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For our Parents

Every afternoon Father Nicanor would sit by the chestnut tree
preaching in Latin, but José Arcadio Buendia insisted on rejecting
rhetorical tricks and the transmutation of chocolate, and he de-
manded the daguerreotype of God as the only proof. Father Ni-
canor then brought him medals and pictures and even a repro-
duction of the Veronica, but José Arcadio Buendia rejected them
as artistic objects without any scientific basis. He was so stubborn
that Father Nicanor gave up his attempts at evangelization and
continued visiting him out of humanitarian feelings. But then it
was José Arcadio Buendia who took the lead and tried to break
down the priest’s faith with rationalist tricks. On a certain occasion
when Father Nicanor brought a checker set to the chestnut tree
and invited him to a game, José Arcadio Buendia would not accept,
because according to him he could never understand the sense of
a contest in which the two adversaries have agreed upon the rules.
GaBRIEL GARcfA MARQUEZ, One Hundred Years of Solitude

What a blessing to mankind, in himself and in his writings, was the
ingenious, humble, and pious Mr. Boyle; what a common pest to
society was the fallacious, proud, and impious Hobbes! Accordingly
we find the former bad adieu to this world with the utmost serenity,
honour, and hope; while the other went out of it in the dark, with
an odium on his name, as well as with terrible apprehensions of
an unknown future.
W. Dobb, The Beauties of History; or, Pictures of
Virtue and Vice Drawn from Examples of Men,
Eminent for Their Virtues or Infamous for
Their Vices (1796)
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Up for Air:
Leviathan and the Air-Pump
a Generation On

When Princeton University Press asked us whether we were in-
terested in participating in a new edition of Leviathan and the
Air-Pump: Hobbes, Boyle, and the Experimental Life, first published
in 1985, we were pleased to have an opportunity to reflect on
the circumstances of the book’s original composition and some
aspects of its early reception. In addition to this substantial
new introduction, a decision was made to omit the translation
of Thomas Hobbes’s Dialogus physicus; otherwise, the text is
unchanged.

There are two technologies especially relevant to this new edition of
Leviathan and the Air-Pump. The first one is obvious: the air-pump. Its
physical operation and its role in making seventeenth-century scien-
tific knowledge were this book’s stated subjects. It has been said that
what distinguished this way of telling a historical story about science is
that its “real hero” was not a person but an instrument.” The second
technology is not so obvious, nor was it obvious to the authors when
they wrote the book over a quarter century ago. Just as the air-pump
was a device for making scientific knowledge of a certain kind, so this
technology was a device for making historical knowledge of a certain
kind. That technology was a typewriter.

It’s useful to bear this second knowledge-making technology in
mind since its workings were transparent to the authors in the mid-
1980s when it served their knowledge-making purposes. But it was
just about the last piece of work either of them produced using that
technology. Within a year or so, like practically every other academic,
they entered the digital age. They did not reflect on the relationship
between the typewriter’s capabilities and limits, on the one hand, and
the forms of intellectual and social order it produced, on the other.

' Bruno Latour, We Have Never Been. Modern (Cambridge, Mass.: Harvard University
Press, 1993), p. 17; also Ian Hacking, “Artificial Phenomena,” Brit. || Hist. Sci. 24

(1991), 235—241, on 235-230.
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But they could have done so: the typewriter, the pristine sheet of bond
paper, the little jars of Tipp-Ex or Wite-Out (if you came into the
world of writing after the late 1980s, you’ll want to look up what those
things were), the reflective pause before striking a key and confront-
ing the relative permanence of ink newly deposited on cellulose, and
the modes of interaction framed by the limits of the telephone and
the postal system—its units then not known as “snail mail"—for con-
veying the physical forms of knowledge—then not known as “hard
copy’—irom one person to a distant other. Who is to say that the lim-
its, opportunities, and emotional texture of typewriter-based knowl-
edge making are not significantly different from those based on the
personal computer and the Internet?

That subject deserves another book, perhaps a book sharing some
of the same sensibilities as those in Leviathan and the Air-Pump.* Draw-
ing attention here to the technologies of writing is mainly a way of
reminding ourselves and our readers of how long ago this book was
written. The long-ago-ness of the typewriter world has its match in the
academic culture from which the book proceeded, into which it was
an intervention, and which it apparently—it has been said—did some-
thing to change. There were some positive reviews and some outraged
ones, but, taken as a whole, the initial reception was flat rather than
unfriendly, and there were no academic prizes. That’s the fate of most
research monographs, and while the authors were mildly disap-
pointed, disappointed authors are not unheard of, and both went on
to whatever was next. We cannot recall exactly when it became appar-
ent that the book had eventually found a readership, but it was surely
many years after the period usually allocated for reviews and prizes
had passed.? There are aspects of the book’s current celebrity/notori-
ety that we find at least as worthy of curiosity and of interpretation as
its initially bland reception, and we will later suggest some possible
explanations.

* For examples of such histories, see Hugh Kenner, The Mechanic Muse (New York:
Oxford University Press, 1987); Friedrich A. Kittler, Gramophone, Film, Typewriter, trans.
Geoffrey Winthrop-Young and Michael Wutz (Stanford, Calif.: Stanford University
Press, 199g; orig. publ. 1986); and Delphine Gardey, Ecrire, calculer; classer: comment une
révolution de papier a transformé les sociétés contemporaines, 1800—1940 (Paris: Découverte,
2008); also Marshall McLuhan, Understanding Media: The Extensions of Man (London:
Routledge, 2001; orig. publ. 1964), pp. 281—288. It was reported in April 2011 that
the Indian firm Godrej and Boyce, the last company in the world manufacturing type-
writers, had closed its Mumbai production plant.

3 Jan Golinski, Making Natural Knowledge: Constructivism and the History of Science, with
a New Preface (Chicago: University of Chicago Press, 2005; orig. publ. 1998), p. viii (for
comment on the book’s “strangely delayed” reception).
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The original blandness did not continue very long. If you don’t
want to read the whole book, there is now a lengthy Wikipedia sum-
mary, and if you are afflicted with an assignment to write an essay on
the thing, you can buy one from online sources. On the one hand, the
book is widely cited—in all sorts of contexts and disciplines—while,
on the other, it has generated a small industry, notably in philosophy
of science, and in what is sometimes called “anticonstructivist” theory,
devoted to countering what are taken to be its key arguments and
methods. We will later speculate about the contexts in which the book
has—and has not—attracted notice. But our attention here is princi-
pally on early reactions to the book, notably on how its reviewers ap-
proached the thing and made what sense they could of it. So we take
this opportunity, not so much to defend the book, but to place it in
the historical setting from which it emerged, and then to speculate
about why it seems still to be read and commented upon. Despite the
fact that some people apparently now read the book to learn some-
thing either about seventeenth-century science or about how one
might think about science generally, Leviathan and the Air-Pump is a
product of its times, a report on historical episodes and itself a histori-
cal document.+ It is a moment in changing scholarly traditions, chang-
ing cultural and institutional settings, changing conventions, prob-
lems, and purposes.

HisTorioGraPHIC TRADITION

There is a passage towards the end of the book that—perhaps more
than any other—stands witness to the cultural setting out of which it
came and that, at the same time, shows how the authors tried to effect
change in that setting:

The language that transports politics outside of science is pre-
cisely what we need to understand and explain. We find our-
selves standing against much current sentiment in the history of
science that holds that we should have less talk of the “insides”
and “outsides” of science, that we have transcended such out-

1 There are a few comparable attempts by historians of science to situate their work
in the historical setting that spawned it; see, for instance, the interview in Thomas S.
Kuhn, The Road since Structure: Philosophical Essays, 1970-1993, with an Autobiographical
Interview, ed. James Conant and John Haugeland (Chicago: University of Chicago
Press, 2000), pp. 253-323; Robert M. Young, Darwin’s Metaphor: Nature’s Place in Victo-
rian Culture (Cambridge: Cambridge University Press, 1985; art. orig. publ. 1973), pp.

167-179.
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moded categories. Far from it; we have not yet begun to under-
stand the issues involved.

Historians and sociologists of science coming into the profession
from, say, the early 1ggos may not find it easy to understand what this
was all about, and, if so, that’s because certain of the categories ad-
dressed in that passage now scarcely exist in mainstream academic
studies of science and historical change. Few respectable historians or
sociologists of science now assess the relationship between what were
once routinely referred to as “internal and external factors”; fewer
still say that what they are trying to do is to assess the relative signifi-
cance of these “factors” in scientific change; and hardly any say that a
proper story about the “factors” is vital to defending the institution of
modern science from political interference and scientific knowledge
from distortion. This contest between the “factors,” and the notion
that historians were supposed to adjudicate their relative importance,
now seem locally antique. Advanced thinkers are now even uneasy
with the very idea that one can reliably parse cultural and social fields
into factors at all, treating the locutions, instead, as the conventions of
different modes of academic inquiry.® There are indeed some aca-
demic historians who still talk unself-consciously about “internal and
external factors,” assessing their significance in scientific change, but
the gesture is sometimes thought to mark them out as not-among-the-
knowing, naive, amateur, disconnected from what counts as main-
stream history of science. The discipline’s bien pensants just don’t do
that anymore.

But from about the 1ggo0s until around the end of the Cold War,
the so-called “externalism-internalism debate” importantly structured
the history and sociology of science.” At the time this book was writ-
ten, it was not uncommon to hear historians expressing exasperation
at the rigidity of this debate and the constituent categories. Why not,
it was said, write history as if an eclectic mixture of factors were opera-
tive, sometimes giving attention to internal, intellectual factors, while
acknowledging the potential salience of external social and political
factors? Why not just concede that all these factors “seamlessly inter-
acted” in making scientific knowledger

5 Leviathan and the Air-Pump, p. 342.

®Michael Lynch, “Pictures of Nothing? Visual Construals in Social Theory,” Soc.
Theory 9 (1991), 1-21.

7Thomas S. Kuhn, “The History of Science,” in The Essential Tension: Selected Studies
in Scientific Tradition and Change (Chicago: University of Chicago Press, 1977; art. orig.
publ. 1968}, pp. 105-126.
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The authors of Leviathan and the Air-Pump were also dissatisfied
with the “externalism-internalism debate,” but they did not see judi-
cious eclecticism about the “factors” as a resolution. The problems,
they thought, lay with the identity and coherence of the categories
themselves. One incoherence concerned the placement of the bound-
ary between what was deemed internal and what external to science.
On what grounds were social and political things accounted not “in-
tellectual”? And how was it that the making and warranting of scien-
tific knowledge was judged not “social”® Did other intellectual prac-
tices—say religion and natural magic—count as external (since they
were not considered to be “scientific”), or was the external-internal
boundary meant to mark the divide between what were taken as intel-
lectual practices—presumably including things like religion and natu-
ral magic—and what were taken as nonintellectual—things like the
production of material goods, the governance of nations, and the
practices and patterns of quotidian social life. The authors wondered
on what grounds historians allocated items to either side of the bound-
ary. Did historical actors get to say what properly belonged, or did not
belong, to their specific practices, or was the “externalism-internalism
debate” an expression of the various boundaries between science and
nonscience recognized by twentieth-century historians?® Sentiments
in the historiography of ideas—notably associated with the early work
of Quentin Skinner—accounted it simply ahistorical to attribute to
past actors concepts and categories not available to them or to ascribe
to past actors “foreshadowings” of later developments of which they
could have no knowledge.? Again, in the decades preceding Leviathan
and the Air-Pump, intellectual historians increasingly identified their
goal as something like re-creating past action in past actors’ terms,
and, from that point of view, the only pertinent categories and bound-
aries for interpreting past scientific actions were said to be those rec-
ognized by those acting in the past.

Shapin and Schaffer suspected that much about the “externalism-
internalism debate” flowed not only from twentieth-century descrip-
tive categories and interpretative boundaries but also from twentieth-

8 Steven Shapin, “Discipline and Bounding: The History and Sociology of Science
as Seen through the Externalism-Internalism Debate,” Hist. Sci. 30 (1992), 333-369.

9 For example, Quentin Skinner, “Meaning and Understanding in the History of
Ideas,” Hist. and Theory 8 (1969), 3—53; Skinner, “‘Social Meaning’” and the Explana-
tion of Social Action,” in Philosophy, Politics and Society, series 4, ed. Peter Laslett, W. G.
Runciman, and Quentin Skinner (Oxford: Basil Blackwell, 1972), pp. 136-157; Skin-
ner, “Some Problems in the Analysis of Political Thought and Action,” Pol. Theory 2

(1974), 277-303.
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century evaluations and programmes of action. What was deemed
internal and external to science was, to a large extent, just our way of
saying what we thought properly belonged to science and what we consid-
ered illegitimate, where we thought rationality resided, and what we
deemed to be epistemically virtuous. What presented itself as descrip-
tion was, they reckoned, thinly veiled prescription. The Cold War did
not end until several years after Leviathan and the Air-Pump was pub-
lished, but its authors then had the sense that this relatively esoteric
historiographic debate had its roots sunk deep into the great political
and ideological cleavages of the century. Was it good, right, and pro-
ductive to mold and direct scientific inquiry to serve broader social
and political goals, or did any such control corrupt the very idea of
science? What did the historical record show about the conditions
and consequences of “external influence”? Did that record license
external control of inquiry, or did it show that whenever the political
and commercial orders made their presence felt, scientific objectivity
and power were compromised? Put that way, the “externalism-inter-
nalism debate” was at once about present-day standards of legitimate
historiography and present-day conceptions of legitimate social order.
Indeed, the exchanges in the post-World War II period between the
Marxist crystallographer and advocate of the state planning of science
J. D. Bernal and one of his severest critics, the physical chemist and
defender of “freedom in science” Michael Polanyi, crucially mobilized
understandings of “what history showed” about the autonomy or the
social responsiveness of science.'®

Seen that way, the intellectual incoherence of the “externalism-in-
ternalism debate” was a small price to pay for its cultural and social
pertinence, making its terms and framing seem both natural and con-
sequential. Those considerations were still powerful at the time Levia-
than and the Air-Pump was written. It is accurate to say that the authors

'° See, for example, J. D. Bernal, The Social Function of Science (London: G. Rout-
ledge, 1939); Michael Polanyi, The Planning of Science, Society for Freedom in Science. Occa-
sional Pamphlet, 4 (Oxford: Potter Press, 1946); John R. Baker, Science and the Planned
State (London: G. Allen & Unwin, 1945%). For commentary, see, for example, P. G. Wer-
skey, The Visible College: A Collective Biography of British Scientists and Socialists in the 1930s
(London: Allen Lane, 1978); Anna-Katherina Mayer, “Setting Up a Discipline: Con-
flicting Agendas of the Cambridge History of Science Committee, 1936-1950,” Stud.
Hist. Phil. Sci. 31 (2000), 665-689; Mayer, “Setting Up a Discipline, II: British History
of Science and ‘the End of Ideology, 1951-1948,” Stud. Hist. Phil. Sci., Part A 35
(2004), 41—72; Gary Werskey, “The Marxist Critique of Capitalist Science: A History in
Three Movements,” Science as Culture 16 (2007), 397-461; Charles R. Thorpe, “Com-
munity and the Market in Michael Polanyi’s Philosophy of Science,” Mod. Int. Hist. 6

(2009), 59-89.
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of this book were creatures of their time and were working with, and
at times against, its materials and sensibilities. To situate the book
firmly in its original political setting is not to say it was meant as a po-
litical manifesto. The politics the authors conceived themselves to be
doing was the politics of intellectual inquiry. How was it right, interest-
ing, and productive to go about studying science as a historical and
social phenomenonr In writing that book, they were not concerned to
defend science, to criticize science, or to defend or criticize any ver-
sion of the Good Society. At the same time, there were other intellec-
tual developments in the 1g70s and 1g8os which were also opening
up a space where alternatives to existing historiography and its catego-
ries might be conceived.

INSTITUTIONAL SETTINGS

These other pertinent intellectual developments were (1) the profes-
sionalization of the academic history of science and related modes of
inquiry; (2) developments in other academic practices engaged with
the understanding of science, related forms of culture, and the cogni-
tive practices of everyday life; and (g) changes in the institutional cir-
cumstances of the scientific enterprise itself and associated changes in
how both laypeople and scientists themselves thought about the na-
ture of science.

The professionalization of academic history during the twentieth
century meant that many sorts of historians could, if they wished, re-
ject relations of dependency upon, collegiality with, or of intellectual
pertinence to other groups concerned in the practice under study.
History, it was said, was written by historians, for historians. The writ-
ing of history could and should be governed by standards internal to
the community of professional historians and not by standards circu-
lating among the laity or among groups who spoke in the name of the
practice—for political history, present-day politicians; for the history
of art, present-day artists and aestheticians; and, for the history of sci-
ence, present-day scientists. These other groups might expect histori-
cal stories to celebrate their lineage, to offer up objectlessons of
proper conduct, or to find foreshadowings of the bright present in
the dark past, but professional historians could establish that they were
professional through broadly naturalistic approaches to their objects
of study. History could be description and interpretation; it need not
be celebration or criticism. Political history did not have to document
progress from servitude to liberty, from absolutism to constitutional
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democracy. That, indeed, was the thrust of Herbert Butterfield’s 1941
The Whig Interpretation of History, which criticized “the tendency of
many [political] historians ... to praise revolutions provided they
have been successful, to emphasize certain principles of progress in
the past and to produce a story which is the ratification if not the glo-
rification of the present.”’

Yet the strength of the clientage relationship binding academic his-
tory to external constituencies is indicated by remarks made by But-
terfield himself to an interviewer years later. Butterfield was here criti-
cizing the quasi-Freudian presumptions of the political historian
Lewis Namier, who believed that professed ideas were, on the whole,
less important in political action than contingent networks of interest
and alliance. Butterfield called Namier “a historian’s historian, be-
cause his research was all-embracing and flawless, his artistry impos-
ing.” Yet, speaking

as a teacher, and a master of the college [Peterhouse, Cambridge],
I have to deplore his method. . .. As far as I am concerned, the
point of teaching history to undergraduates is to turn them into
future public servants and statesmen, in which case they had
better believe in ideals, and not shrink from having ideas and
policies and from carrying their policies through. We mustn’t
cut the ground from under them by teaching that all ideas are
rationalizations. In brief, we must take a statesmanlike view of the
subject.*®

A certain historical method, and a certain realism about historical
objects, were said to be mandated by pedagogical and political
necessities.

But the history of science continued to be thought of as a quite
special form of historical inquiry. Butterfield’s sole foray into the his-
tory of science at once insisted on the historicity of science and cele-
brated the seventeenth-century Scientific Revolution as the very ori-
gins of modernity.’® In the United States, George Sarton, one of the
founding figures of the history of science, worked energetically to es-
tablish the discipline as a professional academic pursuit while also as-
serting that the new discipline was not, and could not be, a normal

'* Herbert Butterfield, The Whig Interpretation of History (London: G. Bell, 1931), p. v.

' Quoted in Ved Mehta, Fly and the Fly-Bottle: Encounters with British Intellectuals (Bal-
timore, Md.: Penguin, 1965), p. 204. Butterfield’s sentiments are worth considering
for those who think the teaching of history has been politicized just recently, and by the
political Left.

'3 Herbert Butterfield, The Origins of Modern Science, 1300-1800 (London: G. Bell,

1949).
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sort of historical inquiry. Its subject matter was quite special—driving
history forward but itself standing outside of history. It was, Sarton
said, a “secret history,” a history of truth and the appearance of truth
in the world, a history of the intimate connections between the scien-
tific spirit and those rare individuals who give it voice.™+ Science, Sar-
ton wrote, was not just uniquely progressive; it was the sole source of
progress in human civilization. Science was the “only human activity
truly cumulative and progressive”; its history was the only sort that
could “illustrate the progress of mankind.”5 The progress of science
was not, strictly speaking, a progress towards truth—scientific truths
were fully formed as they were discovered bit by bit; it was, rather, a
progress towards the assemblage of truths in the complete body of sci-
entific knowledge. The teleological mode of historical narrative was
not just pressed on the historian of science by the nature of the sub-
ject matter; it was a moral duty, a powerful way of showing people
what human progress consisted in, where their hopes for freedom
and justice resided, from whence their secular salvation might come.
(Note that a conviction about the reality of scientific progress, even its
unique progressiveness, does not prohibit the historian from being
interested in the historical integrity of the beliefs and practices of the
past; what it contingently does is to tell historians that documenting
and celebrating the progressiveness of science is by far the most impor-
tant thing they can do.) How could one write about science naturalis-
tically when science itself was considered to be such an extraordinary
phenomenon—atypical, drawing on special cognitive abilities, play-
ing by special and coherent rules, standing apart from historical con-
tingency and flux?

Sarton’s sensibilities were not, however, the only ones on academic
offer at midcentury, not even among those of a broadly “internalist”
or “intellectualist” disposition. Where Sarton organized his historical
practice around notions like “discoveries,” the philosopher-historian
Alexandre Koyré meant to shift attention to the structure and ar-
rangement of scientific “concepts.” And what made Koyré’s work so
exciting to a generation of Anglo-American historians encountering
it during and just after World War II was its insistence on the historical
integrity of past science. One could, if one wanted, chart the progress
of science through its historical stations, but that could only be done

'+ George Sarton, The History of Science and the New Humanism, ed. Robert K. Merton
(New Brunswick, N J.: Transaction Books, 1987; orig. publ. 1962), pp. 38—43. For the
political milieux of these projects in the history of ideas, including those of Sarton, see
Simon Schaffer, “Lovejoy’s Series,” Hist. Sci. 48 (2010), 483—494, on 486—487.

5 George Sarton, The Study of the History of Science (Cambridge, Mass.: Harvard Uni-
versity Press, 1936}, p. 5.
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by stripping away or setting aside the conditions of coherence pertain-
ing to past structures of thought. For example, Aristotelian physics is
false—there can be no doubt about that—but it is, Koyré insisted, sys-
tematic, intelligible, and coherent. That is to say, as a conceptual
scheme, it worked. “Aristotelian physics,” Koyré wrote, “is false, of
course; and utterly obsolete. Nevertheless, it is a ‘physics.” ... [It]
forms an admirable and perfectly coherent theory.”® Given its histori-
cally specific premises and assumptions, Aristotelian natural philoso-
phy is not only coherent but self-validating. What Koyré did was at
once to stipulate the historical integrity of past conceptual schemes
and to invite historians to work out the historically specific rules of the
game by which they were played.

In the early 1960s Thomas Kuhn acknowledged the influence of
Koyré in helping shape his views, showing “what it was like to think
scientifically in a period when the canons of scientific thought were
very different from those current today.”*” Kuhn’s work—and espe-
cially his notion of “normal science”—later became decisively impor-
tant in the development of the sociology of scientific knowledge (even
though Kuhn himself was deeply disturbed by the association),*® but
it was the potential for a genuinely historical engagement with science
that excited Kuhn and that propelled him, by way of history, and
probably unintentionally, into implicit sociology.’® There were some
attempts to appropriate Kuhn'’s views as a way of displaying the role of
“external social factors” in scientific change, but this came to little.*
The future of the sociology of science lay elsewhere; it was drinking
from the same naturalistic springs as the newly professionalized his-

16 Alexandre Koyré, “Galileo and Plato,” . Hist. Ideas 4 (1943), 400-428, on 407,
411.

7 Thomas S. Kuhn, The Structure of Scientific Revolutions (Chicago: University of Chi-
cago Press, 1962), p. viii (also p. ). Kuhn here included Koyré with such other histori-
ans as Emile Meyerson, Héléne Metzger, and Anneliese Meyer.

18 Kuhn, “The Trouble with History and Philosophy of Science,” in The Road since
Structure, pp. 105—120. The Edinburgh “Strong Programme,” Kuhn declared, was “an
example of deconstruction gone mad” (p. 110).

'9 The mobilization of Kuhn’s work for the sociology of scientific knowledge is evi-
dent in, for example, David Bloor, Knowledge and Social Imagery (London: Routledge
and Kegan Paul, 1976), e.g., pp. 55-61; and Barry Barnes, 7. S. Kuhn and Social Science
(London: Macmillan, 1982). The challenge to historians of science to maintain a natu-
ralistic attitude towards their subject is evident even among those, like Kuhn, most in
favour of a genuinely historical engagement with science. In a 1995 interview Kuhn
criticized the authors of Leviathan and the Air-Pump because they failed to use the mod-
ern schoolbook physics of compressible fluids to explain away Boyle’s unstable histori-
cal vocabulary of pressure and spring: Kuhn, The Road since Structure, p. §16.

* Kuhn made only brief and marginal remarks about such things in his Structure
(e.g., pp. xil, 69, 75, 110).
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tory of science. The fact that Koyré’s work was later used to hammer
the Marxists is irrelevant to this development;®** it was the profound
historicity promised by Koyré’s sensibilities that moved Kuhn and,
through Kuhn, the sociologists of scientific knowledge. Historicity in-
spired interest in the differing “rules of the game.”

Koyré’s followers were concerned with the diachronic interpreta-
tion of distinct scientific “games,” but, from about the 197o0s, there
were sensibilities and resources available to think naturalistically
about synchronic variation and, especially, about contemporary sci-
ence. During the Cold War, and in the United States specifically fol-
lowing the challenge of Sputnik, practitioners found themselves in-
creasingly accommodated within newly created university departments
of the history of science (or, in a largely unsuccessful experiment, the
“history and philosophy of science”). They had joined the ranks of the
professionals; they now had academic rooms of their own—not many,
but enough to support the institutional paraphernalia of a small- to
medium-sized modern discipline. They no longer had any special in-
stitutional reason to be apologists for their colleagues in the science
departments. They now had as little reason to see their purpose to be
praising modern science as academic historians of art had to act as
advocates for the works of David Hockney or Robert Rauschenberg.
These developments had little or no connection to any disposition to
criticize science: the alternative to celebrating science was not denigra-
tion but naturalism—about both present-day and past science, the
former appealing largely to the sociologists, the latter to historians.
Description of past science could be distinct from celebration of pres-
ent-day science; its interpretation could be distinct from identifying
its role as “foreshadowing” modernity.

PLACING THE OBJECT

Historians now insist that their engagement is with the specificity of
the past, not with its foreshadowing of the present. Yet historians’
present importantly constitutes the presumptions, conventions, and

2! See A. Rupert Hall, “Merton Revisited, or Science and Society in the Seventeenth
Century,” Hist. Sci. 2 (1963), 1-16; Hall, “The Scholar and the Craftsman in the Scien-
tific Revolution,” in Critical Problems in the History of Science, ed. Marshall Clagett (Madi-
son: University of Wisconsin Press, 1959), pp. 3-23; A. C. Crombie, “Commentary [on
Hall],” in ibid., pp. 66—78. Remarkably, however, in 1968 the eminent historian of
physics, Clifford Truesdell, denounced Koyré’s work as an example of modish concep-
tions of science as “time-conditioned, social and institutional”: Clifford Truesdell, Es-
says in the History of Mechanics (Berlin: Springer, 1968), p. 146.
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questions that they use to reconstruct past realities. That is the histo-
rian’s predicament, and there is no evident way around it. It is a pre-
dicament recognized—in different idioms—by reflective historians
from E. H. Carr to Hans-Georg Gadamer.** So one inducement to
naturalism in the study of science is, without doubt, the changed cir-
cumstances of the scientific enterprise in the West after World War 11
And the pertinent features of that change include much tighter insti-
tutionalized and culturally recognized links between the once much-
distinguished domains of science and technology; a vast increase in
government funding for science and the everrmore-intimate enfold-
ing of scientific research in the institutions of the state, and especially
of the military; the cultural celebration of science as integral to na-
tional security and economic welfare; the scientization of the culture,
changing prestige relations between the natural sciences and the hu-
manities, and the increasing role of what were taken to be scientific
methods in modelling proper academic inquiry, particularly in the
human sciences. A scientific enterprise that was both celebrated and
secure seemed in little need of external defense, and a scientific en-
terprise that was so well integrated into the institutions of government
and civic life might, especially after Hiroshima, seem as little immune
from criticism as any other civil institution.*s

Modern historians of science are—usually if not always—members
of an academic discipline, and as such their response to the contem-
porary circumstances affecting science is never direct or immediate.
We have now sketched some aspects of the environment from which

22 Edward Hallett Carx, What Is History? The George Macaulay Trevelyan Lectures 1961
(New York: Knopf, 1961); Hans-Georg Gadamer, Truth and Method, 2nd rev. ed., trans.
Joel Weinsheimer and Donald G. Marshall (New York: Continuum, 2004; orig. publ.
1960).

23 These possible relations between the academic study of science and the post—
World War II institutional circumstances of science were later explored in Simon Schaf-
fer, “What Is Sciencer” Science in the Twentieth Century, ed. John Krige and Dominique
Pestre (Amsterdam: Harwood, 1997), pp. 27—42; and Steven Shapin, “Lowering the
Tone in the History of Science: A Noble Calling,” in Never Pure: Historical Studies of Sci-
ence as If It Was Produced by People with Bodies, Situated in Time, Space, Culture, and Society,
and Struggling for Credibility and Authority (Baltimore, Md.: Johns Hopkins University
Press, 2010), pp. 1—14. For strands of sociology of science, notably including those in-
scribing “external-internal” vocabulary, as celebration and defense of science, see, for
example, David A. Hollinger, “The Defense of Democracy and Robert K. Merton’s For-
mulation of the Scientific Ethos,” in Knowledge and Society, ed. Robert Alun Jones and
Henrika Kuklick (Greenwich, Conn.: JAI Press, 1983), vol. 4, 1-15; Hollinger, “Science
as a Weapon in Kulturkdmpfein the United States during and after World War I1,” Isis 86
(1995), 440-454; and Everett Mendelsohn, “Robert K. Merton: The Celebration and
Defense of Science,” Science in Context 3 (2008), 269—-28¢.
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Leviathan and the Air-Pump emerged in the mid-1980s. It was an envi-
ronment that bore upon the authors of that book as much as it did on
their colleagues. To be sure, there were some circumstances that
marked out their institutional place: both authors received their doc-
toral training in departments of the history and philosophy of sci-
ence, while many of the historians who trained them had not—a com-
mon pattern for the older generation involving a drift into the history
of science from careers in science itself.*¢ Schaffer moved directly
from his Cambridge Ph.D. to academic appointments in the history of
science (first at Imperial College, then at Cambridge); Shapin took
his doctorate at the University of Pennsylvania (in a department which
had just changed its name from “history and philosophy of science” to
“history and sociology of science”>) but was employed in the “inter-
disciplinary” Science Studies Unit at Edinburgh University at the time
of his work with Schaffer. The interventions manifest in Leviathan and
the Air-Pump can be interpreted through currents in academic history
of science and in the abutting social scientific, and even philosophi-
cal, disciplines.

The book was regarded as a peculiar exercise with reference to the
disciplines. Shapin’s institutional environment—he had been for
some time the nominal “historian” in the Edinburgh research and
teaching unit that included a similarly nominal sociologist and phi-
losopher of science—is better described as “problem-orientated” than
as interdisciplinary. The group’s consensually agreed “problem” was
how to construct a naturalistic interpretation of science as a social
phenomenon, while members’ disciplinary affiliations were of little or
no concern.®® Schaffer was, at the time of publication, five years from

4 To be sure, both authors manifested aspects of that “older” pattern, and it is still
common today. Schaffer had received undergraduate training in natural sciences;
Shapin’s first degree was in biology and he did a year of postgraduate work in genetics.
Shapin was the beneficiary of the proliferation of departments of “the history and phi-
losophy of science” in the United States during the Cold War, some of which were
founded with funds from the National Defense Education Act passed in 1958 in re-
sponse to Sputnik.

6 The name change mainly signalled an early recognition that the marriage be-
tween naturalistically and empirically inclined history and normatively disposed phi-
losophy of science was not going well, but there was then next to no formal sociology in
the Pennsylvania curriculum.

26 The philosopher was David Bloor, the sociologist was Barry Barnes, and the group
was directed by David Edge, a former radio astronomer and BBC producer with no
particular affiliation to a humanistic or social scientific discipline. There were also
strong, if not always friction-free, intellectual relations with the sociologist Harry Collins
at the University of Bath, a group of sociologists around Michael Mulkay at the Univer-
sity of York, and Bruno Latour at the Ecole des Mines in Paris. The affiliation between
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his doctorate; he had studied for a time in Paris, where he attended
Foucault’s lectures; he met Shapin at a conference in 1980 organized
by the sociologist of science Harry Collins; and it was quite common
at the time for British historians—much more than their American
colleagues—to find selected strands of social science and philosophy
pertinent to their historical projects. For many British historians,
Marxism was a lingua franca, not necessarily providing a theoretical
foundation for political projects but certainly constituting a loosely
connected set of concepts and methodological sensibilities with which
many historians felt they should engage even while their political af-
filiations diverged.*” All sorts of intellectual and cultural historians
found interest in the work of Oxford School anthropologists, in Witt-
genstein’s later philosophy, or in the seams of psychology mined by
Warburg School art historians. (That’s just to recall some features of
the intellectual environment inhabited by many British academics in
the 1970s and early 1980s, but looking back at that scene from the
perspective of current disciplinary narrowness and selfsatisfaction,
it’s hard to resist a certain nostalgia. The achievement of present-day
disciplinary professionalism has been bought at a price.)

If the disciplines are relevant to understanding the book’s authors,
the same disciplines—their traditions, conventions, and characteristic
concerns—also configured the responses of academic readers and es-
pecially of the reviewers who were called on to make sense of, and to
evaluate, Leviathan and the Air-Pump. The reviewers found the book
difficult to place, or, if they found it easy to place, they collectively dis-
played marked variation in their sense of what kind of thing it was.

different projects in the study of science has prompted some strange attempts to make
sense of the book’s origins. In an appraisal judging Leviathan and the Air-Pump “one of
the most important achievements in science studies in the late twentieth century,” John
Zammito suggested that it was an essay by Michel Callon and Bruno Latour (“Unscrew-
ing the Big Leviathan” [1981]) that “aroused in [Shapin and Schaffer] the consider-
ation that Hobbes was more important for science studies than had appeared hitherto
and that Leviathan deserved reading as a work in natural philosophy.” John H. Zammito,
A Nice Derangement of Epistemes: Post-Positivism in the Study of Science from Quine to Latour
(Chicago: University of Chicago Press, 2004), pp. 177, 339 n. 228; the Callon and La-
tour paper is “Unscrewing the Big Leviathan: How Actors Macro-structure Reality and
How Sociologists Help Them to Do So,” in Advances in Social Theory and Methodology: To-
ward an Integration of Micro- and Macro-Sociologies, ed. Karin D. Knorr-Cetina and Aaron V.
Cicourel (London: Routledge and Kegan Paul, 1981), pp. 277-303. Zammito’s story,
however, is not correct. While one of the authors had read the Callon and Latour essay,
it is not mentioned in the book, and their joint interest in Hobbes’s science developed
shortly after their meeting in 1980. Historians of science did not necessarily require the
promptings of their philosophical colleagues to find Hobbes’s work relevant.
27 See Young, Darwin’s Metaphor, pp. §88-406.
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The book contained anthropological and philosophical gestures, and
there were hints of links between its preoccupations and strands of art
and military history. Quite a few readers noted these gestures as non-
standard: some appreciated them; others expressed annoyance. The
Journal of Interdisciplinary History said that “few readers from any disci-
pline will read through it without . . . being pulled across our artificial
boundaries into alien disciplines,” and, while this was not evidently
considered a bad thing, there was a certain chill in evoking the
“alien.”® One of the most distinguished historians of early modern
science bridled at what he saw as “a pervasive sociologizing jargon,”
while a great historian of Renaissance and seventeenth-century sci-
ence reckoned that Leviathan and the Air-Pump was scarcely profes-
sional history at all, possibly appealing most to scientist-amateurs and
members of another academic discipline: “this is not primarily a his-
torical work, but by intention a profoundly sociological one,” oddly
concluding that it must have been directed “more to the scientist-his-
torian than to the historian of science.”® One of the more radical,
“contextualizing” historians of science was exasperated at what she
saw as an injunction that historians should abandon their proper tools
and go on like anthropologists, using what she took to be anthropolo-
gists’ “jargon” (“actors,” “social spaces”); a then-young member of the
small clan of British sociologists of scientific knowledge appreciated
the work as a historical instantiation of “social constructivism” (nor-
mal practice in his field but a term not to be found in the book). In
contrast, a historian expressed relief that the book offered “historical
analysis” rather than a demonstration of the worth of “one or another
brand of the sociology of knowledge”; while another eminent histo-
rian of science applauded a book which, he wrote, “always take[s]
philosophy most seriously.”s* A reviewer in a philosophy journal was
pleasantly surprised that, while the book’s title promised “a purely
historical study,” there was in fact some philosophical interest in it.3'
Several reviewers noting the sociological bits of Leviathan and the Air-
Pump judged that the effect was to distort the historical account and
to render the style more or less impenetrable. The language of

»

*8 James G. Traynham, J. Interdisc. Hist. 17 (1987), 351-353.

20 Marie Boas Hall, Ann. Sci. 43 (1986), 575-576 (for “the scientist-historian”);
Richard S. Westfall, Phil. Sci. 54 (1987), 128-130 (for sociological “jargon”).

% Margaret C. Jacob, Isis 77 (1986), 719—720 (for anthropological “jargon”);
Trevor J. Pinch, Sociology 20 (1986), 653-654 (for “social constructivism”); Robert H.
Kargon, Albion 18 (1986), 665-666 (for “historical analysis”); Owen Hannaway, Tech.
Cul. 29 (1988), 291—293 (for “philosophy”).

3t A, P. Martinich, J. Hist. Phil. 27 (1989), 308-309.
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“spaces”—social, intellectual, and philosophical—seemed especially
confusing, if not just silly. Several readers were witty enough to com-
pare what they took to be the book’s prolix, didactic, and repetitive
tone with that of Boyle himself.3*

The reviewer for Journal of Interdisciplinary History was not a histo-
rian or social scientist of any sort: he was an organic chemist working
in Louisiana, and it is not clear whether he was aware of the authors’
location in the disciplinary scheme of things. Of course, neither au-
thor was then senior in the field. Schaffer’s 1980 Ph.D. dissertation
was indeed about Newtonianism, and by the mid-1980s he had writ-
ten a handful of articles on the history of astronomy and natural phi-
losophy in the seventeenth and eighteenth centuries. Shapin was
twelve years older than his coauthor, but after thirteen years in his job
he still had not been put up for promotion from lecturer. Edinburgh
was far removed from the discipline’s metropolitan centres of gravity,
and Shapin distinctly recalls being told by one of his “rivals” for the
post, after both had been interviewed, that he didn’t think he could
accept a position “so far from the action.” Shapin had not published
“the book of the thesis” he had written in 1971—on institutional as-
pects of science in the Scottish Enlightenment—and all he had to his
name after thirteen years of academic employment were some papers
on aspects of the social uses and organization of science in the British
Industrial Revolution and a few early attempts at a historical sociology
of science whose empirical content was the career of the “pseudo-sci-
ence” phrenology in early nineteenth-century Edinburgh. He had no
formal training in early modern topics, and his first engagement with
the history of seventeenth-century science had appeared only recent-
Iy.3% Neither author had any significant “form” in the matters con-
tained in their book or in the genre it supposedly represented.

Most historians of science in the mid-1980s were still well able to
recognize exercises that belonged respectively to “externalist” and
“internalist” genres. This is what some of the book’s reviewers were
disposed to do. The Journal of Interdisciplinary History reviewer ob-
served that history of science was either “inside or outside in perspec-
tive or emphasis,” while curiously judging that the latter had become
“perhaps the major force in the field.”#* That made the authors of

3¢ Thomas L. Hankins, Science 232 (25 May 1986), 1040—-1042; John L. Heilbron,
Med. Hist. 35 (1989), 256—257; Charles Webster, Times Lit. Supp. (13 March 1987),
281; Jacob, Isis.

33 Shapin, “Of Gods and Kings: Natural Philosophy and Politics in the Leibniz-
Clarke Disputes,” Isis 72 (1981), 187—215.

34 Traynham, [. Interdisc. Hist.



UP FOR AIR « XXVii

Leviathan and the Air-Pump, because of their insistence that such cat-
egories were more topic than resource, appear somewhat out of step
with developments in the history of science. Other reviewers set aside
the authors’ explicit disengagement from the external/internal, so-
cial/intellectual polarities and were quite confident in condemning
this as a particularly pernicious form of externalism. One historian
criticized what he saw as an “attempt to define scientific boundaries
socially. . .. The differences between geometry and chemistry,” he
reminded us, “are not entirely social.”35 The “social” was permitted,
but it must be tempered by intellectual factors. The historian dis-
tressed by “pervasive sociologizing jargon” knew where to position
the book in traditional frameworks and therefore why he didn’t like
it. He took a very different view of the performance from the histo-
rian applauding its “historical analysis”: “The book is a passionate
exposition of a new program in the history of science that is impa-
tient with internal analysis of scientific arguments and insists that
science is a social enterprise and can only be understood in terms of
the socio-political context.” Shapin and Schaffer argue, he con-
cluded, that experiment “rests on nothing more substantial than so-
cial conventions,” though he did not speculate why any historians
holding such a view would bother producing such highly detailed
accounts of the technical and physical labour involved in actually
doing experiments.3°

There were not many reviewers picking up the other end of the
interpretative stick, but one of the major British Marxist political and
social historians of the seventeenth century did just that. He was look-
ing for a much more substantial role for social factors in the book but
was disappointed to find so little, contrasting Leviathan and the Awr-
Pump negatively on those grounds with work more vividly displaying
how seventeenth-century science “justified capitalist world domina-
tion, racialism and inequality.” Shapin and Schaffer had written, so to
speak, the Menshevik version of what had already been achieved by
historians making a more full-blooded case for the role of the social as
opposed to the intellectual.s”

35 Hankins, Science.

36 Westfall, Phil. Sci. (emphasis added).

37 Christopher Hill, “A New Kind of Clergy’: Ideology and the Experimental
Method,” Soc. Stud. Sci. 16 (1986), 726735, on 728. Historians applauded by Hill, who
were reckoned to have made a better job of what he saw as the same task Shapin and
Schaffer had taken up, included Brian Easlea, James R. Jacob, Margaret C. Jacob, and
Carolyn Merchant.
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MODERNITY MAKING

For historians of science and ideas, another way of making sense of
Leviathan and the Air-Pump was to see it addressing linked questions
about the “Scientific Revolution” and the “origins of modern science.”
By the 1980s these questions belonged to recognized traditions in the
history of science, even though they had largely been set aside for
some time in favour of more particularistic engagements with science
and its past: When did “modern science” emerge? What was the mode
of its emergence—evolutionary or revolutionary, continuous or dis-
continuous? What were its essential characteristics? Why did modern
science develop when and where it did? What intellectual, cultural,
and, perhaps, social and economic forces encouraged its development
and what forces inhibited it? And, a corollary question prompting much
interest from both Marxist and non-Marxist historians in past genera-
tions, why did modern science develop in Europe during the sixteenth
and seventeenth centuries and not in one of several non-Western set-
tings, of which China was deemed the most pertinent instance?s?

At the time the book appeared, almost anyone then charged with
teaching courses in history of science was expected somehow to pro-
vide an account of the great transformation ushering in scientific mo-
dernity, and, maybe, through science, of modernity writ large. In 1983
A. R. Hall’s widely read and extensively used The Revolution in Science,
I500-1750, first issued three decades earlier, reached its third edi-
tion, with a revised title, a slightly constricted chronological scope,
and a clear sense that any coherent understanding of the history of
science depended on recognizing the massive transformation of
knowledge and method that took place in Europe during this peri-
od.3¢ It was in Hall’s book that Shapin and Schaffer found the telling
claim that the airpump was “the cyclotron of its age,” a gesture sug-
gesting the interest and legitimacy of framing knowledge making
from past and present in similar terms.*° A few months later, Hall con-
tributed to the George Sarton Centennial Issue of Isis, the official
journal of the History of Science Society, a moving reminiscence link-

38 See Joseph Needham, The Grand Titration: Science and Society in East and West (Lon-
don: George Allen & Unwin, 1969).

3¢ The original edition was A. Rupert Hall, The Scientific Revolution, 1500-1800: The
Formation of the Modern Scientific Attitude (London: Longmans Green, 1954). The reissue
was titled The Revolution in Science, 1500-1750, 3rd ed. (London: Longman, 1983). The
book remains in print and widely used in surveys on the history of science.

4 Hall, The Revolution in Science, p. 262 (quoted in Leviathan and the Air-Pump, p.
30).
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ing the beginning of his career in the field both to the establishment
of a Cambridge display of historical scientific instruments and, “far
more important,” to the delivery there of Butterfield’s 1948 lectures
that first introduced the notion of a unique, epochal, and decisive
Scientific Revolution to Anglophone audiences.#'

Books like this, and the attendant disciplinary memories, helped
sustain the continuing potency within the field of an irreversible, de-
finitive, and foundational early modern revolution, having tantalizing
implications for both conceptual schemes and the practical hardware
for knowledge making. But even as the Scientific Revolution was
being pushed towards the centre of the discipline’s sensibilities and
historical narratives, trouble was beginning to appear. Arnold Thack-
ray, then editor of Isis, had just publicly announced that even if the
Scientific Revolution remained the discipline’s “central heuristic de-
vice,” it had lost its conceptual coherence.#* A collaborative project
launched in 1980 to reassess the Scientific Revolution at a moment of
growing historiographic self-consciousness confessed pervasive dis-
agreement among historians of science and acknowledged the enor-
mous difficulty of any such coherent revaluation.4 The historian Roy
Porter soon produced an astute essay pointing out the historical con-
tingency of the very idea of the Scientific Revolution. He associated
the appearance of the canonical version of this story with mid-twenti-
eth-century contests between “intellectualists” and Marxists, part of
the externalism-internalism struggles and assumptions.4

So, at the time Leviathan and the Air-Pump appeared, some practitio-
ners regarded the notion of the Scientific Revolution as interestingly
problematic, while others saw it as the central organizing element in
the grand narrative of science and its past—the moment when “mod-
ern science” originated, when everything changed, and from which
there was no return. In accounts of the Scientific Revolution, Boyle’s
work with the air-pump, and the institutional place it found within the
early Royal Society of London, had been positioned at or somewhere

1* A, Rupert Hall, “Beginnings in Cambridge,” Isis 75 (1984), 22—25, on 23. The
Butterfield lectures were the basis of his Origins of Modern Science (1949).

42 Arnold Thackray, “History of Science,” in Guide to the Culture of Science, Technology,
and Medicine, ed. Paul Durbin (New York: Free Press, 1980), pp. 3-69, on p. 28.

13 Robert S. Westman and David C. Lindberg, “Introduction,” in Reappraisals of the
Scientific Revolution, ed. Westman and Lindberg (Cambridge: Cambridge University
Press, 1990), pp. xvii—xxvii, on p. Xx.

11 Roy Porter, “The Scientific Revolution: A Spoke in the Wheel?” in Revolution in
History, ed. Porter and Mikulas Teich (Cambridge: Cambridge University Press, 1986),

pPp- 290-316.
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near the centre, so the place of this book in that story must be an in-
teresting aspect of its production and reception.

The causes of the discipline’s uneasiness with the Scientific Revo-
lution frame are not clear. Was it growing concern with history’s “los-
ers” as well as “winners,” or even suspicion that “winning” and “los-
ing” were impoverished notions for the interpretation of the past?
Was it an increase in the number and range of early modern Euro-
pean practitioners that historians felt it necessary or possible to in-
clude in their accounts of the sciences? Was it recognition that many
fields of knowledge had undergone no radical transformation in the
sixteenth and seventeenth centuries, or even that history actually
contained no discrete moments which “made the modern world”?
Was it increasing acknowledgment of the extent to which putatively
“new” or “revolutionized” practices contained vigorous elements of
the “old”» Was it reflection on time scale, doubting that a revolution
could be thought of as stable over three centuries, or noting that
many features of the twentieth-century “modern” were absent in cel-
cbrated seventeenth-century achievements? Was it the already-men-
tioned discomfort with the historical propriety of mining the past for
its “anticipations” or “foreshadowings” of the present, and an em-
brace of the task of interpreting the past in “its own terms”—a past
into which that past’s pasts were enfolded but which could not know
its future?

Nevertheless, some reviewers expected that a book dealing with
these sorts of materials should offer a coherent explanation not just of
why Boylean experimentation triumphed over Hobbesian deductivism
but also of why sciencewon and why it continues in cultural dominance.
Anything less than that would be incomplete; anything other than that
would be a perverse denial of the identity of the Scientific Revolution.
A sociologist judged that Leviathan and the Air-Pump might have ex-
plained the initial success of something called “science,” but “the chal-
lenge now is to show how the trick has been sustained.”# A historian
of physics noted some of the worthy effects of the book’s naturalism
and its disinclination to engage in strong causal explanation—yet it
was this reluctance that made its characters into “opaque automata,”
while its localist sociology was incapable of what %ad to be the crucial
task—explaining the epochal and enduring success of the Scientific
Method and of experimental science: “There has surely been a lasting
victory of the experimental approach, of the experimental programme
Boyle demanded—and one could hope that this would be correlated
with an equally long-lasting reason: perhaps, for example, the formi-

# Trevor J. Pinch, Sociology 20 (1986), 654.
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dable efficacy of this programme in humans’ instrumental relation
with reality."® Similarly, a leading social historian praised the book’s
avoidance of teleological explanation and its symmetrical approach to
all parties in controversy, while identifying as a flaw its lack of any
causal explanation of the secular efficacy of experimentation: “Like
the experimenters they study, Shapin and Schaffer don’t always do
what they say they do, or what they should have done.”7

The discipline’s continuing attachment to stories about “the Scien-
tific Revolution” and the “origins of modern science” was sufficiently
strong that reviewers of Leviathan and the Air-Pump judged that it had
identified Boyle as “the ‘founder’ of modern science”;#® that it had
“put [the Scientific Revolution] centre stage,” that it had made a
“contribution to the historiography of the Scientific Revolution” and
to an “understanding of the genesis of the ‘new science’ of the seven-
teenth century.”# And this way of identifying the pertinent frame for
understanding Leviathan and the Air-Pump is all the more remarkable
since nowhere in the book is the phrase “Scientific Revolution” (in either
upper- or lowercase) actually used.5® If, indeed, the Scientific Revolu-
tion provides any kind of frame for the work, it is through the authors’
developing sympathies for historical scholarship from the 1960s to
the 1980s that was sceptical of the legitimacy of such a notion and of
the accompanying sensibility that this revolution defined the “making
the modern world.”s

CuriouUs INCIDENTS

Leviathan and the Air-Pump directed close attention to a very specific
passage of seventeenth-century science. (The passage was, indeed, in-

46 Dominique Pestre, Revue d histoire des sciences 43 (1990), 109—-116, on 110.

47 Roger Chartier, “De I'importance de la pompe a air,” Le monde des livres, 28 Janu-
ary 1994, viii.

48 Westfall, Phil. Sci., 130. (This was slightly naughty, since the purportedly quoted
passage from Leviathan and the Air-Pump [p. 341] actually attributes the “foundership”
view to “modern historians,” and the same paragraph specifies that “an unbroken con-
tinuum between Boyle’s interventions and twentieth-century science is highly
unlikely.”)

19 Hacking, “Artificial Phenomena,” 235 (for “centre stage”); Westfall, Phil. Sci., 128
(for a “major contribution”); Mordechai Feingold, Engl. Hist. Rev. 106 (1991), 187—
188, on 188 (for “the ‘new science’”).

5 While several of Kuhn’s historical essays are cited in the book, his Structure of Sci-
entific Revolutions is not.

5! Shapin later wrote a short book that sought to show the heterogeneity of scien-
tific practices often swept up in the frame of a coherent seventeenth-century revolu-
tion: Shapin, The Scientific Revolution (Chicago: University of Chicago Press, 1996).
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terpretatively framed, yet there was no mistaking the closeness of its
engagement not just with scientific beliefs but with the minute and
quotidian details of scientific knowledge making.) Most reviewers
found the specifics of the airpump’s functioning and of the account
of the Restoration polity reasonably well managed in the book—or, at
least, they did not see any reason to find fault with these accounts.
Some readers accepted these aspects of the book on the basis of their
own empirical competencies; others took them “as read” because they
sensed that the book’s significance lay elsewhere—if not in an expla-
nation of, so to speak, the long-term “success of science,” then at least
in its apparent invitation to revisit much of the conceptual vocabulary
for describing “science and society,” and even of “modernity.”

In these connections, two assessments of the 1989 paperback edi-
tion, by the philosophers Ian Hacking and Bruno Latour, used the
book as a platform to discuss that significance. They both did so
through a robust assimilation of the book’s story about early modern
experiment and politics into their own versions of the long-term
emergence of modernity.5* For Hacking, the book provided an origin
myth for an enterprise in which scientific truths no longer match
states of affairs in an external world, but rather the artificial phenom-
ena produced in a confined laboratory. In a subsequent lecture at
Harvard, Hacking summed up this story’s lesson: “Hobbes believed in
the thesis that phenomena are created, and for his own reasons hated
it [viz., the programme of making artificial phenomenal]. . .. He lost
the match with Boyle, forever.”s3

For Latour, the book described the foundations of a modern con-
stitutional settlement under which political delegation and scientific
representation were allotted their appropriately separate and comple-
mentary roles. Hacking read Leviathan and the Air-Pump as distress-
ingly whiggish: it too evidently attended to the origins of our present
concerns by focusing entirely on the ancient heroes of the Scientific
Revolution. Latour thought the story was distastefully asymmetric: it
was said to explain experiment’s career and authority in political
terms, while these political terms were never themselves subjected to
the scrutiny given to natural terms. The authors were almost there, but

5 Bruno Latour, “Postmodern? No, Simply Amodern! Steps towards an Anthropol-
ogy of Science,” Stud. Hist. Phil. Sci. 21 (1990), 145-171, esp. 147-159, and rewritten
in Nous n’avons jamais été modernes (Paris: Découverte, 1991), pp. 26—46; Hacking, “Ar-
tificial Phenomena.”

53 Jan Hacking, Historical Ontology (Cambridge, Mass.: Harvard University Press,
2002), p. 15.
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not quite. They did not go “far enough.” Yet, flatteringly enough,
both Hacking and Latour attributed to the book’s modest authors
much of the soaring originality of their own models of the nature of
science, of society, and of historical change. They saw the authors
doing not pretty good historical interpretation but faulty ontology
and epistemology. If Shapin and Schaffer were hod-carriers to the
building of philosophical theory, nevertheless the bricks delivered in
their historical hods could be constructed into a grand edifice. The
Restoration disputes so minutely detailed in Leviathan and the Air-
Pump had apparently become the “fruit flies of the new social theory
of science.” You could get to a proper metaphysical theory of the
nature of science and of the polity through a proper interpretation of
the controversies to which Shapin and Schaffer had drawn attention.
Both reviewers thus offered magisterial accounts that placed the con-
tests between Boyle and Hobbes at the roots of modern order, whether
by way of Hacking’s self-authenticating laboratory style or Latour’s
modern constitution.

These accounts were accompanied by a prediction: in various idi-
oms, reviewers foresaw that Leviathan and the Air-Pump was likely to
spawn a new generation of studies that followed or extended its pat-
terns. Hacking, for instance, reckoned that the kind of instrumental
biography he found in the book was an “art form of which we shall see
a good deal in the next few years,”s® while others pointed to method-
ological and conceptual achievements that would surely provide con-
crete models for subsequent historical work—on the Scientific Revo-
lution and on temporally and topically distant materials. Since the
book had, Hacking said, so effectively made the air-pump the protago-
nist of its story, there would certainly be an outpouring of comparable
studies of the deeds and sufferings of scientific instruments. True, the
study of scientific hardware, especially of early modern optical devices
and of the modern equipment of physics, astronomy, and, now in-
creasingly, molecular biology and genomics, has been pursued with
great vigour since the mid-1980s. In cases historically close to those
we considered, the vagaries of instrumental techniques in Baroque
mechanics, the place of the microscope in the seventeenth-century
Dutch Republic, the magic lantern as a demonstration device in pub-
lic displays have all been worked over by historians of science. There
have also been some fascinating accounts of the details of air-pump

54 Duncan Kennedy, “Knowledge and the Political: Bruno Latour’s Political Episte-
mology,” Cultural Critique 74 (2010), 83-87, on 85-86.

5 Latour, “Postmodern?,” 148.

56 Hacking, “Artificial Phenomena,” 236.
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design and its revisions in the later seventeenth and early eighteenth
centuries.5” But it would be an exaggeration to see Leviathan and the
Air-Pump as a major inspiration for this work,’® and few, if any, histori-
cal studies have sought to follow its example in trying to illuminate
knowledge making by linking instruments to both literary representa-
tion and modes of social organization.

The historian of nineteenth-century science James Secord called
the book “the most influential text in our field since Thomas Kuhn’s
Structure of Scientific Revolutions (1962),” specifically drawing attention
to the work’s focus on local circumstances in scientific knowledge
making and saying that its localism had been immensely influential in
the history of science. Yet that very generous assessment seems to at-
tribute too much to one book and too little to a widely distributed
interest in local scenes that marked the academic work of the 1g70s
and 198os. Secord also applauded Leviathan and the Air-Pump’s “bril-
liant discussion of techniques of literary persuasion,” but here too
what has been called “the linguistic turn” in the study of all kinds of
culture was well under way at the time the book appeared, and, in the
event, Secord was disappointed that the history of science, as he said,
had been so slow to follow this example .5

The historical domain in which one would have expected Leviathan
and the Air-Pump to have greatest impact is, of course, the study of
seventeenth-century science in general and of the work of Hobbes
and Boyle in particular. After all, one of the book’s distinguishing fea-
tures was the tightness of its focus on concrete experimental practice
in the seventeenth century and its engagement with one of the iconic
figures in Scientific Revolution studies. But that impact has not hap-

57 See, for example, Domenico Bertoloni Meli, Thinking with Objects: The Transforma-
tion of Mechanics in the Seventeenth Century (Baltimore, Md.: Johns Hopkins University
Press, 2006); Edward G. Ruestow, The Microscope in the Dutch Republic: The Shaping of
Discovery (Cambridge: Cambridge University Press, 19g96); Marc Ratcliff, The Quest for
the Invisible: Microscopy in the Enlightenment (Farnham: Ashgate, 2009); Thomas L. Han-
kins and Robert Silverman, Instruments and the Imagination (Princeton, N.J.: Princeton
University Press, 1995). On early modern air-pump designs, see, for instance, Anne van
Helden, “Theory and Practice in Air-Pump Construction,” Ann. Sci. 51 (1994), 477—
495; and Terje Brundtland, “From Medicine to Natural Philosophy,” Brit. J. Hist. Sci. 41
(2008), 209—224.

58 Major credit for subsequent historical work on scientific instruments and forms
of knowledge should go to James A. Bennett, “The Mechanics’ Philosophy and the
Mechanical Philosophy,” Hist. Sci. 24 (1986), 1-28; Bennett, “Robert Hooke as Me-
chanic and Natural Philosopher,” Notes and Rec. Royal Soc. 35 (1980), 33—48; and, later,
Bennett, “Practical Geometry and Operative Knowledge,” Configurations 6 (1998),
195—222.

59 James A. Secord, “Knowledge in Transit,” Isis 95 (2004), 654-672, on 657, 662.
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pened. Indeed, Leviathan and the Air-Pump seems to have had more
influence, and its claims and methods to have been more embraced,
outside the history of seventeenth-century science and philosophy
than inside it.%

Leviathan and the Air-Pump has not been a major resource for the
many historians of philosophy working on Hobbes, only partly be-
cause Hobbes is still understood to belong to the career of political
thought and the interest of these scholars in natural philosophy and
related mathematical matters has never been great. Hobbes is a “po-
litical philosopher” and Boyle is a “scientist,” and nothing that hap-
pened in Leviathan and the Air-Pump has had any significant impact on
those deeply entrenched disciplinary sensibilities. That said, Noel
Malcolm, directing the great Clarendon edition of Hobbes’s work and
correspondence, has given close attention to claims the book made
about Hobbes’s relations with the Royal Society in general and with
Boyle in particular. In impressively argued essays, he has urged that
Hobbes did not become a member of the Royal Society because sev-
eral of its Fellows were too close to his dangerous political position,
tactically wishing to dissociate themselves from Hobbes. Malcolm has
also concluded that the distinction Leviathan and the Air-Pump made
between Boyle and Hobbes on explanatory adequacy in natural phi-
losophy, and especially on the issue of evidence for and against a void,
was exaggerated.” Otherwise, Hobbes scholarship has not found
point in giving much detailed attention to questions about experi-
ment and the polity. A monograph devoted to Hobbes’s geometry and
his long dispute with the Oxford mathematician John Wallis argued
that what was called Shapin and Schaffer’s “sociological reduction-
ism” can, in principle, have no place in any reliable account of these
controversies.%

% An interesting exercise might be a tabulation of citations to Leviathan and the Air-
Pumyp to see what proportion of references citing specific pages are to the framing in-
troduction and epilogue and what proportion to the middle pages detailing the con-
crete evidence for, and interpretation of, the Hobbes-Boyle controversies. Our
impression is that for many readers it is as if chapters 2-7 do not exist. For warning
against this tendency, see Zammito, Nice Derangement of Epistemes, p. 169. A further exer-
cise would be an assessment of citing practices by disciplinary affiliation. We speculate
that few citing writers outside the history of science and philosophy direct attention to
any specific pages at all. This might help make sense of criticisms that, for example, the
book ignores “epistemic factors.”

1 Noel Malcolm, Aspecis of Hobbes (Oxford: Oxford University Press, 2002), pp.
187-191, g3g0.

%2 Douglas Jesseph, Squaring the Circle: The War between. Hobbes and Wallis (Chicago:
University of Chicago Press, 1999), pp. 343—355. For a summary of some implications
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Michael Hunter, the most prolific of modern Boyle scholars, has
been consistently hostile to the book. Rarely, if ever, disputing any
factual claim, Hunter has repeatedly declared Leviathan and the Air-
Pump methodologically and even ideologically toxic: Shapin and
Schaffer are “simplistically functionalist”; their view of “matters of
fact” is “somewhat distorted”; and they wrongly concentrate on “socio-
political interests.”® Their claims and findings about seventeenth-
century science should, in any case, be viewed with grave suspicion
because they are antiscience relativists, standing rightly accused of “an
attempt to undercut the pursuit of truth by presenting all knowledge
as relative and socially formed.”* Hunter has been the Boyle scholar
most seriously displeased with Leviathan and the Air-Pump, but other
Boyle scholars have also been lukewarm or hostile. Rose-Mary Sar-
gent, for example, thinks that Shapin and Schaffer were so concerned
to “show the socio-political interests at work” that they “dismissed the
epistemic dimensions of Boyle’s methodological works”; Lawrence
Principe has written that little of what they identify as novel with
Boyle’s literary programme was genuinely new; Jan Wojcik, remark-
ably concluding that Shapin and Schaffer had “criticized” Boyle’s sci-
entific methods, sought to defend Boyle from what she supposed to
be their attacks.? A recent guide to matters Hobbesian dismisses the
significance of Boyle’s “bizarre” disputes with Hobbes as unworthy of

of Leviathan and the Air-Pump for Hobbes scholarship, see Luc Foisneau, “Beyond the
Air-Pump: Hobbes, Boyle and the Omnipotence of God,” Rivista di Storia della Filosofia
59 (2004), 33-51.

%3 See, for instance, Michael Hunter, “Introduction,” in Robert Boyle Reconsidered, ed.
Hunter (Cambridge: Cambridge University Press, 2003}, pp. 1-18, on pp. 4-6; also
Hunter, Robert Boyle: Scrupulosity and Science (Woodbridge: Boydell & Brewer, 2000), pp.
8, 59 (for the “functionalism” charge). The distinguished historian of seventeenth-
century English science and medicine Charles Webster had a rather different assess-
ment of the historical scholarship in Leviathan and the Air-Pump: “Shapin and Schaffer
have executed their task with meticulous care. Their scholarship is difficult to fault.”
(“Pneumatic Mission,” Times Lit. Supp., 13 March 1987, p. 281.) Thomas Kuhn, who
was distressed at the book’s interpretative features, nevertheless judged that “the schol-

arship s very good. ... [I]t’s in many ways an extraordinarily interesting and good
book. So it’s not the scholarship that’s bothering me”: Kuhn, The Road since Structure,
pp- 316-317.

%4 Michael Hunter, “Scientific Change: Its Setting and Stimuli,” in A Companion to
Stuart Britain, ed. Barry Coward (Oxford: Blackwell, 2003), pp. 214-280, on p. 221.

% Rose-Mary Sargent, “Learning from Experience: Boyle’s Construction of an Ex-
perimental Philosophy,” in Robert Boyle Reconsidered, ed. Hunter, pp. 57—78, on p. 66;
also Sargent, The Diffident Naturalist: Robert Boyle and the Philosophy of Experiment (Chi-
cago: University of Chicago Press, 1995), p. 10; Lawrence Principe, The Aspiring Adept:
Robert Boyle and His Alchemical Quest (Princeton, N_].: Princeton University Press, 2000),
pp. 107-109; Jan W. Wojcik, Robert Boyle and the Limits of Reason (Cambridge: Cam-
bridge University Press, 1997), p. 165.
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serious attention: for Hobbes, these belonged to his other personal
“oddities,” such as his morbid fear of mountains.%

It is not our job here to defend Leviathan and the Air-Pump from
these sorts of criticisms. We have already noted how unwilling or un-
able these critics have been to engage the evidence of the book on its
own terms, while the myopia of these methodological specifications
should already be evident from the first part of this introduction.?
But it is remarkable that the most unambiguous claims for the histori-
cal impact of Leviathan and the Air-Pump come from one of these critics.
Michael Hunter has pointed to this book as “one of the most influen-
tial historical works to have been published in the last two decades,”
its authors having purportedly “founded a historiographic school,”
members of which have produced multiple-prize-winning mono-
graphs in the history of science and culture. Yet he finds Leviathan and
the Air-Pump so devoid of empirical or interpretative merit that he has
left himself no way of understanding why it should have had any such
“influence.”® He has a low opinion of the book, and he must there-
fore have a correspondingly low opinion of his many colleagues so
sadly taken in by it.

We cannot help our critic. It is possible, of course, that the book
has had the impact he deplores because his evaluations of its empiri-
cal and interpretative merits are not generally shared. It is possible
that he has misstated its findings, presumptions, purposes, and meth-
ods. It is possible that he has assimilated this project to the very social-
external vs. intellectual-internal scheme whose adequacy the book
meant to criticize—in which case it is possible that the critic did not
read the book very carefully, or that he read it with his mind already
made up about what sort of thing it was. Our purpose here has just
been to show that the “influence” of Leviathan and the Air-Pump has
been problematic. So far as we can tell, it has had only limited impact
on the specific area of the history of early modern science. Some writ-
ers in this field have evidently found it sound and resonant; others
have not.

ReasoNs To BE CHEERFUL

If it has not been our job to account for the criticisms, neither do we
find ourselves well placed to interpret the extent of the book’s reader-

% Glen Newey, Hobbes and Leviathan (London: Routledge, 2008), p. 12.

% Our only published response to a historian-critic is Shapin and Schaffer, “Re-
sponse to Pinnick,” Soc. Stud. Sci. 29 (1999), 249-253, 257-259.

% Hunter, “Scientific Change,” p. 221.
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ship in all sorts of inquiries more than a quarter-century after publica-
tion. Nevertheless, the historical background this introduction has
described allows us at least to construct a checklist of considerations
that might be pertinent here. If one wanted to know why Leviathan
and the Air-Pump has been found interesting across a spectrum of aca-
demic inquiries, these are some considerations that might be borne in
mind.

