ｾ

ｾＫ

g

Iｾ

I

I

l

L.J
ｲＭ ｾＭ ｦ

ｬｾ

STEVEN S

J

'"

I

IL - l
1- i

I

l

I•

LEVIATHAN

HOBBES, BOYLE,

INCLUDING A

DIALOG

-

ｑｃＯｉＮＬｾ

.fi17,.,ｊＺＡｾＹＱ

c, ./

Fo
8

BY PRINCETON UNIVERSITY PRESS
COPYRIGHT © 19 5
TON UNIVERSITY PRESS
BY PRINCE
8
PUBLISHED EET PRIN CETON , NEW JERSEY 0 54 0
1
,
.
NCETON UNIVERSITY PRESS
4 WILLIAM STR
KINGDOM. PRI
IN THE UNITED
GUILDFORD, SURREY

ALL RIGHTS RESERVED
TALOGING IN PUBLICATION DATA
LIBRARY OF CONGRESS CA
RINTED PAGE OF THIS BOOK
N THE LAST P
WILL BE FOUND 0 ISBN 0-691-08393-2

SED IN LINOTRON BASKERVILLE
THIS BOOK HAS BEEN COMPO ETON UNIVERSITY PRESS BOOKS ARE
CLOTHBOUND EDITIONS OF PRINC
AND BINDING MATERIALS ARE
FREE PAPER,
S
PRINTED ON ACIDRABILITY. PAPERBACK,
ENGTH AND DU
CHOSEN FOR STR
RSONAL COLLECTIONS,
CTORY FOR PE
ALTHOUGH SATISFA
OR LIBRARY REBINDING
ARE NOT USUALLY SUITABLE F

ｐｒｉｎｔＺｾ

HE UNITED STATES OF AMERICA
;:I:CETON UNIVERSITY PRESS
PRINCETON, NEW JERSEY

Every afternoon Father Ni
preaching in Latin, but Jose
rhetorical tricks and the tra
manded the daguerreotype
canor then brought him me
duction of the Veronica, but
as artistic objects without any
that Father Nicanor gave up
continued visiting him out o
was Jose Arcadio Buendia w
down the priest's faith with ra
when Father Nicanor brough
and invited him to a game, Jos
because according to him he c
a contest in which the two adve
GABRIEL GARciA MARQUE

What a blessing to mankind, in
ingenious, humble, and pious
society was the fallacious, proud
we find the former bad adieu to
honour, and hope; while the ot
an odium on his name, as well
an unknown future.

W.

DODD, The Beauties
Virtue and Vice Drawn
Eminent for Their V
Their Vic

LIST

NOTES ON SO

I

AC

Under

Seeing and Believin

-

Seeing Double: Hobb

The Trouble with

Boyle's Adver

Replication and Its

Natural Philosophy an

Vill • CONTENTS

.l;yai)
The Polity of scIence: Conclusions
33 2

. IL

APPENDIX

Figure

Translation of Hobbes's Dialogus physicus
345

Figure

Boyle's

Frontispiec
showing r

2

BIBLIOGRAPHY

393

I

Figure 3

Vignette of
Thomas Birch's editio

INDEX

Figure 4

42 7

Frontispiece t
essays on

Figure 5
Figure 6

Portrait o
Franciscus

fun
Figure 7

Boyle's revisio

of New E

-

Illustration of
his exhausted air

Figure 8

Illustration
marbles

Figure 9
Figure

IO

Map of distr

Figure

I I

Huygens' fir

I2

Huygens' dia
(De

Figure

Figure I3

Huygens
(De

Figure I4

Huygens
experime

Figure I5

Huygen

x • ILLUSTRATIONS

Figure I6a
Figure I6b

William Faithorne's drawing of Boyle (1664).

258

Revised Boyle air-pump; enlargement of detail of
figure 2. 260

Figure I7
Figure I8
Figure I9

Huygens' diagram of second air-pump sent to
Montmor Ouly 1663). 268
Huygens' air-pump at the Academie Royale des
Sciences (May 1668). 270

Figure 20 Huygens' revised air-pump at the Academie Royale
des Sciences, depicting an imaginary visit by Louis XIV and
Colbert ( 16 7 1). 275
Figure

2I

Figure

22

. NOTES ON SOU

William Faithorne's engraving of Boyle (1664),
showing his original air-pump. 259

Otto von Guericke's second pump (1664).
Otto von Guericke's first pump (1657).

