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Abstract: 

Early modernists who are not history of science specialists face pitfalls in approaching the 
Scientific Revolution.  The problems of traditional inductivist or rupturalist historiographies 
are known, but less understood are their revivals by contemporary gurus and their 
popularising camp followers.  Continuity and process have been neglected, as well as the 
more fundamental question of “continuity and process of what?”   

Contributors to this session  answer “continuity and process in natural philosophy”, a 
dynamic sub-culture, field of discourse and institution, central to every event and process 
contained in any adequate narrative of the Scientific Revolution.  Contestation in natural 
philosophy, peaking around the mid-Seventeenth century, entrained struggles within the 
narrower traditions in the ‘entourage of natural philosophising’ (astronomy, optics, 
mechanics, anatomy and physiology) and unintentionally fostered the long term 
fragmentation of natural philosophy itself, with the proliferation of additional embryonic 
specialist disciplines.  We take the early Royal Society as a case study of this 
historiographical debate: Was it the site of the ruptural creation of ‘modern experimental 
Science’ (sic), or did natural philosophical contestation continue to play through its 
interestingly new organisational channels, further driving that fragmentation of natural 
philosophy into more modern looking ‘sciences’? 

 

Part I.  The Gaukroger Problem and the Problem of  the Structure and 
Dynamics of Natural Philosophy for Beginners 

I.1 Introduction: Framing the Session Problem of Emergence of a Scientific Culture, 
or One Reading of  “The Gaukroger Problem” 

Our session on “Making of a Scientific Culture’ in the late Seventeenth Century” 
poses the immediate problem of framing the theme.  My three colleagues and I have 
collaborated in various ways in the past, and they will not be surprised by my pre-
emptive tactics here in speaking for the session as a whole!  Based on past 
experience, I expect a fair to large degree of consensus from my presentation 
partners, but I take full responsibility for my attempt at framing and introducing the 
session.  By ‘the Gaukroger problem’ is meant here my own interested take on the 
problematic to which Stephen’s The Emergence of a Scientific Culture is in part 
addressed.2  I do not necessarily mean this is Stephen’s version of the matter (unless 
he chooses to take it on), but rather I intend to signify that my thinking, and I would 
conjecture that of many others in our fields, has been crystallised and shaped by 

                                                
1 For NEER Conference, Perth, Western Australia, July 2007: Session theme: Early Modern Natural Philosophy 
and the Emergence of a Scientific Culture 1660-1690, Stephen Gaukroger, Co-Ordinator. The reader is reminded 
to consult the other papers in this session, by Gaukroger, Luciano Boschiero and  Peter Anstey. 
2 Gaukroger (2006). 
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Stephen’s work, and hence I take my reading of the problem to set goals and aims for 
my own work, which for many years has run along if not parallel, at least very closely 
located lines. So here goes:  

One takes as given that modern science forms the most central strand in the DNA of 
modernity, and that modern science is the product of the Scientific Revolution and 
its further unfolding in the Enlightenment and 19th and 20th centuries.  In addition 
one (correctly) assumes that the Scientific Revolution was played out mainly as a set 
of conflicts and transformations in a pre-existing pan-European elite culture of 
natural philosophy (we shall define and explore this category of natural philosophy 
below in the remainder of Part I). Now, the particular genus of natural 
philosophising displaced in the Scientific Revolution, institutionalised neo-Scholastic 
Aristotelianism, promoted and promised a unity of natural knowledge and the 
possibility of certainty therein, or in short, it promised Scientia. At the height of the 
process of the Scientific Revolution in the early and mid 17th century, other types of 
systematised natural philosophies challenged neo-Scholastic Aristotelianism, and 
some of these, notably Cartesianism, also seemed to promise Scientia on their own 
terms.  Nevertheless, the ironic upshot of this ‘civil war in natural philosophising’, as 
I term it, was that, on the one hand, natural philosophising as a whole—the entire 
field of all these plays and turbulence—became more autonomous of other cultural 
forms such as theology, as well as other branches of philosophy, whilst, on the other 
hand, it began a long process of fragmentation into a number of more modern 
looking, diverse and narrow special domains or disciplines of natural inquiry, which 
begin to look like sciences in our modern sense.  The epistemological statuses of the 
knowledges produced by these successor sciences were, and continue to be, debated 
along a spectrum from pragmatically oriented probabilism to methodologically 
elaborated claims for certainty or virtual certainty (in some domains of scientific 
inquiry).  So, the  ideals of both the unity and overall certainty of natural knowing 
have been lost, yet the culture of modernity is a (modern) scientific culture.  
Explaining how and why this occurred, and what are the future prospects of this 
culture, is the Gaukroger problem.  

The present paper brackets off the wider questions involved in the Gaukroger 
problem.  It backs up to look more closely at the dynamics and fate of the game of 
natural philosophising, because the processes involved are a prime element in how 
the entire problem is conceived.  Additionally, because our theme focuses on the late 
17th century, I have chosen to deepen the investigation through introduction of a case 
study of how natural philosophy was practiced and in part transformed in one of the 
new knowledge organisations of the period, the Royal Society of London.  The issue 
of what happened in the new scientific institutions and how they affected the process 
of the Scientific Revolution has heated up in our field lately, hence obtaining a proper 
answer to present quandaries is important in continuing to think through the 
Gaukroger problem in the terms I have specified. That occurs in Part II.  The 
remainder of Part I introduces and articulates the key categories for rethinking the 
process of the Scientific Revolution. 

 

I.2. Natural Philosophy as an Historiographical Category;  Natural Philosophising as 
Culture and Process 

In the early modern period the central discipline for the study of nature was natural 
philosophy.3 We employ the category ‘natural philosophy’ in strict preference to 

                                                
3 Peter Anstey and John Schuster, “Introduction” to Anstey and Schuster (2005) 
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Science, Modern Science, new science, etc. ‘Natural philosophy’ is THE appropriate 
historical category with which to think through our problems. 4  

Natural philosophy is first of all an actor’s term, and in the first instance I use it the 
way they used it.  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.  As critical historians we must also theorise the bottom of the iceberg. 
I try to model the structure and dynamics of the game of natural philosophising 
including, if necessary, points that did not or could not have been known to the 
players. So, I model Early modern natural philosophy as a dynamic, elite sub-culture 
and field of contestation, theorising about its structure and dynamics, its mode of 
process over time.  The Appendix to this paper explores more systematically the five 
dimensions of modelling that have gone into fashioning this category.5  For reasons 
discussed there I term the entire conception a “cultural process” model of natural 
philosophy/natural philosophising.6 

When one ‘Natural philosophised’ 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. [Figure 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, Chemical, 
Magnetic, mechanistic or, later, Newtonian. Natural philosophers learnt the rules — 
or template for—natural philosophising at university whilst studying hegemonic 
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. 

 

 

                                                
4 To place the evolution of natural philosophy, and in particular the shifting patterns of its relations to other 
enterprises and disciplines, at the centre of one’s conception of the Scientific Revolution is not novel, and more 
scholars are realising 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 philosophising 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 
theorised, 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); 
Peter Dear (1991, 2001); Peter Harrison (2000, 2002, 2005); and John Henry (2002). 

5 An Appendix on these matters, “An Introduction to the Theoretical Articulation of the Category of Natural 
Philosophy/Natural Philosophising for Application and Use in History of Science” is available from the author at     
j.a.schuster@unsw.edu.au  The five theoretical dimensions of the model are:[i] natural philosophy as intellectual 
tradition in the manner of post-Kuhnian science dynamics with a dash of Skinner; [ii] as 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 Sahlins; [v] 
and as a network of institutions, in a much revised manner of Mertonian sociology as refracted through the work 
of Alan Taylor (the latter being applied in Part II of the present paper). 
6 The same strategy of category formation/application needs to be applied to other tortured notions about and in 
the Scientific Revolution; for example, the rebellious thinkers’ term ‘physico-mathematics’; as well as such terms 
as natural theology, mixed mathematics, natural theology (as in the ongoing doctoral work of Ms Larissa Johnson 
in our School at UNSW) and ‘method’.  This strategy is applied throughout my forthcoming study of the young 
Descartes: Descartes Agonistes, Physico-Mathematics, Method and Mechanism 1618-33.  Material tending toward 
the findings of the latter are contained in Schuster (1992, 2000, 2005); Gaukroger and Schuster (2002). 
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Figure 1: Natural Philosophy— 

Generic Structure including Entourage of Sub-ordinate Fields 

 

Clearly, then, we should not equate natural philosophy to Scholastic Aristotelianism; 
and equally we should reject the trendy historiographical conceit that natural 
philosophy died and was replaced by an essentially different activity, Science. The 
‘Scientific Revolution’ was at its climax in the early and mid Seventeenth century a set 
of transformations, a civil war, inside the seething, contested culture of natural 
philosophising. The culture of natural philosophy continued to evolve under internal 
contestation, and external drivers, and variously elided and fragmented into more 

Narrow, Specialist, Subordinate Disciplines: the ‘Entourage’ 
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Mixed mathematical: mechanics, hydrostatics, optics, astronomy, music theory, 
geography etc  tend to be come ‘Physico-mathematical’ 
 
Bio-medical: anatomy, physiological theory, medical theory 
 
Especially Disputed: astrology, alchemy, other branches of natural magick etc. 
 
New in the Period:  
Physico-mathematical: celestial mechanics, ‘classical mechanics’ 
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Newtonianism[s]  from 1690s 
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modern looking, science-like, disciplines and domains, plural, over a period of 150 
years from 1650. 7   

That there was a European culture of natural philosophising 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 Christianised 
Aristotelian corpus in logic and natural philosophy.8  This fact continued and evolved 
right into the early and mid 17th century.9 We cannot pretend this was just a 
throwaway rite of passage for future stars of the Scientific Revolution; rather it was 
the intellectual culture for pursuing knowledge of nature in which they lived and 
breathed.  Picture the tens of thousands 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.10 Although specific concepts constitutive of Scholastic 
Aristotelianism were dissolved and displaced, this occurred inside the continuing, if 
contested, life of the larger ‘field’ or ‘tradition’ of natural philosophising. We should 
not throw the living baby of the’ culture’ or ‘institution’ of natural philosophising’ out 
with the bath water of large chunks of neo-Scholastic Aristotelianism.11  

The first two generations of the 17th century were an especially turbulent time in the 
history of natural philosophising:  We must model the dynamics of contestation, 
especially the ways players constructed their competing claims. Particularly 
important is the issue of how natural philosophical claims were positioned in relation 
to other enterprises and concerns: either considered superior to natural philosophy 

                                                
7 Other contemporary knowledge systems, such as natural history and natural theology also need to be theorised in 
this manner and the entire set examined for their dynamics and articulations over time. I’ve written several 
overviews of the Scientific Revolution in this style. Schuster (2002), also Schuster and Watchirs (1990); and  
Schuster (1990). Recently the latter work was ’borrowed’, translated into Chinese and published for the Chinese 
HPS market in an anthology of what the controversial Science and Technology Studies guru, Steve Fuller, calls 
‘greatest hits of the scientific revolution’. See Liu Dun and Wang Yangzong (2002) pp.835-869. 

8 The distinguished historian of medieval science, David Lindberg, writes of the Christianised 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 conscious of their intellectual and 
professional unity, offering standardized higher education to an entire generation of students.” Lindberg (1992) 
p.212.  He’s pointing to the unique fact of the extensive European institutionalisation of a religiously more or less 
acceptable version of one genus of ancient natural philosophy, Aristotelian. And we might add, generation upon 
generation of student was thus produced. 
9 And we now know a lot more about late scholastic education at the turn of the 17th century, thanks to efforts of 
people like Ian Maclean and Dennis Des Cheyne: 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 16th and early 17th century. 
10 This ‘brute historical fact’ of institutionalised acculturation of educated European men into one species of 
natural philosophy is a continuing, necessary bass line, underscoring a process best understood within a sharpened 
and refined understanding of what the field or culture of natural philosophising 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 philosophising. 
11 Hence my category modeling can lead to the production of heuristic advice for historiographical practice.  For 
example, whether one studies Descartes, as I do, or the Royal Society, as I also do, A site where natural 
philosophers natural philosophise is a natural philosophical 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 natural philosophical audience.  He is not a mind alone, opposed to some new form of communicatable 
and networked knowledge making/breaking in the new scientific organisations, which are also natural 
philosophical sites.  There might have been some new registers of natural philosophising at the early Royal 
Society, as we shall see below, but no break or rupture had occurred in the ongoing dynamics of the culture.  
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(such as theology); or cognate with it (such as mathematics); or subordinate to it (as 
in the dominant Aristotelian evaluation of the mixed mathematical sciences, such as 
astronomy, optics and mechanics); or simply of some claimed relevance to it, as for 
example pedagogy or the practical arts, including practical mathematics. Borrowing 
some tools from sociologists of science, we see that the positioning of natural 
philosophical claims in relation to other enterprises always involved two routine 
manoeuvres: the drawing or enforcing of boundaries and the making or defending of 
linkages (including efforts to undermine others’ attempts at bounding and linking).12  

As far as the subordinate disciplines are concerned, one may think of them as what I 
have termed an entourage of more narrow traditions of science-like practice: 
[Figure 1 above] These included the subordinate mixed mathematical sciences, as 
just mentioned, as well as the bio-medical domains, such as anatomy, medical 
theorising 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.13   

Each natural philosopher had different interests and skills within the entourage, and 
even different lists of what was within or without its boundaries.  A natural 
philosopher had to set priorities amongst entourage members, and link them 
conceptually to his natural philosophy. This created a pattern of linkages 
characteristic of a particular natural philosophy. The practice of a subordinate 
science under the aegis of a particular natural philosophy was coloured by the nature 
of the conceptual linkage. Natural philosophers competed with each other in part 
through attempts to co-opt these narrower traditions of scientific endeavour. 