First, the book is indeed about an instrument and about a wide
range of collective human practices attending the operation of the
instrument, the interpretation and evaluation of its products—the
knowledge tracing back to it and the forms of social relations accom-
panying it. There are several reasons why there might have been a
constituency for such an exercise from the mid-198os. The institu-
tional place of science had changed fundamentally in the post—-World
War II world, and commentators on science had for some time been
trying to come to terms with such changes. From a dominant view of
science as pure thought, postwar commentary was moving towards
conceiving science as instrumental work, the nature of knowledge
flowing importantly from the work routines of producing it. The mo-
ment of individual epiphany was giving way to an appreciation of ex-
tended chains of collective labour. The role of instruments in the con-
duct of science had been a feature of Alvin Weinberg’s characterization
of “Big Science” and of President Dwight Eisenhower’s uneasy identi-
fication of the “military-industrial complex.” Polanyi had insisted
upon the work-craft nature of scientific knowledge in the late 1950s,
and his views had been assimilated and re-presented in Kuhn’s Struc-
ture of Scientific Revolutions in 1962.7° In 1971 the historian Jerome
Ravetz had attempted to build a picture of the social and political
place of science by drawing out the implications of its craft-work sta-
tus, and much early British sociological writing on scientific knowl-
edge making drew attention to what Polanyi had called “tacit knowl-
edge” and the work-worlds of the contemporary laboratory.” At the
same time, a few British sociologists of science—working on a wide

% Alvin M. Weinberg, “Impact of Large-Scale Science on the United States,” Science
134 (21 July 1961), 161-164; Dwight D. Eisenhower, “Farewell Address [17 January
1961],” in The Military-Industrial Complex, ed. Carroll W. Pursell, Jr. (New York: Harper
and Row, 1972}, pp. 204-208; see also Derek de Solla Price, Little Science, Big Science
(New York: Columbia University Press, 1963).

7 Michael Polanyi, Personal Knowledge: Towards a Post-Critical Philosophy (Chicago:
University of Chicago Press, 1958); Kuhn, Structure of Scientific Revolutions.

7 Jerome R. Ravetz, Scientific Knowledge and Its Social Problems (Oxford: Clarendon
Press, 1971); see also Steven Shapin, “Signs of the Times,” Soc. Stud. Sci. 27 (1997),

335-349-
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range of materials—were displaying dissatisfaction with what was seen
as the glib, facile, and reductive nature of some classic explanatory
projects and were suggesting the pertinence and constructiveness of
asking “how-questions” about knowledge making.” How did you
make a fact and warrant its credibility? How were scientific representa-
tions made? How were inferences made, proofs offered and estab-
lished? How did scientific knowledge move from the individual to the
collective? How were procedural boundaries between modes of prac-
tice made visible and justified? Scientific knowledge making could
and should be seen as the product of a collective, as work, as perfor-
mance. Leviathan and the Air-Pump emerged out of that setting; it seems
to have mobilized those sentiments in writing about a historical pas-
sage of science; it aimed to make a contribution towards the under-
standing of the quotidian instrumental and social work of making
science.”

Leviathan and the Air-Pump appeared at a time when many—not
all—historians of science had grown weary of the externalism-inter-
nalism frame. Even if they did not worry about the categories and
framing of the debate, they nevertheless began to feel that its terms
were too crude for the historical reconstruction of scientific change.
The book also appeared in an ideological setting becoming more and
more detached from the grand political cleavages which had charged

7 See, notably, H. M. Collins, “The TEA Set: Tacit Knowledge and Scientific Net-
works,” Sci. Stud. 4 (1974), 165—186; Collins, “The Seven Sexes: A Study in the Sociol-
ogy of a Phenomenon, or the Replication of an Experiment in Physics,” Sociology ¢
(1975), 205—224; Trevor J. Pinch, “Theoreticians and the Production of Experimental
Anomaly: The Case of Solar Neutrinos,” in The Social Process of Scientific Investigation,
Sociology of the Sciences Yearbook, vol. 4, ed. Karin D. Knorr-Cetina, Roger Krohn,
and Richard Whitley (Dordrecht: D. Reidel, 1980}, pp. 77-106; Pinch, “The Sun-Set:
The Presentation of Certainty in Scientific Life,” Soc. Stud. Sci. 11 (1981), 131-158.
Some years later, Collins wrote that understanding science was only possible on the
condition of real-time ethnographic engagement. Scientific practice destroyed its own
history; the historian of science could never witness the process of putting “ships into
bottles”—knowledge in the making—and was presented only with the finished prod-
uct, textbook science. Historical understanding was, for that in-principle reason, an im-
possibility. Both Collins’s achievements and his provocation were relevant to the way we
framed our project: Collins, “Understanding Science,” Fund. Sci. 2 (1981), 367—380.

73 In the early 1980s there was a certain amount of interest among British historians
in detailed accounts of scientific knowledge making as performances; see, notably,
Martin Rudwick, “Critical Problems in the History of Science: Retrospective Review Sympo-
sium,” Isis 72 (1981), 268—271, on 270: “What we urgently need are many more de-
tailed and thorough studies (solve the publishing problems somehow!) of the pro-
cesses of individual development and social negotiation by which specific pieces of
claimed scientific knowledge have been constructed, propagated, maintained, and
(sometimes) abandoned.”
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up those disputes from the prelude to World War II to the height of
the Cold War.74 In academic sociology, the field called the sociology of
knowledge increasingly looked played out, generating few new and
productive lines of inquiry. For reasons broadly similar to those at
work in the history of science, the classic project of showing the opera-
tion—or the irrelevance—of social or “existential” factors in the con-
stitution of knowledge was not generating significant new work of in-
terest to practitioners in that or allied fields. In Imre Lakatos’s
philosophical language, the classic sociology of knowledge was look-
ing very much like a “degenerating research programme.”7s Science—
and, within science, observation-statements and deductive infer-
ences—appeared traditionally as “hard cases” for showing the role of
“social factors.” Nevertheless, from the 197os, historians of science
were exploring whether those tough nuts could be cracked by more
and more detailed, and more contextually sensitive, accounts of scien-
tific episodes. The authors themselves had made several attempts at
this sort of writing, and it might have been their sense that this line of
inquiry had got as far as it was going to go that prompted them to
consider whether the “social-factors-influencing-knowledge” frame
was either appropriate or constructive.”® Leviathan and the Air-Pump
was meant to be, among other things, a large-scale instantiation of
what the sociology of knowledge might look like if it rejected the
“rules of the game” presupposed by traditional exercises. If there was
a identifiable methodological slogan in the book, it was this: “Solu-

74 Shapin, “Discipline and Bounding,” esp. pp. $33-345-

75 Imre Lakatos, The Methodology of Scientific Research Programmes: Philosophical Papers,
vol. 1 (Cambridge: Cambridge University Press, 1978).

76 Probably the most celebrated of these exercises was Paul Forman, “Weimar Cul-
ture, Causality, and Quantum Theory, 1918-1927: Adaptation by German Physicists
and Mathematicians to a Hostile Intellectual Miliew,” Hust. Stud. Phys. Sci. 3 (1971),
1—115. This paper was one inspiration for Shapin, “Phrenological Knowledge and the
Social Structure of Nineteenth-Century Edinburgh,” Ann. Sci. 32 (1975), 219-243;
Shapin, “The Politics of Observation: Cerebral Anatomy and Social Interests in the
Edinburgh Phrenology Disputes,” in On the Margins of Science: The Social Construction of
Rejected Knowledge, ed. Roy Wallis, Sociological Review Monographs, vol. 27 (Keele:
Keele University Press, 1979), pp. 139-178; Shapin, “Of Gods and Kings”; also Schaf-
fer, “The Political Theology of Seventeenth Century Natural Philosophy,” Ideas and
Prod. 1 (1983), 2—14; Schaffer, Newton at the Crossroads,” Rad. Phil. 37 (1984), 23-28;
Schaffer, “Discovery Stories and the End of Natural Philosophy,” Soc. Stud. Sci. 16
(1986), 387—420 (orig. publ. 1984). By the early 1980s Shapin was surveying the
genres of sociological work on scientific knowledge and finding interest for the history
of science in the early writings of such sociologists as Barry Barnes, Harry Collins,
Trevor Pinch, and Michael Lynch: Shapin, “History of Science and Its Sociological Re-
constructions,” Hist. Sci. 20 (1982), 157-211.
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tions to the problem of knowledge are solutions to the problem of
social order.”” It is a formulation that seems to have travelled quite
widely in the academic world.”

Leviathan and the Air-Pump was inter alia an instantiation of a re-
search programme in the sociology of scientific knowledge. That is to
say, it was a case study. It was meant to illuminate important features of
seventeenth-century natural philosophy, but it was, at the same time,
intended to frame an agenda for the sociological and historical study
of knowledge generally. It was never just the one thing or the other. By
the time the book appeared, the casestudy genre had become attrac-
tive to the small group of sociologists concerned with the naturalistic
study of scientific knowledge making. Points of interest to method-
ological or theoretical concerns were being made and illustrated, and
arguments about the legitimacy and interest of one or another ver-
sion of the sociology of scientific knowledge were being addressed, by
way of a series of close case studies—of modern research on solar
neutrinos, gravity waves, latent hidden variable theory, plant taxon-
omy, etc.” The case-study genre and its uses were familiar in cultural
anthropology: recall set-piece engagements with “relativism” and “ra-
tionalism” by way of the classification of cassowaries and twin-birds,
and by way of treatments of the efficacy of poison oracles—but also
consider the use of historical case studies in Kuhn’s general model of
scientific change.® And consider, too, the way in which Kuhn urged
that normal science itself proceeded by reasoning on, and training in,
cases.® In fastening upon Boyle’s air-pump to discuss experimental

71 Leviathan and the Air-Pump, p. 332.

7 A search for this aphorism in Google Books will reveal some evidence of that
circulation.

79 Many of those cases were surveyed several years before in Shapin, “History of Sci-
ence and Its Sociological Reconstructions.”

8¢ For classic anthropological cases, see, for example, E. E. Evans-Pritchard, Witch-
craft, Ovacles and Magic among the Azande (Oxford: Clarendon Press, 1957), esp. pp.
120-16g (for the poison oracle); Evans-Pritchard, Nuer Religion (Oxford: Clarendon
Press, 1956), pp. 128-133 (for twins and birds); Ralph Bulmer, “Why Is the Cassowary
Not a Bird? A Problem of Zoological Taxonomy among the Karam of the New Guinea
Highlands,” Man 2 (1967), 5—25. For the mobilization of such iconic examples in fun-
damental methodological and conceptual debates, see, for example, Barry Barnes,
“The Comparison of Belief Systems: Anomaly versus Falsechood,” in Modes of Thought:
Essays on Thinking in Western and Non-Western Societies, ed. Robin Horton and Ruth
Finnegan (London: Faber & Faber, 1973), pp. 182-198; Barry Barnes and David Bloor,
“Relativism, Rationalism and the Sociology of Knowledge,” in Rationality and Relativism,
ed. Martin Hollis and Steven Lukes (Oxford: Basil Blackwell, 1982), pp. 21—47.

81 The antirationalism of Kuhn’s crucial Structure chapter on “The Priority of Para-
digms” (pp. 43-51) drew upon Wittgenstein’s scepticism about rational formal method
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practice in science, Leviathan and the Air-Pump was following in the
case-study tradition marked out by J. B. Conant’s Harvard Case Histo-
ries in Experimental Science, a text used in a celebrated Harvard General
Education course in which Kuhn himself taught and whose cases
made up such an important part of the empirical content of Structure
of Scientific Revolutions.™

So Leviathan and the Air-Pump belonged to a casuistical genre well-
known in anthropology, and in allied debates over rationalism and
relativism. But it can also be seen as a pumped-up contribution to a
long-standing tradition of scholarship in the history of science. It is
not a tradition very well suited to illustrating, so to speak, the neighbour-
ing general by way of the historical particular, and the methods of mi-
crohistory offer a substantive reflection on the means through which
a “normal-exceptional” case can generate historical understanding.®
If you are interested in the particularities of eighteenth-century ex-
perimental practice in France, you do not necessarily achieve very
much through a close study of experimental practice in seventeenth-
century England. If specificity is your sole goal, then you will, of course,
want to give accounts about your preferred practice and setting that
pick out what makes them distinct from all other historical passages.
There’s nothing wrong about that. But, if suitably framed and quali-
fied, a study of experimental practice in seventeenth-century England
may be a pertinent resource in telling stories about, for example,
knowledge making and how one might profitably go about studying how
knowledge is made in a wide range of times and places. The book did
not establish or justify its remarks about the present by traversing every
temporally intermediate stage. Its authors did not think they were
obliged to travel through the eighteenth and nineteenth centuries to
license remarks about the present, although, again, for other sorts of
historical projects, one would want to do just that.

Leviathan and the Air-Pump juxtaposed these seventeenth-century
episodes with the modern contemporary because its authors thought
they had described some significant patterns held in common. To

statements, as did writers in the Edinburgh Strong Programme of which Kuhn so
disapproved.

82 Joy Harvey, “History of Science, History and Science, and Natural Sciences: Un-
dergraduate Teaching of the History of Science at Harvard, 1938-1970,” Isis go Sup-
plement (1999), S270-8294, on S280-S28z2.

83 See Carlo Ginzburg and Carlo Poni, “The Name and the Game: Unequal Ex-
change and the Historiographic Marketplace,” in Microhistory and the Lost Peoples of Eu-
rope, ed. Edward Muir and Guido Ruggiero, trans. Eren Branch (Baltimore, Md.: Johns
Hopkins University Press, 1991), pp. 1-11.
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find that sort of thing illegitimate would be to claim that there are no
such patterns or, less forcefully, that, if they exist, people called histo-
rians must not concern themselves with them. The dense accounts of
the Hobbes-Boyle disputes were indeed meant to retrieve many past
specificities. At the same time, those dense accounts allowed the dis-
play of knowledge- and order-making forms which, the authors sug-
gested, feature in making all sorts of knowledge, in all sorts of settings.
That was the kind of thing being gestured at when it was said that solu-
tions to the problem of knowledge are solutions to the problem of
social order. The authors could not think of particular passages of
knowledge making and order making in which that principle did not
apply. You have the historically particular and you have some observa-
tions about the transcendental conditions for knowledge and order. It
seemed interesting and legitimate to do that. Leviathan and the Air-
Pump was written in a context where there was a finite but significant
audience for that sort of venture.

However one might mine case studies for robust findings, a recog-
nized historical virtue of detailed engagements with cases is, indeed,
the capture of particularities. One inescapable feature of the book is
its attention to heterogeneity, variation in belief and judgment, con-
troversy. It aimed to treat scientific controversy—about findings and
about programmes for producing findings—as natural. It took
Hobbes’s natural philosophical agenda seriously and showed that
many of those who opposed Hobbes took him seriously enough to
counter his claims and recommendations.

What were known as “controversy studies” had, by the mid-1g8os,
become set-pieces in sociological studies of the making of modern
scientific knowledge. Controversy was looked for, and focused on, as a
sign that one was indeed engaging with “knowledge in the making,”
and the authors of Leviathan and the Air-Pump reckoned that this sen-
sibility had historical grip as well. If there was originality in what they
did, it may have been the tightness of their focus on disputes over the
“rules of the game” as well as on the rightness of moves within a largely
agreed knowledge-game. That said, drawing attention to controversy
attending one of the iconic programmes of seventeenth-century sci-
ence and, still more, extending “charitable interpretation” to one of
its adversaries were not compatible with traditional talk about “the
essence of the Scientific Revolution” or of “what seventeenth-century
scientists believed.” The book sought to report on what is so often
found when the impulse to retrieve historical specificity is extended
beyond its normal bounds—and that is texture, variation, and
contest.
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Leviathan and the Air-Pump was, in one sense, quite a traditional
historical exercise: it took historical particularism seriously, perhaps
more seriously than was then thought necessary. Its authors were not
made uneasy by the heterogeneity they found; they saw that it is a
normal, and arguably a pervasive, feature of science-in-the-making.
But they insisted on the historical salience of engaging with heteroge-
neity, and “the dog that didn’t bark” in their book was the absence of
reference to a coherent “essence” of seventeenth-century science, of
what it meant to be “modern,” of “the Scientific Revolution.” Such
sensibilities about variation and contest were not very common among
historians of science at the time the book was published, but they were
increasingly influential among a range of social historians concerned,
for example, to retrieve the submerged perspectives of groups tradi-
tionally neglected by academic history, including those picked out by
class, race, ethnicity, gender, or other modes of disempowerment.
Struggle, including struggle to secure cultural credibility and legiti-
macy, was seen as normal, and documenting and interpreting struggle
was increasingly seen to be worth historians’ most serious attention.®
Leviathan and the Air-Pump therefore appeared at a time when many
sorts of academic historians were seeking to document heterogeneity
and struggle. What might have been news to some of them was that
one might do the same when one’s subject was science.

CROSSING THE BAR

One last consideration bears on the spread of interest in the book,
though here the situation is more ambiguous. Interdisciplinarity has
been much talked-up in recent decades. Little is said about its draw-
backs, while the virtues of interdisciplinarity are more often asserted
than argued. Despite Kuhn’s powerful account of the change-induc-
ing effects of paradigmatic “narrowing of perception,” close obser-
vance of the disciplines’ conventions, procedures, boundaries, and
schemes of value is commonly equated with restricted imagination or
an impoverished sense of intellectual adventure. The celebration of
“open-mindedness” is one basis for the widespread, but wrong-
headed, reading of Kuhn's Structure as a criticism of “normal science”

84 E. P. Thompson, The Making of the English Working Class (Harmondsworth: Pen-
guin, 1968; orig. publ. 1963), p. 15: “I am seeking to rescue the poor stockinger, the
Luddite cropper, the ‘obsolete’ hand-loom weaver, the ‘utopian’ artisan, and even the
deluded follower of Joanna Southcott, from the enormous condescension of
posterity.”
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and a celebration of “revolutionary science.” The disciplines rule aca-
demic life, but, curiously enough, few publicly applaud any benefits
they bring. For all that, one can wonder whether the recent commen-
dation of interdisciplinarity—especially in the humanities and social
sciences—is little more than mouth-music. Academic administrators
increasingly attach themselves to interdisciplinary rhetoric, some-
times just as a way to curb the power of the departments, and the
professors find ways to pay lip service to the idea of interdisciplinarity
while perpetuating institutional and career-reward structures which
penalize its practice. It’s the disciplines which continue to train, ap-
point, publish, promote, and reward. There can be no doubt about
their continuing power, and a case can be made that the disciplines’
dominance, while ebbing in the natural sciences and the professional
schools, has been increasing in the humanities and social sciences.
Meantime, interdisciplinarity is sometimes given a bad name by prac-
titioners seeming to equate it with the playful rejection of any sort of
discipline rather than serious submission to more than one.

In the discipline called the history of science, a measure of interdis-
ciplinarity was more a momentary feature of its institutional circum-
stances than a wellrooted preference. Many practitioners were
housed in departments of the “history and philosophy of science,”
whose shop windows advertised an in-principle radical interdisciplin-
arity. Others found themselves in history departments, despite Sar-
ton’s insistence that science was no ordinary historical object, and
despite “mainstream” historians’ tendency implicity to agree.® Levia-
than and the Air-Pump has been called an interdisciplinary exercise,
and at least some of the reaction to it seems to have been informed by
its visibility as an interdisciplinary accomplishment. But it arrived in
an academic setting which was at least ambivalent about interdisciplin-
arity, in practice if not in public rhetoric. In the United States, under-
graduate programmes labelled as interdisciplinary (also variously
“transdisciplinary,” “multidisciplinary,” or “cross-disciplinary”) were
growing in popularity from the 1970s, students, for a range of rea-
sons, seeming to welcome their “flexibility” or just the freedom to
carry on their education for as long as possible without being obliged
to cast their lot with a single discipline. In other moods, interdisciplin-
arity was approved as a way of providing the adaptable skill sets that
would be called upon by the nature of late modern social and political

8 Mayer, “Setting Up a Discipline, IL.” She points out the nice irony that the more
externalist histories of science were those produced by immediately postwar scientists
like Bernal and Needham, and the more internalist accounts were those produced by
immediately postwar historians like Rupert Hall.
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problems, which obstinately refused to sort themselves out into “sci-
entific,” “social scientific,” and “humanistic” species. Similarly ambig-
uous normative themes operated in the United Kingdom during the
economic and political crises of the 19%70s and early 1g8os. Interdisci-
plinary studies had long been touted as means of compensating for
technocratic overspecialization. In part, this move was announced as
aresponse to legitimate student concern with the narrowness of tradi-
tional British degree courses; in part, it was justified through ener-
getic arguments around the integrity of the university as a site of dis-
interested inquiry. The tone shifted somewhat in the context of
mid-1g7os political and economic conflict and its aftermath. Interdis-
ciplinary strategies, with significant backing from major research
councils and from educational charities, were now judged worthy
methods that might better orientate British university programmes to
strongly utilitarian ends.

Both the rhetoric and the institutional reality of academic interdis-
ciplinarity were experienced in especially coherent ways in and
around the divide between the sciences, on the one hand, and the
humanities and social sciences, on the other. Sometime in the 196o0s,
responding to these developments, new institutional configurations
arose which housed a small number of historians of science under the
same roof as social scientists and policy students concerned with sci-
ence and technology. In the mid-1g60s the Edinburgh Science Stud-
ies Unit was established partly as a response to C. P. Snow—inspired
concern with the “Two Cultures.” The biologist C. H. Waddington
initially intended it to supply a missing “liberal arts” component to
undergraduate science education.?® (Waddington is reported to have
told the Unit’s founding director, David Edge: “We’ll teach ’em the
science—you teach 'em the rest.”)87 A recognized problem was heal-
ing the conflicts of the faculties, and a remedy was offering “bridges”™—
that term was pervasive—across which students could perhaps safely
and surely travel from one field to another.

It was sometimes thought that the faculty too would benefit from
“science and society” interdisciplinarity. The journal Science Studies—
later retitled Social Studies of Science—was coedited by David Edge from
1971, and, during the 1970s and 198os, it often published the work
of historians as well as social scientists and philosophers. The profes-
sional organization called the Society for the Social Studies of Science

8 John Henry, “Historical and Other Studies of Science, Technology and Medicine
in the University of Edinburgh,” Notes and Rec. Royal Soc. 62 (2008), 223-235.

87 Reported in David Bloor, “David Owen Edge: Obituary,” Soc. Stud. Sci. 33 (2003),
171-176.
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(4S), founded in 1945, was once widely attended by historians of sci-
ence and, from 1978, published its own journal, Science, Technology &
Human Values.® From the 1960s other frankly interdisciplinary “sci-
ence studies” or “science and technology studies” teaching and re-
search units came onto British and American academic scenes, some
responding to “common context” intellectual currents and “Two Cul-
tures” educational sensibilities, others to different sorts of activist sen-
timents—for example, how to make science and technology socially
useful; how to identify and cope with the “social problems” accompa-
nying rapidly advancing modern science and technology; and how to
encourage “public understanding of science."%9

The pertinence of these circumstances to the appearance and eval-
uation of Leviathan and the Air-Pump seems clear. The book concluded
with remarks on the modern condition; one of the authors was em-
ployed in an “interdisciplinary” Science Studies Unit; and the authors
first met in 1980 at one of the disciplinarily promiscuous meetings on
sociology, history, and philosophy that were a notable feature of the
British academic scene in the 1g70s and 1980s.9° It was not consid-
ered odd that historians, sociologists, and philosophers might find
mutual interest in each others’ work, even if that interest often ex-
pressed itself in focused disagreement. Both shared interests and
sharp arguments helped create and sustain a bibliography that was
itself, to a degree, held in common. People in different disciplines
often read the same books; they often had overlapping senses of per-
tinent problems and relevant resources for thinking about those
problems.

Understood that way, Leviathan and the Air-Pump was, of course, an
interdisciplinary exercise. It was just the sort of book one might ex-

8 The European Association for the Study of Science and Technology (EASST) was
founded in 1981, with precursors going back to the early 1970s.

8 Some early programmes include the Department of Science and Technology
Studies at Cornell, the Liberal Studies in Science programme at the University of Man-
chester, the Science Policy Research Unit of the University of Sussex, and the Program
in Science, Technology and Society at MIT. For reflections on the relation between the
institutionalization of science studies and forms of activism in the 1960s, see Jon Agar,
“What Happened in the Sixties?,” Brit. J. Hist. Sci. 41 (2008), 567-600, on 592-595.

9 The meeting at the University of Bath on 27-29 March 1980 was attended by
philosophers (including Mary Hesse, Bruno Latour, and David Bloor), sociologists (in-
cluding Barry Barnes, H. M. Collins, Trevor Pinch, Andy Pickering, Donald MacKenzie,
and John Law), and historians of science (including Martin Rudwick, Maureen McNeil,
Chris Lawrence, Roger Smith, L. S. Jacyna, John Pickstone, and David Gooding). Billed
as “New Perspectives in the History and Sociology of Science,” it was nominally a joint
meeting of the British Society for the History of Science and the British Sociological
Association Sociology of Science Study Group.
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pect to emerge from the intellectual and institutional setting of mid-
198os Britain, and what might need explaining is why there were not
more books quite like it and why it did not, as some commentators
expected it would, “set a trend.”* And yet the interdisciplinarity of
the book was different in tone, texture, and purpose from some rec-
ommendations of interdisciplinarity that one found at the time. Levia-
than and the Air-Pump did not aim to celebrate the virtues of mixing
the disciplines or rubbing them together. Rather, its authors thought
of themselves as engaged with a set of problems, and the resources and
methods they used were conceived pertinent to addressing these
problems. One problem could be called the problem of knowledge as it
presented itself to historians of early modern natural knowledge. How
did seventeenth-century scientific practitioners go about making nat-
ural knowledge and advertising its status and worth? What variants
were then available that might count as natural knowledge, and how
was the contest between these variants conducted? What was thought
to recommend different knowledge-making programmes, and how
did their agendas, conventions, and procedures stand with respect to
other social and cultural practices? Under one description, one could
say that the problem of knowledge belonged to philosophers, even if
they tended to approach it normatively, with a view to sorting out gen-
uine knowledge from what merely counted as knowledge. The au-
thors’ preference was to engage with knowledge making in a natural-
istic mood: What did people actually do when they were making what
they considered to be knowledge? How did they warrant what they
produced, and how did they secure credibility and authority for it?

9 Martin Rudwick’s magisterial and universally applauded The Great Devonian Con-
troversy: The Shaping of Scientific Knowledge among Gentlemanly Specialists (Chicago: Univer-
sity of Chicago Press, 1985) appeared the same year as Leviathan and the Air-Pump, and
while it avoided the sorts of explicit transhistorical gestures in Shapin and Schaffer’s
book, it clearly shared some of their concerns. Rudwick had spent some time in the
early 1980s at the Edinburgh Science Studies Unit as a visiting fellow and later was a
prime mover in establishing the interdisciplinary Science Studies Program at the Uni-
versity of California, San Diego. British sociologists of scientific knowledge treated
these two historical works as natural pairs: H. M. Collins, “Pumps, Rock and Reality
[extended review of The Great Devonian Controversy and Leviathan and the Air-Pump),”
Soc. Rev. 35 (1987), 819—828; Trevor J. Pinch, “Strata Various [essay review of The Great
Devonian Controversyl,” Soc. Stud. Sci. 16 (1986}, 705-715. Rudwick had for some time
announced his vigorous support for the study of the “social dimension” of science,
while leaving more or less intact the “social-intellectual” polarity and worrying about
“the blatantly politicized forms” taken by some “science and society” programmes. In
1981 he expressed anxiety that the history of science was being sacrificed to politically
orientated interdisciplinary forms, and that “unless we fight hard, there may be no
historians of science left in the year 2001”: Rudwick, “Critical Problems,” p. 271.
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Another problem the book addressed has been called the problem of
order. How is social order possible? How does it happen that groups of
people act as if they more or less agree about the quotidian forms of
collective life; to sustain institutions in which forms of collective life
may be carried out; to coordinate their activities—not just to achieve
collective ends but to frame the grounds of their internal conflicts?
This problem has traditionally belonged to the sociologists, who had
sorted two major possible solutions into coercive forms—which they
associated historically with the thought of Thomas Hobbes—and
those stressing the role of shared senses of what is right and legiti-
mate—which were linked to Max Weber’s social thought.?*

Leviathan and the Air-Pump was an attempt to see the problem of
knowledge and the problem of order as the same problem. Wherever
and whenever groups of people come to agree about what knowledge
is, they have practically and provisionally solved the problem of how to
array and order themselves. To have knowledge is to belong to some
sort of ordered life; to have some sort of ordered life is to have shared
knowledge. The “social” and the “intellectual” were two contextually
intelligible ways of parsing configurations that were always and every-
where neither unintellectual chunks of interactive life nor unordered
free-floating and disembodied ideas. There was no need to ban talk of
the social and the intellectual—as Bruno Latour famously proposed
in 1987—because these kinds of speech were, and continue to be,
among the resources people used (and use) to make sense of their
world and to identify proper and improper conduct.% If the authors
of Leviathan and the Air-Pump had been metaphysicians, they might
have insisted that only speech of something like “knowledge-order
conjunctures” was permissible, but they were historians, and their en-
terprise was interpretative at its core. They allowed themselves to be
curious about what historical actors meant, and what these actors were
doing, when they invoked categories like the “social” and the “intel-
lectual”—and related usages. This degree and texture of curiosity
about the categories belonged to the authors, not to the historical ac-
tors. The authors meant to describe the grounds of historical mean-
ing and usage, not to criticize historical actors for bad metaphysics.

92 See, e.g., Dennis H. Wrong, The Problem of Order: What Unites and Divides Society
(New York: Free Press, 1994); Wrong, Skeptical Sociology (New York: Columbia Univer-
sity Press, 1976), esp. chs. 2—3.

9 For advocacy of a moratorium on such speech, see Bruno Latour, Science in Action:
How to Follow Scientists and Engineers through Society (Milton Keynes: Open University
Press, 1987), p. 247, and, for a counter, see Shapin, “Discipline and Bounding,” pp.

355-356.
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Leviathan and the Air-Pump belongs to the past. When the book was
written, interdisciplinary science studies was relevant to the project,
even if advocating interdisciplinarity was not its goal. We are gratified
that there is apparently still a readership for the book more than a
quarter-century after its original publication, but one reason we ac-
cepted the awkward task of preparing this introduction was that it al-
lowed us to situate the book as a historical object. This was an oppor-
tunity to write a bit of history in which we ourselves were historical
actors. But as we thought about the introduction, we were unavoid-
ably aware of how fragile the conditions were for anything like this
book to be written, published, and found intelligible. For some time,
the relevant humanistic and social scientific disciplines have been
rounding up their wagons, expelling intruders from their midst, and
ever more powerfully controlling their members’ bibliographies,
their senses of legitimate problems, pertinent resources, and ap-
proved modes of writing.9¢ Leviathan and the Air-Pump was the product
of an intellectual and institutional environment which has not been
easy to perpetuate and which, indeed, some of our academic col-
leagues have worked to undermine. The republication of the book is
in one sense welcome, but in another sense it would be wonderful to
inhabit an academic world in which there would be no call for a new
edition of a work of empirical history produced by members of a pre-
vious generation. We look forward to the day when Leviathan and the
Air-Pumgp is, in every sense of the word, history.

% For a remarkable recommendation that the now properly professionalized aca-
demic history of science separate itself from interdisciplinary science studies, see Lor-
raine J. Daston, “Science Studies and the History of Science,” Crit. Ing. 35 (2009),
798-813; and a response by Peter Dear and Sheila Jasanoff, “Dismantling Boundaries
in Science and Technology Studies,” Isis 101 (2010), 759—774. Note that Daston, mak-
ing only a few references to Leviathan and the Air-Pump, seems to dissociate it from “sci-
ence studies,” while, for Dear and Jasanoff, it is one of the major evidences of the vital-
ity of links between history and “science and technology studies.”



* NOTES ON SOURCES AND CONVENTIONS -

For citations of sources in footnotes we have adopted an economical
convention similar to that employed in Elizabeth Eisenstein’s The
Printing Press as an Agent of Change. Bibliographic information is
kept to a minimum in the notes, apart from the occasional addition
of date of publication where that information is not given in the
text and is germane. Full titles and publication details are provided
in the Bibliography. Complete details of unpublished manuscript
sources, seventeenth-century periodical articles, and items in state
and parliamentary papers are, however, given in the notes and not
repeated in the Bibliography.

We have made liberal use of correspondence and other material
not published in the seventeenth century. Our major concerns have
been with knowledge that was public or designed to be so, and this
has affected the extent of our use of such sources. Where we are
interested in material that was incompletely public or, possibly,
intended to be restricted (as in chapter 6), our use of manuscript
material is correspondingly greater.

During the period with which this book is concerned, the British
Isles employed a calendar different from that used in most Con-
tinental countries, especially Catholic ones. The former used the
Julian (old style) calendar, which was ten days behind the Gregorian
(new style) calendar employed on the Continent. In addition, the
British new year was reckoned to begin on 25 March. Because we
deal in some detail with exchanges between England and Conti-
nental countries, we give all dates in both old and new style form,
but we adjust years to correspond with a new year commencing 1
January. Thus, the English 6 March 1661 is given as 6/16 March
1662; the Dutch (who used the Gregorian calendar even though
Protestant) 24 July 1664 is given as 14/24 July 1664; and so forth.

We have endeavoured, within reason, to preserve seventeenth-
century orthography, punctuation, and emphases, and have dis-
pensed with sic indications, save where absolutely necessary.

In our usage, “Hobbesian” refers to the beliefs and practices of
Hobbes as an individual; “Hobbist” to the beliefs and practices of
his real or alleged followers. We distinguish between religious Dis-
sent (upper case) and intellectual and political dissent (lower case).
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I

Understanding Experiment

Adso:  “But how does it happen,” I said with
admiration, “that you were able to solve
the mystery of the library looking at it
from the outside, and you were unable
to solve it when you were inside?”

William of Baskerville: “Thus God knows the world, because He
conceived it in His mind, as if from the
outside, before it was created, and we do
not know its rule, because we live inside
it, having found it already made.”

UmBERTO Eco, The Name of the Rose

OuRr subject is experiment. We want to understand the nature and
status of experimental practices and their intellectual products.
These are the questions to which we seek answers: What is an
experiment? How is an experiment performed? What are the
means by which experiments can be said to produce matters of
fact, and what is the relationship between experimental facts and
explanatory constructs? How is a successful experiment identified,
and how is success distinguished from experimental failure? Be-
hind this series of particular questions lie more general ones: Why
does one do experiments in order to arrive at scientific truth? Is
experiment a privileged means of arriving at consensually agreed
knowledge of nature, or are other means possible? What recom-
mends the experimental way in science over alternatives to it?

We want our answers to be historical in character. To that end,
we will deal with the historical circumstances in which experiment
as a systematic means of generating natural knowledge arose, in
which experimental practices became institutionalized, and in
which experimentally produced matters of fact were made into the
foundations of what counted as proper scientific knowledge. We
start, therefore, with that great paradigm of experimental proce-
dure: Robert Boyle’s researches in pneumatics and his employment
of the air-pump in that enterprise.

Boyle’s air-pump experiments have a canonical character in sci-
ence texts, in science pedagogy, and in the academic discipline of
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the history of science. Of all subjects in the history of science it
might be thought that this would be the one about which least new
could be said. It is an oft-told tale and, in the main, a well-told tale.
Indeed, there are many aspects of Boyle’s experimental work and
the setting in which it occurred that have been sufficiently docu-
mented and about which we shall have little novel to say: our debt
to previous historical writing is too extensive to acknowledge ad-
equately. It is entirely appropriate that an excellent account of
Boyle’s pneumatic experiments of the 1660s constitutes the first of
the celebrated series of Harvard Case Histories in Experimental Sci-
ence.’ This thirty-five-year-old study admirably establishes our point
of departure: it shows that Boyle’s air-pump experiments were
designed to provide (and have since provided) a heuristic model
of how authentic scientific knowledge should be secured.

Interestingly, the Harvard history has itself acquired a canonical
status: through its justified place in the teaching of history of science
it has provided a concrete exemplar of how to do research in the
discipline, what sorts of historical questions are pertinent to ask,
what kinds of historical materials are relevant to the inquiry, what
sorts are not germane, and what the general form of historical
narrative and explanation ought to be. Yet it is now time to move
on from the methods, assumptions, and the historical programme
embedded in the Harvard case history and other studies like it. We
want to look again at the air-pump experiments, to put additional
questions to these materials and to rephrase traditional questions.
We did not initiate our project with a view to criticizing existing
accounts of Boyle’s experimental work. In fact, at the outset we
were doubtful that we could add much to the work of distinguished
Boyle scholars of the past. Yet, as our analysis proceeded, we be-
came increasingly convinced that the questions we wished to have
answered had not been systematically posed by previous writers.
Why not?

A solution might reside in the distinction between “member’s
accounts” and “stranger’s accounts.” Being a member of the culture
one seeks to understand has enormous advantages. Indeed, it is
difficult to see how one could understand a culture to which one
was a complete stranger. Nevertheless, unreflective membership
also carries with it serious disadvantages to the search for under-
standing, and the chief of these might be called “the self-evident

' Conant, “Boyle’s Experiments in Pneumatics”; idem, On Understanding Science,
pPp. 29-64.
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method.”* One reason why historians have not systematically and
searchingly pressed the questions we want to ask about experi-
mental practices is that they have, to a great extent, been producing
accounts coloured by the member’s self-evident method. In this
method the presuppositions of our own culture’s routine practices
are not regarded as problematic and in need of explanation. Or-
dinarily, our culture’s beliefs and practices are referred to the un-
ambiguous facts of nature or to universal and impersonal criteria
of how people just do things (or do them when behaving “ration-
ally”). A lay member of our culture, if asked why he calls an ostrich
a bird, will probably tell his inquisitor that ostriches just are birds,
or he will point to unproblematic criteria of the Linnaean system
of classification by which ostriches are so categorized. By contrast,
this lay member will think of a range of explanations to bring to
bear upon a culture that excludes ostriches from the class of birds.3
In the case of experimental culture, the self-evident method is
particularly noticeable in historians’ accounts; and it is easy to see
why this should be the case, for historians are in wide agreement
in identifying Boyle as a founder of the experimental world in
which scientists now live and operate. Thus, historians start with
the assumption that they (and modern scientists) share a culture
with Robert Boyle, and treat their subject accordingly: the historian
and the seventeenth-century experimentalist are both members.
The historical career of experimental culture can be enlisted in
support of this assumption. Boyle’s programme triumphed over
alternatives and objections, and in his own country it did so very
rapidly, largely aided and abetted by the vigorously partisan pub-
licity of the Royal Society of London. The success of the experi-
mental programme is commonly treated as its own explanation.4
Even so, the usual way in which the self-evident method presents
itself in historical practice is more subtle—not as a set of explicit

* See, for example, Douglas, “Self-Evidence.”

s A classic site for relativist and realist discussions of classification and the natural
world is Bulmer, “Why is the Cassowary not a Bird?” Bulmer’s account is crucially
asymmetrical: only cultures that do not classify the cassowary as a bird arouse his
curiosity. For symmetrical treatments of this question, see Bloor, “Durkheim and
Mauss Revisited”; idem, Knowledge and Social Imagery, chap. 1; Barnes and Bloor,
“Relativism, Rationalism and the Sociology of Knowledge,” esp. pp. 37-38.

4 For a powerful nineteenth-century expression of this view, see Herschel, Prelim-
inary Discourse on the Study of Natural Philosophy, pp. 115-116. Among many twentieth-
century examples, see L. T. More, Life of Boyle, p. 239: “{Boyle’s] conclusions were
universally accepted, disregarding the objections of Linus and Hobbes, and he was
immediately proclaimed as the highest authority in science.”
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claims about the rise, acceptance, and institutionalization of ex-
periment, but as a disposition not to see the point of putting certain
questions about the nature of experiment and its status in our
overall intellectual map.

The member’s account, and its associated self-evident method,
have great instinctive appeal; the social forces that protect and
sustain them are powerful. The member who poses awkward ques-
tions about “what everybody knows” in the shared culture runs a
real risk of being dealt with as a troublemaker or an idiot. Indeed,
there are few more reliable ways of being expelled from a culture
than continuing seriously to query its taken-for-granted intellectual
framework.5 Playing the stranger is therefore a difficult business;
yet this is precisely what we need to do with respect to the culture
of experiment. We need to play the stranger, not to be the stranger.
A genuine stranger is simply ignorant. We wish to adopt a calculated
and an informed suspension of our taken-for-granted perceptions
of experimental practice and its products. By playing the stranger
we hope to move away from self-evidence. We want to approach
“our” culture of experiment as Alfred Schutz suggests a stranger
approaches an alien society, “not [as] a shelter but [as] a field of
adventure, not a matter of course but a questionable topic of in-
vestigation, not an instrument for disentangling problematic situ-
ations but a problematic situation itself and one hard to master.”®
If we pretend to be a stranger to experimental culture, we can seek
to appropriate one great advantage the stranger has over the mem-
ber in explaining the beliefs and practices of a specific culture: the
stranger is in a position to know that there are alternatives to those
beliefs and practices.” The awareness of alternatives and the per-
tinence of the explanatory project go together.

Of course, we are not anthropologists but historians. How can
the historian play the stranger to experimental culture, a culture
we are said to share with a setting in the past and of which one of
our subjects is said to be the founder? One means we can use is

3 See the “experiments” of Harold Garfinkel on questioning taken-for-granted
rules of social interaction: Studies in Ethnomethodology, esp. chap. 2.

¢ Schutz, Collected Papers, Vol. 11, p. 104.

7 The relative advantages of the member’s and stranger’s perspective have been
debated by sociologists undertaking participant observation of modern science. La-
tour and Woolgar, Laboratory Life, chap. 1, are wary of the methodological dangers
of identifying with the scientists they study, whereas Collins, “Understanding Sci-
ence,” esp. pp. 373-374, argues that only by becoming a competent member of the
community under study can one reliably test one’s understanding.
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the identification and examination of episodes of controversy in the
past. Historical instances of controversy over natural phenomena
or intellectual practices have two advantages, from our point of
view. One is that they often involve disagreements over the reality
of entities or propriety of practices whose existence or value are
subsequently taken to be unproblematic or settled. In H. M. Collins’
metaphor, institutionalized beliefs about the natural world are like
the ship in the bottle, whereas instances of scientific controversy
offer us the opportunity to see that the ship was once a pile of
sticks and string, and that it was once outside the bottle.® Another
advantage afforded by studying controversy is that historical actors
frequently play a role analogous to that of our pretend-stranger:
in the course of controversy they attempt to deconstruct the taken-
for-granted quality of their antagonists’ preferred beliefs and prac-
tices, and they do this by trying to display the artifactual and con-
ventional status of those beliefs and practices. Since this is the case,
participants in controversy offer the historian resources for playing
stranger. It would, of course, be a great mistake for the historian
simply to appropriate and validate the analysis of one side to sci-
entific controversy, and this is not what we propose to do. We have
found it valuable to note the constructive and deconstructive strat-
egies employed by both sides to the controversy. While we use
participants’ accounts, we shall not confuse them with our own
interpretative work: the historian speaks for himself.

The controversy with which we are concerned took place in Eng-
land in the 1660s and early 1670s. The protagonists were Robert
Boyle (1627-1691) and Thomas Hobbes (1588-1679). Boyle ap-
pears as the major practitioner of systematic experimentation and
one of the most important propagandists for the value of experi-
mental practices in natural philosophy. Hobbes takes the role of
Boyle’s most vigorous local opponent, seeking to undermine the
particular claims and interpretations produced by Boyle’s re-
searches and, crucially, mobilizing powerful arguments why the
experimental programme could not produce the sort of knowledge
Boyle recommended. There are a number of reasons why the
Hobbes-Boyle disputes are particularly intractable ones for the his-
torian to analyze. One reason is the extent to which the figure of
Hobbes as a natural philosopher has disappeared from the literature.
Kargon rightly says that “Hobbes was one of the three most im-
portant mechanical philosophers of the mid-seventeenth century,

# Collins, “The Seven Sexes”; idem, “Son of Seven Sexes.”
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along with Descartes and Gassend.” There is no lack of evidence
of the seriousness with which Hobbes’s natural philosophical views
were treated in the seventeenth century, especially, but not exclu-
sively, by those who considered them to be seriously flawed. We
know that as late as the early eighteenth century Hobbes’s natural
philosophical tracts formed an important component of the Scottish
university curriculum.'® Yet by the end of the eighteenth century
Hobbes had largely been written out of the history of science. The
entry on Hobbes in the 1797 third edition of the Encyclopaedia
Britannica scarcely mentions Hobbes'’s scientific views and totally
ignores the tracts written against Boyle. Much the same is true of
the Encyclopaedia’s 1842 Dissertation on the History . . . of Mathematical
and Physical Science: Hobbes is to be remembered as an ethical,
political, psychological, and metaphysical philosopher; the unity of
those concerns with the philosophy of nature, so insisted upon by
Hobbes, has been split up and the science dismissed from consid-
eration. Even Mintz’s article on Hobbes in the Dictionary of Scientific
Biography is biased heavily towards his moral, political, and psy-
chological writings.** Fortunately for us, since Brandt’s 1928 mon-
ograph on Hobbes’s mechanical philosophy, this situation has be-
gun to improve. Our indebtedness to recent work on Hobbes’s
science by scholars such as R. H. Kargon, ] W.N. Watkins, Alan
Shapiro, Miriam Reik, and Thomas Spragens will be evident in
what follows. Nevertheless, we are still very far from appreciating
Hobbes’s true place in seventeenth-century natural philosophy,
and, if this book stimulates further research, one of its functions
will have been fulfilled.

Kargon suggests that one of the reasons for the neglect of Hobbes
by historians of science lies in the fact that he disagreed with the
hero Boyle and, accordingly, suffered ostracism from the Royal
Society of London.!* There is no doubt that Hobbes’s scientific
controversies in England, all of which his contemporaries consid-
ered he decisively lost, have much to do with his dismissal by his-
torians. Within the tradition of “Whig” history, losing sides have
little interest, and in no type of history has this tendency been more

9 Kargon, Atomism in England, p. 54.

1 Shepherd, “Newtonianism in Scottish Universities,” esp. p. 70; idem, Philosophy
and Science in the Scottish Universities, pp. 8, 116, 153, 167, 215-217.

" Anon., “Hobbes”; Mackintosh, “Dissertation Second,” pp. 316-323 (on ethical
philosophy); Playfair, “Dissertation Third” (on mathematical and physical science,
where Hobbes is scarcely mentioned at all); Mintz, “Hobbes.”

12 Kargon, Atomism in England, p. 54.
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apparent than in classical history of science.'s This book is con-
cerned with Hobbes’s natural philosophical controversies, yet his
mathematical disputes with John Wallis and Seth Ward, which we
cannot treat in any detail, were lost even more spectacularly and
have disappeared from the historical record more thoroughly than
the fight with Boyle. In Leslie Stephen’s Dictionary of National Bi-
ography entry, Hobbes’s opponents showed his “manifold absurd-
ities”; Croom Robertson’s more extended account in the eleventh
edition of the Encyclopaedia Britannica echoes that judgment; and
no historian dissents.4

The situation is similar in historians’ accounts of Hobbes’s con-
troversies with Boyle. There is not very much written about these
disputes, and even that little has contained some fundamental er-
rors. For example, one writer has claimed that Hobbes’s objections
to Boyle’s natural philosophy stemmed from Hobbes’s belief in the
Aristotelian horror vacui (which is quite wrong),'s and another, more
sensitive, writer has argued that Hobbes approved of a central role
for experimentation in natural philosophy (which we shall be at
pains to show to be wrong).® It is possible that part of the reason
for these errors, and for the general neglect of the Hobbes-Boyle
controversies, is documentary. So far as we have been able to de-
termine, only two historians give solid indications that they have
opened the crucial text and digested any of its contents: Hobbes’s
Dialogus physicus de natura aeris of 1661.'7 True, Hobbes’s Dialogus

's The Whiggish tendency in the treatment of the disputes between Boyle, Hobbes,
and Linus is briefly noted in Brush, Statistical Physics, p. 16.

4 Stephen, “Hobbes,” esp. p. 935 (cf. idem, Hobbes, pp. 51-54); Robertson,
“Hobbes,” esp. pp. 549-550 (cf. idem, Hobbes, pp. 160-185); A. E. Taylor, Hobbes,
esp. pp. 18-21, 40-41. See also Scott, “John Wallis,” p. 65. For work on Hobbes'’s
geometry and the controversies with the Oxford professors, see Sacksteder,
“Hobbes: Geometrical Objects”; idem, “Hobbes: The Art of the Geometricians”;
Breidert, “Les mathématiques et la méthode mathématique chez Hobbes”; Scott,
The Mathematical Work of Wallis, ch. 10.

's For the horror vacui claim, see Greene, “More and Boyle on the Spirit of Nature,”
P- 463; for a note pointing out this error, see Applebaum, “Boyle and Hobbes.”

16 Watkins, Hobbes’s System, p. 7on. This claim is dealt with in detail in chapter 4
below.

'7 The exceptions are Gargani, Hobbes e la scienza, pp. 278-285, and Lupoli, “La
polemica tra Hobbes e Boyle.” Gargani points out that the Dialogus “belongs to a
fairly advanced stage of Hobbes's philosophical and scientific career.” Gargani does
not see the Dialogus as developing anything original; instead, he reads it as contin-
uous with the plenist physics and the critique of naive experimentalism in earlier
writings (notably De corpore and the Short Tract on First Principles: see pp. 134-138,
271-278). But Gargani only cites the two prefatory dedications of Hobbes’s Dialogus
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has never been translated from the Latin original, and this may go
some way to explain its neglect. (To remedy this state of affairs,
we offer an English translation, by Schaffer, as an appendix to this
book.) With these two exceptions, historians have been content to
align themselves with the victorious Boyle and his associates, to
repeat Boyle’s judgment on Hobbes’s text, and to keep silent about
what Hobbes actually had to say. Even Brandt, who wrote the most
detailed study of Hobbes’s science, declined engagement with the
Dialogus physicus and later natural philosophical texts. Brandt, too,
accepted Boyle’s evaluation of Hobbes’s views:

We will not examine the works subsequent to De Corpore [of
1655, six years before the Dialogus physicus). . . . No less than
three times during these years Hobbes took up his physics for
further elaboration . . ., but it retains exactly the same char-
acter as the physics of De Corpore. This character becomes es-
pecially conspicuous in Hobbes’ attack on Boyle’s famous “New
Experiments touching the Spring of the Aire.” Here again
Hobbes shows how little he understands the significance of the
experiment. In spite of the continual experiments on vacuity,

and pays no attention to the actual text or to the attack on Boyle’s air-pump pro-
gramme. Lupoli gives a full and valuable exposition of Boyle’s response to Hobbes
in the Examen. He places the controversy in the context of the earlier pneumatic
trials in Italy and France in the 1640s, notably the Pascal-Noél debate. Lupoli
suggests that Hobbes attacked Boyle because of his “disappointment at being ex-
cluded from the new scientific association, but above all the disillusion and preoc-
cupation with seeing his foundation of physical science ignored” (p. 324). Lupoli
highlights Boyle’s prolixity as a response to Hobbes’s attack on the “rhetoric of
ingenuity,” and Boyle’s tactic of point-by-point refutation of empirical claims as a
means of avoiding a direct confrontation with Hobbes’s whole physical programme
(p- 329). But Lupoli is much more interested in Boyle’s utterances on method and
on experimental philosophy, and does not give any detailed account of the sources
of Hobbes’s own polemic. We are grateful to Agostino Lupoli for a copy of his
paper (received after our manuscript was written): it is the only source we have
found that cites the Dialogus in detail. Other major recent sources for Hobbes’s
natural philosophy do not treat the controversies with Boyle in any detail, nor do
they examine the contents of Hobbes’s Dialogus physicus; see, for example, Spragens,
The Politics of Motion, esp. chap. 3; Reik, The Golden Lands of Hobbes, chap. 7; Gold-
smith, Hobbes’s Science of Politics, chap. 2, although each of these is valuable in other
connections. In addition, there are many allusions to Hobbes’s science by mainstream
Hobbes scholars. They have tended to mine his philosophy of nature because of
the generally high evaluation that historians of ideas have placed upon the signif-
icance of Hobbes’s political and psychological theories and because of their convic-
tion that there must be an overall pattern in his thought. Historians of science,
given their low evaluation of Hobbes's natural philosophy and mathematics, have
not tended to search for such a pattern.
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in spite of the invention of the air-pump, Hobbes still adhered
to his view of the full world. Hobbes’ last years were rather
tragic. He did not well understand the great development of
English empirical science that took place just at that time. . . .
And when the members of the Royal Society adopted the ex-
perimental method of research ... Hobbes could no longer
keep abreast of them.8

Here we see the germ of a standard historiographic strategy for
dealing with the Hobbes-Boyle controversy, and, arguably, for han-
dling rejected knowledge in general. We have a dismissal, the ru-
diments of a causal explanation of the rejected knowledge (which
implicitly acts to justify the dismissal), and an asymmetrical han-
dling of rejected and accepted knowledge. First, it is established
that the rejected knowledge is not knowledge at all, but error. This
the historian accomplishes by taking the side of accepted knowledge
and using the victorious party’s causal explanation of their adver-
saries’ position as the historian’s own. Since the victors have thus
disposed of error, so the historian’s dismissal is justified.'9 Thus,
L. T. More notes that Hobbes’s “sneers” at Boyle were “a farrago
of nonsense,” and quotes Boyle’s decisive riposte without detailing
what Hobbes’s position was.?* McKie deals with the disputes simply
by saying that “Boyle disposed very competently of Hobbes’s ar-
guments and very gracefully of his contentious and splenetic out-
burst.”s! John Laird concludes that “the essential justice of Boyle’s
criticisms [of Hobbes] shows . .. that it would be unprofitable to
examine much of Hobbian special physics in detail. . . .”2* Peters
claims that Hobbes’s criticisms “would have come better from one
.. . who had himself done some experiments” (which cannot be the
best way of seeking to understand a controversy over the validity
and value of experiment),?s and R. F. Jones concurs.?4 Other his-

¢ Brandt, Hobbes’ Mechanical Conception, pp. 377-378.

 For alternative sociological and historical approaches to rejected knowledge,
see the contributions to Wallis, ed., On the Margins of Science, and Collins and Pinch,
Frames of Meaning.

* L. T. More, Life of Boyle, p. 97. Maddison’s more recent Life of Boyle (pp. 106-
109) has even less to say about the controversy.

= McKie, “Introduction,” pp. xii*-xiii*.

= Laird, Hobbes, p. 117.

*3 Peters, Hobbes, p. 40.

*¢ R. F. Jones, Ancients and Moderns, p. 128; de Beer, “Some Letters of Hobbes,”
p- 197: Hobbes “failed to appreciate ... the paramount value of experiment in
deciding any question of natural philosophy.”
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torians go further in wiping the historical record clean of significant
opposition to the experimental programme: Marie Boas Hall,
though without mentioning Hobbes by name, says that “No one
but a dedicated Aristotelian” (which Hobbes most certainly was not)
“could fail to find Boyle’s arguments powerful and convincing,”*s
and Barbara Shapiro, in her admirable account of English empir-
icism and experimentalism, concludes that “Except for a tiny group
of critics who poked fun at the virtuosi” (whose names she does
not mention), “there was no serious opposition to the new phi-
losophy.”2¢

Pervasively, historians have drawn upon the notion of “misun-
derstanding” (and the reasons for it) as the basis of their causal
accounting and dismissal of Hobbes’s position. The Harvard Case
Histories relate that Hobbes’s arguments against Boyle “were based
in part on a misunderstanding of Boyle’s views.”>7 M. A. Stewart
refers to Boyle’s pneumatics as leading “Hobbes into ill-advised
controversy on matters he did not understand.”*® Leslie Stephen
and Croom Robertson both attempt to explain Hobbes’s misun-
derstanding by referring to factors that distorted his judgment or
made him unfit to appreciate the validity of Boyle’s programme:
he was ill-qualified in mathematics and physics; he was too old and
rigid at the time of his controversies with Boyle; he was tempera-
mentally obstinate and dogmatic; he had ideological axes to grind.*o
(To the best of our knowledge no historian has ever suggested that
Boyle may have “misunderstood” Hobbes.)

Since our way of proceeding will dispense with the category of
“misunderstanding” and the asymmetries associated with it, some
words on method are indicated here. Almost needless to say, our
purpose is not evaluative: it is descriptive and explanatory. Never-
theless, questions relating to evaluation do figure centrally in this
book, and they do so in several ways. We have said that we shall
be setting out by pretending to adopt a “stranger’s perspective”
with respect to the experimental programme; we shall do this be-

* M. B. Hall, “Boyle,” p. 379. Her Boyle and Seventeenth-Century Chemistry makes
no mention of the Boyle-Hobbes disputes; cf. Burtt, Metaphysical Foundations of
Modern Science, p. 169.

6 B, Shapiro, Probability and Certainty, p. 73; cf. p. 68.

*7 Conant, “Boyle’s Experiments in Pneumatics,” p. 49.

8 Stewart, “Introduction,” p. xvi. Hobbes’s “misunderstanding” of Boyle even
creeps into accounts written for young people; see Kuslan and Stone, Boyle: The
Great Experimenter, p. 26.

*9 Stephen, “Hobbes,” p. 937; Robertson, “Hobbes,” p. 552.
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cause we have set ourselves the historical task of inquiring into why
experimental practices were accounted proper and how such prac-
tices were considered to yield reliable knowledge. As part of the
same exercise we shall be adopting something close to a “member’s
account” of Hobbes’s anti-experimentalism. That is to say, we want
to put ourselves in a position where objections to the experimental
programme seem plausible, sensible, and rational. Following Gell-
ner, we shall be offering a “charitable interpretation” of Hobbes’s
point of view.3° Our purpose is not to take Hobbes’s side, nor even
to resuscitate his scientific reputation (though this, in our opinion,
has been seriously undervalued). Our goal is to break down the
aura of self-evidence surrounding the experimental way of pro-
ducing knowledge, and “charitable interpretation” of the opposi-
tion to experimentalism is a valuable means of accomplishing this.
Of course, our ambition is not to rewrite the clear judgment of
history: Hobbes’s views found little support in the English natural
philosophical community. Yet we want to show that there was noth-
ing self-evident or inevitable about the series of historical judgments
in that context which yielded a natural philosophical consensus in
favour of the experimental programme. Given other circumstances
bearing upon that philosophical community, Hobbes’s views might
well have found a different reception. They were not widely cred-
ited or believed—but they were believable; they were not counted
to be correct—but there was nothing inherent in them that pre-
vented a different evaluation. (True, there were points at which
Hobbes’s criticisms were less than well-informed, just as there were
aspects of Boyle’s position that might be regarded as ill-informed
and even sloppy. If the historian wanted to evaluate the actors by
the standards of present-day scientific procedure, he would find
both Hobbes and Boyle vulnerable.) On the other hand, our treat-
ment of Boyle’s experimentalism will stress the fundamental roles
of convention, of practical agreement, and of labour in the creation
and positive evaluation of experimental knowledge. We shall try to
identify those features of the historical setting that bore upon in-
tellectuals’ decisions that these conventions were appropriate, that
such agreement was necessary, and that the labour involved in
experimental knowledge-production was worthwhile and to be pre-
ferred over alternatives.

Far from avoiding questions of “truth,” “objectivity,” and “proper
method,” we will be confronting such matters centrally. But we

% Gellner, “Concepts and Society”; cf. Collins, “Son of Seven Sexes,” pp. 52-54.
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shall be treating them in a manner slightly different from that which
characterizes some history and much philosophy of science.
“Truth,” “adequacy,” and “objectivity” will be dealt with as accom-
plishments, as historical products, as actors’ judgments and cate-
gories. They will be topics for our inquiry, not resources unreflec-
tively to be used in that inquiry. How and why were certain practices
and beliefs accounted proper and true? In assessing matters of
scientific method we shall be following a similar path. For us, meth-
odology will not be treated solely as a set of formal statements about
how to produce knowledge, and not at all as a determinant of
intellectual practice. We shall be intermittently concerned with ex-
plicit verbal statements about how philosophers should conduct
themselves, but such method-statements will invariably be analyzed
in relation to the precise setting in which they were produced, in
terms of the purposes of those making them, and in reference to
the actual nature of contemporary scientific practice.3' More im-
portant to our project is an examination of method understood as
real practical activity. For example, we shall devote much attention
to such questions as: How is an experimental matter of fact actually
produced? What are the practical criteria for judging experimental
success or failure? How, and to what extent, are experiments ac-
tually replicated, and what is it that enables replication to take place?
How is the experimental boundary between fact and theory actually
managed? Are there crucial experiments and, if so, on what
grounds are they accounted crucial? Further, we shall be endeav-
ouring to broaden our usual appreciations of what scientific method
consists of and how method in natural philosophy relates to prac-
tical intellectual procedures in other areas of culture and in the
wider society. One way we shall try to do this is by situating scientific
method, and controversies about it, in a social context.

By adducing “social context” it is routinely understood that one
is pointing to the wider society, and, to a very large extent, we shall
be concerned to show the connections between the conduct of the
natural philosophical community and Restoration society in gen-
eral. However, we also mean something else when we use the term
“social context.” We intend to display scientific method as crystal-
lizing forms of social organization and as a means of regulating
social interaction within the scientific community. To this end, we

3 For examples of empirical studies which assess method-statements in these
terms, see P. B. Wood, “Methodology and Apologetics”; Miller, “Method and the
‘Micropolitics’ of Science”; Yeo, “Scientific Method and the Image of Science.”
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will make liberal, but informal, use of Wittgenstein’s notions of a
“language-game” and a “form of life.” We mean to approach sci-
entific method as integrated into patterns of activity. Just as for Witt-
genstein “the term ‘language-game’ is meant to bring into promi-

nence the fact that the speaking of language is part of an activity
or of a form of life,” so we shall treat controversies over scientific
method as disputes over different patterns of doing things and of
organizing men to practical ends.3* We shall suggest that solutions
to the problem of knowledge are embedded within practical so-
lutions to the problem of social order, and that different practical
solutions to the problem of social order encapsulate contrasting
practical solutions to the problem of knowledge. That is what the
Hobbes-Boyle controversies were about.

It will not escape our readers’ notice that this book is an exercise
in the sociology of scientific knowledge. One can either debate the
possibility of the sociology of knowledge, or one can get on with
the job of doing the thing.33 We have chosen the latter option. It
follows from our decision that we shall be making relatively few
references to the theoretical literature in the sociology of knowledge
that has been a major and continuing source of inspiration to our
project. Nevertheless, we trust that our practical historical proce-
dures will bear sufficient witness to our obligations in that quarter.
Our methodological debts also extend in many other directions,
and they are too deep and extensive to be adequately acknowl-
edged. Among Hobbes scholars we are especially indebted to
J-W.N. Watkins (for his insistence upon the relationships between
the natural and civic philosophy), even while we dissent from him
on the issue of Hobbes’s attitudes to experiment; and to Quentin
Skinner (for aspects of his historiography), even while diverging
from him over Hobbes’s relations with the Royal Society. Among
historians of science we have found substantial inspiration in recent
studies of the actual nature of experimental practice: we have par-
ticularly in mind the work of Robert Frank and John Heilbron.
The particular orientation to the understanding of scientific ex-
periment that we have found most valuable derives from the work

s* Witigenstein, Philosophical Investigations, 1, 23; idem, Blue and Brown Books, pp.
17, 81; Bloor, Wittgenstein, chap. 3. Foucault’s “discourse” has a number of interesting
similarities with Wittgenstein’s “language-game,” but we prefer Wittgenstein because
of his stress on the primacy of practical activity. For Foucauldian usages, see, es-
pecially, The Archaeology of Knowledge, chaps. 1-2.

33 The present state of the sociology of scientific knowledge as an empirical prac-
tice is examined in Shapin, “History of Science and Its Sociological Reconstructions.”
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of British and French micro-sociologists of science: H. M. Collins,
T. J. Pinch, Bruno Latour, and Andrew Pickering, and from the
pioneering Ludwik Fleck.

Since these debts are obvious and evident, it may be of some
interest to acknowledge two pieces of empirical history whose con-
nection with our own project may be less readily apparent, but
which exemplify similar orientations to those employed here. John
Keegan opens his magnificent study of the history of battle with
the following confession:

I have not been in a battle; not near one, nor heard one from
afar, nor seen the aftermath. . . . I have read about battles, of
course, have talked about battles, have been lectured about
battles. ... But I have never been in a battle. And I grow
increasingly convinced that I have very little idea of what a
battle can be like.34

It is a graceful admission of an ignorance that Keegan recognized
in himself as a teacher at Sandhurst and in many military historians.
Without this recognition, Keegan would have been unable to write
the vivid and moving history that he ultimately produced. As we
began the research for this book, we felt ourselves to be in a position
similar to Keegan’s. We had read much about experiment; we had
both even performed a few as students; but we did not feel that
we had a satisfactory idea of what an experiment was and how it
yielded scientific knowledge. The parallel with Keegan’s account
of battle extends even farther. Keegan identifies a dominant variety
of military history, shaped by Count von Moltke, which he refers
to as “General Staff History.” In General Staff History, what is of
overarching significance is the role of the generals, their strategic
planning, their rational decision-making, and their influence on
the ultimate course of the battle. What is systematically left out of
General Staff History is the contingency and the confusion of actual
combat, the role of small groups of soldiers, the relationship be-
tween battle on the ground and the planning of the generals. It
would not be a flight of fancy to recognize in General Staff History
a family resemblance to “rational reconstructionist” tendencies in
the history and philosophy of science. The “von Moltkes” of the
history of science have shown similar disinclinations to engage with
actual scientific practice, preferring idealizations and simplifications

34 Keegan, The Face of Batile, p. 15; see also Keegan’s more detailed account of a
World War 11 series of battles, Six Armies in Normandy.
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to messy contingencies, speech of essences to the identification of
conventions, references to unproblematic facts of nature and tran-
scendent criteria of scientific method to the historical work done
by real scientific actors.s5 It is too much to think that we have added
to the history of experiment a fraction of what Keegan has con-
tributed to military history, but we are happy to be engaged in the
same historiographic enterprise.

Our other unexpected model is closer in its empirical focus to
our own objects of study: Svetlana Alpers’ The Art of Describing.
Unfortunately for us, Alpers’ book was published when our own
work was substantially completed, and we have not been able to
engage with it as extensively as we would have liked. Nevertheless,
the parallels with our project are highly important, and we want
briefly to point them out. Alpers is concerned with Dutch descrip-
tive art in the seventeenth century. In particular, she wants to
understand the assumptions behind Dutch preferences for descrip-
tive painting and the conventions employed in making such pic-
tures. She writes: “It was a particular assumption of the seventeenth
century that finding and making, our discovery of the world and
our crafting of it, are presumed to be one.”3¢ She shows that such
assumptions spread across disparate areas of culture: universal lan-
guage projects, the experimental programme in science, and paint-
ing, and that they were particularly pronounced in the Netherlands
and in England. Both Dutch descriptive painting and English em-
piricist science involved a perceptual metaphor for knowledge: “By
this I mean a culture that assumes that we know what we know
through the mind’s mirroring of nature.”s7 The basis for certain
knowledge was to be nature witnessed. The craft of the painter,

35 The deep-rooted bias against the study of experimental practice displayed by
historians of science has been noted by several writers; see, for example, Eklund,
The Incompleat Chymist, p. 1. Even philosophers are now beginning to admit the anti-
practice and pro-theory prejudices of their discipline; see Hacking, Representing and
Intervening, chap. g, esp. pp. 149-150: “History of the natural sciences is now almost
always written as a history of theory. Philosophy of science has so much become
the philosophy of theory that the very existence of pre-theoretical observations or
experiments has been denied.”

%6 Alpers, The Art of Describing, p. 27. Similar exercises in art history that offer
valuable resources to the sociologically inclined historian of science include Bax-
andall’s Painting and Experience, his Limewood Sculptors of Renaissance Germany, and
Edgerton’s The Renaissance Discovery of Linear Perspective.

7 Alpers, The Art of Describing, pp. 45-46. Alpers alludes to Rorty’s important
survey of the development of mirror theories of knowledge: Philosophy and the Mirror
of Nature, esp. chap. 3.
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and the art of the experimentalist, was, therefore, to make rep-
resentations that reliably imitated the act of unmediated seeing.

