematics in the Euclidean axioms and Eudoxean theory of proportion. In addi-
tion, the representative straight lines realized on the compass were a veritable mate-
rialization of the vague idea of a ‘magnitude in general’, which would be the object
of the axioms and operations.

On the other hand, those implications of the use of the compass focused through
Proclean spectacles could be promoted to become central elements in Descartes’
personal vision of universal mathematics. This, I think, is just what rule 4B illus-
trates in regard to the concepts of ‘order’ and ‘measure’: If rule 4B were written in
the light of notions highlighted by the now ‘exemplary’ work with the compass, it
would seem that ‘order’ and ‘measure’ should be interpreted in the second of the
two manners suggested at the end of Sect. 5.2 above. ‘Measure’ would then denote
quantity or magnitude in general, that which one measures regardless of whether the
specific object originally in question was a ‘number, figure, star or sound’. ‘Order’
would then denote a concern for finding and employing very general procedures of
analysis. The discovery of these procedures would depend upon insight into the
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characteristic ‘orders’ or structures of relation that can obtain amongst the ‘magnitudes
in general’, into whose terms problems have been cast. Read this way, ‘order’ and
‘measure’ would render into general terms the methodological advantages and
imperatives detectable in concrete instances in the compass researches.

It is just such a reading which Descartes could have performed whilst bearing in
mind the pre-existing debates about the nature of a ‘common’, ‘general’, or ‘univer-
sal’ mathematics. Descartes’ personal vision of universal mathematics most likely
therefore crystallized when, reflecting on the culturally available but vague theme of
a ‘universal mathematics’, he saw expressed in the compass researches concrete
exemplars for the central concepts of that discipline: [1] an exemplar for the concept
of ‘magnitude in general’, the abstract, generalized quantity capable of subsuming
and representing the objects of any mathematical field, whether ‘pure’ or ‘physico—
mathematical’; and [2] an exemplar for the conception of generalized analytical
procedures consisting in the identification of the classes of structure (or ‘order’) of
‘relations’ holding amongst such generalized magnitudes, when they represent vari-
ous classes of problem. Rule 4B would therefore seem to be the culmination of a
course of research, speculation, aspiration and discursive elaboration which led
Descartes from physico-mathematics and his early compass researches, through the
letter of 26 March 1619, down to the fabrication of universal mathematics prior to
November 1619.

Genetic arguments such as these can illumine other aspects of rule 4B. Why, for
example, does 4B generally suggest that universal mathematics is mainly or solely
concerned with analysis, while at the same time defining the discipline as one about
‘order’ and ‘measure’? The association of the two sets of commitments can be
explained by the fact that ‘order’ and ‘measure’, articulating and promoting the core
of the compass researches, were ipso facto delimiting the general conception of
universal mathematics as an analytical discipline. Consider also Descartes’ rejec-
tion of the traditional Aristotelian and Proclean ‘philosophical’ settings of universal
mathematics as respectively subsumed by metaphysics or propaedeutic to dialec-
tic.> A route to universal mathematics out of his working experience and aspiration
as a mathematician would make sense of the limited and pragmatic tone of universal

33 Proclus (1970) claimed operative value for his proposed general mathematics, but he stressed
even more the role of general mathematics as an object of contemplation and philosophical
edification serving as an introduction to higher reaches of philosophy and theology. (Prologue, Part
II, Chapter II; Part I, Chapters VII, XIV). He had drawn additional metaphysical insight from the
analogy between the cosmic architectonic of emanations and the genesis of discursive mathemati-
cal knowledge by the unrolling of ideal mathematical concepts from Nous through Intellect down
to Imagination (Ibid. Part I, Chapter VI; Part II, Chap. 1). Aristotle’s allusions to a general math-
ematical science in the Metaphysics point not so much to a generalized technical procedure for use
in lower mathematical sciences as toward a philosophical denouement in which the metaphysician
co-opts the subject as part of his inquiry into ‘being as such’. (Metaphysics I" 4 1005a 19-25).
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mathematics in rule 4B.>* Finally, there is the question of the place of algebra in
universal mathematics. As a practicing algebraist, Descartes could have placed the
art at the very centre of the discipline. But he did not. Algebra, just like geometrical
analysis and Diophantine arithmetic, merely bespeaks the underlying discipline, it
is not identified with it. Once again, this position makes sense on the hypothesis that
Descartes’ universal mathematics arose from valued examples, in which he thought
he saw both algebra and geometry being transcended, with new, overriding exem-
plars for what analysis should be coming into view.

All these arguments serve to link rule 4B to a likely context for the development
of universal mathematics between March and November 1619. In effect, we have
now argued for the dating of rules 4A and 4B from two different directions. In
Sect. 5.3 on ‘Reading Rule 4’, rule 4A was plausibly—but not definitively—linked
to the winter of 1619/1620. Rule 4B was shown on rather stronger textual evidence,
derived from Weber, to be a precursor of rule 4A and a model for it. So, if 4A dated
from around November 1619, 4B certainly came before. In this section, we have
seen independent contextual arguments for the genesis of 4B around the middle of
1619. To all of this a final set of considerations can be added, although we simply note
them here, since they will be argued in detail below in Sect. 5.7, in relation to our
analysis of the articulation of Descartes’ doctrine of method in the period immedi-
ately after November 1619. We shall see that certain crucial elements of the method
as discussed in rules 5—11 probably arose from the analogical extension of ideas
originally embedded in the sorts of problems typical of universal mathematics.
A process of enthusiastic analogical extension may well have led Descartes from
problems characteristic of universal mathematics, problems about series of propor-
tional magnitudes, to his ‘enchainment’ vision of knowledge and to his set of heu-
ristic ‘tips’.> Such a conclusion further suggests, of course, that when the method
was developed in the winter of 1619—-1620, it was being elaborated hard on the heels
of the formulation of the notion of universal mathematics. It also reinforces the idea

3*More generally, one might note that Descartes had not been ‘recalled to study’ by Beeckman for
the purpose of engaging in school disputes about the explication and articulation of first principles
of philosophy, including natural philosophy. Their relationship was colored by a sense of on-going
discovery and progress, resting on the basis of the resolution of piecemeal problems. Descartes’
impetus to generalization did not arise from the imperatives of a system, metaphysical or natural
philosophical: he and Beeckman had, or thought they had, technical grounds for belief in the value
of a unified ‘physico-mathematics’, and Descartes’ researches seemed to indicate similar sorts of
opportunities. Universal mathematics took shape as a proposed working discipline to be directed
toward the practice of its subordinate fields, not as a cog in a philosophical system.

3The core notion of ‘enchainment’ also occurs in the Discourse, II, in the famous passage at AT,
VI, p. 19 ‘The long chains of reasonings, every one simple and easy, which geometers habitually
employ to reach their most difficult proofs had given me cause to suppose that all those things
which fall within the domain of human understanding follow on from each other in the same
way...” (Maclean, 2006, 17-18) This implies that the notion is abstracted from the deductive char-
acter of geometry; but the very much more elaborate discussion in the Regulae is both earlier, and,
as we have seen, derived from very particular models in universal mathematics.
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that rule 4A and its surrounding rules actually date from 1619 to 1620, and hence
that rule 4B, in fact, dates from earlier in 1619; for just as 4A was shown to have
been modeled on 4B, so much material in rules 5—11 was possibly modeled upon
ideas essential to universal mathematics.

In accordance with the historiographical principles and caveats given in Chaps.
1 and 2 concerning the handling of grandiose agendas that arise from belief in a uni-
versal method (or similarly enthusiastically embraced but under theorized programs
of huge trans—disciplinary conquest and command), let us conclude this section with
some observations on both the objective nature and possibilities of the universal
mathematics of rule 4B, as well as Descartes’ likely self-understanding of his agenda
and identity as a mathematicus universalis.’® To create universal mathematics in
1619, Descartes combined what must have been a hopeful gloss on his existing phys-
ico-mathematical case studies with partial, optimistic extrapolations of his compass
researches. This amalgam was finished and polished through creative deployment of
the culturally available discourse on a ‘common’ or ‘universal’ mathematics. Thus,
did he construct his initial version of universal mathematics; or to be precise, thus did
he cobble together a text on the theme ‘universal mathematics’. In a word, the uni-
versal mathematics of rule 4B is a textual artifact, and unlike other things sometimes
discussed in texts, only a textual artifact.”” Accordingly, the universal mathematics of
rule 4B was not a viable discipline with real possibilities of development and articu-
lation; it was a stillborn dream: As we have seen, it had only the most tenuous links
to the curious exercises which Descartes apparently believed to be genuine instances
of it. On the plane of actual mathematical practice, from whence universal mathemat-
ics would presumably draw its power, its examples and its applications, the state of
play was quite parlous: Descartes’ researches with the proportional compass were
really quite limited; they were laced with errors recognizable by other contemporary
algebraicists, and with proclaimed techniques of analytical manipulation that did not
even work for all the algebraic problems he had attempted. The wider hope that such
generalized techniques would work in the treatment of the sort of physico-mathematical
problems he had attempted concerning hydrostatics and fall, was, of course, also a
non-starter, once it is looked at with an unblinking, technically attuned eye.

% See Sects. 1.3.1, 1.3.3 and 2.6. As noted, there is a need to watch both sides of this issue lest
pitfalls ensue.

S70f course, any gloss of a discipline is a discursive construct; that is not quite the point. Descartes
was glossing a discipline, universal mathematics, which had no social and technical/practical den-
sity in itself, and which owed its entire two paragraph ‘existence’ in rule 4B to the literary devices
of extrapolating and generalizing from glosses of his ‘physico-mathematical’ exercises and of the
purported import of the proportional compass. Later, in the 1620s, Descartes would indeed return
to the project of a universal mathematics, and set out in much more detail, in the latter portions of
the Rules for the Direction of the Mind, what this discipline would look like. Going beyond the
mere two paragraphs of youthful exuberance of rule 4B, this would be a serious and sustained
intellectual construction, aimed at articulating the method; explicating the grounds and procedures
of universal mathematics; and addressing the cultural politics of scepticism and radical natural
philosophizing as seen by the Mersenne circle. These developments will be examined in Chap. 7.
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From the perspective of the young Descartes, however, the situation was quite
different. He did have before him a few successful special cases and a grand idea,
much bandied about in vague terms by others, but now capable of being pinned
down, and developed by none other than himself! He no doubt saw universal math-
ematics as a promising, realizable project, emerging naturally from his previous
course of endeavor and reflection, and holding out the opportunity to subsume and
rationalize those efforts while setting them in their proper disciplinary matrix, a
matrix which would demonstrate, as against previous inconclusive speculation, just
what the prized universal mathematics was to be. For a moment in 1619, before the
whole undertaking was taken up within the even more grandiose vision of the
method, Descartes must have thought he, and he alone, was on the way to showing
what this great field of hyper-mathematics would be, and hence may have thought
of this as commanding his agenda and identity, in much the same ways the dream of
the universal method was soon going to do.*® He certainly had a right to think that
since his March 1619 letter to Beeckman about a ‘compendium’ of mathematical
analysis, his ideas about the subject had both expanded in scope and crystallized
into an elegant and powerful machinery.