In other words, and here the modeling takes a distinctly Bourdieuian twist, natural 
philosophers existed in mutually competitive relations, and this was particularly true 
at the climax of the process of the Scientific Revolution in the early and mid 17th 
century.  In the natural philosophical field, Scholastic Aristotelianism, with its huge, 
extensive and hegemonic institutional base, provided the target of strategies of 
displacement and alternative institutionalisation, whilst competition amongst 
members of different broad genera of natural philosophising also heated up, as has 
been long recognised.14 But, these tendencies did not prevent, and indeed they 
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.   

In addition, competition drove and was expressed in a heightened search for 
novelties of (theory-loaded) fact.15  Significant claims along these lines amount to 

                                                
12 Cf. Anstey and Schuster, ‘Introduction’ to Anstey and Schuster (2005). 

13 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 Schuster (2005). 

14 It has been obvious since Lenoble’s (1943) work that families of natural philosophies competed in respect of 
the values, aspirations and religious resonances they endorsed and condemned.  But we really 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 theorising, and proto physiology 
in the manner of Galen. 
15 Because all good HPS scholars must recognise that significant claims about new facts would also necessarily 
involve claimed modulations of existing theory as well.  For a textbook introduction to the basics see Schuster 
(1995a) chap 4 and 5. 
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what modern historians and sociologists of science would call bids for having made 
significant discoveries.16  And so, competing natural philosophies of quite differing 
types could and did indeed produce “discoveries” in the subordinate ‘sciences’ within 
the entourage of natural philosophising.  The discoveries and achievements of, for 
example, Harvey [circulation of the blood], Gilbert [terrestrial magnetism] and van 
Helmont [a proto notion of gases] show the vitality of their respective versions of the 
Aristotelian, neo-Platonic and Alchemical/Paracelsian natural philosophies. 
Competitors also appropriated into their own systems novelties and discovery claims 
first produced by opponents.  Appropriation was tactical: if a discovery was 
particularly significant in the architecture of a competing system, that claim had to 
be appropriated, downplayed, reinterpreted or neutralised in some fashion.17  The 
ways in which Harvey’s Aristotelian based claims about the circulation of the blood 
and heart action became a natural philosophical football at the time of their 
publication in 1628 and for two generations to come nicely illustrate the agonal 
contours. 18  

                                                
16 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 discovery claim is not just in the form “that x is the case” 
but also “what therefore in revised theory terms is at stake”. [T.S.Kuhn, ‘The historical structure of scientific 
discovery’ in Kuhn (1977) pp. 165-177]  Here the theories at stake and being applied/modified in discovery claims 
are theories of natural philosophical provenance.  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 in the late 18th century: “Dudes, 
‘phlogiston’ does not exist, but ‘oxygen’ and the ‘weightless fluid of heat’ (caloric) do.”   See Schuster (1995a) 
Chapters 4 and 5. 
17 Descartes’ strategic cooptation to mechanism of Gilbert’s neo-Platonic work on magnetism illustrates these 
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 flavour 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 philosophising of the magnet was too important and impressive a gambit in the natural 
philosophical field to be ignored by his natural philosophical competitors.  But equally or more importantly, 
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 of natural philosophy. He 
replaced Gilbert's story of the cosmos making and binding role of the spiritual magnetic force with his 
corpuscular–mechanist's story of an equally cosmic magnetism 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'. 

Similarly, Beeckman, and then Descartes embroidered the novel celestial mechanical speculations of Kepler, 
seeking to find corpuscular-mechanical translations or glosses for Kepler’s problematic and results.  An analogous 
large scale case involving several episodes over a considerable time scale has recently been unearthed by a 
research student in our department: Jacqueline Biro has shown how early to mid 16th century technical 
developments in mathematical geography were only grudgingly granted by the Aristotelians, but eagerly seized as 
a resource by natural philosophers advocating Copernican cosmology, with Galileo and Descartes offering late 
examples of such tactics in a sequence of varied yet uniformly anti-Aristotelian natural philosophical gambits 
stretching from Copernicus himself, through Bruno, Gilbert and others. [Jacqueline Biro (2006)].  
18 To take only the opening rounds of play, we have, first of all Descartes being very happy to appropriate 
Harvey’s epochal, yet clearly Aristotelian based discovery of the circulation of the blood and motions of the heart, 
radically altering (to the point of arguably bastardising) the latter to fit and become the focus of his mechanistic 
program in physiology.  From the Chemical program Fludd had already endorsed the discovery of his friend 
Harvey, but invested its meaning with mystical connotations in ways that only committed aficionados of his genre 
of natural philosophy could appreciate.  Matters became quite entangled in tactical cross fire over natural 
philosophical agendas and intentions for subordinate disciplines: Gassendi, one of the early mechanists, was 
understandably eager to refute Fludd’s interpretation of the meaning of the circulation, but went on to reaffirm in 
anatomy, against Harvey (and Descartes) the Galenic pores in the septum of the heart on the basis of first hand 
witnessing of facts of dissection! For Gassendi it was this Galenic anatomical claim that vindicated a sense of the 
identity of venous and arterial blood, a claim typical of Harvey’s entire position in Aristotelian physiology! 
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Interestingly, as many examples show, although novelty was valued, and watched 
closely, natural philosophers could compete by appropriating novelty without  
necessarily producing phenomena, new experiments themselves.  But by the mid 17th 
century, natural philosophical competition was increasingly expressed through 
deployment of instruments and performance of experiments. Ranges of factual 
novelties, mediated by particular instruments or hardwares, attracted competitive 
attention, as different natural philosophers moved to co-opt such choice areas into 
their systems.  Such domains, involved, for example, magnetism, aero-statics, and 
electricity, which became ‘discipline-like’ only much later in the 18th century, by 
passing through the maw of natural philosophical contestation and co-optation.  The 
full meaning of this shift toward a more ‘experimental’ tone will be explicated below, 
as it is important for our Royal Society case study.  

In sum, and to preview Part II of this paper, we don't believe in origins or ruptures, 
wherein natural philosophy suddenly died, placed by nascent Science.  Rather we see 
a set of transformations inside the seething, contested culture of natural 
philosophising and its bubbling entourage, leading in the end, as already said, to the 
simultaneous heightening of the cultural autonomy of natural philosophy and the 
beginnings of its century and half long process of disintegration into a spectrum of 
successor sciences.19 By the later 17th century natural philosophers found themselves 
doing some of their natural philosophising within the confines of particular new sites 
or institutions—such as the Royal Society or the Accademia del Cimento.  In such 
situations, as we shall see, natural philosophers played the institution's 
organisational patterns in ways advantageous to them in institutional and natural 
philosophical terms.  We see these institutions as additional, new nodes in the 
Europe wide field of natural philosophising—the field played through the sites, and 
the dynamics of the sites affected the field—we do not see them as incubators of an 
essentially new, unified Science, replacing a natural philosophising supposedly 
barred from their precincts.  It is to these issues we turn in Part II, but only after a 
couple of other matters of historiographical ground clearing have been resolved. 

 

I.3 What is generic experiment/instrument use?  

To think clearly about experimental natural philosophy or experimental science you 
must have epistemological therapy.  First, abandon all hope that the invention of 
some unique transferable method of experiment explains everything (or indeed 
anything!).  Kuhn, Bachelard and post-Kuhnian ‘sociology of scientific knowledge’ 

                                                                                                                                      
 
19 To take an overview of the changes in natural philosophy in the early modern, I think we can say that coming 
out of the late medieval and into the early 16th century, natural philosophising was largely, indeed almost entirely 
a university based, in-house game of competing versions of Aristotelianisms.  A subsequent ‘scientific 
renaissance’ stage followed in the 16th 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 17th 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 17th 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 (1963, 1964) in the 60s and Ravetz (1975) in the 70s, to people of my 
own generation, as noted earlier.  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 crystallisation of some states—and of the state system itself—and failure of others).  
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[SSK] disposed of that.20  Nor will Shapin’s sociological equivalent of method—a 
unique transferable etiquette for doing experiment—offer a solution.21  Secondly, the 
way to proceed is to do what Graeme Watchirs and I in 1990 termed, ‘taking 
Bachelard and “sociologicising” him’ 22—marrying his model of experimental science 
to modern sociology of scientific knowledge perspectives from Harry Collins, Trevor 
Pinch, Barry Barnes and Steven Shapin. 

Figure 2 teaches the several ways in which a scientific instrument, experimental 
hardware, is theory-loaded.23 An instrument is, as Bachelard famously said, a 
‘materialised’ theory. Experimental hardwares also give perceptual outputs, but these 
have to be interpreted and selected—so you need more theories. The interpreted and 
selected perceptual outputs are ‘results’ which you deploy in your scientific argument 
to advance claims about the objects of inquiry in your field of research.  There’s also a 
prior question: how does nature input your instrument, and that too depends on 
theory.  In an optical instrument, the telescope, light is the input.  But, what is light?  
How does it bend?  Does celestial light differ from terrestrial light?  So you need 
theory of the input. 

                                                
20 Schuster (1979, 1984, 1986, 1993) Richards and Schuster (1989) and the Ur-sources in Bachelard, Kuhn and 
Feyerabend [particularly Feyerabend (1970) rather than his otherwise canonical Against Method and Bachelard 
(1949)]. 
21 Why this is the case is discussed at length in Schuster and Taylor (1997) commenting on Shapin (1994). 
22 Schuster and Watchirs (1990) 
23 Figure from chap 14  of my web-based textbook, Schuster (1995b) 
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 Figure 2 Sophisticated View of Instruments 
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Now, when you talk about a hardware, its make-up, its inputs and its outputs, you 
either talk ordinary language, or theory language.  In the former case you’re not 
doing science—your discoursing about an everyday artefact.  Hence, and this is the 
crux of the matter for this paper—when experimental hardwares first entered 
science—I mean natural philosophy and its entourage of subordinate sciences—guess 
where the theory came from that was invested in hardwares, their inputs and 
outputs—that’s right—the theories and discourse embodied in early hardwares had to 
come from within the field of natural philosophy, otherwise, you were outside the 
sphere of natural philosophising—or the sphere of science, as the vulgar would say—
and in the sphere of crafts and practical arts.24   

                                                
24 I discuss this in relation to the problem of natural philosophers being ‘influenced’ by practical mathematicians 
in a forthcoming study, J.A.Schuster, ‘Consuming and Appropriating Practical Mathematics and the Mixed 
Mathematical Field, or Being ‘Influenced’ by Them: The Case of the Young Descartes’, Chapter 2 in Lesley 
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So, what was the fundamental touchstone of experimental natural philosophy—
whether Aristotelian, mechanistic, chemical, neo-Platonic, or Newtonian:  Was it 
experimental method—surely not; was it gentlemanly etiquette for reporting trivial 
facts—surely not; 25 was it random Baconian fact gathering in ordinary language—
surely not!  Experimental natural philosophy occurred where natural philosophical 
theory was invested in artefacts and instruments (and accompanying practices and 
"outputs") in order that the reports of outputs could serve to support other natural 
philosophical claims.26 

 

I.4 What Was It to Experiment and Handle Hardware within the Natural 
Philosophical Contest? Where did new Experimental Sciences Finally Come From? 

Recall now the increasing role of competition in the early to mid 17th century natural 
philosophising game: There was no consensus in the world of natural philosophising, 
in the early to mid 17th century when experiment became endemic.  Indeed, as we 
hinted, that was in part the product of competition. Natural philosophers competed 
by creating, or co-opting hardwares, and making claims, in natural philosophy, on 
the basis of outputs from such hardwares. The hardwares were competitively 
invested with natural philosophical theory—Ideal typically: my theory of a 
hardware was an articulation of my natural philosophical commitments; and the 
outputs delivered by that hardware and glossed by me were of natural 
philosophical relevance, to support my natural philosophical agendas and to deny 
your competing ones. 