There are two points in Alpers’ account of special interest to us.
One is the contrast she draws between Northern (and particularly
Dutch) conceptions of the picture and those characteristic of Italian
painting. In the latter the painting was conceived primarily as a
gloss on a text; in the former the textual meaning of the picture
was dispensed with in favour of direct visual apprehension of nat-
ural reality. Although the details of the contrast cannot concern us
here, Alpers concludes that different theories of picturing ex-
pressed different conceptions of knowledge: the text versus the
eye. The parallel between the Hobbes-Boyle controversy, and its
underlying conflict over theories of knowledge, is far from exact;
nevertheless, in the case of conflicts over the propriety of experi-
mental methods we see a quite similar dispute over the reliability
of the eye, and of witnessing, as the basis for generating and war-
ranting knowledge. Secondly, Alpers adopts what we have termed
a “stranger’s perspective” to the nature of realist images. Their
“mirroring” of reality is treated as the product of convention and
of craft: “To appear lifelike, a picture has to be carefully made.”
The craft of realist representation is predicated upon the accept-
ance of Hooke’s conventions for making realist statements in sci-
ence: the “sincere hand” and the “faithful eye.”s® With the accept-
ance of this convention for knowledge, and with the execution of
the craft of representation, the artful nature of making represen-
tations disappears, and they acquire the status of mirrors of reality.
Our project, therefore, is the same as Alpers’: to display the con-
ventions and the craft.

In the following chapter we examine the form of life that Boyle
proposed for experimental philosophy. We identify the technical,
literary, and social practices whereby experimental matters of fact
were to be generated, validated, and formed into bases for con-
sensus. We pay special attention to the operation of the air-pump
and the means by which experiments employing this device could
be made to yield what counted as unassailable knowledge. We dis-
cuss the social and linguistic practices Boyle recommended to ex-
perimentalists; we show how these were important constitutive ele-
ments in the making of matters of fact and in protecting such facts
from items of knowledge that were thought to generate discord

8 Alpers, The Art of Describing, pp. 72-73 (quoting Robert Hooke's Micrographia
[1665]}, sig a2*).
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and conflict. Our task here is to identify the conventions by which
experimental knowledge was to be produced.

In chapter g we discuss the state and objects of Hobbes’s natural
philosophy before the publication of Boyle’s New Experiments of
1660. Our major object here is to read Leviathan (1651) as natural
philosophy and as epistemology. As a treatise in civic philosophy
Leviathan was designed to show the practices that would guarantee
order in the state. That order could be, and during the Civil War
was being, threatened by clerical intellectuals who arrogated to
themselves a share of civic authority to which they were not entitled.
Their major resources in these acts of usurpation were, according
to Hobbes, a false ontology and a false epistemology. Hobbes en-
deavoured to show the absurdity of an ontology that posited in-
corporeal substances and immaterial spirits. Thus, he built a plenist
ontology, and, in the process, erected a materialistic theory of
knowledge in which the foundations of knowledge were notions of
causes, and those causes were matter and motion. An enterprise
entitled to the name of philosophy was causal in nature. It modelled
itself on the demonstrative enterprises of geometry and civic phi-
losophy. And, crucially, it produced assent through its demonstra-
tive character. Assent was to be total and it was to be enforced.

Hobbes’s philosophy, both in Leviathan and in De corpore (1655)
was already in place when Boyle’s experimental programme be-
came public in the year of the Restoration. He immediately replied
to Boyle’s radical proposals. The analysis of Hobbes’s Dialogus physi-
cus forms the framework for chapter 4. In this text, Hobbes at-
tempted to explode Boyle’s experimentalism on several grounds:
he argued that Boyle’s air-pump lacked physical integrity (it leaked)
and that, therefore, its putative matters of fact were not facts at
all; he used the leakage of the pump to offer an alternative physical
explanation of Boyle’s findings. The pump, far from being an
operational vacuum, was always full of a fraction of atmospheric
air. Plenist accounts of the pump were superior to Boyle’s, and
Hobbes attacked Boyle as a vacuist despite the latter’s professions
of nescience on the vacuist-plenist debates of the past. Of greater
epistemological importance was Hobbes’s attack on the generation
of matters of fact, the constitution of such facts into the consensual
foundations of knowledge, and Boyle’s segregation of facts from
the physical causes that might account for them. These attacks
amounted to the assertion that, whatever Boyle’s experimental pro-
gramme was, it was not philosophy. Philosophy was a causal enter-
prise and, as such, secured a total and irrevocable assent, not the
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partial assent at which Boyle aimed. Hobbes’s assault identified the
conventional nature of experimental facts.

In chapter 5 we show how Boyle replied to Hobbes and to two
other adversaries in the 1660s: the Jesuit Franciscus Linus and the
Cambridge Platonist Henry More. By examining the different na-
ture and style of Boyle’s responses, we identify that which Boyle
was most concerned to protect: the air-pump as a means of gen-
erating legitimate philosophical knowledge and the integrity of the
rules that were to regulate the moral life of the experimental com-
munity. Boyle treated Hobbes as a failed experimentalist rather
than as someone proposing a quite different way of constructing
philosophical knowledge. He used the opportunities provided by
all three adversaries to exhibit how experimental controversy could
be managed, without destroying the experimental enterprise it-
self—indeed, to show how controversy could be used to buttress
the factual foundations of experimental knowledge.

In chapters 2, 4, and 5 we discuss the central role of the air-
pump in the experimental programme and how critics might use
imperfections in its working to attack experiment itself. In chapter
6 we attempt to do two things. First, we look at how the pump itself
evolved as a material object in the 1660s, arguing that these changes
embodied responses to earlier criticisms, especially those offered
by Hobbes. We uncover information about the small number of
pumps that were successfully built in that decade, and we show
that, despite Boyle’s reporting practices, no one was able to build
a pump and make it operate without seeing the original. This poses
problems of replication of greater interest than historians have pre-
viously recognized. Replication is also central to the second task of
this chapter. In chapter 2 we argue that the constitution of matters
of fact involved the multiplication of witnesses, and that Boyle
exerted himself to encourage the reiteration of his experiments.
However, shortly after the New Experiments appeared, another phi-
losopher, Christiaan Huygens in the Netherlands, produced a find-
ing (the so-called anomalous suspension of water) that seemed to
invalidate one of the most important of Boyle’s explanatory re-
sources. We examine how this important anomaly was treated, and
we conclude that the successful working of the air-pump was cal-
ibrated by previous commitments to whether or not such a phe-
nomenon could exist. We analyze response to anomaly as a man-
ifestation of the experimental form of life and of the conventions
employed in the experimental community to protect itself from
fatal internal discord.
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Boyle’s experimentalism and Hobbes’s demonstrative way were
both offered as solutions to the problem of order. In chapter 7 we
attempt to locate solutions to this problem in the wide-ranging
Restoration debate over the nature and bases of assent and order
in society. This debate provided the context in which different
programmes for the production and protection of order were eval-
uated. We seek to show here the nature of the intersection between
the history of natural philosophy and the history of political
thought and action. One solution (Boyle’s) was to set the house of
natural philosophy in order by remedying its divisions and by with-
drawing it from contentious links with civic philosophy. Thus re-
paired, the community of natural philosophers could establish its
legitimacy in Restoration culture and contribute more effectively
to guaranteeing order and right religion in society. Another so-
lution (Hobbes’s) demanded that order was only to be ensured by
erecting a demonstrative philosophy that allowed no boundaries
between the natural, the human, and the social, and which allowed
for no dissent within it.

In the concluding chapter we draw out some of the implications
of this study for the history of science and the history of politics.
We argue that the problem of generating and protecting knowledge
is a problem in politics, and, conversely, that the problem of political
order always involves solutions to the problem of knowledge.
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Seeing and Believing:
The Experimental Production
of Pneumatic Facts

. . . Facts are chiels that winna ding,
An’ downa be disputed.
ROBERT BURNS, A Dream

RoBERT Boyle maintained that proper natural philosophical knowl-
edge should be generated through experiment and that the foun-
dations of such knowledge were to be constituted by experimentally
produced matters of fact. Thomas Hobbes disagreed. In Hobbes’s
view Boyle’s procedures could never yield the degree of certainty
requisite in any enterprise worthy of being called philosophical.
This book is about that dispute and about the issues that were seen
to depend upon its resolution.

Hobbes’s position has the historical appeal of the exotic. How
was it possible for any rational man to deny the value of experiment
and the foundational status of the matter of fact? By contrast,
Boyle’s programme appears to exude the banality of the self-evi-
dent. How could any rational man think otherwise? In this chapter
we intend to address the problem of self-evidence by dissecting
and displaying the mechanisms by which Boyle’s experimental pro-
cedures were held to produce knowledge and, in particular, the
variety of knowledge called “matters of fact.” We will show that the
experimental production of matters of fact involved an immense
amount of labour, that it rested upon the acceptance of certain
social and discursive conventions, and that it depended upon the
production and protection of a special form of social organization.
The experimental programme was, in Wittgenstein’s phrases, a
“language-game” and a “form of life.” The acceptance or rejection
of that programme amounted to the acceptance or rejection of the
form of life that Boyle and his colleagues proposed. Once this point
is made, neither the acceptance of the experimental programme
nor the epistemological status of the matter of fact ought to appear
self-evident.
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In the conventions of the intellectual world we now inhabit there
is no item of knowledge so solid as a matter of fact. We may revise
our ways of making sense of matters of fact and we may adjust
their place in our overall maps of knowledge. Our theories, hy-
potheses, and our metaphysical systems may be jettisoned, but mat-
ters of fact stand undeniable and permanent. We do, to be sure,
reject particular matters of fact, but the manner of our doing so
adds solidity to the category of the fact. A discarded theory remains
a theory; there are “good” theories and “bad” theories—theories
currently regarded as true by everyone and theories that no one
any longer believes to be true. However, when we reject a matter
of fact, we take away its entitlement to the designation: it never
was a matter of fact at all.

There is nothing so given as a matter of fact. In common speech,
as in the philosophy of science, the solidity and permanence of
matters of fact reside in the absence of human agency in their
coming to be. Human agents make theories and interpretations,
and human agents therefore may unmake them. But matters of
fact are regarded as the very “mirror of nature.”* Like Stendhal’s
ideal novel, matters of fact are held to be the passive result of
holding a mirror up to reality. What men make, men may unmake;
but what nature makes no man may dispute. To identify the role
of human agency in the making of an item of knowledge is to
identify the possibility of its being otherwise. To shift the agency
onto natural reality is to stipulate the grounds for universal and
irrevocable assent.

Robert Boyle sought to secure assent by way of the experimen-
tally generated matter of fact. Facts were certain; other items of
knowledge much less so. Boyle was therefore one of the most im-
portant actors in the seventeenth-century English movement to-
wards a probabilistic and fallibilistic conception of man’s natural
knowledge. Before the mid-seventeenth century, as Hacking and
Shapiro have shown, the designations of “knowledge” and “science”
were rigidly distinguished from the category of “opinion.”* Of the
former one could expect the absolute certainty of demonstration,
exemplified by logic and geometry. The goal of physical scientists
had been to model their enterprise, so far as possible, upon the

' For a discussion of the historical origins of the correspondence theory of knowl-
edge and the task of philosophy, see Rorty, Philosophy and the Mirror of Nature, esp.
pp. 129ff.

* Hacking, The Emergence of Probability, esp. chaps. 3-5; B. Shapiro, Probability and
Certainty, esp. chap. 2.
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demonstrative sciences and to attain to the kind of certainty that
compelled absolute assent. By contrast, English experimentalists of
the mid-seventeenth century and afterwards increasingly took the
view that all that could be expected of physical knowledge was
“probability,” thus breaking down the radical distinction between
“knowledge” and “opinion.” Physical hypotheses were provisional
and revisable; assent to them was not obligatory, as it was to math-
ematical demonstrations; and physical science was, to varying de-
grees, removed from the realm of the demonstrative. The prob-
abilistic conception of physical knowledge was not regarded by its
proponents as a regrettable retreat from more ambitious goals; it
was celebrated as a wise rejection of a failed project. By the adoption
of a probabilistic view of knowledge one could attain to an appro-
priate certainty and aim to secure legitimate assent to knowledge-
claims. The quest for necessary and universal assent to physical
propositions was seen as inappropriate and illegitimate. It belonged
to a “dogmatic” enterprise, and dogmatism was seen not only as a
failure but as dangerous to genuine knowledge.

If universal and necessary assent was not to be expected of ex-
planatory constructs in science, how then was proper science to be
founded? Boyle and the experimentalists offered the matter of fact
as the foundation of proper knowledge. In the system of physical
knowledge the fact was the item about which one could have the
highest degree of probabilistic assurance: “moral certainty.” A cru-
cial boundary was constructed around the domain of the factual,
separating matters of fact from those items that might be otherwise
and about which absolute, permanent, and even “moral” certainty
should not be expected. In the root metaphor of the mechanical
philosophy, nature was like a clock: man could be certain of the
hour shown by its hands, of natural effects, but the mechanism by
which those effects were really produced, the clockwork, might be
various.3 In this chapter we shall examine the means by which the
experimental matter of fact was produced.

3 The usual form in which Boyle phrased this was that God might produce the
same natural effects through very different causes. Therefore, “it is a very easy
mistake for men to conclude that because an effect may be produced by such
determinate causes, it must be so, or actually is so.” Boyle, “Usefulness of Experi-
mental Natural Philosophy,” p. 45; see also Laudan, “The Clock Metaphor and
Probabilism”; Rogers, “Descartes and the Method of English Science”; van Leeuwen,
The Problem of Certainty, pp. 95-96; B. Shapiro, Probability and Certainty, pp. 44-61.
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THE MEcHANICS OF FAcT-MAKING: THREE TECHNOLOGIES

Boyle proposed that matters of fact be established by the aggre-
gation of individuals’ beliefs. Members of an intellectual collective
had mutually to assure themselves and others that belief in an
empirical experience was warranted. Matters of fact were the out-
come of the process of having an empirical experience, warranting
it to oneself, and assuring others that grounds for their belief were
adequate. In that process a multiplication of the witnessing expe-
rience was fundamental. An experience, even of a rigidly controlled
experimental performance, that one man alone witnessed was not
adequate to make a matter of fact. If that experience could be
extended to many, and in principle to all men, then the result could
be constituted as a matter of fact. In this way, the matter of fact is
to be seen as both an epistemological and a social category. The
foundational item of experimental knowledge, and of what counted
as properly grounded knowledge generally, was an artifact of com-
munication and whatever social forms were deemed necessary to
sustain and enhance communication.

We will show that the establishment of matters of fact in Boyle’s
experimental programme utilized three technologies: a material tech-
nology embedded in the construction and operation of the air-
pump; a literary technology by means of which the phenomena pro-
duced by the pump were made known to those who were not direct
witnesses; and a social technology that incorporated the conventions
experimental philosophers should use in dealing with each other
and considering knowledge-claims.4 Despite the utility of distin-
guishing the three technologies employed in fact-making, the
impression should not be given that we are dealing with distinct
categories: each embedded the others. As we shall see, experimental
practices employing the material technology of the air-pump crys-
tallized specific forms of social organization; these valued social
forms were dramatized in the literary exposition of experimental
findings; the literary reporting of air-pump performances ex-

4 Our use of the word technology in reference to the “software” of literary practices
and social relations may appear jarring, but it is both important and etymologically
justified, as Carl Mitcham nicely shows: “Philosophy and the History of Technology,”
esp. pp. 172-175. Mitcham demonstrates that Plato distinguished between two types
of techne: one that consisted mainly of physical work and another that was closely
associated with speech. By using technology to refer to literary and social practices,
as well as to machines, we wish to stress that all three are knowledge-producing tools.
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tended an experience that was regarded as essential to the prop-
agation of the material technology or even as a valid substitute for
direct witness of experimental displays. If we wish to understand
how Boyle worked to construct pneumatic facts, we must consider
how each of the three technologies was used and how each bore
upon the others.

THE MATERIAL TECHNOLOGY OF THE AIR-PuMp

We start by noting the obvious: matters of fact in Boyle’s new
pneumatics were machine-made. His mechanical philosophy used
the machine not merely as an ontological metaphor but also, cru-
cially, as a means of intellectual production. The matters of fact
that constituted the foundations of the new science were brought
into being by a purpose-built scientific machine. This was the air-
pump (or “pneumatical engine,” or, eponymously, the machina Boy-
leana), which was constructed for Boyle by the instrument maker
Greatorex and, especially, by Robert Hooke in 1658-1659. We have
to describe how this machine was put together and how it worked
in order to understand its role in fact-production.

Boyle intended to improve upon the design of Otto von Guer-
icke’s device, described by Caspar Schott in his Mechanica hydraulico-
pneumatica of 1657. According to Boyle, this earlier machine (see
figure 22) had several practical disadvantages: (1) it needed to be
immersed in a large volume of water; (2) it was a solid vessel, such
that experimental apparatus could not be inserted in it; and (3) it
was extremely difficult to operate, requiring, as Boyle observed,
“the continual labour of two strong men for divers hours” to evac-
uate it.5 Boyle and Hooke sought to overcome these practical prob-
lems. Figure 1 is an engraving of their first successful machine,
that was used to produce the forty-three experiments of New Ex-
periments Physico-Mechanical.° The machine consisted of two main
parts: a glass globe (or “receiver”) and the pumping apparatus itself.

s Boyle, “New Experiments,” pp. 6-7. (Many of Boyle’s essay titles began with
“New Experiments ...”; we use this short title to refer exclusively to the “New
Experiments Physico-Mechanical, touching the Spring of the Air” [1660].)

¢ This account is drawn largely from that provided by Boyle in “New Experi-
ments,” pp. 6-11. One of the best modern descriptions of this pump and its operation
is Frank, Harvey and the Oxford Physiologists, pp. 129-130. The best overall accounts
remain the nineteenth-century essays of Wilson, both his Religio chemici, pp. 191-
219, and, especially, his “Early History of the Air-Pump.”



SEEING AND BELIEVING - 27

= I E——— =

i vor.L PLa

FIGURE 1
Robert Boyle’s first air-pump, as it appeared in an engraving in New Experiments
Physico-Mechanical (1660). (Courtesy of Edinburgh University Library.)

The receiver contained the space from which atmospheric air was
to be removed. It was approximately thirty quarts in volume: al-
though Boyle would, ideally, have liked a larger one, this was the
limit of his “glass-men’s” capabilities. In a few of his New Experiments
Boyle used a variety of smaller receivers, some as small as one quart
in volume, hoping (which proved to be untrue) that these would

be easier to evacuate.” Experimental apparatus could be placed in

7 Boyle, “New Experiments,” p. 25.
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the receiver through an aperture of about four-inch diameter at
the top (“B-C”), and special arrangements could be made for in-
struments, like the Torricellian experiment, which were taller than
even the big receiver, in which cases part of the apparatus extended
through the sealed aperture above the receiver.

The receiver narrowed at its base so as to fit into a brass device
(“N”) containing a stopcock (“S”). This in turn was connected to a
hollow brass cylinder (“3”) about 14 inches long and about three
inches in internal diameter. At the upper lip of the cylinder there
was a small hole into which a brass valve (“R”) could be inserted
as required. Within the cylinder was a wooden piston (or “sucker”)
topped with “a good thick piece of tanned show-leather” (“4”),
which provided for an exceedingly tight fit between piston and the
inside of the cylinder. The piston was worked up and down by
means of an iron rack (“5”) and pinion (“7”) device, the whole
machine resting upon a wooden frame (“I”).

This is how the engine worked to remove air from the receiver:
with the stopcock in the closed position and the valve “R” inserted,
the sucker was drawn up to the top of the cylinder; at this point
there was no air between sucker and the top of the cylinder. Then
the sucker was drawn down and the stopcock was opened, per-
mitting the passage of a quantity of air from the receiver into the
cylinder. The stopcock was closed, the valve was removed, and the
sucker was forced up, thus expelling that quantity of air to the
exterior. The process was repeated, each “exsuction” requiring pro-
gressively more force as the amount of air remaining in the receiver
was diminished. (This account of how the machine worked to remove
air, it must be noted, agrees with that provided by Boyle and mod-
ern commentators. As we shall see, Hobbes claimed that the re-
ceiver remained always full; therefore his view of how the pump
operated, to be detailed in chapter 4, differed radically from
Boyle’s.) Later air-pumps of the 1660s and 1670s (described in
chapters 5 and 6) differed from this original design in several
respects: the cylinder and receiver were indirectly connected, and,
after Denis Papin’s innovation of 1676, there were two pumping
cylinders with self-acting valves. Although we shall be almost ex-
clusively concerned here with Boyle’s air-pump as a rarefying en-
gine, it could also be used to condense air in the receiver, simply
by reversing the operations by which air was withdrawn.®

# As noted, for example, by Wilson, Religio chemici, pp. 197-198; and see Boyle,
“New Experiments,” p. 36.
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The evacuation of air from the receiver of Boyle’s original air-
pump was an extremely difficult business, as was maintaining that
exhaustion for any length of time. Among the chief difficulties was
the problem of leakage. Great care had to be taken to ensure that
external air did not insinuate itself back into pump or receiver
through a number of possible avenues. This is not at all a trivial
and merely technical point. The capacity of this machine to produce
matters of fact crucially depended upon its physical integrity, or,
more precisely, upon collective agreement that it was air-tight for
all practical purposes. Boyle detailed the measures he had taken
to seal the machine against the intrusion of external air. For ex-
ample, the aperture at the top of the receiver was sealed with a
special cement called diachylon, a mixture “which ... would, by
reason of the exquisite commixtion of its small parts, and closeness
of its texture, deny all access to the external air.”? Boyle did not
provide the recipe for diachylon, but it was probably a mixture of
olive oil and other vegetable juices boiled together with lead oxide.
He described how the stopcock was affixed and made good so that
it did not leak, using a mixture of “melted pitch, rosin, and wood-
ashes.” And he took special pains to recount how the leather ring
around the sucker was lubricated, both to facilitate its movement
in the cylinder and to “more exactly hinder the air from insinuating
itself betwixt it and the sides of the cylinder”: a certain quantity of
“sallad oil” was poured into both receiver and into the cylinder,
and more oil was used to lubricate and seal the valve “R”. Boyle
noted that sometimes a mixture of oil and water proved a more
effective seal and lubricant.'* In addition, the machine was liable
to more spectacular assaults upon its physical integrity. Given the
state of the glass-blower’s art (which Boyle continually lamented),
receivers were likely to crack and even to implode. Small cracks
were not, in Boyle’s view, necessarily fatal. The greater external
pressure could act to press them together, and he provided a recipe
for fixing them if required: a mixture of powdered quick-lime,
cheese scrapings and water, ground up into a paste “to have a strong
and stinking smell,” spread onto linen plasters and applied to the
crack.” Finally, the brass cylinder might be bent by atmospheric
pressure and the force required to move the sucker: this might also
affect the goodness of the seal between washer and the inside of

s Boyle, “New Experiments,” p. 7; but see p. 35 for Boyle’s surmise that even
diachylon was somewhat porous to air.

v Ibid., p. 9.

» Ibid., p. 26.
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the cylinder. The reasons for our detailed treatment of the physical
integrity of the air-pump and the steps Boyle took to guarantee it
will become clear below. For the present, we simply note three
points: (1) that both the engine’s integrity and its limited leakage
were important resources for Boyle in validating his pneumatic
findings and their proper interpretation; (2) that the physical in-
tegrity of the machine was vital to the perceived integrity of the
knowledge the machine helped to produce; and (3) that the lack
of its physical integrity was a strategy used by critics, particularly
Hobbes, to deconstruct Boyle’s claims and to substitute alternative
accounts.

THE AIR-PuMP As EMBLEM

Boyle’s machine was a powerful emblem of a new and powerful
practice. As Rupert Hall has noted:

The air-pump was the unfailing piéce de résistance of the
incipient scientific laboratory. Its wonders were inevitably dis-
played whenever a grandee graced a scientific assembly with
his presence. After the chemist’s furnace and distillation ap-
paratus it was the first large and expensive piece of equipment
'to be used in experimental practice.

It was “the cyclotron of its age.”** Similarly, Marie Boas Hall:

... Boyle’s air-pump together with Hooke’s microscope con-
stituted the show pieces of the [Royal] Society; when distin-
guished visitors were to be entertained, the chief exhibits were
always experiments with the pump.'s

As early as February 1661 the Danish ambassador “was entertained
with experiments on Mr. Boyle’s air-pump,” and in 16677 Margaret
Cavendish, Duchess of Newcastle, probably the first woman to be
admitted to a meeting of the Royal Society, was treated to a similar
display. According to Pepys, Margaret “was full of admiration, all

* A. R. Hall, From Galileo to Newton, p. 254, and idem, The Revolution in Science,
p- 262; see also Price, “The Manufacture of Scientific Instruments,” p. 636: the
pneumatic pump “was the first large and complex machine to come into the
laboratory.”

's M. B. Hall, Boyle and Seventeenth-Century Chemistry, p. 185.
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admiration.”*4+ When in 1664 the King was to be received at the
Society, it was anxiously debated what successor to the pump (by
then well-known to His Majesty) could so well amuse and instruct
the honoured guest. As Christopher Wren wrote from Oxford,

The solemnity of the occasion, and my solicitude for the hon-
our of the society, make me think nothing proper, nothing
remarkable enough. It is not every year will produce such a
master experiment as the Torricellian, and so fruitful as that
is of new experiments; and therefore the society hath de-
servedly spent much time upon that and its offspring.

An experimental display adequate to such circumstances ought to
be both edifying and spectacular, such as those conducted with the
air-pump:

And if you have any notable experiment, that may appear to
open new light into the principles of philosophy, nothing
would better beseem the pretensions of the society; though
possibly such would be too jejune for this purpose, in which
there ought to be something of pomp. On the other side, to
produce knacks only, and things to raise wonder, such as
Kircher, Schottus, and even jugglers abound with, will scarce
become the gravity of the occasion. It must be something be-
tween both, luciferous in philosophy, and yet whose use and
advantage is obvious without a lecture; and besides, that may
surprise with some unexpected effect, and be commendable
for the ingenuity of the contrivance.'s

'+ The visit of the Danish ambassador is noted in Birch, History, vol. 1, p. 16, and
that of Margaret in ibid., pp. 175, 177-178. For Pepys’ remark, sce Pepys, Diary,
vol. vii1, pp. 242-243 (entry for 30 May/g June 1667); see also Nicolson, Pepys’ ‘Diary’
and the New Science, chap. 3. Margaret had recently written of her strong preference
for rationalistic, rather than experimental, methods in science. Her family were
Hobbes’s patrons, and her anti-experimentalism reflected his sentiments closely.
See Cavendish, Observations upon Experimental Philosophy (1666), “Further Observa-
tions,” p. 4 (also sig d1): “. .. our age being more for deluding Experiments than
rational arguments, which some cal a tedious babble, doth prefer Sense before Reason,
and trusts more to the deceiving sight of their eyes, and deluding glasses, then to
the perception of clear and regular Reason. . . .” Cf. R. F. Jones, Ancients and Moderns,
p. 3150,

'» Wren to Brouncker, go July/g August 1663, in Birch, History, vol. 1, p. 288.
Preparations for the King’s reception were intense, going on from April 1663 to
May 1664, but we have no evidence that the royal experimental performance ever
took place; see also Oldenburg to Boyle, 2/12 July 1663, in Oldenburg, Correspond-
ence, vol. 11, pp. 78-79. At precisely the same time that Wren wrote his letter, Boyle
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No new device had taken the place of the machina Boyleana as an
emblem of the Royal Society’s experimental programme.

The powerfully emblematic status of the air-pump is manifested
in its contemporary iconography. Boyle and Hooke took an active
interest in the production of drawings and engravings by William
Faithorne that depicted Boyle together with his pneumatic engine
(see figure 16b).'® During the mid-1660s the Somerset virtuoso
John Beale was sedulously involved in celebrating the Baconian
works of the Royal Society, encouraging John Evelyn to produce
an appropriate iconographic drawing which, after various vicissi-
tudes, eventually appeared as a frontispiece in some copies of
Sprat’s History of the Royal Society (1667) (see figure 2).'” This en-
graving (by Wenceslaus Hollar) shows a redesigned version of
Boyle’s pump in the left background. (See figure 17 for an en-
largement.) Through the later seventeenth and eighteenth cen-
turies the Faithorne image was continually adapted and modified.
Perhaps the richest in iconographic significance eventually ap-
peared on the title page of the collected editions of Boyle’s Works
in 1744 and 1772 (figure 3).'® This vignette by Hubert Francois
Gravelot incorporated the Faithorne likenesses of Boyle and his
original pump. The power of the pump is indicated by the
conjunction of the Latin motto and the gesture of the classical
female figure. Her left hand points to the air-pump while her right
points to the heavens. The significance of the gesture is reinforced
by the motto: “To know the Supreme Cause from the causes of
things.” It is the operation of the pneumatic engine, among ail the
scientific apparatus displayed in the engraving, that is going to
enable the philosopher to approach God’s knowledge.'9 The au-

was using similar language about “jugglers” and royal displays: “The works of God
are not like the tricks of jugglers, or the pageants, that entertain princes, where
concealment is requisite to wonder; but the knowledge of the works of God pro-
portions our admiration of them.” Boyle, “Usefulness of Experimental Natural
Philosophy,” p. g0 (1663).

16 For a full account of seventeenth- and eighteenth-century images of Boyle, see
Maddison, “The Portraiture of Boyle.” For correspondence relating to the Faithorne
work, see Boyle, Works, vol. vi, pp. 488, 490, 499, 501, 503.

'7 A detailed treatment of the circumstances attending the production of this
image is in Hunter, Science and Society, pp. 194-197.

'8 See Maddison, “The Portraiture of Boyle,” p. 158.

9 Such a motto might have been regarded as inappropriate by many mid-sev-
enteenth-century experimental philosophers; its apparently immodest sentiments
seem to belong more to the mid-eighteenth century. Boyle agreed that one could
move in understanding “from Nature up to Nature’s God,” yet we shall see that he
set strict limits on the possibilities of causal knowledge.
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FIGURE 2

Frontispiece to Sprat’s History of the Royal Society (1667). Engraving by Wen-

ceslaus Hollar, design probably by John Evelyn for John Beale in about 1666-

1667, and transferred to Sprat’s book later. Boyle’s revised version of the air-pump

is in the centre-left background (see also figure 17). The three figures in the

foreground are the president of the Royal Society, Lord Brouncher (left); the King

(bust, centre, being crowned by Fame); and Francis Bacon (right). (Courtesy of the
British Library.)
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FIGURE §
Vignette by Hubert Frangois Gravelot Bourguignon for Thomas Birch’s edition of
Boyle’s Works (1744 and 1772), frontispiece to vol. 1. (Courtesy of Edinburgh
University Library.)

thorship of the pump is further symbolized by the line from the
heaven-pointing hand to Boyle himself. Note further the spatial
separation of the various items of philosophical instrumentation.
On the right are instruments for experimenting on the nature of
the air: the pump, a two-branch mercury barometer (leaning on
the pump), and a double capillary manometer. All these are modern
experimental devices, just as Boyle’s pneumatics was paradigmatic
of modern experimental philosophy. On the left are instruments
for experimenting with fire: notably a furnace with an alembic. All
these are medieval in origin, being the apparatus employed by
alchemists and practitioners of the old philosophy. The female
figure faces away from these, indicating not Boyle’s rejection of
these (since he employed them himself) but the relative value of
the two programmes and their resulting intellectual products. Fur-
thermore, those products take the form of writings, and the figure’s
feet rest upon a pile of books (the embodiment of the quest for
knowledge) that belong to the assemblage of pneumatic instru-
ments. There are no books on the left.* Some indication that the

= It is, of course, possible that our interpretation of this image is incorrect, but
it is unlikely that, in its general form, it is overargued. An immense amount of
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assemblage of objects and the gesture had an institutionalized status
is afforded by figure 4. This is the frontispiece of a 1679 French
collection of experimental essays, including a series by Boyle on
tastes and smells.>* The female figure in this case is recognizably
that of Athena, goddess of wisdom. The left hand gestures to
heaven, but the right holds a scroll inscribed “Nouvelles Experi-
ences.” (It is not clear whether this is a specific reference to the title -
of Boyle’s pneumatic essays.) The female figure’s feet rest on
books, as they do in figure 3.

FIGURE 4

Frontispiece to anonymously edited collection of essays on natural philosophy: Re-

cueil d’expériences et observations sur le combat, qui procéde du mélange
des corps (Paris, 1679). (Courtesy of the British Library.)

thought and symbolic labour went into the preparation of philosophical iconog-
raphy, and such images were intended to be de-coded and reflected upon in this
manner. See, for example, the treatment of frontispieces in Webster, From Paracelsus
lo Newton; also Eisenstein, The Printing Press as an Agent of Change, esp. pp. 258-261;
C. R. Hill, “The Iconography of the Laboratory.”

* Recueil d'expériences et observations sur le combat qui procéde du mélange des corps
(Paris, 1679). Pp. 125-220 are “Expériences curieuses de illustre Mr. Boyle sur les
saveurs et sur les odeurs.” The anonymously edited collection also included essays
by Nehemiah Grew and Leeuwenhoek.
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THE PuMP AND THE “EMPIRE OF THE SENSES”

The power of new scientific instruments, the microscope and tel-
escope as well as the air-pump, resided in their capacity to enhance
perception and to constitute new perceptual objects. The experi-
mental philosophy, empiricist and inductivist, depended upon the
generation of matters of fact that were objects of perceptual ex-
perience. Unassisted senses were limited in their ability to discern
and to constitute such perceptual objects. Boyle himself reckoned
“that the Informations of Sense assisted and highlighted by In-
struments are usually preferrable to those of Sense alone.”** And
Hooke detailed the means by which scientific instruments enlarged
the senses:

... his design was rather to improve and increase the distin-
guishing faculties of the senses, not only in order to reduce
these things, which are already sensible to our organs unas-
sisted, to number, weight, and measure, but also in order to
the inlarging the limits of their power, so as to be able to do
the same things in regions of matter hitherto inaccessible, im-
penetrable, and imperceptible by the senses unassisted. Be-
cause this, as it inlarges the empire of the senses, so it besieges
and straitens the recesses of nature: and the use of these, well
plied, though but by the hands of the common soldier, will in
short time force nature to yield even the most inaccessible
fortress.=3

In Hooke’s view, the task was one of remedying the “infirmities”
of the human senses “with Instruments, and, as it were, the adding
of artificial Organs to the natural.” The aim was the “inlargement
of the dominion, of the Senses.”*+ Among the senses, the eye was
paramount, but, “’tis not improbable, but that there may be found
many Mechanical Inventions to improve our other Senses, of hearing,
smelling, tasting, touching.”*5

Things would be seen that were previously invisible: the rings
of Saturn, the mosaic structure of the fly’s eye, spots on the sun.

=2 Westfall, “Unpublished Boyle Papers,” p. 115 (quoting Boyle, “Propositions on
Sense, Reason, and Authority,” Royal Society, Boyle Papers, 1x, f 25); see also van
Leeuwen, The Problem of Certainty, p. 97.

=3 Birch, History, vol. m, pp. 364-365 (entry for 13/23 December 1677).

*+ Hooke, Micrographia (1665), “The Preface,” sig a2'; see also Bennett, “Hooke
as Mechanic and Natural Philosopher,” p. 44.

*s Hooke, Micrographia, “The Preface,” sig ba".
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And other things, essentially invisible, would be given visual man-
ifestations: the pressure of the air, aqueous and terrestrial effluvia.
As Hooke said, “There is a new visible World discovered.”2¢ This
new visible world indicated not only the potential of scientific in-
struments to enhance the senses; it also served as a warning that
the senses were inherently fallible and required such assistance as
the experimental philosopher could offer. Glanvill took the tele-
scopic discovery of Saturn’s rings as an instance of the fallibility of
both unassisted sense and of the hypotheses erected upon unas-
sisted sense:

And perhaps the newly discovered Ring about Saturn . . . will
scarce be accounted for by any systeme of things the World
hath yet been acquainted with. So that little can be looked for
towards the advancement of natural Theory, but from those,
that are likely to mend our prospect of events and sensible
appearances; the defect of which will suffer us to proceed no
further towards Science, then to imperfect guesses, and tim-
erous supposals.??

Scientific instruments therefore imposed both a correction and
a discipline upon the senses. In this respect the discipline enforced
by devices such as the microscope and the air-pump was analogous
to the discipline imposed upon the senses by reason. The senses
alone were inadequate to constitute proper knowledge, but the
senses disciplined were far more fit to the task. Hooke described
the appropriate circulation of items from the senses to the higher
intellectual faculties:

The Understanding is to order all the inferiour services of the
lower Faculties; but yet it is to do this only as a lawful Master,
and not as a Tyrant. . . . It must watch the irregularities of the
Senses, but it must not go before them, or prevent their infor-
mation. . . . [T]he true Philosophy . . . is to begin with the Hands
and Eyes, and to proceed on through the Memory, to be con-

*6 Ibid., sig a2*. There is a clear connection between these views of the role of
scientific instruments and the epistemological problem of “transdiction” (inferring
from the visible to the invisible) discussed by Mandelbaum, Philosophy, Science, and
Sense Perception, chap. 2.

7 Glanvill, Scepsis scientifica (1665), “To the Royal Society,” sig bg"; also pp. 54-
55. See also B. Shapiro, Probability and Certainty, pp. 61-62; for an account of the
observational and theoretical issues at stake in the problem of Saturn’s rings, see
van Helden, “ ‘Annulo Cingitur’: The Solution of the Problem of Saturn”; idem,
“Accademia del Cimento and Saturn’s Ring.”
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tinued by the Reason; nor is it to stop there, but to come about
to the Hands and Eyes again, and so, by a continual passage
round from one Faculty to another, it is to be maintained in
life and strength, as much as the body of man is.**

Just as the reason disciplined the senses, and was disciplined by it,
so the new scientific instruments disciplined sensory observation
through their control of access.

Boyle’s and Hooke’s air-pump was, in the former’s terminology,
an “elaborate” device. It was also temperamental (difficult to op-
erate properly) and very expensive: the air-pump was seventeenth-
century “Big Science.” To finance its construction on an individual
basis it helped greatly to be a son of the Earl of Cork. Other natural
philosophers, presumably as well supplied with cash as Boyle, shied
away from the expense of building a pneumatic engine, and a major
justification for founding scientific societies in the 1660s and af-
terwards was the collective financing of the instruments upon which
the experimental philosophy was deemed to depend.*s Reading
histories of seventeenth-century science, one might gain the impres-
sion that air-pumps were widely distributed. They were, however,
very scarce commodities. We shall present further details concern-
ing the location and operation of air-pumps during the 1660s in
chapter 6. However, the situation can be briefly summarized:
Boyle’s original machine was soon presented to the Royal Society
of London; he had one or two redesigned machines built for him
by 1662, operating mainly in Oxford; Christiaan Huygens had one
made in The Hague in 1661; there was one at the Montmor Acad-
emy in Paris; there was probably one at Christ’s College, Cam-

8 Hooke, Micrographia, “The Preface,” sig b2". For Hooke’s stress on deductions
from hypotheses, which differed from Boyle’s approach, see Hesse, “Hooke’s Phil-
osophical Algebra”; idem, “Hooke’s Development of Bacon’s Method.”

*» The only hard evidence we have found concerning the cost of this air-pump
indicates that a version of the receiver ran to £5: Birch, History, vol. 11, p. 184. Given
the expense of machining the actual pumping apparatus, and replacement costs
for broken parts (probably considerable), an estimate of £25 for the entire machine
might prove conservative. Thus this pump would have cost more than the annual
salary of Robert Hooke as Curator of the Royal Society, who was the London pump’s
chief operator. Christiaan Huygens’ older brother Constantijn, much the wealthiest
of the three Huygens brothers, withdrew from a pump-building project, “being
afraid of the cost”: Huygens, Oeuvres, vol. 111, p. 38g. Cf. van Helden, “The Birth
of the Modern Scientific Instrument,” pp- 64, 82n-83n; and A. R. Hall, The Revolution
in Science, p. 263: “Everyone wanted at least to have witnessed the experiments,
though few could own so costly a piece of apparatus.” In chapter 6 we present some
evidence on the cost of later devices.
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bridge, by the mid-1660s; and Henry Power may have possessed
one in Halifax from 1661. So far as can be found out, these were
all the pumps that existed in the decade after their invention.
Without doubt, the intricacy of these machines and their limited
availability posed a problem of access that experimental philoso-
phers laboured to overcome. Less obviously, the control of access
to the devices that were to generate genuine knowledge was a
positive advantage. The space where these machines worked—the
nascent laboratory—was to be a public space, but a restricted public
space, as critics like Hobbes were soon to point out. If one wanted
to produce authenticated experimental knowledge—matters of
fact—one had to come to this space and to work in it with others.
If one wanted to see the new phenomena created by these machines,
one had to come to that space and see them with others. The
phenomena were not on show anywhere at all. The laboratory was,
therefore, a disciplined space, where experimental, discursive, and
social practices were collectively controlled by competent members.
In these respects, the experimental laboratory was a better space
in which to generate authentic knowledge than the space outside
it in which simple observations of nature could be made. To be
sure, such observations were reckoned to be vital to the new phi-
losophy and were judged vastly preferable to trust in ancient au-
thority. Yet most observational reports were attended with prob-
lems in evaluating testimony. A report of an observation of a new
species of animal in, for example, the East Indies, could not easily
be checked by philosophers whose credibility was assured. Thus all
such reports had to be inspected both for their plausibility (given
existing knowledge) and for the credibility and trustworthiness of
the witness.3* Such might not be the case with experimental per-
formances in which, ideally, the phenomena were witnessed to-
gether by philosophers of known reliability and discernment. In-
sofar as one insisted upon the foundational status of experimentally
produced matters of fact, one ruled out of court the knowledge-
claims of alchemical “secretists” and of sectarian “enthusiasts” who
claimed individual and unmediated inspiration from God, or whose
solitary “treading of the Book of Nature” produced unverifiable
observational testimony. It is not novel to notice that the consti-
tution of experimental knowledge was to be a public process. We
stress, however, that producing matters of fact through scientific

s For concern with evaluating testimony in the natural history sciences, see
B. Shapiro, Probability and Certainty, chap. 4, esp. pp. 142-143.
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machines imposed a special sort of discipline upon this public. In
following sections of this chapter we shall describe the nature of
the discursive and social practices that Boyle recommended for the
generation of the matter of fact. Before proceeding to that task we
need briefly to describe what a pneumatic experiment was and how
its matters of fact were said to relate to their interpretation and
explanation.

Two EXPERIMENTS

The text of Boyle’s New Experiments of 1660 consisted of narratives
of forty-three trials made with the new pneumatic engine. In fol-
lowing chapters we shall see how critics of Boyle’s experimental
programme managed to deconstruct the integrity of both his mat-
ters of fact and explanatory resources. These deconstructions called
into question almost every aspect of Boyle’s practices and findings:
from the physical integrity of the air-pump to the legitimacy of
making experimental matters of fact into the foundations of proper
natural philosophical knowledge. For the present, however, it will
be useful to describe two of Boyle’s first air-pump experiments as
he himself recounted them. These two experiments have not been
randomly chosen. There are three reasons for concentrating upon
them. First, the phenomena produced were accounted paradig-
matic by advocates and critics of Boyle’s philosophy. They were
prizes contested between mechanical and nonmechanical natural
philosophers, and between varieties of mechanical philosophers in
the seventeenth century. Second, they include a contrast between
an experiment which Boyle reckoned to be successful and one
which he admitted to be a failure: critics such as Hobbes, as we
shall see, seized upon this admission of failure as a way to under-
mine the whole of Boyle’s experimental programme. Third, both
experiments were deemed by Boyle to have a particularly intimate
connection with the legitimacy of his major explanatory items in
pneumatics: the pressure and the “spring” of the air. The tactical
relations between experimental matters of fact and their expla-
nation is, therefore, especially visible in these instances.

The first experiment to be described is the seventeenth of Boyle’s
original series. He himself referred to it as “the principal fruit 1
promised myself from our engine.” Arguably, the air-pump was
constructed chiefly with a view to performing this experiment. We
shall call it the “void-in-the-void” experiment. It consisted of put-
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ting the Torricellian apparatus in the pump and then evacuating
the receiver.3' The “noble experiment” of Evangelista TorriceHi
was first performed in 1644. A tube of mercury, sealed at one end,
was filled and then inverted in a dish of the same substance. The
resultant “Torricellian space” left at the top became a celebrated
phenomenon and problem for natural philosophers. For a decade
after its production, the phenomenon was associated with two ques-
tions of immense cosmological importance: the real character of that
“space” and the cause of the elevation of the mercury in the glass
tube. The centre of interest in these questions in 1645-1651 was
France, where Mersenne reported on the Italian work, and where
natural philosophers such as Pascal, Petit, Roberval, and Pecquet
all gave their views and experimented with the Torricellian
apparatus.

Two points about the state of this problem need to be made in
this connection. First, the Torricellian phenomenon was discussed
in terms of long-standing debates over whether or not a vacuum
could exist in nature.3 Was this experiment decisive proof that a
vacuum did exist? In practice, all possible combinations of views
were held on the Torricellian space and the elevation of the mer-
cury. Scholastic authorities maintained that the space was not void,
and that the height of mercury was determined by the necessary
limit to the expansion of the air left above the mercury. For Des-
cartes, the mercury was sustained by the weight of the atmosphere,
but the Torricellian space was filled by some form of subtle matter.
For Descartes’ inveterate opponent Roberval, the Torricellian space
was indeed empty, but the height of the mercury depended upon
the limit of a natural korror vacui. Finally, both Torricelli and Pascal
held that the space was empty, and that the mercury was sustained
by atmospheric weight. This experiment was therefore given var-
ious descriptions in the course of a debate which centred on the
choice between plenist and vacuist theories. Given the range of
views actually maintained in the 1640s and 1650s, the Torricellian
problem seemed a key example of scandal in natural philosophy.33

Second, it seemed to participants that experimental measures

3 Boyle, “New Experiments,” p. 33. Experiment 19 used a water barometer.

¢ For medieval and early modern controversies over the vacuum, see Grant, Much
Ado about Nothing, esp. chap. 4.

33 Schmitt, “Experimental Evidence for and against a Void”; idem, “Towards an
Assessment of Renaissance Aristotelianism,” esp. p. 179; de Waard, L'expérience
barométrique; Middleton, The History of the Barometer, chaps. 1-2; Westfall, The Con-
struction of Modern Science, pp. 25-50.
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offered a path away from such indecisive controversy. In his own
work Blaise Pascal tried to combine experimental modesty and
demonstrative compulsion to sway his opponents and critics. In
treatises published in 1647-1648 Pascal described what soon became
celebrated experimental variants of the Torricellian performance
that he tentatively proffered as convincing evidence for his hy-
pothesis, including a report of the Puy-de-Dome trial of September
1648. Pascal firmly argued against men like the orthodox but Carte-
sian philosopher Noél for their love of theory and their premature
hypothesizing. Thus the Torricellian experiment was intimately
associated with the claim of experiment to settle belief about nature,
to end controversy, and to generate consensus.34

Boyle’s void-in-the-void experiment, and his interpretation of it,
indicates the depth of his commitment to the role of experiment
in securing assent. No less importantly, it illustrates the extent to
which Boyle broke with the natural philosophical discourse in which
the Torricellian experiment and its derivatives had previously been
situated. The contents of the Torricellian space, whether in the
receiver or outside of it, were of little concern to him. Neither was
it of interest to stipulate whether or not the exhausted receiver
constituted a “vacuum” within the frame of meaning of existing
vacuist-plenist controversies. He would create a new discourse in
which the language of vacuism and plenism was ruled out of order,
or at least managed so as to minimize the scandalous disputes that,
in his view, it had engendered. The receiver was a space into which
one could move this paradigmatic experiment. And the discursive
and social practices in which talk about this experiment was to be
embedded constituted a space in which disputes might be neu-
tralized.3s

This is what Boyle did: he took a three-foot-long glass tube, one-

s Guenancia, Du vide a Dieu, pp. 63-100. For the French context of this work,
see also Lenoble, Mersenne; H. Brown, Scientific Organizations. For the transmission
of this interest to England, and, particularly, to Boyle, see Webster, “Discovery of
Boyle’s Law,” pp. 455-457; Hartlib to Boyle, 9/19 May 1648, in Boyle, Works, vol.
vi, pp. 77-78. For a contemporary version of the history of experimental pneumatics,
see Barry, Physical Treatises of Pascal, pp. xv-xx.

3 For continuing English disagreements about the nature of the Torricellian space
in the 1660s: Hooke, Micrographia, pp. 13-14, 103-105; idem, An Attempt for the
Explication (1661), pp. 6-50 (rewritten in Micrographia, pp. 11-32); Power, Experi-
mental Philosophy (1664), pp. 95, 10g-111; John Wallis to Oldenburg, 26 September/
6 October 1672, in Oldenburg, Correspondence, vol. 1x, pp. 258-262; see also Frank,
Harvey and the Oxford Physiologists, chaps. 4-5, where the context of overriding interest
by Oxford researchers in the nitre is discussed.
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quarter inch in diameter, filled it with mercury, and inverted it as
usual into a dish of mercury, having, as he said, taken care to
remove bubbles of air from the substance. The mercury column
then subsided to a height of about 2g inches above the surface of
the mercury in the dish below, leaving the Torricellian space at the
top. He then pasted a piece of ruled paper at the top of the tube,
and, using a number of strings, lowered the apparatus into the
receiver. Part of the tube extended above the aperture in the re-
ceiver’s top, and Boyle carefully filled up the joints with melted
diachylon. He noted that there was no change in the height of the
mercury before evacuation commenced.3¢ (See figure 12 for adraw-
ing of a later version of this experimental set-up.)

Pumping now commenced. The initial suck resulted in an im-
mediate subsidence of the mercury column; subsequent sucks
caused further falls. (Boyle’s primitive attempt to measure the levels
reached after each suck was unsuccessful, as the mercury descended
below the paper gauge.) After about a quarter-hour’s pumping
(how many sucks is not recorded), the mercury would fall no fur-
ther. Significantly, the mercury column did not fall all the way to
the level of the liquid in the dish, remaining about an inch above
it. The experiment was quickly repeated in the presence of wit-
nesses, and the same result was obtained. Boyle further observed
that the fall of the mercury could be reversed by turning the stop-
cock to let in a little air. However, the column did not quite regain
its previous height even when the apparatus was returned to initial
conditions. Variants of this basic protocol were also reported: the
experiment was tried with a glass mercury-containing tube sealed
at the top with diachylon to test the porousness of that plaster.
Boyle found that diachylon did not provide a completely tight seal.
It was tried with a smaller receiver to see whether a more efficient
exhaustion, and therefore a more complete fall of the mercury
column, could be obtained (it could not); and it was tried in reverse
(the air in the receiver was condensed by working the pump back-
wards) to see whether the mercury could be made to stand higher
than 29 inches (it could).

So far, the account we have given has been restricted to what
Boyle said was done and observed, without any of the meanings he
attached to the experiment. For Boyle, this experiment offered an
exemplar of how it was permissible to interpret matters of fact.

$% This summary derives from the account given in Boyle, “New Experiments,”
PP- 33-39-
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The problems were those traditionally associated with the Torri-
cellian experiment: the elevation of the mercury and the nature of
apparently void space. Boyle came to the void-in-the-void experi-
ment with definite expectations about its outcome. The purpose of
putting the Torricellian apparatus in the receiver was to imitate,
and to give a visible analogy for, the impossible task of trying “the
experiment beyond the atmosphere.” He surmised that the normal
height at which the mercury column was sustained was accounted
for by “an aequilibrium with the cylinder of air supposed to reach
from the adjacent mercury to the top of the atmosphere.” So, “if
this experiment could be tried out of the atmosphere, the quick-
silver in the tube would fall down to a level with that in the vessel.”
This expectation was accompanied by a preformed explanatory
resource: the pressure of the air. If the mercury descended as ex-
pected, it would be because “then there would be no pressure upon
the subjacent [mercury], to resist the weight of the incumbent mer-
cury.”37 Another, related, explanatory resource was also implicated.
When Boyle initially enclosed the Torricellian apparatus in the
receiver, and before he began evacuating it, he noted that the
column remained at the same height as before. The reason for
this, he said, must be “rather by virtue of [the] spring [of the air
enclosed in the receiver] than of its weight; since its weight cannot
be supposed to amount to above two or three ounces, which is
inconsiderable in comparison to such a cylinder of mercury as it
would keep from subsiding.” When pumping began, the mercury
level fell because of the diminished pressure of air in the receiver.
The observation that the mercury did not in fact fall all the way
down was accounted for by slight leakage:

... when the receiver was considerably emptied of its air, and
consequently that little that remained grown unable to resist
the irruption of the external, that air would (in spight of what-
ever we could do) press in at some little avenue or other; and
though much could not thereat get in, yet a little was sufficient
to counterbalance the pressure of so small a cylinder of quick-
silver, as then remained in the tube.38

In the next section of this chapter we examine the ways in which
Boyle used the concepts of the air’s weight and its spring or elas-
ticity. But, for the present, we note that weight and spring were

37 Ibid., p. 33.
38 Ibid., p. 34.
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the two mechanical notions that circumscribed interpretative talk
about this paradigmatic experiment.

While it was permissible, even obligatory, to speak of the cause
of the mercury’s elevation in such terms, the treatment of the ques-
tion of a void was handled in a radically different manner. This
was to be made, so far as possible, into a nonquestion. Was the
Torricellian space a vacuum? Did the exhausted receiver constitute
a vacuum? The platform from which Boyle elected to address these
questions was experimental: the way of talking appropriate to ex-
perimental philosophy was different in kind to existing natural
philosophical discourse. Boyle recognized that his experiment
would be deemed relevant to the traditional question posed of the
Torricellian experiment, “whether or no that noble experiment
infer a vacuum?” Was the exhausted receiver a space “devoid of
all corporeal substance?” Boyle professed himself reluctant to enter
“so nice a question” and he did not “dare” to “take upon me to
determine so difficult a controversy.” But settling the question of
a vacuum was not what this experiment was about, nor were ques-
tions like this any part of the experimental programme. They could
not be settled experimentally, and, because they could not, they
were illegitimate questions. Plenists, those who maintained, either
on mechanical or nonmechanical grounds, that there could not be
a vacuum, had taken their reasons

not from any experiments, or phaenomena of nature, that
clearly and particularly prove their hypothesis, but from their
notion of a body, whose nature, according to them, consisting
only in extension ... [means that] to say a space devoid of
body, is, to speak in the schoolmen’s phrase, a contradiction
_in adjecto.

But such reasons and such speech had no place in the experimental
programme; they served “to make the controversy about a vacuum
rather a metaphysical, than a physiological question; which there-
fore we shall here no longer debate. . . 3¢

The significance of this move must be stressed. Boyle was not “a
vacuist” nor did he undertake his New Experiments to prove a vac-
uum. Neither was he “a plenist,” and he mobilized powerful ar-
guments against the mechanical and nonmechanical principles ad-
duced by those who maintained that a vacuum was impossible.+

39 Ibid., pp. 37-38. The notion of body auwtacked here was that of Cartesian plenists.
4o For example, ibid., pp. 37-38, 74-75; cf. C. T. Harrison, “Bacon, Hobbes, Boyle,
and the Ancient Atomists,” pp. 216-217 (on Boyle’s “belief in the vacuum”).
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What he was endeavouring to create was a natural philosophical
discourse in which such questions were inadmissible. The air-pump
could not decide whether or not a “metaphysical” vacuum existed.
This was not a failing of the pump; instead, it was one of its strengths.
Experimental practices were to rule out of court those problems
that bred dispute and divisiveness among philosophers, and they
were to substitute those questions that could generate matters of
fact upon which philosophers might agree. Thus Boyle allowed
himself to use the term “vacuum” in relation to the contents of the
evacuated receiver, while giving the term experimental meaning.
By “vacuum,” Boyle declared, “I understand not a space, wherein
there is no body at all, but such as is either altogether, or almost
totally devoid of air.”+' Boyle admitted the possibility that the receiver
exhausted of air was replenished with “some etherial matter,” “but
not that it really is s0.”4* As we shall see in chapter 5, during the
1660s Boyle rendered the question of an aether into an experi-
mental programme, partly in response to plenist critics of his New
Experiments. However, even in that research programme, the exist-
ence of an aether in the receiver, and therefore of a plenum, was
not decided, but only whether such an aether had any experimental
consequences.

Boyle’s “vacuum” was a space “almost totally devoid of air”: the
incomplete fall of the mercury indicated to him that the pump
leaked to a certain extent. The finite leakage of the pump was not,
in his view, a fatal flaw but a valuable resource in accounting for
experimental findings and in exemplifying the proper usage of
terms like “vacuum.” The “vacuum” of his exhausted receiver was
thus not an experiment but a space in which to do experiments
and generate matters of fact without falling into futile metaphysical
dispute.43 And it was an experimental space about which new dis-
cursive and social practices could be mobilized to generate assent.

The second of Boyle’s New Experiments we describe can be treated
more briefly. This was the thirty-first of the series, and again it
dealt with a theoretically important and much debated phenome-

+ Boyle, “New Experiments,” p. 10. This was a definition apparently so novel,
and so difficult to comprehend within existing philosophical discourse, that Boyle
was obliged continually to repeat it in his subsequent disputes with Hobbes and
Linus (see ‘chapter 5).

+ Ibid., p. 37.

43 Compare the reaction of the German researchers Schott and Guericke to leak-
age in Boyle’s pump (discussed in chapter 6). They said that their pump (in which
one could not perform experiments) was therefore better than Boyle’s: Schott,
Technica curiosa sive mirabilia artis (1664), book 11, pp. 75, 97-98.
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non, that of cohesion. Two smooth bodies, such as marble or glass
discs, can be made spontaneously to cohere when pressed against
each other. This common phenomenon had long been a centre-
piece of vacuist-plenist controversies. Lucretius used it to prove the
existence of a vacuum; in the Middle Ages it was appropriated by
both vacuists and plenists to support their cases; and it occupied a
prominent place in Galileo’s work on the problems of rigidity and
cohesion. (In following chapters we shall discuss the work that Boyle
did on cohesion prior to New Experiments, Hobbes’s treatment of
the phenomenon in his De corpore of 1655, and the continuing
disputes between the two that dealt with this problem.) The fact
that such surfaces displayed spontaneous cohesion was not in
doubt; the proper explanation of that cohesion and of the circum-
stances attending their forcible separation was, however, intensely
debated. It was agreed by all that it was difficult, yet possible, to
separate cohered very smooth bodies by exerting a force perpen-
dicular to the plane of their cohesion. Lucretius had argued that,
since the velocity of the air rushing in from the sides to fill the
space created by their separation must be finite, therefore a vacuum
existed at the moment of separation. Scholastic plenists tended to
stress the difficulty of separation, attributing this to the horror vacui.
Various glosses were put upon the act of separation, all tending to
establish the reality of a plenum.4+

Boyle’s idea, as with the Torricellian experiment, was to insert
this phenomenon into his new experimental space. He would thus
subject it to his new technical and discursive practices and use it to
exemplify the effects of the air’s pressure. Again, Boyle came to
the experiment with an expectation of its outcome and with ex-
planatory resources equipped to account for the outcome. If two
“exquisitely polished” marble discs were laid upon each other, “they
will stick so fast together, that he, that lifts up the uppermost, shall,
if the’'undermost be not exceedingly heavy, lift up that too, and
sustain it aloft in the free air.” “A probable cause” of this cohesion
was at hand:

.. . the unequal pressure of the air upon the undermost stone;
for the lower superfices of that stone being freely exposed to
the air, is pressed upon by it, whereas the uppermost surface,

44 See, for example, Grant, Much Ado about Nothing, pp. 95-100; Lucretius, On the
Nature of the Universe, p. 12; Galileo, Dialogues concerning Two New Sciences, pp. 11-
13; Millington, “Theories of Cohesion.” Boyle used the terms “cohesion” and “adhe-
sion” more or less interchangeably in referring to this phenomenon. As “adhesion”
now suggests viscous sticking, we shall consistently use “cohesion.”
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being contiguous to the superior stone, is thereby defended
from the pressure of the air; which consequently pressing the
lower stone against the upper, hinders it from falling.

Boyle conjectured that cohered marbles placed in the receiver that
was then evacuated would fall apart as the air’s pressure di-
minished.

This is what he did: he took marble discs 2%5 inches in diameter
and between Y, and Y: inch thick; he then tried to make them
cohere in free air. Immediately, there were problems: he could not
obtain marbles ground so smooth that they would stay together for
more than several minutes. Since it would take longer than that to
exhaust the receiver, these were clearly unsuitable. So he moistened
the interior surfaces of the pair with alcohol. This would, he reck-
oned, serve to smooth out residual irregularities in the marbles.
Having got the marbles to cohere, he then attached a weight of
four ounces to the lower stone (“to facilitate its falling off "), lowered
the set by means of a string into the receiver, and commenced
pumping. (For a later version of this experiment, see figure g.) The
marbles did not separate, and the experiment was accounted un-
successful. Yet Boyle was ready with a reason why this experimental
failure should not occasion the abandonment of his hypothesis: the
pump leaked. That quantity of residual air, allowed in by the po-
rousness of diachylon or by the looseness of the fit between sucker
and cylinder, kept the marbles stuck together. The same leakage
that permitted Boyle to offer an experimental meaning of the “vac-
uum” now provided a reason to hold fast to the theory of the air’s
pressure in the face of apparent counterevidence. In this sense,
the experiment was not a failure at all.+5

One other striking circumstance of this experiment needs to be
noted. The trial was reported as a test and exemplification of the
pressure of the air. In the quite brief narrative that constituted

45 Boyle, “New Experiments,” pp. 6g-70. Boyle alluded here to earlier experiments
on cohesion, published a year later in The History of Fluidity and Firmness; we discuss
these in chapter 5. Readers of a realist bent, who might wish to know “what really
happened” in these experiments, will necessarily be disappointed. We cannot re-
construct with any confidence what specific physical factors operated in Boyle’s
trials. From the point of view of modern scientific knowledge, a range of factors
would have to be considered here. These include: (1) the isotropic pressure gradient
on different surfaces of the marbles (as Boyle said); (2) short-range contact forces
(not considered by Boyle); and (3) the phenomenon of adhesion due to the viscosity
of the various lubricants Boyle employed (which he considered he had sufficiently
allowed for).
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Boyle’s thirty-first experiment there was no allusion of any kind to
the discursive tradition in which the phenomenon of cohesion had
been paradigmatic. The phenomenon was not treated here as hav-
ing any bearing upon the question of a vacuum versus a plenum.
Having argued against the legitimacy of this philosophical discourse
in experiment 17, Boyle now showed how one of its centrepieces
could be handled as if that discourse did not exist.46

Facts aAND CAUSES:
THE SPRING, PRESSURE, AND WEIGHT OF THE AIR

Boyle’s New Experiments did not offer any explicit and systematic
philosophy of knowledge. It did not discuss the problem of justi-
fying inductive inference, propose formal criteria for establishing
physical hypotheses, nor did it stipulate formal rules for limiting
causal inquiry. What New Experiments did do was to exemplify a work-
ing philosophy of scientific knowledge.4? In a concrete experimental
setting it showed the new natural philosopher how he was to pro-
ceed in dealing with practical matters of induction, hypothesizing,
causal theorizing, and the relating of matters of fact to their ex-
planations. Boyle sought here to create a picture to accompany the
experimental language-game and the experimental form of life.
He did this largely by ostension: by showing others through his own
example what it was like to work and to talk as an experimental
philosopher.

Boyle’s epistemological armamentarium included matters of fact,
hypotheses, conjectures, doctrines, speculations, and many other
locutions serving to indicate causal explanations. His overarching
concern was to protect the matter of fact by separating it from
various items of causal knowledge, and he repeatedly urged caution
in moving from experimental matters of fact to their physical ex-
planation. How, in practice, did Boyle manage this boundary? And

46 We shall see that Boyle’s adversaries, Hobbes and Linus, refused to allow this
phenomenon to pass into the new, “nonmetaphysical” experimental discourse.
Boyle's responses to them commented upon vacuist-plenist discourse and its legit-
imacy in this case.

47 For an attempt to identify Boyle’s “coherent and sophisticated view of scientific
method,” see Laudan, “The Clock Metaphor and Probabilism,” pp. 81-g7, esp. p.
81. We have no substantial disagreements with Laudan on Boyle’s methods, but we
dissent from his assessment of Boyle’s philosophy as coherent and systematic. Cf.
also Wiener, “The Experimental Philosophy of Boyle,” and Westfall, “Unpublished
Boyle Papers.”
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how, in practice, did he move between matters of fact and ways of
accounting for them? Our best access to these questions is through
an examination of Boyle’s major explanatory resources in New Ex-
periments and in his subsequent essays in pneumatics: the spring,
pressure, and weight of the air.

The first thing to note is that the epistemological status of spring,
pressure, and weight was never clearly spelt out in New Experiments
or elsewhere. For example, in reporting the first of his New Exper-
iments, the spring of the air was simply referred to as a “notion”:
it was “that notion, by which it seems likely, that most, if not all
(his pneumatical findings] will prove explicable. ...”# In other
places Boyle chose to label the status of the spring an “hypothesis”
or a “doctrine.”#® And, as we shall show in chapter 5, Boyle op-
erationally treated the spring of the air as a matter of fact. In the
twentieth of the New Experiments Boyle supposed that the fact “that
the air hath a notable elastical power” has been “abundantly
evinced” from his researches, “and it begins to be acknowledged
by the eminentest naturalists.”s°

It would be easy to conclude, if one wanted, that Boyle was a
poor formal philosopher of knowledge and a deficient formulator
of scientific methodology. That is not a point we wish to make;
nevertheless, there are several aspects of his procedures we need
to note in this connection. First, Boyle did not detail the steps by
which he moved from matters of fact to their explanation. He did
not, for example, say in what ways the air’s “elastical power” had
been “evinced” and established; he merely announced that this had
been accomplished. Second, he did not clearly discriminate between
the air’s spring and pressure as hypothetical causes of experimental
facts and as matters of fact in their own right. Certainly, by the
early 1660s (especially in his controversies with critics) Boyle was
treating these explanatory items as if they were matters of fact and
not hypotheses: their real existence had been proved by experiment,
and he entertained no doubt on that score. While continuing to
warn experimentalists to be circumspect in their hypothesizing and

48 Boyle, “New Experiments,” p. 11.

+ See, for example, Boyle, “Examen of Hobbes,” p. 197; idem, “Defence against
Linus,” pp. 119-120, 162 (and note the full title referring to the “doctrine” of the
air’s spring and weight). For discussion of the senses in which Boyle used the term
“hypothesis,” see Westfall, “Unpublished Boyle Papers,” pp. 69-70: “Boyle evidently
considered all generalizations in natural science to be hypotheses”; “To Boyle ‘hy-
pothesis’ meant a supposition put forth to account for known facts . . .”

s Boyle, “New Experiments,” p. 44.



SEEING AND BELIEVING - 51

to regard causal items as provisional, he treated these hypotheses
as certainly established. And yet the criteria and rules for estab-
lishing hypotheses were not given. Third, Boyle made an unex-
plained distinction between the assurance we can have about the
air’s spring and pressure as causes and the assurance we can have
about their causes. There was a strong boundary placed between
speech about the spring as an explanation of matters of fact and
speech about explanations of spring. Thus, in the first of the New
Experiments, Boyle claimed that his “business [was] not . . . to assign
the adequate cause of the spring of the air, but only to manifest,
that the air hath a spring, and to relate some of its effects.” Possible
causes of this spring were arrayed, Boyle professing himself “not
willing to declare peremptorily for either of them against the other.”
For instance, one might conceive of the spring as caused by the air
having a real texture like that of wool fleece or sponge; or one
might account for it in terms of Cartesian vortices; or one could
posit that the air’s corpuscles actually were “congeries of little slen-
der springs.”s' Not only was it impossible to decide, it was, in Boyle’s
view, impolitic to try to decide which was the real cause. He warned
against any such attempt as futile, and he never worked to specify
the cause of the spring. The spring and the spring’s cause were
therefore treated as fundamentally different explanatory items: the
former was “evinced” by the experiments; the latter was not, and,
in practice, could not be. But they were both causes, and Boyle
proffered no criteria for identifying in what way they were entitled
to such radically different treatments. (The cause of the air’s weight
was, however, more straightforwardly accounted for: it was a func-
tion of the height and density of the atmospheric cylinder bearing
upon any given cross-section.)