279
335

-

For citations of sources in
convention similar to tha
Printing Press as an Agen
kept to a minimum in the
of date of publication w
text and is germane. Full
in the Bibliography. Com
sources, seventeenth-cen
and parliamentary paper
repeated in the Bibliogra
We have made liberal u
not published in the seve
been with knowledge tha
has affected the extent o
interested in material th
intended to be restricted
material is corresponding
During the period with
Isles ｾｭｰｬｯｹ･､
a calenda
tinental countries, especi
Julian (old style) calendar
(new style) calendar emp
British new year was rec
deal in some detail with
nental countries, we give
but we adjust years to co
January. Thus, the Engl
1662; the Dutch (who u
Protestant) 24 July 1664
We have endeavoured
century orthography, pu
pensed with sic indicatio
In our usage, "Hobbes
Hobbes as an individual;
his real or alleged follow
sent (upper case) and int

· ACK

Material from this book
Studies Centre, Bath U
Philosophy of Science, C
torical Research, Unive
Paris; the Department
versity of Pennsylvania;
ton University; the Ins
Science and Ideas, Tel
were also presented to
the History of Science
Science at Leicester and
at the Victoria & Albe
members of those audie
tions of the manuscript
Ｈｴ･ ｲｾＬ
Nicholas Fis
tour, and Andrew Picke
We also wish to acknow
of the readers for Prin
diffu;se and specific, are
the encouragement, ho
Elkana and the generou
chio at the E. F. Smith H
versity of Pennsylvania.
support), Michael Aaro
proofreading the manu
advice), and Dorinda O
During 1979-1980 Sh
ship from the John Si
This book partly origina
like to express his gratit
extended during the ye
ment of History and So
vania. Research for cha
Royal Society of Lond
assistance.
A version of part of
Circumstance: Robert B
of Science 14 (1984), 481

XIV· A-CKNOWLEDGMENTS

permission to use this material. For permission to quote from manuscripts in their care we should like to thank the Syndics of Cambridge University Library and the Trustees of the British Library.
For permission to reproduce pictorial material in their keeping, we
thank the National Portrait Gallery, London (figure 5); the Sutherland Collection of the Ashmolean Museum, Oxford (figure 16);
Cambridge University Library (figures 17, 20, 21, and 22); the
British Library (figures 2 and 4); and Edinburgh University Library
(figures 1,3,6,7,8,9,11,12,13,14,15,18,19, and the diagram
in the translation of the Dialogus physicus) , For permission to use
the epigraph to chapter 1, we thank the holders of the original
copyright to Umberto Eco's The Name ofthe Rose: Gruppo Editoriale
Fabbri, Bompiani, Sonzogno, Etas S.p.A., Milan (American edition
published by Harcourt Brace Jovanovich).
January I985
A ulthucknall, Derbyshire

LEVIATH

r
J

Underst

I

Adso

I

1

William of Baskerville

UMBERTO

-

OUR subject is experimen
status of experimental p
These are the questions
experiment? How is an
mean_s by which experim
fact, and what is the rela
explanatory constructs? H
and how is success disti
hind this series of partic
does one do experiment
experiment a privileged
knowledge of nature, or
mends the experimental
We want our answers
we will deal with the hist
as a systematic means o
which experimental pra
which experimentally pro
foundations of what cou
start, therefore, with tha
dure: Robert Boyle's rese
of the air-pump in that
ｾｬ･Ｇｳ｟
air-pump expe
Ｌｳｴｸ｟･ ｾ ｬｉ
in science pe

4 .