This same competitive pattern of production of novel experiments and facts, to 
support one’s own natural philosophy or deflect an opponent’s, runs right through 
the mid Seventeenth century. The international sensations produced by Torricelli’s 
‘barometer’ and later by Boyle’s air pump weren’t simply events about making (and 
transferring) an instrument, and finding (and replicating) one given agreed set of 
facts.  Mechanists, Aristotelians and surviving Chemical philosophers contended 

                                                                                                                                      
Cormack [ed.] Mathematical Practitioners and the Transformation of Natural Knowledge in Early Modern 
Europe (Chicago University Press, in press)  

25 The contention of Shapin (1994).  For deconstruction of this quite untenable posture see Schuster and Taylor 
(1997) . 

26 If, following Bachelard, Kuhn and Feyerabend, there is no unique, transferable and genuinely efficacious 
experimental method, and if experimental science was actually natural philosophers doing experimental natural 
philosophy the way I have modelled—much of the traditional understanding of the role of the practical arts has to 
be rethought: Everyone from Zilsel (1942) and Needham (1969), pp.49-50 and passim. right down to H.Floris 
Cohen (1994) has seen the key to the Scientific Revolution as the ‘experimental method’ emerging from the 
crossing of the practical arts (and practical artisans) with action scholars (not fuddy duddy Aristotelians).  But the 
problem is clear—either you assert the culture of natural philosophy was defunct, and a unique transferable 
method was discovered, or you face up to serious ‘field and process’ history—you cannot affect dynamics and 
utterances in the culture of natural philosophy unless and until some practitioners within that culture respond to, 
weave into the culture, some aspects of the world of practical arts—rhetoric, artefacts, information, values.  The 
extreme cases prove the rule—if early modern Europe had not possessed a dynamic and contested culture of 
natural philosophising, its ferocious state and military competition, awakening agricultural and commercial 
capitalist economy, and bubbling practical arts would have gone their way without that missing natural 
philosophical carrier beam—as they had in Islam and Rome [see my essay review of Cohen (1994), Schuster 
(1997)] A perfect example of this dynamic is the master engineer and maestro of the mathematical arts, Simon 
Stevin.  He eschewed the culture of natural philosophy and looked to a kind of program in ‘super-arts’, to be lead 
by men like himself.  His values, and his results, needed to be taken into the culture of natural philosophising, for 
example by Beeckman and Descartes, for it to matter in the natural philosophical contest. [Gaukroger and Schuster 
(2002), Gaukroger (2000)  These points by the way, illustrate the general pattern of historiographical criticism and 
alternative explanation made possible by rigorous exploring a macro history focussed on the culture of natural 
philosophising.     
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over what the facts were, what they meant, how the instruments behaved, and hence 
what the instruments actually were. 

Despite recent trendy interpretations, it isn’t the case that, after 1660, the advent of 
new scientific societies and academies ushered in a new world of “experimental 
science” producing atheoretical facts. In other words, that a rupture occurred, 
natural philosophy died and modern experimental science was born.  Part II of this 
paper will show that natural philosophical agendas and contestation continued 
inside the new scientific institutions.  The issue is to tease out exactly what was 
happening, and how the field of natural philosophising was changing in the process. 

So, the rise of experimentation occurred in and of the natural philosophical field.  
The increasing tendency to deploy instruments and experimental hardwares was 
both an effect and cause of competition within and across genera of natural 
philosophy. The ‘rise of experimental science’ is in the first instance the ‘rise of 
experimentally articulated, and contested, natural philosophy’.  New experimental 
domains did later tend to emerge, but they occurred within the field of natural 
philosophising, with the formation of successor disciplines, experimental disciplines, 
more narrow and specialised than natural philosophising, and increasingly 
independent from it. These new fields included the study of heat, electricity, 
magnetism  and pneumatics, or the physical side of chemistry concerned with the 
manipulation and properties of gases.   

How that occurred may be conceptualised as a long term unintended windfall of 
these processes: These new ‘experimental sciences’ formed out of the evolving matrix 
of late Seventeenth and Eighteenth century natural philosophy and not against it by 
rupture. The new sciences arose out of understandable—but largely unintended—
processes within the domain of natural philosophising.27  We have seen that by the 
mid 17th century competition within and across natural philosophical programs lent 
extra imperative to doing of experiments and exploring instruments and 
experimental hardwares. Different programs favoured different areas of 
experimental exploration but all had to take some account of what competitors were 
doing.  This dynamic encouraged proliferation of experimental domains and depth of 
engagement with them—meaning the multiplication of claims, hardwares and 
practices in regions of experimental contestation.  Competition also promoted the 
idea that the criteria of natural philosophical success were novelty and fruitfulness. 
Each domain of experimental inquiry acquired more hardware, findings and 
protocols whilst its language of explanation, originally derived from natural 
philosophy, became a more regional explanatory dialect, less related to upper level 
disputes (and residual systematising aims) in natural philosophy.28  By the mid-
Eighteenth century there were obvious disciplinary bodies of theory, experiment and 
practitioners in the study of heat or electricity and magnetism relatively more 
detailed than their original sources in competing natural philosophies.29  A century 
earlier only a random flotsam of fact, hardware, claim and counter-claim ‘belonging’ 
to these areas had floated atop the natural philosophical cauldron subordinated to 

                                                
27 Schuster and Watchirs (1990)   
28 Cf Schuster (2002), elaborating Schuster and Watchirs (1990) by attending to the parallel processes in the 
emerging physico-mathematical disciplines. 
29 Gaston Bachelard and Thomas Kuhn first studied these developments, pointing out that these sciences did not 
arise from the application of a mythical scientific method.  About this they were correct.  What they were incorrect 
about, according to me, was their claim that the new experimental disciplines arose from local ruptures with ‘pre-
scientific-’, ‘pre-paradigm-’, that is, natural philosophical discourse. I claim these new ‘experimental sciences’ 
formed out of the evolving matrix of late Seventeenth and Eighteenth century natural philosophy and not against it 
by rupture. The new sciences arose out of understandable—but largely unintended—processes within the domain 
of natural philosophising.  I say, “What else could experimental sciences be, if not descendants of competitive 
attempts to invest experimental hardwares with natural philosophical meanings?”  
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the competitive systematising ruck. In between lay the process of domain/dialect 
formation.  

 

I.5 Mathematicising ‘Science’? or Physicalising Old and Nascent Fields under the 
Aegis of Natural philosophising? 

The ‘mathematisation of science’ so-called doesn’t denote a great essentialist birth.  
It, like the rise of experimental sciences, was a set of phenomena inside the field of 
natural philosophy. The ‘mathematisation of science’ certainly didn’t arise from the 
invention of a unique, transferable method for doing mathematical science—that is 
flatly impossible on post-Bachelard, Kuhn and Feyerabend grounds. The 
‘mathematisation of Science’ was, in fact, the mathematisation of existing and 
nascent subordinate sciences—and occurred inside the natural philosophical field, 
as part of its dynamics. Indeed, the dominant Aristotelians saw the mathematical 
sciences as subordinate and non explanatory—so, as I have been insisting lately, we 
should speak of the increasing physicalisation of existing and nascent mathematical 
fields, not their increasing mathematisation.30 

According to the dominant Scholastic Aristotelians, natural philosophy studies 
matter and cause and renders physical explanations.  [Fig 1 again] Mathematics 
deals with geometrical figures and numbers, things that do not change, and, despite 
the opinion of Plato, exist only in our minds.  On this basis the Aristotelians 
recognised the so-called ‘mixed’ mathematical sciences, such as optics, astronomy 
and mechanics, as sub-ordinate to natural philosophy. They gave only instrumental 
mathematical descriptions, not causal explanations.   

For example, according to Aristotelians, the investigation of the physical nature of 
light falls under natural philosophy, involving principles of matter and cause.  The 
mixed mathematical science of geometrical optics is subordinate.  It studies ray 
diagrams, where geometrical lines represent rays of light.  It deals with phenomena 
such as the reflection and refraction of light in a descriptive, mathematical manner, 
and cannot provide causal explanations, based on the physical nature of light. 

Such was the dominant Scholastic view of how the mixed mathematical disciplines 
related to the ‘superior’ discipline of natural philosophy, which did the real 
explanatory work.  However, as the competition amongst natural philosophies 
heated up early in the seventeenth century, natural philosophers hostile to 
Aristotelianism claimed that mathematics could play an explanatory role in natural 
philosophy.  It was the ‘usual suspects’ amongst alternative natural philosophers who 
challenged Aristotelianism on this issue—Galileo, Kepler, Descartes, Gilbert, 
Mersenne, Beeckman. Moving between mixed mathematics and novel natural 
philosophising, they produced much more ‘physico-mathematical’ versions of the old 
fields, supportive of their natural philosophical agendas.   

Again, competition amongst natural philosophies drove this process, as it intensified 
in the first two generations of the 17th century.  On the one hand, this promoted 
‘physicalisation’ of the mixed mathematical sciences; on the other hand, 
unprecedented, tight, articulations emerged between some natural philosophies and 
some innovations in the mixed mathematical sciences.31 

                                                
30 This insight began with collaborative work leading to Gaukroger and Schuster (2002); developed further in 
Schuster forthcoming works, referenced at Notes 6 and 24 above. 
31 Those who forged and followed this sort of agenda, like Beeckman and Descartes, used the term ‘physico-
mathematics’ to denote what they were trying to do.  The category of physico-mathematics needs to be treated—
like natural philosophy— as another one of those rich and challenging iceberg–like concepts in the historiography 
of science. : It was first of all a players’ category—not a hardened, hypostatised tradition or movement, but a term 
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The traditional mixed mathematical field of geometrical optics presents a useful case 
relevant to our study of the Royal Society in Part II.  Consider how geometrical optics 
developed inside the natural philosophical turbulence in the early 17th century: In 
their optical work Kepler [1604] and Descartes [1637] each sought closer interaction 
between optical innovation on the one hand and natural philosophical explanations 
on the other. Kepler practised geometrical optics under, and in the service of, a neo-
Platonic natural philosophy 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, emulating Kepler’s technical optical 
achievements but in competition with his neo-Platonic natural philosophical 
program, practised 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 I have shown, essential details of Descartes’ 
mechanistic system were shaped by his optical successes.32  

Under such pressures, geometrical optics, the mixed mathematical science of the 
Scholastics, evolved into a much more obviously ‘physico-mathematical’ discipline, 
in which issues of physical causation were definitely not avoided.  Innovating natural 
philosophers got natural philosophical capital out of such optical work, but also, 
there emerged at each turn a more dense, relatively more independent domain of 
physico-mathematical optics—a disciplinary area was crystallising as a function of 
being batted around in the natural philosophical ruck. 

This process intensified in the latter half of the Seventeenth century, in the physico-
mathematical optical work of Hobbes, Huygens, Robert Hooke, Newton and a host of 
others.  By 1700 there was a great density of new phenomena, instrumental/practical 
applications and new problems.  A domain of physical and mathematical expertise 
crystallised; optical work floated more freely than ever before from the demands of 
any given natural philosophical system.   So, optics emerged from its Aristotelian 
cocoon as an unintended consequence of natural philosophical competition.  From 
having been a subordinate, merely instrumental ‘mixed-mathematical’ discipline, it 
became more a ‘physico-mathematical’ discipline, increasingly independent of any 
particular natural philosophical system, and indeed relatively independent of the 
domain of natural philosophising as a whole.33  

                                                                                                                                      
variously used.  One can define half dozen variants of the program from contemporary actors—even Beeckman’s 
version differs slightly from Descartes’!  We also need to flesh out the bottom of the categorical iceberg: The term 
physico-mathematics—regardless of whether or not players adopted the term—denoted a commitment to radically 
revising the Scholastic Aristotelian view of the mixed mathematical sciences as subordinate to natural philosophy, 
non explanatory and merely descriptive. Somehow, the mixed mathematical disciplines would become intimately 
related to natural philosophical issues of matter and cause—they were to become, as I said, more ‘physicalised’, 
more closely intertwined with natural philosophising, regardless of which species of natural philosophy one 
pursued. 

Furthermore, we can observe (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 renegotiation in practice and challenge at the level of formal principle. The letter 
of Aristotle’s distinction 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 was 
inflamed by the Copernican challenge—a mixed mathematical theory that claimed natural philosophical truth and 
demanded perforce the overthrow of Aristotelianism to achieve it. [Cf. Note 33 below.]  Similarly it was open for 
non-Aristotelian rebels like Descartes and Beeckman to try to renegotiate the rule. But, and this should be noted, 
all this jockeying and negotiating over attempts at the physicalisation of mixed mathematical fields occurred 
inside the field of natural philosophising, not outside it.     
32 Schuster (2000); Schuster (2005) and forthcoming “Descartes Agonistes…”, Chapters 4 and 10. 
33 The fate of traditional geometrical astronomy provides the most important case of what happened to a mixed 
mathematical science in the process of the Scientific Revolution.  Geometrical astronomy was, of course, routinely 
held to lack the explanatory power of natural philosophy, because it did not deal with the material and causal 
principles of planetary motion, but merely with appearance-saving geometrical models. Thus, the fine details and 
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More generally, this growth and transformation of the mixed mathematical sciences 
into physico-mathematical ones helped alter the complexion and centre of gravity of 
natural philosophy.34  By the late Seventeenth century natural philosophy was in one 
sense more centrally about such physico-mathematical matters; but, simultaneously 
there was also a marked tendency for natural philosophy itself to dissipate into what 
were just beginning to manifest the character of successor fields.  The emergent 
physico-mathematical fields more and more absorbed questions previously treated in 
natural philosophy. It is only retrospectively and whiggishly that these developments 
look like de novo births of discrete, non-natural philosophical mathematical 
disciplines. Viewed prospectively, developing over time as a function of the dynamics 
of the natural philosophical field, these emergent physico-mathematical disciplines 
represent at the macro level, a complex, and unintended wash up of varied and 
competing attempts to rethink the articulations between the mixed mathematical 
and natural philosophical domains, particularly by challengers to entrenched 
Aristotelianism, that is by combatants in a common natural philosophical field.   