Our point may be summarized this way: the language-game that
Boyle was teaching the experimental philosopher to play rested
upon implicit acts of boundary-drawing. There was to be a crucial
boundary between the experimental matter of fact and its ultimate
physical cause and explanation. Viewed naively, or as a stranger
might view it, it is unclear why the spring of the air, as the professed
cause of the observed results, should be treated as a matter of fact
rather than as a speculative hypothesis. Indeed, we have hinted
here (and shall describe in detail in chapter 5) how the idea of the
spring moved from outside to within the class of matters of fact.

st Ibid., pp. 11-12, 50, 54. Boyle explicitly labelled these various causal notions
as “hypotheses.” See also idem, “The General History of the Air,” pp. 613-615.
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It is also unclear upon what bases Boyle distinguished between his
treatment of the spring and the cause of the spring. These are the
grounds upon which one might wish to criticize Boyle as episte-
mologist and methodologist. However, our conclusions are not
these: rather, we note that Boyle’s criteria and rules for making his
preferred distinctions between matters of fact and causes have the
status of conventions. Causal talk is grounded in conventions which
Boyle’s reports exemplify, just as the construction of the matter of
fact is conventional in nature (as we shall show in the following
sections of this chapter). The ultimate justification of convention
does not take the form of verbalized rules. Instead, the “justifica-
tion” of convention s the form of life: the total pattern of activities
which includes discursive practices.5* This observation is supported
by our later discussions of the ways in which Boyle’s critics at-
tempted to subvert his justifications of experimental practice and
the ways in which Boyle replied.

Consider also the language Boyle used to describe his principal
ontological concern: the air and its properties of spring, weight,
and pressure. As we have noted, Boyle announced that the function
of his pneumatic researches was “only to manifest that the air hath
a spring, and to relate some of its effects.”ss Adversaries were de-
fined by Boyle in terms of their alleged attitude to the spring of
the air as a matter of fact. He argued that “the Cartesians,” for
example, need not grant a vacuum, nor need they abandon their
notion of some form of subtle matter that could penetrate glass,
but they must “add, as some of them of late have done, the spring
of the air to their hypothesis.” Boyle confessed in 1662 that it was
more difficult to deal with adversaries, such as the Jesuit Franciscus
Linus, who allowed a limited spring in the air, than it was to deal
with those who denied it altogether, such as Hobbes. So in his
response to Linus he claimed that “we have performed much more
by the spring of the air, which we can within certain limits increase
at pleasure, than we can by bare weight.”3¢ This comment suggests
that Boyle distinguished systematically between spring and weight.
He did not. Typically, he used the term “pressure” to describe

s* This account has obvious resonances with Wittgenstein’s treatment of language
as secondary to patterns of activity. Language makes sense as embedded within
those patterns: Wittgenstein, Blue and Broun Books, pp. 81-89g; idem, On Certainty,
props. 192, 204.

53 Boyle, “New Experiments,” p. 12.

34 Boyle, “Examen of Hobbes,” p. 191; idem, “Defence against Linus,” pp. 121,

133.
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these attributes of the air, distinguishing the specific cause of pres-
sure only when it fitted a specific polemical purpose. In future
references we shall follow Boyle in using the term “pressure”
generically.

But Boyle’s terminology was by no means consistent. He referred
to the “pressing or sustaining force of the air,” or to the “sustaining
power of the air.” In New Experiments he discussed the apparent
heaviness of the cover of the receiver when evacuated, using the
terms “spring of the external air,” “force of the internal expanded
air and that of the atmosphere,” and “pressure” interchangeably.
In early experiments in this text the term “protrusion” is used
alongside that of “pressure.”s> These usages were no more consis-
tent in subsequent essays on pneumatics and the air-pump trials.
In the Continuation of New Experiments of 1669 and in later texts
written against Hobbes, “pressure” referred to both weight and
spring.5® And in the central void-in-the-void experiment 17 of New
Experiments Boyle reported that the insertion of the Torricellian
apparatus in the sealed receiver did not produce a fall in the height
of the mercury in the barometer. He attributed this to the “spring”
of the air inside the still-unevacuated receiver, which was not af-
fected by its removal from the “weight” of the atmosphere. Thus
trials that computed the relation between the height of this mercury
and the number of strokes of the sucker were interpreted as testing
the relation between the air’s “pressure” and its “density.” “Pres-
sure” thus embraced spring and weight.57

Two important moments in Boyle’s exposition made this ter-
minology highly sensitive to interpretation. First, we have intro-
duced Boyle’s experiment on the cohesion of smooth marbles in
vacuo. This was, as we shall describe in chapter 5, a continuation
of a sustained series of earlier trials in free air. In The History of
Fluidity and Firmness, composed in 1659 and published in 1661,
such cohesion was attributed to “the pressure of the atmosphere,
proceeding partly from the weight of the ambient air . . . and partly
from a kind of spring.” This suggested that, since cohesion was due
to the “pressure of the air” or “the sustaining power of the air,”
the removal of the air from the receiver of the air-pump would

55 Boyle, “History of Fluidity and Firmness,” p. 409; idem, “New Experiments,”
pp- 11, 15-18, 69, 76.

56 Boyle, “Continuation of New Experiments,” p. 276; idem, “Animadversions on
Hobbes,” p. 111.

57 Boyle, “New Experiments,” pp. 33-34. Compare Webster, “Discovery of Boyle’s
Law,” p. 470: “. .. the spring of the air, which [Boyle] now terms its pressure.”
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produce the separation of the cohering marbles. This trial failed,
but the evidence of this failure was later used to demonstrate “the
spring of the air even when rarified.” In 1661 and 1662 Boyle
continued to use “pressure” to embrace spring and weight in this
experimental context. In The History of Fluidity and Firmness this
usage was important, because Boyle offered an account of the cohe-
sion of marbles that relied upon “the spring of the air” pressing
upon the marbles isotropically, and also an account which relied
upon “the pressure of the air considered as a weight.” Yet Boyle
used the term “pressure” for both.s® In his response to Hobbes,
Boyle still wrote that “the spring of the air may perform somewhat
in the case proposed,” though he emphasized that the weight of
the air was more important, and continued to use the term “pres-
sure of the fluid air” for the cause of cohesion.5

Second, Boyle used his term “pressure” when contesting the
Scholastic argument from the horror vacui. Here “pressure” func-
tioned as the sole alternative to an unacceptable mystification, whereas
in the trials with marbles it functioned as a term that covered a
multiplicity of acceptable explanations of a single phenomenon. In
New Experiments, therefore, “the supposed aversation of nature to
a vacuum” was presented as “accidental” and attributed to “the
weight and fluidity, or at least flexility of the bodies here below;
and partly, perhaps principally, of the air, whose restless endeavour
to expand itself every way makes it either rush in itself or compel
the interposed bodies into small spaces.”s° Finally, the spring and
the weight of the air could not be easily disentangled, since one
produced the other. Boyle wrote in New Experiments that the effects
of spring were due to the release of compressed particles, and that
this compression was itself due to the weight of the air. This claim
was applied repeatedly in the accounts of the air-pump trials, and
in each case the term “pressure” was used. In the later Continuation
Boyle outlined the distinction between weight and pressure in a
systematic fashion, for the first time in print. He attacked “the school-
philosophers” and their use of horror vacui; he distinguished be-
tween the “gravity” and “the bare spring of the air,” “which latter
I now mention as a distinct thing from the other.” Boyle acknowl-
edged that his trials had not separated weight from spring, “since
the weight of the upper parts of the air does, if 1 may so speak,

38 Boyle, “History of Fluidity and Firmness,” pp. 403-406.
 Boyle, “Examen of Hobbes,” p. 227.
> Boyle, “New Experiments,” p. 75.
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bend the springs of the lower.” Referring to the work in New Ex-
periments, Boyle announced his intention of displaying the practi-
cally identical, but theoretically distinct, effects of “the pressure of
all the superincumbent atmosphere acting as a weight” and “the
pressure of a small portion of the air, included indeed (but without
any new compression) acting as a spring.” So “pressure” was to be
read as an embracing term, and its ambiguities and variation of
meaning were themselves a resource that Boyle used in debating
the air-pump trials, notably those of the cohering marbles and of
the enclosure of the mercury barometer in the receiver.®

WITNESSING SCIENCE

We have begun to develop the idea that experimental knowledge
production rested upon a set of conventions for generating matters
of fact and for handling their explications. Taking the matter of
fact as foundational to the experimental form of life, let us proceed
to analyze and display how the conventions of generating the fact
actually worked. In Boyle’s view the capacity of experiments to
yield matters of fact depended not only upon their actual per-
formance but essentially upon the assurance of the relevant com-
munity that they had been so performed. He therefore made a
vital distinction between actual experiments and what are now
termed “thought experiments.”®* If knowledge was to be empiri-

¢ Ibid., pp. 13, 16; idem, “Continuation of New Experiments,” pp. 176-177.

6 See, for instance, Boyle, “Sceptical Chymist,” p. 460: here Boyle suggested that
many experiments reported by the alchemists “questionless they never tried.” For
an insinuation that Henry More may not actually have performed experiments
adduced against Boyle’s findings, see Boyle, “Hydrostatical Discourse,” pp. 607-608.
Compare the response of Boyle to Pascal’s trials of the Puy-de-Déme experiment
(“New Experiments,” p. 43); and by Power, Towneley, and himself (“Defence against
Linus,” pp. 151-155). Yet Boyle doubted the reality of Pascal’s other reports of
underwater trials; see “Hydrostatical Paradoxes,” pp. 745-746: “. .. though the
experiments [Pascal] mentions be delivered in such a manner, as is usual in men-
tioning matters of fact; yet I remember not, that he expressly says, that he actually
tried them, and therefore he might possibly have set them down, as things that must
happen, upon a just confidence, that he was not mistaken in his ratiocinations. . . .
Whether or no Monsieur Pascal ever made these experiments himself, he does not
seem to have been very desirous, that others should make them after him.” For the
report by Pascal that drew Boyle’s censure, see Barry, Physical Treatises of Pascal, pp.
20-21; for the role of thought experiments in the history of science: Koyré, Galileo
Studies, p. 97; Kuhn, “A Function for Thought Experiments”; Schmitt, “Experience
and Experiment.”
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cally based, as Boyle and other English experimentalists insisted it
should, then its experimental foundations had to be witnessed. Ex-
perimental performances and their products had to be attested by
the testimony of eye witnesses. Many phenomena, and particularly
those alleged by the alchemists, were difficult to accept by those
adhering to the corpuscular and mechanical philosophies. In these
cases Boyle averred “that they that have seen them can much more
reasonably believe them, than they that have not.”®s The problem
with eye witnessing as a criterion for assurance was one of discipline.
How did one police the reports of witnesses so as to avoid radical
individualism? Was one obliged to credit a report on the testimony
of any witness whatsoever?

Boyle insisted that witnessing was to be a collective act. In natural
philosophy, as in criminal law, the reliability of testimony depended
upon its multiplicity:

For, though the testimony of a single witness shall not suffice
to prove the accused party guilty of murder; yet the testimony
of two witnesses, though but of equal credit . . . shall ordinarily
suffice to prove a man guilty; because it is thought reasonable
to suppose, that, though each testimony single be but probable,
yet a concurrence of such probabilities, (which ought in reason
to be attributed to the truth of what they jointly tend to prove)
may well amount to a moral certainty, i.e., such a certainty, as
may warrant the judge to proceed to the sentence of death
against the indicted party.54

And Sprat, in defending the reliability of the Royal Society’s judg-
ments in matters of fact, inquired ‘

whether, seeing in all Countreys, that are govern’d by Laws,
they expect no more, than the consent of two, or three wit-
nesses, in matters of life, and estate; they will not think, they
are fairly dealt withall, in what concerns their Knowledg, if they
have the concurring Testimonies of threescore or an hundred?%s

The thrust of the legal analogy should not be missed. It was not
merely that one was multiplying authority by multiplying witnesses

%s Boyle, “Unsuccessfulness of Experiments,” p. 343; idem, “Sceptical Chymist,”
p- 486; cf. idem, “Animadversions on Hobbes,” p. 110.

1 Boyle, “Some Considerations about Reason and Religion,” p. 182; see also
Daston, The Reasonable Calculus, pp. go-91; on testimony, see Hacking, The Emergence
of Probability, chap. 3; on evidence in seventeenth-century English law, see B. Shapiro,
Probability and Certainty, chap. 5.

55 Sprat, History, p. 100.
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(although this was part of the tactic); it was that right action could
be taken, and seen to be taken, on the basis of these collective
testimonies. The action concerned the voluntary giving of assent
to matters of fact. The multiplication of witness was an indication
that testimony referred to a true state of affairs in nature. Multiple
witnessing was accounted an active licence rather than just a de-
scriptive licence. Did it not force the conclusion that such and such
an action was done (a specific trial), and that subsequent action
(offering assent) was warranted?

In experimental practice one way of securing the multiplication
of witnesses was to perform experiments in a social space. The
experimental “laboratory” was contrasted to the alchemist’s closet
precisely in that the former was said to be a public and the latter
a private space.%® Air-pump trials, for instance, were routinely per-
formed in the Royal Society’s ordinary assembly rooms, the ma-
chine being brought there specially for the occasion. (We shall see
in chapter 4 that one of the ways by which Hobbes attacked the
experimental programme was to deny the Society’s claim that this
was a public place.) In reporting upon his experimental perform-
ances Boyle commonly specified that they were “many of them tried
in the presence of ingenious men,” or that he made them “in the

% The terms “laboratory” and “elaboratory” (etymologically: a place where the
work is done) were very new in seventeenth-century England. The first use of the
former recorded in the Oxford English Dictionary was in Thomas Timme’s edition of
DuChesne’s Practise of Chymicall and Hermeticall Physicke (1605), part 3, sig Bbgr
(where the reference was to a place for keeping things secret); the first use of the
latter was in John Evelyn’s State of France as It Stood in the IXth Year of Lewis XIII
(1652). It is plausible that the usage entered England from French and German
iatrochemistry, and, thus, at least initially, that it had Paracelsian resonances. For
Timme (or Tymme) as the leading ideologue of Paracelsian theory, see Debus, The
English Paracelsians, pp. 87-97. For an exemplary use of “laboratory” to refer to a
closed, private space, see Gabriel Plattes, “Caveat for Alchymists,” in Hartlib, Chym-
tcal, Medicinal and Chyrurgical Addresses (1655; composed 1642-1643), p. 87: “A Lab-
oratory, like to that in the City of Venice, where they are sure of secrecy, by reason
that no man is suffered to enter in, unless he can be contented to remain there,
being surely provided for, till he be brought forth to go to the Church to be buried.”
Compare Geoghegan, “Plattes’ Caveat for Alchymists.” For the “universal labora-
tory” developed in London by Hartlib, Clodius and Digby, see Hartlib to Boyle, 8/
18 May and 15/25 May 1654, in Boyle, Works, vol. vi, pp. 86-8g, and Clodius to
Boyle, 12/22 December 1663, in Maddison, Life of Boyle, p. 87. For a list of the new
open laboratories established in London in the 1650s and 1660s, including that of
the King at Whitehall, see Gunther, Early Science in Oxford, vol. 1, pp. 36-42; also
Webster, The Great Instauration, pp. 48, 239, 302-303. Thomas Birch praised Boyle
because “his laboratory was constantly open to the curious,” while noting that Boyle
suppressed his own work in poisons and on invisible or erasable ink: Boyle, Works,
vol. 1, p. cxlv.
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presence of an illustrious assembly of virtuosi (who were spectators
of the experiment).”®” Boyle’s collaborator Hooke codified the
Royal Society’s procedures for the standard recording of experi-
ments: the register was “to be sign’d by a certain Number of the
Persons present, who have been present, and Witnesses of all the
said Proceedings, who, by Sub-scribing their Names, will prove
undoubted Testimony.”®® And Thomas Sprat described the role of
the “Assembly” in “resolv[ing] upon the matter of Fact” by collec-
tively correcting individual idiosyncrasies of observation and judg-
ment. The Society made “the whole process pass under its own
eyes.”® In reporting experiments that were particularly important
or problematic, Boyle named his witnesses and stipulated their
qualifications. Thus the experiment of the original air-pump trials
that was “the principal fruit I promised myself from our engine”
was conducted in the presence of “those excellent and deservedly
famous Mathematic Professors, Dr. Wallis, Dr. Ward, and Mr. Wren

., whom I name, both as justly counting it an honour to be
known to them, and as being glad of such judicious and illustrious
witnesses of our experiment.”7° Another important experiment was
attested to by Wallis “who will be allowed to be a very competent
judge in these matters.””* And in his censure of the alchemists Boyle
generally warned natural philosophers not “to believe chymical
experiments . .. unless he, that delivers that, mentions his doing
it upon his own particular knowledge, or upon the relation of some
credible person, avowing it upon his own experience.” Alchemists
were recommended to name the putative author of these experi-
ments “upon whose credit they relate” them.7? The credibility of
witnesses followed the taken-for-granted conventions of that setting
for assessing individuals’ reliability and trustworthiness: Oxford
professors were accounted more reliable witnesses than Oxford-
shire peasants. The natural philosopher had no option but to rely
for a substantial part of his knowledge on the testimony of wit-
nesses; and, in assessing that testimony, he (no less than judge or
jury) had to determine their credibility. This necessarily involved

57 Boyle, “New Experiments,” p. 1; idem, “History of Fluidity and Firmness,” p.
410; idem, “Defence against Linus,” p. 173.

6 Hooke, Philosophical Experiments and Observations, pp. 27-28.

% Sprat, History, pp. 98-99, 84; see also B. Shapiro, Probability and Certainty, pp.
21-22; Glanvill, Scepsis scientifica, p. 54 (on experiments as a corrective to sense).

7 Boyle, “New Experiments,” pp. 33-34.

7 Boyle, “Discovery of the Admirable Rarefaction of Air,” p. 498.

7* Boyle, “Sceptical Chymist,” p. 460.
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their moral constitution as well as their knowledgeability, “for the
two grand requisites, of a witness [are] the knowledge he has of
the things he delivers, and his faithfulness in truly delivering what
he knows.” Thus the giving of witness in experimental philosophy
traversed the social and moral accounting systems of Restoration
England.?s

Another important way of multiplying witnesses to experimen-
tally produced phenomena was to facilitate their replication. Ex-
perimental protocols could be reported in such a way as to enable
readers of the reports to perform the experiments for themselves,
thus ensuring distant but direct witnesses. Boyle elected to publish
several of his experimental series in the form of letters to other
experimentalists or potential experimentalists. The New Experiments
of 1660 was written as a letter to his nephew, Lord Dungarvan; the
various tracts of the Certain Physiological Essays of 1661 were written
to another nephew, Richard Jones; the History of Colours of 1664
was originally written to an unspecified friend.?# The purpose of
this form of communication was explicitly to proselytize. The New
Experiments was published so “that the person I addressed them to
might, without mistake, and with as little trouble as possible, be
able to repeat such unusual experiments. . . .”75 The History of Col-
ours was designed “not barely to relate [the experiments], but . ..
to teach a young gentleman to make them.””® Boyle wished to
encourage young gentlemen to “addict” themselves to experimental
pursuits and thereby to multiply both experimental philosophers
and experimental facts.

In Boyle’s view, replication was rarely accomplished. When he
came to publish the Continuation of New Experiments more than eight
years after the original air-pump trials, Boyle admitted that, despite
his care in communicating details of the engine and his procedures,
there had been few successful replications.?” This situation had not

s Boyle, “The Christian Virtuoso,” p. 529; also B. Shapiro, Probability and Certainty,
chap. 5, esp. p. 179. For the role of social accounting systems in the evaluation of
observation reports, see Westrum, “Science and Social Intelligence about Anomalies:
The Case of Meteorites.”

74 M. B. Hall, Boyle and Seventeenth-Century Chemistry, pp. 40-41.

75 Boyle, “New Experiments,” p. 2.

76 Boyle, “The Experimental History of Colours,” p. 663. Certain “easy and rec-
reative experiments, which require but little time, or charge, or trouble in the
making” were recommended to be tried by ladies (p. 664).

77 Boyle, “Continuation of New Experiments,” p. 176 (dated 24 March 1667 [0.5.];
published 1669). In chapter 6 we discuss some interesting problems of replication
involving Huygens’ air-pump in Holland during the 1660s.
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materially changed by the mid-1670s. In the seven or eight years
after the Continuation, Boyle said that he had heard “of very few
experiments made, either in the engine I used, or in any other
made after the model thereof.” Boyle now expressed despair that
these experiments would ever be replicated. He said that he was
now even more willing “to set down divers things with their minute
circumstances” because “probably many of these experiments
would be never either re-examined by others, or re-iterated by
myself.” Anyone who set about trying to replicate such experiments,
Boyle said, “will find it no easy task.”7®

PROLIXITY AND ICONOGRAPHY

The third way by which witnesses could be multiplied is far more
important than the performance of experiments before direct wit-
nesses or the facilitating of their replication: it is what we shall call
virtual witnessing. The technology of virtual witnessing involves the
production in a reader’s mind of such an image of an experimental
scene as obviates the necessity for either direct witness or replica-
tion.?® Through virtual witnessing the multiplication of witnesses
could be, in principle, unlimited. It was therefore the most powerful
technology for constituting matters of fact. The validation of ex-
periments, and the crediting of their outcomes as matters of fact,
necessarily entailed their realization in the laboratory of the mind
and the mind’s eye. What was required was a technology of trust
and assurance that the things had been done and done in the way
claimed.

The technology of virtual witnessing was not different in kind
to that used to facilitate actual replication. One could deploy the
same linguistic resources in order to encourage the physical rep-
lication of experiments or to trigger in the reader’s mind a natu-
ralistic image of the experimental scene. Of course, actual repli-
cation was to be preferred, for this eliminated reliance upon
testimony altogether. Yet, because of natural and legitimate sus-

78 Boyle, “Continuation of New Experiments. The Second Part,” pp. 505, 507
(1680).

79 We prefer this term to van Leeuwen’s “vicarious experience”: we wish to pre-
serve the notion that virtual witnessing is a positive action, whereas vicarious ex-
perience is commonly held not to be proper experience at all; see van Leeuwen,
The Problem of Certainty, pp. 97-102; Hacking, The Emergence of Probability, chaps.
3-4-
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picion among those who were neither direct witnesses nor repli-
cators, a greater degree of assurance was required to produce assent
in virtual witnesses. Boyle’s literary technology was crafted to secure
this assent.

In order to understand how Boyle deployed the literary tech-
nology of virtual witnessing, we have to reorient some of our com-
mon ideas about the scientific text. We usually think of an exper-
imental report as a narration of some prior visual experience: it
points to sensory experiences that lie behind the text. This is cor-
rect. However, we should also appreciate that the text itself con-
stitutes a visual source. It is our task here to see how Boyle’s texts
were constructed so as to provide a source of virtual witness that
was agreed to be reliable. The best way to fasten upon the notion
of the text as this kind of source might be to start by looking at
some of the pictures that Boyle provided alongside his prose.

Figure 1, for example, is an engraving of his original air-pump,
appended to the New Experiments. Producing these kinds of images
was an expensive business in the mid-seventeenth century and nat-
ural philosophers used them sparingly. As we see, figure 1 is not
a schematized line drawing but an attempt at detailed naturalistic
representation complete with the conventions of shadowing and
cut-away sections of the parts. This is not a picture of the “idea”
of an air-pump, but of a particular existing air-pump.8> And the
same applies to Boyle’s pictorial representations of his pneumatic
experiments: in one engraving we are shown a mouse lying dead
in the receiver; in another, images of the experimenters. Boyle
devoted great attention to the manufacture of these images, some-
times consulting directly with the engraver, sometimes by way of
Hooke.®* Their role was to be a supplement to the imaginative
witness provided by the words in the text. In the Continuation Boyle
expanded upon the relationships between the two sorts of expo-
sition; he told his readers that “they who either were versed in such
kind of studies or have any peculiar facility of imagining, would
well enough conceive my meaning only by words,” but others re-
quired visual assistance. He apologized for the relative poverty of
the images, “being myself absent from the engraver for a good

% For studies of engraving and print-making in scientific texts, see Ivins, Prints
and Visual Communication, esp. pp. 33-36; Eisenstein, The Printing Press as an Agent
of Change, esp. pp. 262-270, 468-471. We briefly treat Hobbes’s iconography in
chapter 4.

8 Hooke to Boyle, 25 August/4 September and 8/18 September 1664, in Boyle,
Works, vol. vi, pp. 487-490, and Maddison, “The Portraiture of Boyle.”
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part of the time he was at work, some of the cuts were misplaced,
and not graven in the plates.”82

So visual representations, few as they necessarily were in Boyle’s
texts, were mimetic devices. By virtue of the density of circumstantial
detail that could be conveyed through the engraver’s laying of lines,
they imitated reality and gave the viewer a vivid impression of the
experimental scene. The sort of naturalistic images that Boyle fa-
voured provided a greater density of circumstantial detail than
would have been proffered by more schematic representations. The
images served to announce, as it were, that “this was really done”
and that “it was done in the way stipulated”; they allayed distrust
and facilitated virtual witnessing. Therefore, understanding the
role of pictorial representations offers a way of appreciating what
Boyle was trying to achieve with his literary technology.?s

In the introductory pages of New Experiments, Boyle’s first pub-
lished experimental findings, he directly announced his intention
to be “somewhat prolix.” His excuses were threefold: first, deliv-
ering things “circumstantially” would, as we have already seen,
facilitate replication; second, the density of circumstantial detail
was justified by the fact that these were “new” experiments, with
novel conclusions drawn from them: it was therefore necessary that
they be “circumstantially related, to keep the reader from distrust-
ing them”; third, circumstantial reports such as these offered the
possibility of virtual witnessing. As Boyle said, “these narratives
{are to be] as standing records in our new pneumatics, and {readers]
need not reiterate themselves an experiment to have as distinct an
idea of it, as may suffice them to ground their reflexions and spec-
ulations upon.”® If one wrote experimental reports in the correct
way, the reader could take on trust that these things happened.
Further, it would be as if that reader had been present at the

8 Boyle, “Continuation of New Experiments,” p. 178.

%s Compare Alpers, The Art of Describing, which analyzes the purposes and con-
ventions of realistic pictures in seventeenth-century Holland, demonstrating sub-
stantial links between English empiricist theories of knowledge and Dutch picturing.
Evidently, the Dutch were trying to achieve by way of picturing what the English
were attempting through the reform of prose.

% Boyle, “New Experiments,” pp. 1-2 (emphases added). The function of circum-
stantial detail in the prose of Boyle and other Fellows of the Royal Society is also
treated in B. Shapiro, Probability and Certainty, chap. 7; Lupoli, “La polemica tra
Hobbes e Boyle,” p. 329; Dear, “Totius in verba: The Rhetorical Constitution of
Authority in the Early Royal Society”; and Golinski, Language, Method and Theory in
British Chemical Discourse. We are very grateful to Dear and Golinski for allowing us
to see their typescripts.
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proceedings. He would be recruited as a witness and be put in a
position where he could validate experimental phenomena as mat-
ters of fact.3s Therefore, attention to the writing of experimen-
tal reports was of equal importance to doing the experiments
themselves.

In the late 1650s Boyle devoted himself to laying down the rules
for the literary technology of the experimental programme. Stip-
ulations about how to write proper scientific prose were dispersed
throughout his experimental reports of the 1660s, but he also com-
posed a special tract on the subject of “experimental essays.” Here
Boyle offered an extended apologia for his “prolixity”: “I have,” he
understated, “declined that succinct way of writing”; he had some-
times “delivered things, to make them more clear, in such a mul-
titude of words, that I now seem even to myself to have in divers
places been guilty of verbosity.” Not just his “verbosity” but also
Boyle’s ornate sentence structure, with appositive clauses piled on
top of each other, was, he said, part of a plan to convey circum-
stantial details and to give the impression of verisimilitude:

... I have knowingly and purposely transgressed the laws of
oratory in one particular, namely, in making sometimes my
periods [i.e., complete sentences] or parentheses over-long: for
when I could not within the compass of a regular period com-

8 There is probably a connection between Boyle's justification of circumstantial
reporting and Bacon’s argument in favour of “initiative,” as opposed to “magistral,”
methods of communication; see, for example, Hodges, “Anatomy as Science,” pp.
83-84; Jardine, Bacon: Discovery and the Art of Discourse, pp. 174-178; Wallace, Bacon
on Communication & Rhetoric, pp. 18-19. Bacon said that the magistral method “re-
quires that what is told should be believed; the initiative that it should be examined.”
Initiative methods display the processes by which conclusions are reached; magistral
methods mask those processes. Although Boyle’s inspiration may, plausibly, have
been Baconian, the “influence” of Bacon is sometimes exaggerated (e.g., Wallace,
Bacon on Communication & Rbhetoric, pp. 225-227). It is useful to remember that it
was Boyle, not Bacon, who developed the literary forms for an actual programme
of systematic experimentation; it is hard to imagine two more different forms than
Bacon’s aphorisms and Boyle’s experimental narratives. See also a marvellously
speculative paper on the Cartesian roots of contrasting styles of scientific exposition:
Watkins, “Confession is Good for Ideas,” and the better-known Medawar, “Is the
Scientific Paper a Fraud?” For modern testimony to Boyle’s success in winning
readers’ assurance, see Gillispie, The Edge of Objectivity, p. 103: “Truly experimental
physics came into its own with Robert Boyle. He spared his reader no detail. No
one could doubt that he performed all the experiments he reported . . ., bringing
to his laboratory great ingenuity, incomparable patience, and that simple honesty
which makes experiment really a respectful inquiry rather than an overbearing
demonstration.”
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prise what I thought requisite to be delivered at once, I chose
rather to neglect the precepts of rhetoricians, than the mention
of those things, which I thought pertinent to my subject, and
useful to you, my reader.8¢

Elaborate sentences, with circumstantial details encompassed within
the confines of one grammatical entity, might mimic that imme-
diacy and simultaneity of experience afforded by pictorial rep-
resentations.

Boyle was endeavouring to appear as a reliable purveyor of ex-
perimental testimony and to offer conventions by means of which
others could do likewise. The provision of circumstantial details
was a way of assuring readers that real experiments had yielded
the findings stipulated. It was also necessary, in Boyle’s view, to
offer readers circumstantial accounts of failed experiments. This
performed two functions: first, it allayed anxieties in those neo-
phyte experimentalists whose expectations of success were not im-
mediately fulfilled; second, it assured the reader that the relator
was not wilfully suppressing inconvenient evidence, that he was in
fact being faithful to reality. Complex and circumstantial accounts
were to be taken as undistorted mirrors of complex experimental
outcomes.?” So, for example, it was not legitimate to hide the fact
that air-pumps sometimes did not work properly or that they often
leaked: “. . . I think it becomes one, that professeth himself a faith-
ful relator of experiments not to conceal” such unfortunate con-
tingencies.®® It is, however, vital to keep in mind that in his cir-
cumstantial accounts Boyle proffered only a selection of possible
contingencies. There was not, nor can there be, any such thing as
a report that notes all circumstances that might affect an experi-

86 Boyle, “Proémial Essay,” pp. 305-306, 316; cf. idem, “New Experiments,” p. 1;
Westfall, “Unpublished Boyle Papers.” According to one literary historian, “though
[Boyle] aims, like Dryden, to write as a cultured man would talk, his style is hurried
and careless, and his sentences rattle on without form or elegance.” (Horne, “Lit-
erature and Science,” p. 193.)

& Boyle, “Unsuccessfulness of Experiments,” esp. pp. 339-340, 353. Recognizing
that contingencies might affect experimental outcomes was also a way of tempering
inclinations to reject good testimony too readily: if an otherwise reliable source
stipulated an outcome that was not immediately obtained, one was advised to per-
severe; see ibid., pp. 344-345; idem, “Continuation of New Experiments,” pp. 275-
276; idem, “Hydrostatical Paradoxes,” p. 743; Westfall, “Unpublished Boyle Papers,”
PP- 72-73.

88 Boyle, “New Experiments,” p. 26; and recall Boyle’s reporting of the failed
experiment g1 (discussed above). In chapter 5 we return to the problem of success
and failure in experiment.
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ment. Circumstantial, or stylized, accounts do not, therefore, exist
as pure forms but as publicly acknowledged moves towards or away
from the reporting of contingencies.

THE MODESTY OF EXPERIMENTAL NARRATIVE

The ability of the reporter to multiply witnesses depended upon
readers’ acceptance of him as a provider of reliable testimony. It
was the burden of Boyle’s literary technology to assure his readers
that he was such a man as should be believed. He therefore had
to find the means to make visible in the text the accepted tokens
of a man of good faith. One technique has just been discussed: the
reporting of experimental failures. A man who recounted unsuc-
cessful experiments was such a man whose objectivity was not dis-
torted by his interests. Thus the literary display of a certain sort
of morality was a technique in the making of matters of fact. A
man whose narratives could be credited as mirrors of reality was
a modest man; his reports ought to make that modesty visible. In
treating the moral tone of experimental reporting we are therefore
beginning to understand the relationship between Boyle’s literary
and social technologies. How experimentalists were to talk with
each other was an important element in specifying the social re-
lations that could constitute and protect experimental knowledge.

Boyle found a number of ways of displaying modesty. One of
the most straightforward was the use of the form of the experimental
essay. The essay, that is, the piecemeal reporting of experimental
trials, was explicitly contrasted to the natural philosophical system.
Those who wrote entire systems were identified as “confident” in-
dividuals, whose ambition extended beyond what was proper or
possible. By contrast, those who wrote experimental essays were
“sober and modest men,” “diligent and judicious” philosophers,
who did not “assert more than they can prove.” This practice cast
the experimental philosopher into the role of intellectual “under-
builder,” or even that of “a drudge of greater industry than reason.”
This was, however, a noble character, for it was one that was freely
chosen to further “the real advancement of true natural philoso-
phy” rather than personal reputation.?? The public display of this

8 Boyle, “Proémial Essay,” pp. 301-307, 300; cf. idem, “Sceptical Chymist,” pp.
469-470, 486, 584. Within a year, Henry Power was quoting Boyle’s formulations
back to him: “I beseech you to looke upon us [Yorkshire experimentalists] as Coun-
trey-Drudges of much greater Industry than Reason.” Power to Boyle, 10/20 November
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modesty was an exhibition that concern for individual celebrity did
not cloud judgment and distort the integrity of one’s reports. In
this connection it is absolutely crucial to remember who it was that
was portraying himself as a mere “under-builder.” Boyle was the
son of the Earl of Cork, and everyone knew that very well. Thus,
it was plausible that such modesty could have a noble aspect, and
Boyle’s presentation of self as a moral model for experimental
philosophers was powerful.»

Another technique for showing modesty was Boyle’s professedly
“naked way of writing.” He would eschew a “florid” style; his object
was to write “rather in a philosophical than a rhetorical strain.”
This plain, ascetic, unadorned (yet convoluted) style was identified
as functional. It served to display, once more, the philosopher’s
dedication to community service rather than to his personal rep-
utation. Moreover, the “florid” style to be avoided was a hindrance
to the clear provision of virtual witness: it was, Boyle said, like
painting “the eye-glasses of a telescope.”®

The most important literary device Boyle employed for dem-
onstrating modesty acted to protect the fundamental epistemolog-
ical category of the experimental programme: the matter of fact.
There were to be appropriate moral postures, and appropriate
modes of speech, for epistemological items on either side of the
important boundary that separated matters of fact from the lo-

1662, in British Library Sloane MSS 1326 f33*. For natural philosophical textbooks,
see Reif, “The Textbook Tradition in Natural Philosophy.”

@ Several of the less modest personalities of seventeenth-century English science
were individuals who lacked the gentle birth that routinely enhanced the credibility
of testimony: for instance, Hobbes, Hooke, Wallis, and Newton. The best source
for Boyle’s social situation and temperament is J. Jacob, Boyle, chaps. 1-2.

@ Boyle, “Proémial Essay,” pp. 318, 304. For the importance of the lens and the
perceptual model of knowledge in seventeenth-century theories of knowledge, see
Alpers, The Art of Describing, chap. 3. For Boyle, as for many other philosophers
concerned with the reform of language, the goal was “plain-speaking.” For the
linguistic programme of the early Royal Society and its connections with experi-
mental philosophy, see Christensen, “Wilkins and the Royal Society's Reform of
Prose Style”; R. F. Jones, “Science and Language”; idem, “Science and English Prose
Style”; Salmon, “Wilkins' Essay”; Slaughter, Universal Languages and Scientific Tax-
onomy, esp. pp. 104-186; Aarsleff, From Locke to Saussure, pp. 225-277; B. Shapiro,
Probability and Certainty, pp. 227-246; Hunter, Science and Society, pp. 118-119; Dear,
“Totius in verba: The Rhetorical Constitution of Authority in the Early Royal Society.”
For Boyle’s attack on the “confused,” “equivocal,” and “cloudy” language of the
alchemists, see “Sceptical Chymist,” esp. pp. 460, 520-522, 537-539; and, for his
criticisms of Hobbes’s expository “obscurity,” see “Examen of Hobbes,” p. 227, and
our discussion in chapter 5.
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cutions used to account for them: theories, hypotheses, specula-
tions, and the like. Thus, Boyle told his nephew,

... in almost every one of the following essays I . . . speak so
doubtingly, and use so often, perhaps, it seems, it is not improbable,
and such other expressions, as argue a diffidence of the truth
of the opinions I incline to, and that I should be so shy of
laying down principles, and sometimes of so much as venturing
at explications.

Since knowledge of physical causes was only “probable,” this was
the correct moral stance and manner of speech, but things were
otherwise with matters of fact, and here a confident mode was not
only permissible but necessary: “. .. I dare speak confidently and
positively of very few things, except of matters of fact.”e* Boyle
specifically warned readers who expected physical statements to
possess “a mathematical certainty and accurateness”: “. . . in phys-
ical enquiries it is often sufficient, that our determinations come
very near the matter, though they fall short of a mathematical
exactness.”93

It was necessary to speak confidently of matters of fact because,
as the foundations of proper philosophy, they required protection.
And it was proper to speak confidently of matters of fact because
they were not of one’s own making: they were, in the empiricist
language-game, discovered rather than invented. As Boyle told one
of his adversaries, experimental facts can “make their own way,”
and “such as were very probable, would meet with patrons and
defenders.”9* The separation of moral modes of speech and the
ability of facts to make their own way were made visible on the
printed page. In New Experiments Boyle said he intended to leave
“a conspicuous interval” between his narratives of experimental
findings and his occasional “discourses” on their interpretation.
One might then read the experiments and the “reflexions” sepa-
rately.9s Indeed, the construction of Boyle’s experimental essays

9 Boyle, “Proémial Essay,” p. 307; on “wary and diffident expressions,” see also
idem, “New Experiments,” p. 2. Cf. Sprat, History, pp. 100-101; Glanvill, Scepsis
scientifica, pp. 170-171. For treatments of Boyle’s remarks in the context of prob-
abilist and fallibilist models of knowledge, see B. Shapiro, Probability and Certainty,
pp. 26-27; van Leeuwen, The Problem of Certainty, p. 103; Daston, The Reasonable
Calculus, pp. 164-165.

93 Boyle, “Hydrostatical Paradoxes,” p. 741. Boyle was chastising Pascal in this
context.

94 Boyle, “Hydrostatical Discourse,” p. 596.

95 Boyle, “New Experiments,” p. 2.
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made manifest the proper separation and balance between the two
categories: New Experiments consisted of a sequential narrative of
forty-three pneumatic experiments; Continuation of fifty; and the
second part of Continuation of an even larger number of discon-
nected experimental observations, only sparingly larded with in-
terpretative locutions.

The confidence with which one ought to speak about matters of
fact extended to stipulations about the proper use of authorities.
Citations of other writers should be employed to use them not as
“judges, but as witnesses,” as “certificates to attest matters of fact.”
If such a practice ran the risk of identifying the experimental phi-
losopher as an ill-read philistine, it was, for all that, necessary. As
Boyle said, “I could be very well content to be thought to have
scarce looked upon any other book than that of nature.”s® The
injunction against the ornamental citing of authorities performed
a significant function in the mobilization of assent to matters of
fact. It was a way of displaying that one was aware of the workings
of the Baconian “idols” and was taking measures to mitigate their
corrupting effects on knowledge-claims.9” A disengagement be-
tween experimental narrative and the authority of systematists
served to dramatize the author’s lack of preconceived expectations
and, especially, of theoretical investments in the outcome of ex-
periments. For example, Boyle several times insisted that he was
an innocent of the great theoretical systems of the seventeenth
century. In order to reinforce the primacy of experimental find-
ings, “I had purposely refrained from acquainting myself thor-
oughly with the intire system of either the Atomical, or the Carte-
sian, or any other whether new or received philosophy.” And, again,
he claimed that he had avoided a systematic acquaintance with the
systems of Gassendi, Descartes, and even of Bacon, “that I might
not be prepossessed with any theory or principles.”»®

9 Boyle, “Proémial Essay,” pp. 313, 317.

97 On the “idols” and fallibilism, see B. Shapiro, Probability and Certainty, pp.
61-62.

9 Boyle, “Some Specimens of an Attempt to Make Chymical Experiments Useful,”
P- 355; idem, “Proémial Essay,” p. 302; on the corrupting effects of “preconceived
hypothesis or conjecture,” see idem, “New Experiments,” p. 47, and, for doubts
about the correctness of Boyle’s professed unfamiliarity with Descartes and other
systematists, see Westfall, “Unpublished Boyle Papers,” p. 63; Laudan, “The Clock
Metaphor and Probabilism,” p. 82n; M. B. Hall, “The Establishment of the Me-
chanical Philosophy,” pp. 460-461; idem, Boyle and Seventeenth-Century Chemistry,
chap. 3; idem, “Boyle as a Theoretical Scientist”; idem, “Science in the Early Royal
Society,” pp. 72-78; Kargon, Atomism in England, chap. g; Frank, Harvey and the
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Boyle’s “naked way of writing,” his professions and displays of
humility, and his exhibition of theoretical innocence all comple-
mented each other in the establishment and the protection of mat-
ters of fact. They served to portray the author as a disinterested
observer and his accounts as unclouded and undistorted mirrors
of nature. Such an author gave the signs of a man whose testimony
was reliable. Hence, his texts could be credited and the number
of witnesses to his experimental narratives could be multiplied
indefinitely.

ScIENTIFIC DiscOURSE AND COMMUNITY BOUNDARIES

We have argued that the matter of fact was a social as well as an
intellectual category, and we have shown that Boyle deployed his
literary technology so as to make virtual witnessing a practical op-
tion for the validation of experimental performances. In this section
we want to examine the ways in which Boyle’s llterary technology
dramatized the social relations proper to a community of experi-
mental philosophers. Only by establishing right rules of discourse
could matters of fact be generated and defended, and only by
constituting these matters of fact into the agreed foundations of
knowledge could a moral community of experimentalists be created
and sustained. Matters of fact were to be produced in a public
space: a particular physical space in which experiments were col-
lectively performed and directly witnessed and an abstract space
constituted through virtual witnessing. The problem of producing
this kind of knowledge was, therefore, the problem of maintaining
a certain form of discourse and a certain mode of social solidarity.

In the late 1650s and early 1660s, when Boyle was formulating
his experimental and literary practices, the English experimental
community was still in its infancy. Even with the founding of the
Royal Society, the crystallization of an experimental community
centred on Gresham College, and the network of correspondence
organized by Henry Oldenburg, the experimental programme was
far from securely institutionalized. Criticisms of the experimental
way of producing physical knowledge emanated from English phi-
losophers (notably Hobbes) and from Continental writers commit-
ted to rationalist methods and to the practice of natural philosophy

Oxford Physiologists, pp. 93-97. Our concern here is not with the veracity of Boyle’s
professions but with the reasons he made them and the purposes they were designed
to serve.
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as a demonstrative discipline.99 Experimentalists were made into
figures of fun on the Restoration stage: Thomas Shadwell’s The
Virtuoso dramatized the absurdity of weighing the air, and scored
many of its jokes by parodying the convoluted language of Sir
Nicholas Gimcrack (Boyle). The practice of experimental philos-
ophy, despite what numerous historians have assumed, was not
overwhelmingly popular in Restoration England.'*® In order for
experimental philosophy to be established as a legitimate activity,
several things needed to be done. First, it required recruits: ex-
perimentalists had to be enlisted as neophytes, and converts from
other forms of philosophical practice had to be obtained. Second,
the social role of the experimental philosopher and the linguistic
practices appropriate to an experimental community needed to be
defined and publicized.'*' What was the proper nature of discourse
in such a community? What were the linguistic signs of competent
membership? And what uses of language could be taken as indi-
cations that an individual had transgressed the conventions of the
community?

The entry fee to the experimental community was to be the
communication of a candidate matter of fact. In The Sceptical
Chymist, for instance, Boyle extended an olive branch even to the
alchemists. The solid experimental findings produced by some
alchemists could be sifted from the dross of their “obscure” spec-
ulations. Since the experiments of the alchemists (and the few ex-
periments of the Aristotelians) frequently “do not evince what they
are alleged to prove,” the former might be accepted into the ex-
perimental philosophy by stripping away the theoretical language
with which they happened to be glossed. As Carneades (Boyle’s
mouthpiece) said,

9 For a major Continental critique, see R. McKeon, Philosophy of Spinoza, chap.
4: A. R. Hall and M. B. Hall, “Philosophy and Natural Philosophy: Boyle and
Spinoza”; and, for an English attack related to Hobbes's, see J. Jacob, Stubbe, esp.
Pp- 84-108.

o For the extent to which experimental philosophy was “popular,” see Hunter,
Science and Society, esp. chaps. 3, 6. Shadwell's play was performed in 1676; as we
shall see in chapter 4, Charles 11, the Society’s royal patron, was also said to have
found the weighing of the air rather funny, and Petty was aware of pneumatic
satire in the early 1670s: A. R. Hall, “Gunnery, Science, and the Royal Society,” pp.
129-130. There is some evidence that Hooke believed ke was Gimcrack: Westfall,
“Hooke,” p. 483.

wt This is not intended as an exhaustive catalogue of the measures required for
institutionalization. Clearly, patronage was necessary and alliances had to be forged
with existing powerful institutions.
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your hermetic philosophers present us, together with divers
substantial and noble experiments, theories, which either like
peacocks feathers make a great shew, but are neither solid nor
useful; or else like apes, if they have some appearance of being
rational, are blemished with some absurdity or other, that,
when they are attentively considered, make them appear
ridiculous.°#

Thus those alchemists who wished to be incorporated into a legit-
imate philosophical community were instructed what linguistic
practices could secure their admission. Boyle laid down the same
principles with respect to any practitioner: “Let his opinions be
never so false, his experiments being true, I am not obliged to
believe the former, and am left at liberty to benefit myself by the
latter.”*°s By arguing that there was only a contingent, not a nec-
essary, connection between the language of theory and the lan-
guage of facts, Boyle was defining the linguistic terms on which
existing communities could join the experimental programme.
They were liberal terms, which might serve to maximize potential
membership. Boyle’s way of dealing with the Hermetics drew on
the views of the Hartlib group of the late 1640s and 1650s. By
contrast, there were those who rejected the findings of late alchemy
(e.g., Hobbes) and those who rejected the process of assimilation
(e.g., Newton). The debt to the Hartlib group is important. The
Sceptical Chymist was drafted before summer 1658 as “Reflexions”
on Peripatetic and Paracelsian chemical theory. Precedents existed
for the style and tone of the dialogue in Mersenne’s Vérité des sciences
(1625), a conversation between a Christian philosopher, a sceptic,
and an alchemist in which an open alchemical college was proposed;
in Plattes’ Caveat for Alchymists (1655), published along with Boyle’s
invitation to open communication in alchemy and physic, where
Plattes referred to attempts to demonstrate transmutation before
Parliament; and in Renaudot’s Conference concerning the Philosopher’s
Stone, published in the same Hartlibian volume, in which seven
men—some sceptics, some believers—publicly disputed the possi-
bility of transmutation. Boyle distanced himself somewhat from the
group in 1655-1656 when he moved to Oxford to initiate the work
on air and saltpetre. But he continued his commitment to the ab-
sorption of alchemy within the rules of experimental discourse.
The contrast with Newton is instructive. He behaved in an appro-

¢ Boyle, “Sceptical Chymist,” pp. 468, 513, 550, 584.
13 Boyle, “Proémial Essay,” p. gos.
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priate but totally distinct manner in alchemy and in experimental
philosophy, while Boyle laboured to bring alchemy into the public
domain: hence Boyle’s 1670s publications on alchemy and Newton’s
criticisms of Boyle’s decision to publish. o4

There were other natural philosophers Boyle despaired to recruit
and to assimilate. As we shall see, Hobbes was the sort of philos-
opher who on no account ought to be admitted to the experimental
companionship, for he denied the value of systematic and elaborate
experimentation as well as the foundational status of the fact and
the distinction between causal and descriptive language. The ex-
perimental and the rationalistic language-games were perceived to
be radically incompatible. There could be no rapprochement be-
tween them, only a choice between the one and the other.

MANNERS IN DISPUTE

Since experimental philosophers were not to be compelled to give
assent to all items of knowledge, dispute and disagreement were
to be expected. The task was to manage such dissensus by confining
it within safe boundaries. Disagreement about causal explanations
might be rendered safe insofar as it was accepted that such items
were not foundational. What was neither safe nor permissible was
dispute over matters of fact or over the rules of the game by which
matters of fact were experimentally produced.

The problem of conducting dispute was a matter of serious prac-
tical concern in early Restoration science. During the Civil War and
Interregnum “enthusiasts,” hermeticists and sectaries threatened

24+ Compare Boyle, “Experimental Discourse of Quicksilver Growing Hot with
Gold” (1676) and “An Historical Account of a Degradation of Gold” (1678) with
Newton to Oldenburg, 26 April/6 May 1676, in Newton, Correspondence, vol. 11, pp.
1-3. For Boyle’s intention to compose “a short essay concerning chemistry,” and a
comment on the degradation of gold, see Hartlib to Boyle, 28 February/ 10 March
1654, in Boyle, Works, vol. vi, p. 79. For Boyle and the Hartlib group: O'Brien,
“Hartlib’s Influence on Boyle’s Scientific Development”; Rowbottom, “Earliest Pub-
lished Writing of Boyle”; Webster, “English Medical Reformers”; Wilkinson “The
Hartlib Papers.” Dobbs, Foundations of Newton’s Alchemy, p. 72, writes that Boyle and
Hartlib moved alchemy “into the area of public dialogue where assumptions un-
derlying alchemical theory could be subjected to a critical analysis. . .. And con-
ceptual scrutiny was being paralleled elsewhere in the group by a more open com-
munication of empirical information.” For sources of The Sceptical Chymist, see M. B.
Hall, “An Early Version of Boyle’s ‘Sceptical Chymist’,” which dates the “Reflexions”
to 1657, and Webster, “Water as the Ultimate Principle of Nature,” which gives the
latest date as summer 1658.
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to bring about a radical individualism in knowledge: a situation in
which “private judgment” eroded any existing authority and the
credibility of any existing institutionalized conventions for gener-
ating valid knowledge. Nor did the various sects of Peripatetic
natural philosophers display a public image of a stable and united
intellectual community. The “litigiousness” of Scholastic philoso-
phers was commonly noted by their experimentalist critics.'*s Un-
less the experimental community could exhibit a broadly based
harmony and consensus within its own ranks, it was unreasonable
to expect it to secure the legitimacy within Restoration culture that
its leaders desired. Moreover, that very consensus was vital to the
establishment of matters of fact as the foundational category of the
new practice.

By the early 1660s Boyle was in a position to give concrete ex-
emplars of how disputes in natural philosophy ought to be man-
aged. Three adversaries entered the lists, each objecting to aspects
of his New Experiments. In chapters 4 and 5 we shall see what their
objections were and how Boyle responded to each one: Hobbes,
Linus, and Henry More. But even before he had been publicly
engaged in dispute, Boyle laid down a set of rules for how contro-
versies were to be handled by the experimental philosopher. For
example, in Pro¢mial Essay (published 1661, composed 1657), Boyle
went to great lengths to lay down the moral conventions that ought
to regulate controversy. Disputes should be about findings and not
about persons. It was proper to take a hard view of reports that
were inaccurate but most improper to attack the character of those
that rendered them, “for I love to speak of persons with civility,
though of things with freedom.” The ad hominem style must at all
costs be avoided, for the risk was that of making foes out of mere
dissenters. This was the key point: potential contributors of matters
of fact, however misguided they might be, must be treated as pos-
sible converts to the experimental form of life. If, however, they
were harshly dealt with, they would be lost to the cause and to the
community whose size and consensus validated matters of fact:

And as for the (very much too common) practice of many,
who write, as if they thought railing at a man’s person, or
wrangling about his words, necessary to the confutation of his

125 On Peripatetic litigiousness, see, for example, Boyle, “The Christian Virtuoso,”
p- 523, and Glanvill, Scepsis scientifica, pp. 136-137; on opposition to the sectaries’
individualism, see J. Jacob, Boyle, chap. 3; and, for general background, see Heyd,
“The Reaction to Enthusiasm in the Seventeenth Century.”
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opinions; besides that I think such a quarrelsome and injurious
way of writing does very much misbecome both a philosopher
and a Christian, methinks it is as unwise, as it is provoking.
For if I civilly endeavour to reason a man out of his opinions,
I make myself but one work to do, namely, to convince his
understanding; but, if in a bitter or exasperating way I oppose
his errors, I increase the difficulties I would surmount, and
have as well his affections against me as his judgment: and it
is very uneasy to make a proselyte of him, that is not only a
dissenter from us, but an enemy to us.**®

Furthermore, even the acknowledgment that natural philosoph-
ical sects in fact existed might be impolitic. Excessive talk about
sects might work to ensure their survival: “It is none of my design,”
Boyle said, “to engage myself with, or against, any one sect of
Naturalists.” The experiments would decide the case. The views of
sects should be noticed only insofar as they were founded upon
experiment. Thus it was right and politic to be severe in one’s
writings against those who did not contribute experimental find-
ings, for they had nothing to offer to the constitution of matters
of fact. Yet the experimental philosopher must show that there was
point and purpose to legitimately conducted dispute. He should
be prepared publicly to renounce positions that were shown to be
erroneous. Flexibility followed from fallibilism. As Boyle wrote,
“Till a man is sure he is infallible, it is not fit for him to be
unalterable.”1°7

The conventions for managing disputes were dramatized in the
structure of The Sceptical Chymist. These fictional conversations (be-
tween an Aristotelian, two varieties of Hermetics, and Carneades
as mouthpiece for Boyle) took the form, not of a Socratic dialogue,
but of a conference.'*® They were a piece of theatre that exhibited
how persuasion, dissensus and, ultimately, conversion to truth
ought to be conducted. Several points about Boyle’s theatre of
persuasion can be briefly made: first, the symposiasts are imaginary,
not real. This means that opinions can be confuted without exac-
erbating relations between real philosophers. Even Carneades, al-
though he is manifestly “Boyle’s man,” is not Boyle himself: Car-
neades is made actually to quote “our friend Mr. Boyle” as a device
for distancing opinions from individuals. The author is insulated

w6 Boyle, “Proémial Essay,” p. 312.
w7 Ibid., p. g11.
108 See Multhauf, “Some Nonexistent Chemists.”
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from the text and from the opinions he may actually espouse.*°o
Second, truth is not inculcated from Carneades to his interlocutors;
rather it is dramatized as emerging through the conversation.
Everyone is seen to have a say in the consensus which is the dé¢-
nouement.'*> Third, the conversation is, without exception, civil: as
Boyle said, “I am not sorry to have this opportunity of giving an
example, how to manage even disputes with civility.”*** No sym-
posiast abuses another; no ill temper is displayed; no one leaves
the conversation in pique or frustration.!'* Fourth, and most im-
portant, the currency of intellectual exchange, and the means by
which agreement is reached, is the experimental matter of fact.
Here, as we have already indicated, matters of fact are not treated
as the exclusive property of any one philosophical sect. Insofar as
the alchemists have produced experimental findings, they have
minted the real coins of experimental exchange. Their experiments
are welcome, while their “obscure” speculations are not. Insofar as
the Aristotelians produce few experiments, and insofar as they
refuse to dismantle the “arch”-like “mutual coherence” of their
system into facts and theories, they can make little contribution to
the experimental conference.!'s In these ways, the structure and
the linguistic rules of this imaginary conversation make vivid the
rules for real conversations proper to experimental philosophy.
In subsequent chapters we discuss the real disputes that followed
hard upon the imaginary ones of The Sceptical Chymist. Franciscus
Linus was the adversary who experimented but who denied the
power of the spring of the air; Henry More was the adversary
whom Boyle wished to be an ally: More offered what he reckoned
to be a more theologically appropriate account of Boyle’s pneumatic

1o Boyle, “Sceptical Chymist,” p. 486. Boyle said in the preface that he would not
“declare my own opinion”; he wished to be “a silent auditor of their discourses”
(pp- 460, 466-467).

1o The consensus that emerges is very like the position from which Carneades
starts, but the plot of The Sceptical Chymist involved disguising that fact. Interestingly,
the consensus is not total (as Jan Golinski has pointed out): Eleutherius indicates
reservations about Carneades’ arguments, and Philoponus (a more “hard-line”
alchemist who is absent for the bulk of the proceedings) might not, in Eleutherius’s
opinion, have been persuaded. In later chapters we draw the contrast between the
form and use of the dialogue by Boyle’s anti-experimentalist adversary Hobbes.

1 Boyle, “Sceptical Chymist,” p. 462.

ns Actually, the great bulk of the talk is between Carneades and Eleutherius. The
other two participants inexplicably absent themselves during much of the sympo-
sium. This is possibly an accident of Boyle’s self-confessed sloppiness with his man-
uscripts; see Multhauf, “Some Nonexistent Chemists,” pp. 39-41.

'3 Boyle, “Sceptical Chymist,” p. 469.
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findings; but Hobbes was the adversary who denied the value of
experiment and the foundational status of the matter of fact. Each
carefully crafted response that Boyle produced was labelled as a
model for how disputes should be managed by the experimental
philosopher. In each response Boyle professed that his concern was
not the defence of his reputation but the protection of what was
vital to the collective practice of proper philosophy: the value of
systematic experimentation (especially that employing “elaborate”
instruments such as the air-pump), the matters of fact that exper-
iment produced, the boundaries that separated those facts from
less certain epistemological items, and the rules of social life that
regulated discourse in the experimental community. The object of
controversy, in Boyle’s stipulation, was not fact but the interpre-
tation of fact. And the moral tone of philosophical controversy was
to be civil and liberal.

What was at stake in these controversies was the creation and the
preservation of a calm space in which natural philosophers could
heal their divisions, collectively agree upon the foundations of
knowledge, and thereby establish their credit in Restoration cul-
ture. A calm space was essential to achieving these goals. As Boyle
reminded his readers in the introdution to New Experiments (pub-
lished in that “wonderful, pacifick year” of the Restoration), “the
strange confusions of this unhappy nation, in the midst of which
I have made and written these experiments, are apt to disturb that
calmness of mind and undistractedness of thoughts, that are wont
to be requisite to happy speculations.”’'4+ And Sprat recalled the
circumstances of the Oxford group of experimentalists that
spawned the Royal Society: “Their first purpose was no more, then
onely the satisfaction of breathing a freer air, and of conversing in
quiet one with another, without being ingag’d in the passions, and
madness of that dismal Age.”''s

THREE TECHNOLOGIES AND THE NATURE OF ASSENT

We have argued that three technologies were involved in the pro-
duction and validation of matters of fact: material, literary, and
social. We have also stressed that the three technologies are not
distinct and that the workings of each depends upon the others.
We can now briefly develop that point by showing how each of

14 Boyle, “New Experiments,” p. 3. The phrase “wonderful pacifick year” is from
Sprat, History, p. 58.
''5 Sprat, History, p. 53.
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Boyle’s technologies contributes to a common strategy for the con-
stitution of the matter of fact. In the first section of this chapter
we argued that the matter of fact can serve as the foundation of
knowledge and secure assent insofar as it is not regarded as man-
made. Each of Boyle’s three technologies worked to achieve the
appearance of matters of fact as given items. That is to say, each
technology functioned as an objectifying resource.

Take, for example, the role of the air-pump in the production
of matters of fact. Pneumatic facts, as we have noted, were machine-
made. One of the significant features of a scientific machine is that
it stands between the perceptual competences of a human being
and natural reality itself. A “bad” observation taken from a machine
need not be ascribed to faults in the human being, nor is a “good”
observation his personal product: it is this impersonal device, the
machine, that has produced the finding. In chapter 6 we shall see
a striking instance of this usage. When, in the 1660s, Christiaan
Huygens offered a matter of fact that appeared to conflict with
one of Boyle’s explanatory resources, Boyle did not impugn the
perceptual or cognitive competences of his fellow experimentalist.
Rather, he was able to suggest that the machine was responsible
for the conflict: “[I] question not [his] Ratiocination, but only the
stanchness of his pump.”’'®* The machine constitutes a resource
that may be used to factor out human agency in the product: as if
it were said “it is not I who says this; it is the machine”; “it is not
your fault; it is the machine’s.”

The role of Boyle’s literary technology was to create an experi-
mental community, to bound its discourse internally and externally,
and to provide the forms and conventions of social relations within
it. The literary technology of virtual witnessing extended the public
space of the laboratory in offering a valid witnessing experience to
all readers of the text. The boundaries stipulated by Boyle’s lin-
guistic practices acted to keep that community from fragmenting
and to protect items of knowledge to which one might expect uni-
versal assent from items of knowledge that historically generated
divisiveness. Similarly, his stipulations concerning proper manners
in dispute worked to guarantee that social solidarity that produced
assent to matters of fact and to rule out of order those imputations
that would undermine the moral integrity of the experimental form
of life. The objectivity of the experimental matter of fact was an

116 Boyle to Moray, July 1662, in Huygens, Oeuvres, vol. 1v, p. 220. Compare
Boyle’s accounting for Linus’s deviant findings in his attempted replication of the
Puy-de-Dome experiment: “Defence against Linus,” pp. 152-153, and chapter 5
below.
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artifact of certain forms of discourse and certain modes of social
solidarity.

Boyle’s social technology constituted an objectifying resource by
making the production of knowledge visible as a collective enter-
prise: “It is not I who says this; it is all of us.” As Sprat insisted,
collective performance and collective witness served to correct the
natural working of the “idols”: the faultiness, the idiosyncrasy, or
the bias of any individual’s judgment and observational ability. The
Royal Society advertised itself as a “union of eyes, and hands”; the
space in which it produced its experimental knowledge was stip-
ulated to be a public space. It was public in a very precisely defined
and very rigorously policed sense: not everybody could come in;
not everybody’s testimony was of equal worth; not everybody was
equally able to influence the institutional consensus. Nevertheless,
what Boyle was proposing, and what the Royal Society was en-
dorsing, was a crucially important move towards the public consti-
tution and validation of knowledge. The contrast was, on the one
hand, with the private work of the alchemists, and, on the other,
with the individual dictates of the systematical philosopher.

In the official formulation of the Royal Society, the production
of experimental knowledge commenced with individuals’ acts of
seeing and believing, and was completed when all individuals vol-
untarily agreed with one another about what had been seen and
ought to be believed. This freedom to speak had to be protected
by a special sort of discipline. Radical individualism—the state in
which each individual set himself up as the ultimate judge of knowl-
edge—would destroy the conventional basis of proper knowledge,
while the disciplined collective social structure of the experimental
form of life would create and sustain that factual basis. Thus the
experimentalists were on guard against “dogmatists” and “tyrants”
in philosophy, just as they abominated “secretists” who produced
their knowledge-claims in a private and undisciplined space. No
one man was to have the right to lay down what was to count as
knowledge. Legitimate knowledge was warranted as objective in-
sofar as it was produced by the collective, and agreed to voluntarily
by those who comprised the collective. The objectification of knowl-
edge proceeded through displays of the communal basis of its gen-
eration and evaluation. Human coercion was to have no visible place
in the experimental form of life.*'7

v7 Sprat, History, pp. 98-99 (for the individual and the collective); ibid., p. 85,
and Hooke, Micrographia, “The Preface,” sig a2* (for “eyes and hands” and “a sincere
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If the obligation to assent to items of knowledge was not to come
from human coercion, where did it come from? It was to be nature,
not man, that enforced assent. One was to believe, and to say one
believed, in matters of fact because they reflected the structure of
natural reality. We have described the technologies that Boyle de-
ployed to generate matters of fact and the conventions that reg-
ulated the knowledge-production of the ideal experimental com-
munity. Yet the transposition onto nature of experimental
knowledge depended upon the routinization of these technologies
and conventions. The naturalization of experimental knowledge
depended upon the institutionalization of experimental conven-
tions. It follows from this that any attack upon the validity and
objectivity of experimental knowledge-production could proceed
by way of a display of its conventional basis: showing the work of
production involved and exhibiting the lack of obligation to credit
experimental knowledge. It might also exhibit an alternative form
of life by which assent might more effectively be achieved, one
which would yield a superior sort of obligation to assent. In his
criticisms of Boyle’s programme, Hobbes endeavoured to do just
this. Hobbes maintained that the experimental form of life could
not produce effective assent: it was not philosophy.

Hand, and a faithful Eye”); Sprat, History, pp. 28-32 and Glanvill, Scepsis scientifica,
p- 98 (for “tyrants” in philosophy). For the disciplining of the Royal Society’s public:
J- Jacob, Boyle, p. 156; idem, Stubbe, pp. 59-63; also some highly perceptive remarks
in Ezrahi, “Science and the Problem of Authority in Democracy,” esp. pp. 46-53.
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Seeing Double:
Hobbes’s Politics of Plenism before 1660

Plots have I laid, inductions dangerous . . .
SHAKESPEARE, Richard III

BoYLE’s programme for experimental philosophy was a solution
to the problem of order. Natural philosophy had been in a state
of scandalous dissension. Nowhere was scandal more visible than
in the handling of the Torricellian phenomenon and related effects.
Boyle attempted to remedy this dissension by proposing a new way
of going on in natural philosophy: a new way of working, of speak-
ing, of forming social relations among natural philosophers. To
Boyle and his colleagues the experimental solution to the problem
of order was possible, effective, and safe. Its practicality, potency,
and innocuousness were dependent upon the erection and main-
tenance of a crucial boundary around the practices of the new
experimental form of life. Dissension within this boundary was safe,
even fertile and necessary. Dissension involving violations of this
boundary, and especially involving the intrusion of rejected modes
of speaking, was deemed fatal.

On one side of this boundary philosophers were enjoined to
speak the language of experimental “physiology”; on the other,
they spoke the traditional language of natural philosophy, now
stigmatized as “metaphysics.” We have seen how Boyle laboured to
situate proper speech about his air-pump experiments in a new
experimental discourse, one that made it unnecessary to decide
upon the question of a metaphysical vacuum versus a metaphysical
plenum. The “vacuum” Boyle referred to in his New Experiments
was a new item in the vocabulary of natural philosophy: it was an
operationally defined entity, reference to which was dependent
upon the working of a new artificial device.

It was this usage, and the practices in which it was embedded,
that Hobbes attacked in 1661. In Hobbes’s view, Boyle’s experi-
mental solution to the problem of order was not possible; it was
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not effective; and it was dangerous. He argued, first, that the
boundaries Boyle proposed to erect and maintain were guarantees
of continued disorder, not remedies to philosophical dissension, and,
second, that order could only be won and made secure by deciding
upon proper metaphysical language, not by jettisoning that lan-
guage. Specifically, Hobbes denied Boyle’s right to appropriate the
term “vacuum” for the new experimental discourse and he con-
tested the legitimacy of that new discourse. Hobbes denied Boyle’s
claim that one could talk about a vacuum without talking meta-
physics. In Hobbes’s reading, Boyle was asserting that his machine
had produced a metaphysical vacuum: a space devoid of all cor-
poreal substance. Yet, as we shall show in chapter 4, Hobbes sought
to demonstrate that the machina Boyleana had failed to achieve such
a vacuum. A vacuum, thus defined, did not exist in nature and had
not been produced in Boyle’s experimental space.

Why did Hobbes read Boyle’s texts in this way? It is not that
Hobbes “misunderstood” his adversary in any simplistic way: we
shall see in the next chapter that Hobbes’s engagement with the
details of Boyle’s 1660 text was extremely close. But it was an
interested and an historically informed reading, conditioned by the
resources and the analyses Hobbes had developed prior to 1660.
First, Hobbes was concerned to defend his own standing as a major
natural philosopher and to defend the natural philosophical
schema he had constructed and refined through the 1640s and
1650s. Second, Hobbes had developed that system as uniquely
suited to securing order and achieving the proper goals of philos-
ophy. Any other project for natural philosophy endangered order.
Third, there was the heightened sensibility to the practical problem
of dissension that was displayed by all English intellectuals during
the making of the Restoration settlement (see chapter 7).