In the event, however, the initial enthusiasm for universal mathematics, and for
the agenda it indicated and the identity it might confer, were soon overridden and
subsumed by a second, similar access of grand programmatics, when from November
1619, he hit upon the vision of the universal method, which, we are about to see,
was in fact, a vast analogical extrapolation of notions embodied in universal math-
ematics, notions themselves underdone and overextended. So, we turn now to
explore the core of Descartes’ teaching on method, particularly as expressed in the
Regulae. This will help us date the origin of the method as embodied in rules 4A,
1-3 and (most of) 5-11, and hence, as noted, further solidify our dating of rule 4B
and the construction of the universal mathematics. It will also make it possible for
us to understand the full scope of the delusions of identity and agenda that Descartes’
engendered for himself through his emersion in the project of method.

5.6 The Core of Descartes’ Method Discourse in the Early
Regulae

The structural analysis, and demystification, of Descartes’ method depends upon
the identification of his central methodological claims, the core of his method
discourse. This core is to be found in the Discours de la méthode and the Regulae

3 When, much later in 1637, Descartes told the reading public about his early encounters with
‘mathematics’, his puzzlement about its lack of philosophical standing and existence in diffuse,
merely useful pockets and domains, despite its unique truth finding and binding capabilities, he
may well have been sanitizing, and smoothing out in regard to nearly twenty years of additional
thought and struggle, several key episodes in his mathematical and physico-mathematical career,
including this excited episode with universal mathematics in 1619. Chapter 6 will offer a full
explication of these matters.
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ad directionem ingenii, where Descartes offered formal, systematised versions of
the method. The texts proclaim themselves to be the pre-eminent vehicles of his
method message; and a vast consensus of historical research further supports the
claim that these texts were central to Descartes’ intentions for systematizing and
presenting his method. In what follows, we are of course much more interested in
the Regulae, since we are concerned with the argument that Descartes’ method-
ological ideas emerged early in his career, from November 1619, and strongly reflect
his aspirational trajectory up from analytical mathematics and physico-mathematics,
through the ambitious but unelaborated universal mathematics, and ending with the
grandiose and self-inflating dream of the universal method. We shall, however, start
our examination with the Discours 1637. This is not because the Discours teaches
some more mature, more elaborate and considered method; this is far from the case.
Rather, the Discours offers an accurate but very much simplified version of the
method first taught in the early Regulae, and so it is a useful initial object of study,
pointing toward that more interesting and important text. In addition, as we shall
learn later, the Discours offers this thin, almost half hearted exposition of the
method. By the time Descartes began to contemplate writing the Discours, he had
lost confidence in the idea that his method was truly efficacious, and was selling
method—talk largely as public packaging for his startling achievements, accom-
plished, of course, by quite other means. From 1637 the method may have provided
some of his public persona, but by that time his self-understanding of his own work
in optics, mathematics and natural philosophy had nothing to do with these achieve-
ments being ‘products of his method’.

I am, of course, well aware that some Cartesian scholars may be sceptical of my
identification of the core of Descartes” method discourse—whether in the Discours,
Regulae or both—because they know that Descartes produced disparate and varied
informal remarks about methodological matters which are scattered in his corre-
spondence and published works. These remarks include, among other topics, meta-
reflections on the explanatory structure of his mechanistic natural philosophy,
comments on the argumentative tactics in his Meditations, and methodologically
relevant debate with critics of his optics and mathematics, particularly after the
publication of the Discours and accompanying Essais in 1637. Commentators have
often sifted these texts in search of ‘the method’. I would suggest that such projects
cannot succeed: one finishes with an account of Descartes’ method skewed to the
particular selection and weighting made of these texts. For some, the method is an
account of how Descartes discovered and/or deployed his arguments in the
Meditations, for others, it is a supposedly definitive account of how he went about
explaining things in his mechanistic natural philosophy or his optics.

There are two profound problems implicated here. The first is how all these different
special pleadings, for this or that text to exemplify the use of the method, in this or
that special case of application, can be brought together to yield some unified sense
of what the method was. The answer is that either there is no core method doctrine,
or that some attempt must be made to find those core principles, as we do here. But,
beyond this lurks the second question, the more fundamental one which derails any
and all attempts to seek to capture a glimpse, here or there, of ‘the method truly at
work, producing results’. The issue here is the idea, to be argued in Chap. 6, that
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Descartes’ grand method—and indeed anybody’s grand method—is a species of
mythic discourse, in the sense that it cannot, for structural reasons, accomplish the
feats it claims for itself, whilst that very structure tends to produce textual effects,
or illusions to the effect, that such methodological work can be accomplished.” So,
all the labor expended to find snippets and hints of Descartes using his method
amounts to this: First of all, any such text either does, or does not, show Descartes
articulating the discursive fabric of the core of his method. This presupposes we
locate that core, and it implies that in many instances where it has been claimed
Descartes is talking about his method, he is not talking about the core of his method
doctrine at all. Secondly, and again more importantly, it also means that even if we
find Descartes arguably talking about a case or example, by deploying material from
the core of his method, it still remains quite simply impossible that the work being
discussed was actually produced by using that method. At best, we are left with
certain examples of the rhetorical and legitimatory use of method-talk to package
and publicize claims reached by quite other ways and means. So, in the cases alluded
to in the previous paragraph, we can conclude that all that happens is that the com-
mentator produces a more or less compelling account of how Descartes went about
glossing and defending a particular text, either the Meditations, the Principia
philosophiae or the Dioptrique. If this sounds a bit over stated, let us recall that in
Chap. 4 we have already seen a very good case, in optics with the discovery of the
law of refraction, where Descartes tells a methodological story about the course of
his research which in fact, and in principle, had nothing to do with the actual optical
practices by which he accomplished that feat. Just that small case should begin to
signal to us the abysmal depths to which our historical accounts can dive if we wit-
tingly or unwittingly take at face value the sort of things Descartes, or some of his
scholars, say about the method—driven basis of actual courses of his technical work.
Let us therefore return to our more promising sequence of tasks: first, in the remain-
der of this chapter, to analyze the core of Descartes method—talk and to seek its
genesis in the period from November 1619; then, in the next chapter to understand
how the method functions to produce illusions of efficacy so that, as a consequence,
we can improve the way we approach the problem of understanding and narrating
the trajectory of Descartes agonistes.

So, turning first to the method as set out in the Discours, we find in partie 11 four
rules of method surrounded by a text which purports to narrate the history of the
method. The narrative includes rhetorical elaborations of certain themes, as well as
what might be judged more thematically central explications of technical portions
of the method.® Leaving aside, for treatment in the next chapter, the question of the
historical accuracy of the narrative (and hence the further question of the historical

% The material in Chap. 6 will build upon my previous work along these lines: Schuster (1986,
1993, 1984), Schuster and Yeo (1986), and Richards and Schuster (1989).

0 AT, VI, pp. 11-2. Gilson’s commentary on these passages and their surroundings runs to seventy
pages, bringing out their metaphorical and rhetorical elaboration Gilson (1947) 155-228.
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relevance of the elaborations and explications), one can, I think, isolate three related
propositions, well founded in the text, which form the context of Descartes’ presen-
tation of the four rules of method.

1. All rationally obtainable truths subsist in a network of deductive linkages, and
this is the meaning of the ‘unity of the sciences’.®' (This will henceforth be
termed Descartes’ ‘latticework’ vision of the unity of the sciences.)

2. As rational beings, humans possess two divinely given faculties for the attain-
ment of truth; the power of intuiting individual truths, and the power of deducing
valid links between them.®

3. A single mind, exercising intuition and deduction, could in principle traverse the
entire latticework; but, some help is required in the form of practical hints or
suggestions—heuristic rules—to aid in the preparation of inquiries, the ordering
of inquiries, and the checking up after inquiries.*®

Not surprisingly, therefore, there are two complementary moments or aspects within
the statement of the rules of the method. Firstly, there is a doctrine of truth. On the
one hand, it informs us of what we presumably already know—that we can intuit
and deduce truths. On the other hand, it adduces some negative heuristic advice
from this fact: trust not in a authority, nor in unclear, indistinct belief, will or emo-
tion; avoid precipitation and hasty judgment; go only as far as intuition and deduc-
tion reveal the truth. All this is essentially contained in rule 1 of the Discours.**
Secondly, there is an open ended set of heuristic rules, initially gathered from easy
excursions around the latticework of knowledge. These are contained in part in rules
2, 3, and 4 of the Discours, and they advise the inquirer to divide each problem into
as many simpler parts as possible; to resolve each sub-problem in due order, starting
with the simplest and rising by degrees to the most complex; to assume a fictitious
order in a problem when there is no natural one; to assess (‘enumerate’) relevant
aspects and materials of a problem beforehand, and afterwards carefully review
(‘enumerate’) one’s steps so that nothing is omitted, no falsehood admitted or truth
overlooked.® These heuristic rules are not to be applied mechanically. They require
sagacity and practical experience. As inquiry proceeds they can be refined and addi-
tional rules added.

®"AT VI 11 1.13 =12 1.16 and Gilson’s commentary (1947) 157-62; AT VI 19 1.6-16.

© AT VI 17 1.11-18 1.23 (the appeal to logic and mathematics as models and the statement of the
first rule of the method, cf. below Note 64).

9 AT VI 18 1.24-19 1.5 (rules 2, 3 and 4); ibid. 20 1.25-21 1.6 (elaboration of precepts in the devel-
opment of the method through mathematical applications).

% AT VI 18 1.16-1.23: ‘Le premier était de ne recevoir jamais aucune chose pour vraie, que je ne
la connusse évidememment étre telle: c’est-a-dire, d’éviter soigneusement la précipitation et la
prévention: et de ne comprendre rien de plus en mes jugements, que ce qui se présenterait si claire-
ment et si distinctement a mon esprit, que je n’eusse aucune occasion de le mettre en doute.” Cf.
Gilson’s commentary (1947) 197-204.

% On ‘enumeration’ see the last five paragraphs of this section, and on “fictitious order’ Note 68.
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The two moments or aspects of the rules of method are closely interrelated, especially
when they are set against the backdrop of the vision of the latticework of rational
truths and unity of the sciences. On the one hand, there is little point in developing
heuristic rules in the absence of at least some preliminary picture of the cognitive
terrain (latticework) the conquest of which they facilitate; on the other hand, the
capacity for intuiting and deducing truth is likely to be insufficient in practice; that
is, heuristic aids are necessary if we are to move about the latticework in an efficient
manner, and if we are to learn and profit methodologically from the experience.