 

I.6 The Fate of Natural philosophy and the Gaukroger Problem Revisited 

The ‘birth of experimental science’ and ‘birth of mathematicised science’ have been 
shown to be misnomers for phenomena that occurred within the field of natural 
philosophy and its entourage of subordinate disciplines.  In the period of the so-
called scientific revolution, natural philosophy did not disappear, replaced by a new 
science or scientific method—rather it underwent unprecedented turmoil, and inter-
systematic conflict, entraining a concatenation of largely unintended and 
unprecedented consequences regarding experimentation in natural philosophy and 
mathematisation in natural philosophy.  

The ‘civil war’ of natural philosophies of the early and mid 17th century had 
unleashed these processes, putting in train developments, intended and unintended, 
that eventually re-wrote the earlier organisation of natural philosophical knowledge 
and its entourage of narrow subordinate disciplines.  This occurred during the late 
Seventeenth and early Eighteenth century, as the culture of natural philosophising 
was both set off from other branches of philosophy, and itself beginning to dissipate 
into derivative, more narrow, semi-autonomous domains of inquiry.  By the late 

                                                                                                                                      
elaborate geometrical tools of Ptolemaic astronomy fell outside any plausible realistic interpretation, and hence 
outside any natural philosophical gloss.  However, the fundamental concepts of Ptolemy's astronomy were clearly 
shaped by Aristotelian natural philosophy: the finite earth-centred cosmos, the distinction between the celestial 
and the terrestrial realms, the primacy of uniform circular motion. Therefore, it is quite clear that even in the 
relations of Aristotelian natural philosophy to Ptolemaic geometrical astronomy, there were linkages of a causal 
and matter theoretical nature that grounded the geometrical astronomy and linked it to its ‘parental’ natural 
philosophy.  Admittedly this was a thin conceptual linkage, but nevertheless a real one. It also proved to be a 
highly fragile linkage, becoming, in field terms, the site of the Copernican challenge and debate—hence the 
centrality of this matter in the entire process of the Scientific Revolution:  In terms of my model the following 
may be said. When, in the later sixteenth and early seventeenth centuries, Copernican astronomy came to be hotly 
debated, it was not as a set of new calculational fictions, but rather as a system with realistic claims about the 
physical structure and causal regime of the cosmos, implying the need for a framework of non-Aristotelian natural 
philosophy, a new theory of matter and cause, adequate to justifying its existence and explaining its physical 
mechanisms, and de facto a radicalising of the grammar of relation between mathematics and natural 
philosophical explanation.  This is why the Copernican debate was one of the key ‘hot-spots’ in the desperate 
natural philosophical struggle of the early 17th century, and why in turn it helped fuel that crisis. Conversely, the 
entire debate over realist Copernicanism, and embryonic emergence in Kepler and Descartes of a discourse of 
celestial physics, was a phenomenon of competition at a now inflamed site within the natural philosophical field—
the site where anti-Aristotelians articulated their utterances onto versions of realist Copernican astronomy—no 
realist Copernicanism, no inflammation. But why be a realist Copernican unless you intend a quite radical 
overhaul of Aristotelian natural philosophy as such? 
34 Schuster  (2002) 
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Eighteenth century, all these tendencies contributed to the dissolution of the five 
hundred year long European culture of systematic natural philosophising and the 
emergence in its wake of that more typically 19th century institutional, professional 
and disciplinary ecology of the sciences which we might actually call ‘modern’.35   

 

 

 

Part II The Case of the Royal Society as Site and Shaper of Natural 
Philosophising 

We turn now to the working, case study part of this historiographical exercise.  Was 
the early Royal Society of London the site (or even just one important site) of the 
ruptural creation of ‘modern experimental Science’ (sic), or did natural philosophical 
contestation continue to play through its interestingly new organisational channels, 
further driving—in somewhat new ways—those larger patterns of change, discussed 
in Part I, that is, the fragmentation into more modern looking ‘sciences’ of an 
ironically increasingly autonomous natural philosophy? 

II.1 Recent Origin Tales Sheeted Home to the Royal Society 

First of all, one should make no mistake about the fact that in recent, widely accepted 
and praised scholarship, a rather old fashioned sort of origin tale for experimental 
science (sic) has been woven around the early Royal Society, as we have hinted above 
in allusions to the widely approved works of Shapin (1994) and Dear (1985, 1995), 
who see some sort of rupture to modern experimental science going on in and 
around the early Royal Society, tied to the cultural death of ‘natural philosophy’. So, 
the newer literature on the new organisations re-invents kind of whiggish 
rupturalism, and does it in a way less sophisticated, and much less justifiable in its 
time and place, than that of Koyré and Kuhn, because it is about ex nihilo creation of 
something like an experimental or inductive method making for ‘the new Science’; 
enough to make those old anti-methodists, Koyré and Kuhn, spin in their graves, and 
we living post-Kuhnians grieve for a field so forgetful and hence standard-less. 

I have always been sceptical of this sort of approach, based even on my earliest 
inklings of a natural philosophy–centric historiography of the Scientific Revolution.  
My inclinations were reinforced by working for several years with Dr Alan Taylor, 
who had convinced himself of the need to emphasise the long durée continuities in 
Western science, a view that could easily be articulated onto my views of natural 
philosophy.36  More importantly he had pioneered a novel and revealing way of 
unpacking the organisational processes of knowledge institutions, and the ways these 
processes both helped to weave and were themselves woven into, the knowledge 
making and knowledge breaking operations of such organisations. 

II.2 How to Study the Organisational Dynamics of the Experimental Life in the Early 
Royal Society 

                                                
35 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 sciences. 
36 Dr. Alan B. H. Taylor (b 1938) is an ex Royal Marine (battlefield tactician) and latterly senior corporate IT 
strategist in Australia, who, in later life, turned himself into an extraordinary historian of scientific organisation 
and practice, under the tutelage of Professor Rod Home at Melbourne.  Alan then worked as a research fellow with 
me, leading to several collaborative works, before he decided to retire from active engagement in the field of HPS 
in 2001. 
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Taylor and I were motivated by claims that the early Royal Society was where 
modern experimental Science was born, as noted above.  Believing in continuity and 
process in natural philosophy not ruptures from it to ‘Science’, we wondered how 
natural philosophising was pursued in experimental mode and inside the new 
institutions. 

So, in studying the organisation and practice of ‘experimental natural philosophy’ at 
the early Royal Society of London—the organisation of ‘the experimental life’ as 
Shapinians would have it—we are concerned with how organisational processes and 
patterns inside the Royal Society shaped that life: shaped the conduct of inquiries 
inside the institution and the representations of those inquiries to the outside public. 
We focus on organisational processes—the routine patterns of decision-making and 
action-taking that produced experimental inquiries, and formed communications 
about them.37  The decision/action patterns in which we are interested were present 
above and beyond specific passages of activity, but they only existed in so far as 
actors reproduced and sustained them, by acting within them.  From an actor's 
standpoint, the patterns were constraints and resources—they might be played 
slightly differently in terms of actors' skills and agendas.38 It's important to identify 
the decision/action patterns, but also to follow different actors as they play within 
and upon them.  Here are some of our summary findings, to be further explored in 
our case studies: 

[1] The initiation and subsequent leadership of investigations was left to those who 
chose to be active; but, once initiated, a course of in house investigation was subject 
to routine patterns, routinely ordered by the Fellows—chiefly the repetition, re-
testing and witnessing of experiments as a condition for their acceptance.  

[2] This situation imposed a frequently observed pattern on the actual meetings: 
When material emerged at the Society's meetings outside the sphere of competence 
of most of the Fellows, they were left with little opportunity to participate.  But, for 
the few Fellows who had the required skills and motivation, a window of opportunity 
opened for them to participate fully and to introduce activities and views that 
favoured their preferred beliefs and interests.   

[3] Hence, for an active member interested in presenting his own agenda, the best 
policy was to keep the remaining Fellows engaged by feeding routine decisions their 
way, and to manage any spin off committees or actions the Fellows might collectively 
call for.  In this way the patterns the Society followed [a] facilitated the contributions 
of active players; [b] provided activity for most of the Fellows whilst [c] also 
encouraging the play of some individuals’ views via spin off committees or specific 
actions called for, such as the writing of reports. 

[4] News about experiments communicated to the public routinely failed to report 
the Society's in house processes of the construction of experimental knowledge. The 
Society systematically created the impression that it was merely the impartial 
reporter of news supplied by others.  The contrast between what was reported and 

                                                
37 Hence we are in principle not concerned with the origins of the Royal Society or with debates about its 
sociological essence, as it were, in religion, Baconian method or gentlemanly etiquette.  Nor are we concerned 
with random summaries about the members and their activities, individually or in statistical categories.  As noted 
earlier, Dr. Taylor pioneered this particular line of approach.  Our joint interests in experiment, in historical 
process and in the dynamics of natural philosophy led us to collaborate on organisational matters relating to 
experimentation. 
38  The theory inspiration here is broadly out of early Anthony Giddens’ concept of structuration. 



Schuster, From Natural Philosophy to Science(s): Transformations (Intended and Unintended), Not 
Ruptures, in Early Modern Knowledge Networks—the Disputed Case of the Early Royal Society. Version 
4.0  
 

 p.18 

what happened in house was endemic, and no accident, but rather a consequence of 
deeply embedded policies.39   

[5] To study actors we have to remember that competences and interests are two 
different things, and that competences and interests are played by actors within fault 
lines of existing decision/action patterns, so that processes and products, 
undertakings and outcomes do not reduce to sums of individual interests or 
competences.40  In particular we want to follow how leading players play the patterns 
and work with them.  The existence of lead players and of routine patterns were 
intertwining organisational moments at the Royal Society.41 

[6] But of course one more dimension needs to be carefully woven in, because the 
players were all one way or another players acculturated into and manoeuvring 
within the pan-European culture of natural philosophising.  In ways our cases will 
illustrate, the culture of natural philosophising and its conflicts were woven into and 
through the specific organisational processes of the site, which in turn became a node 
of a new type in that pan-European culture.  The more institutions like the Royal 
Society proliferated in the field, the more the process and products of the field 
changed (without rupturing). 