UNDERSTA

CHAPTER I

ｾ

scienc.!:-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 documented and about which we shall have little novel to say: our debt
to previous historical writing is too extensive to acknowledge adequately. 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 Science.' This thirty-five-year-old study admirably establishes our point
of departure: it shows that Boyle's air-pump experiments were
v/
designed to provide (and have since provided) a heuristic model
of how authentic scientific knowledge should ｢ ･ ｳ ｾ Ｚ ﾭ
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 fr<,>m 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 adttitional
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 became 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 understanding, and the chief of these might be called "the self-evident
, Conant, "Boyle's Experiments in Pneumatics"; idem, On Understanding Science,
PP·29- 6 4·
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claims about the rise, acceptance, and institutionalization of experiment, 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 questions 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.s 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 investigiltion, not an instrument for disentangling problematic situations but a problematic situation itself and one hard to master."6
If we pretend to be a stranger to experimental culture, we Gi'h seek
to approp!"!(ite one great advantage the stranger has over the member 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. 7 The awareness of alternatives and the pertinence 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_Ille,!ns we can use is
5 See the "experiments" of Harold Garfinkel on questioning Laken-for-granted
rules of social interaction: Studies in Ethnomethodology, esp. chap. 2.
6 Schutz, Collected Papers, Vol. II, 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. Latour and Woolgar, Laboratory Life, chap. 1, are wary of the methodological dangers
of identifying with the scientists they study, whereas Collins, "Understanding Science," 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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along with Descartes and Gassend."9 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 exclusively, 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. 1O 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 . .. ofMathematical
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 consideration. Even Mintz's article on Hobbes in the Dictionary of Scientific
Biography is biased heavily towards his moral, political, and psychological writings!' Fortunately for us, since Brandt's 1928 monograph on Hobbes's mechanical philosophy, this situation has begun to improve. Our indebtedness to recent work on Hobbes's
science by scholars such as R. H. Kargon, J.W.N. Watkins, Alan
Shapiro, Miriam Reik, and Thomas Spragens will be evident in
what follows. Nevertheless, we are still very far from ｡ ｰ ｲ ｾ ｴ ｩ ｮ ｧ
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 considered he decisively lost, have much to do with his dismissal by historians. Within the tradition of "Whig" history, losing sides have
I little interest, and in no type of history has this tendency been more
Kargon, Atomism in England, p. 54.
Shepherd, "Newtonianism in Scottish Universities," esp. p. 70; idem, Philosophy
and Science in the Scouish 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,"
.. Kargon, Atomism in England, p. 54.
9
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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 character as the physics of De Corpore. This character becomes especially 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 programme. 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-Noel ､･｢｡ｴｾｌｵｰｯｬｩ
suggests that Hobbes attacked Boyle because of his "disappointment at being excluded from the new scientific association, but above all the disillusion and preoccupation 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; Goldsmith, Hobbes's Science ofPolitics, 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 significance of Hobbes's political and psychological theories and because of their conviction 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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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,"05
and Barbara Shapiro, in her admirable account of English empiricism 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 philosophy."06
Pervasively, historians have drawn upon the notion of "misunderstanding" (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."O? M. A. Stewart
refers to Boyle's pneumatics as leading "Hobbes into ill-advised
controversy on matters he did not understand."os Leslie Stephen
and Croom Robertson both attempt to explain Hobbes's misunderstanding 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 temperamentally obstinate and dogmatic; he had ideological axes to &.!ind.09
(To the best of our knowledge no historian has ever suggested that
Boyle may have Ｂｭｩｳｵｮ､･ｲｳｴｯ ､ｾＩｈｯ｢ ･ｳＮＩ
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. Nevertheless, 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•
'5 M. B. Hall, "Boyle," p. 379. Her Boyle and Seventeenth-Century Chemistry makes
rno mention of the Boyle-Hobbes disputes; cr. Burtt, Metaphysical Foundations of
LModem Science, p. 169.
,6 B. Shapiro, Probability and Certainty, p. 73; cr. 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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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 accomplishments, as historical products, as actors' judgments and cateｵｮｲ･ｾ ｣Ｍ
gories. They will be topics for our inquiry, not ｲ･ｳｯｵｲ｣ｾｳ
rtively to be used in that inquiry. How and why were ｣ｾｲｴ｡ｭ
practices
J land beliefs accounted proper and true? In assessmg matters of
scientific method we shall be following a similar path. For us, methodology will not be treated solely as a set of formal statements about
how to produce knowledge, and not ｾｴ all as a ､･ｴｲｭｩｮｾ
of
intellectual practice. We shall be intermIttently concerned with explicit verbal statements about how philosophers should conduct
themselves, but such method-statements will invariably be ｡ｮ ｬｹｺｾ､
in relation to the precise setting in which they were produced, m
terms of the purposes of those making them, and in reference to
the actual nature of contemporary scientific practiceY More im1 portant to our project is an examination of method ｵｮ､･ｲｳｴｯ ｾ
as
real practical activity. For example, we shall devote much attention
ｴｯｬＧｾｕｃｨ
questions as: How is an experimental matter of fact actually
produced? What are the practical criteria for judging ･ｸｾ ｲｩｭ･ｮｴ｡ｬ
success or failure? How, and to what extent, are expenments actually'replicated, and what is it that enables replication to take place?
How is the experimental boundary between fact and ｴｨ･ｯｲｹｾｴｵ｡ｬ ｹ
managed? Are there crucial experiments and, if so, on what
. grounds are they accounted ｣ｲｵ ｩ｡ｾ＿
ｾｵｲｴｨ･ｲＬ
we ｬ｡ｾｳ
?e endeavouring to broaden our usual appreCiatIons of what sCIentIfic method
consists of and how method in natural philosophy relates to practical 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 general. However, we also mean something else when we use the term
"social context." We intend to display scientific method as crystallizing forms of social organization and as a means of regulating
Social interaction within the scientific community. To this end, we