Turning now to the Regulae, one can say that the opening sections of the text,
roughly rules 1 and 11, simply parallel the Discours. Rules 1 and 2 present and
develop the notion of the unity of the sciences. Rule 3 discusses intuition and deduction,
and hence it corresponds to rule 1 of the Discours and to the first moment of the
method. Rules 5-11 contain detailed heuristic advice, and so they correspond to
rules 2, 3, and 4 of the Discours, the second moment of the method.®® What is of
interest here, however, are the ways in which the Regulae provide a clearer and yet
more detailed picture than the Discours of the core of Descartes’ method doctrine.
For our purposes two aspects of this greater elaboration must be considered.

First of all, in rule 6, the reader is treated to Descartes’ most elaborate (and we
shall find the earliest) explication of the vision of the latticework of rational truths.
The logical chains of truths consist in ‘absolute’ terms linked to a ‘series’ of ‘rela-
tive’ terms through a greater or smaller number of rationally specifiable ‘relations’
(respectiis).’’ Absolute terms are the initial terms in particular deductive series,
and they are themselves relative to a small set of what might be termed ‘absolutely

% Without wishing to foment pedantic controversy and splitting of hairs, one might set out the fol-
lowing parallels: Discours, rule 1, corresponds to Regulae, rule 3; Discours, rule 2, corresponds to
Regulae, rules 5 and 7; Discours, rule 3, corresponds to Regulae, rules 5 and 6; Discours, rule 4
corresponds to Regulae, rule 7. Cf. F. Alquié (1963) t.1, 587 Note 1; and Weber (1964) 64. With
reference to rules 8-11, one should perhaps say ‘in material preserved in rules 8—11" and not the
literal rules themselves, for it will be shown below in Chap. 7 that Descartes only worked out the
shape of the material after the first two paragraphs in rule 8, after 1626. But this does not preclude
material intimately linked to the idea of a heuristic method having been initially developed in
1619-1620. Weber (1964) 205, dates rules 9-11 from 1628. Clearly, some sections do post-date
the discovery of the law of refraction, and hence, as we know, post-date 1626, for example, the
second last paragraph of Rule 9, AT X 402 1.9-28; CSM 34; HR 29-30). But, the overall aim and
structure of these rules seem continuous with rules 5, 6, and 7, because they seem to present
straightforward commentaries and addenda to the basic heuristic rules offered in the latter rules.
Even if incontrovertible evidence appeared for the dating of rules 9—11 after 1626, it would still
remain true that these rules are well within the confines of the early heuristic method and have little
direct bearing upon the new direction taken in part of rule 8 and in rules 12-21 in the later 1620s,
which we shall uncover in Chap. 7.

67 AT X 381-382; HR 15; CSM 21: ‘I call absolute whatever has in it the pure and simple nature in
question; that is whatever is viewed as being independent, a cause, simple, universal, single, equal,
similar, straight, and so forth; and the absolute I call the simplest and easiest of all, so that we can
make use of it in the solution of questions...The ‘relative’, on the other hand, is what shares the
same nature, or at least something of the same nature, in virtue of which we can relate it to the
absolute and deduce it from the absolute in a definite series of steps.’
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absolute’ terms.® Relative terms, properly so called, are those occurring further
down deductive series. In some degree, they ‘participate in the same nature’ as their
antecedents, the absolutes; but, they are ordered according to the increasing number,
and hence complexity, of the ‘relations’ (respectiis) linking them to the absolute term
in question. That is, relatives are distanced from their absolute ‘to the degree that
they contain more relations subordinated one to another’.® By keeping in mind this
explication of the latticework, we shall find it easier to reconstruct the development
of Descartes’ method discourse and to subject the discourse to a structural critique.
The second important aspect of the early Regulae follows from the first. It is the
deceptively simple point that in the Regulae the articulated vision of the latticework
is the template against which Descartes forms the heuristic rules of the method. Even
in the Discours the three heuristic rules find their rationale in large measure in the
latticework vision. But, in the Regulae, thanks to the elaboration of rule 6, the process
of manufacture of the heuristic rules against the backdrop of the latticework is in
plain view. Indeed, it could be suggested that Descartes’ main intention in articulat-
ing the latticework was to facilitate the formulation and presentation of the heuristic
rules. This may surprise knowledgeable Cartesian scholars who are aware of a large
literature concerned with the correct interpretation of the intended ontological and
epistemological statuses of Descartes’ absolute and relative terms.”” What must be
realized is that Descartes did not stop to wrangle over these issues when composing
these early rules. In 1619-1620 he was an aspiring methodologist and not yet the
metaphysician and builder of a system of natural philosophy of the post—1628 period.
One must read his text keeping in view the nature and trajectory of his methodological

%The grounds for introducing the non-Cartesian term ‘absolutely absolute’ are as follows: Later in
rule 6 Descartes indicates that what is absolute and what is relative may vary depending upon the
task in question: ‘Herein lies the secret of this whole art, that in all things we should diligently
mark that which is most absolute. For some things are from one point of view more absolute than
others, but from a different standpoint are more relative.” (AT. X 382; CSM 22; HR 16) This
implies that Descartes intends a notion of ‘methodological’ order, created by the subject in further-
ance of his cognitive interests, and apparently independent of any ‘ontological’ order there may be
of” absolute and relative terms. J.-L. Marion and others take this as Descartes’ definitive view of
the matter. (Cf. Marion 1981, ‘La fiction de I’ordre’, 71-8.) But, one should note that Descartes
clearly credits the existence of an objective, let us say ‘cosmic’ order of truths, given for the subject
to explore. In the very next passage, he discusses the existence of some terms which are absolute
in respect of any series in which they play a part (AT X 383; CSM 22; HR 16). They are, as one
might say, ‘absolutely absolute’. Consider, furthermore, that Descartes has already said that ‘abso-
lute’ applies to such things as ‘causes’ and ‘essences’ (pure and simple nature) in the text cited
above in Note 67.

% Relatives are ‘whatever is said to be dependent, or an effect, composite, particular, many, unequal,
unlike, oblique etc. (AT X 382 1.8-11 : CSM 21-22 HR 15-16). The translation in the text is neither
CMS nor HR but my own conditioned by a preference here for the tenor of the HR translation.
There is an immense literature concerned with the interpretation of Descartes’ absolute and rela-
tive terms. See, for example, Hartland-Swan (1947); Keeling (1937); Le Blonde (1937); Beck
(1952), chapters IV-VI; Gibson (1932), chapter V. For debate between ‘realist’ and ‘neo-Kantian’
interpretations of ‘absolute’ and ‘relative’ terms and ‘simple’ and ‘compound’ natures, see Marion
(1981) and O’Neil (1967). Cf. also Ree (1974), 24-5, 36-8.
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project (such as we can reconstruct it). Descartes, at this early stage, simply proceeded
to use his articulated version of the latticework, along with the doctrine of intuition
and deduction, as a basis for constructing some specimen heuristic tips in rules 6—11.
This point, too, will be of use in our reconstructing of the making of Descartes’
method discourse, and it will be partially confirmed in the process.

Before turning to the heuristic rules in the Regulae, we must briefly examine rule
5. Strictly speaking, this rule does not contain any detailed heuristic advice.
Occurring before the articulation in rule 6 of the latticework vision, rule 5 simply
states that any given question (‘proposition’) is to be reduced to simpler sub-problems;
these are to be resolved in due order, and the overall solution should then be
assembled by reintegrating, in order, the sub-solutions.” In a word, rule 5 tells us
that problem solving involves analysis as well as synthesis. Descartes does not elab-
orate this point, because it is, after all, highly traditional, and because it represents
the least innovative portion of his discourse.” The real discursive work in Descartes’
presentation, and presumably the main locus of its novelty in his view, resides in the
way he tries to elicit concrete heuristic rules from the ‘analysis/synthesis’ couple,
after it has been articulated onto the details of the latticework vision.” We shall find
that Descartes presupposes the existence and necessity of analysis and synthesis as
loosely sketched in rule 5. His method consists in a further set of suggestions as to
how analysis and synthesis are to be carried out. In his view, these suggestions and
aids are discovered in practice and can be ploughed back into practice to facilitate
the solving of ever more ‘complex’ or higher ‘order’ problems.

In rule 6 one finds what is arguably the principal heuristic rule: reflection upon
already mastered deductive series will lead to the acquisition of skill in pursuing
new inquiries. It is the ‘chief secret of the art’ always to note the absolute term in
question and the order of relations binding the relatives to it.”* Here the entire heuristic

In the main, this literature sees the problem of interpretation as one of specifying the ontological
and epistemological statuses of these entities and their relations to Descartes’ later conceptions of
‘innate’ and ‘simple’ ‘ideas’. Such attempts almost inevitably construe ‘absolute’ and ‘relative’
terms in relation to some picture of Descartes’ overall ‘system’, as supposedly expounded in the
Meditations (1641) and Principia Philosophiae (1644). Although this approach can have some
merit in elucidating Descartes’ later position in metaphysics, it is ill-suited to the project of view-
ing the text of the Regulae in a strict biographical and diachronic framework, for the purpose of
analysing the genesis and structure of the method. And, with respect to rule 6 in particular, it would
be useful to notice the essentially unexplicated character of these terms in this early context. The
vision of cosmic ‘enchainment’ of knowledge points the way to the formulation of heuristic rules;
it is not itself an object of interpretive elaboration, as it was to become in the twentieth century.
TAT X 379-80; CSM 20; HR 14-5.

2 0On Medieval and Renaissance concepts of analysis/synthesis, resolution/composition see
Crombie (1953); Randall (1940); Gilbert (1960); Jardine (1974). On the relation of these concepts
to geometrical and algebraic problem solving and theorem proving procedures see Klein (1968),
and Mahoney (1980).

3 This illustrates, again, the greater elaboration of the heuristic rules in the Regulae over those in
the Discourse, and it also hints at the vacuity of taking off from rule 5 to trace the ‘influences’ upon
it of the traditional methodological discussions of analysis/ synthesis, resolution/composition.
AT X 381 1.7, CSM 21; HR 15.



5.6 The Core of Descartes’ Method Discourse in the Early Regulae 255

method first gets off the ground with the suggestion that one study the contexture of
some already known and available segment of the latticework. Many of the specific
suggestions in the heuristic method follow from this admonition. For example, one
will acquire insight into the classes of problems which can arise about the series
under scrutiny, and, from that, one will develop sagacity in ferreting out the simplest
routes of solution to given classes of these problems.” This sort of heuristic insight
will be of use when one is again confronted with these sorts of problems, whether
by themselves or as sub-portions of a more complex problem.”