 

II.3 Case 1 An Episode with May–dew 

In May 1664, John Pell, a Fellow, proposed that the Society experiment about the 
weight of May-dew; about a salt that was obtained from it; and about the life 
"generated from it".42  Many thought that a 'vital salt' was the clue to the generation 
of life, and that life spawned "from" the dew, as Pell noted.  Suitably intrigued, other 
Fellows joined in.  Thomas Henshaw, a leading Fellow and Royal confident, told the 

                                                
39 For instance, these policies both enabled Henry Oldenburg to carry out the day to day provision of news to those 
involved, and curtailed his actions.  In the longer draft monographic version of this material we argue that 
Oldenburg, as editor of the Philosophical Transactions, was not completely free to publish what he pleased: that 
he followed the policies of the Society and met the day to day directions of the Council and Fellows.  An example 
of this occurs in our Case 3 below. 
40 We shall see [Part III.2 below] that this is a very important element in the relative muting of overt natural 
philosophical conflict inside the institution and in its public products, and that this development both shaped and 
was shaped by the continuing loss of cultural appeal of heroic, individual systematisation in natural philosophy 
(which never died, of course, as many mid and late 18th century players demonstrate). 
41 It’s also important to realise that decision/action patterns formed sedimentary layers. The deepest level was 
constituted by corporate policy settings of the institution as set down in its Charters and Statutes. These announced 
the Society's product, claims about natural knowledge, and they discussed in a general way the Society's 
strategy—how its founders saw its operations would achieve its aim—the improvement of natural knowledge. 
Policy was guided by what we would today call a Corporate Group, the Council. (The Record , 256f, and Ibid, 
250–263, 287–300)  The corporate policy and strategy provided a framework that, whilst reviewable, and 
somewhat elastic, also could be invoked to ground and legitimate the organisation's more specific and higher-level 
decision-actions.   The most important aspect of deep policy for the subject of this paper is this: The Royal 
Society’s corporate policies didn’t include a detailed day to day method, or procedure for investigating nature by 
means of experiments.  Indeed the 'Corporate Policy' was to encourage the use of disparate views on approaches to 
experiment.  Despite various unproven assertions by Purver, Hunter, Schaffer, Shapin and Dear, the Royal Society 
was not Baconian, Boylean or Newtonian: it was open textured by design and functioning. (Here we mean 
'Baconianism' as a more or less systematically articulated natural philosophy as recoverable from the published 
texts of Bacon.  The Royal Society was in many ways accountably 'Baconian' in a range of looser, more generic 
senses of the term.)   This strategy shaped the higher level decision-action patterns.  All three of our cases show 
that the decision/action patterns involved in experimental investigations allowed for a flexible style of inquiry—
differences of approach and interest of the Fellows could be mobilised in order to achieve the Society's aims. 
(And, not just to ‘mobilise' but to contain without conflict—Shapin’s account therefore overdramatises: you can 
have divergence without conflict and mere differences do not necessarily entail conflict. Cf. Sections III.1 and 
III.2 below)   
42 Birch, History , i, 418.  
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Fellows he'd already carried out experiments with May-dew, tantalising them by 
asserting, "that he had observed [an] abundance of insects, and particularly of 
millipedes, bred in (a barrel of May-dew)".43  Henshaw claimed not only to have the 
experiments, but also the results. According to the Minutes, the Fellows requested 
Henshaw "to bring [in] an account in writing of those experiments...and to suggest 
new ones."44    

At a later meeting Henshaw's experimental report was read and recorded in the 
register book,45 and the Fellows instructed the operator to repeat as many of 
Henshaw's experiments, under supervision, as he could—a routine decision.46   So, 
Henshaw's experiments had set the program for the subsequent investigation, but 
the Fellows had the experiments repeated under supervision.  And, later in May 
1665 they asked Pell to repeat the experiments. The Fellows also ordered the 
collection, for experimentation, of various types of May-dew, but apparently this 
was not done.47  

Now, let's reflect on this in house activity in organisational terms.  The patterns here 
are typical of the organisation:  The path of the investigation was left to those who 
wanted to contribute.  Henshaw had the interest, the knowledge and the ability to 
perform the series of experiments.  His experiments established the routine for the 
subsequent investigation.  However, the Fellows did intervene organisationally, in a 
routine manner, having the experiments repeated under supervision, and by Pell. 
Otherwise they weren’t prepared to take Henshaw's experimental findings at face 
value.  In sum, the Fellows who attended the meetings were prepared to make a 
routine decision to begin the activity, once impetus had been given by a member's 
suggestion; and, given Henshaw's leadership, the Fellows were willing to engage in 
further rounds of routine decision making.  

What then about the patterns for communication of results to the public?  Well, 
consistent with our general findings, the Philosophical Transactions published 
Henshaw's report on his experiments, under his authority alone in 1665. The Phil 
Trans tell us nothing about the experimental activity inside the Society.  

Note how the decision-making and action-taking patterns actually brought this 
project into being and informed it:  In asking Henshaw to present his experiments, 
the Fellows avoided taking any non routine decisions and actions.  To think 
experiments on May–dew were important was one thing, but knowledge about what 
experiments to do and competence to perform them was another.  Interest and 
competence were disjoined, and the gap between was bridged on terms dictated by 
the organisation, by its routine patterns and processes.48  

Note also that the contested culture of natural philosophy played right through this 
affair. There’s no break from natural philosophy, and no atheoretical ‘matters of 

                                                
43 Birch, History , i, 418; we have inserted the emphasis for "in". 
44 Ibid.  
45 Birch, History , i, 422, 425.  
46 Ibid; see also Ibid, ii, 45. The Fellows carried out some experiments at the weekly meetings with May-dew, 
Ibid, i, 427. One reason for the operator carrying out experiments concerning May-dew outside the meetings 
would have been related to the time, as reported by Henshaw, required for the investigations. T. Henshaw, "Some 
observations and experiments upon May-dew", Philosophical Transactions, 3 (1665), 33-36.  
47 Birch, History , i, 419. The background assumption that the species of dew would vary with the micro-
environment was given support by the writings of Hooke, who argued, when he referred to mites, that different 
substances might have varied properties that nourished small creatures. Taylor (1994),pp. 174ff.  
48 Including the roles they leave, or invite, for leading players, and including also their modes of participation in 
wider, supervening cultures or discourses—such as that of natural philosophising. 
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fact’.49  The publication was not atheoretical:  For readers with an interest in 
alchemical or chemical matters, Henshaw's published report bristled with overtones 
of theories related to generating substantial change, and indicating that change had 
occurred.  For alchemically and chemically informed readers, the theoretical issues 
would have been obvious.50  Natural philosophical interests were there, and played 
through the affair, showing up in the output, if only in a controlled and muted way: 
The Society, in other words, allowed for, and catered to, that diversity of natural 
philosophical perspectives by means of its decision/action patterns—a very 
important finding for those conversant with the recent literature. 

Noticing natural philosophy in play in this case leads to further insights: First of all, 
the actions that took place, the trajectories they formed, and the outcomes that 
arose did not necessarily reflect the background beliefs and agendas of Henshaw 
and other particular Fellows.  Many had natural philosophical axes to grind, but all 
geared in with the process that unfolded.51 The processes of manufacturing and 
communicating experimentally based knowledge existed beyond the mere 
summation of individuals' socio-cognitive interests and agendas—studying the 
patterns is thus important.  And secondly, the participants, each acting in view of his 
own awareness of the decision/action patterns, reproduced and further enforced 
those patterns.  This rendered the events at the Society understandable to the 
players and variously controllable by the active participants. 

 

II. 4 Case 2 The 1680 Metals Project 

Our second case is ‘the 1680 Metals Project’.  It involved melting, mixing and 
finding the specific gravity of several metals and their various mixtures.  In 1679 
there had been discussions about atmospheric pressure. Some speculated that an 
increase results from an influx of air from elsewhere, raising the height of the 
atmosphere locally; others suggested that whilst the quantity of air remains the 
same, there’s an influx of "steams, fumes or saline substances'' which dissolve in the 
air, making it heavier without increasing its volume.  Hooke, Wren and Croune 
discussed these matters,52 and towards the end of one discussion, Hooke said that, 
he had . . . “[carried out] an experiment proving the [inter-] penetration of 
liquors...by putting oil of vitriol into water" with the result that the two liquors 
together took up much less room than when they were separated.53  From this 
Hooke adduced a principle:  When “bodies really penetrate into the texture of each 

                                                
49Referring to the May-dew experiments, Dear (1985, p.158), for example, argued that: "The [alchemical] 
theoretical justification for the experiments could not properly be presented; what took its place was a correctly 
accredited experience." 
50Indeed, the plain language of Henshaw's account probably aided in the communication of such theory-loaded 
messages, in contrast to the obscure style of the traditional Alchemists.  
51 This conceit of still committed natural philosophical players having to gear into new and more ‘collective’ 
patterns of decision and action about process and product of ‘research’ is important in framing one’s 
understanding of this entire post-Baroque, late 17th century phase in the life of natural philosophy, the field and 
agon.  Natural philosophising does not die or stop, but in some contexts and networks it certainly has to be 
pursued in rather new ways.  In such contexts, holding out publicly for one’s own system (and its putative 
goodness) becomes less possible, relevant or interesting; activity and reward are driven further along the channels 
of fragmentation of natural philosophy into descendant domains.  But, to see here the death of natural 
philosophising or its rupture into Science mystifies and fetishises what was a long term set of processes, partially 
grasped and played by actors, and partially unintendedly fomented thereby.  See further remarks in Section III.2 
on the muting and modification of the natural philosophical contest in the later 17th century. 
52 Birch, History , iii, 509.  
53 Ibid, We have inserted the emphasis.  
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other;” both together take up less room than they did before they mixed, making a 
body with a higher specific gravity than either reagent.54   

Hooke offered to table experimental evidence  "mak[ing] evident" his premises, and 
the Fellows immediately accepted.55  At a meeting on 4 December 1679,  Hooke 
melted copper and tin together into one mass with a specific weight higher than the 
average of the specific weights of the ingredients.  He boasted that the cause was 
"the penetration, which those bodies made into one another."56  On 29 January 
Petty adduced a similar idea and example.   

In the course of this Project, the experiments were performed and witnessed under 
the supervision of a committee at a select venue.57   Hooke as Curator coordinated 
the activity, brought the members of the committee together and arranged for the 
experiments to take place.58 At the weekly meetings of the Society, Hooke would 
read a formal report on the experiments performed the previous week.  It would be 
registered and the Fellows were then encouraged to decide upon metals for the next 
experiment. At the end of the project, Hooke presented the Fellows with a table of 
the experimental results, which weren’t printed in the Philosophical Collections—
successor to the Philosophical Transactions.    

Again we have the same sort of patterns sanctioned by the Fellows, unfolding under 
the guidance of a leading figure.  But here some interesting additional features are 
present, chiefly the authority granted to the mechanical philosophy and to the power 
of mathematical deduction: Hooke’s premises arise from Boyle’s corpuscular-
mechanical matter theory.  The corpuscles of one substance are dispersed into the 
myriad voids existing amongst and within the complex particles of another 
substance, hence total volume decreases and specific gravity increases. 

Hooke's organising of this project was mediated by his ability to impose this theory 
and the warranted power of deductive reasoning within natural philosophical 
discourse.  The experiments were intended to demonstrate Hooke's propositions, 
not to investigate them or to 'test' them.59  Many experimental results supported 
Hooke's premises.60 But, when a mixture of tin and lead showed a specific gravity 
smaller, than it "really ought" to be,61 Hooke suavely disqualified the result, because 
it challenged "the invention of Archimedes"62  This was accepted without question.  
The authority vested in the mechanical philosophy and apparent deductions from it, 

                                                
54 Ibid.  
55 Ibid,  
56 Birch, History, iii, 511.  
57 Birch, History, iv, 7-9, 13f, 23, 25, 29, 30.  
58 Birch, History , iv, 16. Hooke did not always call the committee together. The operator on one occasion was 
given the responsibility for not only calling them together but was also ordered to report any one who was absent. 
Birch, History , iv, 20.  
59 Birch, History , iv, 6. Interestingly, when Hooke first announced to the Society his intention to follow the above 
procedure in order to "prove" his statements or propositions, the President supported this approach and argued  
that the "best method" of carrying out experimental investigations "was to proceed synthetically by first making 
the proposition what was designed to be proved, and then proceeding with the experiments to make the proof."  
Hooke, however, used the term synthesis for the inductive process from experiment to theory. Oldroyd (1986) 
pp.115ff.  
60 Birch, History, iv, 11ff, 25.  
61 Birch, History , iv, 6.  
62 Ibid.  
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as well as the mixed mathematical science of hydrostatics, could override 
unacceptable experimental results. 

To summarise: this project originated in rambling discussions, crystallised by 
Hooke's early moves.  He then guided the usual routine actions, and as his control 
tightened, the project took shape. Hooke managed the series of experiments; 
directed the conduct of individual experiments; and controlled the evaluation of 
experimental results.  But, at all times he worked under the routine decision/action 
patterns for meetings. These promoted witnessing and group responsibility, as 
Shapin would expect, but it allowed for, indeed required, bravura organisational 
performances, such as Hooke's, and it allowed for the explicit role of natural 
philosophical theory, mixed mathematical disciplines and the authority of 
mathematical deduction. 

The Metals project, like the May-Dew project, met the Society’s Corporate aims: It 
arguably conduced to the improvement of natural philosophy,63 despite, or more 
properly because of the way contrasting, even competing natural philosophical 
interests and competences were channelled, and muted, in the interest of producing 
experimentally based claims.  The Royal Society didn’t supply atheoretical matters of 
fact. Nor did it repress natural philosophical commitments; rather it managed, 
channelled and muted them.  And, mathematical articulation and deduction were 
accepted as the basis of the authority of the claims when “matters of fact” spoke 
against them. According to some recent historians of the Royal Society none of these 
things are supposed to have happened inside the institution, but as a “matter of fact” 
they did.  In short the field of natural philosophy (and the activity of natural 
philosophising) still existed; but—where the writ of the Royal Society ran—natural 
philosophical systematisation and contestation over systems was getting pushed to 
margins of public discourse and submerged in the experience, for some, of collective 
seeking of natural knowledge, where gearing in with others counted, and muting of 
individual heroic systematic claims was expected. But, theory, brought in from 
natural philosophy and for natural philosophical contention, was still omnipresent, 
as our analysis of experimental natural philosophy/experimental science indicated 
must be the case.  More will be said about this in our Conclusions.  For the moment 
we turn to… 

 

II. 5 Case 3 Newton’s Optics at the Royal Society, Round 1–1672 

Our third case study involves the 1672 Newton/Hooke debate about light and colour, 
the first and more famous of  the two rounds of debate about Newton’s optics carried 
out at the Royal Society  We contend that this was still very much a contest in the 
natural philosophical field; a contest which took place in a node of that field—a site 
suffused by that field—the Royal Society, and hence a contest that also obeyed the 
site’s decision/action patterns, as well as the rule of an active directing agent, Hooke 
again.   