In this chapter we want to display the range of considerations
that Hobbes brought to bear on the question of vacuism and plen-
ism, and we want to understand what Hobbes thought was the
philosophical language appropriate to discussing that question. We
shall show, first, what Hobbes considered was wrong about vacuism,
and, second, what he thought was dangerous about such a position.
Finally, we shall point to the integrity of Hobbes’s perspective: how
he calculated that a proper understanding of what the natural
world contained and a proper conception of philosophical practice
would ensure public peace.
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“DENYING THE VACUUM":
HoBBES AND EXPERIMENTAL PNEUMATICS

Hobbes began constructing a plenist natural philosophy in the
1640s. Throughout this period, he was at the very centre of the
natural philosophical community in Paris. The Torricellian phe-
nomenon and experimental pneumatics provided some of the prin-
cipal concerns of this community. Hobbes was already “numbered
among the philosophers” in Paris during the 16g0s. In 1635-1636
he visited France when acting as tutor to the third Earl of Dev-
onshire, William Cavendish. Hobbes corresponded with the French
via Kenelm Digby, Charles Cavendish, and other members of the
group connected with his employer’s family.' Hobbes returned to
Paris after his flight from England in November 1640. As a key
member of the circle centred on Marin Mersenne, Hobbes now
debated with Descartes, Gassendi and other natural philosophers.
Mersenne published his work on optics and mechanics in 1644.
Samuel Sorbiére published the extended edition of Hobbes’s De
cive in 1648.2 The texts of this period have been used to assess the
sources of Hobbes'’s physics and to judge the character of his com-
mitment to plenism. In particular, historians have traced his prog-
ress towards the completion of his natural philosophical work, De
corpore (1655). The context of the composition of De corpore illu-
minates the views on the worth of experimental pneumatics which
Hobbes developed before his debate with Boyle.3

Nothing in the argument of this book depends upon portraying
Hobbes’s natural philosophy as totally novel or idiosyncratic. We
are concerned with the resources at Hobbes’s disposal in his re-
sponse to Boyle in 1661. In fact, however, contemporaries made
much of the question of Hobbes’s sources. His critics often wrote

* Halliwell, Collection of Letters, pp. 65-69; Tonnies, Hobbes, pp. 11-22; Jacquot,
“Cavendish and His Learned Friends”; de Beer, “Some Letters of Hobbes,” p. 196;
Reik, Golden Lands, p. 74; Digby to Hobbes, 24 September/q4 October 1637, in
Tonnies, Studien, p. 147.

* Lenoble, Mersenne, pp. 430-436; Hobbes, “Tractatus opticus”; Kohler, “Studien,”
Pp. 71n-72n; Hobbes to Sorbiére, 6/16 May 1646, in Tonnies, Studien, pp. 53-54;
Mersenne to Haak, 29 February/1o0 March 1640, in Mersenne, Correspondance, vol.
X1, Pp. 403-404.

s For the origins of De corpore: Kargon, Atomism in England, p. 58; Laird, Hobbes,
PPp. 115-116; Hobbes, Critique du De Mundo, pp. 71-88; Jacquot, “Notes on an Un-
published Work of Hobbes”; idem, “Un document inédit”; Aaron, “A Possible Draft
of De Corpore”; Brockdorff, Cavendish Bericht fiir Jungius; Pacchi, Convenzione, pp.
25ff. '
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of groups who “have been willing to accept Mechanism upon Hob-
bian conditions.” The danger which Hobbes posed could be defused
by portraying his work as derivative. Boyle treated the views of
Hobbes and Descartes together; John Wallis always pointed out
Hobbes’s lack of originality; in 1654 Seth Ward charged Hobbes
with the theft of optical theories from another member of the
Cavendish group, Walter Warner, and claimed that Hobbes’s nat-
ural philosophy came from the trustier truisms of Descartes, Gas-
sendi, and Kenelm Digby.4+ If Hobbes’s natural philosophy was
described as routinely mechanical, then it was possible to play down
the specific challenge he offered, most obviously in his attack on
Boyle. Alternatively, by treating this philosophy as utterly peculiar,
it was possible to ignore Hobbes’s close links with the natural phil-
osophical community, particularly when he was in France in the
1640s. Those links provided Hobbes with resources which he used
in his analysis of experiment and plenism.

Hobbes’s attitude towards experimental pneumatics in this pe-
riod had three salient features. First, the French experimenters
and philosophers were not divided into two exclusive camps of
plenists and vacuists. There was no consensus about the appropriate
interpretation of the critical experiments produced in the 1640s.
Hobbes himself used the Epicurean distinction between a micro-
scopic array of empty spaces dispersed in matter (vacuum dissemi-
natum) and a macroscopic void space produced by the absence of
all body (vacuum coacervatum). Gassendi also used this distinction.
In the texts on optics which Hobbes produced in the 1640s, he
appealed to the concept of a microscopic disseminated void when
describing the expansive action of the Sun. But this did not mean
he was a “vacuist”: he never accepted the reality of macroscopic
empty space.5 Second, Hobbes challenged the capacity of any set
of pneumatic experiments to settle these disputes or to prove the
case for an artificial vacuum. The range of rival interpretations of
these experiments showed the lack of authority in current natural

4 Glanvill, Scepsis scientifica, “To the Royal Society”; Ward, Vindiciae academiarum,
p- 53; Boyle, “Examen of Hobbes”; Hobbes, “Six Lessons,” p. 340; Halliwell, Col-
lection of Letters, pp. 84-85.

5 For Hobbes’s use of the vacuum disseminatum and its context in light metaphysics,
see Hobbes, “Little Treatise”; idem, White’s De Mundo Examined, p. 101; Gargani,
Hobbes ¢ la scienza, pp. g8-123, 209-237; A. Shapiro, “Kinematic Optics,” pp. 143-
172. For the Epicurean distinction: Grant, Much Ado about Nothing, pp. 70-71; Web-
ster, “Discovery of Boyle’s Law,” p. 443; Rochot, “Comment Gassendi interprétait
Fexpérience du Puy de Déme”; Charleton, Physiologia, pp. 55-56.
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philosophy. Finally, Hobbes identified absurd metaphysical lan-
guage as a principal source of these difficulties in natural philos-
ophy. He pointed out the dangerous consequences of incoherent
speech about empty space, and analyzed the linguistic differences
between rival natural philosophical schemes developed in the
1640s, notably that of Descartes.

Each of these features is visible in the texts Hobbes produced in
France. In spring 1641 Hobbes began a heated exchange with
Descartes on mechanics and optics. He rejected any Cartesian no-
tion of an incorporeal substance and he claimed that Descartes’
“subtle matter” was the same as his own model of a space-filling
fluid. Descartes rejected this redefinition of terms. When Hobbes
argued against plenism based on a false definition of “body,” Des-
cartes was often his prime target.® In the winter of 1642-1643,
Hobbes composed a critique of a set of dialogues by the Catholic
philosopher Thomas White. In his critique of White’s De mundo,
he pointed to the persistent divisions in the natural philosophical
community on the issue of plenism. He remained sceptical of ex-
periments on vacuism and rarefaction, “those inner mysteries of
physics.” He discussed two celebrated exemplars of the debate: the
thermoscope, in which air heated in a bulb drove water up a tube
connected to the bulb, and the wind-gun, a recently invented pneu-
matic device reported by Mersenne. Hobbes wrote that “the cause
of the dilatation and compression of the air in the thermoscope
can be sufficiently explained even if we deny the vacuum.” As in
his attack on Descartes, he was attentive to the connection between
absurd definitions in natural philosophy and false belief: men
“came to believe in the existence of innumerable daemons” just
because “whatever the sight can penetrate they consider to be a
vacuum.” Hobbes argued that not all bodies were opaque. He had
made the same point in his political tract, Elements of Law, written
just before leaving England in 1640. Common sensations were an
untrustworthy guide to the character of apparently empty space.
Otherwise, he wrote, men would falsely believe that there were
“insubstantial beings” or “spirits.”?

% On the conflict with Descartes: Mersenne, Correspondance, vol. x, pp. 210-212,
426-431, 487-504, 522-534, 568-576, 588-591. Cf. Hobbes to Sir Charles Cavendish,
29 January/8 February 1641, in English Works, vol. vi1, pp. 455-462; Hobbes, “Ob-
jectiones ad Cartesii Meditationes”; idem, Critique du De Mundo, pp. 16-20; Ténnies,
Studien, p. 115; Hervey, “Hobbes and Descartes”; Brandt, Hobbes’ Mechanical Con-
ception, pp. 138-142.

7 Hobbes, White’s De Mundo Examined, pp. 46-48, 54; for White’s natural philos-
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The danger of such beliefs and the character of experiment
preoccupied Hobbes when he composed his discussion of plenism
in De corpore. Hobbes began writing this work after his optical trea-
tise had been published by Mersenne in 1644. A definitive version
of De corpore may have existed by 1648. During this period, Hobbes
continued his discussion of the interstitial void and his assault on
Cartesian metaphysics. His colleagues and patrons, Charles Cav-
endish and his brother the Earl of Newcastle, reached Paris in 1645,
and their correspondence reveals something of the contents of
Hobbes’s project. He told Newcastle in 1646 that a disseminated
vacuum might be formed by the “dilatation” of the Sun, and at-
tacked Cartesian plenism: “For who knowes not that Extension is
one thing and the thing extended another.”® In February 1648,
Hobbes repeated these views for Mersenne, arguing specifically
against the ideas of the Jesuit philosopher Noél, who he claimed
had made an illegitimate use of Cartesian subtle fluids in discussing
the behaviour of the thermoscope and the thermometer.9 At the
same time, however, Hobbes also considered the new trials pro-
duced in experimental pneumatics and challenged their role in
settling the divisions of natural philosophy.

Mersenne published the reports of the Torricellian phenomenon
when he returned from Florence to Paris in spring 1645. Between
autumn 1646 and autumn 1648 experimenters such as Pascal and
Roberval developed a range of critical phenomena including the
void-in-the-void trial and the Puy-de-Ddme experiment.'> Hobbes
may have witnessed some of these trials in Paris and the reports
were transmitted to England from spring 1648. Boyle now first
learnt of these accomplishments in experimental pneumatics
through the correspondence of Cavendish, Haak, and Hartlib.*!
For Hobbes, such reports were by no means decisive. In February

ophy, see Henry, “Atomism and Eschatology”; for “spirits,” compare Hobbes, “Hu-
man Nature,” pp. 60-62.

8 Pacchi, Convenzione, p. 28; Kohler, “Studien,” p. 72n; Kargon, Atomism in England,
P- 57-

9 Hobbes to Mersenne, 7/17 February 1648, in Tonnies, Studien, pp. 132-134. For
Noél, see Fanton d’Andon, L'horreur du vide, pp. 47-57; Noél, Le plein du vide.

1o de Waard, L'expérience barométrique, pp. 117-123; Fanton d’Andon, L'horreur du
vide, pp. 1-41; Sadoun-Goupil, “L'oeuvre de Pascal,” pp. 249-277; Middleton, History
of the Barometer, pp. 3-32; Auger, Roberval, pp. 117-133. For these trials, see also
Pascal, Oeuvres, pp. 195-198, 221-225.

* Hartlib to Boyle, May 1648, in Boyle, Works, vol. vi, pp. 77-78; Cavendish to
Petty, April 1648, in Webster, “Discovery of Boyle’s Law,” p. 456; Haak to Mersenne,
July 1648, in H. Brown, Scientific Organizations, p. 271.
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1648 he invited Mersenne and his colleagues to try experiments
about the transmission of sound and light through the Torricellian
space. Experimenters in Paris and London announced that “they
do not yet wish to declare that it is a true vacuum in the glass above
the mercury.”’* When Mersenne discussed these trials with Hobbes,
however, he expressed his doubts whether any such experiments
were conclusive. In May 1648 Hobbes told Mersenne that “all the
experiments made by you and by others with mercury do not con-
clude that there is a void, because the subtle matter in the air being
pressed upon will pass through the mercury and through all other
fluid bodies, however molten they are. As smoke passes through
water.”!3

Hobbes commented here on trials performed by Mersenne’s col-
leagues, including Roberval. Roberval’s trial with a carp’s bladder
which expanded in the Torricellian space was first performed in
the same month. It did much to damage any faith in the experi-
mental production of a macroscopic void. The experiments Rob-
erval showed to Mersenne and his colleagues in Paris, including
Hobbes, suggested that “nothing really certain can be established
about that space which seems void, through which light and colours
pass.” In spring 1648 Mersenne wrote about Noél’s attack on Pascal
and the challenge posed by Roberval’s work: “We are beginning to
believe here that it is not a vacuum.” In May he confessed that the
carp’s bladder experiment in the Torricellian space was “an insol-
uble business.” For Roberval, this trial showed that the air was elastic
and that the Torricellian space was not totally void. Thus the doc-
trines of a Cartesian plenum and of a macroscopic space devoid of
body were both called into question. Rival experimenters proffered
this range of exemplary phenomena to sustain entirely opposed
natural philosophies and to evince the effects of different forms
of subtle fluid. 4

Hobbes’s attitude towards these standard pneumatic experiments
was informed by the French debates of the 1640s. Pascal’s trials
were neither decisive nor unambiguous. Hobbes used the dissem-

'* Hobbes to Mersenne, 7/17 February 1648, in Tonnies, Studien, pp. 132-184;
Haak to Mersenne, 24 March/g April 1648, in H. Brown, Scientific Organizations,
p- 58.

's Hobbes to Mersenne, 15/25 May 1648, in H. Brown, “Mersenne Correspond-
ence”; Pacchi, Convenzione, p. 238.

'+ For Roberval's trials: Auger, Roberval, pp. 128-130, and Webster, “Discovery of
Boyle’s Law,” pp. 449-450, 496-497. Compare Mersenne to Huygens, 7/17 March
and 22 April/2 May 1648, in Huygens, Oeuvres, vol. 1, pp. 84, 91. For Noél’s attack,
October 1647 to April 1648, see the correspondence between Noél and Pascal, in
Pascal, Oeuvres, pp. 199-221.
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inated vacuum in his optical treatises of 1644-1646, but this did
not commit him to the vacuist interpretation of experimental pneu-
matics. Instead, in his exchanges with Mersenne, Gassendi, Cav-
endish, and Descartes, he argued that the problem in pneumatics
was an issue of right language in philosophy. No isolated experi-
mental trial could decide on the character of the subtle fluids which
filled space. These fluids mediated all natural action; their inves-
tigation depended upon a prior analysis of the character of body,
space, and motion, and did not solely derive from uncertain trials
and untrustworthy sense-data. In 1657 Hobbes explained to Sor-
biére, a disciple of Gassendi, that even “Epicurus’s opinions do not
seem absurd to me, in the sense in which it seems to me he un-
derstands the vacuum. For I believe that what he calls the vacuum,
Descartes calls subtle matter, and 1 call the purest aetherial substance.”*s
This discrimination between insecure experience and secure phil-
osophical language is equally apparent in the completed version of
De corpore, published in 1655 after Hobbes’s return to England.:¢

In the first three parts of De corpore, Hobbes established the
philosophical basis of his scheme of natural knowledge. His detailed
confrontation with experimental pneumatics is confined to Part IV,
which deals with that branch of natural philosophy termed “Phys-
ics.”'7 Elsewhere, Hobbes illustrated the definitional exercise that
led to proper language. In his definitions of “place” and “con-
gruity,” Hobbes appeared to admit the possibility of empty space:

... can any man that has his natural senses, think that two
bodies must therefore necessarily touch one another, because
no other body is between them? Or that there can be no vacuum,

'» Hobbes to Sorbiére, 27 January/6 February 1657, in Tonnies, Studien, pp. 71-
73. Compare Descartes to Mersenne, 22 February/4 March 1641, in Mersenne,
Correspondance, vol. x, p. 524, who cited Hobbes’s statement that “by spirit I under-
stand a subtle fluid body, therefore it is the same thing as his {i.e., Descartes’] subtle
matter.”

6 The Latin was published in 1655; the English, “Concerning Body,” in the
following year. There are significant differences between the two versions, but these
do not involve the points we wish to make and we cite the English version. For the
most detailed account of the natural philosophy of De corpore: Brandt, Hobbes’ Me-
chanical Conception; see also Watkins, Hobbes’s System, chaps. 3-4; Kargon, Atomism in
England, chap. 6; Gargani, Hobbes e la scienza, chap. 4.

7 The first three parts of De corpore are concerned with the production of knowl-
edge of effects from the right definition of a cause; the section on “Physics” is
devoted to the inferior method of ascertaining possible causes from knowledge of
effects or appearances. (We discuss the status of these methods in chapter 4.) For
Hobbes’s critique of sensory data and of “single and particular . . . propositions,”
see “Concerning Body,” chap. 25, esp. p. 388.



88 .- CHAPTER III

because vacuum is nothing, or as they call it, non ens? Which is
as childish, as if one should reason thus: no man can fast,
because to fast is to eat nothing; but nothing cannot be eaten.®

In fact, Hobbes did not argue here that a vacuum does exist: he
showed against the Scholastics that its existence or nonexistence
could not be established through absurd speech and improper use
of words. The proper analysis of mechanical motion and continuity
of matter demanded some “fluid medium which hath no vacuity.”*s
In Hobbes’s physics, this space-filling medium implied that motion
would be performed in closed curves. This simple circular motion
was fundamental to Hobbes’s physical explanations. So much was
established through the definitional knowledge of causes. In the
final section on “Physics,” especially in the chapter “Of the World
and of the Stars,” Hobbes now addressed himself directly to the
physical problem of the vacuum and the claims of experimental
pneumatics. His answer was unambiguous. In his survey of pneu-
matics all the arguments for the vacuum and all the phenomena
said to support its existence were rejected. Hobbes provided a dress
rehearsal of his criticisms of Boyle’s experimental findings in 1661.

He “that would take away vacuum, should without vacuum show
us such causes of these phenomena, as should be at least of equal,
if not greater probability.”** This Hobbes accomplished, system-
atically disposing of the major phenomena purporting to demon-
strate a vacuum in nature and in experimental systems. Part, but
only part, of Hobbes’s physical arguments against the vacuum in-
volved the invocation of a fluid aether. He supposed that the world
contains the aggregate of visible bodies, such as the Earth and the
stars; invisible bodies, such as “the small atoms which are dissem-
inated through the whole space between the earth and the stars”;
and “lastly, that most fluid ether, which so fills all the rest of the
universe, as that it leaves in it no empty place at all.”*' For our
purposes the most important parts of Hobbes’s arguments against

'8 Hobbes, “Concerning Body,” pp. 107, 109; cf. p. 124. For a similar use of
Hobbes against Descartes on this issue, see Barrow, Usefulness of Mathematical Learn-
ing, p. 140.

'» Hobbes, “Concerning Body,” pp. 321-322, 332, 341-342.

=« Ibid., p. 425.

» Ibid., p. 426. For other mentions of a space-filling fluid aether, see pp. 448,
474, 480-481, 504, 519. We shall show in the following chapter that the aether was
not the only resource Hobbes used to argue against the existence of a vacuum in
experimental systems.
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the vacuum dealt not with the general constitution of the world
but with the paradigmatic experiments in the Torricellian tradition.

Here Hobbes offered what was for him a fairly detailed account
of an experimental protocol. Fill with mercury a glass cylinder “of
sufficient length,” closed at one end; stop the open end with your
finger and insert this end in a dish of the same liquid; then remove
your finger. The mercury level in the glass tube subsides, leaving
a space at the top end of the glass. “From whence they [vacuists]
conclude that the cavity of the cylinder above the quicksilver re-
mains empty of all body.” “But,” Hobbes remarked, “in this ex-
periment I find no necessity at all of vacuum.” His alternative phys-
ical explanation of what is in the Torricellian space and how it gets
there set the pattern for his later controversies with Boyle and the
“Greshamites.” It was predicated upon the existence of a plenum
and circulatory movement of matter in the plenum. Consider,
Hobbes said, what happens when the mercury descends: the level
of the mercury in the dish supporting the cylinder must rise; and,
as it rises, so much of the contiguous air “must be thrust away as
may make place for the quicksilver which is descended.” That air
must go somewhere, and, as it moves, it pushes away the air next
to it, “and so successively, till there be a return to the place where
the propulsion first began™

And there, the last air thus thrust on will press the quicksilver
in the vessel with the same force with which the first air was
thrust away; and if the force with which the quicksilver de-
scends be great enough, . .. it will make the air penetrate the
quicksilver in the vessel, and go up into the cylinder to fill the
place which they [vacuists] thought was left empty.

So the Torricellian space, for some philosophers crucial proof of
the existence of a vacuum, is actually full, and it is full of atmos-
pheric air. Hobbes realized that he must also provide an explanation
of why the mercury stops at some level rather than empties itself
completely. His answer pointed to the relationship between the
height from which the column of mercury descends, the force that
this descent imparts to the contiguous air, and thus the force with
which the circulated air returns to the surface of the mercury in
the dish below. At about 26 inches, he claimed, an equilibrium is
attained between the “endeavour” of the mercury downwards and
its resistance to being penetrated by the circulated air.>*

* Ibid., pp. 420-422. This general explanation of the Torricellian experiment is
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Hobbes used the same resources of circulatory motion and the
plenum to account for several other standard “experiments” in
medieval and early modern natural philosophy. For example, the
normal operation of the gardener’s watering-pot was adduced to
demonstrate the nonexistence of a vacuum. The lower surface of
the typical canister is pierced by numerous small holes; the narrow
mouth can be stopped with one’s finger. When this is done, the
water no longer flows out. Why is this? The water cannot flow out
of the holes in the gardener’s pot when the mouth is stopped
because, Hobbes said, there is no ultimate place for the air below
to go. The flow may be restored by removing one’s finger from the
mouth, in which case the contiguous air, “by continual endeavour,”
may proceed to the mouth “and succeed into the place of the water
that floweth out.” Or, even if one continued to stop the mouth, the
flow may be ensured if the holes in the bottom of the pot are
sufficiently large that the water passing out “can by its own weight
force the air at the same time to ascend into the vessel by the same
holes.”*s In this and in several other classic experiments Hobbes
discussed, one of the explanatory tactics he brought to bear was
the ability of air, when sufficiently strongly impelled, to penetrate
water or mercury, particularly at the edges of the liquid-containing
vessel. This air powerfully penetrated the tightest of the physical
boundaries the vacuists deployed to keep it out.*

One experiment of special interest in the present context con-
cerned the cohesion of smooth marbles or glasses. In the preceding
chapter we briefly discussed Boyle’s trials on cohesion in vacuo, the
thirty-first of his New Experiments. We noted the way in which Boyle
attempted to appropriate this paradigmatic phenomenon for the
discursive practices of the new experimental programme. In the
De corpore written five years before, Hobbes addressed cohesion in
order to demonstrate that its correct physical explanation was in-
compatible with vacuism. As a mechanical philosopher, Hobbes had
no use for the horror vacui to support his plenism. Instead, he

also to be found in Hobbes, “Seven Philosophical Problems,” pp. 23-24; “Decameron
physiologicum,” pp. 92-93; and in “Dialogus physicus,” pp. 256-257. We cannot
discuss here Hobbes’s concept of “endeavour” (or “conatus”), which he defined
(“Concerning Body,” p. 206) as “motion made in less space and time than can be
given . . .; that is, motion made through the length of a point, and in an instant or
point of time.” On this subject, see Brandt, Hobbes’ Mechanical Conception, pp. 300-
315; Watkins, Hobbes’s System, pp. 123-134; Bernstein, “Conatus, Hobbes and the
Young Leibniz”; Sacksteder, “Speaking about Mind.”

=3 Hobbes, “Concerning Body,” pp. 414-415.

*4 [bid., pp. 420, 423-424.
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assimilated the phenomenon to his theory of hardness. If, in fact,
two cohered bodies were perfectly hard and perfectly smooth, it
would, he argued, be impossible to pull them apart by exerting a
perpendicular force. This was because the separation would entail
an infinite velocity for the inrushing air. For Hobbes, infinite ve-
locity as well as infinite hardness was just as impossible as the notion
of an infinite world. So the physical explanation of separation that
Hobbes offered invoked finite velocity and finite hardness: if one
applied very great force to the cohered bodies, they would flex and
allow a successive flowing-in of air.*> The difference between
Hobbes and Boyle on cohesion was not, therefore, a difference in
mechanism or a difference in their attitudes towards the horror
vacui: both embraced the former and abominated the latter. It was
a difference in conceptions of proper speech about such phenom-
ena, and, therefore, a difference in exemplifying how the natural
philosopher was to go on.

There were, in Hobbes’s view, no decisive arguments and no
crucial experiments to support the idea that a vacuum existed in
nature or could be made by experimenters. In De corpore Hobbes
had “taken away vacuum” on physical grounds. In his plenist phys-
ics he had supplied arguments of “at least equal, if not greater
probability” to account for the phenomena adduced in favour of
vacuism. He did not claim to have done the experiments himself,
although he was familiar enough with several of them and possibly
witnessed some of the most important performances in the Tor-
ricellian programme. We now ask about the purposes served by
the definitive plenism which Hobbes adopted in the wake of this
experience and which he later brought to bear upon Boyle’s New
Experiments. There is one highly relevant text from this period that
is rarely exploited by historians of science, for it is typically regarded
as the province of historians of politics, namely Leviathan of 1651.
In this book Hobbes took away vacuum on definitional, historical,
and, ultimately, on political grounds. The vacuism Hobbes attacked
was not merely absurd and wrong, as it was in his physical texts;
it was dangerous. Speech of a vacuum was associated with cultural
resources that had been illegitimately used to subvert proper au-
thority in the state.z®

*s Ibid., pp. 418-419; and see similar accounts in Hobbes, “Seven Philosophical
Problems,” pp. 17-19, and “Decameron physiologicum,” pp. go-g1.

#*6 On the religious and moral significance of the vacuist-plenist controversies of
the Middle Ages and early modern period, see Grant, Much Ado about Nothing, chaps.
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LEVIATHAN’S PoLiTiCAL ONTOLOGY

We want to read Leviathan as natural philosophy. In Leviathan, and
particularly in the section entitled “Of the Kingdom of Darkness,”
Hobbes drew a picture of the natural world and the sorts of things
it contained. This ontology was to be condemned because it was
created and sustained for ideological purposes. Certain groups of
intellectuals had deployed this ontology, not for proper philo-
sophical purposes, but to serve their social interests and to buttress
their illegitimate claims to authority. This was a corrupt and a
corrupting philosophy of nature. Its dissemination had been a
source of social disaster and it would continue to exert a corrosive
effect on social order unless and until its illegitimacy was exposed.
Proper philosophy was to be assessed by its contribution to public
peace.

In this illegitimate philosophy of nature one of the most impor-
tant notions was that of incorporeal substance. To Hobbes such talk
of incorporeal substance was at once an absurdity of language-use,
an impossibility in right philosophy, and one of the key ideological
resources used in priestcraft. Nor were the priests without powerful
allies in such usages. For Peripatetic philosophers the idea of in-
corporeal substance underpinned their use of “substantial forms”
and “separate essences”; just as for priests incorporeal substance
was fundamental to their conceptions of “spirit,” “soul,” and the
eschatological use of these items.

For Hobbes, perhaps even more than for Boyle, right philosophy
was predicated upon the proper use of language. We shall see that
one route to proper philosophical language lay through a defini-
tional exercise. However, in arguing with priests, it was apposite
to inspect the Scriptural warrant for language-use and the meaning
of terms. Was there any Scriptural justification for conceiving of
the soul as an incorporeal substance? Or even for regarding a soul
as the unique property of man? In Hobbes’s reading there was no
such warrant. In the Bible there was indeed much speech of souls,
of angels, and of spirits. But there was no speech that definitively
indicated that these were incorporeal. Soul might be attributed to
any living creature, and it had no existence apart from the body.
Angels, good and evil, were spoken of, but nowhere did Scripture
say that they were incorporeal.®” Nor was there Biblical warrant

*7 Hobbes, “Leviathan,” pp. 615, 644; on Hobbes and the soul, see Willey, Sev-
enteenth Century Background, pp. 100-106; Sacksteder, “Speaking about Mind”; Wat-
kins, Hobbes’s System, chap. 6.
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for referring even to God as an incorporeal entity.*® References to
spirit abound in Holy Writ, where the term may signify wind, or
God’s gift of grace, or zeal, or a dream, or vital strength; but not
incorporeal substance. In the Bible, spirit, said Hobbes, was uni-
formly used to refer “either properly [to] a real substance, or met-
aphorically, [to] some extraordinary ability or affection of the mind,
or of the body.”?e If we want to refer to the Deity as spiritual, we
can do so legitimately: as a way of expressing our desire to pay
Him honour. Yet, even here, there was a risk of taking terms of
respect to be ontological terms, of transforming “attributes of hon-
our” into “attributes of nature.”s°

If priests spoke nonsense, so did their professional bedfellows,
the Scholastic philosophers. Again, “absurd speech” and improper
language-use were at the root of the problem. Scholastic notions
of “substantial forms,” “abstract essences” and “separate essences”
were meaningless. Worse, they were mystifying and pernicious to
the quest for genuine philosophical explanation: “Which insignifi-
cancy of language, though I cannot note it for false philosophy;
yet it hath a quality, not only to hide the truth, but also to make
men think they have it, and desist from further search.”s* What
counted as physical explanation in Aristotelianism, depending as
it did upon the doctrine of substantial forms, was nonsense. For
example, bodies were said to sink because they were “heavy”: “But
if you ask what they mean by heaviness, they will define it to be an
endeavour to go to the centre of the earth. So that the cause why
things sink downward, is an endeavour to be below: which is as
much to say, that bodies descend, or ascend, because they do.”
Aristotelian teleological explanation of physical phenomena was
funny; it was “as if stones and metals had a desire, or could discern
the place they would be at, as man does; or loved rest, as man does
not; or that a piece of glass were less safe in the window, than
falling into the street.”s* But bodies do not move themselves; they

*8 Hobbes, “Leviathan,” pp. 92, 96-97. While Hobbes professed his belief in such
a God, a conception of the Deity as a corporeal being, stripped of Providential
power, was unusable for most clerics, and Hobbes was widely identified as an atheist.
For detailed treatments: K. Brown, “Hobbes’s Grounds for Belief”; Glover, “God
and Hobbes”; Damrosch, “Hobbes as Reformation Theologian”; Hunter, Science
and Society, chap. 7; Mintz, Hunting of Leviathan; Klaaren, Religious Origins of Modern
Science, pp. 99-100. .

*s Hobbes, “Leviathan,” pp. 383-387.

s Ibid., pp. 672, 68o.

s Ibid., pp. 670-672, 686.

32 Ibid., p. 678; see Willey, Seventeenth Century Background, pp. gg-100.
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have no essences, so to speak, poured into them and separable
from their corporeal nature; their brute and corporeal nature is
their nature. Man and his will were to be conceived in a structurally
parallel manner. Man is subject to “appetites” of desire and aver-
sion, analogous to the physical forces acting upon stones. “Delib-
eration” consists of the alternate action of these appetites, and in
deliberation the last appetite “immediately adhering to the action
... is what we call the w:ll.”33 In general, therefore, neither man
nor inanimate objects were to be thought of as having a dual nature.
Neither is compounded of matter plus a separable and incorporeal
spiritual essence, form, or will. To speak otherwise of existents in
the natural world was to speak absurdly; no one who spoke in this
way could be an authentic philosopher.

Why did priests and their allies speak absurdities? Hobbes said
that it was because they conceived it to be in their interests to do
so: because if such notions were disseminated and credited, priests
and their allies would benefit. Hobbes proposed to discredit priestly
absurdities and bad philosophy by telling an interest-story. He
would put and answer the question “Cui bono?”34 Priests and Scho-
lastics had sought to prosper at the expense of peace and good
order in the polity. Aristotelian doctrine of separate essences had
historically been deployed in an illegitimate strategy of social con-
trol. It had been used to obtain for priests a share of that authority
that belonged solely to the civil sovereign. The Politics of Aristotle,
Hobbes said, was “repugnant to government”: this “doctrine of
separated essences, built on the vain philosophy of Aristotle, would
fright [men] from obeying the laws of their country, with empty
names; as men fright birds from the corn with an empty doublet,
a hat, and a crooked stick.”3s Priestcraft had made up a scarecrow
philosophy; it had traded upon man’s natural anxiety about the
future and man’s natural tendency to construct causal explanations
out of whatever resources were at hand. If there was no visible and

33 Hobbes, “Leviathan,” pp. 48-49, 679. For a fuller account of Hobbes and the
will, see Watkins, Hobbes’s System, chap. 7. For discussions of the disputes over free
will between Hobbes and John Bramhall, Bishop of Derry, in the 1650s, see Mintz,
Hunting of Leviathan, chap. 6; Damrosch, “Hobbes as Reformation Theologian.”
Damrosch usefully suggests that Bramhall recognized in Hobbes’s writings some of
the central theological resources of English Calvinism and responded accordingly.

34 Hobbes, “Leviathan,” p. 688.

s Ibid., pp. 669, 674. On Aristotle as anti-monarchist, see Hobbes, “Behemoth,”
p- 362; and, for the view of Hobbes’s sometime ally Henry Stubbe that “the politics
of Aristotle suit admirably with our monarchy,” see J. Jacob, Stubbe, p. 87 (quoting
Stubbe, Campanella Revived [London, 1670}, pp. 12-13).
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known cause of events, then some invisible power or agent was
widely supposed to be at work.3¢ Priestcraft had encouraged these
natural dispositions, and it had used man’s ignorance, nervousness
and insecurity to buttress the independent moral and political au-
thority of the Church. To this end, priests had propagated the bad
philosophy of incorporeal substances and immaterial spirits.
Hobbes’s indictment of priestcraft and its use of bad philosophy
was highly detailed. It took in the major points at which such priestly
resources were brought into play in usurping power. Leviathan of-
fered an elaborate analysis of the conceptual resources deployed
in religious rituals. Consider, for example, the ritual of Holy Com-
munion whose supposed efficacy provnded the priest with his access
to divine power. Holy Communion was “most gross idolatry” if it
was understood that Christ was literally present in the consecrated
bread. The bread was to signify Christ, no more. What priestcraft
did was to translate “consecration into conjuration”; it was the trade
of the juggler and the magician. Likewise, we construed baptism
correctly if we understood it symbolically: the use of “enchanted
oil and water” as “things of efficacy to drive away phantasms, and
imaginary spirits” was, however, a pious and pernicious fraud.
There were no such spirits, nor did the consecrated oil possess any
spiritual properties apart from its material constitution. Moreover,
there was no such phenomenon as possession by spirits. The ritual
of exorcism “purges” a man of that which in reality can never infect
him.37 And the same may be said of the idea that man has a soul
that lives after his death and is separated from his body, and of
the notion that such disembodied spirits fly to a local heaven or
hell. Such a conception proceeded directly from the doctrine of
separate essences. But in truth the soul has no “existence separated
from the body”; and it is a nonsense to say that it survives apart
from the body. There was Scriptural support for Hobbes’s idea of
a corporeal soul: “Eat not the blood, for the blood is the soul; that is, the
life.”3® Hobbes offered a striking gloss upon what was meant in the

3¢ Hobbes, “Leviathan,” pp. 93. 95, 8.

s7 Ibid., pp. 610-613, 644. On conflicting seventeenth-century views of “posses-
sion,” see Walker, Unclean Spirits.

8 Hobbes, “Leviathan,” p. 615 (quoting Deuteronomy xii, 23). There are clear
and significant similarities between Hobbes’s view of the soul and that of many
radical sectaries during the Civil War and Interregnum. The heresy of “mortalism”
was prevalent among the sects (and among a number of English men of science).
Mortalists maintained that the soul either died with the body or that it slept until
the general resurrection, and many mortalists identified the soul with the blood.
Hobbes did not, of course, share political aims with the sectaries. Nevertheless, the
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Bible by references to “life eternal and torment eternal”’: these terms
denoted the avoidance or not of “the calamities of confusion and
civil war.” The “Kingdom of God” was and will be on Earth, on
His coming again. Hell and heaven were not places; they were
states of mind or conditions of social disorder and order.3? Neither
did the device of the Holy Trinity provide any support for con-
ceiving of God, or any of His manifestations and incarnations, as
incorporeal substance. God was referred to as triune in nature
because He had been represented thrice: by Moses (the Father), by
Jesus (the Son), and by the Apostles and their successors (the Holy
Spirit).4°

All this absurd speech of incorporeal substance and its uses had
been deployed as a tool of interested groups of professionals. Who,
Hobbes asked, “will not obey a priest, that can make God, rather
than his sovereign, nay than God himself? Or who, that is in fear
of ghosts, will not bear great respect to those that can make the
holy water, that drives them from him?” Priestcraft disseminated
this bad religion founded on bad philosophy in order to usurp
power: “By their demonology, and the use of exorcism, and other
things appertaining thereto, they keep, or think they keep, the
people in awe of their power.” They meant “to lessen the depend-
ance of subjects on the sovereign power of their country.”+ And
this was visible in the most concrete act of usurpation: priests’
contention that kings ruled by gift of bishops. To say that the
authority, power, and legitimacy of the King proceeded Dei gratia
was not to say that they derived from a Pope or from bishops, for
the ultimate religious authority was the civil sovereign; he defined
what religion consisted of; he was himself a mortal God.+* “For
whatsoever power ecclesiastics take upon themselves, (in any place
where they are subject to the state), in their own right, though they

similarity in conceptual resources may proceed from a shared analysis of the role
of the Established Church and of the uses to which the Church put its notions of
the soul, the afterlife, moral accountability, and the like. In this connection, see
C. Hill, World Turned Upside Down, pp. 387-394; idem, “Harvey and the ldea of
Monarchy”; idem, Milton and the English Revolution, chap. 25.

39 Hobbes, “Leviathan,” pp. 437, 444-445, 455; cf. Walker, Decline of Hell. Again,
there are striking similarities with radical sectaries’ denial of local hell and heaven:
C. Hill, World Turned Upside Down, chap. 8.

+ Hobbes, “Leviathan,” pp. 486ff. See also Warner, “Hobbes’s Interpretation of
the Trinity” and, on the political significance of anti-Trinitarianism, see Leach,
“Melchisedech and the Emperor.”

+ Hobbes, “Leviathan,” pp. 675, 693.

4+ Ibid., pp. 607-608.
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call it God’s right, is but usurpation.”s3 From that usurpation priests
profited. They took tithes in the name of God and by their supposed
administration of an invisible spirit world, so that the people owed
a “double tribute, one to the state, another to the clergy.” Monks
claimed privilege; priests claimed civil exemptions; pastors made
themselves into governors of the polity. And in this there was little
difference between the “Roman, and the presbyterian clergy.”+
Double tribute ended in civil war and confusion. This was what
would inevitably happen if one allowed authority and power in the
state to be fragmented and dispersed among professional groups
each claiming its share. All professional groups had been at fault,
but none more so than the clergy. In 1656 Hobbes explained to
one of the hunters of Leviathan how he came to write that book: it
“was the considerations of what the ministers before, and in the
beginning of, the civil war, by their preaching and writing did
contribute thereunto.”ss And in Behemoth of 1668 Hobbes offered
a particular historical analysis of the Civil War just concluded.
Among those most responsible for these calamities were the “se-
ducers” of the people, and among these seducers none had been
more reprehensible than those ecclesiastics who claimed delegated
power from God that bypassed the civil authority and those,
whether ordained or not, who claimed private inspiration directly
from the Deity. He condemned them all for what they had done
to cause confusion and war: “Ministers, as they called themselves,
of Christ; and sometimes, in their sermons to the people, God’s
ambassadors; pretending to have a right from God to govern every
one in his parish, and their assembly the whole nation.” Papists
were, of course, particularly odious, as they claimed not just a share
of power with the civil authority, but the role of delegating absolute
spiritual power to the state through their intermediacy. But reli-
gious groups whose beliefs and practices appeared most opposed
to Rome and Canterbury were equally pernicious: the Protestant
sects. Independents, Anabaptists, Fifth-Monarchy Men, Quakers,
and Adamites: “These were the enemies which arose against his

43 Ibid., p. 688. For brief accounts of Hobbes and Erastianism: Clark, Seventeenth
Century, pp. 218-222; Peters, Hobbes, pp. 239-244; Goldsmith, Hobbes’s Science of
Politics, pp. 214fF.; Strauss, Political Philosophy of Hobbes, chap. 5. Hobbes was anti-
professional; he took a parallel view of lawyers’ usurpation of power; see Hobbes,
“Dialogue between a Philosopher and a Student,” p. 5, and chapter 7 below.

+ Hobbes, “Leviathan,” pp. 608, 689-691, 609-610; also idem, “Behemoth,” pp.
215-216.

45 Hobbes, “Six Lessons,” p. 335.
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Majesty from the private interpretation of the Scripture, exposed
to every man'’s scanning in his mother-tongue.”+ Private judgment
and personal interpretation were the ultimate threats to social or-
der. After the Bible had been translated into English,

every man, every boy and wench, that could read English,
thought they spoke with God Almighty, and understood what
he said. . . . The reverence and obedience due to the Reformed
Church here, and to the bishops and pastors therein, was cast
off, and every man became a judge of religion, and an inter-
preter of the Scriptures to himself.47

The problem was one of divided loyalties arising from a divided
vision of reality. Thus, “Temporal and spiritual government, are but
two words, brought into the world, to make men see double, and
mistake their lawful sovereign.” The remedy was to resolve this di-
vision. There was, he said,

no other government in this life, neither of state, nor religion,
but temporal; nor teaching of any doctrine, lawful to any sub-
ject, which the governor both of the state, and of religion
forbiddeth to be taught. ... And that governor must be one;
or else there must needs follow faction and civil war in the
commonwealth, between the Church and State; between spirit-
ualists and temporalists; between the sword of justice, and the shield
of faith. . . .48

This “seeing double” could be remedied by collapsing-the hierar-
chical division between matter and spirit; and the triumph of the
civil sovereign could be assured by collapsing that hierarchy in
favour of matter. It was to that end that Leviathan proffered a
materialist and monist natural philosophy. The universe, being “the
aggregate of all bodies, there is no real part thereof that is not also
body . . . and therefore substance incorporeal are words, which when
they are joined together, destroy one another, as if a man should
say, an incorporeal body.”+* The world is like this:

The world, (I mean not the earth only ... but the universe,
that is the whole mass of all things that are), is corporeal, that

46 Hobbes, “Behemoth,” pp. 167, 171. On Behemoth, see MacGillivray, “Hobbes’s
History of the Civil War”; on Hobbes versus the sects, see Pocock, “Time, History
and Eschatology,” esp. pp. 180-187.

47 Hobbes, “Behemoth,” p. 190.

+ Hobbes, “Leviathan,” pp. 460-461.

+ Ibid., p. 381.
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is to say, body; and hath the dimensions of magnitude, namely,
length, breadth, and depth: also every part of body, is likewise
body, and hath the like dimensions; and consequently every
part of the universe, is body, and that which is not body, is not
part of the universe: and because the universe is all, that which
is no part of it, is nothing; and consequently no where.>°

The world is full of body; that which is not body does not exist.
And there can be no vacuum. The argument proving this was not
developed within the discourse of natural philosophy that we de-
scribed earlier in this chapter. Instead, the argument against vac-
uum was presented within a political context of use. In the cause
of securing public peace Hobbes elaborated and deployed an on-
tology which left no space for that which was not matter, whether
this was a vacuum or incorporeal substance. He recommended his
materialist monism because it would assist in ensuring social order.
He condemned dualism and spiritualism because they had in fact
been used to subvert order. As we will see in chapter 5, the political
purpose behind Hobbes’s taking away of vacuum was not missed
by his critics, including Robert Boyle.

LEVIATHAN'S PoLiTicAL EPISTEMOLOGY

Let us now read Leviathan as epistemology. Within Hobbes’s overall
attempt to show men the nature of obligation and the foundations
of secure social order, he developed a theory of knowledge. He
displayed how knowledge was generated, its relations with the phys-
iology of the human organism, and he showed men how to go
about achieving the highest and most useful form of knowledge:
philosophy. The connections between the epistemological enterprise
in Leviathan, on the one hand, and the ontological and political
exercises were substantial and clear. First, a proper theory of what
existed in the world and a proper way of producing knowledge
proceeded from the same starting point: an agreement to settle the
definitions of words and their uses so that absurdities were avoided;
then an agreement to use correct method to move from these
definitions to their consequences. Second, Hobbes’s theory of how
man perceived and produced knowledge used the monist and ma-
terialist ontology: his psychology was one of matter and motion,

0 Ibid., p. 672. On Hobbes’s usage of “body,” “substance,” and “matter,” see
Sacksteder, “Speaking about Mind,” p. 68; cf. Watkins, Hobbes’s System, esp. pp.
125-132.
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leaving no space for notions of an incotrporeal soul. Finally, both
ontology and epistemology were of equal importance in attaining
and securing public peace. Disorder and civil war were as likely to
be produced from an incorrect appreciation of how knowledge was
generated and what its nature was, as they were from incorrect
ideas of what sorts of things existed. Show men what knowledge is
and you will show them the grounds of assent and social order.5!

There was already in existence a model of properly grounded
and properly generated knowledge, a model that could be imitated
by all intellectuals genuinely aiming to secure assent and good
order. This was “geometry, which is the only science that it hath
pleased God hitherto to bestow on mankind.” When its methods
had been rightly followed, geometry yielded irrefutable and in-
contestable knowledge. One may make a mistake in geometry, but
one will not continue in error when the mistake has been revealed:
“All men by nature reason alike, and well, when they have good
principles. For who is so stupid, as both to mistake in geometry,
and also to persist in it, when another detects his error to him?”
Such knowledge was “indisputable.” And it was ideally situated to
provide a model of intellectual assent, since the geometrical course
was not the preserve of professionals but was open to anyone with
natural reason.5* To end with agreement, one must start with agree-
ment. Again, geometry showed how this must be done, for it started
with definitions, “settling the significations of ... words” and
“plac[ing] them at the beginning of [the] reckoning.” The settling
of a definition was a social act, to be contrasted with private intel-
lectual activity: “When a man’s discourse beginneth not at defini-
tions, it beginneth either at some other contemplation of his own,
and then it is still called opinion; or it beginneth at some saying of
another, of whose ability to know the truth, and of whose honesty
in not deceiving, he doubteth not.”s3 In chapter 4 we will see in

st For a good account of Hobbes’s theory ot knowledge in relation to his political
philosophy, see Watkins, Hobbes’s System, chaps. 4, 8. Verdon, “On the Laws of
Physical and Human Nature,” treats the connection as “analogical.” Our stress here
is not on analogy, nor on priority of development, but on common context of use.
Here, and in other connections, see the excellent book by Gideon Freudenthal,
Atom und Individuum, esp. chaps. 5, g.

52 Hobbes, “Leviathan,” pp. 23-24, 35; cf. “Six Lessons,” pp. 211-212. On math-
ematics and agreement as a sign of “science,” see Missner, “Skepticism and Hobbes’s
Political Philosophy,” pp. 410-411. For Hobbes’s views on the equal natural ration-
ality of all men, see “Leviathan,” pp. g3o-35, 110-111.

53 Hobbes, “Leviathan,” pp. 24, 53-54; cf. idem, “Concerning Body,” p. 84, where
one of the properties of definition is “that it takes away equivocation, as also all that
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what way geometrical knowledge was grounded in social acts and
in what the force of geometrical inference consisted. For the present
it is enough to note that the assigning of definitions was the way
to start on an intellectual enterprise aimed at securing universal
assent, and that such knowledge was contrasted to the belief, opin-
ion or judgment of any one individual.

The social production of knowledge was carried on from its
definitional starting-point by the use of “right reason.” There was
no professional mystique about this “reason”; it was “reckoning,”
that is, “adding and subtracting, of the consequences of general
names agreed upon for the marking and signifying of our
thoughts.”5¢ Such reasoning must be rigorously continued through-
out a chain of thought or else the result would not be that certainty
at which one was aiming: “For there can be no certainty of the last
conclusion, without a certainty of all those affirmations and ne-
gations, on which it was grounded and inferred.” There must be
no weak links in the chain; if reason was wanting at any step, one
would “not know anything, but only believeth.”ss Belief was thus
rigidly distinguished from knowledge and from “science.” The
methods used in generating knowledge ensured that it was not
private belief. Such private belief could never underwrite the uni-
versal assent at which philosophy was aimed.s®

In the preceding chapter we examined Boyle’s conception of the
matter of fact, showing how the fact was made into the foundation
of proper experimental knowledge. We displayed the social mech-
anisms Boyle and his colleagues mobilized to constitute the matter
of fact. What, then, was the status of factual knowledge in Hobbes’s
scheme? Interestingly, Leviathan radically downgraded the standing
of factual knowledge, distinguished it from “science” and “philos-
ophy” and assimilated it to the experiences of individuals. To
Hobbes, knowledge of fact, “as when we see a fact doing, or re-
member it done,” was “nothing else, but sense and memory.”s? The
“nothing else” derived from Hobbes’s theory of sensory impression.
These impressions were caused by the motions of matter impinging
on man’s sensory organs, and carried on to the brain and heart.

multitude of distinctions, which are used by such as think they may learn philosophy
by disputation.” '

54+ Hobbes, “Leviathan,” p. 30. On Hobbes’s usage of “reckoning,” see Sacksteder,
“Some Ways of Doing Language Philosophy,” p. 477.

s Hobbes, “Leviathan,” pp. 31-32.

56 Ibid., pp. 35, 52-53.

57 Ibid., p. 71.



102 + CHAPTER III

Therefore, our sense that such impressions correspond to the ex-
ternal objects themselves was, to Hobbes, but “seeming, or fancy.”
The same impressions could be obtained dreaming or waking, by
the motions of matter in a real external object or by rubbing the
eye.5® Thus, in Hobbes’s view, factual knowledge, based on sensory
impressions, did not have an epistemologically privileged position.
It did not matter how one proposed socially to process such factual
knowledge, the limitations remained. Factual knowledge, it was
true, had a valuable role to play in constituting our overall knowl-
edge, but it was not of the sort to secure certainty and universal
assent. Indeed, Hobbes wished to call the body of factual knowledge
by a different name, to distinguish it from “philosophy” or “sci-
ence.” The “register of the knowledge of fact” Hobbes called “history,”
“patural history” being the catalogue of “such facts, or effects of
nature, as have no dependence of man’s will.” Thus the funda-
mental distinction Hobbes made between factual knowledge (or
history) and philosophy involved the exercise of man’s agency. Man
had no control over the effects of nature, but he did over settling
definitions and agreeing notions of intelligible cause. Philosophy
and science were constituted by the knowledge of consequences
and causes, and, again, the model was provided by geometry: “As
when we know, that, if the figure shown be a circle, then any straight
line through the centre shall divide it into two equal parts.” “And
this,” Hobbes said, “is the knowledge required in a philosopher.”s9

We have shown that for Boyle and the early Royal Society there
were two major threats to the social forms of experimental philos-
ophy: the private judgment of “secretists” and enthusiasts and the
tyranny of “modern dogmatists.” For Hobbes in 1651 and later,
only private judgment counted as a potentially fatal threat to good
philosophy and to good order. If the aim was certain knowledge
and irrevocable assent, then the way towards it could not traverse
anything as private and unreachable as individual states of belief.
Knowledge, science and philosophy were set on one side; belief
and opinion on the other. The former were certain, hard and
indisputable; the latter were provisional, variable and inherently
contentious, affected by man’s shifting passions and special inter-

3% Ibid., pp. 1-2. Hobbes’s sensory theories are more extensively developed in
“Human Nature,” esp. pp. 1-19. See also Barnouw, “Hobbes’s Causal Account of
Sensation” and Sacksteder, “Hobbes: Man the Maker,” pp. 86-87.

39 Hobbes, “Leviathan,” p. 71; see pp. 72-73 for Hobbes’s table of the taxonomy
of the sciences. On conceptions of “history” and its relationship to causal accounting,
see B. Shapiro, Probability and Certainty, chap. 4.
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ests. The consequences of mistaking belief for knowledge, and of
attempting to ground order in that which makes for disorder, were
disastrous. This was why Hobbes’s prescription for making proper
knowledge belonged in Leviathan: it was a prescription for avoiding
civil war.

We have already alluded to two sources of improper knowledge
which Hobbes identified as contributors to civil war. First, there
was priestly and Scholastic absurd speech, reasoning upon which
produced “contention and sedition, or contempt.”® Second, there
was the private judgment of the radical Protestant sects, specifically
condemned in Behemoth.5* Their doctrine of private judgment in
religious matters was a particularly virulent form of treason. The
claim of each individual to decide upon religious truths and prin-
ciples was the ultimate fragmentation of authority. There must, in
Hobbes’s view, be no “private measure of good,” as this would be
“pernicious to the public state.” There must be no right to interpret
Scriptures personally; that right belonged solely to the civil sov-
ereign who properly had the authority to decide upon the meaning
of Scripture and religious doctrine.* There were no legitimate
grounds for sectaries’ claims to divine inspiration, or, at least, to
credit such claims. To say that a man “speaks by supernatural in-
spiration, is to say that he finds an ardent desire to speak, or some
strong opinion of himself, for which he can allege no natural and
sufficient reason.” Any individual making such a claim may, to be
sure, be telling the truth; yet he is but a man and “may err, and,
which is more, may lie.” How may we know a genuine prophet, a
man truly speaking God’s message? Such a man does miracles and
preaches nothing but the doctrines established by the civil authority.
There could be, therefore, no authentic word from God which
preached rebellion. Moreover, “miracles now cease, {and] we have
no sign left, whereby to acknowledge the pretended revelations or
inspirations of any private man; nor obligation to give ear to any

% Hobbes, “Leviathan,” p. 37.

6 There are important links between Hobbes’s discussion of private judgment in
religion and his treatment of the “intellectual virtues” in poetry and philosophy;
see “Leviathan,” pp. 56-70. “Fancy” is private judgment and is the source of poetry;
“acquired wit” is secured by “method and instruction” and equals “reason”: this is
the basis of public assent and is the source of philosophy. For Hobbes's literary
theories: Selden, “Hobbes and Late Metaphysical Poetry”; Thorpe, Aesthetic Theory
of Hobbes, esp. pp. 79-117; James, The Life of Reason, pp. 34-49-

% Hobbes, “Leviathan,” pp. 680-681, 685.
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doctrine, farther than it is conformable to the Holy Scriptures . . .
without enthusiasm or supernatural inspiration.”%3

Hobbes, then, held no brief for the priestcraft by which the
Established Church had taken for itself power that belonged to the
civil sovereign; neither did he support the conduct of the sectarian
opponents of the Church. They were deluded and dangerous; and
through their doctrine of private judgment they had a major share
of responsibility for the Civil War. Any society that countenanced
individualistic claims to knowledge would inevitably fall into chaos.
Yet in attacking the conceptual resources of the Church and the
bases of the Church’s independent authority Hobbes provided am-
munition for all the Church’s enemies.®4+ With one hand Hobbes
took away the legitimacy of private judgment; with the other he
took away the right of religious authorities to exercise control of
individuals’ private beliefs. As agent of the civil sovereign, the
Church had the right to control behaviour and verbal profession of
belief. It did not, however, have the right to attempt to extend its
control to men’s minds. So claims to have had direct communication
with God could not be credited because they could not be validated
by .others; yet, if the person who made such a claim “be my sov-
ereign, he may oblige me to obedience, so, as not by act or word
to declare 1 believe him not; but not to think otherwise than my
reason persuades me.”®> Any other agent had no such right to exact
obedience in such matters, and no agent had the right to exact
belief.

There is no more fundamental contrast between Hobbes’s and
Boyle’s strategies for knowledge-production than that which con-
cerns states of belief. We have seen that Boyle’s experimental mat-
ters of fact were founded in states of belief: individuals were freely

6s Ibid., pp. 362-365. On private judgment among the Protestant sects, see
C. Hill, World Turned Upside Down, chap. 6.

%4 This suggests a possible answer to a problem widely noted in Hobbes schol-
arship: Hobbes argued in favour of absolute deference to duly constituted authority,
yet the “Hobbists” attacked in seventeenth-century polemic included notorious
“scoffers” at that civil and religious authority. Hobbes argued in support of a social
and political order the conceptual resources to justify which he had removed: in-
corporeal spirit, heaven and hell, free will, the efficacy of ritual, etc. On Hobbist
“atheists”: Aylmer, “Unbelief in Seventeenth-Century England,” esp. pp. 36-45; on
Hobbes’s political followers: Skinner, “Hobbes and His Disciples”; idem, “History
and Ideology”; idem, “ldeological Context of Hobbes’s Political Thought”; Mac-
pherson, “Introduction” (to Leviathan), esp. pp. 23-24; Warrender, “Editor’s Intro-
duction” (to De cive), pp. 16-26.

% Hobbes, “Leviathan,” p. 361.
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to witness and then freely to say what it was they believed to be the
case. Knowledge was constituted when all believed alike. Likewise
for Boyle’s clerical allies, religion was a matter of belief and giving
witness to that belief. There was to be no disjunction between belief
and professions. This transit of belief is what Hobbes wished to
expel from both religion and natural philosophy. His strategy was
one of behavioural control, not one of internal moral control. It
was not that the control of belief was wrong; it was that such control
was impractical and an inadequate surety for order. Belief and
opinion were items pertaining to individuals, and, as such, could
not be manipulated into bases for public order. There were several
serious problems for efforts to found order in belief. Individual
states of belief were in principle uncontrollable because they were
in practice unreachable. I cannot know what you believe; I can only
know what you say you believe; you may be lying. I can force you
to make a profession, but I cannot guarantee that this profession
corresponds to your state of belief. And because belief and opinion
belonged to individual men and were subject to their passions and
interests, they constituted too shifting a ground on which to erect
the frameworks of social order.

On these bases Hobbes contrasted belief to behaviour and reason.
Both behaviour and reason were in the public domain: behaviour
because it was visible to all; reason because all men had it and had
it in equal measure. Actions could be successfully controlled, if
necessary by coercion. A strategy aimed at regulating verbal profes-
sions of belief while leaving private states of belief intact therefore
made practical sense. It takes, Hobbes said, “till perhaps a little
after a civil war” to realize “that it is men, and arms, not words and
promises, that make the force and power of the laws.” “What man,”
he asked, “that has his natural senses . . . believes the law can hurt
him; that is, words and paper, without the hands and swords of
men?” Thus the sovereign power and its spiritual arm had no brief
“to extend the power of the law, which is the rule of actions only,
to the very thoughts and consciences of men, by examination, and
inquisition of what they hold, nowwithstanding the conformity of
their speech and actions.”® Hobbes did not shrink from the most
extreme consequences of his strategy of behavioural control. What
if the sovereign commanded one to deny Christ? Then one must
make the commanded verbal profession, for “Profession with the
tongue is but an external thing, and no more than any other gesture

% Ibid., pp. 685-684.
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whereby we signify our obedience.”s? Coercion, therefore, had its
place in the maintenance of order. So too did reason. A man who
made an error in reasoning could be put right by pointing out to
him his offence against the rules of reasoning. One did not, as a
matter of practice, identify these rules as the property of any one
man or group of men; one could not ask of them “Cui bono?” Thus
the application of irresistible physical force and the application of
reason were similar exercises, having comparable results. Both were
means by which assent might effectively be secured. Strategies that
depended upon belief could not work.

Nevertheless, any strategy designed to secure assent could be
subverted by ignorant or privately interested men. Hobbes was
concerned, just as Boyle was, with the problem of “manners” in
philosophical disputation. Consensus could not be generated unless
philosophers were prepared to conduct themselves properly; in-
civility was an invitation to dissensus: “For evil words by all men of
understanding are taken for a defiance and a challenge to open
war.” In his vituperative geometrical exchanges with the “Egregious
Professors” at Oxford (John Wallis and Seth Ward) that immedi-
ately followed the publication of De corpore, Hobbes read his ad-
versaries a lesson on the connection between proper manners and
proper knowledge:

It cannot be expected that there should be much science of
any kind in a man that wanteth judgment; nor judgment in a
man that knoweth not the manners due to a public disputation
in writing; wherein the scope of either party ought to be no
other than the examination and manifestation of the truth.s8

He condemned the use of “contumelious language,” intemperate
expressions, wilful misrepresentations, and ad hominem argumen-
tation. Like Boyle, Hobbes considered that philosophers should
deal with one another as Christian gentlemen. He did not, however,
practise the turning of the other cheek; rather, he recommended
“Vespasian’s Law”: “it is uncivil to give ill language first, but civil
and lawful to return it.”% And when Hobbes invoked Vespasian’s
Law, as he did with Wallis and Ward, all similarities with Boyle’s

language disappeared: “So go your ways, you Uncivil Ecclesiastics,

%7 Ibid., p. 493.

5 Hobbes, “Six Lessons,” pp. 331-332. Cf. the view of “manners” in idem, “The
Art of Rhetoric,” esp. pp. 466-472.

% Hobbes, “Six Lessons,” pp. 331-332, 356; see also idem, “Stigmai,” p. 386, and
“Leviathan,” chap. 11.
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Inhuman Divines, Dedoctors of morality, Unasinous Colleagues, Egregious
pair of Issachars, most wretched Vindices and Indices Academiarum. . . ’71°
And this summing-up of one of Wallis’s attacks: “. . . all error and
railing, that is, stinking wind; such as a jade lets fly, when he is too
hard girt upon a full belly.””

THE ENDS OoF PHILOSOPHY

Boyle aimed to achieve peace and to terminate scandal in natural
philosophy by securing a space within which a specified kind of
dissent was manageable and safe. In the experimental form of life
it was legitimate for philosophers to disagree about the causes of
natural effects: causal knowledge was removed from the domain
of the certain or even the morally certain. For Hobbes there was
no philosophical space within which dissent was safe or permissible.
Dissent over physical causes was a sign that one had not begun to
do philosophy or that the enterprise in question was not philosophy.
Philosophy was defined as a constitutively causal enterprise; causal
knowledge was one of its starting points. Philosophy was “such
knowledge of effects or appearances, as we acquire by true ratio-
cination from the knowledge we have first of their causes or gen-
eration: And again, of such causes or generations as may be from
knowing first their effects.””? In the next chapter we shall discuss
the unequal status of these two methods, but, for the present, it is
enough to note that any programme which attempted to erect a
procedural boundary between speech of matters of fact and speech
of their physical causes was not, on this basis, philosophical. The
aim of philosophy was the highest degree of certainty that could
be obtained. Philosophy was contrasted to other intellectual enter-
prises precisely on the grounds of the degree of certainty one could
expect of each. Authentic natural philosophy, founded upon
proper method, was new, no older than the revolution made by

7> Hobbes, “Six Lessons,” p. 356. Hobbes particularly disliked Wallis’s puns on
his plebeian name: hob is Old English for a rustic ghost or spectre (as hob-goblin).
Wallis referred to Hobbes as the Empusa (the goblin sent by Hecate), which jest,
said Hobbes, “is lost to them beyond sea” (ibid., p. 355); see also Laird, Hobbes, pp.
19-2o. For indications how disturbed Hobbes was by this slur, see letters from Henry
Stubbe to Hobbes dating from March to April 1657, in Nicastro, Leitere di Stubbe a
Hobbes, pp. 16-17, 26-28.

7 Hobbes, “Considerations on the Reputation of Hobbes,” p. 440.

7 Hobbes, “Concerning Body,” p. 8; cf. pp. 65-66, 387 for variants on this
definition.
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Galileo, Harvey, and not least by Hobbes himself. Before this,
Hobbes said, “There was nothing certain in natural philosophy but
every man’s experiments to himself, and the natural histories, if
they may be called certain, that are no certainer than civil histories.”
Natural history yielded an inferior grade of certainty, and was
excluded from the ambit of philosophy, “because such knowledge
is but experience, or authority, and not ratiocination.” Sensory
knowledge could not be formed into the foundations of philosophy:
sense and memory, which were “common to man and all living
creatures,” constituted knowledge, but, because they were not given
by reason, “they are not philosophy.” Experience “is nothing but
memory.”73

It is vital that we understand what our ends are when we do
philosophy. The production of certainty would terminate disputes
and secure total assent. Philosophy was one of the most profoundly
useful of the arts of peace:

But what the utility of philosophy is, especially of natural phi-
losophy and geometry, will be best understood by reckoning
up the chief commodities of which mankind is capable, and
by comparing the manner of life of such as enjoy them, with
that of others which want the same.

These commodities included the technological benefits of genuine
knowledge, but they also included the fruits of moral and civic
philosophy, whose methods overlapped with that of natural phi-
losophy. The utility of these

. . . is to be estimated, not so much by the commodities we have
by knowing these sciences, as by the calamities we receive from
not knowing them. Now, all such calamities as may be avoided
by human industry, arise from war, but chiefly from civil war;
for from this proceed slaughter, solitude, and the want of all
things.74

In Hobbes’s view the elimination of vacuum was a contribution
to the avoidance of civil war. The dualist ontology deployed by
priests spoke of existents which were not matter: this made men
“see double” and resulted in the fragmentation of authority which
led inexorably to chaos and civil war. Aristotelians spoke of sepa-
rated essences which were poured into corporeal entities; vacuists

s Ibid., pp. vii-Ix, 11, 3; cf. idem, “Human Nature,” p. 2g.
74 Hobbes, “Concerning Body,” p. 8.
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populated the spaces they prohibited to matter with immaterial
spirits. These were the ontological resources of the enemies of
order. Moreover, a dualist ontology created absurdities in our no-
tion of physical cause. By understanding what sorts of things existed
in the natural world, we would understand what sort of thing could
be considered as a cause. For Hobbes, there was only one cause of
the movement of material body: the movement of a contiguous
body. Thus the language employed in speaking of physical causa-
tion was the language of materialist monism.’s So there was no
sense in which causal speech could be deemed less certain and more
divisive than speech of matters of fact. Causal language as well as
ontological language emerged from the same exercise in settling
the right definitions and uses of words. Both arose from, and were
dependent upon, agreement: they could not be the source of dis-
agreement. For Hobbes, the rejection of vacuum was the elimi-
nation of a space within which dissension could take place.

75 Ibid., p. 124: “There can be no cause of motion, except in a body contiguous
and moved.” Cf. p. 390.
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The Trouble with Experiment:
Hobbes Versus Boyle

... the laws of inference can be said to compel us; in the same
sense, that is to say, as other laws in human society.
WITTGENSTEIN, Remarks on the
Foundations of Mathematics.

RoOBERT Boyle’s New Experiments Physico-Mechanical was published
in the summer of 1660. Following the Restoration of the King in
May 1660 and the gathering of “many Worthy Men” in London
during the summer of that year, the Royal Society received a formal
constitution at Gresham College in November 1660.* Hobbes was
now faced, not with experiment merely as a useful adjunct to the
pursuit of natural philosophy, but with a fully developed experi-
mental programme for natural philosophy. Publications on trials
of the air-pump and on other related experiments were shortly to
come from Henry Power, Robert Hooke, John Wallis, and, of
course, from Boyle himself, who began to produce a profusion of
tracts on the new experimental philosophy.? Boyle and his col-
leagues now argued that no philosophy of nature could hope to
establish a solid foundation for assent unless it was grounded in
experimental practices: the procedures set forth in New Experiments
and the essays that quickly followed its publication. In December

' The phrase “many Worthy Men” is Thomas Sprat’s description of the returning
royalist exiles. He continues: they “began now to imagine some greater thing; and
to bring out experimental knowledge, from the retreats, in which it had long hid it
self, to take its part in the Triumphs of that universal Jubilee. And indeed Philosophy
did very well deserve that Reward: having been always Loyal in the worst of times.”
Sprat, History, pp. 58-59. Hobbes, however, reckoned himself (“the first of all that
fled”) to be at least as loyal as the experimental philosophers: Hobbes, “Consider-
ations on the Reputation of Hobbes,” p. 414.