Rule 7 is perhaps the most complex portion of the text on heuristic method, and
for that reason contains important hints about how Descartes composed and inscribed
his rules. Ostensibly, it sets out a number of heuristic suggestions, presented as
coherent, well motivated variations and extensions of the procedure called ‘enu-
meration’. This surface order is quite specious, however. A close analysis of rule 7
would show that the text was composed as it were ‘on the run’, and that it contains
traces of several shifts and alterations in Descartes’ thinking as he came to grips
with the necessity of writing down some heuristic rules. A full analysis of the inner
dynamics and tensions in the text cannot be undertaken here, where we are mainly
concerned to show how the heuristic suggestions, as stated, relate to the background
of the latticework vision and doctrine of intuition and deduction. But, to discuss the
latter issue requires some attention to the internal complexities of the text. What
follows is therefore an uneasy, and, I concede, unsatisfactory mixture: A catalogue
of the heuristic advice (and its background) mixed with allusions to some of the
discursive dynamics of the text.

AT X 382 1.17-1.18; 383 1.16-1.26, and the extended example which Descartes gives at AT X 384
1.20-387 1.7, and which is discussed below in Sect. 5.7. In this connection, it is worth noting that
even when Descartes first veers toward a notion of ‘methodological order’ and then subordinates it
to a notion of ‘given’, ‘cosmic’ absolutes (see above Note 68), he still is mainly interested in wresting
heuristic capital from this version of the latticework, rather than in exploring the precise ontological
statuses of the absolute and relative terms: ‘These (few pure and simple natures) we say should be
carefully noted, for they are just those facts which we have called the simplest in any series. All the
others can only be perceived as deductions from these, either immediate and proximate, or not to
be attained save by two or three more acts of inference. The number of these acts should be noted
in order that we may perceive whether the facts are separated from the primary and simplest
proposition by a greater of smaller number of steps.” (AT X 383: HR 16-7; CSM 22) (emphasis on
Descartes’ heuristic advice added).

¢ A more exhaustive and textually meticulous analysis of rules 6 and 7 would produce the following

picture of how Descartes’ perceived the ‘flow’ of methodical procedure, leaving specific heuristic
suggestions aside:

. reflection upon finished series leads to new heuristic insight;
. analysis and solution of slightly higher order problems mobilizes those insights;
. synthesis of the problem in (2) is followed by

AW N~

. reflection upon the newly finished series, leading to more heuristic insight.

Much of the complexity of the text can be explained as arising from Descartes simultaneously
elaborating this crude schema, whilst progressively becoming aware of new or differentiated types
of heuristic advice required by the schema. See the related comments in the next four paragraphs.



256 5 Analytical Mathematics, Universal Mathematics and Method: Descartes’...

‘Enumeration’ first appears when Descartes advises us to conduct numerous
continuous reviews of completed deductive series. He hopes this process will lead,
in many cases, to some sort of unitary validating intuition of the link between the
widely separated first and last terms. This is needed to overcome the fact that since
long chains of deduction take time, the certainty of the procedure to some degree
relies upon the memory of previous deductive steps. Enumeration in this sense will
minimize the role of memory, and, as indicated, perhaps eliminate it entirely in
some lengthy deductions.”” What seems to be happening here is that Descartes has
discovered some problems about the ‘certainty of synthesis’ which are conditioned
by the very terms of his discourse upon ‘intuition’, ‘deduction’ and the ‘lattice-
work’. He proposes to ‘solve’ these discourse-generated puzzles by adducing some
additional heuristic advice, in this case the advice to try to telescope a ‘series’ of
‘deductions’ into a ‘memory-evading’ unitary ‘intuition’.

Enumeration, now differentiated as ‘sufficient enumeration or induction’, also
appears as the performance of a non-linear inference based upon the grasp of several
independent chains of deductions.” This might be necessary, for example, in the
final assembly of a synthesis (or in the sub-assembly of the solution of a sub-prob-
lem). Here, again, a problem of procedure emerges against the horizon of the dis-
course on latticework, intuition and deduction; and once again the solution is
generated from within the discourse, in the ostensible form of ‘further heuristic
advice’, this time by adducing a new species of the genus ‘enumeration’. Thirdly,
from the first sense of enumeration, Descartes literally slides into a new sense of
enumeration (called ‘enumeration or induction’) as preliminary categorization of
the materials and means relevant to the solution of a problem.” And this usage,
taken in the context of later portions of the rule, appears to subdivide further into
senses of enumeration as: (1) the specification (during analysis) of the relevant sub-
problems (and assessment of their solvability!), and as (2) the solution of such sub-
problems.?

By this point, Descartes is rather neatly entrapped by the momentum of his own
discourse: little puzzles and issues about problem—solving procedure keep popping
up from within his grand discourse on intuition/deduction, analysis/synthesis, and
latticework. The puzzles are laid to rest with the triumphant ‘discovery’ of further
heuristic insights, a trick accomplished by multiplying and ramifying senses of
‘enumeration’ in terms of the resources of the puzzle generating discourse. One
should note, for future reference, just how far these developments take Descartes

TAT, X, p. 387 1.16- p. 388 1.9 (This would also advance the function of ‘reviewing for heuristic
insight” (cf. above), but here Descartes is centrally concerned with this ‘problem’ about memory
and certainty.)

AT, X, p. 389 1.8-15.

AT, X, p. 388 1.18- p. 389 1.7 should be carefully examined in this regard.

%0 Subdivision occurs, for example, at AT, X, p. 390 1.6-20; cf. rule 11, ibid. p. 407 1.8- p. 409 1.10.
Alquié, op. cit., p.110 Note 1 and p.111 Note 1 comments pertinently on the relations between
these senses of ‘enumeration’.
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from any arguably significant and useful concern with the real practice of any concrete,
living field of inquiry. He is happily churning heuristic rules out of his discourse;
but, rules which enjoin us to identify and solve sub-problems hardly begin to tell us
how to identify and solve them in any actual domain of inquiry. Here, again, we
begin to sense the illusory, indeed mythic, character of this discursive enterprise, an
issue explored in systematic terms in Chap. 6.

Returning to the text of the Regulae, one finds more general advice in rules 8—11.
For example, to train oneself to intuit well, one should start with simple matters
(rule 9). Similarly, to learn to discern the orderly deductive texture of series, one
should start with simple and to-hand examples (rule 10); one should not wander
where deduction cannot lead, and one must learn to recognize when enumerative
reviews need to be ‘complete’ and when merely ‘sufficient’ (rule 8). Descartes,
insists at the end of rule 7, that virtually the whole of the (heuristic) method consists
in these profundities.®! Descartes has had little real difficulty in finding and formu-
lating his dazzling collection of rules, because, as has been suggested, the rules are
epiphenomena of his discourse on analysis/synthesis, intuition/deduction, lattice-
work, series, absolutes, relatives and relations; that is, they are answers to puzzles
the discourse might seem to entail; or, they are straightforward, textually condi-
tioned remarks on what ‘analysis/synthesis’ involves when articulated onto the
wonderful, new, method-relevant discourse.

5.7 The Making of Cartesian Method-Talk, Winter 1619-1620

In 1619 Descartes apparently did no further work on universal mathematics beyond
what we have identified above in rule 4B. This was because, by November 1619,
universal mathematics was overtaken and subsumed by the grander project of the
method. Now, we already know (Sect. 5.5, above) that the central elements of his
discourse on universal mathematics had been derived as optimistic metaphorical
extensions of aspects of his earlier work in physico-mathematics and analytical
mathematics. And, we have just seen that at the core of Descartes’ teaching on that
method in the Regulae, one finds a discourse about intuition and deduction, about
‘absolute’ and ‘relative’ terms, about ‘series’ and ‘relations’, and about the lattice-
work. Then rules 611 announce heuristic rules, forged against the template of that
discourse. We shall now discover that Descartes’ core discourse on method, as well
as a number of the heuristic rules, had themselves resulted from the analogical exten-
sion of terms and rules constitutive of his discourse on universal mathematics.

In rule 6, there is a remarkable remnant of the sort of process of analogical exten-
sion which seems to have produced the method discourse. Near the end of rule 6, the
rule which articulates the latticework vision, there is a little mathematical example
concerning a series of numbers in a continued geometrical proportion:

81See AT, X, p. 392, 1.1-7
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3 6 12 24
6 12 24 48

Such a series is, of course, typical of the sort of object to be treated in universal
mathematics and it was the sort of relation embodied by, and manipulated upon, the
proportional compass of 1619. Indeed, it would seem that in universal mathematics
all problems were supposed to be reducible to this type of structure. In rule 6,
Descartes uses the series to illustrate some of the general heuristic rules he is in the
process of unveiling. So, one is advised to intuit the basic defining ratio of the series,
and to inspect the order of numbers sequentially generated by reiterated application
of the ratio. From this procedure will follow, predictably, insight into how problems
about the series may be classified, and hence how to choose the simplest routes of
solution: Given that we are dealing with a basic ratio of 2:1, applied first to 3,
Descartes points out that there are three orders of difficulty of problem—[1] To find
12 given 3 and 6; or, to find 24 given 3,6, and 12; [2] To find 6, given 3 and 12; [3]
To find 6 and 12, given 3 and 24. But to find 6 and 12, given 3 and 48 is really easier
than it might look, for it is of order [2]. The route to solution is: First find 12, the
mean proportional between 3 and 48, and then 6 and 24, the mean proportionals
between 3 and 12 and 48 respectively.®?> By implication, one could go on to apply
other heuristic rules to the tasks of posing and solving problems about this series,
and increasingly complex series of which it forms a part.

Descartes offers this example as an illustration of the method, and indeed it
serves this purpose well. The mathematical structure of the series illustrates the
more profound latticework of truths. The intuition of the defining ratio and the
inspection of the structure of the resulting proportions mirror the suggestion to
inspect the structure of an already mastered deductive series, that is, to mark the
absolute and the order of relatives subordinate to it. From inspection of the mathe-
matical series, there flow methodological insights which parallel some rules of the
heuristic method. But, the very perfection of the example raises the issue of whether
it (or another similar case) was the very model upon which Descartes erected the
core of his method discourse. Consider these translations between ‘methodological’
terms and ‘mathematical’ terms involved in the example (or in any putative instance
of universal mathematics): For the methodological concept of the ‘absolute term’,
read ‘defining ratio applied to an initial number’; for ‘relative terms’ read ‘subsequently
generated numbers in continued geometrical proportion’; for the grand ‘latticework
of rational truths’, read ‘orderly interlinked series of numbers in continued geo-
metrical proportions’; finally, for the heuristic rules of the method, read ‘concrete
but fairly trivial pieces of advice concerning the solution of problems arising about
such series in continued proportion’.®* Everything we have previously seen about
the genesis and structure of universal mathematics reinforces the conclusion that the

82 AT, X, pp. 384-7; CSM, pp. 23-24; HR, pp. 17-9.
831 am not suggesting that all the heuristic rules arise this way; see Note 84 and our earlier discus-
sion in Sect. 5.6 on derivation of the heuristic rules.
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‘methodological’ terms were inscribed by analogical articulation of the ‘universal
mathematical’ terms. Descartes, moving beyond the exciting idea of universal math-
ematics in rule 4B (itself the product of an ambitious crossing of his mathematical
and physico-mathematical interests), analogically extended universal mathematics
and happily concluded that all knowledge consists in structures of logically related
elements; that all such structures have basic and (orderly generated) derivative
terms; and that all the heuristic insights adhering to typical examples in universal
mathematics can thereby be transformed into generally applicable heuristic rules of
method.* The method discourse was not directly abstracted from successful prac-
tice in some area of mathematics.* It was produced by analogical extension of the
terms of a discourse, universal mathematics, which itself could not do what it pur-
ported to do.