                                                
63 In our two cases, and indeed in our third one as well, the decision and action patterns involved in experimental 
investigations allowed for a flexible style of inquiry—as we signalled in Note 41 earlier.  Differences of approach 
and interest of the Fellows could be mobilised in order to achieve the Society's aims. The Society had a corporate 
policy commitment to the empirical examination and re-examination of all claims.  Its motto "nullius in verba" 
meant take nothing on the authority of others alone.  This motto didn’t mean that there were no natural 
philosophical agendas and interests in play.  But, on the other hand, the activities of the Society could hardly have 
consisted just of sponsoring the individual interests and agendas of active members—it was not named the Royal 
Society for the Corpusuclar-Mechanical Philosophy of Nature for example—there had to be that patterning of 
witnessing, re-testing, and having the Fellows comment on or suggest routine experiments in order to channel and 
mute heterogeneous natural philosophical agendas and beliefs into the production of experimentally based claims.   
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Newton had recently been made a Fellow, but his understanding of the Society was 
still an outsider’s view, shaped by the Phil Trans.  On 6 February 1672, Newton 
submitted to the Society a purportedly amathematical, experimental report wherein 
a new theory of light and colour was supposedly ‘deduced’ from experiments, 
thinking that was the style the Society desired.  Newton was suppressing the fact that 
this work belonged to the traditional mixed mathematical science of geometrical 
optics as its was edging into its more physicalised mode, as noted earlier in Section 
I.5. Robert Hooke managed this experimental affair within the Society's 
organisational limits, and what Oldenburg published was, as usual, not the in house 
work, but heavily filtered and edited accounts derived from Newton. 

To pursue this case we need to focus briefly on the very salient fact that Newton’s 
earlier work on colour in his Cambridge lectures had followed the traditional mixed-
mathematical approach of optics.  We need this background to support our main 
contention  that Newton's 1672 work was very largely natural philosophising in the 
mixed mathematical sciences as usual, not a rupture into modern experimental 
Science—and that the Royal Society’s experimental life functioned as normal in this 
case.64 

In his Cambridge optical lectures, Newton clearly signalled that his approach wasn’t 
novel, but merely a significant set of discoveries within the natural philosophically 
relevant domain of geometrical optics.65  "Concerning light”, Newton begins, “I have 
discovered that its rays differ from one another with respect to the quantity of 
refraction...".66. . Newton then follows the well trodden deductive pedagogical style of 
the Schools by announcing,  "I will at once present the reasoning and experiments 
that support" the claim.67   This leads to his famous elongated spectrum experiment, 
which he claims proves that rays of light entering a prism with equal angles of 
incidence suffer differing refractions, since if they had equal refractions a circular 
image would result.  That experiment is based upon a masterful phénoméno-
technical realisation of the then accepted relevant geometrical optical laws: Kepler's 
[1604] theory of pin hole images and the Snel/Descartes [1637] law of refraction. 68:  

                                                
64 Normal here does not mean ‘ideal’ according to some stipulated norms of scientific behaviour, as proclaimed 
for example by Robert Merton or Steve Shapin.  It means the decision/action patterns functioned in the manner we 
have routinely come to expect.  Whether what the Royal Society thus produced and communicated can be 
normatively be judged as ‘best practice’ by contemporary or modern standards is another issue and one that we 
can address only after seeing what in fact transpired.  
65There are two extant sources of information on Newton's lectures, the 'Lectures opticae' and the 'Optica', and 
while there are differences, they remain, in many respects, quite similar. In fact, the 'Lectures' appear to be a 
shorter version of the 'Optica'.  We lack of precise dating for the genesis of these texts, but it seems that the 
Lectures were first presented in 1670 and that the Optica were ready for publication in early February 1672. 
[Shapiro (1984) pp.18ff]  The dating of the 'Optica' is especially auspicious for our study as it represents Newton's 
considered view on how he intended his colour work to be made public in mixed mathematical terms at the very 
time he also chose to present his views to the Royal Society in amathematical form.  Adding strength to the view 
that Newton's intent was to present his work to the public in explicitly mixed mathematical form, is the fact that 
the content of the 'Optica' is ordered differently from the 'Lectures'— it is arranged to facilitate mathematical 
treatment, with all the mathematical work on refraction being brought to the fore, prior to direct engagement with, 
as Newton termed it, "The Origin of Colours".  This contrasts with the 'Lectures'.  [Shapiro (1984) p. 24; and p. 
433, the opening of 'Optica', Part II].  
66 Shapiro (1984) p 283. Optica Part 1 Lecture 1. 
67 Shapiro (1984) p.285 Optica Part 1 Lecture 1 

68 Shapiro (1984) pp.285ff  This fusion between mathematics and experiments that actually underpinned 
Newton's work on colour has drawn comment by leading analysts such as Bachelard (from whom the profound 
concept of a phénoméno-technique derives) and Kuhn.  More recently Peter Dear (1995) has famously claimed 
that Newton achieved a novel marriage of experiment and mathematics that broke with the now passé culture of 
natural philosophy and conjured the “spirit of modern experimental Science”, which, he says, the Royal Society 
immediately embraced.  For a refutation of this claim, see Schuster and Taylor (1996), and passim below. 
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Newton’s (1672) Novel Elongated Spectrum of Colours: You 
must know and know how to use these theories : 

Kepler ’s (1604) Theory of formation of pin -hole images

Descartes (1637) Sine law of refraction of (this will suggest 
modification of theory of refraction = “a discovery ” if 
accepted).

 
Figure 3: Newton’s Key Phénoméno-technique: the elongated spectrum. Figure from Opticks 

(1704); Work from Optical Lectures early 1670s; Non–mathematical description without 
diagram in Letter to Royal Society (1672) 

Newton justifies mixing mathematics and experiments by stating that, "The relation 
between the properties of refraction and those of colours is certainly so great that 
they cannot be explained separately".69  And he articulates this by harking back to 
traditional understandings of the mixed mathematical sciences and their relations to 
natural philosophy: 

[A]lthough colors may belong to physics, the science of them must nevertheless be 
considered mathematical, insofar as they are treated by mathematical 
reasoning.70  

This joining of mathematics and experiments wasn’t novel at all.  Newton reminds us 
that this occurs routinely in "astronomy, geography, navigation, optics, and 
mechanics", which are “truly considered mathematical sciences even if they deal with 
physical things: the heavens, earth, seas, light and local motion.”71  Thus Newton first 
lectures us on the routine grammar of articulation between natural philosophical 
concepts and the mixed mathematical disciplines. However, he then adds a stronger 
physico-mathematical flourish—characteristic of the key Scientific Revolution figures 
before him who had rebelled against the declaratory rules of Aristotelianism 
regarding mixed mathematics72—hinting at the more organic linking of natural 
philosophical issues of matter and cause with mathematics. 73  

                                                
69 Shapiro (1984) p.439  Optica Part II Lecture 1 
70 Shapiro (1984) p.439  . Indeed, since an exact science of them seems to be one of the most difficult that 
philosophy is in need of, I hope to show . . . how valuable mathematics is in natural philosophy.  I therefore urge 
geometers to investigate nature more rigorously, and those devoted to natural science to learn geometry first.  
71  Ibid;  
72 Cf. Note 31 above. 
73  Shapiro (1984) p.439: “Indeed, since an exact science of [colours] seems to be one of the most difficult that 
philosophy is in need of, I hope to show—as it were, by my example—how valuable mathematics is in natural 
philosophy.  I therefore urge geometers to investigate nature more rigorously, and those devoted to natural science 
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In contrast, in his letter to the Royal Society, Newton purported that his theory was 
deduced from experiments and that it was amathematical. His letter contains no 
supporting diagrams, not even the subsequently iconic elongated spectrum.74 
Newton claims that white light is a heterogeneous collection of "rays" differing 
amongst themselves in respect of certain original qualities, such as their reflexibility 
and refrangibility, and their "colorific qualities". Two "experiences" were the basis for 
the ‘induction’ of this theory:  In the first, as we just said, Newton ingeniously 
produced a prismatic spectrum of sun light whose elongation exceeded that to be 
expected on the basis of the then accepted relevant geometrical optical laws. 
However, as we’ve already noted, the geometrical background to Newton's 
experiments was not mentioned.  In the second experiment, the experimentum 
crucis, a narrow beam of putatively homogenous light was selected out of the original 
spectrum and refracted through a second prism, there undergoing precisely the same 
degree of refraction as characterised the originally selected beam. 

 

              

The Experimentum crucis : Not consensually taken as 
such, open to re -interpretation (Hooke), does not/cannot 
‘prove’ Newton’s position.

 
Figure 4 The Experimentum Crucis: Not in Newton’s Letter, from later Opticks 

Newton was challenging the mechanists’ routine modification theory of colour, to 
which both Hooke and Boyle adhered.  Newton ran the risk that his non–routine 
claim would be forced to run the gauntlet of organisational decisions and actions 
ultimately grounded in the routine accepted view.  This risk was fulfilled.  Upon 
receipt of Newton’s letter, the Fellows minuted Newton's theory with no mention of 
the supporting experimentation75, thus focusing attention on the theoretical issues.  
Looking for a wide in house debate, the Fellows called for comments from Hooke, 

                                                                                                                                      
to learn geometry first.  Hence the former shall not entirely spend their time in speculations of no value to human 
life, nor shall the latter, while working assiduously with an absurd method, fail to reach their goal.  But truly with 
the help of philosophical geometers and geometrical philosophers [Geometris philosophantibus et Philosophis 
Geometriam…], instead of the conjectures and probabilities that are being blazoned about everywhere, we shall 
finally achieve a natural science [scientiam naturae = perhaps should be rendered here ‘natural philosophy’]  
supported by the greatest evidence.” 

With these more pointed remarks in the lecture, Newton may have been reacting to those who had moved to 
exclude mathematics from experiments with color and who in general saw no place for mathematics in 
experimental natural philosophy, such as Boyle. 
74 However, in a passage suppressed by Oldenburg when the letter was published in the Phil Trans, Newton 
proclaimed that his colour investigations were as mathematically certain as any part of optics.  We shall return to 
this issue below. 
75 Birch History iii, 10 
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Boyle and Ward. Only Hooke responded, reporting a week later that he’d successfully 
performed Newton’s crucial experiment hundreds of times, whilst adding that the 
experiment wasn’t sufficient to account for all colour phenomena.  Hooke argued for 
his own modification theory, and the Fellows duly minuted Hooke's arguments, 
which they specifically saw, “as a refutation of a discourse of his [i.e. Newton’s 
theory]”.76  The Fellows also requested that Hooke perform experiments to back his 
theory.  Later, Hooke added supporting experiments, with soap bubbles and two 
pieces of glass, phenomena that Newton's theory did not yet address in full or in 
public.77 

On 4 April the Fellows also followed routine procedure and requested a witnessed 
performance of Newton's crucial experiment.78  Hooke was ‘ordered’ to make a prism 
and carry out with it experiments such as Newton had described. This included a 
witnessed successful performance of Newton’s crucial experiment on 22 May.  Hooke 
cleverly reported on 19 June that while the experiment confirmed Newton's theory it 
was not an "experimentum crucis", as the phenomenon could also be explained by 
his modification theory of colours.79  In other words Hooke seized back the initiative 
momentarily grasped by the Fellows and continued on his own theoretical way, 
attempting to roll over Newton’s experimentum crucis and turn attention away from 
it.80 

Eventually Newton was sent Hooke's comments on his first letter, which rejected 
Newton’s claim that his work possessed mathematical certainty.  In his response, 11 
June 1672 , Newton made explicit that he was talking about a geometrisation of 
refraction/colour phenomena—the material being as certain as other previously 
achieved parts of geometrical optics.81 Newton happily expounded Aristotle's 
concepts of the superior and subordinate sciences, the conceptual structure of the 
mixed mathematical sciences, as well as the neo-Aristotelian rules of methodological 
exposition.82 Again, no rupture had occurred within natural philosophical culture: 

                                                
76 Birch iii 10.  
77  Birch, iii, 20, 41. Hooke also wrote a report on these matters (Birch iii, 29) which was later minuted (Birch iii, 
41) 
78 One might note that to this point Hooke had been doing most of the directing of the investigation, having seized 
the initiative early on from the Fellows’ invitation for comments.  Now the Fellows were reasserting a bit of 
direction, by virtue of a completely routine procedure. 
79 Birch, iii, 50    
80 Generally speaking in this episode, Hooke used every opportunity that presented itself to put forward his own 
views and to influence the debate in the direction he desired.  Given his role in the Society, this would arguably 
not have been viewed as anywhere near as tendentious as it would have seemed coming from another Fellow.  As 
we have seen, others had been given the opportunity to contribute, but their failure to do so left the affair open to 
Hooke's persuasions.  However, Hooke did not have the free ride here that he was to enjoy in the Metals case eight 
years later.  Newton’s contribution came into play and set the agenda, which Hooke then cleverly turned to his 
own views. 