* These tracts include: Cowley, Proposition for the Advancement of Experimental Phi-
losophy (1661); Hooke, Attempt for the Explication of the Phaenomena (1661); idem,
Micrographia (1665; commissioned March 1663); Power, Experimental Philosophy
(1664; written by August 1661); Wallis, Hobbius heauton-timorumenos (1662); plus all
the writings that Boyle published in 1660-1662. See also M. B. Hall, “Salomon’s
House Emergent,” esp. pp. 180-182.
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1660 the Society meeting at Gresham announced that it would limit
its membership to fifty-five, plus those of the rank of baron and
above, and that it had received royal approval from Charles 11.3
Hobbes immediately responded to Boyle and these changed cir-
cumstances: the Dialogus physicus de natura aeris was published in
August 1661.4

Hobbes’s criticisms of Boyle’s work and of the experimental pro-

gramme took several major forms:

* He was sceptical about the allegedly public and witnessed char-
acter of experimental performances, and, therefore, of their
capacity to generate consensus, even within experimental rules
of the game.

* He regarded the experimental programme as otiose. It was
pointless to perform systematic series of experiments, since if
one could, in fact, discern causes from natural effects, then a
single experiment should suffice.

* He denied the status of “philosophy” to the outcome of the
experimental programme. “Philosophy” for Hobbes was the
practice of demonstrating how effects followed from causes or
of inferring causes from effects. The experimental programme
failed to satisfy this definition.

* He systematically refused to credit experimentalists’ claims that
one could establish a procedural boundary between observing
the positive regularities produced by experiment (facts) and
identifying the physical cause that accounts for them (theories).

* He persistently treated experimentalists’ “hypotheses” and
“conjectures” as statements about real causes.

* He contended that, whatever hypothetical cause or state of
nature Boyle adduced to explain his experimentally produced
phenomena, an alternative and superior explanation could be
proffered and was, in fact, already available. In particular,
Hobbes stipulated that Boyle’s explanations invoked vacuism.
Hobbes’s alternatives proceeded from plenism.

* He asserted the inherently defeasible character of experimental

s Three months later, on 20/30 March 1661, it “was resolved, that the number of
the members of the society be enlarged,” and by 20/30 May 1663 there were 115
Fellows: Birch, History, vol. 1, pp. 5, 19, 239-240.

+ Hobbes’s two other specifically anti-experimentalist treatises were Problemata
physica (1662) and Decameron physiologicum (1678). The former appeared only in
Latin in Hobbes’s lifetime, and was republished in Amsterdam in 1668. Problemata
physica was translated and published in English as Seven Philosophical Problems (1682).
We quote from the English Molesworth edition.
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systems and therefore of the knowledge experimental practices
produced. Hobbes noted that all experiments carry with them
a set of theoretical assumptions embedded in the actual con-
struction and functioning of the apparatus and that, both in
principle and in practice, those assumptions could always be
challenged.s

EXPERIMENTAL SPACES

In his dedication of the Dialogus physicus to Samuel Sorbiére Hobbes
identified his opponents as a collectivity and the air-pump as their
emblematic device:®

Those Fellows of Gresham who are most believed, and are as
masters of the rest, dispute with me about physics. They display
new machines, to show their vacuum and trifling wonders, in
the way that they behave who deal in exotic animals, which are
not to be seen without payment. All of them are my enemies.”

Who were these Fellows at Gresham, how many were they, and
how did they come to be in this place? The * expernmemahst in-
terlocutor in Hobbes’s dialogue replied. They were

s The resonance with the “Duhem-Quine” thesis is intentional. We shall see that
Hobbes’s particular objections to Boyle’s experimental systems provide a concrete
exemplar of this “modern” thesis concerning the impossibility of crucial experi-
ments; see Duhem, Aim and Structure of Physical Theory, chap. 6; Quine, From a Logical
Point of View, esp. pp. 42-44.

¢ Samuel Sorbi¢re (1615-1670) was a French physician who had been involved in
the founding of the Montmor Academy and, later, of the Académie Royale des
Sciences. He had translated some of Hobbes’s work and had corresponded with
Huygens, with whom he was elected to the Royal Society in-June 1663. On his
return to France Sorbiere wrote Relation d’un Voyage en Angleterre (Paris, 1664), which
angered the Royal Society by describing it as divided into sects. The Society con-
sidered cancelling Sorbiére’s membership, and Sprat replied with Observations on
Monsieur de Sorbiére’s Voyage (London, 1665). On Sorbiére and these episodes, see
Cope and Jones, “Introduction {to Sprat, History),” pp. xviii; Sorbi¢re to Oldenburg,
5/15 December 1663, in Oldenburg, Correspondence, vol. 11, pp. 133-136, esp. p.
135n; Birch, History, vol. 11, pp. 456-459; Guilloton, Autour de la ‘Relation’ du Voyage
de Sorbiére; “Memoirs for the Life of Sorbiére,” in Sorbiére, Voyage to England,
PP i-xix.

7 Hobbes, “Dialogus physicus,” pp. 236-237. Note that the sentence “All of them
are my enemies” was not in the original 1661 text, but was added for the 1668
Amsterdam edition of Hobbes'’s Opera philosophica. This indicates that Hobbes’s view
of the Royal Society and the experimental programme had, if anything, hardened
as a result of his exchanges with Boyle.
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About fifty men of philosophy, most conspicuous in learning
and ingenuity [ingenio], [who] have decided among themselves
to meet each week at Gresham College for the promotion of
natural philosophy. When one of them has experiences [expe-
rientiae] or methods [artis] or instruments for this matter, then
he contributes them. With these things new phenomena are
revealed and the causes of natural things are found more
easily.

Hobbes proceeded directly to the question of whether this new
experimental space was in fact open and public. He asked, why
just fifty men? “Cannot anyone who wishes come, since, as I sup-
pose, they meet in a public place, and give his opinion on the
experiments [experimenta] which are seen, as well as they?” Inter-
locutor answered: “Not at all.” Hobbes persisted: “By what law
would they prevent it? Is this Society not constituted by public
privilege?” He forced out of interlocutor the telling admission that
“the place where they meet is not public.” And Hobbes concluded,
therefore, that its experiments were not, in practice, available to
be witnessed by everyone, but only by a self-selected few: “If it
pleased the master of the place, they could make one hundred men
from the fifty.”®

This was a damning judgment for two reasons: first, Hobbes
showed that the experimentalists did not, as they appeared to claim,
occupy a public space. Access was in fact restricted, and, because
of that, the witnessing of experiments, upon which the making of
matters of fact depended, was a private and, possibly, a partial
affair. How do we know that these are authentic matters of fact if
they are generated within a private space? Second, Hobbes insisted
that the space occupied by the Gresham experimentalists had a
“master.” It had a master who decided who could come in and who
could not. And it also had “masters of the rest”: those “who are
most believed.” Hobbes had a vivid image of what it might mean
to be a “master” of a philosophical place. He recalled his personal
experiences of the meetings in Paris in the 1640s “at the convent
of the Minims.” Father Mersenne presided, and “whoever might
have demonstrated a problem, would produce it for him to be

# Hobbes, “Dialogus physicus,” p. 240. We shall discuss Hobbes’s use of the dia-
logue form below. For the present, note that it is the experimentalist interlocutor
(B) who describes the Greshamites as “men of philosophy,” not Hobbes (A). In view
of the date at which the Dialogus was probably composed, Hobbes was correct about
the Society’s limit of “about fifty”; see note g above.
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examined by him and by others.” “I think,” Hobbes said to his
interlocutor, “you also do the same.” Thus Hobbes disputed the
social character of the space the Greshamites said they had created.
He said they had a “master” who exercised his authority in the
constitution of their knowledge; they said they were free and equal
men, whose matters of fact mirrored the structure of reality.

In denying the Society’s stipulations about the nature of its or-
ganization and the audience it provided for experimental displays,
Hobbes was undermining the justifications which the Greshamites
offered for the integrity of experimental findings. These findings,
Hobbes claimed, were not witnessed by all; because of the nature
of the social space the experimentalists elected to occupy, they were
not even available for public witness. Even so, there were immense
problems for the very notion of witnessing. Suppose that the ex-
perimentalists made their space a truly public one, into which every-
one could enter. What would be seen by each man witnessing the
experiments? The problems of witnessing experiments, Hobbes
suggested, were not different in kind to those involved in evaluating
testimony in natural history. It is right, Hobbes agreed, “not to
believe in histories blindly.” “But are not those phenomena which
can be seen daily by each of you suspect, unless all of you see them
simultaneously?” Were the experimental displays, in fact, witnessed
simultaneously? Were they witnessed together by all members of
the experimental collective? If they were not witnessed simulta-
neously and together, then in what ways was the evaluation of
experimental testimony different from the evaluation of testimony
generally? Hobbes strongly implied that there was no substantive
difference, and, therefore, that the experimental form of life had
not discovered a royal road to the making of objective knowledge.
Hobbes then briefly treated the necessity of the programme dedi-
cated to reiterated series of experimental performances. Why, after
all, was it required to produce a great number of these displays
instead of just one? Why were the artificial phenomena generated
by experiment deemed superior to the experience each man has
to himself? “[Alre there not enough [experiments], do you not
think, shown by the high heavens and the seas and the broad
Earth?”*> Hobbes judged that the experimental programme was
otiose. We shall see below that his reasons for this conclusion con-
cerned the validity of inductive inference from effects to causes.

o Ibid., pp. 241-242. Interlocutor denied this.
‘o Ibid., p. 241.



THE TROUBLE WITH EXPERIMENT - 115

But his position on the necessity of repeated artificial productions
was clear: “[Experimentalists] fall back on this one thing, that they
procure new phenomena, when from the experience of one phe-
nomenon alone the causes are known by reasoning about motion.”*!

EXPERIMENTAL AIRS

Hobbes did not rest his criticisms of Boyle and the Greshamites
solely on abstract programmatic grounds. The Dialogus physicus of-
fered a detailed critical account of how the air-pump worked, or
rather how it did not work in the manner claimed for it. The air-
pump, Hobbes decided, was not a reliable philosophical instrument.
It did not operate in the way that Boyle said it did; the physical
integrity of the machine was massively violated, and, therefore, the
claim that it produced a vacuum in the receiver (a space devoid of
air) was without foundation. In this demonstration it mattered little
to Hobbes whether “vacuum” was construed as total or partial (as
in Boyle’s qualified operational definition). Hobbes attempted to
show that all the pump’s phenomena were best accounted for by
supposing that the receiver was always full.

First, Hobbes found it essential to sort out correct ideas about
the constitution of the air. According to Hobbes, it was impossible
to understand the air-pump experiments “unless the nature of the
air is known first.”** In the Dialogus the air’s constitution mattered
for three reasons: first, because Hobbes’s stipulation about the ul-
timate fluidity of the air ruled out the possibility of an absolutely
impermeable seal, and thus the possibility of a secure vacuum;
second, because Hobbes’s description of the air as a mixture of
different fluids enabled him to offer explanations of the phenom-
ena displayed by the pump; finally, because Hobbes claimed that
Boyle’s unwillingness to offer a certain cause of the spring of the
air, and satisfaction with showing that the air had a spring, were
marks of Boyle’s inadequate conception of natural philosophy.
Hobbes assumed a set of basic hypotheses about the structure of
the air. Since the air contained a purer and subtler part, no air-
pump could be impermeable, and, since the air contained a grosser
and more earthy part, there was an easily identifiable mechanical

' Hobbes, “Mathematicae hodiernae,” p. 228. This was published in July 1660,
at about the same time that the Society began meeting at Gresham, but it contains
material that parallels the later Dialogus physicus.

* Hobbes, “Dialogus physicus,” pp. 243-244.
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cause of the spring. From this basis Hobbes proceeded to show
why the Greshamites were wrong to claim that their machine pro-
duced a vacuum.

In the Dialogus both Hobbes and his interlocutor excused them-
selves for not having a picture of Boyle’s air-pump.!s Nevertheless,
the description of the pump and its operation was, on the whole,
both highly detailed and accurate. The experimentalist maintained
that a vacuum was produced when the sucker was pulled down and
the valves appropriately arranged. In Hobbes’s view this basic sup-
position was in error, and, therefore, none of the physical expla-
nations Boyle offered had any validity. Hobbes’s demonstration
paralleled the more general discussions of the Torricellian exper-
iment and the working of the gardener’s pot in De corpore, but in
this context he was particularly concerned to identify specific and
necessary faults in the machine’s seals. Put simply, the air-pump
leaked. It was no good trying to patch it up, because it was always
bound to leak. Here is how Hobbes reckoned the air-pump actually
worked: when the sucker is pulled down, that much less space is
left in the plenum outside, and, by the pulsion of contiguous vol-
umes of air,

. . . of necessity the air is forced into the place left by the sucker
and enters between the convex surface of the sucker and the
concave surface of the cylinder. For supposing the parts of the
air are infinitely subtle, it is impossible but that they insinuate
themselves by this path left by the sucker.

There were several routes by which air might invade the supposedly
evacuated machine. The contact between the leather washer (figure
1, “4”) and the inner walls of the brass cylinder “cannot be perfect
at all points” and there must be space left for the passage of “pure
air.” Second, since the force with which the sucker is drawn down
is very great, this “distends the cavity of the cylinder a little bit”
and another path for the passage of air is formed. Finally, “if any
hard atoms get in between the edges of the two surfaces, pure air
gets in that way.” So the retraction of the sucker in an allegedly
closed system in fact produces no vacuum at all. Moreover, the
“pure air” in the cylinder and receiver is forced, by its manner of
entry, to move in a circuit. And, as Hobbes said, “there is nothing
. . . which could weaken its [circulatory] motion,” since “there can
be nothing which can impart motion to itself or diminish it.”*4

's Ibid., pp. 235, 242.
4 Ibid., pp. 245-246.
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The imperfection of the pump’s seals and the resulting violent
passage of the air through these pathways remained a standard
component of Hobbes’s later tracts against Boyle and experimental
practices. In the Problemata physica of 1662 Hobbes developed his
earlier notions concerning the goodness of the seal between washer
and cylinder:

Truly I think it close enough to keep out straw and feathers,
but not to keep out air, nor yet matter. For suppose they were
not so exactly close but that there were round about a differ-
ence for a small hair to lie between; then will the pulling back
of the cylinder of wood [i.e., the sucker] force so much air in,
as in retiring it forces back, and that without any sensible dif-
ficulty. And the air will so much more swiftly enter as the
passage is left more narrow. Or if they touch, and the contact
be in some points and not in all, the air will enter as before,
in case the force be augmented accordingly. Lastly, though
they touch exactly, if either the leather [i.e., the washer] yield,
or the brass [i.e., the cylinder], which it may do, to the force
of a strong screw, the air will again enter. . . . The effect there-
fore of their pumping is nothing else but a vehement wind, a
very vehement wind.'s

And in the Decameron physiologicum of 1678 Hobbes again allowed
“no such exact contiguity [between leather and brass], nor such
fastness of the leather: for I never yet had any that in a storm
would keep out either air or water.” Once air passed through these
imperfect seals the violent circulation thus set up could account for
“all the alterations that have appeared in the engine.”* Just as
Hobbes showed that Boyle’s device was a physically open, not a
closed, system, so he showed that its alleged findings were open to
reformulation, that they were not necessarily the phenomena they
were claimed to be.

Hobbes did not attempt to provide alternative physical accounts
of all the phenomena of the machina Boyleana: he focused on just
a few of Boyle’s series, some of which he glossed in several lines
and some of which he dealt with in greater detail, evidently re-
garding them as vitally important. We discuss some of these “cru-
cial” phenomena below. First, however, we must examine the tactics
of the Dialogus in stipulating proper meanings for the terms “air,”
“aether,” and “vacuum,” since these stipulations inform the rest of

' Hobbes, “Seven Philosophical Problems,” pp. 20-21.
'6 Hobbes, “Decameron physiologicum,” pp. 94-95.
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Hobbes’s arguments against his adversary. The salient features of
this analysis are that common air consists of a mixture of earthy
and aqueous effluvia with pure air [aer purus], this latter pure com-
ponent sometimes called the “aether”; that such fluids are indefi-
nitely fluid (their fluidity is not due to some minimal nonfluid
particle but to the nature of a fluid medium); and, finally, that the
term “vacuum” must properly denote places utterly devoid of all
matter. Thus, “I suppose the air is a fluid . . . easily divisible into
parts which are always still fluid and still air, such that all divisible
quantities are there in any quantity. Nor do I suppose as much,
but I also believe that we only understand an air purified from all
effluvia of earth and water, such as may be considered as aether.”
Hobbes went on to argue that the Royal Society was wrong in its
notion of fluidity: “You make me despair of fruit from your meeting
by saying that they think that air, water and other fluids consist of
nonfluids. . . . If such is to be said, then there is nothing that is not
Aluid.”*7

Hobbes laid down the proper use of the word “vacuum.” He
argued that this word must mean truly empty space, and, therefore,
that the pump could not produce a vacuum. His tactic here was
analyzed by John Wallis in the Hobbius heauton-timorumenos of 1662:

For Mr. Hobs is very dexterous in confuting others by putting
a new sense on their words rehearsed by himself: different
from what the words signifie with other Men. And therefore
if you [Boyle] shall have occasion to speak of Chalk, He’ll tell
you that by Chalk he means Cheese: and then if he can prove
that what you say of Chalk is not true of Cheese, he reckons
himself to have gotten a great victory. And in like manner,
when that Heterogeneous Mixture (whatever it be) wherein
we breath is commonly known by the name of Air and this Air
wherein we live abounds, you say, with parts of such a nature;
he tells you that, by air, he understands such an aether as is
among the stars, and that in this air there be no such particles.'®

In the 16405 Hobbes had confronted the same difficulty in his
argument with Descartes, who, as we noted in chapter g, had com-
plained of the identification of his own subtle matter with that of
Hobbes.'? In 1657 Hobbes told Samuel Sorbiére that in the context

7 Hobbes, “Dialogus physicus,” pp. 244-245.

18 Wallis, Hobbius heauton-timorumenos, p. 154.

'9 Descartes to Mersenne, 22 February/4 March 1641, in Mersenne, Correspondance,
vol. x, p. 524.
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of the experiment of the gardener’s pot, the Epicureans “call a
vacuum what Descartes calls subtle matter and what I call the purest
aethereal substance; of which no part is an Atom, but which can
be divided . . . into parts which are always divisible.”*° Now, in 1661,
Hobbes repeated his view on what constituted a true void. His
interlocutor in the Dialogus reported the view of the Royal Society:

[Olthers, no less authoritative among us, are of the opinion
that it would not be very repugnant if by vacuum were under-
stood a place empty of all corporeal substances. For supposing
air to be made up of particles which cannot be put together
without interstices, they see that it is necessary that these in-
terstices be full of corporeal substance, or (as I will say more
openly) of bodies. But they do not believe what the plenists
understand of such a vacuum, especially recently.*

Hobbes responded violently to these views: he denied that any
“plenist” limited real ontology to visible substance, and cited De-
mocritus, Epicurus, and Lucretius as authorities (albeit vacuists) for
the definition of vacuum as the absence of body, visible and invis-
ible: “None of those whom you call plenists understands the vacuum
as anything but a place in which there is no corporeal substance at
all. If someone speaking negligently were to say, ‘in which there is
no visible body or air,” then he would be saying that he understands
by air all that body which fills all the space left by the Earth and
the stars.”** Having defined “vacuum” this way, Hobbes now set
himself the task of showing that some substance, even if invisible,
was always present in the receiver of the air-pump.

With this stipulation, Hobbes placed a very firm boundary-con-
dition on the results of the air-pump trials. They could not show
that a vacuum existed. Very few of Boyle’s colleagues ever claimed
that the trials had shown such a thing. John Wallis told Boyle in
1662 that “I do not remember that you have therein anywhere
declared your Opinion whether there be or be not, a Vacuum, but
onely related matter of fact,” though Wallis and Boyle had stated
that “much of what we call Air is drawn out of the Recipient,” which
Wallis claimed “Mr. Hobs doth not Deny.”#s In Boyle’s own response
to Hobbes, he wrote that “the atmosphere or fluid body, that sur-

= Hobbes to Sorbiere, 27 January/6 February 1657, in Tonnies, Studien, p. 72.

** Hobbes, “Dialogus physicus,” p. 275.

@ Ibid., p. 276.

*s Wallis, Hobbius heauton-timorumenos, p. 152; cf. A. R. Hall, The Scientific Revolution,
p. 212.
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rounds the terraqueous globe, may, besides the grosser and more
solid corpuscles wherewith it abounds, consist of a thinner matter,
which for distinction-sake I also now and then call ethereal.”*4 Sim-
ilarly, Henry Power, one of Boyle’s collaborators, said of the Tor-
ricellian apparatus that “in the superior part of the tube there is
no absolute vacuity,” and was careful to distinguish between the
views of those like himself who maintained that a subtle fluid was
present above the mercury and those disciples of Gassendi, true
vacuists, who “will admit of no aether or forrain substances to enter
the pores thereof.”ss Finally, as we shall see in chapter 6, the de-
velopment of the phenomenon of anomalous suspension in the air-
pump prompted successive writers to theorize ever more complex
mixtures of subtle fluids present in the receiver, and authorities
such as Wallis, Huygens and Hooke all wrote of such fluids and
their important functions and effects. In September 1672 Wallis
explained that what “Wee mean by ‘Air’ ” was a mixture of a purer
subtle matter (to be identified with Cartesian “materia subtilis” or
Hobbesian “aer purus”) and a grosser group of terrestrial effluvia
(identified with Huygens’ “air”): “[Tlherefore where I speak of
‘Vacuity’ ... I do expressly caution ... not to be understood as
affirming absolute Vacuity (which whether or no there be, or can
be, in nature, I list not to dispute).”?® In this context Hobbes’s
stipulations about the meaning of “air” and “void” were telling:
they called for, and obtained, responses from the experimentalists.

How, then, did Hobbes describe the air? In the Dzalogus, he said
that his “hypotheses” about the air’s constitution were twofold:
“first, that many earthy particles are interspersed in the air, to whose
nature simple circular motion is congenital; second, the quantity
of these particles is greater in the air near the Earth than in the
air further from the Earth.”>7 Hobbes mobilized the tripartite ty-
pology of visible matter, invisible matter and a fluid space-filling
aether which he had outlined in De corpore.*® The invocation of an
ultimately fluid body in which grosser substances were mixed was
typical of Hobbes’s physical armamentarium; he used it, for ex-

24 Boyle, “Examen of Hobbes,” p. 196; we discuss Boyle’s aether experiments in
chapter 5.

=5 Power, Experimental Philosophy, pp. 132-140, 101-103.

* Wallis to Oldenburg, 26 September/6 October 1672, in Oldenburg, Correspond-
ence, vol. 1x, p. 259; cf. Hooke, Micrographia, pp. 12-16, 103-105; Huygens to
J. Gallois, July 1672, in Huygens, Oeuvres, vol. vii, pp. 204-206.

*7 Hobbes, “Dialogus physicus,” p. 253.

*8 Hobbes, “Concerning Body,” p. 426.
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ample, in his miasmal theory of the plague.®¢ In the Problemata
physica of 1662 Hobbes repeated his view on ultimate fluidity and
said that “it is that internal motion which distinguisheth all natural
bodies one from another.”s° Furthermore, the argument that flu-
idity and firmness were due to the motion of particles of body and
that the air was a mixture of varying gross particles had itself been
developed against Cartesian opposition in the 1640s. Where Des-
cartes explained fluidity by the motion of particles, Hobbes ex-
plained firmness by such motion, as Cavendish told Jungius in 1645
and as Hobbes himself told Mersenne: “Those who wish their mat-
ter to be Body and their subtle to be Subtle must necessarily wish
the same as that which is signified by different names.”s* In each
of the phenomena Hobbes now examined in the Dialogus, he used
the contrasting fluidity of pure air and earthy effluvia to explain
the observed effects. In so doing, Hobbes showed how it was always
possible to generate such explanations from his two hypotheses of
fluidity and firmness; he also showed that the invocation of absolute
vacuity was both unnecessary and unphilosophical. Once again
Hobbes picked out a central problem of the air-pump research
programme. Boyle laboured to establish the air’s spring as a matter
of fact, eschewing any systematic attempt to explain the spring or
to prove the vacuum. Hobbes’s polemic disproved the vacuum and
offered a physical explanation of the apparent spring. Hobbes’s
interlocutor agreed that “Your hypothesis pleases me more than
that of the elastic force of the air. For I see that the truth of the
vacuum or of the plenum depends upon the former’s truth,
whereas from the truth of the latter, nothing follows for either part
of the question.”3? It was Boyle’s nescience, and his recommendation
of nescience as an appropriate philosophical stance, that Hobbes
found objectionable: hence his effort in the Dialogus to show how
easily his two hypotheses could explain all the phenomena whose
cause Boyle said he was unable to find.

In dealing with phenomena which did not obviously involve the
air’s spring, Hobbes’s task was straightforward, given his stipulation
of the meaning of the term “vacuum.” For example, he agreed with

* Hobbes, “Decameron physiologicum,” p. 129; cf. p. 136.

s> Hobbes, “Seven Philosophical Problems,” p. 12.

' Hobbes to Mersenne, 20/30 March 1641, in Tonnies, Studien, p. 115; Sorbiére
to Mersenne, May 1647, in ibid., pp. 64-65; Hobbes to Mersenne, 28 January/y
February, 1641, in Hobbes, Latin Works, vol. v, p. 284; Brockdorff, Cavendish Bericht
fur Jungius, p. 3; Gargani, Hobbes e la scienza, p. 217.

3 Hobbes, “Dialogus physicus,” p. 262.
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Boyle that animals died in the “evacuated” receiver; they were,
however, literally blown to death by a violent circulatory wind, not
deprived of vital air. (This was a phenomenon that Hobbes espe-
cially commended to the attention of his medical friend, Samuel
Sorbiere.) Candles went out for the same reason. It was difficult,
Hobbes assented, to lift up the cover on the top of the “exhausted”
receiver, but this was because of the nature of the plenum and the
vehement circulation within the glass.33 However, in phenomena
that were explicitly said to demonstrate the presence of a “spring”
in the air, Hobbes took the opportunity to develop a thoroughgoing
mechanical account, using his hypothesis of the structure and flu-
idity of the air and its effluvia. Hobbes used the term antitupia for
“spring,” a word which Henry More had used in 1647 and claimed
to have found in Sextus Empiricus.34 Again and again, the phe-
nomena that Boyle prized as clear examples of the effects of the
spring were appropriated as exemplars of the effects of uneven
mixtures of earthy and subtle particles moving with a simple cir-
cular motion. The cause of the rapid ascent of the sucker when
released after an exsuction was not the difference in air pressure
but the difference in the number of earthy particles: on pulling
back the sucker, pure air could leak into the receiver but earthy
particles could not, so a greater proportion of these latter remained
outside the sucker and they pressed the sucker up very rapidly.ss
The ascent of water in a hydroscope was explained in the same
terms:

The air, with which the spherical glass was full in the beginning,
being moved by those earthy particles in the simple circular
motion which we described a little earlier, being compressed
by the force of injection, that of it which is pure leaves by
penetrating the injected water for the outer air, leaving a place
for the water. So it follows that those earthy particles are left
less space in which to exercise their natural motion. Thus im-
pinging on one another, they force the water to leave: and, in
leaving, the external air (since the universe is supposed to be
full) penetrates it, and successively takes up the place of the

» Ibid., pp. 285, 253-254, 257-258, 260, 263-264. In the case of animals’ death
within the receiver, Hobbes offered a choice of non-Boylean explanations: either
the violent wind or some form of suction that interrupted respiration.

» Ibid., p. 271; idem, “Decameron physiologicum,” p. 108; More, Philosophicall
Poems, “Interpretation Generall,” p. 423.

5 Hobbes, “Dialogus physicus,” p. 253.
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air that leaves, until the same quantity of air being replaced,
the particles regain the liberty natural to their motion.36

Hobbes’s account of these phenomena appealed to the space
necessary for the earthy particles to “exercise their natural motion”:
this motion itself produced the rigidity of bodies, as he had indi-
cated in De corpore, and this rigidity accounted for resistance to
compression and for the force of motion of bodies that contained
the earthier air. The consequences of his initial definition of air
and vacuum were, therefore, considerable: the subtler part of the
air was just that part which rendered a vacuum impossible, while the
grosser parts were those which performed the effects Boyle interpreted
as “spring.” These two types of matter often combined in their
effects. For example, in Boyle’s experiment in which a moderately
inflated bladder was inserted in the receiver and the glass ex-
hausted, the bladder was observed to inflate and finally to burst.
Roberval had developed a similar experiment as evidence for the
presence of a subtle fluid in the Torricellian space; Boyle used it as
evidence for the air’s elasticity. Hobbes’s explanation again adduced
the vehement circulation of the purer part of the air:

[E}very skin is made up of small threads, which because of
their shapes cannot touch accurately in all points. The bladder,
being a skin, must therefore be pervious not only to air but to
water, such as sweat. Therefore, there is the same compression
of the air compressed inside the bladder by force as there is
outside, whose endeavour, its motion following paths that in-
tersect everywhere, tends in every direction towards the con-
cave surface of the bladder. Whence it is necessary that it swells
in every direction and, the strength of the endeavour increas-
ing, it is at last torn open.3?

These emphases on the porosity of the materials in the pump, the
ability of the purer air to penetrate all such materials, and the
evident power of the simple motion of these particles all charac-
terized the accounts Hobbes offered in the Dialogus. As we have
seen, these resources were explicitly developed here to contest the
vacuum and the spring as Hobbes now defined them.

The experiment to which Hobbes devoted the greatest attention
was the thirty-first of Boyle’s New Experiments, the one in which
cohered marbles were placed in the receiver in the (unfulfilled)

3¢ Ibid., pp. 274-275.
s7 Ibid., pp. 266-267.
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expectation that they would fall apart upon evacuation. Hobbes
took up the challenge of explaining this problematic experiment
and of reducing its apparent troubles to Hobbesian order. In the
Dialogus, Hobbes’s interlocutor put Boyle’s case. He sketched the
general form of Boyle’s account of cohesion, and claimed that

. . . if marbles thus cohering were transferred into the receiver
and suspended therein, the air being sucked out, were the
lower marble to cease sticking to the upper, it would not be
possible to doubt that the assigned cause was true. They were
moved into the receiver, but without the success expected. For
by no further means would they cease to cohere, unless it
happened that they were not joined together well enough.

In reply Hobbes suggested that “there was nothing in this [exper-
iment] which should be done by the weight of the atmosphere,”
and that “No stronger or more evident argument could be devised
against those who assert the vacuum than this experiment.”s8 Part
of the explanation followed Hobbes’s treatment of cohesion and of
gravity developed in De corpore.39 This was extended and refined
in response to Boyle’s intervention. Hobbes pointed out that in a
plenum the separation of the marbles would either require an
instantaneous motion or else moving two bodies simultaneously to
the same space, “to say either of which is absurd.” He then examined
the two possible accounts which Boyle could offer of the phenom-
enon. One involved the concept of atmospheric weight. Hobbes
first defined weight (“fully acknowledged by them, as by everyone
else”) as “an endeavour along straight lines from all places to the
centre of the Earth,” which therefore operates in a pyramid whose
vertex is in the Earth’s centre. The upper marble, Hobbes argued,
acted, so to speak, as a “weight shadow” for the lower marble, which
received no reflected endeavour from the surface of the Earth: “So
nothing arises as a result of atmospheric endeavour sustained by
the lower marble to prevent its separation from contact with the
upper one.”4°

The other possible explanation that Boyle might offer involved
the spring of the air. Hobbes’s interlocutor asked: “. . . cannot that
elastic force which they say is in the air contribute anything to
sustaining the marble?” By no means, Hobbes answered,

38 Ibid., pp. 267-268.
s9 Hobbes, “Concerning Body,” pp. 419, 511-513.
4+ Hobbes, “Dialogus physicus,” pp. 268-269.
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. . . the endeavour of the air is no greater towards the centre
of the Earth than to any other point in the universe. Since all
heavy things tend from the edge of the atmosphere to the
centre of the Earth, and thence again to the edge of the at-
mosphere by the same lines of reflection, the endeavour up-
wards would be equal to the endeavour downwards, and thence
by mutually annihilating each other they would endeavour
neither way.#

Hobbes could easily assert that his plenist account was the correct
one because he had already produced the claim that the receiver
was full, and he now condemned Boyle’s explanations as “dreams”:
“... if I should deny it to be possible by human art to make the
surfaces of two hard bodies touch so accurately that not the least
creatable particle could be let through, then I do not see how their
hypothesis could be rightly sustained, nor how our negation could
be rightly argued to be unproven.”+* Hobbes evidently regarded
the point as made: he had seized upon an experimentally produced
phenomenon that was both central and troublesome to Boyle’s
programme; he had provided a physical accounting compatible
with his own natural philosophy. Moreover, in his confidence,
Hobbes had, as it were, “laid a bet” on future trials of this exper-
iment: if Boyle made the experiment into a success (that is, if the
marbles separated in the receiver), then, according to his interloc-
utor, “it would not be possible to doubt” that Boyle’s accounting
was superior. In the next chapter we shall see how Boyle responded
to this challenge.

THE ENGINES OF PHILOSOPHY

Some historians have dismissed Hobbes’s criticisms from consid-
eration on the grounds that he did not perform experiments him-
self, or at least that he did not repeat those of Boyle’s experiments
to which he took exception: indeed, as we shall see in the next
chapter, this was one of Boyle’s own tactics for rejecting Hobbes’s
views. For this reason we need to give especially careful attention
to Hobbes’s opinions on the role and value of experimental pro-
cedures in natural philosophy. Let us start by confronting claims
that Hobbes actually approved of experiment and accorded it a cen-

4 Ibid., p. 269.
+ Ibid., p. 271.
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tral place in properly constituted philosophy. For example, J.W.N.
Watkins’ excellent book on Hobbes’s philosophy attempts to refute
the “popular idea that Hobbes despised experiments. . . . He only
despised haphazard experimenting.”#3 In evidence Watkins cites
Hobbes’s injunction in the Decameron physiologicum that in exam-
ining physical hypotheses “you must furnish yourself with as many
experiments. . . as you can.”+ Watkins also cites, but does not quote,
remarks Hobbes made in reply to one of Wallis’s attacks. The pas-
sage starts:

Every man that hath spare money, can get furnaces, and buy
coals. Every man that hath spare money, can be at the charge
of making great moulds, and hiring workmen to grind their
glasses; and so may have the best and greatest telescopes. They
can get engines made, and apply them to the stars; recipients
made, and try conclusions. . . .45

(We shall pick up the remainder of this passage shortly.)

In addition, there are intriguing remarks on the subject of ex-
periment in Hobbes’s Six Lessons of 1656. Here he attempted to
exonerate himself from Wallis’s charge that he had denigrated the
experimental work of Hobbes’s friend William Harvey. The story
concerned a visit made to Harvey by the Flemish Jesuit Moranus.
According to Hobbes, the Jesuit, a man of “but common and child-
ish learning,” refused to be instructed by the learned physiologist,
but merely vented his own meretricious opinions. In so doing, said
Hobbes, “He took occasion, writing against me, to be revenged of
Dr. Harvey, by slighting his learning publicly; he tells me that his
learning was only experiments; which he says I say have no more
certainty than civil histories. Which is false.” Hobbes then quoted
his remarks on this subject in the “Epistle Dedicatory” of De corpore:
“Before these [Galileo and Harvey], there was nothing certain in
natural philosophy but every man’s experiments to himself, and
the natural histories, if they may be called certain, that are no
certainer than civil histories.” Hobbes pointed out that “I except
expressly from uncertainty the experiments that every man maketh
to himself,” and that there was no slur on Harvey.4#

43 Watkins, Hobbes’s System, p. 70on; cf. Laird, Hobbes, p. 116: “Hobbes did not
despise experimental investigations.”

+ Hobbes, “Decameron physiologicum,” p. 88.

45 Hobbes, “Considerations on the Reputation of Hobbes,” p. 436. Watkins does
not quote anything from the Dialogus physicus in Hobbes’s System.

46 Hobbes, “Six Lessons,” pp. 338-339. Hobbes gave the Latin version of the
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Hobbes’s sensitivity about the appropriation of Harvey’s repu-
tation by the experimentalists of the Royal Society was even more
evident in the introduction to the Dialogus physicus. Hobbes wanted

“to show that all sense experience is a consequence of an external
motion. His interlocutor reported that he was dazed by the bright-
ness of the sun. Hobbes invited him to sit down “until that excessive
motion of the organ of vision settles down.” Interlocutor replied:

You advise well. Truly, I am of the opinion that lassitude of
this kind due to solar heat has the habit of increasing mental
cloudiness a little. But I do not see enough of the way in which
either light or heat produces such effects. Since the time you
first demonstrated it to us, I have no longer doubted that not
only all feeling but also all change is some motion in the feeling
body and in the moving body, and that this motion is generated
by some external mover. For previously almost everyone de-
nied it; for whether standing, sitting, or lying down, they never-
theless understood well enough that they were feeling.

Our own feelings appear to be within us, and, therefore, if such
appearances were to be the grounds of knowledge, they would lead
us to erroneous conclusions. For instance, Hobbes continued, such
feelings led people to doubt “whether their own blood moved; for
no one feels the motion of their blood unless it pours forth.” In-
terlocutor agreed: “Indeed everyone doubted it before Harvey.
Now, however, the same people both confess that Harvey’s opinion
is true and they are also beginning to accept your beliefs about the
motion by which vision is produced. For in our Society there are
few who feel otherwise.”#7 Hobbes’s contention was that it was
Harvey, using correct philosophical method, who convinced men
of the motion of the blood, not personal experience, and he assim-
ilated the status of his own optical theory to that of Harvey’s views
of circulation. If, Hobbes argued, Harvey was to be a hero to the
Greshamites, then so should Hobbes. Rightly understood, he said,
Harvey and Hobbes were methodological allies, both denying the
foundational nature of personal experience.

The “experiments that every man maketh to himself” are expe-
rience. Being, as Hobbes had said, but “sense and memory,” they

passage from De corpore; we provide the English, from “Concerning Body,” pp. viii-
ix. For Hobbes’s views regarding Galileo, Harvey and the methods of the Padua
School, see Watkins, Hobbes’s System, pp. 55-65.

47 Hobbes, “Dialogus physicus,” pp. 239-240. The same example of the Sun and
personal feeling was also used in “Decameron physiologicum,” pp. 117-118.
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generated certainty in him who has the experience; they could not,
however, produce the collective certainty which was the prerogative
of philosophy. Hobbes’s views on the role of experimental practices
in natural philosophy were, in any case, spelt out clearly elsewhere.
In Decameron physiologicum Hobbes explicitly devalued the role of
formal experimental procedures compared to those experiences of
natural phenomena any man can have: “As for mean and common
experiments, I think them a great deal better witnesses of nature,
than those that are forced by fire, and known but to a very few.”s®
And, after enjoining his interlocutor to “furnish yourself with as
many experiments (which they call phenomenon) as you can,” the
agreeable interlocutor assented: “What I want of experiments you
may supply out of your own store, or such natural history as you
know to be true; though I can be well content with the knowledge
of causes of those things which everybody sees commonly pro-
duced.”s Of course, the best evidence of Hobbes’s opinion of ex-
perimentation in natural philosophy is contained in the Dialogus
physicus, where it is worked out in the concrete context of his re-
action to the Greshamites’ programme. However, let us continue
with the passage which starts with Hobbes’s account of what “Every
man that hath spare money” can do with “furnaces,” “telescopes,”
and “engines.” This is how Hobbes concluded:

They can get engines made, and apply them to the stars; re-
cipients made, and try conclusions; but they are never the more
philosophers for all this. It is laudable, I confess, to bestow money
upon curious or useful delights; but that is none of the praisis
of a philosopher. And yet, because the multitude cannot judge,
they will pass with the unskilful, for skilful in all parts of natural
philosophy ... So also of all other arts; not every one that
brings from beyond seas a new gin, or other jaunty device, s
therefore a philosopher. For if you reckon that way, not only
apothecaries and gardeners, but many other sorts of workmen,
will put in for, and get the prize.5°

And again: “If the sciences were said to be experiments of natural
things, then the best of all physicists are quacks [pharmacopoei].”s’

4% Hobbes, “Decameron physiologicum,” p. 117.

49 Ibid., p. 88; cf. p. 143. Watkins substitutes an ellipsis for the round-bracketed
phrase; see Hobbes’s System, p. 70.

s Hobbes, “Considerations on the Reputation of Hobbes,” pp. 436-437 (emphases
added).

5' Hobbes, “Mathematicae hodiernae,” p. 229. Others have translated pharmacopoe:
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“INGENUITY,” DOGMATISM, AND THE EXPERIMENTAL
COMMUNITY

The point to be made is not that Hobbes “despised” experiment,
nor that he argued that experiments ought not to be performed,
nor even that experiments had no significant place in a properly
constituted philosophy of nature. What Hobbes was claiming, how-
ever, was that the systematic doing of experiments was not to be
equated with philosophy: going on in the way Boyle recommended
for experimentalists was not the same thing as philosophical prac-
tice. It was not the case that one could ground philosophy in ex-
perimentally generated matters of fact. This experimental way and
the philosophical way were fundamentally different: they differed
in their capacity to secure assent among intellectuals and peace in
the polity. The distinction that Hobbes wanted ,to make involved
four considerations that were regarded as intimately related in mid-
seventeenth-century schemes: the status of the philosopher’s role,
his social and moral character, the thought processes involved in
doing intellectual work, and the nature of the knowledge that was
the outcome of this work. By claiming that adopting an experi-
mental form of life changed proper physicists into “quacks,”
Hobbes was saying something highly derogatory about the exper-
imentalist’s role, character, and practice. Machine-minders were
not, in Hobbes’s view, to be accounted philosophers. Philosophers
should not be identified with mechanical tricksters who produced
“various spectacles of an amusing nature.”s?

The modes of thought associated with the philosopher and the
mechanic were different. In the Dialogus physicus Hobbes insisted
upon that contrast: “Ingenuity is one thing and method {ars] is
another. Here method is needed.”s3 The repeated juxtaposition in
Hobbes’s critiques of method or philosophy, on the one hand, and
ingenuity, on the other, is significant. It is plausible that Hobbes
was making a substantive point about the experimental mentality
by way of etymological punning. The Latin ingenium denotes “nat-
ural ability, cleverness, inventiveness.” In Latin ingenio also means
a kind of mill, and, from this root, are derived the Old French

as “pharmacists”; in this context “quacks” clearly renders Hobbes’s meaning more
accurately.

3* Hobbes, “Dialogus physicus,” p. 235. Hobbes specified that it was “a man well-
known in breeding and ingenuity” who had produced these trivial spectacles; the
juxtaposition was presumably meant to jar.

53 Ibid., p. 236.
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engin and the Middle English gin. Thus Hobbes’s identification of
ingenuity with, as it were, “engine philosophy” is precisely right
for the evaluation he wanted to be placed upon the experimental
programme and its products: it relied upon the intellectual proc-
esses of artificers and mechanics and, therefore, it yielded an in-
ferior grade of knowledge.5+ That is why Hobbes contrasted “work-
men,” “apothecaries” and “gardeners” with “philosophers” and why
he insisted that not every procurer of “jaunty devices” was a “phi-
losopher.” The philosopher was not banausic.55

Hobbes and Boyle had two things in common in this connection:
first, they both gauged the worth of knowledge by taking into
consideration the moral constitution and known probity of its pro-
ducers. This was taken for granted in mid-seventeenth-century
calculations, and the problem of assessing testimony made these
calculations important, as we have discussed in chapter 2. Second,
both Hobbes and Boyle reckoned that the philosopher should be
seen as noble. Yet their characterizations of the philosopher’s role
and practice were diametrically opposed. Whose version of the
philosopher was, indeed, noble? We have seen that Boyle and his
colleagues liked to describe the experimental philosopher as “hum-
ble,” “modest,” an “under-builder,” and a “drudge,” while speci-
fying that this was a noble character. Boyle and his associates in
the Royal Society wanted, for specified purposes, to use the lan-
guage of the craftsman and to put on the guise of the humble
artisan. Hobbes was trying to insinuate that, through their cele-
bration of ingenuity, the Greshamites really were making philosophy
ignoble. This could have been a seriously damaging imputation in
early Restoration society. Hobbes and Boyle agreed that worthy
knowledge was produced by worthy men. Yet to Boyle and his
friends ingenuity was to be celebrated and the knowledge produced
by machines was to be accounted valuable. No stigma was said to
be attached to machine minding, no odium to its intellectual prod-
ucts, and no contrast was made between experimental manipula-
tions with machines and philosophy. The Greshamites enjoyed ad-
dressing each other as ingenious: the ingenious Mr. Boyle, the
ingenious Mr. Wren. But this was an ingenuity made noble by the
participation in experimental labour of noble, honest, and trust-

s4 Ibid., p. 2778, where the role of mechanic is explicitly contrasted to that of the
philosopher; and see Bennett, “Hooke as Mechanic and Natural Philosopher.”
Sources for the etymology are the Oxford English Dictionary and Partridge, Origins,
under “General.”

53 For the notion of a banausic intellect, see Shapin and Barnes, “Head and Hand.”
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worthy men. That is one reason why, as Robert Greene has per-
ceptively noted, much mid-seventeenth-century usage freely inter-
changed “ingenuity” and “ingenuousness.”s¢ Still, despite the public
pronouncements, it is not the case that the Fellows of the Royal
Society treated mechanics and gardeners as philosophers, or that
they regarded the testimony of artisans as on a par with that of
gentlemen. And it is well to remember that the “ingenious Mr.
Boyle” possibly never tended his air-pump himself: the work was
done under his supervision by “strong workmen” and skilled in-
strument-makers.

Now that we understand aspects of Hobbes’s condemnation of
experimental practice we can parenthetically discuss his relations
with the Royal Society as a corporate body. Why was Hobbes not
a Fellow? Was he “excluded,” and, if so, on what grounds? On the
face of it this is not a matter we need to treat in any detail: ours is
not a study of the Royal Society itself but of conflicting strategies
for generating natural knowledge in mid-seventeenth-century Eng-
land. Nevertheless, since some recent work has addressed the ques-
tion of Hobbes’s nonmembership in the Royal Society, we ought
to point out in what ways our material bears upon that issue. Quen-
tin Skinner has argued against the view that Hobbes was kept out
of the Society either because of his religious heterodoxy or because
of his opinions on experimentalism and natural philosophy in gen-
eral. In Skinner’s account, within “the broad strategy of mid-sev-
enteenth-century science Hobbes and the Royal Society stand on
the same ‘side’ throughout.” He concludes: “The exclusion of
Hobbes is then readily explained: no one wants to encourage a
club bore.”s? More recently, Hunter has echoed Skinner’s judg-
ment, pointing out that Hobbes had friends in the Royal Society,
notably Sir John Hoskyns and John Aubrey.5®

It is, in fact, Aubrey who provides the best apparent support for
the claim that there was mutual respect and good will between
Hobbes and leading lights in the Royal Society. According to Au-
brey, Hobbes “had a high esteeme for the Royall Societie . . . , and

36 Greene, “Whichcote, Wilkins, ‘Ingenuity,” and the Reasonableness of Christi-
anity,” esp. pp. 227-229. In the religious context that Greene examines, “ingenuity”
often referred to cleverness in exegesis or to the use of reason in theology: “in-
genuity” was contrasted with “grace.”

37 Skinner, “Hobbes and the Early Royal Society,” pp. 231, 238. Cf. C. Hill, Some
Intellectual Consequences, pp. 63-64.

38 Hunter, Science and Society, pp. 178-179; idem, “The Debate over Science,” pp.
189-19o0; cf. idem, The Royal Society and Its Fellows, p. 6.
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the Royall Societie (generally) had the like for him: and he would
long since have been ascribed a member there, but for the sake of
one or two persons whom he tooke to be his enemies.” These
“enemies” were, Aubrey noted, “Dr. Wallis (surely their Mercuries
are in opposition), and Mr. Boyle. I might add Sir Paul Neile, who
disobliges everybody.” Furthermore, Aubrey quoted Hobbes’s re-
mark in Behemoth that “ ‘Naturall Philosophy was removed from
the Universities to Gresham Colledge,” meaning the Royall Societie
that meets there.” Aubrey pointed out that Hobbes’s portrait hung
in the Society’s meeting-place, and noted that Hobbes fell out with
Henry Stubbe “for that he wrote against the lord chancellor Bacon,
and the Royall Society.”s

Aubrey’s remarks bear inspection. His Life of Hobbes, from which
they come, is a partial account, written after Hobbes’s death, by a
man who was a friend, a Fellow, and a friend of several of Hobbes’s
bitter enemies.®° It was an exercise in posthumous reconciliation,
and it played down the series of bitter controversies between
Hobbes and leading Fellows. Aubrey offered no extended account
of the Dualogus physicus, in which Hobbes declared all the “Gresh-
amites” to be his “enemies.”®* The remark he quoted from Hobbes’s
Behemoth is taken out of context. It is not praise of the Royal Society,
nor, indeed of the professors of Gresham College, but part of
another extended indictment of the universities and the clergy for
their divisive role in society, and it is not even absolutely clear that
“Gresham College” is meant to refer to the Royal Society.®s Even
Aubrey’s claim about Hobbes’s portrait bears closer examination.
The picture in question was painted by J. B. Caspars in 1663, and
was commissioned by Aubrey himself, who presented it seven years
later to the Royal Society. In notes to the manuscript version of his
Life of Hobbes Aubrey asked himself whether it would be “improper
for me to mention my owne guift?” and ultimately decided not
t0.%3 Still, there is no reason to doubt that Hobbes did have his
friends and admirers among the Fellowship. In addition to Aubrey
and Hoskyns, one might include John Evelyn, Sir William Petty,
Sir Kenelm Digby, and, of course, his patron William Cavendish,
grd Earl of Devonshire. Moreover, Hobbes had been the aman-

5% Aubrey, “Life of Hobbes,” pp. 371-372.

% On the writing of Aubrey’s Life of Hobbes, see Hunter, Aubrey and the Realm of
Learning, pp. 78-80.

6 Hobbes, “Dialogus physicus,” p. 237.

6 Hobbes, “Behemoth,” p. 348.

% Aubrey, “Life of Hobbes,” p. 354; cf. Powell, Aubrey and His Friends, p. 102.
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uensis of the great Bacon and the friend of William Harvey, two
of the Society’s heroes.6+

Of greater interest in this connection is Hobbes’s relationship
with the new monarch Charles II, the Society’s “founder” and pa-
tron. After the Restoration Charles continued to receive his former
mathematics tutor at Court. While their relationship had something
of a “joking” character to it, it appears to have been publicly af-
fectionate: the King liked to refer to the old philosopher as “the
beare,” and, because, as Aubrey said, the “wittes at Court were wont
to bayte him,” Charles would greet his approach by crying, “ ‘Here
comes the beare to be bayted!” ”% The connection was solid enough
for the King to grant Hobbes a substantial (albeit irregularly paid)
pension, and Hobbes dedicated his Problemata physica of 1662 to
the King, using the occasion to apologize for any offence that Lev-
iathan may have given. The King also possessed a portrait of Hobbes
(by Samuel Cooper) which, according to Aubrey, he “conserves as
one of his great rarities in his closet at Whitehall.”% There is also

64 A list of Hobbes’s friends, with comments, is in Aubrey, “Life of Hobbes,” pp.
365-371. Aubrey says that Robert Hooke “loved him,” but adds that Hooke “was
never but once in his company” (p. 371). In the event, there are records that Hooke
met Hobbes at least twice, once in July 1663 and once in June 1674 at Aubrey’s
house; see Hooke to Boyie, 3/13 July 1663, in Boyle, Works, vol. vi, pp. 486-487 (cf.
Gunther, Early Science in Oxford, vol. vi, pp. 139-141, where Hooke’s references to
Hobbes are unflattering; and, for the 1674 meeting, Hooke, Diary, p. 108). Of
Hobbes’s relationship with Bacon, Aubrey wrote: “The Lord Chancellor Bacon loved
to converse with him. ... His lordship would often say that he better liked Mr.
Hobbes’s taking his thoughts, then any of the other, because he understood what
he wrote™: “Life of Hobbes,” p. 331. Hobbes’s friend Sorbiére also remarked upon
the relationship with Bacon: Hobbes “is upon the Matter the very Remains of Bacon,
to whom he was Amanuensis in his Youth”: Sorbiére, Voyage to England, p. 40. Sprat,
protecting the Royal Society’s hero, took violent exception to the claim that there
was any similarity between Hobbes and Bacon, and maintained that Sorbi¢re did
not understand Hobbes’s philosophy: “Of this I will give an unanswerable Testi-
mony, and that is the Resemblance that he makes of him to the Lord Verulam, between
whom there is no more likeness than there was between St. George and the Waggoner.
... I scarce know Two Men in the World that have more different Colours of
Speech than these Two Great Wits”: Sprat, Observations on Sorbiére’s Voyage, p. 163.

% Aubrey, “Life of Hobbes,” p. 340. Sorbi¢re also reported, in reference to the
English clergy and the Oxford mathematicians, that Hobbes “was like a Bear, whom
they baited with Dogs to try him”: Sorbiére, Voyage to England, p. 40.

% According to Sorbiere, the King’s pension of £100 per year showed how far
Charles was “from laying any stress upon Dr. Wallis’s Arguments” that Hobbes’s
politics were anti-royalist: Sorbi¢re, Voyage to England, p. 39. On Hobbes’s royal
pension and other finances, see Laird, Hobbes, pp. 20-21; Hobbes to the King, 1663?,
in Hobbes, English Works, vol. vi1, pp. 471-472; Hobbes to Aubrey, 7/17 September
1663, in Tonnies, Studien, p. 108. For Hobbes’s remarks to the King concerning
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the intriguing suggestion that Charles would not have been un-
happy to see Hobbes elected to the Society. Sorbiére related an
interview with the King in which it was “agreed on all Hands, that
if Mr. Hobbs were not so very Dogmatical, he would be very Useful
and Necessary to the Royal-Society; for there are few People that
can see farther into things than he, or have applied themselves so
long to the Study of Natural Philosophy.” Early in the Society’s
career the King signalled his opinion of Hobbes’s worth as a math-
ematician when he forwarded to the Royal Society one of Hobbes’s
geometrical demonstrations.®” As several historians have suggested,
the closeness of the King’s association with the great dogmatist must
have constituted a considerable threat to the experimentalists of
the Royal Society. The King, on whom rested the Society’s hopes
of material support, was a patron of the new science, but there is
little evidence that he discriminated markedly between the ration-
alist and the experimentalist programmes. Indeed, as Pepys re-
ported, he was known to jest at those very experimental activities
which the Society treated as emblematic: “Gresham College he
mightily laughed at, for spending time only in weighing of ayre,
and doing nothing else since they sat.” Nor is it clear what the Royal
Society made of the King’s sport of placing bets on the outcome
of the Society’s pneumatic experiments.5® The stream of fulsome
praise directed from the Society to the King was closely connected
to its expectations of royal patronage—expectations that were
rarely satished. Meanwhile, anxious eyes were turned towards
“Hobbist” morality at Court. And, as we noted in chapter g,
Hobbes’s philosophical standing on the Continent was substantial,

Leviathan, see “Seven Philosophical Problems,” pp. 3-6. On Hobbes’s pertraits, see
Sorbiere, Voyage to England, pp. 39-40; Laird, Hobbes, p. 25n; Aubrey, “Life of
Hobbes,” p. 338. There was also an engraving made in 1664 by William Faithorne
(who engraved Boyle’s portrait as well) in a series devoted to “distinguished
royalists.”

67 Sorbiere, Voyage to England, p. 40; cf. Laird, Hobbes, p. 21. For the King’s present
to the Royal Society, see Birch, History, vol. 1, p. 42: the gift was made on 4/14
September 1661, just weeks after Hobbes published his Dialogus physicus. The only
other communication from Hobbes that was placed in the Royal Society’s Leiter-
Book was a letter of 10/20 December 1668 concerning a fasting woman, and given
to the Society by Daniel Colwall: Birch, History, vol. 11, pp. $33-334; also in Hobbes,
English Works, vol. vii, pp. 463-464.

8 Pepys, Diary, vol. v, pp. 32-33 (entry for 1/11 February 1664). On 12/22 January
1671 Sir Robert Moray reported to the Royal Society that “the King has laid a wager
of fifty pounds to five for the compression of air by water; and that it was acknowl-
edged, that his Majesty had won the wager”: Birch, History, vol. 11, p. 463. The King
also referred to the experimental philosophers as “court jesters”; see Middleton,
“What did Charles 11 Call the Fellows of the Royal Society?”
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just as his political reputation and influence were feared to be in
England. “Baiting the bear” was, therefore, an important tactic in
policing the boundaries of the new experimental philosophy and
in displaying publicly what counted as proper scientific activity and
what did not. As de Beer remarks, “It may be said that Hobbes did
influence the early policy of the Royal Society, for he set for all
time the standard of the sort of man who must not be elected into
the Fellowship.”69

Hobbes continued to engage the Royal Society in controversy
through the 1670s. There is no evidence that he assimilated, or
responded to, Boyle’s post-1660 researches in pneumatics, but the
geometrical disputes with John Wallis, begun in the 1650s, flared
up repeatedly. In 1671 and 1672 Hobbes attacked Wallis in his
Rosetum geometricum and Lux mathematica, and in a pamphlet ad-
dressed To the Right Honourable and Others, the Members of the Royal
Society.’> Wallis used the Philosophical Transactions to reply, but
Hobbes was not allowed access to its pages.?* Increasingly irritated
by this slight, Hobbes wrote to Oldenburg in November 1672 re-
questing that “if hereafter I shall send you any paper tending to
the advancement of Physiques or Mathematiques, and not too long,
you will cause it to be printed by him that is Printer to the Society,
as you have done often for Dr. Wallis. It will save me some
charges.”7? Oldenburg consulted with Wallis about the wisdom of
acceding to Hobbes’s wish, but the professor, while expressing cool
disinterestedness in the matter, judged that Hobbes had nothing
to contribute to geometry.”» Thus armed with advice, Oldenburg
wrote to Hobbes in a mollifying tone:

... I have no mind to repeat [Wallis’s] Answer, being far more
inclined, if I were capable, to make you friends, than set you
further asunder. Neither is ye R. Society willing to enter into
ye decision of the disputes betwixt you, having regard to yr

% de Beer, “Some Letters of Hobbes,” p. 197; also Bredvold, “Dryden, Hobbes,
and the Royal Society,” pp. 422-423; Laird, Hobbes, pp. 20-21.

7 The latter appears in English Works, vol. vii, pp. 429-448, under the title “Three
Papers Presented to the Royal Society against Dr. Wallis.”

7 See, for example, Philosophical Transactions, no. 72 (19/29 June 1671), pp. 2185-
2186; no. 75 (18/28 September 1671), pp. 2241-2250; no. 87 (14/24 October 1672),
pp- 5067-5073.

7+ Hobbes to Oldenburg, 26 November/6 December 1672, in Oldenburg, Corre-
spondence, vol. 1x, pp. 329-330; also in Hobbes, English Works, vol. vii, pp. 465-466,
and in Aubrey, “Life of Hobbes,” pp. 362-363.

s Wallis to Oldenburg, 26 December 1672/5 January 1673, in Oldenburg, Cor-
respondence, vol. 1X, p. 372.
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age, and esteeming yr parts, but doubting you doe mistake in
these controversies. However, I am ready to comply with your
desires in yt particular, wch concerns ye publication of such
papers, you shall send me tending to ye advancement of Phy-
siques and Mathematiques, as are not too long, nor interwoven
with personal reflexions; in a word, yt shall be licensed by ye
Council of ye R.S.74

Apart from another mathematical tract of 1674, Hobbes retired
from the fray.’s He did not reply to Oldenburg, and he never had
anything printed by the Royal Society.

The central issue was indeed Hobbes’s “dogmatism.” But we
would miss the point if we separated claims that Hobbes was per-
sonally dogmatic from the dogmatism he was seen to recommend
in natural philosophical practice. From what we know of his char-
acter, there is little doubt that Hobbes could be a difficult person,
set in his ways, and not relishing contradiction. In contrast to the
“modest” and “humble” experimental philosophers of the Royal
Society, Hobbes confidently claimed that he had developed a com-
plete and self-sufficient system of philosophy: they were to come
to him to remedy defects in their thought. On the other hand, his
friends liked him, and said so. He had a good line in humour,
which he delivered in a mild West Country accent. He sang “prick-
songs” (badly), got drunk only rarely, played tennis once a week
(at the age of 78), gave alms freely, and was regarded as extraor-
dinarily handsome (see figure 5). There was, however, no Mrs.
Hobbes, although there was talk of an illegitimate daughter whom
he supported. He swore a bit more than was considered strictly
proper, but there was no hard evidence of personal libertinism,
and he received the sacraments on his deathbed.”® On these bases
it is difficult to recognize in Hobbes the archetypal “club bore.” He
was, in the event, much more clubbable than one of his major
antagonists, John Wallis, F.R.S., who, according to Aubrey, “makes
it his Trade to be a comon spye, steals from every ingeniose persons
discourse, and prints it. . . . He is a most ill-natured man, an egre-
gious lyar and back-biter, a flatterer and fawner.””? Boyle himself

74 Oldenburg to Hobbes, 30 December 1672/g January 1673, ibid., pp. 374-375.

75 Hobbes, Principia et problemata aliquot geometrica . . . (1674).

76 This is according to Aubrey, “Life of Hobbes,” pp. 340, 347-353; see also
Sorbiere, Voyage to England, p. 27.

77 Aubrey to Hobbes, 24 June/q July 1675, as quoted in Hunter, Aubrey and the
Realm of Learning, p. 224; cf. Aubrey, Brief Lives, vol. 11, pp. 280-283. In fact, Wallis
did act as a code breaker for the New Model Army in the 1640s.
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FIGURE 5 _
Portrait of Thomas Hobbes at age 81 (1669) by J. M. Wright (in the National
Portrait Gallery, London, and reproduced by its permission).

was a renowned valetudinarian; he was long-winded but jealous of
his privacy: in later years he went so far as to put up visiting hours
on his door. At times, his company could be dreary. (For portraits
of Boyle, see figure 16.)

When the leading lights of the Royal Society censured Hobbes’s
dogmatism, they tended to conjoin comments on his personal qual-
ities with judgments upon his philosophical programme. Neither
could be tolerated; both personal and programmatic dogmatism
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were anathema to the practice of experimental philosophy. Sprat’s
attack on the “Modern Dogmatists,” while characteristically not
mentioning Hobbes by name, could only have been composed with
Hobbes in view. Sprat made his point with a telling analogy between
philosophy and politics. Having rejected the dogmatic “tyranny”
of the ancients, modern dogmatists directly

... fell to form and impose new Theories on Mens Reason,
with an usurpation, as great as that of the others: An action,
which we that live in this Age, may resemble to some things
that we have seen acted on the Stage of the World: For we also
have beheld the Pretenders to publick Liberty, turn the greatest
Tyrants themselves.

“Methinks,” Sprat said, “there is an agreement, between the growth
of Learning, and of Civil Government.” Tyranny in each was to be
combatted, and there was no reason to prefer the tyranny of any
modern philosopher to that of the ancients. No man could rightly
claim to have produced a complete and satisfactory system of phi-
losophy. All such dogmatic systems contained the seeds of dissent
and, therefore, of their own destruction:

It is probable, that he, who first discover’d, that all things were
order’d in Nature by Motion [i.e. Hobbes); went upon a better
ground then any before him. But now if he will onely manage
this, by nicely disputing about the Nature, and Causes of Motion
in general; and not prosecute it through all particular Bodies:
to what will he at last arrive, but onely to a better sort of
Metaphysicks? And it may be, his Followers, some Ages hence,
will divide his Doctrine into as many distinctions, as the Schole-
men did that of Matter, and Form: and so the whole life of it,
will also vanish away, into air, and words, as that of theirs has
already done.

Sprat discerned a causal connection between philosophical dog-
matism and the social relationships this engendered. Dogmatism
inclined men to become “imperious,” to be unshakable in their
convictions, and to be “impatient of contradiction.” It produced
egotism and individualism, which is a “Temper of mind, of all
others the most pernicious.” It was pernicious because it disrupted
the social relationships which could alone produce and sustain fac-
tual natural knowledge. By contrast, the experimental philosophers
of the Royal Society were “modest, humble, and friendly”; they
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were tolerant of differing opinions and worked collectively towards
attainable and solid goals.”®

We now have an answer to the question, “Why was Hobbes ex-
cluded from the Royal Society?” It is an answer that does not at-
tempt to distinguish assessments of Hobbes’s personality from judg-
ments of his philosophical programme. The connections among
personal characteristics, social relationships, and philosophical
practices were perceived, as Sprat’s polemic shows, to be substantial
and vital. The modest and humble Boyle was juxtaposed to the
intolerant and confident Hobbes, just as the modest and humble
experimental programme was contrasted to Hobbes’s overweening
rationalism. Each philosophical programme was predicated upon
its distinctive social relationships, and each valued a characteristic
‘philosophical persona. The social order implicated in the ration-
alistic production of knowledge threatened that involved in the
Royal Society’s experimentalism. Thus our excursion into Hobbes’s
relations with the Royal Society is not, in fact, peripheral to our
major concern with conflicting knowledge-generating strategies.
Hobbes’s anti-experimentalism, as expressed in the Dialogus physicus
and elsewhere, gave grounds for his exclusion.??

ExXPERIMENTS AND CAUSES

In chapter 2 we discussed Boyle’s proposal to erect a procedural
boundary between speech of matters of fact (as experimentally
produced and manifested) and speech of the physical causes of
these facts. In this practice one recognized that God might produce
the same effect by a number of different causes, and one professed
the appropriately nescient attitude towards the search for real

78 Sprat, History, pp. 28-34. Paul Wood differs from earlier writers on the reliability
of Sprat’s History as an “official” and authoritative account of the Society’s activities,
while crediting it as sanctioned apologetic: “Methodology and Apologetics.” For
similar views of dogmatism, see Glanvill, Vanity of Dogmatizing (1661); idem, Scepsis
scientifica (1665).

79 We therefore find ourselves in some agreement with writers less recent than
Skinner and Hunter. However, we do not equate anti-experimentalism with “anti-
science,” nor need we accept that Hobbes “did not understand” or “did not appre-
ciate” what experimentalism entailed: see Laird, Hobbes, p. 24; de Beer, “Some
Letters of Hobbes,” p. 197; R. F. Jones, Ancients and Moderns, p. 128; Bredvold,
“Dryden, Hobbes, and the Royal Society,” pp. 424-425.
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causes.® Such real causes might ultimately be unveiled by experi-
mental philosophy, but it was wisest and safest to treat causal inquiry
with modest caution. Knowledge of causes was at best conjectural
and the quest for real causes ought to be carefully segregated from
the factual enterprise that laid down the foundations of experi-
mental philosophy. It was this boundary, and the epistemological
hierarchy it manifested between knowledge of effects and knowl-
edge of causes, that Hobbes attacked as unphilosophical. In
Hobbes’s view, in order to be counted as philosophy an intellectual
practice could not affect nescience concerning the causes of things.
Indeed, philosophy could proceed from correct knowledge of causes
to knowledge of effects. These programmatic differences between
the enterprises proposed by Boyle and Hobbes were concretely
expressed in the Dialogus physicus.

Hobbes’s experimentalist interlocutor had provided an account
of the spring of the air and of how this spring might be conceived
in terms of wool fleece. Hobbes interrupted: “. . . I ask you, is this
not the rule for all hypotheses, that all things which are supposed
must be of a possible, that is, conceivable, nature?” The experi-
mentalist concurred and suggested that the elastical hypothesis was
supported by the restorative powers “seen in many things” which,
therefore, “can very easily be conceived to be in air.” Hobbes was
not content with this response:

It is for a philosopher to find the true or at least very probable
causes of such things. How could compressed wool or steel
plates or atoms of air give your experimental philosophers the
cause of restitution? Or do you offer a likely cause why in a
crossbow [ballista] the steel plate regains its usual straightness
so swiftly?

The experimentalist came back with the affectation of causal nes-
cience that Boyle enjoined: “I cannot give a very certain cause for
this thing.” Hobbes’s insistence upon a causal enterprise troubled
the experimentalist. Where do causal questions end? “Whatever
true cause I told you, you would not then acquiesce to its truth,
but would ask me further what was then the cause of this cause,
whence it would go on to infinity.” This Hobbes flatly denied; the
identification of proper causes ends the inquiry: “. . . when you will

% Among Boyle’s many statements of this type, see “Usefulness of Experimental
Natural Philosophy,” pp. 45-46; cf. Bechler, “Newton’s Optical Controversies,” pp.