This reconstruction can perhaps be reinforced by the following considerations:
Descartes’ insights of November 1619—the doctrine of intuition/deduction, the
vision of the latticework and the perceived need for heuristic rules—mutually imply
each other as interrelated elements in the overriding programme of developing the
method. But, as with any system of concepts, the obvious structural relations amongst
the elements do not fully account for their respective contents. They did not assume
shape and content solely in relation to one another. Pre-given materials, concepts,
resources and goals were moulded to give the desired interrelations of elements. For
example, although the latticework is correlative with ‘intuition’, the latter concept
does not dictate much about the precise explication of the former, beyond the asser-
tion of valid deductive links between terms. It cannot account for the specific and
problematical discourse which emerges concerning ‘absolutes’, ‘relatives’, ‘series’
and ‘degree of relation’. Similarly, the correlated notions of intuition and deductive
latticework might or might not suggest the notion of heuristic aides. They certainly
do not narrow the field of specific candidates for the title ‘an official heuristic rule of
the method of Descartes’. The point is that the latticework and the idea of heuristic
rules were explicated by Descartes with precise exemplars in mind, exemplars, I sug-
gest, which were drawn from reflection upon universal mathematics, or to be precise,
from reflection upon the structure of purported examples of that discipline.®

All this permits us to look again at the question of dating. In Sect. 5.3, it was shown
that rule 4A is closely related to rule 4B, being in fact modeled upon it. In Sects. 5.4
and 5.5, we saw that rule 4B fits precisely into the context and flow of Descartes’

8 Strictly speaking, it is only necessary that the general notion of ‘heuristic rules’ arise in this
connection along with sketches of some few of the detailed rules. Close study of rules 6—11 would
show a second rule-generating phenomenon in which emerging problems and tensions in Descartes’
method discourse invited and conditioned the formulation or reformulation of rules. We have seen
something of this process in the analysis of rule 7 above.

% This, of course, is the conventional view, deeply entrenched in Cartesian studies since the advent
of their modern phase in the later nineteenth century. Cf. for example, Gibson (1896) and Liard
(1880).

8 See Chap. 6 on the further implications of this view for the requirements of a new, ‘non-believer’s’
history of grand doctrines of method in the history of modern science.
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work and aspiration in mid 1619. It has just been argued that rules 1-3 and 5-11 are
closely linked to the universal mathematics which emerged during the course of
1619. Just as 4A was modeled upon 4B, so the other rules appear to be based upon
the analogical extension of core concepts of the very universal mathematics which
4B discusses. It therefore appears likely that rule 4A, and the text of which it is the
pivot, rules 1-3, 511, date from the winter of 1619/1620 and constitute Descartes’
first detailed version of his method as it grew out of, and beyond, the project of
universal mathematics.?’

5.8 Conclusion: Descartes’ Unfolding Agendas and Identities
1618-1620

We have seen that during 1619 Descartes was swept forward on a mounting wave of
rapidly evolving ideas about what he would take to be his paramount intellectual
project, and accordingly about his agenda and identity as a high cultural player.
He started with attempts to advance Beeckmanian physico-mathematics, itself a
project displaying both promise of radical and important success (in the hydrostatics
manuscript), and worrying signs of limitations (regarding the attack on the problem of
local fall). Along with physico-mathematics, he had pursued some interesting
moves in mathematical analysis, characterized by a drive for unification and mate-
rialization of techniques. He was then driven on, first around mid 1619, to the dream
of a universal mathematics, which promised consolidation and elevation of his role
as a master (perhaps ‘the’ master) mathematician of the age—including the con-
quest of the vast empire of natural philosophy, by virtue of the reduction of its
annexable territories to physico-mathematics and the envelopment of physico-
mathematics within universal mathematics.®® And then, in November 1619, he was
carried onward, to the founding insights of the method, which implied an agenda as
master of all the rationally based disciplines.

8 Cf Weber (1964) 15-7, 40-7.

8 This really would have meant the destruction of the hitherto largely discursive realm of natural
philosophizing. Only those parts amenable to physico-mathematical treatment would have sur-
vived, having been translated and ‘shanghaied’ to universal mathematics. It was a move not so
much within the game of natural philosophizing as over against it. Those historians of science who
in recent years have claimed to discern in the Scientific Revolution a mathematisation of natural
philosophy, or even the destruction of that field by mathematics and mathematicians, would find
here, in Descartes’ fantasy program, their best example of the larger supposed phenomenon, except
for one trivial problem: Descartes’ gambit failed, as he himself acknowledged by all his relevant
decisions and actions after 1628. And, of course, no such thing as the larger putative process
occurred at all, as this entire volume illustrates, and our sketch of stages and phases in the Scientific
Revolution in Chap. 2 foreshadowed. The long term relation of mathematics and mathematicians
to natural philosophizing was not murder and displacement, no matter what may presently pass for
conventional wisdom amongst some enthused inmates of North American graduate programs.
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If our reconstruction carries conviction, we can perhaps recapture some of the
excitement which must have gripped Descartes in November 1619, as he worked his
way toward his idea of the method. Recalled to study in late 1618 by the vision of
Beeckmanian physico-mathematics, he had, by mid 1619, begun to work out his
own version of that project, instantiated, by then, in at least two case studies, regarding
hydrostatics and accelerated free fall. Shortly thereafter, he started to imagine he
could merge this physico-mathematics with his work in compass mediated analyti-
cal mathematics to formulate, in the text known as regulae 4B, the promising,
if only briefly explicated, idea of what the long sought after ‘universal mathematics’
might be. Then, musing by his stove in the late Bavarian autumn of 1619, he had
thought he had seen how to conquer all rational knowledge by further generalizing
his earlier revelations. It is little wonder, therefore, that his famous three dreams of
11 November 1619 display a nearly mystical state of enthusiasm over his recent
insights, and that he interpreted his third dream of that Saint Martin’s Eve as a
divine consecration of this the latest and most grandiose of his proposed peak proj-
ects (and hence of his imagined future identity and mission). %

From Descartes’ perspective his path to the method, therefore, would have
seemed a marvelous and triumphal progress. However, for us, his trajectory, the
excitement it generated and senses of agenda and identity it encouraged, all pose
obstacles to historical reconstruction and narrative. As we shall learn in the next
chapter (and saw exemplified in Sect. 4.9), we need to exercise extreme care, distin-
guishing between what Descartes believed his method might accomplish and what
in fact such grand method doctrines can achieve. These two issues are linked by the
further fact, also to be established in the next chapter, that grand method doctrines,
such as that of Descartes, are very good at creating illusions as to their own
efficacy—a matter all historians of science need to bear in mind. We have already
glimpsed, for example, how Descartes’ heuristic rules probably unfolded and
branched out during the course of their inscription, and we suggested that, as a con-
sequence, Descartes was probably beginning to be enmeshed in the momentum of
his own writing and dreaming about method. Now, this entrapment of a believer, in
the enticing discursive toils of a grand method doctrine, is in fact a typical effect of
such discourses. It arises, we shall see, from the way that general method discourses
generate great powers of textual persuasion as a direct consequence of the very way
they are generically structured. In the language we shall develop, the young René
was probably beginning to fall for the ‘literary effects’ of his own method discourse.
This entails that we need to exercise great care in dealing with Descartes’ method,

% See above Note 36 and main text related thereto. In addition, Gouhier (1958) 53-55. A refresh-
ingly commonsensical reminder of Descartes’ youthfulness and self-deception as regards these
projects was contained in Alice Browne’s comment on the ambitions displayed in the letter of 26
March 1619: Descartes’ works ‘merely express the sort of vague and megalomaniac intellectual
ambition many people have in youth’ (Browne 1977, 256-7). Browne went on to assert that no one
really knows what the ‘marvelous science’ of November 1619 was (p.258), a perhaps too modest
conclusion given the evidence that it was the method.
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as well as his own responses to it (not to mention those of later scholars who might
also believe, at some level, in the real efficacy of such a grand method). Unless we
do so, our understanding of Descartes’ technical work in natural philosophy, math-
ematics and the subordinate sciences will be rendered both ahistorical and episte-
mologically suspect, and the project of a critical reconstruction of his projects in the
various disciplines producing knowledge of nature will be fatally compromised.
Therefore, before proceeding further, in Chap. 7 with the narrative of Descartes’
projects in the late 1620s, we must pause briefly to consider, in more theoretical and
textual detail than we mooted in Chap. 1, the problem of ‘method and the search for
an historical Descartes’.
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Chapter 6
Method and the Problem of the Historical

Descartes

6.1 The Way Forward: Between Naive Belief
and Pure Debunking

As we learned in Chap. 2, there are important traditions in the interpretation of the
Scientific Revolution that have been committed to narratives of the discovery, per-
fection and application of the scientific method. Many pioneering professional
historians of science of the past century were persuaded, along with the bulk of the
educated reading public since the Enlightenment, that Descartes, Bacon, Galileo,
Harvey, Huygens and Newton variously contributed to the invention of a single,
transferable and efficacious scientific method, the advent of which was the central
achievement and event in the rise of modern Western science. We also know, from
Chap. 2, that serious questions have been raised about the existence of such a unique,
efficacious and transferable method, and that other traditions in the fields of history
and philosophy of science, deriving sustenance from the writings of Bachelard,
Koyré and Kuhn, have cast serious doubt upon the idea that any general method
commands and explains the actual practice of living fields of scientific inquiry.

Now, the entire present study has been conceived and executed under quite post-
Kuhnian commitments about the sui-generis character of natural knowledge—-making
traditions, whether natural philosophy itself or its subordinate and cognate specialist
disciplines. At no point has method, whether some general scientific method, or the
method of Descartes, been invoked in our reconstruction of the practices, agendas
and outcomes of Descartes’ pursuits in mathematics, natural philosophy, physico-
mathematics or mixed mathematics. We have now come to a critical turning point in
our inquiry, however, because we have reconstructed how and when Descartes
conceived of the core of his method, and seen the likely enthusiasm and belief it
ignited in him. The issue is, how shall we deal with a the young Descartes’ ‘discovery’
of his method? Shall we now cave in to traditional, and still popular, belief and
proceed to explain his subsequent work as the product of that method? Or, shall we
simply ignore Descartes’ method claims, in the manner implied by the debunking
historiographies of Koyré and Kuhn?