To illustrate the relevance of studying the Society's decision-action patterns, for understanding the organising of 
experimental inquiry, let’s consider some hypothetical scenarios based on inserting differing types of leading 
players into the decision/action machinery: For example, what if Boyle, who had studied colour phenomena 
extensively but who had no apparent expertise in geometrical optics, had made a leading contribution; or, what if 
no optically expert Curator of Experiments had been available; or, what if the Fellows had sought comment from 
John Collins, a Fellow with mathematical insight into Newton's work. Similarly, Newton's ability to intervene and 
shape events would have been different had he been in London at the Society's meetings. 
81 Newton, Correspondence, i, 187ff. 
82 Some idea of the role that Newton visualised geometry playing in his experimental work on colour and its 
particular emphasis drawn from the grammar of natural philosophy can be obtained by comparing Newton's 
comments with Aristotle's sentiments on the subject.  Aristotle argued that in optics, an investigator "investigates 
mathematical lines but qua physical not qua mathematical" Posterior Analytics, 46a, 18-21 that is visual lines but 
not geometrical lines.  For Aristotle the optician studied visual lines, as Newton studied visual lines.  For Aristotle 
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For Newton, as for Hooke, all their optical/experimental utterances were natural 
philosophical business as usual, meaning of course that differences of theory and 
method-talk could exist. 

When Newton’s two letters were published in the Phil Trans, Henry Oldenburg's 
editing at times verged on censorship.  Whole paragraphs were deleted,83 including 
any reference to mathematics and some of Newton's radical empiricist/inductivist 
method rhetoric.  Also ignored was the activity that took place at the Society, 
including the witnessed experiments generated by Hooke and Newton.  Thus, the 
Fellows avoided providing public support to either Newton or Hooke.  Additionally, 
however, all suggestion that anyone from the Society had been critical of Newton's 
work was deleted. 84  Clearly, the Society didn’t want to publish a theory debate; nor 
did it want to be seen as endorsing Newton’s theory, his method claims, or his 
Aristotelian lectures about the structure of the mixed mathematical sciences.85 

According to the Phil Trans the Royal Society played no role in this affair and the 
debate had no mathematical structure or articulation.  But, as we’ve seen, insiders 
knew the first proposition to be false, just as expert opticians knew the latter to be so.  
As a result of this publication policy, as in the case of May-dew, outside readers 
would have seen the Society as an impartial distributor of information, with only the 
experiments providing support for Newton's theory, a view that has infected the 
historiography of the affair.86   

 

 

                                                                                                                                      
and Newton, it was the geometrical style of treatment that first decided how the observed facts were visualised and 
expressed, and second determined the framework, system and technique used in the demonstration of the 
"reasoned fact".  Aristotle presented optics as a subordinate science and geometry as a superior science. Posterior 
Analytics, 78b5-79a5.  Newton concurred with these statements of Aristotle when he referred to "the Science of 
Colours" as a "part of Optiques" that "depend as well on Physical Principles as on Mathematical Demonstrations". 
83 We take editing to be the changing of the text to ease what the writer is saying.  Whereas, censoring is altering 
the meaning of what the writer has said by either deleting passages of text by erasing, or amending key words or 
phrases, to negate an impression or information that was not acceptable to the interests the editor, Oldenburg, 
represented—the Royal Society.  
84 Newton had responded to Hooke's comments by name, but what reached the public was a version of Newton's 
reply in which all personal references to Hooke as a critic were omitted.  For example see the following: "Mr 
Hook" [Newton], Correspondence, i, 171 is replaced by "The considerer", Philosophical Transactions (1672), 
5084. "Mr Hook" [Newton] Correspondence, i 174 is replaced by "the Objector", Philosophical Transactions 
(1672), 5087. "Mr Hooks concessions" [Newton] Correspondence, i 176 is replaced by "the Animadversor's 
Concessions" Philosophical Transactions (1672), 5089 and Philosophical Transactions  (1672), 5093.  It is, 
however, the case that Newton had conceded in a covering letter that the Society could ‘mitigate’ any references 
that were seen as troublesome to the Society. (Correspondence, i, p. 193)  
85 The lack of publication of Hooke’s work with the suppression of all in house research is a significant outcome:  
Hooke’s experimental reports on thin plates and soap bubbles would have been first rate grist for his theory mill—
and they had been written up in an acceptable form, even with named witnesses.  Consider what might have 
happened had Hooke not been Curator and constantly present, but had simply submitted those experimental 
reports from the outside, as had Newton.  Would they have been published? and with their theory-implications 
intact?  OR, would the Newton/Hooke theory clash then have been all too overt, leading to both missing out on the 
Phil Trans? Hooke’s insider status and run of the decision/action machinery may in fact have denied him the 
chance to reinforce his Micrographia and confront Newton in public, at least under the imprimatur of the Royal 
Society.  We can see here how the outcome of the affair, both what happened and what did not happen, forms a 
visible pattern of evidence, fossil vestiges, arguably shaped and deposited by the deeper tectonic forces of the 
Society’s publication policy and Corporate strategies. 
86 We can see, however, that they in fact prevented publication of a great deal of material that would have thrown 
light on the affair for contemporaries, and for historians.  But, let’s not be whiggishly judgmental—the Royal 
Society’s Corporate policy and strategy held that the greatest chance of “improvement of natural philosophy” 
came from mitigating conflict and standing aside from endorsing specific theories and methods. 
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III Conclusions 

III. 1. Regarding The Royal Society and the Natural Philosophical Field and Agon  

In recent years, it has been widely claimed , following Shapin and Dear, that Boyle's 
gentlemanly matter of 'factism' ruled unchallenged at the Royal Society from the 
1660s, until Newton’s new mathematical experimental science triumphed.  Our case 
studies have produced no evidence to support the idea that the Royal Society became 
functionally identified with a Boylean regime of gentlemanly exchange of atheoretical 
matters of fact.87 It's true that in house the Society repeated and witnessed 
experiments; but, there was clear loading of theory and of personal agendas in all 
three cases. Mathematics was also sometimes overtly or tacitly involved in 
experimental actions.  It is also quite true that things that superficially look like the 
‘matters of fact’ of Shapin envisions, or the ‘singular event–experiments’ of Dear, 
were published, but the claims and reports always involved theory-loading, evidential 
contexts and sometimes mathematical articulation.88  Indeed, the ‘unit of 
communication’ that the Society aimed at was not the impossible ideal of the 
atheoretical matter of fact.  Rather, in each case some neat communication package 
was devised.  Theory-loading; contexts of theoretical relevance; and mathematical 
articulation were tacitly or overtly recognised in the package.  But the package was 
shaped to be the neatest, "matter of fact" looking message possible, given the in 
house activities and debates, and the wider knowledge politics of the case. 

This prompts a most important result for the theme of the present paper: It is clear 
that natural philosophy as a field and agon did not die, replaced by the goings on at 
places like the Royal Society; rather, natural philosophising continued in and 
through the site, and was indeed affected and partially reshaped by the 
organisational patterns and processes of the site: natural philosophical endeavour 
and conflict continued, but in ways both muted and managed, at least where the writ 
of the organisation ran.   

Recall Shapin’s key claim about the way a new science was forged and practiced at 
the Royal Society.  The essence of the supposedly new science championed by the 
Royal Society under Boyle was epistemological decorum, meaning a decorum of 
gentlemanly, civil reporting, weighing and warranting of atheoretical, amathematical 
matters of fact.  That supposedly avoided natural philosophical sectarianism and 
conflict, which was related to wider political and religious turbulence. Now, our cases 
indicate that you could have natural philosophical divergence without conflict, and 
that mere natural philosophical differences did not necessarily entail conflict—if you 
organised the situation.  That's what the Royal Society was doing! The variety of 
natural philosophical agendas was real; the presence of theory, tacit or overt, was 
inescapable.  The Royal Society functioned so as to produce experimental results, 
warranting claims, in the midst of these realities.  That is, the Royal Society accepted 
the necessity of variety of input, and it accepted theory-loading and agenda 

                                                
87 All of our cases reinforce our primary contention that to understand the Society's production and 
communication of experimental natural knowledge, one should analyse the Society's organisational strategies and 
decision/action patterns.  The Society's decision/action patterns allowed for and facilitated a wide variety of 
approaches to 'empirically supporting claims to natural knowledge'. No single approach was allowed to dominate.  
The Society's open textured organisation which allowed for and encouraged the driving of projects by leading 
players.  In our view this reveals the Society to have been characterised by a significant degree of unified 
organisational effort on these patterning and layering dimensions. 
88 On the important concept of evidential contexts, as used in post-Kuhnian analyses of experimentation in 
science, the locus classicus is Trevor Pinch (1985). Nobody should attempt the history of any experimental 
practice in the history of the sciences before having mastered this text. 
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relevances of outputs (by making them personal).  In between it insisted on in house 
witnessing, repetition and testing.  The decorum involved not the killing off of 
natural philosophy (let alone natural philosophy laced with mathematics!).  Rather 
the decorum had to do with muting and managing overt natural philosophical 
conflict: in public by never mentioning theory or debate if one could help it; and 
internally by active players having to play through, and by means of, the 
decision/action patterns of the organisation, with all the requirements of gearing into 
the processes, influencing official demands and agendas, and possibly seizing the 
levers for driving inquiries (which however always required that the driving be 
through the decision action patterns and customs). 

Precisely these sorts of conclusions have recently been reached about another major 
natural philosophical organisation, the Academia del Cimento. Dr. Luciano 
Boschiero, also participating in this session, has carried out research on natural 
philosophy and the experimental life at the Accademia del Cimento, which supports 
and significantly extends our Royal Society findings.89 Carefully distinguishing 
between the in house natural philosophical contestation and practices, and the 
cultural and political constraints exercised on the production and communication of 
the Cimento’s only publication, the Saggi, he fully documents the endemic, deep and 
shaping conflict of natural philosophical values, theories and agendas amongst the 
members, and the ways this constituted the courses, and outcomes, of their 
experimental natural philosophical work on [1] void and air pressure; [2]  the nature 
of hot and cold; [3] comets; [4] the rings of Saturn and other matters.90  Boschiero 
does not conflate public rhetoric of experimental method with in house practices in 
experimental natural philosophy.  He shows how and why a presentational rhetoric 
of experimental method dealing with atheoretical facts was implemented in the 
Saggi; the ways in which this hid deep strata of natural philosophically driven, and 
contested, courses of experiment, and the ways in which that natural philosophical 
contestation did occasionally poke its head out of even the published Saggi (how 
could it not have done so). 91     

In short three principles are applied and confirmed in Boschiero’s research which 
also subtend our Royal Society work: [1] there continued to exist a European culture 
of natural philosophy; its entourage of subordinate specialist disciplines, and deep 
ferment and contestation therein; [2] no rupture occurred in that culture at the 
Cimento (or anywhere else) into a modern world of ‘experimental method’, a 
protocol for handling and gleaning knowledge from atheoretical ‘matters of fact’.92 ; 
[3] a rhetoric of such a method, and even a censorship policy (in the case of 

                                                
89 His work started in his doctoral dissertation in our School at UNSW, extended through several papers 
(Boschiero 2002, 2003, 2005) including an award winning one, and now involves a major book in press. 
90 Boschiero attended closely to the mathematical and natural philosophical training, skills, enterprises and 
products of the academicians, before, during and after their period of engagement in the Cimento, including 
Viviani and Borelli, the leading mixed mathematical/mechanistic members, the two stalwart Aristotelians, and 
Prince (later Cardinal) Leopoldo di’Medici, one of the two patrons, and, as revealed in these studies, a fully 
committed corpuscular-mechanist.  Then, having fully exposed the natural philosophical texture of the in house 
work, he is in a position to exploit the literature on courtly etiquette, politics and ‘science’, to show exactly where 
and to what degree these matters of court behaviour and politics played a role, thus modulating the 
historiographies of such notable commentators as Tribbey (1991), Findlen (1993), Biagioli (1992). 
91 Boschiero demonstrates that certain icons of the ‘experimental method in courtly culture’ thesis, such as Redi, 
actually played no role whatsoever in the experimental life of the Cimento (and that Redi’s work was redolent of 
natural philosophical contestation in any case!)  He also shows that Leopoldo did very skilfully and delicately 
manage the censorship of public dissemination of the Cimento’s work (in the Cimento’s name) on cosmology and 
astronomy, along with the clear fact that knowledge of such work and its outcomes was not thereby banished from 
the larger pan-European culture of natural philosophising. 
92 In fact, if it had, then we’d better scrap all HPS literature since Koyré and Bachelard, and start over with early 
20th century Whig inductivists such as Charles Singer and George Sarton. 
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cosmology and ‘hard core, explicit’ anti-Aristotelian claims) was exercised by the 
patrons over public communications in their name, that is, in the name of the 
Cimento.  This, however, neither signalled, nor caused, a rupture from the culture of 
natural philosophising into a mythical modern culture of ‘method’ and ‘atheoretical 
matters of fact’, either in Florence or anywhere else, and certainly not at the Royal 
Society, as we have seen in the rest of this paper.93  What was happening was that…  

III.2 The Natural Philosophical Contest Continued, Modified, and Muted: New 
Institutions as New Sites in a Shifting Field, not Replacements for that Field. 