132-134.
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have come to some external cause, there I will leave off asking
you.”8! If the profession of causal nescience was acceptable to, even
celebrated by, experimentalists, to Hobbes it constituted a damning
admission that the experimental programme was not philosophical.
Causal inquiry could be concluded; it did not breed dissent but
could provide the surest remedy for dissent.

Hobbes relentlessly pursued the question of the spring of the air
as a causal physical explanation. Either the air’s elasticity was of-
fered as a causal account or it was not. If not, then one learned
nothing of causes from the experimental programme, and the
whole enterprise was truly vacuous. Moreover, even if the air’s
spring was advanced as a cause, then, as Hobbes endeavoured to
show, what resulted was an absurdity. Hobbes argued that this
concept, as Boyle used it, was fundamentally anti-mechanical, pro-
ceeding from an impossible notion of body. Philosophers “make a
legitimate hypothesis from two things: of which the first is, that it
be conceivable, that is, not absurd; the other, that by conceding it,
the necessity of the phenomenon may be inferred.” Yet the hy-
pothesis of the spring of the air was absurd, “unless perhaps we
concede what is not to be conceded, that something can be moved
by itself. For you suppose that the air particle, which certainly stays
still when pressed, is moved to its own restitution, assigning no
cause for such a motion, except that particle itself.”82

No argument against Boyle’s position could have been, if ac-
cepted, more devastating. Boyle advertised his mechanical philos-
ophy as the best way to undermine the “vulgar” and dangerous
conception of self-moving matter.83s Now, Hobbes argued that a
true and self-consistent mechanism was obliged to specify the ma-
terial and mechanical cause of the air’s elasticity:

For if spring were allowed by them [the Greshamites] to be
something in the threads of the air, and they were to search
for something by which, when somewhat curved yet at rest,
the threads would be moved again to straightness: if they wish
to be taken for physicists, they would have to assign some
possible cause for it.34

& Hobbes, “Dialogus physicus,” pp. 247-249.

8 Ibid., pp. 254-255.

83 On this point, see J. Jacob, Boyle, chap. 3; idem, “Boyle’s Atomism,” where the
location of vuigar hylozoism among the radical sectaries is discussed; idem, Stubbe,
chap. 3. Boyle’s response to this charge is examined in our next chapter.

84 Hobbes, “Dialogus physicus,” p. 271.



142 - CHAPTER 1V

And, if the experimentalists declined to assign such a cause, then
how were they different from those Peripatetics and others who
invoked “metaphorical terms such as fuga vacui, horror naturae,
etc.?”® As it was, Hobbes was content that the experimentalists
should condemn themselves out of their own mouths by admitting
their ignorance of causes. He asked: “But what cause . .. do they
assign?” Answer: “As yet, none, but they seek for it with this ex-
periment itself.”% And later: “So you admit there to be nothing
yet from your colleagues for the advancement of the science of
natural causes, except that one of them has found a machine” whose
operations render the causal hypotheses of Hobbes even “more
probable.” Experimentalist: “Nor is it shameful to admit it; for it
is something to advance so far, if nothing further is allowed.”
Hobbes attempted to force home the appropriate conclusion:

Why so far? Why such apparatus and the expense of machines
of difficult manufacture, just so as you could get as far as
Hobbes had already progressed? Why did you not rather begin
from where he left off? Why did you not use the principles
he established? Since Aristotle had rightly said that to be ignorant
of motion is to be ignorant of nature, how did you dare to take
such a burden upon yourselves, and to arouse in very learned
men, not only of our country but also abroad, the expectation
of advancing physics, when you have not yet established the
doctrine of universal and abstract motion (which was easy and
mathematical)?87

This is why, Hobbes said, the experimental “philosophy,” not
being a science grounded in causal knowledge, was no better than
the lore acquired by people who were mere mechanics:

If indeed philosophy were (as it is) the science of causes, in
what way did they have more philosophy, who discovered ma-
chines useful for experiments, not knowing the causes of the
experiments, than this man who, not knowing the causes, de-
signed machines? For there is no difference, except that the
one who does not know acknowledges that he does not know,
and the others do not so acknowledge.?®

8 Ibid., p. 276.

% Ibid., p. 261; cf. pp. 277, 287.

& Ibid., p. 273; also p. 236.

88 Ibid., p. 278. Compare Wilkins, Mathematical Magick (1648), p. 8, which, twelve
years before Boyle’s New Experiments, identified “philosophy” with “that discipline
which discovers the generall causes, effects and properties of things.”
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Much of the Dialogus physicus was, in fact, devoted to displaying
this equivalence between low artisans and experimental philoso-
phiers who were ignorant of causes. Hobbes attacked the celebrated
experiment of weighing the air in a bladder suspended on a balance
in an exhausted receiver. Boyle could be satisfied that the bladder
was indeed depressed on exsuction, but not that it therefore
weighed more, since he possessed no knowledge of the efficient
cause of gravity. Similarly, Hobbes pointed out that Boyle offered
no cause of spring, and compared him to those who ask how many
times a bell has rung, “though they have not heard the first
stroke.” At most, what the experimentalists achieved was the en-
richment of “natural history”: they “make the phenomena visible.”9°
These purposes were not to be despised, but they were not the
objectives of the philosopher. Philosophy obliges men to give assent;
natural history carries with it no such obligation.

HoBBES’s LITERARY TECHNOLOGY

The scope and character of the assent at which Hobbes’s philosophy
was aimed is evident in his views on philosophical method, briefly
sketched in the preceding chapter. More concretely, it is visible in
Hobbes’s literary practices. The contrast between the literary forms
employed by Boyle and Hobbes is instructive. For example, both
used the dialogue form in natural philosophy. However, there is a
telling difference between Boyle’s usage in the dialogues that con-
stitute Sceptical Chymist and Hobbes’s literary practices in the natural
philosophical dialogues of the Dialogus physicus, Problemata physica
and the Decameron physiologicum. We noted in chapter 2 that the
dialogues of Sceptical Chymist had the character of a conversation
among four participants, so structured that consensus was dis-
played as emerging through the conversation. Each participant was
given something to contribute to the dénouement, which was seen
to depend upon the free exchange of factual information. Hobbes’s
natural philosophical dialogues were in the traditional Socratic
mould. There were only two participants: one unambiguously rep-
resented Hobbes and the other personated an antagonist (a vacuist,
an experimentalist, an inductivist). Truth did not emerge through
the exchanges between Hobbes and his interlocutor, for it was

% Hobbes, “Dialogus physicus,” pp. 261, 271.
9 Hobbes, “Mathematicae hodiernae,” p. 228.
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already fully contained in Hobbes’s philosophy. Knowledge was
portrayed as flowing from Hobbes to interlocutor, who mainly
played the role of recipient.

Nevertheless, interlocutor’s role was far from negligible. His par-
ticipation was necessary for the literary exemplification of the con-
ception of knowledge and its social transmission that Hobbes rec-
ommended for philosophy.?' Interlocutor may pose a simple
question or express perplexity, to which Hobbes offers satisfying
solutions. He may make a statement about physical processes or
align himself with certain positions which Hobbes reveals to be
fallacious. Interlocutor’s statement may be countered with a ques-
tion from Hobbes, requesting definitions. Interlocutor may then
admit that he has no adequate definition for his usage, and Hobbes
may then supply the reasons why interlocutor’s statement is
founded upon absurd speech. Or, interlocutor may give a reply to
Hobbes’s query, in which Hobbes discerns a flawed logical process:
“It is no good argument.” Interlocutor can point out possible in-
completeness in Hobbes’s claims: “These assertions need demon-
stration,” which demonstration Hobbes supplies. Interlocutor then
manifests his contentment with Hobbes’s proof and gives his assent:
“It is very probable”; “It is like enough to be s0”; “No doubt”; “It
is true.” As the dialogue proceeds, interlocutor ceases to represent
the adversary and becomes a possible convert: “I am a narrator of
other philosophies to you, not a defender.” Towards the end of the
dialogue, conversion is total: “... I agree with and approve of
everything you have said.” But one step remains to be taken on
this philosophical road to Damascus: having given his assent, in-
terlocutor can now act as “philosopher” himself; he can put Hobbes
right and thus display the power of right method to command
assent even from a master. Thus, the last line of the Dialogus physicus

9* It would be valuable to have a detailed study of the uses and career of the
dialogue form in natural philosophy during the sixteenth and seventeenth centuries.
For some interesting remarks, see Multhauf, “Some Nonexistent Chemists”; Beaujot
and Mortureux, “Geneése et fonctionnement du discours”; Hannaway, The Chemists
and the Word; Christie and Golinski, “The Spreading of the Word,” esp. pp. 238-
246. Literary historians have treated the dialogue form systematically, but have had
little to say about its scientific uses: Hirzel, Der Dialog, does not mention Boyle’s
dialogues and dismisses Hobbes’s Dialogus physicus and Problemata physica from con-
sideration (vol. 11, p. 399n). Merrill, The Dialogue in English Literature, chap. 5, treats
“The Philosophical Dialogue” but concentrates on Shaftesbury and Berkeley. For
perceptive comments on Galileo’s dialogues, see Feyerabend, Against Method,
chap. 7.
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belongs to Hobbes, and it is “I judge the same. I have erred: and
you have rightly corrected my error.”9?

In these ways the Hobbesian dialogue dramatized the power of
philosophical method to secure complete assent. Men may err, but
the force of proper method consists in its capacity to put men right,
surely and swiftly, when the nature of their error is pointed out to
them. Just as philosophical knowledge is produced using the tools
of logic, so it is transmitted logically and syllogistically, and this
transmission is effective. Thus, in De corpore Hobbes described the
method by which men make knowledge, the “method of invention,”
and then showed its relationship to the method by which we dem-
onstrate to others:

And seeing teaching is nothing but leading the mind of him
we teach, to the knowledge of our inventions, in that track by
which we attained the same with our own mind; therefore, the
same method that served for our invention, will serve also for
demonstration to others. . . . [This method] proceeds by a per-
petual composition of propositions into syllogisms, till at last
the learner understand the truth of the conclusion sought
after.os

No man, Hobbes maintained, can continue in error in the face of
proper method. The dialogues display the overpowering force of
method to compel assent and to correct error. In Hobbes’s dia-
logues, it is method, not matters of fact, that puts men right and
that mobilizes consensus. When empirical evidence, whether from
observation or from experiment, is given a role in the dialogues,
it serves to dlustrate the conclusions reached by method, and not to
determine belief. Thus, in both Boyle’s and Hobbes’s writings, lit-
erary structure and process dramatize the social relations and prac-
tices deemed appropriate to the production of knowledge. Differ-
ences in theories of knowledge-production and evaluation are
displayed in different literary technologies.

Similar considerations inform the character of Hobbes’s philo-

92 In his reply to the dialogues of Hobbes’s Examinatio et emendatio mathematicae
hodiernae, Wallis noted the structural roles of A and B (by which letters Hobbes
designated his two participants). They were, Wallis said, “Thomas” and “Hobs,” and
“when Hobs hath occasion to assume what he cannot prove, Thomas, by a Manifestum
est saves him the trouble of attempting a demonstration.” Wallis, Hobbius heauton-
timorumenos, pp. 15, 103; cf. Laird, Hobbes, p. 38. See also the hilariously acute
account of the scientific dialogue in Ellis, So This is Science!, pp. 45-46.

93 Hobbes, “Concerning Body,” pp. 80-81; cf. p. 87.
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sophical iconography. The figures supplied to illustrate Hobbes’s
natural philosophical works were almost entirely geometrical in
character, depicting abstract geometrical treatments of physical
processes (see, for example, the diagram representing gravitation
in our translation of the Dialogus physicus). Only very rarely did
Hobbes include a pictorial representation of a physical phenome-
non or process, and even more rarely did he offer a representation
of an experimental system. One example appears in the Problemata
physica: it is an engraving of the basic Torricellian experiment, but
it depicts the apparatus in minimal detail, with no obvious effort
at showing the particularities of any specific experimental appa-
ratus.9¢ Unlike Boyle, Hobbes never used the engraver’s art so as
to offer the viewer a virtual sensory experience of an experimental
scene. We have already noted that Hobbes endeavoured to describe
the air-pump in the Dialogus physicus without the aid of a picture.
The mind, evidently, was not thought to require the assistance of
the eye, much less of the hand. In such ways, Hobbes'’s philosophical
iconography expressed the relative evaluations he placed upon log-
ical and geometrical methods, on the one side, and manipulations
of experimental systems, on the other. His iconographic prefer-
ences and usages were noticed by his enemies. In 1662 the geometer
John Wallis wrote that

... I cannot but observe, in the general, a great Resemblance
between this his Physical Hypothesis and his Geometrical Conclu-
sions. For as in these he draws a Multitude of Lines whereof
there is no Use made, as to the Construction or Demonstration
of his Problem, . . . so much of his Hypotheses is to no purpose
as to the Effects of Nature.9s

CAUSE, CONVENTION, AND CERTAINTY
IN HOBBES’S PHILOSOPHY

Hobbes rejected Boyle's experimental programme because he con-
sidered that it was not philosophy. And, because it was not philos-
ophy, it could not generate the kind of certainty appropriate to

+ Many copies of the Molesworth edition are missing their set of engravings,
which should be bound in at the back; see also the 1668 Amsterdam edition of
Hobbes, Opera philosophica, chap. 1, p. 19. For other engravings of experimental
apparatus in Hobbes’s works, see ibid., p. 27, and De corpore, in ibid., chap. 3, cap.
xxvi, fig. 2; White’s De Mundo Examined, p. 501, fig. 3.

95 Wallis, Hobbius heauton-timorumenos, pp. 156-157.
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philosophical inquiries. Where, then, did certainty reside? How was
philosophical knowledge to be founded and how did method con-
tribute to the quest for certainty? As Hobbes and Boyle proffered
radically different solutions to the problem of knowledge, it is in-
teresting to start from a position that both adopted.

Boyle reckoned that God could produce the same effect by a
number of different natural causes, and on this basis he recom-
mended methodological caution and even nescience about the abil-
ity of natural philosophers to unveil real causes. Laudan has as-
cribed this position, and especially Boyle’s use of the clock metaphor
to express it, to the influence of Descartes’ methodological writings.
In the Principia of 1644 Descartes had described two watches which
told time equally well but whose internal workings were quite dif-
ferent. God might have ordered the world-clock in any number of
different ways so as to produce the effects which we observe. Since
the world of corpuscles is inaccessible to our senses, the best we
can do is to produce “hypotheses” about how the world might be
put together. Descartes concluded: “And I believe I shall have done
enough if the causes that I have listed are such that the effects they
may produce are similar to those we see in the world, without being
informed whether there are other ways in which they are pro-
duced.”9¢ Whether or not Descartes’ views “influenced” Boyle is
not our concern here. However, we want to underline the conclu-
sions that Boyle drew from this position: causal inquiry was to be
tactically segregated from the main tasks of the natural philoso-
pher; hypotheses about causes were conjectural and should be re-
garded as distal to fact production.

As Laudan briefly notes, Hobbes adopted an apparently identical
posititon. For example, in the Problemata physica of 1662 Hobbes
said that “The doctrine of natural causes hath not infallible and
evident principles. For there is no effect which the power of God
cannot produce by many several ways.”s? And earlier, in his Six
Lessons to the “egregious professors of mathematics,” Hobbes em-
phasized that in natural philosophy “there lies no demonstration
of what the causes be we seek for, but only of what they may be.”%®
Again, our concern is not the source of Hobbes’s position; Laudan’s
suggestion about a Cartesian influence seems plausible enough,
although similar views can be found in the writings of Zabarella,

% Quoted in Laudan, “The Clock Metaphor and Probabilism,” pp. 77-78, 92-93.
97 Hobbes, “Seven Philosophical Problems,” p. 3.
98 Hobbes, “Six Lessons,” p. 184.
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Galileo and others of the “Padua School,” which Hobbes much
admired.? What methodological consequences did Hobbes derive
from the claim that God might produce the same effects by many
different causes? In stark contrast to Boyle, Hobbes did not move
from the admission that our knowledge of natural causes was con-
jectural to the tactic of bracketing off causal inquiry from the foun-
dations of natural philosophy. For Hobbes causal statements ought
to form one of the bases and starting points of any philosophical
enterprise whatever.

In De corpore Hobbes offered two definitions of “philosophy,” or,
rather, he presented the philosophical enterprise in two aspects.
“Philosophy,” he said, “is such knowledge of effects or appearances,
as we acquire by true ratiocination from the knowledge we have
first of their causes or generation: And again, of such causes or
generations as may be from knowing first their effects.”**® There
are, then, two ways of proceeding in philosophy: the first (which
Hobbes called “synthetical”) goes from known causes to effects; the
second (the “analytical method”) goes from “sense” to the construc-
tion of causal principles.*°* Elsewhere in De corpore, the probabilistic
character of the enterprise is emphasized: “Philosophy is the knowl-
edge we acquire, by true ratiocination, of appearances, or apparent
effects, from the knowledge we have of some possible production or
generation of the same; and of such production, as has been or may
be, from the knowledge we have of the effects.”*o* As James rightly
observes, Hobbes did not place equal value upon the synthetical
and analytical dimensions of philosophy.'°s In the synthetical
method men agree about the definitional foundations or principles
of things and then demonstrate how effects necessarily follow. In
the analytical method we note certain effects and cast about for a
conceivable cause such that these effects would have occurred. The

9 Laudan, “The Clock Metaphor and Probabilism,” p. g5n; but see Watkins,
Hobbes's System, pp. 54-59, for Hobbes and the Padua School. For similarities between
Hobbesian demonstration and medieval and Renaissance demonstrative methods,
see Gaukroger, Explanatory Structures, pp. 166-170 (for Zabarella); Hacking, The
Emergence of Probability, chap. g (for Aquinas); and Schmitt, “Towards a Reassessment
of Renaissance Aristotelianism.”

10 Hobbes, “Concerning Body,” p. 3.

101 Ibid., pp. 74-75. For general surveys of Hobbes’s philosophical method: Wat-
kins, Hobbes’s System, chaps. 3-4; James, The Life of Reason, chap. 1; Brandt, Hobbes’
Mechanical Conception; Madden, “Hobbes and the Rationalistic 1deal”; von Leyden,
Seventeenth-Century Metaphysics, pp. 38-41.

1or Hobbes, “Concerning Body,” pp. 65-66; cf. pp. 387-388 (emphases added).

103 James, The Life of Reason, p. 14.
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cause we come up with may or may not be the real cause of these
particular effects.

The distinction between these two philosophical practices high-
lights the differential capacity of various branches of knowledge to
offer secure causal accounts. In Hobbes’s view, geometry is a par-
adigm of both certain and causal knowledge. It appears strange to
speak of geometry as causal, but Hobbes did so for a very important
reason: men make both geometrical definitions and geometrical
objects.’4 It is not difficult for us to see that the axiomatic and
definitional foundations of geometry are human constructs, but it
is less apparent how it can be said that geometrical figures are man-
made. Do they not simply exist, as essences or forms, if not as
physical entities, outside ourselves? Hobbes defined a line as “made
by the motion of a point, superfices by the motion of a line.”**5 But
what moves the point is a human hand. According to Hobbes,
geometry is demonstrable, “for the lines and figures from which
we reason are drawn and described by ourselves.”*°® But what of
space? Is not space the object of geometry, and is it not absurd to
suggest that space is a construction? Hobbes rejected the view that
space, unlike matter and motion, is a real existent. Imagine, he
said, that the entire world of things were annihilated. Imagine
further that one man alone survived this universal destruction:

If therefore we remember, or have a phantasm of any thing
that was in the world before the supposed annihilation of the
same; and consider, not that the thing was such or such, but
only that it had a being without the mind, we have presently
a conception of that we call space: an imaginary space indeed,
because a mere phantasm, yet that very thing which all men
callso...I... define space thus: Space is the phantasm of a thing
existing without the mind simply. . . .*°7

Therefore, the idea of space itself, the very substratum of geo-
metrical objects, is man-made.

104 Sacksteder, “Hobbes: Man the Maker”; idem, “The Artifice Designing Science
in Hobbes.”

125 Hobbes, “Concerning Body,” p. 70.

196 Hobbes, “Six Lessons,” p. 184.

107 Hobbes, “Concerning Body,” pp. 93-94; see also James, The Life of Reason, pp.
16-17; Madden, “Hobbes and the Rationalistic Ideal,” pp. 113-114 (although Mad-
den is mainly concerned to criticize Hobbes’s “queer conception of space”); Sack-
steder, “Hobbes: Geometrical Objects”; idem, “Hobbes: Teaching Philosophy to
Speak English,” pp. 42-43 (on “phantasm”).
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Here we come up against an apparent paradox and an obstacle
to our understanding of what was involved in the different forms
of life proposed by Hobbes and Boyle. In our culture, saying that
knowledge is artifactual and conventional is tantamount to saying
that it is not authentic knowledge at all. This general disposition
accounts for the fact that academic exercises concerned to uncover
and display the conventional bases of knowledge, such as Wittgen-
stein’s, are dealt with as if they were attempts at exposé or dispar-
agement. In everyday life, we ourselves diminish knowledge-claims
by showing their constructed nature or their conventional bases.
Such practices make sense within a particular game. And that game,
as we have shown in chapter 2, is one in which knowledge is, so to
speak, ultimately vouched for not by human agency (individual or
collective) but by reality itself. Man is not a maker but a mirror.
Yet, within other language-games, the situation might be quite dif-
ferent. It might be that knowledge is taken as secure insofar as it
is seen as constructed in a certain way and uses certain conventions.
This, we argue, is the case with Hobbes: certainty was a function
of convention. Here is where Hobbes as rationalist and Hobbes as
conventionalist come together. This point is perhaps most evident
in Hobbes’s treatment of the certainty to be expected from both
geometry and from civic philosophy. Having said that geometry is
demonstrable because geometrical figures “are drawn and de-
scribed by ourselves,” Hobbes then claimed that “civic philosophy
is demonstrable because we make the commonwealth ourselves.”*°8
This goes against all the intuitions of the empiricist. Hobbes was
saying that one can only completely explain or understand that
which one makes; the empiricist regards the man-made component
of knowledge as a distortion of the mind’s mirroring of reality.**9

What, then, is the status of natural philosophy in the hierarchy
of certainty? Natural philosophy, in Hobbes’s view, cannot com-
mand the sort of certainty which is the prerogative of geometry
and civic philosophy. This is because the causes of natural effects
are not of our own construction, but must be sought from the effects
themselves. As Hobbes said, “In natural causes all you are to expect,
is but probability.”*'> Nevertheless, the search for possible causes

198 Hobbes, “Six Lessons,” p. 184; Sacksteder, “Hobbes: The Art of the Geome-
tricians,” p. 146.

1% On Hobbes and “the genetic principle,” see von Leyden, Seventeenth-Century
Metaphysics, pp. 39-40; James, The Life of Reason, pp. 25-26; on empiricism as the
mirroring of reality, see Rorty, Philosophy and the Mirror of Nature, chap. 3.

1o Hobbes, “Seven Philosophical Problems,” p. 11; cf. p. 3: “The doctrine of



THE TROUBLE WITH EXPERIMENT - 151

in natural philosophy is not trivial, nor is its outcome, when prop-
erly pursued, without its variety of compulsion. If the causes we
adduce are not, after all, God’s causes, still they should be such
causes as satisfy our reason. They will be causes which may be fic-
tions, but which, if granted, will show how the effects necessarily
follow. As Hobbes said in the Tractatus opticus: “More is not there-
fore demanded of physics, than that what is supposed or feigned
of motion should be imaginable, and through the conceding of
these things the necessity of the phenomena should be demon-
strated, and finally that nothing false can be derived from them.”*:
Or, as James concisely summarizes,

... it is enough for mortal ratiocination to know what might
intelligibly have caused [observed effects], what may be con-
cetved as a cause which would, inevitably, have these results.
Thus Hobbes is less concerned to discover the methods of God
in creation than to satisfy the rational requirements of the
human mind; and whether in fact we know the real cause or
another but equally intelligible cause, is immaterial to the re-
sults for human happiness. It is less reality than intelligibility
that Hobbes looks for.*2

In fact, knowledge of God’s causes in creation is ruled out on the
same grounds that ruled theology out of the philosophical enterprise:
man can have no certain knowledge of God, “eternal, ingenerable,
incomprehensible.”*'s Thus, for Hobbes, the task of the natural
philosopher was to approach as near as he could to the products
of the geometer and the civic philosopher; he could not equal them
in the generation of certainty but, through the application of cor-
rect method, he could do better than the Scholastic or the exper-
imentalist. Scholastics misfired by founding their philosophy upon
absurd speeches and impossible ontologies; experimentalists failed
through confusing natural history with natural philosophy. A cat-
alogue of facts, separated from causal inquiry and unstructured by
correct method was pointless: “We cannot from experience conclude
... any proposition universal whatsoever.”'!4

Hobbes’s attack on Boyle’s programme stemmed from his con-

natural causes hath not infallible and evident principles.” For discussion of Hobbes’s
idea of “probability”: Hacking, The Emergence of Probability, esp. pp. 47-48.

1 Alessio, “Thomas Hobbes: Tractatus opticus,” p. 147.

v2 James, The Life of Reason, p. 13.

113 Hobbes, “Concerning Body,” p. 10.

14 Hobbes, “Human Nature,” p. 18.
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tention that experimental procedures lacked the compulsory force
of true philosophy. Both Hobbes’s and Boyle’s programmes were
equally concerned with the problem of assent, but their solutions
were radically different. In Boyle’s view assent was to be secured
through the production of experimental findings, mobilized into
matters of fact through collective witness. The individual agreed
with other individuals about what he had witnessed and believed.
The programme was, therefore, founded upon collectivized indi-
vidual sensory experience. Dissent was to be managed by bracketing
off from natural philosophy those items, such as metaphysics, that
were not so founded. Boyle’s compulsion was only partial; there
was room to differ and tolerance was essential to the maintenance
of this partial and liberal compulsion. Managed dissent within the
moral community of experimentalists was safe. Uncontrollable di-
visiveness and civil war followed from any other course.

For Hobbes civil war flowed from any programme which failed
to ensure absolute compulsion. What was a judicious and liberal
bracketing strategy to the Greshamites was, to Hobbes, a wedge
opening the door which looked out on the war of each against each.
Any working solution to the problem of knowledge was a solution
to the problem of order. That solution had to be absolute. Hobbes
therefore sought to bypass the individual, his unreliable sensory
experience, and the category of individual belief. Where, then, did
Hobbesian compulsion reside? Hobbes found his solution not in
belief nor in witness but in behaviour, not in the individual but in
the social. When he said that men make the commonwealth, he did
not mean that some men did. All men make and sustain society,
because all men that have natural reason can be made to see that
it is in their interests that Leviathan be created and maintained.
Having made civil society to protect themselves, the obligation to
submit is total. The force by which submission is exacted is the
delegated force of all those that enter into society and live as social
beings. The intellectual enterprise which rationally demonstrates
this to all men possesses an absolutely compulsory character. It is
in philosophy what Leviathan is in society. Men can truly under-
stand that which they make. And it is precisely the same in ge-
ometry. Men make the definitions, the figures and the spatial sub-
stratum of geometry, and they can be shown that they have done
so. Geometry and civic philosophy are, then, on a par. But what
of the force of logic?

It would be a mistake to take Hobbes to be saying that logic, or
the laws of inference, compel of themselves. For the force of logic
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is exactly the same as the force by which Leviathan secures sub-
mission: it is the delegated force of society, working on the natural
reasoning capacities of all men. In an historical treatment of the
authority of kings to pronounce upon religious doctrine and to
reject the interpretations of clerical exegetical experts, Hobbes
made an illuminating comparison with the prerogatives of kings in
geometry:

And although priests were better instructed in nature and arts
than other men, yet kings are able enough to appoint such
interpreters under them; and so, though kings did not them-
selves interpret the word of God, yet the office of interpreting
them might depend on their authority. And they who therefore
refuse to yield up this authority to kings, because they cannot
practice the office itself, do as much as if they should say, that
the authority of teaching geometry must not depend upon kings,
expect they themselves were geometricians.''5

The force by which Leviathan lays down and executes the laws of
the commonwealth is therefore the same force that lies behind
geometrical inferences.

Finally, we can reflect upon the relations among the various
bodies of intellectual culture that Boyle’s and Hobbes’s different
strategies of assent imply. For Boyle and the Royal Society there
was to be a strict boundary between natural philosophy and political
discussion. This boundary manifested their evaluation of the ca-
pacity of each to secure consensus and assent. Through the matter
of fact, experimental natural philosophy could mobilize effective
consensus. By contrast, civic philosophy might sow the seeds of
division, which would, inevitably, infect the practice of natural phi-
losophy. However, the relationship stipulated between natural phi-
losophy and theology was more problematic. On the one hand,
theological discussions had a tendency to divide and to corrode
and should not, as Sprat and others said, be meddled with. On the
other hand, the practice of natural philosophy was to be subservient
to the higher truths of proper Christian religion. One could and
one ought to go “from Nature up to Nature’s God.” For Boyle, as
for Newton in a later period, to discourse of God did properly
belong to natural philosophy. For Hobbes, the relations were quite

115 Hobbes, “Philosophical Rudiments,” p. 247. (This is the 1651 English trans-
lation of De cive of 1642.) Note that Hobbes was geometry tutor to the future
Charles 1.
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different. Civic philosophy and geometry belonged together in
their assent-producing capacity. Natural philosophy, insofar as it
could imitate their methods, was part of the same discourse. But
theology must be set apart, for we cannot know what is unknowable
and we must take for doctrine what Leviathan lays down. Levi-
athan’s truth and the truth of the air-pump are products of dif-
ferent forms of social life.
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Boyle’s Adversaries: Experiment Defended

Longuil: But to what end do you weigh this
Awr, Sir?
Sir Nicholas Gimcrack: To what end show'd I? To know what it
weighs. O knowledge is a fine thing.
THoMAS SHADWELL, The Virtuoso (1676)

WHo were Boyle’s adversaries? This appears to be a straightfor-
ward question. Within three years of the publication of the New
Experiments Boyle was confronted with critical replies on three main
fronts. 1661 saw the appearance not only of Hobbes’s Dialogus
physicus but also of a hostile treatise by the Jesuit Franciscus Linus
entitled Tractatus de corporum inseparabilitate. In the following year
the Cambridge Platonist Henry More joined the attack with re-
marks in the third edition of his Antidote against Atheism, amplified
in a number of tracts over the next fifteen years.

Boyle replied to each of these critics, but he did so in different
ways in order to make different points and to defend different
aspects of his findings and programme. In the preceding chapter
we offered a detailed assessment of Hobbes’s criticisms. We do not
intend to follow the same plan with respect to the views of Linus
and More. Our focus in this chapter is on Boyle and on the concept
of the adversary as seen by him. Whom did Boyle identify as his
adversaries? What was it about their various criticisms that he
wished particularly to counter? What aspects of his own conceptual
repertoire and enterprise did he want especially to defend? And,
in his responses to his critics, what were the rules of engagement
that Boyle implemented? Thus we are concerned here with Boyle’s
stipulations about his adversaries’ positions and we will consider their
remarks mainly insofar as he defended himself against them.’

Given our concerns in this book, we do not need to give equal
weight or emphasis to each of Boyle’s adversaries and to his dealings
with them. Hobbes, Linus, and More attacked different aspects of

* We do not offer these accounts of the exchanges between Boyle and Linus and
More as exhaustive or definitive; clearly, much more detailed attention is warranted.
We especially stress the need for “charitable interpretations” of More’s and Linus’s
points of view, as our treatment of Hobbes in chapter 4 ought to make clear.
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Boyle’s work. To simplify: Hobbes and More attacked crucial as-
pects of the experimental programme as such, while Linus did not.
Each of them opposed a number of Boyle’s findings and interpre-
tations, including the explanatory status of the “spring of the air.”
Only Hobbes called into question the politics of experimental
knowledge-production. More challenged the uses Boyle defined
for experimental knowledge once it had been produced. Since this
book is concerned with the contest over experimentalism, we con-
centrate our attention upon Boyle’s reaction to those who voiced
doubt about the status of experimental knowledge. We can also use
this study of Boyle’s reactions to his adversaries for a supplementary
purpose. Historians have paid relatively little attention to Boyle’s
experimental researches after 1660.2 By showing how seriously
Boyle took his adversaries, and particularly their identifications of
experimental troubles, we shall demonstrate that much of Boyle’s
experimental work during the decade following the New Experiments
was undertaken to address these criticisms. In chapter 6, we go on
to show how Boyle’s technical adjustments to the air-pump itself
were informed by a similar concern to defend the integrity of the
machine he had used to guarantee experimental knowledge.

This chapter is divided into three parts. In the first we review
the nature of the objections offered to New Experiments by Linus,
and the way in which Boyle countered them; in the second part
we give a more detailed account of Boyle’s responses to Hobbes,
and in the third we examine the exchanges between Boyle and
More.

LiNus’s FuNicULAR HYPOTHESIS

Linus had been professor of mathematics at the English College
of Liege. From 1658 he was in London. His Tractatus de corporum
inseparabilitate of 1661 was the work of a committed Aristotelian.3

* Contrast Frank, Harvey and the Oxford Physiologists, esp. chaps. 5-6, with M. B.
Hall, Boyle and Seventeenth-Century Chemistry. We intentionally omit historical work
on Boyle’s Law (e.g., Agassi, “Who Discovered Boyle’s Law?”) because this was not
a product of the air-pump.

s Linus, Tractatus de corporum inseparabilitate; in quo experimenia de vacuo, tam Tor-
ricelliana, quam Magdeburgica, & Boyliana, examinantur . . . (London, 1661). For an
account of Linus'’s life, see Reilly, Francis Line. Linus dedicated the Tractatus to Henry
Pierrepont, Marquis of Dorchester, a royalist scholar to whom Hobbes dedicated
his Six Lessons in 1656. For Jesuit natural philosophers and their reaction to exper-
imental and mechanical philosophy in the seventeenth century, see Renaldo, “Ba-
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Like Hobbes, Linus stipulated that Boyle was a vacuist, and wrote
against him in support of the plenum. Unlike Hobbes, the Jesuit
offered a nonmechanical explanation of why a vacuum was an
impossibility: “Naturam a vacuo abhorrere’t Linus’s arguments in
defence of plenism derived partly from Aristotelian axioms and
partly from experiment. Linus said there was no vacuum in the
Torricellian space. This was apparent because one could see
through that space; if there were a vacuum, “no visible species
could proceed either from it, or through it, unto the eye,” and the
Torricellian space would appear like a little black pillar.5 Linus listed
three possible valid interpretations of the Torricellian space: that
of Hobbes (it was full of “common air”), of the Jesuit Noél (the
“more subtle parts [of air] which he calls aether, which enters
through the pores of the glass”), and of the Jesuit Zucchi (it was
full of mercurial spirit). The fourth theory was that of the majority
of natural philosophers, including Gassendi, Magnani, Pecquet,
Ward, and Charleton, who were vacuists.®

Importantly, Linus’s solution to the problem of the Torricellian
space performed two functions: it filled the space and it constituted
a nonmechanical explanation of the findings for which Boyle ad-
duced the spring of the air. This was the funiculus. Linus’s identi-
fication of the funiculus also proceeded from experimental phe-
nomena. If you perform the Torricellian experiment, closing the
upper orifice of the mercury-containing tube with your finger, you
will feel your finger being sucked down into the tube (figure 6).
Linus said that this observation contradicted Boyle’s assertion that
the pressure of the external air was actually pushing up the column
of mercury. To Linus this phenomenon meant that there was a
substance in the Torricellian space and that this substance per-
formed the role of sustaining the mercury column in position. It
was a certain internal thread (funiculus) whose upper extremity was
attached to the finger and whose lower extremity was attached to
the surface of the mercury. Linus’s preferred view was that this

con’s Empiricism, Boyle’s Science and the Jesuit Response”; Middleton, “Science in
Rome,” pp. 139-140, 147-148; Heilbron, Elements of Early Modern Physics, pp. 93-
106.

+ Linus, Tractatus, p. 47, quoted in Boyle, “Defence against Linus,” p. 135. For a
detailed exposition of Linus’s views as commitment to the fuga vacui, see Sir Matthew
Hale, Difficiles nugae (1674), p. 141.

s Linus, Tractatus, p. 23; Boyle, “Defence against Linus,” p. 136. (Where Boyle
translated Linus's Latin we tend to use that translation; all others are by Schaffer.)

¢ Linus, Tractatus, pp. 6-9. Linus pointed to chapter 26 of Hobbes’s De corpore.
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FIGURE 6
Diagram from Franciscus Linus’s Tractatus de corporum inseparabilitate
(1661), showing evidence from suction for the existence of a funiculus. The finger
is pulled down into the glass tube by the thread attached to the fluid in the tube.
(Courtesy of Edinburgh University Library.)

funiculus was composed of rarefied mercury.” (A funiculus could,
however, be elaborated from other substances, in which cases it still
performed the same functions.) The funiculus contracted in rare-
fied conditions and relaxed in nonrarefied conditions: hence it not
only opposed the formation of a vacuum by preserving the con-
tinuity of matter in the world, but also accounted for the pull on
one’s finger in the Torricellian experiment.

Linus deployed the funiculus as an alternative to the air’s spring

7 Ibid., esp. p. 28. Matthew Hale suggested that the Baconian term “motus nexus”
might make Linus’s “funiculus” more acceptable to English naturalists: Difficiles
nugae, 2d ed. (1675), “Additions,” pp. 38-39.
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in his systematic review and reconstruction of many of the exper-
iments in Boyle’s series. For example, Linus explained the force
felt upon the retraction of the sucker in the air-pump. His account
depended on two claims: (1) the retraction of the sucker rarefied
the air in the receiver, and (2) the more rarefied the air, the stronger
the power of its funicular contraction. As he said, the pump was
indeed “well evacuated; that is, full of some very fine air.” As the
pump was operated “all of the air (as much as it can be) is extracted
from the receiver” and “the remaining air (as much as it can be)
rarefied.” What remained in the receiver acquired “a greater force
of contracting itself” and this was what accounted for the force on
the sucker.® Similarly, Linus used the contractive force of the fu-
niculus in his reinterpretation of the void-in-the-void experiment
(Boyle’s seventeenth; see chapter 2). When one placed the Torri-
cellian apparatus in the receiver and exhausted the air, the mercury
in fact descended almost to the level of the mercury contained in
the vessel below. However, according to Linus, this was not owing
to the air’s spring.

The quicksilver descends in the tube because of that exhaus-
tion, since it is drawn down by the air lying on the restagnant
mercury. For that incumbent air, being greatly rarefied and
extended by its exhaustion, vehemently contracts itself and by
this contraction endeavours to lift out the restagnant mercury
from its vessel, so that (the restagnant mercury now weighing
less on the bottom of its vessel) the mercury in the tube must
descend.®

Perhaps most interestingly, Linus addressed himself to Boyle’s
thirty-first experiment: that concerning the cohesion of marble
discs in the air-pump. He noted that the discs did not separate on
the exhaustion of the receiver, as Boyle had expected and hoped
they would: “When [Boyle] noticed this, he considered the reason
why the lower stone did not fall, attributing it to the imperfection
of the receiver, which would mean that the air could not be suf-
ficiently exhausted, rather than abandoning the theory of the
spring of the air.” According to Linus, the fault was not with the
machine but with the theory. The marble discs continued to cohere
because of nature’s abhorrence of a vacuum and because of the
extreme difficulty of elaborating a funiculus from the substance of
marble:

8 Linus, Tractatus, pp. 101-103.
9 Ibid., pp. 115-117.
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Since, when falling, the lower stone would have to disconnect
simultaneously from the whole of the upper surface, nor could
the neighbouring air insinuate itself into the whole remaining
space, it is necessary that the stone would descend in no other
way than by leaving after itself a fine substance, which mercury
or water leave behind them when descending this way. Yet
since such a substance is separated from the marble with more
difficulty than from mercury, or any other fluid body, it thence
follows that it adheres here so tenaciously.

Linus ventured that “if two perfectly polished marbles were so
joined, that no air at all were left between them, they could not be
drawn asunder by all the power of man.” Linus quoted against his
adversary Boyle’s own accounts of the extreme difficulty of sepa-
rating very smooth cohered bodies.*

While Linus deployed the funicular hypothesis in opposition to
Boyle’s mechanical spring of the air, he did not deny that the
atmosphere had weight and spring. What Linus claimed was that
the power of the air’s spring and what it could accomplish were
strictly limited. The air’s spring was simply incapable of doing what
Boyle said it did in his experimental system: “I do not deny there
to be some weight in the air, and even elasticity, or a force of
regaining its extension if it be reduced to a smaller space ... ;
however, I deny that in this way it may have enough gravity or
elasticity as are imagined.”** In challenging Boyle to show the power
of the spring, Linus was challenging him to demonstrate the power
of the mechanical philosophy.

We need not follow Linus’s particular experimental reconstruc-
tions any further. For present purposes, two points need to be
made. First, Linus did not seek to deny the role and value of
experiment itself, nor to impugn the status of experimentally pro-
duced knowledge. Second, Linus never cast doubt upon the phys-
ical integrity of the air-pump. Both of these considerations are
central to understanding the nature of Boyle’s response. So far as
experimental procedures were concerned, Linus both praised them
and practised them. Linus celebrated “that very noble man, Robert
Boyle, best deserving in this experimental philosophy, {who] re-
stored the Magdeburg machine . . . to a better form; as is seen in
his recently published book New Experiments, where indeed he dis-

o Ibid., pp. 124-126; partially translated in Boyle, “Defence against Linus,” p.
126.
» Linus, Tractatus, pp. 11-12.
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plays many very beautiful experiments, exhibited and examined in
the presence of very learned men.”** In his Tractatus Linus faithfully
reproduced the engraving of the air-pump included in Boyle’s text
and illustrated his own experimental protocols.'s He even echoed
Boyle’s stipulations about the relationship between experimental
findings and their physical interpretations: “Since we labour in the
present work to supply more suitable reasons than we have yet
offered for the experiments, the prudent reader will judge of what
might be preferable.”4

Linus’s zeal for experiment went so far as the replication of that
most laborious of pneumatic experiments, Pascal’s Puy-de-Déme
trial, in which the Torricellian apparatus was carried up a moun-
tain. But his findings differed radically from those that Pascal re-
ported and Boyle assimilated to his theory of the spring of the air:

.. . I acknowledge that I do not agree with that experiment of
which [vacuists] make so much, in proving that mercury is kept
up to its level by the external air, suspecting some error to
have happened in the operation: since, having made a similar
experiment on another mountain, not indeed so high (not that
there was any need for such a height, since we see that almost
all the noticeable fall happens in the lower part of the mountain
...) ...; I say, having performed the experiment in this man-
ner, I certainly found no difference between the height of the
mercury at the foot and at the top of the mountain.'s

In any case, if the mercury were observed to fall as one carried the
apparatus up a mountain, this might not be due to the spring but
to temperature change.*¢ Our second point concerns Linus’s views
of the air-pump. In the Tractatus Linus described in detail how this
machine worked.” We have shown how his funicular hypothesis
constituted an alternative explanation to the spring of the air, for
example in accounting for the force felt upon the retraction of the
sucker. Linus, therefore, rejected the explanatory adequacy of
Boyle’s spring. However, unlike Hobbes, he never identified prob-
lems with the integrity of the pump as problems for the explana-

* Ibid., p. 95. Quite possibly Boyle resented the suggestion that all he had done
was to renovate and improve Guericke’s device.

's Ibid., fig. 27; a detailed account is on pp. g6-98.

4 Ibid., “Ad Lectorem,” sig As'.

's Ibid., pp. 66-68.

' Ibid., pp. 68-69, 117-119.

7 Ibid., pp. g6-103.
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tions Boyle proffered; he did not say that the pump leaked. Indeed,
in the case of cohering marbles, Linus dismissed Boyle’s own ex-
planation which pointed to residual air and leakage as a way of
saving the mechanical explanation.

Boyle’s reply to Linus came swiftly in an appendix to the second
edition of his New Experiments, which was published in 1662.'% A
quite separate appendix dealt with Hobbes; the introduction to
Boyle's defence against Linus made reference to his two adversaries
and how he proposed to deal with them, but, in the main, the
replies were distinct, manifesting Boyle’s recognition that he had
to defend different aspects of his programme. Interestingly, one
of the very few remarks in which Boyle conjoined the criticisms of
his two adversaries defended the status of the experimentally pro-
duced matter of fact. Neither Linus nor Hobbes, he said, had “seen
cause to deny any thing that I deliver as experiment. . .. So that
usually, without objecting any incongruity to my particular expli-
cations, they are fain, to fall upon the hypotheses themselves.”9
(However, as we have already seen in the case of Hobbes’s Dialogus,
Boyle’s stipulation is at best doubtful: Hobbes did deny Boyle’s
matters of fact, notably in the case of stating what was contained
in the “exhausted” receiver of the air-pump.)

Boyle’s Defence against Linus took the opportunity both to ex-
onerate his experimental work from criticisms and to reiterate and
exemplify the proper way of proceeding in natural philosophy. It
contained four main elements: (1) a restatement of the rules of the
experimental game, including the correct manner of conducting
disputes; (2) a restatement of the boundary conditions of experi-
mental philosophy, including the demarcations between natural
knowledge and theology and between matters of fact and hy-

'* Another reply to Linus was by the Rutland natural philosopher Gilbert Clerke
in his Tractatus de restitutione corporum, in quo experimenta Torricelliana & Boyliana
explicantur & rarefactio Cartesiana defenditur . . . (1662; dated 20 November 1661).
Clerke had earlier written a straightforwardly Cartesian tract against Bacon’s at-
omism, Hobbes’s version of plenism, and Seth Ward’s vacuism: De plenitudine mundi
(1660). In the later text Clerke attacked both Linus and Hobbes’s Dialogus physicus
from a perspective now heavily informed by Boyle’s New Experiments. The air-pump
trials were interpreted as exemplifying the action of a subtle aether that filled all
space and penetrated glass. Linus and Clerke both maintained that the air had a
spring; Linus added a contractive spring to Boyle's spring whose power, Linus said,
was limited; Clerke gave an orthodox Cartesian (spongy) account of the spring.
Hobbes was therefore unique in denying the spring as a matter of fact. For Clerke’s
Cartesianism, see Pacchi, Cartesio in Inghilterra, p. 88.

19 Boyle, “Defence against Linus,” p. 122.
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potheses; (3) a defence of his mechanical interpretations against
Linus’s funicular hypothesis; and (4) a particular defence of the
power of the spring of the air to account for the products of the
air-pump and related pneumatic phenomena.

Boyle took pains to make clear that he generally approved of
Linus’s manner of constructing and delivering his criticisms. Boyle
took Linus seriously as a critic “because he seems to have more
diligently than some others [almost certainly Hobbes] inquired into
our doctrine.”* Boyle judged Linus to be a competent member of
the experimental community. Further, Boyle applauded Linus as
an active experimenter, even when, as in the case of Linus’s rep-
lication of Pascal’s Puy-de-Déme trial, the results were said to con-
tradict the accepted finding:

But though, instead of disapproving, I am willing to commend
his curiosity, to make the experiment himself, and especially
since it was both new and important; and though also I like
his modesty, in rather suspecting some mistake in the manner
of the observation [i.e. Pascal’s] than that the experimenters
did not sincerely deliver it.?!

Nevertheless, Linus’s experimental observations had to be rejected,
and Boyle provided Linus with a repertoire of excuses for his
experimental failure. As Boyle said, “There must be an error some-
where” and “I must rather charge it upon the examiner’s obser-
vation (I say, his observation, not his want of sincerity) than upon
Monsieur Paschal’s.” Pascal’s observation, according to Boyle, was
better witnessed than Linus’s: Gassendi attested to Pascal’s relia-
bility, and the same source “relates, that the like observation was
five times repeated . . . which circumstances sufficiently argue the
diligence wherewith the experiment was tried in Auvergne.” In Eng-
land, Pascal’s report was checked by Ball, Power, and Towneley,
and Boyle himself undertook a replication by carrying the appa-
ratus up Westminster Abbey. True, there was variation in the level
to which the mercury was reported to descend in these trials, but
Boyle offered a subsidiary hypothesis that might account for this
without necessitating the abandonment of the spring. This varia-
tion, he told Linus, was due to the “differing consistence and other
accidents of the neighbouring air, in the particular places and times
of the experiments being made.” So far as Linus’s suggestion re-

o Ibid., p. 120.
= Ibid., p. 152.
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garding the role of temperature was concerned, Boyle was less
disposed to grant this, even though differences in temperature were
not taken into account in any of the trials that Boyle validated.**
Thus, while commending his adversary’s experimental practice and
the manner of his reporting it, Boyle saw no reason to accept Linus’s
findings: the balance of credibility was against Linus; the reasons
Linus gave to invalidate Pascal’s results were implausible; and a
number of secondary assumptions could be pointed to in order to
gloss away reported variations, including Linus’s. (Parenthetically,
a modern commentator on Pascal’s Puy-de-Déme experiment is
deeply suspicious of “the high degree of accuracy” reported in
successive trials and suggests that an element of what is now called
“data massage” was involved.)s

In this way, Boyle acquitted Linus of the charges of incompetence
to participate in experimental disputation and of insincerity in de-
livering his contradictory findings: “. . . I suspect not, that he does
wilfully mistake my sense.”*¢ But perhaps Linus had not been quite
diligent enough as an experimentalist. Perhaps he had come to
erroneous conclusions through the failure to perform a sufficient
number of experiments. In the case of Linus’s objections to Boyle’s
interpretation of cohered marbles, Boyle suggested that “possibly
he would have spoken less resolutely, if he had made all the trials
about the adhesion of marbles, that we relate ourselves to have
made.” And he forcibly reminded Linus that a leaking receiver
could plausibly account for the peculiarities of both the void-in-
the-void experiment and the experiment on cohesion.*s Within the

# Ibid., pp. 152-154. Linus was reviving many of the Jesuit attacks on Pascal in
the 1640s, notably that of Etienne Noél, S.J. For these attacks, see Fanton d’Andon,
L'horreur du vide, pp. 47-57 (on Noél's Plein du vide of 1648).

s Conant, “Boyle’s Experiments in Pneumatics,” pp. 8-9: “To be able to repeat
the Torricellian experiment [carried up a mountain] so that there was less than a
twelfth of an inch . . . difference in successive readings, as Perier [Pascal’s brother-
in-law] claimed, is remarkable. The accidental intrusion of a slight amount of air
is very difficult to avoid. . . . It may be that Perier, persuaded of the reality of the
large differences in height of the mercury column at the top and bottom of the
mountain, succumbed to the temptation of making his argument convincing by
recording exact reproducibility of his results on repeated trials.” See also Reilly,
Francis Line, pp. 68-69.

*+ Boyle, “Defence against Linus,” p. 171.

=5 Ibid., pp. 173-174. Boyle made use of the fact that the level of mercury in the
void-in-the-void experiment did not quite fall to that in the basin. This was because
“there remained air enough [in the exhausted receiver] to keep up in the tube a
cylinder of about one inch long of quicksilver.” And in the case of the continued
cohesion of the marbles Boyle reminded Linus that the reason might plausibly be
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limitations presented by his understanding and his experimental
diligence, Boyle reckoned that Linus had mobilized his brief as well
as he could have done. Quoting St. Augustine, Boyle judged that
“‘In a bad cause they can do no other; but who compelled them
to undertake a bad cause.’ ” Linus had reasoned well enough, but
he had reasoned upon bad foundations; he had “failed rather in
the choice than in the management of the controversy.”?¢ Appro-
priate manners could be maintained.

In his Defence Boyle would therefore demonstrate not merely
that Linus was wrong, but also how experimental controversies
ought to be conducted. He set out by reminding his readers “how
indisposed I naturally am to contentiousness” and how unhappy
he was to be “publickly engaged in two controversies at once.”*?
He was inclined, he said, not to make any reply. But he felt obliged
to put aside his naturally irenic and retiring posture. Boyle’s de-
clared unwillingness to publish in controversy was a matter of fre-
quent comment in the 1660s. But now Boyle felt that his adversaries
had attacked not just “one or two of my conjectures” but the greatest
number of them, including the central hypothesis of the air’s
spring. Second, a reply would give him the opportunity to restate
and further illustrate, through experiment, the power of the spring
of the air. Third, Boyle worried that, if he did not reply, his silence
would be taken to mean that the criticisms were valid. Fourth, Boyle
was not in the position of defending his own honour and reputa-
tion, which he declared himself reluctant to do. Instead, he found
himself defending the collective position of the experimentalists of
the Royal Society, for their collective benefit.?® In so doing, Boyle
would avoid casting aspersions on the character of individual ad-

“some small leak in the receiver.” Linus ignored these considerations, already iden-
tified by Boyle in New Experiments, because the porosity and leakage of the air-pump
was no part of his critical strategy. Boyle’s reference to further experiments on
cohesion was to early experiments performed in atmospheric conditions and re-
ported in The History of Fluidity and Firmness, published in 1661 as one of the Certain
Physiological Essays. These and other issues involving cohesion are discussed later in
this chapter.

*¢ Boyle, “Defence against Linus,” pp. 177-178.

7 Ibid., p. 119.

** Ibid., pp. 119-120, 124. For Boyle’s notorious unwillingness to publish, see
Southwell to Oldenburg, 20 February/1 March 1660, in Oldenburg, Correspondence,
vol. 1, p. 355 (“He is a person of ... soe much caution withall”), and Katherine
Boyle to Robert Boyle, 29 July/8 August 1665, in Boyle, Works, vol. vi, p. 525 (“cut
them off from being published”). For Boyle as protagonist of the Royal Society, see
Boyle, “Examen of Hobbes,” pp. 187-191 (to be discussed below).
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versaries; he would show his “custom of exercising civility, even
where I most dissent in point of judgement.” This controversy was
not about persons, but about the interpretation of facts: “I hope
there is not in my answers any thing of asperity to be met with;
for I have no quarrel to the person of the author, or his just rep-
utation.” Moreover, Boyle insisted that he had no greater attach-
ment to his doctrine or findings than was warranted by the evi-
dence; he would give them up if proved to be wrong, and so should
every experimentalist.*® Thus, the management of the controversy
with Linus was to constitute a concrete exemplar of proper dis-
course in the moral community of experimental philosophers.

A second aspect of Boyle’s Defence consisted in his underlining
of crucial cultural boundaries within and surrounding proper nat-
ural philosophy. As we have seen, Boyle claimed that neither
Hobbes nor Linus disputed with him about matters of fact. Boyle
made this point in order to preserve that which he regarded as
foundational—experimentally generated matters of fact—and to
bracket off that which he wished to treat as “superstructed” upon
matters of fact—hypotheses. Thus Boyle judged that Linus “takes
no exceptions at the experiments themselves, as we have recorded
them (which, from an adversary, who in some places speaks of
them as an eye-witness, is no contemptible testimony, that the mat-
ters of fact have been rightly delivered).” Indeed, Boyle noted that
just because Linus attributed some motion of restitution to the air,
he could make out “many more” of the phenomena of the pump
than “most other Plenists that deny the spring of the air can deduce
from their hypothesis if granted.” Further, Boyle also treated those
experiments to which Linus did not take exception as implicitly
agreed between them.3° The dispute could then be made visible as
one over interpretations and not one over facts or over proper
practices for producing knowledge. This was the ground upon
which disputes could legitimately be conducted, and within which
controversies could be contained and decently managed. Boyle re-
minded Linus that “it was not my chief design [in New Experiments]
to establish theories and principles, but to devise experiments, and
to enrich the history of nature with observations faithfully made
and delivered.”s!

* Boyle, “Defence against Linus,” pp. 124, 177. In point of fact, Boyle gave up
or modified none of his opinions in the course of his controversies with either Linus
or Hobbes.

s Ibid., pp. 163, 177.

s Ibid., p. 121.
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Yet Linus’s appeal to the “funiculus” threatened the demarca-
tions between natural philosophy and religion that Boyle regarded
as crucial, and upon which the real utility of experimental natural
philosophy to religion depended. According to Boyle, Linus had
produced a text in which final causes were covertly adopted in an
apparently natural philosophical account. Plenism and the horror
vacut lurked behind Linus’s arguments, and behind these doctrines
the erosion of the most important distinction: that between brute
nature and divinity. Boyle used the image of God’s action both in
his response to Linus and in his response to Hobbes. He picked
out his critics’ illegitimate use of arguments a priori and then as-
sociated this illegitimacy with an equally unacceptable infringement
of the proper boundaries of natural philosophy. He told Linus that
“none is more willing [than myself] to acknowledge and venerate
Divine Omnipotence,” but that “our controversy is not what God
can do, but about what can be done by natural agents, not elevated
above the sphere of nature. For though God can both create and
annihilate, yet nature can do neither: and in the judgment of true
philosophers, I suppose our hypothesis would need no other ad-
vantage, to make it be preferred before our adversaries, than that
in ours things are explicated by the ordinary course of nature,
whereas in the other recourse must be had to miracles.”#* Similarly,
he told Hobbes that “when Mr. Hobbes has recourse to what God
can do (whose omnipotence we have both great reason to acknowl-
edge) it imports not to the controversy about fluidity to determine
what the almighty Creator can do, but what he actually has done.”s3
Boyle’s mechanism was a way of stipulating what belonged to nature
and what belonged to God: Linus’s account, however, endangered
that distinction at all levels, and therefore threatened both proper
natural philosophy and proper theology.

There was one subject in particular that involved both sorts of
boundaries that Boyle wished to maintain: those between “physi-
ology” and “metaphysics,” and those between the power of God

2 [bid., p. 149. For Boyle's position on the “ordinary course of nature,” see
McGuire, “Boyle’s Conception of Nature.”

33 Boyle, “Examen of Hobbes,” p. 236. Both Hobbes and Linus raised the question
of what powers could in principle be attributed to natural action in the cohesion
trials. Linus (Tractatus, pp. 123-126), as we have seen, stated that the funiculus
connecting the marbles could not be “pulled apart by all the power of man,” and
Hobbes (“Dialogus physicus,” p. 245) asked “why I should think it more difficult
for almighty God to create a fluid body less than any given atom whose parts might
actually flow, than to create the ocean.”
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and the power of nature. This was the subject of the void. Boyle
reiterated that he had not and would not “declare myself for or
against a vacuum.”34 He said he could not understand why Linus,
like Hobbes, had attacked him as a vacuist when he had explicitly
declared his nescience on the matter and had identified the question
as metaphysical in character. Nevertheless, Linus’s plenism had to
be combatted because the explanatory resources he used to reject
a vacuum were anti-mechanical. Linus’s funicular hypothesis, ac-
cording to Boyle, masked the actual strategy the Jesuit employed
to deny a vacuum. Linus made the funiculus “the immediate cause
of the phenomena,” yet “if you pursue the inquiry a little higher,
he resolves them into nature’s abhorrency of a vacuum.”ss Even
the alleged contractive behaviour of the funiculus manifested Lin-
us’s fundamental anti-mechanism and his vitalistic conception of
nature. The funiculus was said to restore itself to its naturally re-
laxed state; it was self-moving. But, as Boyle drily remarked, “I am
not very forward to allow acting for ends to bodies inanimate.”36
Finally, Boyle defended the spring of the air from the limitations
Linus would place upon its power. Boyle recognized that Linus did
not deny that the air possessed some elasticity: the challenge was
to demonstrate that the spring was powerful, that it was a sufficient
explanation of pneumatic phenomena.3” Boyle seized this oppor-
tunity to display the explanatory power of his central mechanical
concept by showing the power of its action. Further experiments
were undertaken for this purpose. Linus “denies not, that the air
has some weight and spring, but affirms, that it is very insufficient
to perform such great matters as the counterpoising of a mercurial
cylinder of 29 inches. . . . [W]e shall now endeavour to manifest by
experiments purposely made, that the spring of the air is capable
of doing far more than it is necessary for us to ascribe to it, to solve
the phaenomena of the Torricellian experiment.”s® This was the
precise context in which “Boyle’s Law” was elaborated. The work
Boyle undertook in reply to Linus was not done with the air-pump,
but with a specially constructed J-shaped tube in which pressures
higher than atmospheric could be attained. Using this apparatus,
Boyle showed that if he compressed air twice as strongly as usual
he could produce twice as strong a spring. He concluded that the

4 Boyle, “Defence against Linus,” p. 135; see also p. 137.
ss Ibid., p. 135.

* Ibid., p. 143.

7 Ibid., pp. 124, 134, 156.

8 Ibid., p. 156.
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process could go on indefinitely, so that there were no limits to the
power of the air’s spring. The mathematical regularities displayed
in the resultant tables relating spring to compression were labelled
as a specific refutation of Linus’s attempted restriction of the
spring: “. .. here our adversary may plainly see, that the spring of
the air, which he makes so light of, may not only be able to resist
the weight of 29 inches, but in some cases of above a hundred
inches of quicksilver, and that without the assistance of his Funic-
ulus.”3¢ There was no need of the funiculus to explain all the phe-
nomena: “[The] two main things, that induced the learned ex-
aminer to reject our hypothesis, are, that nature abhors a vacuum,;
and that though the air have some small weight and spring, yet,
these are insufficient to make out the known phaenomena.” Lin-
us’s funicular hypothesis was therefore rejected on two grounds;
it was “unintelligible” (as were all Scholastic explanatory resources)
and it was unnecessary (since the spring and weight of the air were
all-powerful).

HOBBES AS ADVERSARY

Boyle’s conception of Linus as adversary was shaped by a concern
to defend the physical and explanatory power of the air’s spring.
There was only one thing that Boyle guarded more vigilantly than
the doctrine of the spring of the air, and that was the form of life
which generated such an item of knowledge: the experimental
programme. Hobbes threatened the experimental form of life for
natural philosophers. Boyle’s response to Hobbes was fundamen-
tally a defence of the integrity and value of experimental practices.
Thus it was different in tone and in substance to Boyle’s reply to
the Jesuit experimentalist. With Linus, Boyle shared a commitment

9 The discrepancies in the tables between observation and hypothesis were as-
cribed to “some such want of exactness as in such nice experiments is scarce avoid-
able.” Ibid., p. 159.

4+ Ibid., p. 162. Experiments to test Linus’s funiculus continued for some time
and engaged Sir Robert Moray and Christiaan Huygens as well as Boyle: see Huy-
gens to Moray, 4/14 July 1662, in Huygens, Qeuvres, vol. 1v, pp. 171-173; Boyle to
Moray, July 1662, ibid., pp. 217-220; and, for a report of an experiment on the
cause of the adhesion of one’s finger on the top of an open tube of mercury, ibid.,
PP- 295-299 and Birch, History, vol. 1, p. 166. For Henry More’s graphic use of the
pull felt on one’s finger to evince some “spirit of nature,” see More, Remarks upon
Two Late Ingenious Discourses (1676), p. 93, commenting on Hale, Difficiles nugae,
p- 118.
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to experiment while radically differing on the question of mech-
anism. With Hobbes, Boyle shared a broadly mechanistic concep-
tion of nature, while radically differing on the means by which
knowledge was to be produced.

Boyle’s Examen of Hobbes’s Dialogus was published in 1662, to-
gether with his Defence against Linus, as an appendix to the second
edition of New Experiments. By this time, Boyle had largely finished
with the Jesuit, but the Examen was only the opening shot in a salvo
of explicit and implicit responses to Hobbes’s Dialogus which con-
tinued for over a decade. We can categorize Boyle’s reply to Hobbes
under four main headings: (1) a technical response, involving mod-
ifications to the design and operation of the air-pump; (2) a reit-
eration of the rules of the experimental game, and a stipulation
that, within these rules, Hobbes had failed as a natural philosopher;
(3) an experimental programme devoted to clearing up the troubles
which Hobbes had pointed to in his comments on New Experiments;
and (4) an ideological response, identifying theological grounds for
rejecting Hobbes’s natural philosophy.

Hobbes had said that the air-pump leaked, that it did so mas-
sively, and that, therefore, Boyle’s experimentally produced mat-
ters of fact did not have the status Boyle claimed for them. In order
to defend the integrity of his matters of fact Boyle was obliged to
defend the physical integrity of the air-pump. Boyle recognized
that the air-pump did leak, although in New Experiments he denied
that this leakage seriously undermined the evidential status of his
findings. Within the experimental programme in pneumatics there
were good reasons to seek to improve the efficiency of the machine.
Confronted with Hobbes’s attack, Boyle now had two reasons to
do so; leakage was a recognized source of trouble within the ex-
perimental programme; through Hobbes, leakage became a pub-
licly visible trouble that might destroy the experimental programme
itself.

At the same time that he was composing his reply to Hobbes’s
Dialogus late in 1661, Boyle was energetically redesigning his pneu-
matic engine. (We present a detailed account of this redesign work
in the 1660s in the next chapter. The abbreviated account here
glosses over some technical details and discrepancies in Boyle’s
story, and we also defer to chapter 6 the consideration of relations
between English and Continental air-pump technologies during the
period.) Figure 7 shows the modified air-pump that Boyle certainly
constructed by 1667, and quite probably as early as January 1662.4

+ Described in Boyle, “Continuation of New Experiments,” pp. 176-182; see also



BOYLE'S ADVERSARIES - 171

The major changes Boyle made to the original design of 1659 were
threefold: (1) the pumping apparatus was immersed in a tank of
water; (2) the receiver was now indirectly connected to the pump
proper, being placed on a flat wooden and iron board; (3) various
improvements were made in the cement and seals used to secure
the device against the intrusion of external air. All of these mod-
ifications were intended to enhance the physical integrity of the
machine—its ability to remove and keep out atmospheric air.
Referring to the design as it appeared in Boyle’s Continuation of
New Experiments, here are some details of these changes in the air-
pump; (1) the brass barrel of the pump itself (figure 7, NO) was
placed with its mouth upwards in a wooden trough which was filled
with water. Unlike the original design, this new barrel had no valve
in it. Instead there was an aperture (PQ) in the sucker that could
be opened and closed by means of a long stick (R). Boyle said that
the advantage of this arrangment was that “the sucker, lying and
plying always under water, is kept still turgid and plump, and the
water being ready at hand to fill up any little interval or chink that
may happen to be between the sucker and the inside of the barrel,
together with the newly mentioned plumpness of the sucker, very
much conduce to the exact keeping out of the air.”+* Thus this
aspect of the new design was intended to seal off the major avenue
for the entry of the air that Hobbes had identified. (2) The indirect
connection between pump and receiver appears to have been made
for three reasons. First, this is by far the most convenient arrange-
ment, given the immersion of the pump upside-down and, espe-
cially, given the consequent protrusion of the rack and pinion de-
vice. Second, it allowed for an easier and more effective seal around
the receiver. There was no need for a stopcock attached to the
receiver; stopcocks had in the past proved leaky and the new com-
bination of self-sealing by pressure and cement constituted an im-
provement to the integrity of this part of the machine. Third, this
arrangement allowed for the easy interchange of receivers; one
could simply use whatever size of glass receiver one wished and
was appropriate for the experiment at hand. The experimental
apparatus could be placed on the board and the receiver arranged
over it. Further, there was no need for an aperture in the top of
the receiver—another potential avenue for leakage. (3) Finally,
Boyle was constantly searching for better cements to seal his ma-

Wilson, “Early History of the Air-Pump,” pp. 336-338. For the dating of this pump,
see Robert Moray to Christiaan Huygens, 24 January/g February 1662, in Huygens,
Oeuvres, vol. 1v, pp. 27-28.