J. Schuster, Descartes-Agonistes: Physico-mathematics, Method & Corpuscular- 265
Mechanism 1618-33, Studies in History and Philosophy of Science 27,
DOI 10.1007/978-94-007-4746-3_6, © Springer Science+Business Media Dordrecht 2013
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In fact, I propose to do something different, neither falling back into a Whiggish
historiography of efficacious method, nor simply marginalizing and ignoring method
claims in the manner of Koyré and Kuhn. What we must do, on the one hand, is
understand how and why any general method discourse, Descartes’ included, per-
suades believers as to its unity, efficacy and transferability, whilst also, on the other
hand, show why in fact generalized methods must necessarily fail to work in the
sciences in the ways they literally claim to work. It will turn out that these issues are
two sides of the same coin: It is the generic structure of grand method doctrines,
Descartes’ included, that both promotes the illusion of their efficacy and guarantees
that no such efficacy is possible by literal application of the method in question.
Only if we clear the ground in this fashion, can we continue to pursue the historical
Descartes in his mathematical, physico-mathematical and natural philosophical
endeavors, for only in this way can we do justice to the undoubted influence the
discovery of the method had over time on Descartes’ self-understandings, agendas
and modes of public presentation. As such we still remain true to the post-Kuhnian
axiom that general methodologies cannot and do not explain how work is accom-
plished in living traditions of making natural knowledge. We begin by surveying
how Descartes” method has been dealt with in the literature and where our alternative
approach fits in this picture

6.2 The Cult of Method in Descartes Studies

The treatment of Descartes” method by historians of science, intellectual historians
and historians of philosophy has largely conformed to the general pattern of under-
standing the Scientific Revolution to be found in past and present popular accounts,
as well as in the writings of early professional historians of science. That is, the
Discours de la méthode, has been seen as one of the most important methodological
treatises in the Western intellectual tradition, and Cartesian method has been viewed
as doubly successful and significant within that tradition. Firstly, Descartes’ method has
been taken to mark an early stage in that long maturation of the scientific method
resulting from interaction between application of method in scientific work and
critical reflection about method carried out by great methodologists, from Bacon
and Descartes down to Popper and Lakatos.' Secondly, Descartes’ own considerable

"'This sort of work, therefore, tends to ignore the long Scholastic tradition of methodological
debate, founded upon Aristotle’s works, and reaching back to the foundation of the great European
universities, which reached new heights of sophistication and density in the universities of the late
sixteenth and early seventeenth century. More recent work in history of science, history of philoso-
phy and Cartesian studies as such, have begun to rectify this older origin tale of modern method
arising only from the early seventeenth century. Even in such historically sophisticated work, how-
ever, there remain the historiographically crucial and logically independent questions of whether
method is efficacious, and why people believe in method, even if it is not efficacious. It should be
noted, moreover, that to question the wider, more audacious claims of general methods, as we do
in this chapter, is not to deny the tremendous importance to early modern thinkers of their university
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achievements in the sciences and in mathematics during the crucial stage of the
Scientific Revolution of the seventeenth century have been taken to have depended
upon his method.

It can be said, in general, that the aim of much research on Cartesian method
is serious, scholarly, ‘apologetic’ exegesis: the analysis and explanation of how and
why Descartes’ well-omened methodological enterprise came to pass. Just as all
Christian apologists believe in God, so apologists for Cartesian method agree on
the basic aim of elucidating, historically and philosophically, what was, in principle
and in practice, a triumph of an efficacious method. To be sure, differences over
minor points of interpretation and emphasis have arisen. Just as Christian apologists
differ over points of biblical exegesis, so, as I have argued elsewhere, apologists
for Cartesian method fall into broad camps: there are naive literalists, sophisticated
hermeneutical exegetes, and those whose belief takes a dry rationalist and sceptical
turn.?

1. Literalists accept, at more or less face value, Descartes’ epistemological and
autobiographical claims for his method. Accordingly, their scholarly task is simply
to explicate and clarify the essential truth of Descartes’ tale about his own life
and method.’

2. Sophisticated hermeneutical exegetes are found almost exclusively amongst
leading historians of philosophy. Combining careful textual scholarship with at
least tacit belief in the method, they include most of the recognizedly great
Descartes’ scholars of the last hundred years, for example, Gilson, Gouhier,
Sirven, Hamelin, Liard and latterly Jean-Luc Marion. These men are great schol-
ars because they pose a serious scholarly question and try to answer it using the
highest standards of philosophical and textual criticism. That question is, “What
do the Discours and the Regulae ad directionem ingenii really say about method,
and how much of these texts corresponds to historically recoverable fact?’ It is
widely accepted that you cannot study Descartes without taking their work as a
starting point. Exegetical apologists are all united on one axiom, despite a wide
range of other differences. They virtually all believe at some level in the efficacy

training in concepts of method, Aristotelian logic, and related tools of thought. This was the bed-
rock from which prophets of new grand methods launched their programs with any degree of
plausibility amongst the rank and file of educated men.

2 Schuster (1986) 38—40.

3Lest this seem improbable, especially to younger historians of science, the reader is referred, for
example, to Vrooman (1970), an informative, readily accessible English language treatment from
the generation before the latest round of popularizations, and sensationalizations of Descartes’ life.
We read, on pages 66 and 67, what is actually an amplification of Descartes’ own rhetoric in the
Discours: The method is real and efficacious; it was tested and used in particular technical fields;
it dictated the order of study; it is an epoch making cultural achievement (‘. .. the method that
would be adapted [sic] by virtually the entire civilized world, the method that would he accepted
as a monument in the history of Western thought’). None of this is questioned as to evidence or
meaning. Indeed, the text is a continuation of what we shall below term the ‘mythic speech’ of
Descartes himself.
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of the method.* True, they do not spend their time reconstructing Descartes’
scientific work in terms of the method; they are not “Whig’ historians of science.
Rather, tacitly taking the method as efficacious, they pursue other goals: expli-
cating the content of the method or reconstructing its development. Like devout
Christian biblical hermeneuts, these ‘apologists’ are engaged in a difficult, scholarly
search for grains of truth hidden in a selection of canonical texts. But, as we shall
see, you do not have to be a believer in method in order to pursue its history; and
if you are a sceptic about method, then all sorts of new interesting questions
appear, such as, ‘what is method discourse’, ‘how does it affect believers’, ‘how
can we save believers from their illusions’? etc.

3. Now, if literalist readings of Descartes on method correspond to biblical funda-
mentalism, then the ultra sophistication of the exegetical hermeneuts perhaps
corresponds to the intricacies of Catholic theology. This seems to leave a place
for a dry, rationalizing and slightly sceptical apologetic approach to Cartesian
method similar in tone to the more modish variants of advanced Protestant
theology. One striking example of this type was the redoubtable and very learned
E. J. Dijksterhuis, one of the last, and certainly one of the most proficient positivist
historians of science. Clearly having little time for ‘metaphysics’ or for empty
rhetoric, the exasperated Dijksterhuis took the view that the four rules of method
in the Discours had no relevance for the bits of hard science to be found in the
Dioptrique and Météores. However, for Dijksterhuis a serviceable, positivistically
conceived scientific method assuredly exists, and since Descartes did produce
some good physical science, it must have been the product of his possession of
such a method. Dijksterhuis therefore concluded that Descartes possessed the
method shared by all real scientists, a method bearing no relation to the pap
Descartes rhetorically spoons out in the Discours.’

My approach here is motivated by some news which we canvassed in detail earlier
in Chap. 2, and which will probably be unwelcome amongst method cultists: For
almost three generations now we have had excellent grounds for being ‘atheists’ about
method. Although the message has not yet spread extensively through the world

4The sceptical reader should consult the following: L. Liard (1880) 573, Sirven (1928) 349-53;
Gilson (1947) 196, 222, 180-1, H. Gouhier (1958) 62, Gadoffre (1961) ‘Introduction historique’,
p, xxxviii; Lefévre (1956) 145, 149, 152; Allard (1963) 28, 30, 143, Chevalier (1937) 6-7, Beck
(1952) 198, Rod (1971) 18, Note 8.

3 Dijksterhuis (1950) 22—44. In a similar vein, Elie Denissoff (1970) pp. 28, 30, 96-98, dismissed
the claimed universality of the four rules of the method as a literary sop intended to hold together
the disparate parts of the Discours. Yet, the chief burden of his study was to read the Discours as a
coded message from Descartes concerning his real method, which is limited to ‘mathematical
physics’, and which Denissoff clearly believes was indeed efficacious. Such dry debunking, in the
ultimate service of belief in some sort of scientific method, offers us perhaps the worst of two
worlds: On the one hand, there is a dismissive scepticism about Descartes’ explicit methodological
discourse which defuses critical historical inquiry into whatever it could be that Descartes thought
he was talking about. And, on the other hand there is a cloying, now much outdated faith in the
existence of a unique, efficacious, rather positivistically conceived scientific method, of which
Descartes was one of the first ‘discoverers’.
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of history of philosophy and intellectual history (let alone the satellite zones of
popularization), we have seen that some historians, philosophers and sociologists of
science have established that no doctrine of method, whether Descartes’ or anybody
else’s, ever has guided and constituted the actualities of scientific practice—concep-
tual and material—in the literal ways that such methods proclaim for themselves
From this perspective it follows that apologetic scholarship directed to Descartes’
method is misguided, not so much in its separable scholarly detail, but certainly in its
view of science, of method, and of their intertwined histories. And it further follows
that in so far as biographical writing about Descartes is a function of the larger histo-
riographies of method and of science, it too requires reformation. As an historian of
science and natural philosophy of this peculiarly atheistical bent, my intention is to
reclaim Descartes as a de-mystified object of study in my field. Since the cult of
method and the apologetic Cartesian scholarship block that possibility, I seek the
tools of demystification within those developments in the historiography of science
and the related field of sociology of scientific knowledge canvassed in Chap. 2.

The challenge for us is that the strategy of Koyré and Kuhn, as described in
Chap. 2, of pure debunking of method will not fully suffice for our project. It cer-
tainly immunizes us against the seductions of any form of apologetic, whether lit-
eral, dryly sceptical or sophisticatedly exegetical. But, it also runs a serious risk of
encouraging us to ignore the problem of method entirely, because the Koyré—
Bachelard—Kuhn position tends to reject method—talk as simply not worth taking
seriously. This is not the way forward, for the simple reason that it has become
perfectly obvious, through the work first of all of Paul Feyerabend, but more thor-
oughly in the work of some social and contextual historians of science, as well as
post—Kuhnian sociologists of scientific knowledge, that political and rhetorical
deployments of method claims are important in the life of the sciences, that is, in the
weave of tradition dynamics that a post-Kuhnian view would encourage.® But even
more to the point is a deeper problem raised by the debunking tendency of Koyré,
Bachelard and Kuhn. It is this. If method talk is complete nonsense and of no
account whatsoever in the life of traditions of scientific research, we may reason-
ably ask, ‘How, then, can it possibly be that throughout the history of science
methodologists and their audiences have often genuinely believed in the efficacy of
method doctrines which we ‘post—Koyréans’ ‘know’ cannot have worked?’ No his-
torian wishes to accuse his subjects of being fools or mad persons, just because they
appear to disagree with him. Therefore, we are obliged to discover just what it is
about systematic method doctrines that creates and sustains their plausibility to
believers, past and present. We must, in short, become more like anthropologists of
method, seeking to understand how belief in various types of putatively unified,
efficacious methods is sustained amongst certain groups and what are the conse-
quences of those beliefs (and differences of opinion about them) for players in living
traditions of research—despite the fact that we cannot possibly subscribe to the
substance of their beliefs.