ｲ

I

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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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 connection with our own project may be less readily apparent, but
which exemplify similar orientations to those employed here. ｊｯｾｮ
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 ignoran.ce that ｋ･ｾ＿｡ｮ
ｲ･ｾｯｧ ｩｺ･､
in himself as a teacher at Sandhurst and III many milItary hlstonans.
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
ｳｩｭｾｬ｡ｲ
to Keegan's. We had read much about ･ｸｰｾＺｩｭ･ｮｴ［
we had
both even performed a few as students; but we did not feel ｴｨｾ
we had a satisfactory idea of what an experiment was alld 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 HistQry." 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 between 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 "ratiomil reconstructionist" tendencies in
the history and philosophy of science. The" n ｍｯｬｴｫ･ｳｾ
ｨｩｳｴｯｾ
of sciepHl Rave sh
.,
...
ns to en a e With
actual scientific ｰｲ｡ｾ･ｦ ｩｮｧ
idealizations and simplifications
Ｌｾ Keegan, The Face of Battle, p. 15; see also Keegan's more detailed account of a
World War II series of battles, Six Armies in Normandy.
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and the art of the experimentalist, was, therefore, to make representations that reliably imitated the act of unmediated seeing.
There are two points in Alpers' account of special interest to us.
One is thecontrast 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 favoui of direct visual apprehension of natural reality. Although the details of the contrast cannot concern us
here, Alpers concludes that different theories of picturing expressed 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 experimental methods we see a quite similar dispute over the reliability
of the eye, and of witnessing, as the basis for generating and warranting 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 acceptance of Hooke's conventions for making realist statements in science: the "sincere hand" and the "faithful eye."3 8 With the acceptance of this convention for knowledge, and with the execution of
the craft of representation, the artful nature of making representations disappears, and they acquire the status of mirrors of reality.
Our project, therefore, is the same as Alpers': to display the conventions and the craft.
In the following ｣ｨ｡ｅｴｾＮ
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 consensus. 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 discuss the social and linguistic practices Boyle recommended to experimentalists; we show how these were important constitutive elements 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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partial assent at which Boyle aimed. Hobbes's assault identified the
conventional nature of experimental facts.
!-n ｾｲ･ｴｰ｡ｨ｣
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 nature and style of Boyle's responses, we identify that which Boyle
was most concerned to protect: the air-pump as a means of generating legitimate philosophical knowledge and the integrity of the.
rules that were to regulate the moral life of the experimental community. Boyle treated Hobbes as a failed experimentalist rather
than as someone proposing a quite different way of constructing
philosophical knowledg(l:le used the opportunities provided by
all iliree adversaries to exhibit how experimental controversy could
be managed, without destroying the experimental enterprise itself-indeed, to show how controversy could be used to »!!.ttress.,the factual foundations bf experimental knowledge.
Ｇ＾ｾ ｬＬ ｻ
In chapters 2, 4, and 5 we discuss the central role of the airpump in the experimental programme and how critics might use
imperfections in its working toattack experiment itsel.f. Ifi ｣ｨｾＡ･ｲ
.Jl..we attempt to do two ｴｨｩｮｧｳＮＨＡｾ｜ｖ･ｉｑｫ
ath()w thepumpitself
evolved as a material object in the 1660s, arguing that these changes
ｾ､ｩ･､ ｳｰ＼ｭｳ･Ｍｳ
to earlier criticisms, especially those offered
by Hobbes. We uncover information about thesmallnumber of
pumps that were successfully built iIi 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 replicati,on of greater interest than historians have previously 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 philosopher, Christiaan ｈｵｹｧｾｮｳ
in the Netherlands, produced a finding (the so-called ｡ｮｯｭ ｬ ｵｾｳﾷＮ ｵｳｰ･ｮ ｩｯ
of water) that seemed to
invalidate one of the· most important of Boyle's explanatory resources. We examine how this important anomaly was treated, and
we conclude that the successful working of the air-pump was calibrated by previous commitments to whether or not such a phenomenon could exist. We analyze response to. anomaly as a.man. ifestation _of the experimental form oflife .aml of ｴｨ･｣ｯｮｹｾＡ ｴｩｯｮｳ
･ｲｮＮｰｬｑｹｾ､
in the.ex.perimeiitaf community to protect itselLfrom
fatal internal discord.··
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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 instruments, 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 theireceiver:
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, permitting 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
to the
exterior. The process was repeated, each "exsuction" requiring progressively 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 modern commentators. As we shall see, Hobbes claimed that the receiver 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 exclusively concerned here with Boyle's air-pump as a rarefying engine, it could also be used to condense air in the receiver, simply
by reversing the operations by which air was withdrawn. s
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FIGURE 3
Vignette by Hubert Franfois Gravelot Bourguignon for Thomas Birch's edition of
Boyle's Works (1744 and 1772), frontispiece to vol. I. (Courtesy of Edinbwgh
University Lib/my.)

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 instruI1'fe'fJ.tation.
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. Furthermore, 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 instruments. There are no books on the left. 2o 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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