The new organisations served to mute, in various ways, natural philosophical 
contention, especially at the systematising level, which, to be sure, was already being 
muted by the dual processes of [1] consensus formation about experimental 
corpuscular-mechanism in the field of natural philosophy overall,94 and [2] the 
simultaneous acceleration of the processes of fragmentation into physico-
mathematical and experimental domains and dialects.  The new organisations were 
not places to recite systems, so for example, even systematisers with strong 
compensating experimental natural philosophy personas, such as Rohault, still could 
not gain admittance.  The procedural and organisational focus of the new institutions 
was on problems and projects (as in my case studies).  These did entrain natural 
philosophical commitments, as also shown, and for the very historical and 
epistemological reasons we have canvassed.  But, any given player might not have 
been an intentional systematiser any more (on the criteria we shall put forward 
below for measuring this in Section III.3).  And, in any case there was no scope in the 
course of meetings, to display either systems or the intention to foment them. 

Nor did the realm of official (organisationally) published work offer much 
encouragement to contention, whether embodied in systems or in more fragmentary 
claim-vehicles.  Publication processes and products of both institutions tended to 
wash out overt, strong yet fragmentary theory-claims, and especially any hint of 
systems that might encapsulate them, hence a fortiori any contention about the 
latter or even the former.  To the extent that domains and dialects of successor fields 
to natural philosophy were forming, this promoted and accelerated their genesis.   

A ‘method’ rhetoric of experimental vs speculative (natural) philosophy grew up, as 
we shall shortly note, articulated to the glossing of putative matters of fact putatively 
gathered by objective and trustworthy observation and experiment.  Here the 
institutions again promoted and enlarged an already emergent phenomenon, the 
rhetorical carapace actors needed to legitimate, and self-understand, the new 

                                                
93 Another conclusion could be added here dealing with the overworked and under theorised vogue of attributing 
everything about early modern ‘science’ [sic] to the existence of the culture of patronage. Patronage and 
gentlemanly decorum are indeed aspects of early modern culture which need to be appreciated by historians of 
science.  And they certainly affected the conditions under which natural philosophising was sometimes carried out 
work and communicated about it. But, every post graduate student in history of science should be taught that 
patronage relations and gentlemanly etiquette did not donate conceptual contents, or cause to exist particular 
phénoméno-techniques—on reflection, how could they; where is the evidence that they did? An analogy might 
help educate the historiographical sensibility: Had the Medici brothers patronised chess masters, those masters 
would have ponced and pranced as courtiers, and played with rather nice pieces and boards.  But chess is chess—a 
game with rules, and a contingent history of exploration of techniques and styles.  Natural philosophising, as a 
long lived sub-culture in the larger culture was, as they say, ‘like’ a game.  It could be and was played in various 
circumstances by various sorts of blokes—not just courtiers, or twittering Bobby Boyles—Yet, and this is key, all 
these ‘blokes’ in all these ‘spaces’ could recognise the game of natural philosophising as the game of natural 
philosophising as they fought over its overt content, boundaries and rules—that’s what a widely dispersed sub-
culture is about.  Alan Taylor and I made these points at length against Shapin (1994) in Schuster and Taylor 
(1997).  They apply to precious studies of the Accademia del Cimento as well. 
94 Schuster (1990) pp. 238-40; (2002) pp.348-9. 
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dynamics of the natural philosophical field (on behalf, of course, of players who 
embraced and wished further to develop these tendencies inside the field). 

Thus, on the one hand, the organisations expressed the effects of the larger tectonic 
movement away from systems and toward fragmentation and domain formation; 
and, on the other hand they also caused and promoted more of the same, 
magnifying and channelling these underlying trends of long duration.  And, as new, 
public nodes in the field of natural philosophising, they were especially well placed to 
promote the covering rhetorics that were emerging to legitimate and represent these 
processes and their advocates.95  Or, to put it another way, competition for credit and 
hegemony in the field was still in play, but a new, important, and different arena for 
such play now existed in the form of the new organisations.  Competition here was 
quite different from contention for university curricula and places; or within the 
textbook market; or in the large diffuse publishing universe for first order natural 
philosophical claims, including of course large systematising claims which were still 
pursued.  Natural philosophers still competed about natural philosophy in the new 
organisations: Think for example, of the Royal Society publishing results under 
author’s names not its own; or of the ways we have seen particular players could seize 
the levers of experimental inquiries inside the institution; or of how in the Accademia 
del Cimento competition existed to remain within, and rise to the top of, the 
patronage field of the Medici brothers.  But, simultaneously, the players were gearing 
into these same new patterns of natural philosophising, and hence their aims, 
agendas and products, still qua natural philosophers, had to change.   

So the Royal Society and Academia del Cimento had a lot to do with the larger 
processes of fragmentation and discipline formation.  They did not originate these 
tectonic processes and nor did their strong public rhetoric about them accurately 
reflect the state of play in the natural philosophical field.  As usual, for that we have 
to look beyond the rhetoric, and indeed beyond the decision/action patterns of 
particular institutions, or even the new institutions as a type, because they were not 
responsible for the underlying dynamics which had been in train since the earlier 
seventeenth century, and they were not the only natural philosophical playing fields 
in town (that is in Europe).  The new institutions were new kinds of nodes in the 
already shifting and processing field.  Micro studies of the new organisations are thus 
essential, but one must always attend to the fields and traditions, such as natural 
philosophy and its entourage of subordinate sciences, which were played through, 
and upon, in such sites.   

III.3 Systematisation and Fragmentation: Practices and Rhetorics 

I conclude by returning in a new key to some of the issues that motivated both Part I 
and this paper as a whole: It is all very well to register in general, as a headline for the 
century after 1650, the trend away from systematisation and toward more 
fragmentary, experimentally focussed practises.  And, in popular contexts it may not 
even be a sin to telescope the process involved and label it ‘death of natural 
philosophy’, ‘birth of modern sciences’.  But, serious history of science must go 
farther and deeper, and the sine qua non of doing that is to start with a revisable but 
initially defensible conceptual framework or model of the entities in play and their 
dynamics of process.  It would be useful, for example, to think through what we 

                                                
95 We know from studies of the politics and rhetoric of method in the more mature professional and disciplinary 
organisations of the 19th century, that this indeed would become the typical pattern: Inside the institution 
contestations over theory, agenda and resources could be couched and expressed in equally opposed and 
competing versions of ‘method-talk’, whilst the institution as a whole would manage to promote a unified method 
story to the wider scientific community and educated public—a consensual public story that did not necessarily 
even have to map accurately onto any of the method rhetorics deployed by actors jockeying within the institution.  
See the classic studies by Yeo (1986) and Miller (1986) in Schuster and Yeo (1986).  
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might mean by systematisation and a systematising élan in natural philosophy, so 
that we have something from which change and fragmentation might intelligibly 
emerge—clarifying the starting point, the possible modes of change, and the likely 
character of the successor states of the field.   

To address this problem I have begun to develop the idea of systematicity of a natural 
philosophy as another ‘iceberg’ category: like natural philosophy 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 vs player moves, 
and long run dynamics and trends. 

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’.  First, by the core we mean its 
central, enunciated doctrines of matter and cause and any specially significant 
explanatory cases within it.96  By the horizontal articulation of the system [Fig. 5] 
we denote the explication/modification of the core in order to launch explanations of 
results, ‘matters of fact’, ‘solid findings’ in various domains of inquiry, and in turn 
how well those explananda support those explanations. Across the horizontal level 
one asks how well the articulations of the core cohere over the spectrum of 
applications to differing domains.   

 

Figure 5 Horizontal dimension of articulation of system 

 

By the vertical articulation of the system [Figure 6], we mean how fully and 
coherently various sub-disciplines (such as fields of mixed mathematics) or domains 

                                                
96 For example in the case of Descartes’ system of mathematical 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. 

core 

Explicate, develop Core at these points to set up 
possible explanations of the targets 

Targets: Various  mixed 
math fields 

Targets :Various domains of 
phenomena 

Horizontal Systematicity: How well does the core cohere over the 
horizontal extent of explications, developments and modifications? 
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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 this way, we explore the arguable coherence of extension of the 
core to cover various sub-domains, and the arguable depth and strength of the core’s 
explanatory grasp of those domains. System binding moves occur across the 
horizontal dimension and will tend to be missing where systematicity is not an 
important actor’s aim or intention.97 

Figure 6 Vertical Dimension of Articulation of System 

          
 

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.  
What is proposed by my articulation of the idea of systematicity is not meant as the 
only, best or truest way of sizing up any other system, and certainly not a set of 
criteria any actor embraced fully explicitly and exclusively. Rather it is a self-
consciously designed analytical tool for dissecting systems of the time, in the interest 
of building better accounts of the process of natural philosophising, a tool reflecting 
to some degree some of the goals and standards the actors arguably used.  Three 
immediate heuristic benefits of this model for macro history of early modern ‘science’ 
may be mentioned, as they pertain to the themes of this paper:  

First to analyse 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—amounts to a very searching examination, one that any system would have 

                                                
97 For example, I have argued that even in his vernacular and pre-Principia ‘system’ in Le Monde, Descartes 
makes a number of elegant and clever moves that arguably bind the system together and lend extra theoretical 
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. 
Schuster, Descartes agonistes…(forthcoming); Chapter 10; cf Schuster (2005). 

Vertical 
Systematicity:How 
fully and 
coherently is any 
given sub-field or 
domain of inquiry 
grasped and 
explained by the 
[albeit articulated] 
core of the natural 
philosophy? 

Various domains of 
phenomena 

Discipline formation tending to dissolution of natural philosophy:  
Horizontal systematicity is sacrificed to increasingly sui generis 
detail involved in exploration/explanation within a given field or 
domain. 

Various  mixed math fields 

core 
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found difficult to pass with flying colours.  But that is the point.  Such analysis shows 
us clearly what was and was not happening in the dynamic heart of a system, where 
reduction and cooptation 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 
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.  We 
learn to watch for it, and characterise its rules and dynamics. 

Secondly, the model of systematicity also allows gleaning of heuristic insight 
concerning the key process we are discussing in this paper: modelling of 
systematicity gives historians some purchase on the long run tendency, from the mid 
seventeenth century, for natural philosophising to be pursued less in terms of explicit 
systems, and more as fragments of ‘experimental natural philosophy’. This ultimately 
led to crystallisation of more specialised 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 subordinate 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’.  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 systematising ambitions. 

Thirdly, one realises that as this process 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.  Hence, as Peter Anstey has well shown, even before being 
further popularised by Newton, a method–discourse concerning ‘speculative’ vs 
‘experimental’ (natural) philosophy flourished in England and was deployed, mainly 
by self-styled advocates of the latter, against real or imagined adversaries of the 
former stripe.98  But, with our model of the natural philosophical field and concept of  
systematicity, we can now avoid a number of dangerous pitfalls when considering the 
advent of the rhetoric of experimental vs speculative philosophy.  For example: [a] 
This does not mean that some experimental, inductivist method had actually been 
found and was being applied by miraculously appearing modern scientists.  [b] Nor 
does it mean that the term ‘speculative’ should be extended to any and all instances 
of discourse that look natural philosophical, whilst the term ‘experimental’ should 
similarly signal the absolute absence of the ‘taint’ of natural philosophical language 
and aim.  [c] Hence even less so does it mean natural philosophical aims and 
discoursing stopped, thus opening a new domain of experimental modern science.  
[d] It simply means that processes of fragmentation of the previously more coherent 
natural philosophical field were occurring, consisting in domain and dialect 
formation in old (and changed) or new areas of natural inquiry; and that, as usual in 
the history of Western seeking of knowledge of nature, discourses of method were 
being spun and re–spun to cover, legitimate, and even explain to actors themselves, 
what they thought they and their opponents were doing.  All users of this rhetoric 
were inside the field of natural philosophising—they had not really escaped to some 

                                                
98 Anstey (2005) 
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other space.99 And, although those favouring the ‘experimentalist’ side of the rhetoric 
might have proclaimed the death and overcoming of natural philosophy (and fooled 
some subsequent 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 players 
and texts of overtly theoretical, systematic and contentious natures. Despite the 
secular process toward fragmentation of natural philosophy, and crystallisation of 
more narrow and more modern looking successor fields, a process begun before their 
births and to continue long after their deaths, mid to late 17th century players were all 
still inside the house of natural philosophising, looking out over the rest of the 
culture, and nervously at each other. 
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