¢Schuster and Yeo (1986).
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My answer to this question, previously developed not only in relation to
Descartes” method, but to any grand method doctrine past or present is this:” All
systematic method doctrines belong to a definite species of discourse. The species
is characterized by the presence of a certain discursive structure common to all
instances of the type. This structure is such that it necessarily defeats the ability of
any methodology to accomplish what it literally announces itself to be able to
accomplish. At the same time, this same discursive structure easily sustains or
creates a set of illusions (in the form of literary effects) to the effect that the method
in question can indeed accomplish what it claims to be able to do. In other words,
all grand, set piece method doctrines have the same underlying discursive structure
which explains their lack of efficacy as well as their ability to create the literary
effect that they are efficacious. This, I suggest, is the way forward in dealing with
Descartes’ colossal claims about his method—claims he apparently genuinely
believed in (at least up to the late 1620s), but claims we should never literally accept
as explanations of his technical achievements (let alone their order and trajectory, as
he asserted in the Discours). Therefore, my study of Cartesian method in this chapter
is both a contribution to the historical study of Descartes, and at the same time a
working example of how we might address the deeper historiographical problem of
method. It seems to me that we have little chance of comprehensively understanding
Descartes historically, according to now state of the art standards in the history of
science, until we know what to do about his method; that is, until his method
discourse is demystified and historicized.®

6.3 Descartes’ Method as Mythic Speech: Where ‘Myth’
Is Not a Colloquial Term of Abuse

The title of this section speaks of Cartesian method as ‘mythic speech’. These words
are not chosen lightly. In part they are intended to have a certain shock value for
those readers who do not share in the not entirely uncommon, but I think largely
tacit, post-Koyréan opinion that ‘method is myth’ in the usual dictionary sense of
the term. More importantly my choice of words intends something more theoreti-
cally precise. My use of the terms ‘myth’ and ‘mythopoeic’ (myth making) derive,
at one or two removes, from Roland Barthes’ early essay ‘Myth Today’.° Barthes

"I began to generalize from Descartes’ case to systematic method discourses of any type in Schuster
(1984).

8By the same token, whilst acknowledging the value of studies of the tactical uses of method—talk
in the life of the sciences, I would suggest any future social and political historiography of method
must confront the phenomenon of ‘methodology’ head on, and must not concede too much by
claiming to treat only the ‘external’ or merely ‘social’ deployment (or ‘abuse’) of method—talk. If
we are largely agreed that grand theories of method are bunk, we should be prepared to theorize
about why that is so, and what that means for writing the history of method.

°Barthes (1973) 109-59. Also relevant here was the work of Claude Levi—Strauss (1972), men-
tioned earlier in Chap. 4 (Note 92), when we first mooted the issue of the mythopoeic character of
Descartes’ story in the Regulae concerning how the law of refraction of light and anaclastic surface
might have been discovered using his method.


http://dx.doi.org/10.1007/978-94-007-4746-3_4

6.3 Descartes’ Method as Mythic Speech: Where ‘Myth’ Is Not a Colloquial... 271

claimed to identify a peculiarly modern (‘bourgeois’) form of myth, in which the
trick is to naturalize values, interests and socially negotiated outcomes, making
them appear to be factual, natural and inevitable. It seemed to me that one charac-
teristic myth, operating in exactly this manner, is the myth of scientific method,
even though, in this case, the mythopoeic discourse in question can be traced back
to Aristotle and up to our methodological prophets of modernity, such as Bacon and
Descartes, through the high medieval and renaissance methodological debates of
the Scholastics. After all, if the naturalizing of human commitments of theory, value
and aim is the mark of modern forms of myth, then we have to accept that perhaps
the first example of a characteristically modern Western myth is indeed the myth of
scientific method. Although this myth did not start with the heroes of the Scientific
Revolution, it certainly was given new force and cultural cachet as a result of being
attached to the novelties of natural philosophy and the sciences emergent in the
seventeenth century. Now, according to Barthes these effects are brought about by
the structure of the discourse in question. Even though I do not deploy the kind of
semiotic techniques which Barthes advocated, I do claim to have identified certain
structural levels in any systematic method discourse, and I locate the persuasive
power and naturalizing force of such discourses in the relations holding generally
amongst these levels. In my account, grand methodologies are discourses so struc-
tured that they necessarily lie about their own powers and capabilities in the interest
of turning culture (how the natural sciences are actually practiced) into nature
(a simple outgrowth of human rationality and nature’s amenability to it) In these
precise senses, then, methodologies earn the (Barthian) title of myths.

My approach also owes much to the anti-methodism of Paul Feyerabend, although
in a precise way which requires clarification. Post-Kuhnian debunkers of method
can, I think, perceive two rather distinct initiatives in Feyerabend’s work. On the
one hand, there is Feyerabend’s historical critique of methodology, consisting
mainly in case-study illustrations of the non-binding character of any and all sys-
tematic methodologies. ‘Progress’ in science, he persuasively argued, has always
broken the pat rules laid down by methodologists, and it has always had to do so.
New standards are constructed and refined in the act, through the very processes of
major scientific change; and, in the cases studied, Feyerabend tended to show that
rigid adherence to the rules of contemporary (or later) methodologies would have
aborted or obstructed the course of development.'® Feyerabend’s efforts in this
direction must seem brilliant and historically revealing to any Koyré— or Kuhn—
influenced debunker of method. Nevertheless, this work did not really constitute a
great advance in our ability to theorize, seriously, about the nature of methodological
discourse. On the other hand, in a small and rather neglected corner of his work,
Feyerabend, in my opinion, offered the first sustained demonstration of the struc-
tural sources of the mythic character of method discourse. In his important paper,
‘Classical Empiricism’, Feyerabend laid bare the discursive mechanisms by which
Newton’s methodological claims in physical optics present a systematically dis-
torted picture of his actual practice, producing a convincing fairy tale about the

0Feyerabend (1975, 1978).
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genesis and status of his claims in that field.!" Although Feyerabend did not pursue
his analysis in explicitly structural terms, his approach, viewed through my semi-
Barthian spectacles, catalyzed my own structural schema for methodologies. "

We can now return to the question posed toward the end of Sect. 6.2, transposing
it down to the case of Descartes, so that it takes the form: ‘How can it be that
Descartes and others apparently believed in the reality and efficacy of a method
which most post-Koyréan historians of science are convinced cannot have worked’?
My fundamental claim is that the vacuity and sterility of the method and its appear-
ance of efficacy are both effects of a common cause. That cause is the way Descartes’
method discourse is structured onto several interacting levels. Descartes’ method
cannot possibly do what it claims to be able to do, because, as discourse, it has a
particular structure; and yet it is that very structure which can create and sustain
illusions or literary effects about the efficacy, applicability and unity of the method.

The analysis begins from a naive but fundamental premise: In order for the rules
of the method to be considered efficacious in the practice of a given field of research,
the rules have to be applied and deployed within inquiry in the target field in ways
adequate to the proclaimed goals and foci of the method.'* Granting this point, it
would seem that Descartes must give some arguably adequate account or redescrip-
tion of the contents and workings of the target field. Such an account must be
couched in terms supplied by the core of his methodological discourse, his talk of
‘absolutes’ and ‘relatives’, of ‘relations’ and ‘series’, which are aspects of the lat-
ticework, as discussed above in Chap. 5. This is necessary because the heuristic
rules are claimed to apply to entities of this type. The heuristic rules, after all, were
formulated directly in terms of, and are clearly ‘relevant’ and ‘applicable’ to the
discourse about ‘absolutes’, ‘relatives’, ‘series’ and ‘relations’. Approaching a target
field with his method, Descartes must be able to construe that field in terms relevant
to the use and application of his rules. Descartes, as we shall soon see, accepted
these conditions and worked within them. He thought his results exemplified the
efficacy of the method.

However, following the dictates of Chap. 2, we subscribe to a post-Kuhnian
understanding of the dynamics of living traditions of research. Any grand method
discourse aims to produce ‘arguably adequate accounts of the contents and working

WFeyerabend (1970).

2How Feyerabend’s argument maps onto my structural schema for method discourse is shown
below, see Note 47. My earliest suspicion that there was a specific mechanism of mystification
involved in methodological accounts was aroused in the mid 1970s by reading Bachelard (1949),
where he deals with the systematic role of traditional philosophical perspectives (not particularly
methodologies) such as empiricism, rationalism, conventionalism, in producing a structured series
of illusory pictures of how theory and practice (or ‘applied rationalism’ and ‘technical materialism”)
interrelate in the constitution of mature mathematico-experimental sciences. (Cf. LeCourt 1975,
41 ff.) I read Barthes and Levi-Strauss at that time as well. Up to that point I was a (Kuhn—trained)
Kuhnian debunker of method.

13 This eliminates claims for the efficacy of a method that rest on an arguable misconstrual of its
own proclaimed resources and goals, for example, claims that Descartes’ method facilitated the
discovery of articles of faith, or that Popper’s method was of use in the discovery of a fact or law.
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of its target fields’. We hold that such methodological accounts, adequate in the
sense required, cannot be achieved. The post-Kuhnian understanding of research
tradition dynamics sees the conceptual structures and modes of practice of living
fields as both sui generis, and in constant re-negotiated flux. We saw in Sect. 2.6 that
to redescribe, gloss or translate these conceptual structures and modes of practice
into some other idiom or discourse, is simply to translate them, on paper, for some
‘outside’ purpose. Research proceeds from within each field’s proper, and evolving
framework, and not in terms of glosses provided by putative single, transferable
methods.'* So, in what follows here, we are not concerned with further supporting
the initial premise that method discourses, such as that of Descartes, must fail
adequately to gloss or redescribe target fields; rather we explore the mechanisms
which simultaneously explain both the necessity of that failure and the creation of
the illusion or literary effect that no such failure has in fact occurred—terming such
curious and important mechanisms ‘mythopoeic’ in a precise and considered sense
of the term, inspired by Barthes: In short, Descartes’ method discourse, like any
grand method discourse, produced only literary effects of its own efficacy, applica-
bility and unity, effects that tended to convince Descartes (and other believers) that
the method actually possessed these virtues.