4+ Boyle, “Continuation of New Experiments,” p. 181.
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FIGURE 7
Boyle's revision of the air-pump, as it appeared in Continuation of New Ex-
periments (1669). (Courtesy of Edinburgh University Library.)

chine against the intrusion of air. The new design, to an extent,
alleviated the problem of poor cements by reducing the number
of apertures that might leak. Yet, as Boyle said, finding a “good
cement to fasten the receivers to the . . . plate, is a thing of no small
moment,” and he employed different mixtures for different ex-
perimental purposes. A new cement was extensively used in the
experimental series published in Continuation: “A well wrought mix-
ture of yellow bees-wax and turpentine, which composition, as it
serves better than most others to keep out the air, so it has the
conveniency, which is no small one, of seldom needing to be heated,
and seldomer to be much so; especially if we imploy a little more
turpentine in winter than in summer.”3

4 Ibid., p. 182.
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Although details of Boyle’s air-pump were not published until
1669, as early as 1662, in his Examen of Hobbes, Boyle was using its
new features as a resource to counter his adversary’s criticism that
the machine massively leaked: “Though the pump be all the while
kept under water, yet the exhaustion of the cylinder and receiver
will be made as well as in the open air. I demand then of Mr. Hobbes,
how the pure air gets in by the sides of the sucker that is immersed
in water?” Boyle imaginatively rehearsed his adversary’s possible
riposte: “I presume ... he will here say ... that the air passes
through the body of water to fill up that deserted space, that must
otherwise be void.”#4 Boyle rightly sensed that the issue of the
integrity of his engine was quite directly connected to the integrity
of the experimental form of life as a way of generating assent. He
rejected Hobbes’s potential reply on grounds of inherent implau-
sibility: “. . . I appeal to any rational man, whether I am obliged to
believe so unlikely a thing upon Mr. Hobbes’s bare affirmation. If
I be, I must almost despair to prove things by experiments.”+> And
in a later text, first published in 1674, Boyle offered his interpre-
tation of Hobbes’s animus: Boyle said his adversary desired “to be
revenged on an engine that has destroyed several of his opinions.”¢

THE “WAY OF DISCOURSING”

As in his Defence against Linus, Boyle justified himself for entering
into public dispute. However, in the case of the response to Hobbes,
these justifications involved far more than the defence of the spring
of the air. They also concerned the “way of discoursing about nat-
ural things,” and the protection of experiment itself.47 Aspects of
Boyle’s reply are already familiar from our account of the response
to Linus. Boyle attempted to get his adversary onto the ground of
the experimental philosophy, its practices, and crucial boundaries:
“Mr. Hobbes does not, that I remember, deny the truth of any of

4 Boyle, “Examen of Hobbes,” p. 208; cf. p. 193. Of course, the redesigned pump,
with its sucker immersed in water, did not exist when Hobbes wrote his Dialogus
physicus. In later tracts against Boyle—the Problemata physica and Decameron physio-
logicum—Hobbes did not refer to any device but the original 1659 design.

45 Boyle, “Examen of Hobbes,” p. 208. Compare idem, “Some Considerations
about Reason and Religion,” pp. 166-167 (1675): “As for the new Somatici, such as
Mr. Hobbes . . . , hitherto I see not, that he hath made any new discovery either of
new truths, or old errors.”

46 Boyle, “Animadversions on Hobbes,” p. 114 (originally published in 1674 as
part of Hidden Qualities of the Air).

47 Ibid., p. 106.
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the matters of fact I have delivered.” Boyle asked readers to con-
sider “what new experiment or matter of fact Mr. Hobbes has . . .
added to enrich the history of nature, what new truths he has
discovered, or what errors . .. he has well confuted.” Boyle iden-
tified Hobbes’s criticisms as denials of interpretations, not of facts.
Hobbes had rejected the weight and spring of the air—"our two
grand hypotheses themselves.”+#® By assimilating their disagree-
ments to conflicts over interpretation, Boyle here suggested that
he and Hobbes were playing the same game and that Hobbes played
it badly.

But the main reason, in Boyle’s view, that Hobbes had not pro-
duced any new “matters of fact” was that this adversary system-
atically denigrated the performance of experiments. Hobbes ap-
peared as the great scourge of all experimentalists: “... my
adversary, not content to fall upon the explications of my experi-
ments, has (by an attempt, for aught I know, unexampled) endeav-
oured to disparage unobvious experiments themselves, and to dis-
courage others from making them.” This was highly dangerous,
for, if Hobbes’s anti-experimentalism were credited, “I dare be bold
to say, he would far more prejudice philosophy by this one tract,
than he . . . can promote it by all his other writings.”+9 The “thing”
Hobbes “seemed to aim at,” was, Boyle said, “prejudicial to true
and useful philosophy.”s° Hobbes’s writings were no less dangerous
for the fact that he had not troubled to perform experiments him-
self, for this kind of attack might demonstrate how easy it was to
erode the foundations of proper philosophy; laboratory labour
might be undone by armchair criticisms. Boyle expressed his hope
that in a properly governed philosophical community the authority
of a critic would be gauged by his known facility in making ex-
periments. To criticize experiments one should be an experi-
mentalist.5!

Boyle recognized that Hobbes had specially criticized the worth
of “unobvious experiments,” those that were, as Hobbes had said,
“forced by fire.” “Unobvious” or “elaborate” experiments produced
artificial phenomena through the mediation of purposely designed

+8 Boyle, “Examen of Hobbes,” pp. 197, 233. Compare Boyle, “Some Consider-
ations about Reason and Religion,” p. 167: “. .. I am not much tempted to forsake
any thing, that I looked upon as a truth before, even in natural philosophy itself,
upon the score of what he (though never so confidently) delivers.”

49 Boyle, “Examen of Hobbes,” p. 186.

s Boyle, “Animadversions on Hobbes,” p. 105.

' Boyle, “Examen of Hobbes,” p. 186.



BOYLE'S ADVERSARIES + 175

apparatus and with the application of collective human labour.
These were contrasted with “obvious experiments,” the simple ob-
servation of naturally produced or common phenomena.s* Al-
though Boyle had no interest in denigrating such “obvious exper-
iments,” the labour and the discipline of “elaborate experiments”
were among their chief recommendations. Hobbes, however, had
exclusively relied on “obvious experiments,” and Boyle was now
concerned to display their severe limitations. Boyle suggested that
if the philosopher were genuinely in pursuit of causal knowledge
(as Hobbes purported to be), then “obvious experiments” were ill-
suited to that enterprise:

... obvious experiments are by no means to be despised, yet
itis not safe in all cases to content one’s self with such; especially
when there is reason to suspect, that the phaenomenon they
exhibit may proceed from more causes than one, and to expect,
that a more artificial trial may determine, which of them is
true.ss

In this way Boyle commended the experimental programme as a
valuable resource in causal inquiry, while elsewhere he radically
segregated the experimental production of matters of fact from
the causal enterprise.

The infant experimental programme was potentially at risk from
Hobbes’s attack for reasons that, in Boyle’s view, had little to do
with the substantive merit of those criticisms. This danger stemmed
from Hobbes’s reputation and following, from his standing as a
leading exponent of the mechanical philosophy (varieties of which
might not be readily distinguished by neophytes), and from the
manner of proceeding in philosophical discourse that Hobbes rec-
ommended and exemplified. Despite his professed “natural indis-
posedness to contention,” Boyle claimed that he was obligated to
respond, principally because Hobbes’s “fame and confident way of

s* Ibid., p. 241: “. . . Mr. Hobbes appears offended at me and others for troubling
ourselves to make unobvious experiments.” Boyle here quoted Hobbes's Mathema-
ticae hodiernae, but omitted the latter’s distinction between natural history (which is
“enriched” by such experiments) and natural philosophy (which is not). Cf. Boyle,
“Animadversions on Hobbes,” p. 105, and “Some Considerations about Reason and
Religion,” p. 190: “Those men, that have an instrument of knowledge, which other
men either have not, or, (which is as bad) refuse to employ, have a very great
advantage.”

33 Boyle, “Examen of Hobbes,” p. 193. In exemplification, Boyle reckoned that
he had provided superior alternative accounts of the “unobvious experiments” that
Hobbes had adduced; cf. pp. 191-192.
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writing might prejudice experimental philosophy in the minds of
those who are yet strangers to it.” Compared to Hobbes, Boyle
referred to himself as but “a young writer” (he was almost forty
years younger) with nothing like his elder’s weight in the natural
philosophical community.>4+ Unless Hobbes were publicly refuted,
readers might “mistake confidence for evidence.”ss The necessity
of a reply to Hobbes was greater than that of a reply to Boyle’s
Jesuit adversary, since the former had conducted philosophical
controversy in a way that would disrupt the concord and harmony
the experimentalists aimed to secure.

The appearance of Dialogus physicus therefore gave Boyle a val-
uable opportunity “to give an example of disputing in print against
a provoking though unprovoked adversary, without bitterness and
incivility.” Incivility would be met with decorum; passion would be
countered by sense; personal abuse would be turned aside by sub-
stantive argument; proud dogmatism would be laid low by modest
experiment. Thus Boyle would not only defeat Hobbes’s particular
criticisms of his experiments but at the same time give a concrete
demonstration of how disputes ought to be managed and brought
to a conclusion. In Boyle’s view, Hobbes wrote as a Restoration wit.
He had, according to Boyle, attacked persons as a way of attacking
their ideas. In the Examen Boyle would, however, eschew “quick
and smart expressions, which are wont to be employed in disputes,
to expose or depreciate an adversary’s person or cause.” If Hobbes
were inclined to respond to Boyle’s defence, the experimentalist
desired that “his reply be as inoffensive as I have endeavoured
to make my examen.” Remember, Boyle lectured, the Law of
Vespasian.5®

In protecting the proper procedures of experimental philosophy
against the beast of deductivism, Boyle was not entirely above wit
and innuendo. He acidly censured Hobbes for his handling of
Descartes’ philosophy, which, he suggested, “is thought to be in
some particulars not so unlike his own.” Indeed, in 1675 Boyle
published the view that the “grand position of Mr. Hobbes” on the
motion of bodies had been “cautiously proposed, . . . by Des Cartes”
and, furthermore, was now “crudely proposed by the favourers of
Mr. Hobbes.” In 1662 Boyle commented wrily that such treatment
of Cartesian doctrines would cast a poor reflection “upon the Eng-

34 Ibid., p. 186, 1g0.

5 Boyle, “Examen of Hobbes’s Doctrine about Cold,” p. 687 (originally published
in 1665 as part of New Experiments and Observations touching Cold).

3% Boyle, “Examen of Hobbes,” pp. 188-189.
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lish civility in the opinion of strangers.” Boyle argued that Hobbes
had fixed upon the wrong target. He had attacked the Royal Society
instead of the views of Boyle as an individual. Despite Boyle’s efforts
to build up an experimental collective, despite his stress upon the
public and consensual nature of experimental knowledge, Boyle
instructed Hobbes to remember the difference between the indi-
vidual author of a text and the community. Dispute should remain
within that community, which itself must never be challenged as a
whole. Boyle told Hobbes that, so far from adopting his experi-
ments as unquestioned truth, the Society had correctly proposed
that they be repeated and that it was for this reason he gave the
air-pump to the Society. Why, then, attack the “Greshamites”?
Moreover, why attack a society “whereof [Hobbes’s] own great pa-
tron, and my highly honoured and learned friend, the Earl of
Devonshire himself, is an illustrious member”?57

If Boyle had expected that Hobbes would be silenced or con-
verted by the Examen, he was mistaken. In 1668 the Amsterdam
edition of Hobbes’s collected philosophical works appeared, con-
taining the unaltered text of the 1662 version of Problemata physica
and a slightly revised version of the Dialogus physicus. This elicited
a response from Boyle, the 1674 Animadversions upon Mr. Hobbes’s
Problemata de Vacuo.5® Thus, given Boyle’s attacks on Hobbes in
texts such as Considerations about the Reconcileableness of Reason and
Religion (1675) and Hobbes’s own publication of Decameron physio-
logicum in 1678, the exchanges between the two continued almost
to Hobbes’s death. Again, Boyle proffered justifications for engag-
ing in public controversy. First, he judged that the criticisms con-
tained in Problemata physica were “but some variations of, or an
appendix to” the Dialogus physicus. Since he had replied to that text
some twelve years earlier, and since Hobbes had apparently not
been satisfied with that reply, a further effort was indicated. Sec-
ond, Boyle noted Hobbes’s gall in dedicating this further attack to
the King: all such attempts to sway the royal patron against the

57 Boyle, “Some Considerations about Reason and Religion,” p. 168; “Examen of
Hobbes,” pp. 197, 190-191. Both the Earl of Devonshire and his son were at this
time Fellows of the Royal Society. Devonshire was often absent from meetings, but
was evidently a regular subscriber; see Hunter, The Royal Society and Its Fellows, pp.
164-165.

58 This account of the occasion for Boyle's Animadversions is an informed guess,
based on circumstantial evidence and Boyle’s own statements. It is possible that
there was a long delay in Boyle’s reading of the original 1662 text, or between the
composition and publication of Boyle’s essay. See Boyle, “Animadversions on
Hobbes,” p. 104.
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experimental programme needed to be resisted. Finally, Hobbes
continued to raise the issue of the overall validity of experiment,
and Boyle’s response, fourteen years after the founding of the
Royal Society, showed that experimentalism still could not be taken
for granted. Boyle said that Hobbes

has been pleased to speak very slightingly of experimentarian
philosophers (as he stiles them) in general, and, which is worse,
to disparage the making of elaborate experiments; [therefore]
I judged the thing, he seemed to aim at, so prejudicial to true
and useful philosophy, that I thought it might do some service
to the less knowing, and less wary sort of readers, if I tried to
... shew, that it is much more easy to under-value a frequent
recourse to experiments, than truly to explicate the phaenom-
ena of nature without them.

Interestingly, Boyle took particular note of Hobbes’s use of the
dialogue form to couch his criticisms, and seized the opportunity
of ironic imitation: “My adversary having proposed his problems
by way of dialogue between A and B; it will not I presume be
wondered at, that I have given the same form to my animadver-
sions.”s9 As in Hobbes’s dialogues, the interlocutor played the role
of offering absolute assent to the protagonist’s arguments and
evidence.

THE CONSTITUTION OF THE AIR

That the proper “way of discoursing” in natural philosophy was a
moral matter is easily seen. Moral considerations also informed
Boyle’s conceptual and technical defence of the integrity of his
pump. The moral threat posed by Hobbes to the community of
natural philosophers consisted, on the one hand, of his violations
of the rules and conventions of experimental discourse: his “dog-
matic” way threatened to sow seeds of divisiveness in the garden
of experimental harmony. But the particular nature of his criticisms
also sinned against the boundary conditions laid down by experi-
mental philosophers. By violating the boundaries between “phys-
iology” and “metaphysics,” between “matters of fact” and causal
items, Hobbes threatened to destroy the classifications that per-
mitted amicable discourse and that generated uncoerced assent.

s Ibid., p. 105.
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Nowhere are these interconnections between the conceptual, the
technical, and the moral more visible than in Boyle’s treatment of
the constitution of the air, as this related to specific experimental
performances and Hobbes’s criticisms thereof. Hobbes had to be
put right on two heads: first, he had attacked Boyle as a vacuist
when Boyle had declared no position on this “metaphysical” mat-
ter;% second, he had deployed notions of the constitution of the
air which were themselves either “metaphysical” or manifestly er-
roneous.5* In either case, Hobbes’s claims about the make-up of
the air were specifically addressed to that most important issue: the
physical integrity of the air-pump and the legitimacy of its findings.
Boyle’s treatment of these criticisms took both a programmatic and
an experimental form.

Hobbes had argued that Boyle’s machine produced no vacuum.
We have already given an account of the technical response that
Boyle made: he had designed a modified version of the air-pump
that was arguably less likely to leak with respect to atmospheric
air.®» However, Boyle recognized that a decisive defence against
Hobbes would involve him in a more explicit discussion of the
constitution of the air than he had previously provided. There are
two points to be made in this connection: first, that Boyle’s treat-
ment of the air’s constitution in those texts was always addressed
to the specific question of the physical integrity of the air-pump
and the manner in which Hobbes had impugned that integrity;
second, that Boyle offered a variety of versions of Hobbes’s claims
about the constitution of the air. The refutation of each of these
versions allowed Boyle to defend the pump and the legitimacy of
its experimental products in different and in equally important
ways.

Boyle said that Hobbes had been “unclear” in his statements
about the constitution of the air. But Hobbes’s fundamental con-
tention in the Dialogus physicus had been this: the atmosphere con-
sisted of a mixture of terrestrial particles, which possessed a “con-
genital” simple circular motion, and of a pure air (aer purus),
sometimes compared with an “aethereal body.” The former fraction
mechanically performed the functions which Boyle attributed to
spring; the latter fraction filled the space in the receiver at all times.
The subtler and purer fractions of air were still air, and so the

s> Boyle, “Examen of Hobbes,” p. 191; see also p. 207: “. .. I have not here taken
upon me the person of a Vacuist.”

& Boyle, “Animadversions on Hobbes,” p. 112.

6 See, for example, Boyle, “Continuation of New Experiments,” p. 250.
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receiver could never legitimately be said to be empty. This portion
was the one which, Hobbes claimed, intruded on the integrity of
the air-pump.®s Nevertheless, when Boyle defended his pump’s
integrity from Hobbes's aspersions, he was concerned to refute
three positions, all of which he attributed to Hobbes: (1) that the
pump leaked with respect to Hobbesian “pure air”; (2) that it leaked
with respect to “common air”; (3) that it was the alleged aether
which intruded into the machine. All of Boyle’s stipulations and
accompanying defences permitted him to say that the pump worked
as it was claimed to do and that Hobbes’s technical criticisms of its
operation were without foundation.

We have noted above that the modified pump produced by Boyle
in 1662, with its pumping mechanism immersed in water, was re-
garded as an adequate riposte to one of Hobbes’s tactics for im-
pugning its integrity. Boyle asked Hobbes how “pure air” could
get in “by the sides of the sucker that is immersed in water?”64
Boyle was fully aware of the Hobbesian category of “pure air” and
its role in the argument against a vacuum in the air-pump. How-
ever, both in the Examen of Hobbes and in the later Animadversions,
Boyle ascribed to his adversary the position that the pump was
massively violated by the intrusion of “common air.” In Boyle’s view
this was an entirely insupportable claim, and could be easily dealt
with by pointing to a range of experimental findings. In the Examen
Boyle said that if Hobbes were indeed claiming that the air-pump
was always full of “common air,” then this was manifestly untrue:
the “engine is in great part devoid of it.”®5 And again, in the An:-
madversions, Boyle argued that his opponent was striving to “prove
our receiver to be always perfectly full, and therefore as full at any
one time as at any other of common or atmospherical air.” It was,
he said, nonsensical for Hobbes to maintain that “our receiver,
when we say it is almost exhausted, is as full as ever (for he will
have it perfectly full) of common air.”%¢ Although Boyle never
insisted that his receiver was ever absolutely free of atmospheric
air, the overwhelming majority of his experimental performances
were not seriously discommoded by the presence of a small amount
of residual air.6? So far as Boyle was concerned, he had obtained

65 Hobbes, “Dialogus physicus,” pp. 244, 246, 253; and chapter 4, above.

¢4 Boyle, “Examen of Hobbes,” p. 208.

% Ibid., p. 207.

6 Boyle, “Animadversions on Hobbes,” pp. 112-113, 119; cf. p. 127.

67 The notable exception was the experiment on the cohesion of marble discs,
which is discussed in detail in the following section of this chapter.
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an operational vacuum: the almost total absence of atmospheric air.
Whatever air remained in the exhausted receiver had been taken
account of and did not embarrass the proper interpretation of his
pneumatic experiments.

Boyle’s most consequential stipulation about Hobbes’s views on
leakage and the constitution of the air concerned the role of an
aether. Boyle agreed with his adversary that the air might be re-
garded as a heterogeneous mixture. He allowed that one of its
fractions might be an aether, and even that this aether might in-
trude itself (or be always present) in the receiver. But he took
exception to Hobbes’s alleged use of the aether to impugn the
findings of the pump: “Mr. Hobbes seems to think he has sufficiently
confuted me” if he shows

that there is a subtile substance, which he calls aether (but which
I wish he had better explained) in some places, which I take
not to be filled with air; and that the aether has or has not
some accidents, which I deny not, but that the atmosphere or
fluid body, that surrounds the terraqueous globe, may, besides
the grosser and more solid corpuscles wherewith it abounds,
consist of a thinner matter, which for distinction-sake I also
now and then call etherial.

This aether must either be demonstrated by experiment to exist
or it was to be regarded as a metaphysical entity. Plainly, Hobbes’s
introduction of an aether in the context of the air-pump trials was,
for Boyle, based on no such experimental evidence. Boyle pre-
ferred to speak common-sensically of the air—a substance whose
presence or absence in the air-pump could be addressed experi-
mentally. According to Boyle, Hobbes

seems to have misapprehended my notion of the air. For when
I say, that the air has gravity and an elastical power, or that
the air is, in great part, pumped out of the receiver, it is plain
enough, that I take the air in the obvious acceptation of the
word, for part of the atmosphere, which we breathe, and
wherein we move.%8

%8 Boyle, “Examen of Hobbes,” p. 1g6. For Boyle’s most explicit discussion of the
constituents of the air, see “The General History of the Air,” esp. pp. 612-615. Here,
he speculated that “our atmospherical air may consist of three differing kinds of
corpuscles”: earthy exhalations, more subtle portions (including emissions from the
Sun and other stars), and corpuscles responsible for the air’s elasticity. All these
were distinguished from the aether.



182 +- CHAPTER V

The concession that there might be an aether, and that the ex-
hausted receiver might contain aether, served two purposes for
Boyle. First, it provided him with yet another reason not to plump
for either a Cartesian-plenist or an atomical-vacuist ontology; sec-
ond, it might form the basis for further experimental researches
that could test whether or not the existence of aether had any
consequences that were meaningful within the experimental pro-
gramme. If the receiver was permeable to aether, Boyle could po-
tentially identify the alleged leakage of the pump with the more
tractable and less vexed question of the aether porosity of all ma-
terials and all barriers.®o

One of the major uses of the redesigned air-pump in the 1660s
was in testing the putative aether for its physical and experimental
effects. In his Continuation of New Experiments Physico-Mechanical,
Boyle described a series of experiments involving a receiver fitted
with a type of bellows (see figure 8, bottom left). When the receiver
was evacuated in the usual way, these bellows could be worked so
that whatever then remained might be formed into a jet or stream.
This jet could then be directed onto a detector, such as a lightly
constructed windmill or feather.7 Any movement of these detectors
could be taken as an indication that the exhausted receiver still
contained either a significant amount of atmospheric air or of an
aether that had physical consequences. The first possibility was
eliminated by a replication of the void-in-the-void experiment
(number 17 of the original New Experiments). With the new machine
Boyle got the mercury to fall exactly to the level of the lower basin,
allowing him to conclude that the leakage problem was, for all
practical purposes, solved. No detectable atmospheric air re-
mained.” The aim of the series of experiments employing the
bellows was to make the putative aether the subject of “sensible
experiments (for I hear what has been attempted by speculative

% Boyle, “Examen of Hobbes,” pp. 208-209. For Boyle’s continuing interest in
the porosity of glass to various subtle effluvia, see “Essays of the Strange Subtilty
... of Effluvia,” esp. p. 726 (1673); for a demonstration that glass is not pervious
to air, see “An Essay of the Intestine Motions,” esp. pp. 454-457 (1661); cf. “Ex-
periments and Considerations about the Porosity of Bodies,” esp. pp: 787-792
(1684).

7 Boyle, “Continuation of New Experiments,” esp. pp. 250-258. For a good mod-
ern account of these experiments, see Conant, “Boyle’s Experiments in Pneumatics,”
PP- 38-49. Although Boyle claimed that these trials dated from around 1666-1667,
internal evidence indicates that some, at least, were performed as early as 1662—
that is, from roughly the date of Boyle’s Examen of Hobbes.

7 Boyle, “Continuation of New Experiments,” p. 216.



BOYLE'S ADVERSARIES « 183

e € Flats. g’ ;
S ¥ &3

FIGURE 8
Diagram of Boyle’s experiments to manifest the effects of an “aether-wind” forced
out of a bellows in the exhausted recetver (from Continuation). Note especially the
bottom left figure, where a feather was used as a detector. Boyle claimed to detect
no motion that would indicate the existence of an “aether-wind.” (Courtesy of Edin-
burgh University Library.)

arguments)” and to “discover anything about the existence [and]
the qualifications of this so vast aether” posited by the Cartesians
and other plenists.”* In the event, Boyle found that the “jet” sup-
posedly emitted from the bellows did not move any of his detectors.
What could be concluded?

If there was an aether, if it was “really so subtle and yielding a
matter” that could penetrate wood, leather and glass, and if it was
present in the exhausted receiver, then it was not “sensible.” It had

7= Ibid., p. 250.



184 ¢« CHAPTER V

no physical properties relevant to the programme of the air-pump
experiments. A vacuist could then argue “that either the cavity of
the bellows was absolutely empty, or else that it would be very
difficult to prove by any sensible experiment that it was full.” For
Boyle’s part, these trials provided him with a further basis for
nescience: “We, that have not declared for any party, may by our
experiment be taught to have no confident expectations of easily
making [the aether] sensible by mechanical experiments.” The plen-
ist could maintain belief in the aether, even its presence in the
evacuated receiver, but he must not deploy the aether as a physical
explanation of the pump’s phenomena: this aether “is such a body
as will not be made sensibly to move a light feather.”7s What Boyle
had accomplished through the experiments in Continuation was to
shift plenist criticism of his air-pump researches onto the ground
of “sensible” experimentation. Boyle permitted plenists to retain
their commitment to an all-pervading subtle matter, so long as it
did not figure in the interpretation of the air-pump experiments.
The aether was not “sensible,” and therefore it was a metaphysical
entity that had no legitimate role within the experimental pro-
gramme. In this way, although not mentioning Hobbes by name,
the air-pump experiments reported in Continuation belong to the
programme of research which his criticisms prompted and made
urgent.

In this section we have shown that Boyle responded to Hobbes'’s
attack on the integrity of his machine by making several stipulations
about the latter’s notions of the constitution of the air and by of-
fering systematic technical, experimental, and conceptual rebuttals.
Each line of reply had the effect of protecting the value of exper-
iment and of reinforcing crucial boundaries between practices that
belonged to experimental philosophy and those that did not.
Boyle’s technical and experimental response to the assertion that
his pump was violated by atmospheric air was important because,
if this were so, the matter of fact upon which his interpretation
rested would be no fact at all. Boyle’s technical, experimental, and
conceptual responses to the claim that the pump was always full of
an aether were important because his handling of this assertion
allowed him to police the demarcations dividing the legitimate dis-
course of “physiology” from the illegitimate discourse of “meta-
physics.” Experimental philosophy dealt with what the pump ac-
tually contained and with what could then be rendered “sensible.”

s Ibid., pp. 250-251, 256.



BOYLE’S ADVERSARIES - 185

Only on that basis could the experimental programme generate
assent and order in the natural philosophical community. Only if
the air-pump were seen to be practically inviolable could the ex-
perimental programme perform the epistemological and moral
functions expected of it. For these reasons, Boyle’s replies to
Hobbes on the constitution of the air were defences of the moral
order which the apologists of experimental practices aimed to es-
tablish and secure.

BoyLE AND HOBBES: MEN OF MARBLES

Could an experiment fail? In an obvious sense the answer is yes.
Any outcome of an experiment other than the one expected could
count as a failure. For example, if one performed the void-in-the-
void trial and the level of mercury in the cylinder did not fall aimost
to the level of the “restagnant” mercury, the experiment could be
deemed a failure: the expected result was not achieved. The prob-
lem of “unsuccessful” experiments was a matter of intense interest
to Boyle in the early stages of his published experimental re-
searches. The Two Essays, Concerning the Unsuccessfulness of Experi-
ments dates from about the same time as the air-pump trials. In
these essays Boyle made two points vital to the performance, inter-
pretation and reporting of experiments generally. First, he offered
a repertoire of excuses for the failure of particular experiments.
He provided a list of plausible reasons why the outcome expected
(specifically of “unobvious” or “elaborate” experiments) might not
be obtained. The materials might be adulterated or impure; there
might be natural diversity in their composition; tradesmen might
be inept in their handiwork; experiments that succeeded in small
scale might not work in large scale; and so forth.7# Thus Boyle
proffered a set of factors that could be brought into play so that a
given expectation or theory need not be invalidated by experi-
mental failure. There might be nothing at all wrong with the theory;
the fault might lie in the materials, the apparatus, the inherent
intractability of the experimental design, or in a range of factors

7 Boyle, “Unsuccessfulness of Experiments,” esp. pp. 334-335. For analyses of
Boyle on unsuccessful experiments: Stieb, “Boyle’s Medicina Hydrostatica and the
Detection of Adulteration”; Wood, “Methodology and Apologetics,” pp. 6-7, citing

Sprat, History, pp. 243-244.
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that could not be easily specified.?s Second, both here and in related
essays published early in his career, Boyle stressed the importance
of candid and total reporting of actual experimental outcomes,
whether these successfully fulfilled expectations or not.7® As we
have argued in chapter 2, such complete and “circumstantial” re-
porting was basic to the credibility of experimental practices as the
grounds of a consensual natural philosophy. Only if the circum-
stances of failures were reported would like retailing of successes
be fully credited. Moreover, it was a key element of the experi-
mentalist’s “modesty” to admit failure and to enlist the assistance
of the collective in remedying its causes.

So, for Boyle the notion of “unsuccessfulness” was a positive re-
source in validating the experimental programme. There was no
reason why experimental failure should dictate the jettisoning of
any particular physical hypothesis, much less a highly valued or
fundamental one. While in practice Boyle reported numerous in-
stances of failed pneumatic experiments, he never once took any
of these failures as reasons to abandon, or even to cast significant
doubt upon, the “doctrine” of the spring of the air. (In the next
chapter, we shall examine Boyle’s response to “success” and “fail-
ure” in the problem of one particularly uncomfortable finding,
“anomalous suspension.”) If we shift our attention from Boyle’s
programmatic writings to his actual experimental and discursive
practices, we might even advance the apparently paradoxical con-
tention that his experiments could not fail.

In Boyle’s practice, there were no impersonal and abstract criteria
that identified success or failure. A successful experiment was one
that was counted as successful. The judgment that an experiment
had been successfully performed was a judgment that it had met
expectations for all practical purposes. Any physical hypothesis
could be saved from an admitted experimental failure either by
pointing to a range of subsidiary hypotheses or by modifying the
key hypothesis so that this could be seen as unaltered for all practical
purposes. Any experiment judged to be “successful” could be
judged by someone else to be “unsuccessful.” A critic so minded
could make trouble for any experiment whatever. This is to say
that there was no such thing as a “crucial experiment.” All judg-
ments about the performance and the meaning of experiments

s In chapter 4 we noted that Hobbes possessed a sensibility similar to that of the
“modern” Duhem-Quine thesis about the defeasibility of all experimental conclu-
sions. Hobbes employed this sensibility to erode the value and credibility of exper-
iments; Boyle used a comparable perspective to defend experiments.

7 See, for example, Boyle, “Proémial Essay.”
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were contingent judgments.”” Nevertheless, as a contingent matter,
Boyle made greater investments in the successful outcome of some
experiments than he did in others: experiments such as the void-
in-the-void trial were labelled as crucial confirmations of the spring
of the air and the judgment that they had in fact been successfully
performed was treated as vital evidence in favour of that doctrine.

In this section, we examine an experiment Boyle did not label
as entirely successful—one that Hobbes seized upon as crucial dis-
confirmation of Boyle’s explanatory resources. We display the na-
ture of Boyle’s responses to Hobbes’s criticisms and the means by
which critical failure could be transmuted into a stipulated crucial
success. We will see what investments were involved in the success
or failure of this experiment and the way in which the integrity of
the experimental programme hinged upon the allaying of doubts
about the experiment in question.

The experiment is one we have treated in earlier chapters: the
cohesion of smooth marble discs when placed in an air-pump that
was then evacuated. Boyle had been experimenting on the problem
of cohesion even before the first air-pump trials. In The History of
Fluidity and Firmness (1661) Boyle reported on cohesion experiments
performed in about 1659.78 His purpose was to develop the cohe-
sion phenomenon as a centre-piece of experimental natural phi-
losophy and of his doctrine of the spring and weight of the air in
particular. As Boyle freely conceded, the whole series of experi-
mental trials on cohesion was troubled: the mere production of the
phenomenon was far from easy, and it commonly failed. He sup-
plied potential replicators with a set of reasons why they might fail,
making use of the principles outlined in the essays on unsuccessful
experiments published in the same volume. One excuse involved
problems in securing marbles (or glasses) of sufficient smoothness:
irregularities in their surfaces would permit the entry between them
of a small amount of air, with its attendant spring, and they would
either not cohere or would quickly fall apart:

... experience has informed us, that it is extremely difficult,
if at all possible, to procure from our ordinary tradesmen
either glasses or marbles, so much as approaching such and

77 For recent literature on the problem of crucial experiments, see Worrall, “The
Pressure of Light”; Pinch, “Theory Testing in Science.”

78 Boyle, “History of Fluidity and Firmness” (originally published, like “Proémial
Essay” and “Unsuccessfulness of Experiment,” in Certain Physiological Essays {16611]).
The preface inserted in this collection stated that “these are my recentest composures
of this nature (having been written but the last year save one),” i.e., the “History”
was written in 1659; Boyle, Works, vol. 1, p. 357.
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such an exquisiteness: for we could very hardly get either ex-
perienced stone-cutters or persons skilled at grinding of
glasses, to make us a pair of round marbles, though of an inch
or two only in diameter, that would for so much as two or
three minutes hold up one another in the air by contact.7s

Success in these experiments was regarded as a weapon against
Scholastic invocation of the horror vacui. Replicators were warned
not to let initial failure prompt any compromise with Scholasticism.
Similarly, success was also regarded as crucial to the doctrine of
the spring and weight of the air. Replicators were cautioned not
to let such difficulties suggest doubt about this doctrine:

. . . we have never yet found any sort of experiments, wherein
such slight variations of circumstances could so much defeat
our endeavour; which we therefore mention, that in case such
experiments be tried again, it may be thought the less strange,
if others be not able to do as much at the first or second, or
perhaps the tenth or twentieth trial, as we did after much
practice had made us expert in this nice experiment, and sug-
gested to us divers facilitating circumstances, which could not
here in a few words be particularly set down.8°

Persistence through these troubles was worth the labour, for the
experiments promised much to the experimental natural philos-
opher. First, if an account of the phenomenon of cohesion could
be given that was consistent with Boyle’s ontology, then, since the
phenomenon was a prize specimen of Scholastic physics, this would
weigh heavily in the choice of systems that philosophers made:

I know [Boyle said], that the Peripatetics, and the generality
of the school-philosophers, will confidently ascribe the sticking
of the marbles, not to the cause we have assigned, but to na-
ture’s abhorrency and fear of a vacuum. [However], without
having recourse to any such disputable principle, a fair account
may be given of the proposed phaenomenon, by the pressure
or weight of the air.

Second, the separation of the marbles, once cohering, could count
as a demonstration that any such horror of a vacuum either did
not exist or, at least, that its power was strictly limited:

7 Boyle, “History of Fluidity and Firmness,” pp. 406-407.
% Ibid., pp. 407-408.
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. .. if nature did so violently oppose a vacuum as is pretended,
it is not likely, that any force whatsoever that we could employ,
would be capable to produce one; whereas in our case we find,
that a little more weight added to the lower of the marbles is
able to surmount their reluctancy to separation, notwithstand-
ing the supposed danger of thereby introducing a vacuum.®'

Because of the exemplary character of the cohesion phenomenon,
its explanation was contested by natural philosophers. There was
very little agreement among them on its interpretation. The phys-
ical explanation of the phenomenon was therefore a highly prized
accomplishment.®2

In the Examen of 1662, Boyle referred to his earliest trials on
cohesion that were published in The History of Fluidity and Firmness,
specifically the experiments that investigated the cohesion of
smooth marbles and their separation in air. In the later text, how-
ever, Boyle spelt out the technical difficulties of producing the
phenomenon, and, in particular, developed the technique of using
purified spirits of wine (a recipe was provided elsewhere in the
book) to help prevent air coming in between the smooth planes.
When he found that alcohol was “too fugitive and subtile,” he used
almond oil, assuring his readers that these liquids could not be
considered as a glue, since the cohering bodies could still slide over
each other.83 Two important lessons might be learnt from these
trials. First, they showed that “this pressing or sustaining force of
the air, as unheeded as it is wont to be, is very great, but it may
also assist us to conjecture how great it is.” If one could obtain a
set of marbles of the requisite smoothness and standard diameter,
the weights needed to cause that separation might be treated as a
measure of the air’s pressure. Boyle experimented with marbles of
various diameters, variously lubricated. He attached weights to the

& Ibid., p. 409.

8 For a survey, see Millington, “Theories of Cohesion.”

8s For reference to the “History of Fluidity and Firmness,” see Boyle, “Examen
of Hobbes,” p. 224, citing Boyle, “New Experiments,” p. 6g. Boyle had to take care
lest his lubricants act as glue, since if they did he would be dealing with the phe-
nomenon of adhesion, not cohesion, and could be criticized on those grounds. The
recipe for the purified alcohol is in Boyle, “Unsuccessfulness of Experiments,” pp.
332-333. See also idem, “Experiments and Considerations about the Porosity of
Bodies,” esp. 779, where Boyle conceded that “no art could polish the sides of a
component body,” such as marble, “so that they should be perfectly smoothed,” and

that “marble itself, as it is marble, abounds with internal pores.” Such claims could
be used to contain the damage of failure in the cohesion trials.
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lower marbles of the cohering pairs to see at what point they could
be made to fall apart. In this series he said he was able to suspend
up to 1344 ounces from a set of cohering marbles of about three-
inch diameter. But again Boyle was struck by the variability of this
experimental system and with the difficulty of replication.54

Second, these experiments were clearly regarded as vitally im-
portant to Boyle’s experimental natural philosophy, since they fit-
ted into his manifestation of the power of the air’s pressure in the
context of the doctrine of firmness. In this essay, Boyle acknowl-
edged that the causes of firmness in bodies were “the grossness,
the quiet contact and the implication of their component parts.”
Nevertheless, Boyle emphasized the superior explanatory impor-
tance, in the actual case of cohesion, of “the pressure of the at-
mosphere, proceeding partly from the weight of the ambient air

. and partly from a kind of spring by virtue of which the air
continually presses upon the bodies contiguous to it.”® In fact,
Boyle was more concerned to display the explanatory role of the
air’s pressure than he was to specify a single mode by which the
air might produce cohesion. So Boyle offered two alternative ac-
counts of the role of the air in cohesion. In both cases it was nec-
essary to show how an isotropic pressure could be directed at the
cohering bodies suspended in air, since cohesion could be produced
whether the bodies were suspended horizontally or vertically. It
was also necessary to show how any pressure whatsoever could be
produced at the bottom surface of the cohering pair of glasses or
marbles.

First, Boyle appeaied to the air’s spring, “a kind of recoil (though
not properly so called) from the terrestrial globe upwards,” which
“may strongly press any body, upon which it can bear, against any
other, which has no such elastical power to repel from it a body so
pressed against it.” Second, Boyle appealed to “the pressure of the
air considered as a weight,” as a completely alternative account.
This account was complex. Because air was “not without some

84 Boyle, “History of Fluidity and Firmness,” pp. 407, 409. Compare this enterprise
of quantification with that in “New Experiments,” pp. 33-39, where Boyle hoped
to use the experiment of the void-in-the-void by relating the height of mercury in
the barometer to the degree of evacuation in order to give “a nearer guess at the
proportion of force betwixt the pressure of the air . . . and the gravity of quicksilver.”
Compare also the enterprise elicited by Linus’s criticisms, which resulted in “Boyle’s
Law.” All these attempts aimed to establish a measure of the power of the air’s
pressure and to demonstrate its strength against those who doubted it.

% Boyle, “History of Fluidity and Firmness,” pp. 401-403.
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gravity,” it must fall to Earth. There it would be prevented going
further, and would thus “press as well upwards as in any other
way.” Then, simultaneous separation of marbles would be very
difficult, since to achieve this the force of separation must be “ca-
pable to surmount the power of the weight of the above-mentioned
cylinder of the atmosphere.” Finally, Boyle claimed that there really
was a “weight or pressure of the lateral air” that prevented the
separation of marbles whose plane of contact was vertical.86

Given the importance of the air’s pressure in both these accounts,
the ultimate prize for Boyle would be the successful performance
of the experiment of marbles in the air-pump. This could be rep-
resented as a decisive instance of the pressure of the air as a physical
power. We recall from chapter 2 that Boyle expected his cohering
marble discs to fall apart spontaneously when the air was removed
from the receiver. Boyle performed the trials reported in The History
of Fluidity and Firmness by 1659; before the end of that year he was
able to repeat these experiments in the receiver of his new air-
pump. He reported the results in New Experiments in 1660. How-
ever, even with small weights attached to the lower marble, the
thirty-first trial of the New Experiments did not “succeed,” that is,
the marbles did not separate. Boyle indicated two possible reasons
for this continued cohesion. First, he conjectured that the alcohol
might act as a glue, rather than merely as a means of excluding
intervening air. But he had declared his doubt that alcohol did act
“after the manner of a glutinous body.” Second, he recuperated
the apparent failure as an actual success by arguing that “the not
falling down of the lowermost marble might, without improbability,
be ascribed to the pressure of the air remaining in the receiver.”
He appealed to the nineteenth experiment, where water contained
in a barometer within the receiver could not be made to fall below
a height of one foot on evacuation. This was used to show that air
capable of maintaining a height of one foot of water remained in
an apparently evacuated receiver, and thus, Boyle argued, this air
could exercise enough pressure to keep two smooth marbles co-
hering. So Boyle presented experiment g1 as “a strange proof of
the strength of the spring of the air.”87

In the Dialogus physicus Hobbes fastened upon this case of Boyle’s
experimental failure. He had the interlocutor wager that a suc-

% Ibid., pp. 404-406.
%7 Boyle, “New Experiments,” pp. 69-70; and see our accounts in chapters 2
and 4.
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cessful outcome (in Boyle’s terms) would mean “it would not be
possible to doubt that [Boyle’s] assigned cause was true.” In
Hobbes’s view, the experiment had in fact succeeded: its outcome
(the nonseparation of the marbles) was expected within the Hobbes-
ian physical system, which was plenist, and which, as we have seen,
ruled out the spring of the air in this instance. Hobbes contested
Boyle’s accounts given in The History of Fluidity and Firmness and in
New Experiments. He noted that, in the former text, Boyle offered
two mutually exclusive accounts. He also pointed out Boyle’s claims
that air was reflected from the Earth’s surface because of its own
weight, that this pressure was exercised through a cylinder, and
that such pressure could be lateral as well as vertical. Hobbes denied
each of these three claims. Hobbes also pointed to the “failure” of
experiment 31 and celebrated this report. The experiment was
defined as crucial by both parties, and the issues were sharply
distinguished.®8

Boyle had, so to speak, laid a bet on an experimental result; that
result had not been produced. Hobbes had, to continue the met-
aphor, “seen his bet and raised it.” The challenge to Boyle was to
make the experiment work. His great adversary had intimated that
he would be persuaded of Boyle’s assigned cause if the experi-
mental outcome were as Boyle had expected it to be. For once, the
grounds of the contest were the ones of Boyle’s declared prefer-
ence: physical explanations would hinge on the findings of “unob-
vious experiments.” Now it was no longer good enough for Boyle
to save the experiment by pointing to subsidiary assumptions about
the minimal leakage of the pump. Boyle had regarded that leakage
as an unfortunate, but tolerable, trouble, and occasionally as a
useful one. This would now have to be repaired (along with other
features of experimental design) if the experiment were to “suc-
ceed” and assent to be secured from his critic. In experiments 17,
19, and 31 Boyle used leakage as a means by which findings could
be recuperated as successes. Elsewhere he treated it as a minor
problem. Now Hobbes had made the pump’s leakage into a per-
ceived source of grave trouble. Over the next fifteen years Boyle
bent his efforts to making the experiment of the marbles into a
success.

When Boyle came to reply to Hobbes in the Examen of 1662, he
was not in a position to report such a successful performance. First,
he presented the trial as evidence that the marbles cohered strongly,
and that the air’s pressure was powerful. The receiver was merely

88 Hobbes, “Dialogus physicus,” pp. 267-26g.



BOYLE'S ADVERSARIES - 193

“not sufficiently exhausted” after the exsuction of air, so the mar-
bles could not fall apart. Boyle pointed Hobbes’s attention to the
further experiments on cohesion which did not use the pump.
These trials had been done in reply to Linus. Since the spring of
the air was strong enough to overcome an attached weight of 400-
500 ounces in free air, Boyle asked why it was difficult to accept
that the spring of a small quantity of residual air in the pump was
sufficient to overcome a weight of 4-5 ounces.?? Second, Boyle
deliberately linked Hobbes’s attack on the experiment of marbles
in the air-pump with the original philosophical context in which
the phenomenon had been discussed: the doctrine of fluidity and
firmness. Boyle claimed that the thirty-first experiment was in fact
marginal- to New Experiments. Since the text of that experiment
included a covert reference to The History of Fluidity and Firmness,
Boyle could argue that “I handle this matter in this place but in-
cidentally, and may make use of what I have delivered, where 1
treat of it more expressly; as I have since done in print in the History
of Fluidity and Firmness, which Mr. Hobbes appears to have seen by
those censures of some passages of it, which I shall hereafter ex-
amine.” So Boyle minimized the role of the marbles trial in the text
under attack, censured Hobbes for his illegitimate use of citations
of a different text, and, finally, added a lengthy appendix to the
Examen in which Hobbes’s attack on the whole doctrine was dis-
puted.® In this appendix, Boyle worked to link the attack on the
marbles experiment with a much more general debate on the def-
inition of terms, specifically that of “firmness.” For Boyle “fluidity”
and “firmness” were wholly empirical categories.?

Boyle’s final tactic in his defence of the cohesion trials involved
putting the burden of proof back onto his adversary. Boyle was
content to show that his own account was not inferior to that of
Hobbes. Here four linked points were made. First, Boyle acknowl-
edged that he had offered accounts both in terms of spring and in
terms of weight of the air. The term “pressure” was used to cover
both of these accounts. Neither cause was unassailable, but both
were legitimate. However, Hobbes had not offered any legitimate
cause. Boyle invoked his well-worked criteria of acceptable causal
accounts in natural philosophy. Second, Boyle appealed to the suc-
cess of trials in free air: “How chance a sufficient weight hung to
the lower marble can immediately draw them asunder?” These were

% Boyle, “Examen of Hobbes,” p. 225; cf. idem, “Defence against Linus,” pp. 139-
143, 173.

% Boyle, “Examen of Hobbes,” p. 224.

2 Ibid., pp. 235-236.
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not necessarily relevant to trials with the pump, but they must be
dealt with alongside these latter experiments. Third, Boyle ob-
served that Hobbes’s claim that the weight lines due to air pressure
would form a pyramid, rather than a cylinder, was pettifogging:
effectively the lines were parallel. Finally, and most importantly,
Boyle pointed to Hobbes’s account as a prime example of his ad-
versary’s lack of clarity: “I confess [Boyle wrote] I do not well see
what he drives at . . . ; nor am I the only person, that complain of
his writing often enough obscurely.” Again and again he protested
against Hobbes’s illegitimate ascription to Boyle of views he did not
hold. This applied to Boyle’s doctrine of fluidity, and it applied,
also, to Boyle’s doctrine of the reflection of the air at the Earth’s
surface. Boyle claimed that Hobbes had attacked the notion that
air particles could be reflected at the Earth and impinge on the
lower surface of the marble. But Boyle also claimed his own real
view was that the air, “diffusing itself upon the surface of the
terrestrial globe, because its descent is there resisted, does, like
water and other liquors, press almost equally every way.” Thus the
responses Boyle presented in the Examen centred on the acceptable
language of natural philosophy, its manners, and correct experi-
mental practice.9

Boyle next returned to this troubled experiment in experiment
50 of the Continuation. The exact date at which this experiment was
performed remains uncertain, but there are good reasons to believe
that it was done in 1662, just after the reply to Hobbes.’s Boyle
finally reported success.9+ Perhaps no pneumatic experiment he
ever performed was recounted in such elaborate technical detail,
and to such dramatic effect. The drama resided in the moment-
by-moment interplay between Boyle’s expectations and the results
witnessed. He had made several modifications to the original ex-
perimental system in order to secure success. The new apparatus
and trials were significantly different in almost all respects from
those described in 1660-1661. The differences included the use of

» Ibid., pp. 225-227.

93 Boyle, “Continuation of New Experiments,” pp. 274-276. The preceding ex-
periment of this series (number 49), drew on notes (Adversaria) and was dated April-
May 1662. As we show in chapter 6, Boyle was working on his new pump and the
composition of the reply to Hobbes from autumn 1661. There is a citation of the
1662 edition of Henry More’s Antidote against Atheism in the text of experiment 5o
as “lately published.”

% Boyle considered this success sufficiently important to report it again in the
second edition of The History of Fluidity and Firmness: see Certain Physiological Essays,
2d ed. (London, 1669), p. 227; also Works, vol. 1, pp. 410n-411n.
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the redesigned air-pump, with its smaller receiver, capable, as Boyle
said, of achieving a more complete working vacuum. Another
change was the use of very different lubricating substances, whose
function, he claimed, was to ensure perfect smoothness of the mar-
bles by filling up any irregularities in their facing surfaces. Alcohol
had little adhesive effect, but was too volatile to use. All the other
lubricants undeniably had an adhesive effect which had to be al-
lowed for. Finally, Boyle weighted the lower marble much more
heavily than he had in 1659-1660: the weight could be as much as
a pound, instead of the 4-5 ounces of the original trial, and it was
justified as a way of surmounting “the cohesion which the tenacity
of the oil and the imperfect exhaustion of the receiver might give”
the marbles. (A critic with a mind to make trouble could have
objected that the attached weights served to ensure the marbles’
separation, and not merely to correct for the forces working against
a “natural” outcome.)

Boyle presented the trial in detail, acknowledging that even
“some recent favourers of our hypothesis have declared themselves
to be troubled with” the experiment. Here is an extract from Boyle’s
account of his success:

[W]hen the engine was filled and ready to work, we shook it
so strongly, that those that were wont to manage it, concluded
that it would not be near so much shaken by the operation.
[The normal process of exhausting the pump apparently pro-
duced a certain amount of vibration.] Then beginning to pump
out the air, we observed the marble to continue joined, until
it was so far drawn out, that we began to be diffident whether
they would separate; but at the 16th suck . .. the shaking of
the engine being almost, if not quite over, the marbles spon-
taneously fell asunder, wanting that pressure of the air that
formerly had held them together.

The reader was assured that Boyle “foretold that it would cost a
great deal of pains so far to withdraw the air, as to make them
separate” and that this was “not the only time that this experiment
succeeded with us.” Sometimes separation was said to occur at the
eighth suck, or even sooner, and Boyle also found that “a greater
exhaustion” was needed if half a pound was hung from the marble
rather than one pound.?

9 Boyle, “Continuation of New Experiments,” p. 275. Note how, in the indented
quotation, Boyle included his physical explanation as part of the description of the



196 - CHAPTER V

Despite all these modifications, and his report of successful sep-
aration, Boyle foresaw “objections or scruples” that “some pre-
possessions might suggest.” These would concentrate on the func-
tion of the weight suspended from the marbles, and the relation
between exhaustion and separation, that is, the use of separation
as a means of calibration of the receiver’s contents. In the experi-
ments of the void-in-the-void, Boyle had transformed the fall of
mercury or water as evidence of the action of air pressure into the
use of the barometer as a measure of the contents of the receiver.
He followed the same strategy here: he crafted an experiment that
could display the presence or absence of cohesion as dependent
on the relative presence or absence of air. The experimental ap-
paratus is shown in figure 9. It represents a complete transfor-
mation of the marbles experiment. (Arguably, it is not “the same”
experiment at all.) The apparatus consists of a turning-key with a
string fixed to the upper marble, and a device to keep the lower

FIGURE ¢
Diagram of Boyle's experiment to examine the behaviour of cohering marbles in the
receiver (from Continuation). (Courtesy of Edinburgh University Library.)

experimental outcome. While Hobbes was nowhere named here, the Animadversions
later made it clear that this trial was to refute him. Henry More, by contrast, was
the chief “favourer of our hypothesis” who had focused on these experiments.
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marble in place when it fell away (see left of picture). The turning-
key and the string allowed the experimenter accurately to raise and
lower the marbles. Boyle reported that the marbles could be made
to separate on evacuation, as before. This new experiment per-
mitted him to replace the separated discs on each other, and then
to let in the external air, whereupon the marbles cohered as strongly
as they had at the beginning of the experiment. He could vary the
amount of air in the receiver, and observe varying degrees of cohe-
sion: “The little and highly expanded air that remained in the
receiver having not a spring near strong enough to press them
together” until enough air had been readmitted. Thus the fact of
cohesion had been moved from an accomplishment (to evince the
competence of Boyle’s doctrine of firmness) to a measure (to cal-
ibrate the receiver).9®

‘With this report Boyle regarded experimental success as achieved
beyond question—a success that “will not, I presume, be unwel-
come, since it supplies us with no less than matters of fact.”97 In
principle, this experiment supplied much more than a matter of
fact: Hobbes’s bet on its outcome would be lost, and with it, the
credibility of his physical system. However, Hobbes did not recant.
In the Decameron physiologicum of 1678, Hobbes still did not make
any mention of Boyle’s “successful” experients on cohesion in vacuo.
He continued unconvinced and unrepentant. He still cited the
cohesion of marbles as paradigmatic support for the plenist ac-
count. Boyle did try again, returning to this experimental problem
in the Animadversions on Hobbes of 16774. He recalled his early failure:
the interlocutor in this dialogue commented that Boyle “would have
put fair for convincing Mr. Hobbes himself, . . . if you had succeeded
in the attempt you made, . . . to disjoin two coherent marbles, by
suspending them horizontally in your pneumatical receiver.” But
then Boyle mobilized his subsequent successes, reported in Contin-
uation, and claimed that they had now shown that when “the spring
of the little, but not a little expanded air, that remained,” had
“grown too weak to sustain the lower marble,” the marbles really
did separate.?® In 1674, unlike 1660, it was necessary that Boyle
appeal to the weakened spring of expanded air: fourteen years ear-
lier he had appealed to the remarkably powerful spring of expanded
air to explain failure.

9 Ibid., pp. 275-277.
97 Ibid., p. 274.
9 Boyle, “Animadversions on Hobbes,” p. 111.
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In addition, Boyle recapitulated his attack on the Hobbesian
doctrine of firmness. Hobbes had maintained that the separation
of the marbles was only possible by an actual bending of the stones,
so that air could successively fill the spaces made by flexion: the
analogy of the separation of two pieces of wax was used here.% If
Hobbes were correct, then marbles of greater diameter might be
easier to separate than those of lesser diameter. Boyle undertook
experiments to test this, found no such connection, and announced
further support for the theory of the air’s pressure. There was, he
said, no experimental evidence to sustain Hobbes’s claim that the
marbles eventually separated bit by bit from their line of contact:
they were “severed in all the points at the same instant.” Impor-
tantly, Boyle stipulated the options which he claimed were left open
to Hobbes after this set of trials. There were only two choices:
either Hobbes would have to join the vacuists, or else would at least
have to abandon his doctrine that “common air” leaked into the
receiver. This last point still irked Boyle. He accepted that Hobbes
could argue legitimately that “some aetherial or other matter more
subtil than air, and capable of passing through glass” was present
in the receiver. But Boyle would not allow Hobbes to remain com-
mitted to the complete leakage of the pump. Boyle read Hobbes
as arguing that the receiver was porous to “common air”; Hobbes
always argued that the receiver was porous to a fraction of that air,
which was, nevertheless, air. Ultimately, this debate came to focus
on the structure of the pump and its competence as a producer of
matters of fact about the air and its pressure.'°°

At the beginning of this section we asked whether, and in what
way, an experiment by Boyle could fail. The experiment of the
marbles was initially judged by Boyle to be unsuccessful. Its sub-
sequent performances were deemed to be successful. But success
in persuading his adversary was not forthcoming. In this very im-
portant sense the experiment was a failure. In practice, this “cru-
cial” experiment was not crucially decisive. Nevertheless, our ex-
amination of this particular experiment and its career through the
1660s and 1670s illustrates a number of points of general interest
to the understanding of the experimental programme and the

99 For Hobbes’s views on hardness, see “Seven Philosophical Problems,” p. 32;
idem, “Concerning Body,” p. 474; Millington, “Theories of Cohesion,” pp. 259-260.

100 Boyle, “Animadversions on Hobbes,” pp. 110, 113. For Boyle’s speculations
on hardness and the internal cohesion of bodies, see his “An Essay of the Intestine
Motions,” p. 444; “Experimental Notes of the Mechanical Origin of Fixedness,” pp.
306-313; and “History of Fluidity and Firmness,” p. 411.
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problem of assent. First, it demonstrates the role of criticism in
generating experimental refinement. We have argued that it was
the fact of Hobbes’s objections that made the successful perform-
ance of this experiment vital and urgent to Boyle. There is no
reason in principle why Boyle should not have left the original
“failure” of 1659-1660 alone. He had, after all, assimilated its fail-
ure to the doctrines whose credibility he wished to establish. The
failure could have been treated as venial, rather than mortal, and
dismissed from further consideration. Yet the objections of Hobbes
and others made this course of action practically untenable. The
labour and the technical elaboration expended in making the ex-
periment into a success were elicited by critics’ judgments that the
original outcome was a source of grave trouble to Boyle’s experi-
mental philosophy.

Second, we have the range of investments that different partic-
ipants made in the outcome of this experiment. Historically, the
phenomenon of cohesion was a paradigmatic instance for a variety
of philosophies of nature. It was used to prove the existence of a
vacuum,; it was used to establish the role of anti-mechanical and of
mechanical principles; and it was contested by different kinds of
mechanical philosophers. The sense that it was a crucial experiment
therefore derived from a shared agreement that its explanation
was fundamental to the establishment of any system of natural
philosophy. Boyle meant to appropriate cohesion as a vivid dem-
onstration of the spring and weight of the air, and his account was
disputed by those who controverted those doctrines. Moreover,
cohesion was to be appropriated as a demonstration of the power
and integrity of experiment. Any perceived trouble with the ex-
periment of cohesion in the air-pump was a source of trouble for
the pump and for the experimental form of life. This experiment
in particular had to be seen to succeed, not just in Boyle’s judgment
but in that of his rival philosophers: it had to win their assent.
Thus, the “closure” of this experimental problem was to be a de-
cisive tactic in establishing the integrity of experimental practices.

The experiments with cohering marbles were invaluable re-
sources, and Boyle could not dictate their proper use. The “suc-
cessful” separation of marbles reported in 1669 was a deliberate
response to Hobbes. In a different context the earlier “failure”
could become much more useful for Boyle’s readers. For example,
both Newton and Huygens found the trial reported in New Exper-
iments an indispensable argument for a subtle aether which pene-
trated glass. The failure of marbles to separate in an evacuated
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receiver stayed in the literature after Boyle announced he had
achieved separation. In early 1664 Newton made notes on New
Experiments: Boyle’s report showed that “ye pressure of ye air is not
verry strong” and the cohesion of “ye 2 pollished sides of 2 marbles”
must be due to “ye pressure of all ye matter” between the Earth
and the Sun. Boyle’s failure was thus a successful account of the
pressure of an interplanetary aether. In the 1670s, Boyle sent New-
ton most of his publications on mechanical philosophy, and met
Newton on a number of occasions. Newton also acquired a copy
of Animadversions on Hobbes (1674) in which the separation of mar-
bles in vacuo was reported. Yet in February 1679 Newton sent Boyle
a lengthy comment on “ye Physicall qualities we spake of.” In this
celebrated letter, Newton posited “an aethereall substance” which
was certainly present in an evacuated air-pump. Newton suggested
that the pressure of this aether was why “two well polished metalls
cohere in a Receiver exhausted of air.”*>

Similarly, in July 1672, Huygens sent a paper on such an aether
to the Académie Royale in Paris and to the Royal Society in London.
Huygens insisted that, apart from air pressure, “I conceive that
there is yet another pressure, stronger than this, due to a matter
more subtle than air, which penetrates glass . . . without difficulty.”
A critical phenomenon that evinced this pressure was, again, the
failure of marbles to separate in an evacuated receiver. Boyle’s
report in Continuation (1669g) was ignored. In February 1673 Leibniz
pointed out the apparent contradiction between the recent accounts
of Boyle and Huygens. Huygens’ aether was, however, unaffected.
Thus the phenomenon of cohesion was not “closed” within the
problematics of late seventeenth-century natural philosophy. In the
next chapter, we examine the very similar career of the phenom-
enon of capillarity in the air-pump. Both sets of phenomena proved
difficult to solve within a completely mechanical framework, and
it was in this setting that Newton suggested the nonmechanical
theory of attractions in his final Query to the Opticks of 1706: “The

ot McGuire and Tamny, Certain Philosophical Questions, pp. 292-295, 348-349;
J. Harrison, The Library of Newton, pp. 107-109; Oldenburg to Newton, 14/24 Sep-
tember 1673, in Newton, Correspondence, vol. 1, pp. 305-306; Newton to Oldenburg,
14/24 December 1675, ibid., p. 393; Newton to Oldenburg, 18/28 November 1676,
ibid., vol. 11, p. 183; Newton to Oldenburg, 19 February/1 March 1677, ibid., pp.
193-194; Newton to Boyle, 28 February/io March 1679, ibid., pp. 288-2g0. For
references to the cohesion of marbles in texts available to Newton in 1679, see Boyle,
“Animadversions on Hobbes,” pp. 111-112, and “Experimental Notes of the Me-
chanical Origin of Fixedness,” p. 307. For the context of the 1679 letter, see Westfall,
Force in Newton’s Physics, pp. 369-373.
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same thing I infer also from the cohering of two polish’d Marbles
in vacuo.” In such arguments, Boyle’s “failure” of 1660 was much
more valuable than his “success” reported in 1669.*

HossEs, IDEOLOGY,
AND THE “VULGAR” CONCEPTION OF NATURE

Boyle identified Hobbes as an enemy of the experimental pro-
gramme in all its most important aspects, and his treatment of his
adversary consisted of a systematic defence of that programme.
Hobbes'’s criticisms were to be rejected because they threatened to
undermine the technical basis of experimentation, the conceptual
resources of the experimental philosophy, and the social organi-
zation of men thought requisite to produce matters of fact and
consensus. There was, however, another dimension to the threat
that Hobbes was seen to pose. Boyle invited natural philosophers
to reject Hobbes’s views because they were dangerous to good re-
ligion and to the conception of nature that was required by proper
Christianity. In this section we show that Boyle argued this case on
what might be called purely theological grounds: Hobbes, he said,
recommended a conception of the Deity and His role that was
manifestly insufficient for assuring men of His existence and Prov-
idence, and which invited atheism. For that reason alone, the Chris-
tian natural philosopher ought to be gravely suspicious of Hobbes-
ian principles in the study of nature. In Boyle’s view the role of
the natural philosopher included the terms of reference of the
Christian apologist: one could not evaluate a philosophy of nature
without considering its perceived implications for religion and the
moral order.'°3 However, Boyle’s identification of the religious dan-
gers of the Hobbesian programme was not purely theological. Cer-
tain of the threats Hobbes posed to right religion were simulta-

ot Huygens to Gallois, published 15/25 July 1672, in Huygens, Oeuvres, vol. vii,
Pp. 205-206; “An Extract of a Letter . . . Attempting to Render the Cause of that
Odd Phaenomenon of the Quicksilvers Remaining Suspended far above the Usual
Height . . . ,” Philosophical Transactions 77 (1672), 5027-5030; Oldenburg to Huygens,
5/15 September 1672, in Huygens, Oeuvres, vol. vii, p. 220; Leibniz to Oldenburg,
26 February/8 March 1673, in Oldenburg, Correspondence, vol. 1x, p. 490. For New-
ton, see Opticks, pp. 390-391; Westfall, Force in Newton's Physics, p. 383; Millington,
“Theories of Cohesion,” p. 268; idem, “Studies in Capillarity and Cohesion,” pp.
361-363.

103 See, for example, Boyle, “The Christian Virtuoso”; idem, “Usefulness of Ex-
perimental Natural Philosophy,” esp. pp. 15-59.
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neously threats to the centre-piece of Boyle’s natural philosophy:
the doctrine of the spring of the air and its use as an explanatory
item in that philosophy.

Boyle’s views on the conception of nature most agreeable to
proper Christianity were developed in 1666 in his Free Inquiry into
the Vulgarly Received Notion of Nature, a text not published until
1686.>¢ What was “vulgar” and dangerous about this notion of
nature was that it ascribed to nature and to matter attributes that
were only properly attributes of God. Nature was not to be treated
as an agent; nature could do nothing by itself; it was devoid of
purpose, volition and sentience. Material nature by itself was in-
animate, “brute and stupid”; the only ultimate source of agency in
the world was God Himself. Central to Boyle’s demonstration was
the contention that “motion does not belong essentially to matter.”
Neither parcels of matter, nor nature as a whole, were capable of
self-movement. To maintain otherwise was at once wrong and dan-
gerous. It was dangerous because the notion of self-moving matter
and self-sufficient nature dispensed with the active superintend-
ence of the Deity. And an idea of God without active superintend-
ence of nature was tantamount to no God at all:

[T)he excessive veneration men have for nature, as it has made
some philosophers . . . deny God, so it is to be feared, that it
makes many forget him. . .. [T}he erroneous idea of nature
would, too often, be found to have a strong tendency to shake,
if not to subvert, the very foundations of all religion; mislead-
ing those, that are inclined to be its enemies, from over-looking
the necessity of a God, to the questioning, if not to the denial
of his existence.'os

124 The preface is dated 2g September 1682, but it was not published until 1686.
James Jacob has argued that Boyle wrote this initially against the pantheism and
pagan naturalism of Henry Stubbe and the radical sectaries; Nicholas Steneck has
identified the target with some form of Cambridge Platonism; and Keith Hutchison
has suggested a wide range of naturalisms; see J. Jacob, Boyle, pp. 167-16g; idem,
Stubbe, pp. 143-153; Steneck, “Greatrakes the Stroker”; Hutchison, “Supernatural-
ism and the Mechanical Philosophy,” pp. 300-301, 328n-32gn. Whatever Boyle’s
main target, Free Inquiry undoubtedly collected together a number of positions that
could be said to contribute to a “vulgar” conception of nature, including those
associated with Aristotelians, Cartesians, and with Hobbes himself.

15 Boyle, “Free Inquiry,” pp. 210, 192; also “Usefulness of Experimental Natural
Philosophy,” p. 47; “The Christian Virtuoso,” p. 520. On the denial of God’s active
providence as perceived practical atheism, see Hunter, Science and Society, chap. 7;
Shapin, “Of Gods and Kings.” Compare the now classic statement by Newton in
the late 1660s: “Hence it is not surprising that Atheists arise ascribing that to
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There were a number of common phenomena of nature that
seemed to support the notion of self-moving or seniient matter.
Among the most important and widely cited of these were suction
and restitution. Throughout his life, Boyle was concerned to argue
against an explanation of suction that attributed to matter the ab-
horrence of a vacuum. One of the virtues of the mechanical account
and of the spring of the air was precisely that they showed the
explanatory inadequacy of “vulgar” conceptions that ascribed qual-
ities of sentience and volition to mere matter.'*® In this way, the
doctrine of the air’s spring was an important resource in arguing
against a notion of nature and matter which, Boyle said, was per-
nicious to right religion. A proper understanding of restitution was
equally vital. It was tempting to attribute the restitution of “springy
bodies” to their inherent possession of sense and self-movement.
If one compressed a spring or a pile of wool fleece, how else did
these bodies “know” the original shape they were to reacquire and
how did they manage to achieve this restitution? Boyle did not
offer a single definitive account of the cause of restitution, but
argued strongly against the adequacy of the “vulgar” notion of this
phenomenon.*°7

Restitution occupied a central place within Boyle’s mechanical
philosophy, for the spring of the air was the most important ex-
planatory resource in his pneumatics. As we have seen in chapters
2 and 4, Boyle said he wished to ban the search for causal notions
from mechanical and experimental philosophy. Specifically, he
wished to use the idea of the air’s spring without identifying its
cause. It was a nescience that was intolerable to Hobbes: an enter-
prise that did not identify the cause of the spring could not be
philosophy. Moreover, Hobbes publicized his suspicions that Boyle’s
nescience masked an anti-mechanical cancer in the body of his
adversary’s experimental philosophy. As he wrote in the Dialogus
physicus, the doctrine of the air’s spring is an absurdity, “unless

corporeal substances which solely belongs to the divine. Indeed, however we cast
about 