6.4 The Failure of Adequate Redescription: An Example
of Descartes Attempting to ‘Methodologize’
a Field of Inquiry

We have, in fact, already studied in passing such a case of inadequate redescription.
In Chap. 4, we looked closely at the distance separating, on the one hand, Descartes’
actual path of discovery of the law of refraction and his subsequent struggle to find
an adequate mechanistic rationale for it, and, on the other hand, his methodological
account or redescription in rule 8 of the Regulae of how one might accomplish these
ends. We shall return to our findings in that case later in this chapter, using them to

4 One reservation must be registered to this claim. It is perfectly true that bits and pieces of
‘methodological discourse’, including putative glosses of the field in question, can be deployed in
practice as resources in debate, negotiation and adjudication of the content and acceptability of
knowledge claims. In Sect. 6.8, we shall identify these as the ‘rhetorical’ uses of method discourse
in debates and negotiations about knowledge claims inside the living fabrics of disciplines and
fields. Scientists can appeal to methodological principles to attempt to substantiate or undermine
such claims. However, such deployments of method discourses within scientific debates are merely
small portions of the total structure of action and belief through which knowledge is made and
unmade. Such deployments do not represent clear and accurate meta-level versions of the specific
practice of that field. Indeed, the deployment of method claims in scientific debate in no way what-
soever constitutes even prima facie evidence of the efficacy of that method. The issue must be
turned on its head—how are such claims, as discursive phenomena, shaped by the resources of
method discourses and what literary effects of genuine efficacy are thereby created? Classic socio-
logical studies of methodological discourse in scientific debate and negotiation include: Gilbert
and M. Mulkay (1980, 1981); Mulkay and Gilbert (1981, 1982).
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articulate further the structural model of method discourse we are developing. For
the moment, however, it will be useful to start our analysis with a new and different
example. Our case deals with what we may term for ease of expression ‘the science
of magnets’, which Descartes discusses twice in the Regulae." In fact, what we
are dealing with here is better described as one typical domain of explanation within
the larger realm of corpuscular-mechanical natural philosophizing as a whole. What
we are going to find out about this one domain arguably holds across any and all
regions of phenomena one would wish to cover with corpuscular-mechanical
explanations. Although Descartes first discussed ‘magnet science’ in the Regulae at
a time before he was committed to constructing a system of corpuscular-mechanical
natural philosophy, we can still treat this case as involving, in the end, an attempt at
such corpuscular-mechanical explanation. There are two reasons for this: Firstly, as
in the case of the explanation of light in the Regulae, we know that although
Descartes was no system builder in the 1620s, he nevertheless clearly preferred to
ground exercises in his brand of physico-mathematics in piecemeal corpuscular-
mechanical explanations. Secondly, later in the Principles of Philosophy, his second
and definitive system of corpuscular-mechanism, magnetism took pride of place as
an object of study and example of explanatory success.'®

So, let us now consider the fate of the ‘science of magnets’ when Descartes tries
in the Regulae to explain how to ‘do’ this science according to his method. We need
to compare Descartes’ methodological tale, or redescription of magnet science, with
what he, in fact, had to do to produce corpuscular-mechanical explanations of
magnets and their phenomena within the living field of natural philosophizing,
where actual corpuscular-mechanical explanations had to be thought up and
inscribed. Methodologically speaking, Descartes instructs us first to isolate a fixed
set of experimental data about magnets, in practice the experiments reported in
Gilbert’s De magnete (1600). We are then to inquire into the ‘intermixture’ of ‘simple
natures’ which will explain the magnet.!” Here the absolute natures or terms surely
are primitive geometrico-mechanical elements, corpuscles, with their properties of
size, shape, hardness and state of motion or rest. What, then, are the ‘relatives’ in
this case? Descartes terms them ‘intermixtures’ of absolutes. That conveys the
image of some set of complex corpuscular-mechanical models, models for the
structure of lodestones, magnetic ‘effluvia’, magnetizable bodies etc.'® Hence, in
this case Descartes’ methodological gloss or redescription of ‘magnet science’ does

15 Regulae, Rule 12, AT, X, p. 427; Rule 13, AT, X, pp. 430-1.

18 Principles of Philosophy, Part IV arts 133-183. See below, Sect. 12.5 on the key role of ‘cosmic’
magnetism in the systematizing strategy of the Principles.

171 leave aside the problem, obvious to anyone familiar with the post-Kuhnian sociology of
scientific knowledge literature cited in Note 14, of the criteria by which Descartes selects as ‘ade-
quate and ‘reliable’ Gilbert’s own selection of a set of experiments, their performance and their
glossing in his book.

'8 On the complexity of interpreting Descartes’ remarks see Buchdahl (1969) 85-8, 126-47 and
Schuster (1980) 74-5, and notes 150, 151 thereto.
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depend in a loose sense upon the required specification of ‘absolutes’ and their
studied ‘complexification’ into sets of ‘relatives’. And these absolutes and relatives
are arguably the sorts of entities which did eventually enter into his detailed
explanation of magnetism, set forth later in his Principia philosophiae of 1644. The
mythologist of method, however, must ask an embarrassing question: ‘Has Descartes
provided here an adequate redescription or gloss of what it took to construct corpus-
cular-mechanical explanations of magnetism (or of anything else for that matter)?’

Modern Cartesian scholarship has given us answers to the question of what really
was involved in Descartes’ formulating and inscribing of corpuscular-mechanical
explanations, and something approaching a consensus has existed in the literature
for a considerable time:' In non-methodological contexts and later in his career,
after 1628, Descartes increasingly came to see that although there are some abso-
lutely certain metaphysical principles, for example, that the essence of matter is
extension, neither the details of particular corpuscular-mechanical explanatory
models, nor the facts to be explained, can be deduced in the strict sense from such
absolutely certain metaphysical principles. A fortiori there is no question of the full
details of the corpuscular-mechanical world system being fully deduced from such
“first principles’. Nevertheless, the absolutely certain metaphysical principles do
place constraints upon what can and cannot be asserted of any detailed corpuscular
model designed to explain a particular class of phenomena. For example, nothing
should be asserted in a particular explanatory model that contradicts any of the
metaphysical principles. Additionally, available empirical evidence, and in particular,
the ‘facts’ to be explained, also need to be considered in the formulation of the
detailed explanatory models. By the time he published the Principles of Philosophy
in 1644 his position became very clear: We may know with certainty from meta-
physical deduction that the essence of matter is extension, as well as certain laws of
motion and collision, but we cannot deduce from these truths more detailed explan-
atory models for such diverse phenomena as gravity, light, magnetism, planetary
motion, sensory perception and animal locomotion. The best one can say is that
such models should not contradict metaphysically derived certainties and that
relevant facts must also be considered in shaping explanatory models. Hence, such
lower level models are necessarily hypothetical and can achieve at best only ‘moral
certainty’. When, in his later works, Descartes spoke of ‘deducing’ phenomena
from his principles, he did not mean the strictly mathematical deduction envisioned
in his central methodological texts, but rather ‘deduction’ in the looser contemporary
acceptation of ‘plausibly explain’.

Such, then, were Descartes’ own later and more considered views about the
production of corpuscular-mechanical models and explanations. Although they
show that his strict methodological views bore little relation to the procedure, they
do not quite do full justice to what we might now term the interpretational com-
plexity and fluidity of his project and the indexical character of virtually every

19 Buchdahl (1969) 97, 118-26, Sabra (1967) 21-45, Clarke (1977) and (2006) 154, 161-68,
Schuster (2000c).
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move within it. Imagine a sociologist or anthropologist of science transported back
in time to observe Descartes as he attempted to produce and inscribe a piece of
corpuscular-mechanical discourse, about magnets for example. Our temporal inter-
loper would probably have identified three interacting moments in Descartes’
performance. His field notes might read as follows:

1. Logically and temporally prior to the construction of any particular explanation,
Descartes tries to devise and legitimate his basic metaphysical principles which
will constrain and condition the formulation of specific corpuscular-mechanical
models. Such principles include his fundamental definitions of matter and mind,
and his basic laws of motion, collision and the behavior of directional tendencies
to motion.”® Needless to say, the production of Cartesian conclusions in meta-
physics and dynamics, and their legitimation, are not amenable to clear, consis-
tent, rule-bound procedural glossing. One might parody M. Descartes’ own
account of his procedures and say that ‘God only knows how he does it’. Nor is
it clear how and in precisely what sense the models should be ‘constrained’ in
any given case. That, too, can only be a matter of on the spot interpretation and
‘negotiation’, if only with himself!

2. ‘Relevant’ empirical evidence has to be selected, weighed and ‘appropriately’
deployed and described. Evidence can include ‘facts’ needing explanation, or
‘facts’ lending credibility to the explanatory model offered (including ‘facts’
purporting to weaken the credibility of competing explanations). It is not clear
that M. Descartes has procedures for accomplishing these tasks which are any
more rule-bound than those ongoing negotiations and ‘constructions’ of facts and
arguments revealingly studied from the later twentieth century by post—Kuhnians
such as Latour, Collins, Pickering, Pinch or Shapin.”!

3. In the light of the ‘evidence’ and the metaphysical ‘constraints’, a specific
corpuscular-mechanical model for the phenomena in question has to be
constructed. Given the un-methodological character of the proceedings under
(1) and (2), it is not to be expected that M. Descartes’ inscribing of characteriza-
tions of particular models is a method-bound activity. Consider, additionally,
that in Descartes’ usages the meaning of ‘deduce’ in the phrase ‘deduce the
phenomena from the model’ is fluid and reinterpretable. As if this were not
enough, there is also the point that each specific model has ultimately to ‘fit’ into
a ‘system’ of natural philosophy. This raises a host of additional interpretive
challenges which reflect back upon the way in which a model is to be constructed.
For example, Descartes, the ‘systematizer’ always asks, ‘To what degree does a
particular model ‘comport’ (itself a fraught word) with other specific models

The principles and laws of Descartes’ dynamics are included here, not because there is scholarly
agreement that Descartes intended all of them to be deducible from his metaphysics, but rather
because they are foundational for all his detailed model building and particular explanations, and
because he often gives strong indications that they were meant to be deducible from first
principles.

2 Latour and Woolgar (1979), Pinch (1985), Shapin (1982).
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within the system in respect of (a) consistency of mode of metaphysical con-
straint;** (b) similarity (or difference) of explananda in view,” and (c) the degree
of structural, cosmological ‘interplay’ intended to hold between these models in
the overall system of the world machine.**

Not to put too fine a point on it, in the field notes of our sociologist or anthropolo-
gist, (1), (2) and (3) together constitute a complex undertaking—it’s not easy
(or method—bound) to think up and write down corpuscular-mechanical explanations
of things, let alone under seventeenth century conditions of pursuit of ‘systematic’
completeness. Each of the three steps involves discursive practices, interpretations,
weightings and selections for which no rules were ever given, and